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GUARDRAIL END ACCIDENT ANALYSIS 

Introduction 1.01 

by J. L. Gattis, John P. Varghese, Larry E. Toothaker, and S .  R. K. Narla 

by Oklahoma Transportation and Infrastructure Center (OTIC) 

for Oklahoma Department of Transportation (ODOT) 

CHAPTER I 

INTRODUCTION 

This report documents the methods and results of a study conducted to 

gain greater insight into certain characteristics of guardrail end accidents. 

The two predominant types of guardrail ends currently used on highways 

operated by the Oklahoma Department of Transportation (ODOT) are the exposed 

ends and the turned-down or buried ends. The police reports of individual 
guardrail end accidents which occurred on Oklahoma state highways from 1988 
through 1991 were studied to evaluate the performance of the guardrail end 
treatments when struck by vehicles. 

1.1 THE NEED FOR GUARDRAIL ENDS 
There are many physical features along the road that need to be shielded 

from errant vehicles. One of the most common means to shield embankments, 

sign poles, bridge ends, etc. from traffic is to install a guardrail. 

Most guardrail installations include one or more guardrail ends. 

Traffic safety professionals have cautioned that under certain circumstances, 

the ends themselves can make accidents worse, by causing the vehicle to vault 
or roll, or by spearing the vehicle. An effective guardrail end should be 

capable of decelerating the vehicle without causing undesirable effects. 

Trying to address these concerns, inventors have deve loped many alternative 

guardrail end treatments. 

Accumulated experience and technological changes have led to changed 

perspectives in the roadside safety field. Years ago, highway safety experts 

preferred the turned-down twist or buried guardrail end, developed from a 
combination of concepts from the General Motors Proving Grounds and Texas (1). 
These guardrail ends had been deve loped to prevent the errant vehicle from 

being impaled on the then-commonly used exposed guardrail ends. Early turned
down end designs caused vehicles striking the end to go out of control, s o the 

design was modified in an attempt to eliminate this undesirable side effect. 

The modified design allowed the vehicle to "ride down the rail" and decelerate 

at a rate that would increase the vehicle occupant ' s chances of survival. 
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Since the turned-down ends were f irst adopted, there has been a change 

in the composite vehicle fleet, and there is now a higher proportion of 

smaller, lightweight vehicles on the road. Some in the highway safety field 
feel that newer guardrail end designs should replace the turned-down ends, 

because some vehicles, especially lightweight vehicles, have flipped when they 
ride up on a turned-down guardrai l end. 

1.2 CURRENT ISSUES 
Thousands of turned-down guardrail ends were installed when they were a 

Federal Highway Administration (FHWA)-approved standard design. These turned

down ends are still in place on many of the nation ' s roadways, including those 

in Oklahoma. The following appeared in a recent FHWA memorandum: 

* Turned-down terminals should not be used on new installations of 

guardrails for freeway, expressway, or other high speed, high volume 

facilities. 

* Safety improvement proj ects, hazard elimination projects, or 3R/4R 

projects on h igh speed, high volume facilities should require 

replacement of turne d-down end terminals with approved terminals. 

* Use of turned-down terminals on proj ects involving high speed, but 

moderate traffic carrying facilities should be considered on a case-by

case basis or an approved State developed policy. 

* Development of adequate recovery area behind the terminal and sufficient 

distance from pro t ected piers, abutments or other fixed hazards is 
necessary to prevent tragic "vault into object" accidents from 

occurring. 

* Use of turned-down terminals on low speed or any low volume facility may 

be allowed based on reasonable risk management considerations. 

FHWA has asked states to act on this policy. 
ODOT is understandably reluctant to incur the cost of replacing existing 

turned-down ends unless they can be assured that these ends , currently in 
place, are in fact causing problems. The newer guardrail end treatments, 

which would be used in lieu of turned-down ends, are more costly than the 

turned-down ends. 

1.3 PURPOSE OF THIS RESEARCH 
With re ference to the previously-mentioned memorandum, the Oklahoma 

Department of Transportation wanted an evaluation of the recent experiences 

with guardrail end acc i dents on its highways. The guardrail accidents 

occurring on Interstate , U.S., and State highways in Oklahoma (excluding 

turnpikes ) from 1988 through 1991 were analyzed. 

An initial stated study objective was to determine if, and to what 

degree, the turned- down guardrail ends used on Oklahoma state highways were 

associated with 
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1. vehicle overturning, 

2. vehicle vaulting, or 

3. accidental death and inj ury. 

The original plans called for a study of accidents occurring from June 1, 1987 
to May 31. 1990. It was assumed that not all po lice would describe a certain 
type of accident with the same terms, and guardrail end acc i dents possibly 

could be found in more than one "Object Struck First" category. Therefore, 

the initial study pool was to have included accidents in the "Object Struck 

First" categories of barrier, bridge rail, guard post, as well as guardrail. 
However, the final study considered only the "guardrail" category, but an 

extra year of data were obtained and studied. 

This study documents the attributes associated with accidents where 

vehicles struck guardrail ends .  The data base which the researchers studied 
included accidents at a variety of guardrail end types, but most ends were 

either exposed or turned-down. The severity of exposed and of turned-down 

guardrail end accidents in relation to lateral location of the guardrail, 
vehicle rolling and vaulting, and vehicle weight was investigated. Each 

accident report was read carefully to determine if the investigating officer 

indicated driver inattention as a factor contributing to the accident. In 
addition, analyses were made by urban/rural location, posted speed limit, and 

vehicle miles of travel to determine if these factors were relate d to the 

frequency of guardrail end strikes. 
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CHAPTER II 

BACKGROUND 

This chapter outlines an abbreviated history of the development of 
guardrail end issues, and reports the contents of two recent related 

publications. Some of the more common types of guardrail ends are described. 

This chap ter also briefly discusses some of the limitations present in the 
analysis of accident data. 

2.1 A BRIEF HISTORY 
Before the 1960s, highway engineers generally held the concept that the 

people who ran vehicles off the roadway deserved what they got (2). However, 

in the 1960s it was realized that many innocent people were killed by hostile 

roadside environments. 

The clear-roadside or the forgiving roads ide concept evolved in the late 

1960s. This concept stated that it is desirable to provide a roads ide clear 

of hazardous objects or conditions for a distance consistent with the speed, 

traffic, volume, and geometric conditions of the site. According to this 

concept, the number of accidents resulting in severe consequences could be 
reduced if a traversable recovery area were provided at the side of the road. 

This recovery area or "clear zone" should be free of obstacles which would 
prevent a safe recovery after a vehicle runs off the road. Studies have 
indicated that on high speed highways, a width of 30 feet or more from the 

edge of the traveled way permits about 80 percent of the vehicles leaving a 

roadway out of control, to recover (2). However, in some situations where the 

embankment slope is steeper than 3-to-l, a 30 feet recovery area might be 
inadequate. On most low volume or low speed facilities, a 30 feet clear zone 
distance may be excessive. 

Since the 1960s, roadside safety designers have attempted to provide 

devices such as breakaway signs and crash cushions in attempts to improve 

safety. Although guardrails had long been installed to improve safety, it 
became recognized that exposed guardrail ends were lethal roadside hazards, 

because vehicles were sometimes impale d upon hitting these exposed guardrail 
ends. When struck by an errant vehicle, the then-standard exposed guardrail 

ends sometimes allowed the beam element to penetrate the passenger compartment 

and bring the vehicle to an abrupt stop. To be crashworthy, the end treatment 

should not spear , vault, or roll a vehicle after a head-on or angled impact. 

Also, the end section must be capable of developing the full tens i le strength 

of the standard rail element (3).
Flaring and anchoring the end into an embankment or turning the end of 

the rail down and slowly ramping it up to full height were the recommended end 
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treatments. The turned-down alternative was adopted by the state of Texas and 
given the name "Texas Twist" (4). 

The problem of a vehicle vaulting or rolling when it hit turned-down 

terminals was becoming known through observations made by the California 

Division of Highways (4), and in part due to a series of tests run by 

Southwest Rese arch Institute (SwRI) in 1969 (5). After evaluation tests by 
the California Division of Highways, there were modifications to the turned
down end. 

The SwRI developed the breakaway cable terminal (BCT). However , when 

small vehicles hit the breakaway cable terminal it did not perform well (5). 
New guardrail end treatments like the eccentric loader BCT and controlled 

re leas ing terminal turndowns were developed at the Texas Transportati on 

Institute (TTI), but these devices did not make the breakthrough that was 

hoped for (5). 
A design called Sentre was developed in the 1980s. Although this end 

treatment performed well in crash tes ts , its cost was high . Three new devices 

came on the marke t, in efforts to fill the gaps between performance and costs. 

These were the BRAKEMASTER, Crash-cushion Attenuating Terminal (CAT), and 

Extruder Terminal-2000 (ET-2000) . 

2. 2 TWO RECENT STUDIES 
There have been recent ar tic l e s  about guardrail end safety studies. The 

following material presents excerpts from two of them, by Griffin et al., and 

by Troxel et al. 

2.2.01 GRIFFIN'S STUDY 
Griff in (6) studied the accidents involving turned-down guardrail ends 

in the state of Texas . A total of 4047 guardrail accidents that occurred in 
1989 we re considered for the study . One hundred of these accidents were 

fatal. Of the remaining 3947 non-fatal guardrail accidents, a 25% sample was 

drawn by selecting every fourth acc ident in the data file. In the 25% s ample , 

there were 987 non-fatal accidents , of which 152 involved turned- down 

guardrail ends. 

Of the 100 fatal accidents, 87 were guardrail accidents and the 

remaining 13 accidents were non-guardrail accidents .  Of the guardrail 

accidents , 32 collis ions were at the guardrail end , 46 were not at the end of 

the rail, and 9 had undetermined impact points. 

It was found that fatalities and injuries on a per accident basis were 

relatively more common for turned-down ends. Table 2.1 summarizes some of the 
findings. 



TABLE 2 . 1  Event s per 100 acc ident s 

Fatal i t i e s  per 100 
A - inj ur i e s  per 100 
Non - fatal acc i dent w i th over turning 

Fatal accident with ove r turning 

Not a turned- down end 
1. 90 

11 . 2  
12  
54  
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turned - down end 
5 . 84 

11 . 55 
3 6  
7 2  

About 60 pe rcent of all veh i c l e s  involved in s ingl e - vehi c l e  guardrail 

ac c i dents we re pas s enge r cars . After s tr iking a turned- down end , 39  percent 
of pass enger cars ove rturned ,  whi l e  e ight pe rcent o f  pas s enger cars over turned 

when they s truck the guardrail away from the turned- down end . 

Ten percent of the non - fatal guardrai l  accidents at turned- down ends 

were a s s o c iated w i th dr iver inat tent i on . Twelve percent o f  the non - fatal 

guardra i l acc idents that were not at turne d - down ends were a s s oc iated with 

dr iver swerving to avoid something on the road . One in five drivers s tr iking 
a turned - down guardrail end was found fatigued or as leep , while for drivers 

s tr iking guardr ai l s at points o ff the turne d - down end , one in twe lve was found 
to be as leep . Driving whi l e  intoxicated was c i ted for one in four drivers 
s tr iking a turne d - down end , whi l e  for dr ive rs s tr iking a guardrail not at the 

turned- down end , the rat i o  was one in five . Approximately 2 5 %  o f  all non

fatal guardr a i l  ac c idents on turned- down ends were as soc iated with wet , icy , 

snowy , o r  muddy pavements , whi l e  f o r  non - fatal , guardrail acc idents it  was 30 
percent . Speeding was invo lved in ove r 40 percent o f  all guardrai l  acc i dent s . 

2 . 2 . 02 TROXEL ' S  STUDY 
In a 1 9 9 1  analys i s  o f  Nat i onal Acc ident Sampl ing Sys tem (NAS S )  data for 

1982  to 1 9 8 5 , Troxel e t  al . (7) found that ther e  were more than 14 , 000 
occupant invo lvements with guardrail midsections and fewer than 2000 with end 

s e c tions and trans i t ions . There was no t a s ingle fatal i ty for the e s t imated 

14 , 000 invo lvements w i th guardra i l  mids e c t i ons . All the fatal i t i e s  invo lving 
guardrails were c aus ed by c o l l i s i ons with end sections and trans itions . Table 

2 . 2  give s a s ummary o f  the s e  accidents . 

2 . 3  COMMON GUARDRAIL ENDS 
The fo l l owing mate r ial discus s e s  s ome of the common end tre atments , 

empha s i z ing tho s e  used on Oklahoma highways . An early ODOT re spons e t o  the 

exp o s e d  end was t o  flare the end outward . Next , there was a t ime when BCT ' s 
were us e d . Then Okl ahoma adop ted the " Type A" turne d - down end , whi ch has 

undergone s ome change s over t ime . 
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TABLE 2 . 2  Guardra il col lis ions by inj ury s everity 

Guardrail type No , Po s s ible , Incapac i - Killed To tal 

or Minor ta t ing 
Inj ury ( O+B+C ) Inj ury A 

Freq . ! Freg . z. Freq . z. Freg . z. 

Non - Median 11 , 402 75 3 74 60 0 0 11 , 77 6  74 
Median 2 ,  18 5 14 60 10 0 0 2 , 245 14 
Bridge trans ition 3 5 2 2 0 0 2 2  4 1  374 2 
End w/o median 1 , 309 9 6 1  10 1 8 3 3  1 , 3 8 8  9 
End w/ median 14 0 127 20 14 26  1 5 5  l 

To tals 1 5 , 2 6 2  100 6 2 2 100 54 100 1 5 , 9 3 8  100 
Mis s ing 5 8  

2 . 3 . 01 EXPOSED END TREATMENT 
Figure 2 . 1  shows an example o f  an exposed end treatment . Thi s  was the 

old s tandard end treatment . When hit by a vehicle ,  thes e  o lder end treatments 

may pene trate the front or s ide o f  a vehic l e , snag the vehicle , or get under 
the vehic l e . Any of the s e  s i tuations may increase the s ever i ty of the 
acc ident . 

FIGURE 2 . 1  Exposed end treatment 
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A breakaway c able terminal is shown in Figure 2 . 2 .  The first two pos ts 

are intended to fracture for an end impact , allowing the rai l element to bend 
away from the vehic l e . Thi s  bending of rail away from the vehic l e  i s  

encouraged by the curvature i n  the r a i l  i t s e l f  and by having post bolt washers 

o n  the first post . For s ide impacts where redirection is needed , tens ile 
s trength i s  developed rapidly by the cable which trans fers tens i l e  forces from 

Y - Beam to the base o f  the end p o s t . The parabolic flare i s  c r i t ical for 

proper impac t  performance . 

FIGURE 2 . 2  Breakaway Cable Terminal 

2 . 3 . 0 3 TURNED- DOWN OR BURIED GUARDRAIL TERMINAL 
Figure 2 . 3  shows a turned - down guardrail end . Thi s  treatment 

e ffec tive ly e l iminated the impalement problems . Howeve r , it gradually came 

into dis favor becaus e o f  experience s  with vehic le ro ll ing and vaulting after 

impac t .  

A modified Oklahoma turned- down end terminal , de s igned and deve loped by 

Texas Transportation Ins ti tute for the Oklahoma Department o f  Transportat ion , 

i s  shown in Figure 2 . 4 .  The de s i gn spec ified 2 5  fee t  ( ft)  from the embedded 

anchor to the ini t i al p os t , and 12 . 5  ft be tween the first two p o s t s . When 
pos s ible , ends were s l ightly flared . Pos ts were wo oden , with blackouts . One 

change to the ini tial des ign was modifying the firs t e i ght p o s t s  by dr i l l ing a 

two - inch ho le near ground leve l paral lel to the rail ing . 
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FIGURE 2 . 3  Turned- down end treatment 

FINA L MODIFIED OKLAHOl'/\A 
GUA RDRAIL  END TREATMENT 

FIGURE 2 . 4  Modified Oklahoma turned - down end treatment 
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At some narrow medians , double - faced guardrai l s  wi th turne d - down 

ends have been used to protect fixed obj e c ts l ike l i ght poles , s ign posts , 

e tc . An example is shown in Figure 2 . 5 .  

FIGURE 2 . 5  Double - faced turned- down end treatment 

2 . 3 . 04 SENTRE 
Sentre i s  a trade name of Energy Absorption Sys tems , Inc ; an example i s  

shown i n  Figure 2 . 6 .  The Sentre provided a comb inat ion o f  guardrail 

redire c t i on and impac t  attenuation . The Sentre unit cons i s t s  o f  te l e scop ing 

thr ie - beam fender p anels , s l ip base support pos t s , and sand filled plas tic 

containers which diss ipate a portion o f  collis ion energy . For head - on 

impac ts , a redirecting c able guides the vehicle behind the barrier , thus 

allowing the vehicle to avoid the hard part o f  the sys tem . Maj o r  c omponents 

can suppos edly be reus ed after a typ ical impac t .  

Figure 2 . 7  shows a 1992 Sentre impact on the Turner Turnp ike . From the 

tire marks , it appeared that the impac t was not ful ly head- on ,  but rather had 
a r i ght - to - l e ft force c omp onent . The bolts at the base did no t shear upon 

impact ,  but rather pulled out of the base . 
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FIGURE 2 . 6  Sentre 

FIGURE 2 . 7  S entre impa c t  on Oklahoma turnpike 
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A parabol ic end is shown in Figure 2 . 8 .  These ends can be found in some 
medians , protecting vehicles from fixed obj ects l ike bridge p i l lars or s i gn 

posts in the median . 

FIGURE 2 . 8  Parabolic end 

2 . 3 . 06 ROUNDED END 
Some rounded ends have been installed on Oklahoma highways . With this 

treatment , the end i s  rounded to reduce the chance s  of a vehicle be ing 
imp aled . Figure 2 . 9  shows a rounded end . 

2 . 3 . 07 ET- 2000 
One new guardra i l  end treatment which seems to be gaining favor i s  the 

ET - 2000 . ET - 2000 is a brand name of Syro S teel , Inc . Figure 2 . 1 0 shows an 
ET - 2 000 near Kyle , Texas . 
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FIGURE 2 . 9  Rounded end 

FIGURE 2 . 10 ET - 2 0 0 0  
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2 . 4  ACCIDENT RESEARCH LIMITATIONS 
One of the maj o r  acc ident research obj ectives i s  to ge t the bes t  

p o s s ible informa t i on from a s e t  o f  data . The spec i f i c  relat ionships to be 

s tudie d  mus t  be kept in mind . In acc i dent re s e arch , one has to cons ider 

alternat ive ways of group ing data and analys i s  me thods , and choo s e  tho s e  

group ings and me thods which will give the faire s t  and mos t  obj ective chance 

for de f ining rel a t ionship s . The c onc lus ion- making proce s s  c an be clouded by 

fac to r s l ike exposure , data b ias e s , e tc . (8) . 
Acc ident data mus t  be us ed with caut ion , because acc i dent data are far 

from perfe c t . Some acc i dents may be unreporte d , s o  the acc idents c ontaine d  in 
a given o ffic ial f i l e  may no t comprise all the acc idents that have occurred in 
that area or of a par t icular type . Minor c o l l i s i ons are s ome t imes not 

reporte d .  

There can be b ia s e s  in certain reported var i ab l e s  bas e d  on an o fficer ' s  

j udgement about a s i tuat ion . For examp l e , an o fficer arriving at the s cene 

after an acc ident may as s i gn a too -high o r  a too - l ow inj ury type to the 

vic t ims . All officers may no t use the s ame te rms to indicate s imilar event s . 

There may be b iase s  due to shortc omings in the acc ident report form itself or 
poor def in i t ion o f  the reporting var iab l e s . 

One type of b ias error i s  the fai lure o f  o ff ic ers to c orrec tly report 

the acc i dent mi lepo s ts . Officers may me re ly e s t imate the dis tance from an 

accident s i te to the nearby milepos t .  Officers may round o f f  the dis tance 

e s t imate to a convenient dis tance , whi ch c ause s  the reported accident locat ion 

milepo int locat ion to be erroneous . The fai lure to correc t ly mi lepo int an 

accident would in turn caus e a sub s e quent us e r  o f  the accident dat a  to 
a s s o c iate roadway charac ter i s t i c s  or video log informat ion from ano ther 

locat ion with the acc i dent location . 

A related problem i s  that ac tual field c ondi t ions , as e i ther found in an 
on- s i te inspe c t ion o r  as viewed on a vide o  tape l o g , may have change d  from the 

t ime o f  the acc ident to the t ime o f  a later data s tudy .  I f  the acc i dent 

occurred in a c ons truc t i on z one , i t  may not be p o s s ible to de termine ac tual 

field cond i t i ons at a later date . 

There i s  controversy about " de layed death , " because somet imes a de layed 

death after an acc ident may no t b e  recorde d on the c o l l i s i on repor t . While 

the American National S tandards has recently approved a 9 0 - day rule for 

reporting de layed dea ths , the National Highway Traffi c  Safety Admin i s tration 

( NHTSA) and FHWA have cho s en a 3 0 - day rule in pub l i shing data on fata l i t i e s  

(8) . 
Tho s e  who use traffic acc ident data ne ed to be aware that the data and 

sub s e quent data analy s e s  are imperfect . Tho s e  who make dec i s ions from 

ac c i dent data should read ac c i dent - s tudy reports c r i t i c al ly . 
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CHAPTER III 

METHODOLOGY 

Methodology 3 . 01 

Thi s  chap ter dis cus s e s  the re s earch me thodo logy us ed . The var i ous s tages 

in building the database and the problems that were encountered are des c r ibed . 

A brief dis cus s ion o f the analytical procedure s  i s  discus s ed . Some o f  the 
l imitations the re s e archers encountered are als o  mentioned . 

3 . 1  OBJECTIVES AND WORK PLAN 
The overall obj ective of the s tudy was to define certain character i s t ic s  o f  

guardrai l end acc idents. A " guardrail acc i dent " databas e was created and 
analyse s  were performed s o  the researchers could gain ins ight into c e r tain 

i s sue s . The ini tial re se arch database included a number of var ious types o f  

guardrail acc idents . By inc o rporating additional data s ources , the 

researcher s  addre s s ed the i s sue s l i s te d  below . 

1 .  The researchers had to s egregate the guardrail end acc ident s : for a 
given accident , was the guardrail end or some o ther guardrail po int 

hit? 
2 .  The re s earche rs sorted the end acc i dents ac cording to lateral 

locations ( i.e . , right s ide , median , e tc . ) ,  and further identified 

the portion of acc idents at e ach lateral locat ion re lated to the 

dr iver inattent i on. 

3 .  I f  a guardrail end was hit , then what type o f  end was i t : buried , 

exposed , e tc . ?  What type o f  p o s t  was present at the end? 
4 .  What type o f  shoulder and median were present? 

5 .  What was the acc ident s ever i ty? Did the vehicle roll , vault , o r  

s tr ike a fixed obj ect? 
6 .  Relationships between guardrai l end acc ident frequency and miles of 

highway , veh i c l e  miles o f  trave l ,  p o s ted speed , and urban o r  rural 

locat ions were examined .  

7 .  The re s earchers inves t igated relationships among vehicle roll ing 

and/or vaulting , end type , s eve r i ty , lateral location , and vehic l e  

we ight . 

Figure 3 . 1  pre s ent s the overall work plan .  Each o f  the tasks l i s ted in the 

figure i s  des c r ibed in the following s e c ti ons. 

3 . 2  DATA SOURCES AND THEIR USE 
The main s ourc e s  of data us ed in the analys i s  were acc ident repo r t s , 

video tape logs of s tate highways , s tate highway written inventories , s tate 

hi ghway traffic vo lume map s , and re ference books l i s t ing veh icle we i ghts . In 

addi t ion , var ious re ference map s were nee ded . 
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Review 
guardrail 
inventory 

Review & c atalog 
guardrail 
acc i dent reports 

We ight o f  vehicles Build guardrail 
invo lved in the 1------1 acc ident 
acc ident database 

FIGURE 3 . 1  Work plan 

Analys i s  o f  data 
and resul t s  

Summary and 
c onclus ions 

Review video 
tapes 

Obtain average 
daily traffic 
volumes 

The pert inent ac c i dent data from thes e  source s was added to the exi s t ing 

ODOT - supp l i e d  accident database in codes . Figure 3 . 2  l i s t s  the code s  used and 
the fie lds they were entered into . 
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ACCIDENT CODES 
FIELD F79 
AR- GDACC CL 0140 002 N 
CIASS IFICATION OF GUARDRAIL ACCIDENT 

0 - Not ab le to de termine 
l - Not guardrail end acc i dent 
2 - Que s t ionable guardrail trail ing end acc ident 
3 - Ques tionable near guardrai l  front end accident 
4 - Trail ing end ( from dr iver ' s  perspective) o f  guardrail acc i dent 
5 - Head end vehicl e - guardrail front end ( from dr iver ' s  perspec tive ) acc ident 
6 - S ide o f  vehicle - guardrail front end ( from dr iver ' s  perspective ) acc i dent 
7 - Rear end o f  vehicle - guardrail front end ( from dr iver ' s  perspect ive ) 

accident 
8 - End hit from behind guardra i l  

19  - Connection - po int front 
20 - Conne c t ion - p o int trail ing 
9 9  - No t a guardrail acc i dent 

NOTE : I f  vehicle crossed over into oncoming s ide and hit oncoming trail ing end , 
was coded head - end from perspec t ive of the driver . 
FIELD FSO 
AR - LAT LOC 0142 002 N 
LATERAL LOCATION OF THE GUARDRAIL 

0 - Not ab le to determine 

1 -
2 -
3 -
4 -
5 -
6 -
7 -
8 -
9 -

10 -
11 -
12  -
13  -
14 -
15  -

I I 
7 3 

two lane 
undivided 

--11--RT 
exit ramp 

I II I 
7 5 3 

four lane 
divided with 
doub l e  faced 
o r  c ircular 
ends or s imilar 
guardrail in 
median 

--14-RT 115-LT 
I entry ramp 

fr fr 

I I I I I I I I 
9 8 7 6 4 3 2 l 

four lane divided with 
frontage roads or c - d  
roads 
( fr - frontage road) 

10 L l31 exit ramp 
gore entry 

ramp 
gore 

20 - o ther type ( guardrail on cro s s  ro ads , intersect ing driveways ) 
9 9  - no t a guardrail end acc i dent 

FIGURE 3 . 2  Acc ident codes us ed to build guardra il acc ident databas e  
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FIELD F81 
AR-VEH DOING 0 144 002 N 
WHAT VEHICLE WAS DOING WHEN IT HIT GUARDRAIL 

0 - Not ab l e  t o  de termine 
1 - Ran off road right 
2 - Ran o ff road left ( on s ame direct ion r oadway ) 
3 - Abrup t cross median left into oncoming lane 
4 Abrupt c r o s s  undivided roadway l e ft into oncoming lane 
5 - Pro longed wrong way on o ther than ramp 
6 - Prolonged wrong way on ramp 
9 - Not a guardrail end acc ident 

FIELD F82 
AR-PRI/SEC HIT 0146 0 0 1  N 
WAS GDRL END HIT PRIMARY OR SUBSEQUENT ? 

0 - No t sure 
1 - Ini t ial hit 
2 - Subsequent hit 

9 - Not a guardrail end acc i dent 

FIELD F8 3 
AR- END TYPE 0 1 4 7  0 0 1  N 
TYPE OF END TERMINAL 

0 - Not ab le to de termine 
1 - Exp o s e d  end with l i ttle or no la teral flare 
2 - Turned - down end with l i ttle or no lateral flare 

3 - Turned - down end with s ignificant lateral flare 
4 - Exposed end w i th s ignificant l ateral flare 
5 - Parabol ic end 

6 - Rounded 
8 - Other end type 
9 - No t a guardrail end acc i dent 

FI ELD F84 
AR- POST TYPE 0148 001 N 
TYPE OF POST AT THE GDRL END 

0 - Not ab le to de termine 
1 - S te e l  p o s t s  

2 - Wood p o s t s  
9 - No t a guardrail end ac c i dent 

FIELD F85 
AR-ROLL\VAULT 0 149 0 0 1  N 
DID VEHI CLE ROLL . VAULT OR BOTH IN CONJUNCTI ON WITH END HIT ? 

0 - Not sure i f  end caused vault or roll 
1 - Did not vaul t nor ro l l  
2 - Vehicle rolled , did not vault 
3 - Vehicle vaulted , did not roll 
4 - Vehicle vaulted and ro l l e d  
5 - Vehicle r o l l e d , no t sure i f  vaul ted 

6 - Vehicle did no t roll , no t sure if  vaulted 
7 - Vehicle vaulted , no t sure if  rolled 
8 - Vehicle did no t vaul t , no t sure if ro lled 
9 - Not a guardrai l  end acc i dent 

F IGURE 3 . 2  con ' t  Acc ident codes used to build guardra il acc ident database 



FIELD F86 
AR-FO HIT 0 1 5 1  001 N 
WAS FIXED OBJECT HIT AFTER END WAS HIT? 

0 - Not able to determine 
1 - Did no t hit fixed obj ect 
2 - Did hit fixed obj ect be ing shielded or connected to 
3 - Went down embankment or down grade , but hit no th ing 
9 - Not a guardrail end accident 

FIELD F8 7 
AR- SHOULDER TYPE 0152 001 N 
TYPE OF SHOULDER 

0 Not able to determine if shoulder i s  present 
1 - No shoulders 
2 - Gras s ,  Graded or gravel shoulder 
4 - Paved shoulder 
5 - other 
9 - No t a guardra i l  end accident 

FIELD F88 
AR-MEDIAN 0 1 5 3  003 N 
MEDIAN DETAILS 

0 - No able to de termine 
l - Median present but width no t determinable 
2 to 9 9 7  - Width o f  median in fee t  

9 9 8  - Not sure i f  does/doesn ' t  have median 
9 9 9  - Not a guardrai l end accident 

1000 - No median 
FIELD F89 
AR- INJURY 1 0156  001 N 

AR - INJURY 2 0 1 5 7  001 N 
AR- INJURY 3 0158 001 N 

AR- INJURY 4 0 1 5 9  001 N 
INJURY TYPE IN GDRL END HIT 

0 - No t able to determine 
1 - No inj ury 
2 - Inj ury type A 
3 - Inj ury type B 
4 - Inj ury type C 
9 - Not a guardrail end acc ident 

FI ELD F90 
AR- GDSETBACK 
GUARDRAIL SETBACK FROM EDGE 

0 - Not able to de termine width 
1 - None or 1 feet 
2 - 2 to 7 feet 
8 - 8 fee t  or wide r  
9 - Not a guardrail end acc ident 

Methodology 3 . 05 

FIGURE 3 . 2  con ' t  Accident codes used to build guardrail acc ident database 
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3 . 2 . 01 REVIEWING AND CATALOGING ACCIDENT REPORTS 
The Figure 3 . 3  flow char t shows the gene ral s teps taken to review and 

catalog acc i dent reports . 

Obtain from ODOT guardrail 
acc ident c omputer file and 
guardrail ac c ident c o l l i s ion 
reports from 1 9 8 8  through 199 1 . 

Import the above f i l e  from 
ASCI I  form to a file in Lo tus 
1 - 2 - 3  and perform pars ing to 
de f ine the fie lds . 

Build the database fo r the 
guardrail end acc idents by 
reviewing the guardrai l  accident 
reports and adding data to 
accident files . 

FIGURE 3 . 3  Flow chart to review and catalog acc ident reports 

The raw material for acc i dent res e arch was the " Offic ial Police Traffi c  

C o l l i s ion Report , "  shown in Appendix A .  Whenever an acc ident i s  repo r ted to 
the p o l ice , the inve s t igating o fficer records the information pertaining to 

the acc ident on thi s  form . All police agenc ies in the s tate are suppo s ed t o  

forward thes e  reports to the Department of Public S afe ty ( DPS ) headquar ters 

o ffice in Okl ahoma C i ty .  

The DPS in turn s ends copies o f  the reports to the Oklahoma Department o f  
Transportation , whi ch enco des data from each " Offic ial Po lice Traffic 
Co l l i s ion Report" into a database .  The acc i dent coding guide use d  by ODOT i s  

shown i n  Appendix B .  Th i s  acc i dent c oding guide l i s ts the code s us ed to 

indicate the location , t ime , dr ive r , vehicle and road cond i t i ons , weather ,  

t ime , seve r i ty ,  caus e s  of the acc ident , etc . The guide al s o  describes the 

type and width of the c omputer data fields us e d for the co de s . 



Me thodology 3 . 07 

ODOT furnished an ASC I I  computer file , GDRAIL . ACC , c ontaining detai l s  o f  

guardrail acc idents occurring on Oklahoma non - toll highways from 1989 through 

19 9 1 . Th i s  file was importe d  into Lo tus 1 - 2 - 3  and s aved as GDRAILAC . WK.1 .  
With the help o f  the accident coding chart , c o lumns were defined per the i r 

appropriate field wi dths . Th i s  was done by us ing the s o ftware " Parse " 

operat ion . The following fields were retained in the GDRAILAC . WKl file : 

Field 2 AR - COUNTY/CITY 

Field 5 AR- CONTRL- SEC 
Fie ld 7 AR-HI GHWAY REFERENCE MILEPOINT 
Field 16 AR - S EVERITY 

Field 65 AR- LEGAL S PEED - 1  

Fie ld 6 6  AR - LEGAL SPEED - 2  

Field 71 AR- RURMUN 
Field 7 6  AR- DEPT . OF PUBLIC SAFETY CASE NUMBER 

The remaining fields were deleted . 

The Department of Public Safe ty retrieved the acc ident reports for 

acc i dents which had been encoded as " guardrai l "  acc idents . DPS s ent the 
reports to ODOT , who in turn forwarde d them to the res earchers . The research 

team reviewed and gl eane d information from thes e  acc ident reports in three 

iterations . Th e  firs t iteration involved s tudy by a group o f  three graduate 

s tudents . The second iteration cons i s ted o f  s tudy by a graduate s tudent 

supervisor , and the third i teration involved a review by the princ ipal 

inve s t i gator and the graduate s tudent supe rvisor . 

Details from the acc ident reports j udged re levant were added to the 

GDRAILAC . WKl database by us ing the code s shown in Figure 3 . 2 .  The methodology 

the r e s e archer s  use d  to select a particular code is described late r . App endix 

C presents an example printout from the researcher ' s  acc ident file . 

3 . 2 . 02 REVIEWING VIDEO TAPES AND CATALOGING OBSERVATIONS 
ODOT made vide o  tapes of mos t  Oklahoma s tate highways in the l ate 1980 ' s  

and e ar ly 1 9 90 ' s .  Fortunately , the acc idents which the researchers reviewed 

occurred in that general time period , from 19 8 8  through 1 9 9 1 . 
The researcher s  viewed video tapes to identi fy the guardrail end type 

and po s t  type at the acc ident locations . Both the graduate s tudents and the 

p r inc ipal inves tigator viewed portions of the video tapes . Attributes which 
were o ften no t determinable from the acc ident reports , like the type o f  

shoulder i n  front o f  the guardrail , or the guardrail offset from road edge , 
were de termined while viewing the video tape s . I t  was as sumed that guardrail 

end type s , p o s t  typ e s , shoulder types and s i te condi tions at the accident 
locations , had no t changed be tween the t ime the video was taken and the t ime 

the acc i dents occurred . Figure 3 . 4 shows the s teps taken to view the video 
tapes and add data t o  the accident database . 
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Determine c ounty , control s e c tion 
and mile p o int of the guardrail 
end acc i dent by performing query 
on the accident f i l e . 

Review accident reports to find 
the directio n  of trave l o f the 
vehicle and the lateral locat i on 
o f  the guardrail end . 

De termine the divi s ion in which 
the guardra i l  end acc ident has 
occurred .  

Ob tain from ODOT video log book , 
video tape s ,  control s e c tion map 
book and coordinate map book . 

With the above de tai l s  and us ing 
the Video log book , de termine 
the tape number and c ounter number 
of the accident location . 

Cal ibrate the c ounter numbe r  
to ge t the location of the 
acc i dent on the video tape . 

View the video tape and code the 
required guardra i l  end acc ident 
attr ibutes in the database . 

FIGURE 3 . 4  Flow chart to review video tapes 



3. 2 . 02 . 01 Aids for Us ing Video Tapes 
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The s tate highway sys tem vide o s  occupy about one - hundred tape s . To find 

a tape for a particular section of roadway , the researchers needed vari ous 

re ferenc e s  such as the video tape log book , the control section maps , and the 

county coordinate map books . 

ODOT has compiled a video tape log book which cros s - reference s  the tapes 

and counter numbers with a given divis ion ( an ODOT admini s trat ive distric t ) , 

county , and highway control section . For each location there wil l  be two 

video tape s , one for each direction . 

ODOT publishes c ontrol section maps every two years . These maps show the 

various highway control sections in a county . For each control section , the 

left group of digits gives the highway number , the middle digit - group gives 

the county number , and the right digits give the contro l  section .  The length 
o f  the control s e c t ion is printed by the section . 

ODOT furnished maps with all the counties in Oklahoma divided into a 

coordinate grid corre sponding to the land- section lines . Mos t  acc ident 

repo rts contain the grid coordinates which pinpo int the accident location . 

The county in which the acc ident took place was first determined from 

field 2 o f  GDRAILAC . WKl .  The c ontrol section number and milepo int location 

were determined from field 5 and field 7 respective ly .  The acc ident report 

was then reviewed , to find the direction in which the vehicle that hit the 

guardrail was trave lling . For each acc ident , the researchers needed the 
divis ion number , county number , and control secti on number in order to 
identify the video tape and counter numbers which would show the section o f  

road where the acc ident took place . 

3 . 2 . 02 . 02 Us ing the Video Tapes 
Viewing the video tapes allows a person to s e e  many roadway features 

without having to actually vis i t  the s ite . However ,  v iewing the vide o  tapes 

did not always allow the researchers to find information they were looking 

for . 

In s ome accident reports the pol ice officer apparently made an error in 

recording the direct i on o f  travel o f  the vehicle that h i t  the guardrail end . 

In such cases , the coordinate map book , the collis ion diagram , and the 

narration were s tudied to find clues which would identify the guardrail 

location and correct dire c tion o f  travel o f  the vehicle . I f  i t  was s t ill not 

pos s ible to identi fy the correct direction ,  the video tapes of both directions 

were viewed . I f  both the directions had the same end type , pos t  type s , and 

shoulder type , then thes e  attributes were coded . I f  the end type , p o s t  type , 
or shoulder pavement type were different for the two directions , then the 
required attribut e s  were cons idered as not de terminable . 

In some cases  the vide o  tape did not show a guardrail at the milepoint 

l i s ted in the acc ident report . This could be because the reporting o fficer 
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made an error o r  was unc lear in ident i fying the milepo int , o r  becaus e the 

guardrail may not have been ins tal led at the t ime the video run was taken . In 
s ome c as e s the researcher s  inferred ano ther location us ing de tails i n  the 

acc ident report , the control s e c tion map , and the tap e s . In a few cas e s  the 

res e archers c alled local o fficial s  to de te rmine local s tree t name practice , o r  

made f i e l d  vis its to clear up que s tions . 

In a few cases the accident report l i s ted a shoulder - type or guardrail 

offse t  from road edge that did no t agree with what the reviewers saw in the 

video . In such cas e s  the information viewed from the vide o  tape was taken to 
be correc t . 

The r e s e archers we re no t always able to de termine from viewing the video 

tape the guardra i l  end type or the end - p o s t  type at the guardrai l  end s e c t i on .  

Impediments included roads ide shrubs and plants at the accident locat ion , or 

an unc lear video . At a few acc ident locati ons , the guardrail was no t in the 

field - o f - vi s i on in the video tape ; guardrai l s  located in the median on sharp 

hor i zontal curve s were e specially sus cep tib l e  to this prob l em . 

3 . 2 . 0 3 REVIEWING GUARDRAIL INVENTORY 
ODOT furni shed the re searcher s  with a guardrail inventory of i t s  

highways , taken in 1 9 8 7  and 1 9 8 8 . The inventory give s the type of guardrail 

end at approach end of the guardrai l  and its location with refe renc e  to the 

divi s ion county , control s e c t io n  and mile po int . The invento ry al s o  l i s ts the 

vi deo tape and c ounte r  number c orresponding to the guardrai l  lo c at i on . A flow 
chart showing the s teps involved to review guardra i l  inventory is shown in 
Figure 3 . 5 .  

The code number o f  the county in whi ch the acc ident took p lace was firs t 

de termined from field 2 in GDRAII.AC . WKl .  The control s e c t ion and milepo int 

were found in field 5 and field 7 respectively . Thi s  data allowed the 

r e s e archer s  to find a given guardrail end on the l i s t . " GR- 1 "  indicate s a 

twi s ted , buried o r  turned down end while " GR- 2 "  indicates blunt o r o ther than 

turned down end . Code " l "  was entered for GR- 2  and code " 2 "  was entered for 

GR- 1.  Th i s  was entered in the GDRAII.AC . Wl<l file under the c o lumn " Inventory " . 

The r e s e archers employed the inventory as a check of the guardr a i l  end 

type that was hit by the vehic le . The end type ob tained from the inventory 

s ome t imes di ffered from the tape viewed in the vide o . This could have been 

due t o  an error in mi lepo int recording o r  because the end may have been 

replaced after the inventory was taken . The vide o  log record proved to be 
more usable than the inventory , so the invento ry review did not end up 
contributing to the analys i s . In all ins tances the end type ob taine d from the 
video was the one use d  in the analys i s . 



Determine county , control s ection 
and mile point o f  the guardrail 
end accident by performing query 
on the acc ident file . 

Determine the divis ion in which 
the guardrail end accident has 
occurred . 
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Obtain from ODOT the guardrai l 
inventory . 

With the above de tails and the 
tape number and us ing the 
guardrail invento ry , enter the 
end type in the database . 

FIGURE 3 . 5  Flow chart to review guardrail inventory 

In some cases the trail ing end type is different from the head end type 

o f  the guardrail . In such cases , if the vehicle hit the trailing end o r  if 
the vehicle crossed the road and hit the trail ing end of the oncoming 

dire c t i on , then the guardrail inventory was o f  no use . 

3 . 2 . 04 AVERAGE DAILY TRAFFIC VOLUMES 
The researchers nee ded the average dai ly traffi c  (ADT ) to relate 

guardrail end hits wi th the leve l of exposure to traffic . Figure 3 . 6  is  a 
flow chart showing the s teps taken to determine average dai ly traffic volumes . 

ODOT prints maps showing the ADT for all its highways every two year s . 

The 1 9 8 7  and 1988  ADT maps were obtained from ODOT . The 1 9 8 7  ADT map was used 
to de termine the volumes for the guardrail end accidents occurring dur ing 1 9 8 8  
and 1 9 8 9 , while the 19 8 9  ADT map was used to determine the vo lumes for the 
acc idents occurr ing during 1 9 9 0  and 1 9 9 1 . 
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Determine county c ontrol s e c t ion 
and mi le p o int of the guardrail 
end acc ident by performing query 
on the acc i dent file . 

Find the guardra i l end acc ident 
location in the c ontro l s e c t i on 
map book , and de termine where on 
the s tate map the accident took 
p l ac e . 

Obtain from ODOT the ave r age dai ly 
traffic vo lume map s . 

Knowing a map location and us ing 
the average da ily traffic volume 
map , de term ine the volume at the 
guardrail end acc i dent l o c ation . 

FIGURE 3 . 6  Flow chart to de termine average daily traffic volume s 

The numbe r  as s i gned to the county in whi ch the acc i dent occurred was 

fir s t  det e rmine d  from field 2 of GDRAII.AC . WK.1 .  The res earchers obtained the 
contro l  s ec t ion and mi lepo int at the acc ident location from field 5 and field 
7 respective ly . Us ing the c ounty number , c ontro l section number , and 

milepo int , the locat ion o f  the acc ident on the contro l section map book was 

found . W i th thi s  information as a guide , the acc i dent s ite was located on the 

ADT map . The volume nearest to the accident locat i on was taken as the average 

dai ly traffic volume fo r that acc i dent location . Th i s  was ente red in the 
GDRAII.AC . WKl file under the c o lumn "Volume s " . 

3 . 2 . 05 WEIGHT OF VEHICLES 
The year , make , mode l , and s tyle of the veh i c l e s  involved in the 

guardrail end acc idents were de termined from the acc ident rep o r t s . Thi s  

information was entered i n  the GDRAII.AC . WK.l file "We ights "  column .  Us ing 
thes e  de tai l s  and the vehicle identification number (VIN) from the acc i dent 

repor t , the we ights of the vehicles invo lved in the guardrail end acc idents 

were found by referring to pub l ications such as S tandard Ca talog of American 
Cars from 1 9 76 co 1 986 (9) , the S tandard Ca talog of Ameri can Cars from 1 946 co 
1 9 75 (10) , the S tandard Ca tal og of American Ligh t  Du ty Trucks from 1 896 to 
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1 986 (11) , the N . A . D . A .  Official Used Car Guide (12) , and Consumer Reports 

(13) for the month of April . 

I f  a vehicle was pul l ing a trai ler , it ' s  we ight was unknown and was coded 
as " dk" . S ome vehicle mode l s  came in many variations , and the we ights o f  each 
ranged over many hundreds of pounds ; there fo re , s ome t ime s a vehicle we ight 

could no t be p inned - down . Each vehic le was assigned to one o f  the following 

we ight catego r i e s : 

1750 vehicle we ight in the range o f 1500 to 2000 lb s ; 

2 2 5 0  vehicle we ight in the range of 2001 to 2500 lbs ; 

2750 - vehicle we ight in the range o f  2 501 to 3000 lbs ; 

3 2 5 0  vehicle we ight in the range o f  3001 to 3500 lb s ; 

3 7 5 0  vehicle we i ght in the range o f  3501 t o  4000 lbs ; 

4250 vehicle we ight in the range o f  4001 to 4500 lbs ; 

4750 vehic le we ight in the range o f  4501 to 5 000 lbs ; 

dk - vehicle weight not determinable ; 
tt - trac to r trailer ; 

mul - more than one pos s ible we ight c lass ; 
mh - motor home ; or 

cab - cab . 

All vehicles in the " dk" , " tt " , "mul " , "mh" , and " cab " categor ies were called 

"Other" . Therefore , a vehicle in an acc ident whos e  we i ght was l i s ted between 
1500 and 2000 pounds was coded as " 17 50 " ; a vehicle we ighing 3 3 2 0  pounds was 
coded as " 3 2 50 " , etc . 

3 . 3  PROCEDURES FOR ADDING DATA TO GUARDRAIL ACCIDENT FILE 
The preceding s ec t ions des c r ibed the type s  o f  data gle aned form the 

various s ourc es .  The following sections de s c r ibe in detail the procedures for 

entering the data into the compute r  data file . 

3 . 3 . 0 1 DETERMINING LONGITUDINAL LOCATION AND DIRECTION 
The primary purpo s e  o f  thi s  clas s i fication was to s eparate the guardrail 

end and que s t i onable end accidents from the o ther type s  of guardrail 

acc i dents . The class ificat ion al s o  helped determine the po ints on the 
longi tudinal section o f  the guardrail where the impacts took place . 

3 . 3 . 01 . 0 1 General Princ iples for Coding Guardrail End Acc idents and 
Directions 

According to NASS coding manual (1 4) , guardrail ends are de fined as 
sections within 25 feet o f  the ups tream guardrail end - - the end ups tream from 

the direction o f  travel regardless of which s ide o f  the road the guardrai l  is  

located . However , the accident report did no t always indicate how far 

ups tream from the end that the impact took place . Thi s  is because the 

repor t ing police officers ' drawings we re usually in s chematic form , and not to 
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s cale o r  even i n  p roport ion . There fore , the re s earche rs had to make a 

j udgement as to whe ther each acc i dent involved an ac tual guardrail end s tr ike . 

If  the acc ident report drawing and o ther informat ion in the acc ident report 

led the r e searcher s  to pre sume that the vehic l e  s truck the guardrai l  end , then 

the accident was code d  as a " presumed end hit . "  I f  the acc ident report 

information led the r e s earcher s  to assume that the impac t was pos s ibly but no t 

l ike ly near the end , then the acc ident was code d as a " questionable end hi t . " 

The acc idents were ini t ially c oded with respect to the direct ion in which 
the vehicle was trave l l ing . I f  a veh i c l e  cro s se d over into the oncoming s i de 

and h i t  the oncoming trail ing end , i t  was cons idered head � in from perspec t ive 

o f  the vehi c le . Late r , sorting routines were employed to ident i fy tho s e  

veh i c l e s  that c ro s s e d  over the median o r  c enterl ine and had a head - on hit w i th 

a trail ing end . 

When the acc idents we re later catego r i z e d  into group s , the terms 

" approach end" and " trai l ing end " were emp l oyed wi th respec t  to the normal or 

intended direc tion o f  trave l on a lane or l ane s . The " appr oach end" i s  the 

guardr a i l  end initially encountered at the beginning on the r i ght s i de o f  an 

undivided road . On a divided road , the " approach ends " are tho s e  o n  the right 
or left of the l anes intended for one dire c t i on o f  trave l . A " trailing end" 

i s  the one encountere d l as t at the end of a guardra i l  ins tal lat i on . When a 

dr iver cro s s e d  the center l ine or the me dian , the vehicle was s a i d  to have 

s truck the trail ing end . Later catego r i z a t i ons were made to group acc idents 

as : 

" end h i t s " - - a l l  guardrail end acc i dents ; and 

" approach end/ s ame s i de and trailing end/cro s s  over/undivided" acc idents , 
only tho s e  in whi ch a vehicle h i t the approach end , o r  c ro s s e d over the 
centerl ine o f  an undivi ded r oadway and s truck the tra i l ing end on the 
dr iver ' s  left s ide , exc luding ends s truck from beh ind . 

The var ious data s e t s  eventual ly created were : 

End hits - - pre sumed ( P) ; 
End hits - - p r esumed - p lus - que s t ionable ( P+Q) ; 
Approach end/ s ame s ide and tra i l ing end/cross over/undivi ded 

Approach end/s ame s ide and trail ing end/cro s s  over/undivide d  

p lus - ques t i onable ; 

p resume d ; 

p r e sume d -

I f  the vehicle hit more than one guardrail end , then e ach end h i t  was treated 

as a s eparate acc i dent by enter ing i t  twic e . Wher e  it was no t p os s ib l e  to 

ident i fy a particular attribute , the code " 0 "  was entered in the r e spec t ive 

fie lds of the GDRAIIAC . WKl file . 

3 . 3 , 01 . 0 2 Spec ific Code s for Guardrail End Acc idents and D irect ion 

The acc ident reports wer e  s tudie d  and the guardrail acc i dents wer e  coded 

as one o f  t e n  di fferent acc ident type s .  The s e  c o de s  were entered i n  f i e l d  7 9  

o f  the GDRAILAC . WKl file . 
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The re s earche rs did no t class ify s ome acc ident s . Caus es for non 

c l a s s ificat ion inc lude ab s ence o f  a co l l i s ion diagram o r  the duplication of an 

acc i dent report .  A code " 0 "  was as s igned to tho s e acc i dents no t c la s s ified . 

If the researcher s  c onc lude d from s tudying the acc i dent repo rt tha t  the 

vehicle did not s tr ike the guardrail at or near the end po int , then the 

ac c i dent was c las s i fie d as " No t  a guardrai l end hit acc ident " and code " 1 "  was 

given to the acc i dent . 

If the r esearchers conc luded that the vehicle had s truck the guardrail 
close to the trailing end po int , then the ac c ident was class ified as a 

"Questionable guardrail trai l ing end acc ident " and code " 2 "  was given to the 
accident . I f  the vehic le had s truck the guardrai l c lo s e  to the front end 
po int , then the accident was clas s ified as a " Que s tionab l e near front end 

ac c i dent " and code " 3 "  was given to the acc ident . 
Some acc i dents involved a vehic le s tr iking the trail ing end p o int or end 

s ec t i on o f  the guardrai l . These were clas s i fied as " Trailing end o f  guardrail 

acc ident " and code "4" was given to the acc ident . 

The ac c i dent reports show the firs t p o int - of - contact made by the vehicl e . 

Po ints 10 , 1 1 , and 12 under the " Po int o f  First Contac t of Vehic l e " in the 

acc i dent report were cons idered head - end impacts . Po ints 1 ,  2 ,  3 ,  7 ,  8 and 9 
were cons idered to be on the s ide o f  the vehicle . Po ints 4 ,  5 and 6 were 

called the rear of the vehicle . I f  the front end o f  the guardrail was s truck 

by the head end of the vehicle , then the acc i dent was placed under " Head end 
vehicle - front end acc i dent " category and code " 5 "  was given to the accident . 

I f  the front end o f  the guardrail was struck by the s ide o f  the vehi c l e , then 

the acc ident was p l aced under " S ide o f  vehicle - front end acc i dent " category 

and code " 6 "  was given to the acc ident . When the front end o f  the guardra i l  

was s truck b y  the r e a r  o f  the vehicle , then the acc i dent was categorized a s  

"Rear end of vehic le - front e n d  acc ident " and code " 7 "  was as s igned . 
A few vehicles s truck the guardrail end from b ehind the guardrail . The s e  

accidents were placed in the " End h i t  from behind guardrail " cate gory and code 

" 8 "  was g iven to the acc ident . 

I f  the vehicle s truck the area where the front guardrail s ec t ion 

connec ted to a bridge parapet wal l , then the acc i dent was p l aced unde r  

" Conne c t ion point front acc ident " category and code " 19 "  was given t o  the 

acc i dent . If  the trail ing connec t ing po int o f  the guardrai l  and bridge 
parapet wal l was s truck , then the acc i dent was called a " Connec t ion p o int 

trail ing acc ident " and code 11 20 "  was given to the acc ident . 

I f  the vehicle had s truck a c oncre te b r idge barr ier or concre te 

guardrai l ,  then the acc i dent was placed under "Not a guardrail acc i dent " 

category and code " 9 9 "  was given to the accident . Figure 3 . 7  shows typ ical 

examp l e s  o f  the end ac c i dent type s . The drawings are from actual ac c ident 

reports . 
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No t a guardrail end accident (DPS # 047712932)  
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Ques t ionable guardrail trai l ing end acc ident ( DPS # 047 70906 2 )  

Que s tionable guardrail front end acc ident ( DPS # 0477 14627 ) 

FIGURE 3 . 7  Example drawings from actual guardra il acc ident reports 
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FIGURE 3 . 7  con ' t .  Example drawings from actual guardrail acc ident report s  
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Rear end o f  vehicle - front end accident ( DPS # 0494003 3 2 )  
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Conne c t i on - p o int front acc i dent ( DPS # 055302260 ) 

FIGURE 3 . 7  con ' t . Example drawings from actual guardrail acc ident reports 
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The re s e archer s  c l a s s ified the guardrail locat ion in order to de termine 

the propor t i ons of acc idents occurr ing at the various lateral locations . 
The s e  codes were entered in field 8 0  o f  the GDRAII.AC . WKl file . I f  the 

acc ident c o l l i s ion diagram was miss ing , if i t  was a duplicate acc ident , or if 
for some o ther reas on the researcher s  were no t abl e  to de termine the guardrai l  

lateral location , then the acc i dent was given a " 0 " code . 
Guardrail lateral pos i t ions were numbered front right to left acros s  the 

roadway sect ion . The right s ide and left s ide guardrails on the frontage road 

or c o l lec tor - di s tributo r  road to the r i ght of the main lanes were given code 

" l "  and code " 2 "  respe c t ive ly . The guardrail on the right s ide o f  the ma in 

lane s  was given c o de " 3 " .  The guardrail in the median on the left s ide o f  the 

on - going main road and the guardra i l  in the median on the left s ide of the on

coming main road o f  a divided roadway were given code " 4 "  and code 11 6 "  
re spective ly . I f  a pair of median guardrails was connec ted at the ends , then 

code " 5 "  was given . The guardrail to the left of oncoming traffi c  ( from the 

persp e c t ive of the subj ect accident vehicle ) ,  whe ther the roadway was divide d 

or undivided , was called code " 7 " . The right s ide and left s ide guardrails on 
the on - coming frontage road or collecto r - distributor road were given code " 8 "  
and code " 9 "  re spec t ively . 

The guardra i l s  at the ex i t  gore and entry gore were given code " 10 "  and 

code " 1 3 "  respe c t ive ly . The guardrail on the r i ght s ide o f  an exi t  ramp was 

given code " ll " , while the guardrail on the left s i de o f  an exi t ramp was 

g iven code " 12" . The guardrai l  on the right s ide of an entry ramp was given 

code " 14 " , while the guardra i l  on the left s i de o f  an entry ramp was given 
code " 15 " .  

Code " 2 0 "  was as s i gne d to guardrails located on cro s s  s tree t s  and 

dr iveways . Code '' 9 9 "  was given i f  i t  was no t a guardrail end accident . 

3 . 3 . 03 TYPE OF END TERMINAL STRUCK 
The res earcher s  as s igned codes to refl e c t  the type o f  guardrail end whi ch 

had been hit . Only a few acc ident reports furnished thi s  information . For 
the mos t  part , the res e archers had to review vide o  tapes and field inventory 

data to de termine the type o f  guardrail end that was hit . The s e  c odes were 

entered in field 83 o f  the GDRAILAC . WKl file . 

I f  the coll i s ion diagram was mis s ing , if the acc ident report was a 
dup l i c ate , or i f  for s ome o ther reason the researchers were no t able to 

de termine the type of end , then code " 0 "  was given to the acc ident . I f  a 
flared exposed end was h i t , then code " l "  was given to the acc ident . I f  a 
turned - down end with l i ttle or no lateral flare was hit , then code " 2 "  was 

given to the ac c i dent . Code " 3 "  was given to the acc ident i f a turned - down 

end with s i gnificant lateral flare was hit by the vehic l e . Code " 4 "  was given 

to the acc ident , if an flared exposed end with s ignificant lateral flare was 
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h i t  by the vehi c l e . Code " 5 "  was given to the acc ident i f  a p arab o l i c  end was 
hit by the vehic l e . 

The re s e archers use d  j udgement to categorized guardrail ends as t o  

whe ther they were flare d . I f  the end appeared in the video t o  be 

s ignificantly set back , then they called i t  flared . In the s ubs e quent 

analys i s , flared ends were not analyzed s eparately because of the i r  small 

number . 

On the vide o , i t  was not pos s ible to di fferent iate breakaway c able 

te rminals with rounded ends from "normal " rounded exposed ends ; both wer e  

clas s ified as rounded ends . Code " 6 "  was given to the acc ident i f  a rounded 

end was hi t . Code " 8 "  was given to the acc ident i f  a S entre was hit . I f  the 

acc i dent was not a guardrail end hit , then co de " 9 "  was given to the accident . 

3 . 3 . 04 TYPE OF INITIAL POST 
Very few o f  the acc ident reports des c r ibe whe ther the firs t pos t  at the 

guardrail end s e c t ion was woo d  o r  me tal . The res earchers had to r eview video 

tapes to determine the type o f  end pos t that was h i t .  The r e searche rs 

as s igned a code in f ie ld 84 o f  the GDRAILAC . WKl file to indicate whe the r  the 

fir s t  pos t a t  the guardrai l  end s e c t ion was s te e l  or wooden . 

Code " 0 "  was given if there was no c o l l i s ion diagram , if the ac c i dent 

report was a dup l icate , o r  if for s ome o ther reason it  was no t pos s ib l e  to 
determine the type o f  post p re s ent . Code " l "  was g iven t o  the acc ident if the 

f i r s t  p o s t at the guardrail end s e c t ion was s te e l ; Code " 2 "  was given for a 

wooden po s t . Code 11 9 11 was ass igned if the acci dent was not a guardra i l  end 

acc ident . 

3 . 3 . 05 TYPE OF SHOULDER 
The c las s ificat ion was done as a part o f  building the databas e and was 

no t use d  in the analys i s . The r e s earcher s  as s igned code s  to the acc i dent 

according to the type of shoulde r immediately preceding the guardrail end . 

The s e  code s  were entered in field 8 7  o f  the GDRAI LAC . WKl file . 

S ome acc ident reports ment i oned shoulder type , while o thers did no t .  The 
video tap e s  were us ed to b o th c onfirm and augment acc ident report informat ion . 

I f  there was no c o l l is ion diagram or if it  was a dup l icate acc ident 

repor t , then code " 0 "  was given to the acc ident . Code " 0 "  was als o  given to 

the acc i dent if it was not p o s s ib l e  to de termine the type of shoulder , even 

after viewing the video tape . 
Code " l "  was given to the acc ident i f  there was no shoulder . I f  there 

was gras s , graded or grave l shoulde r , then code " 2 "  was, ass igned to the 

acc ident . Acc i dents where there we re hard- sur fac ed shoulder s  ( usually 

asphal t )  were c o ded as " 4 " . I f  the acc ident report mentioned the term 

" improved shoulder " and the ro ad was an inters tate , then paved shoul der was 

as sumed ; the video tap e s  confirme d this assump t i on . Code " 5 "  was given to the 
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acc ident i f  the shoulder was o f  o ther than the above mentioned type s . Code 

" 9 "  was given to the acc ident i f  i t  was no t a guardrail end acc ident . 

3 . 3 . 06 GUARDRAIL SETBACK FROM EDGE OF ROAD 
Th i s  task was done as a part o f  building the database and was no t us ed in 

the analys i s . The acc i dent reports and video tape were s tudied to find the 

guardrail s e tback from the edge of the road . In s ome of the ac c ident reports , 
the p o int - of - impact (POI ) from the road edge was given . C odes wer e  given 

depending on the guardrail s e tback from the roadway edge . Thes e  c ode s were 
entered in field 9 0  of the GDRAILAC . WKl file . 

I f  i t  was no t ab le to de termine the guardrail s e tback distance ,  then code 
" 0 "  was given t o  the acc ident . I f  there were only one fee t  offset or if there 
were no offset , then code " l "  was given to the acc i dent . I f  the o ffs e t  were 

between two to s even feet , then code " 2 "  was given to the acc ident . I f  the 

o ffse t  were e i ght fee t  or wider , then code " 8 "  was given to the acc i dent . I f  

the accident were no t a guardrail end acc ident , then code " 9 9 "  was given to 
the acc i dent . 

3 . 3 . 0 7 MEDIAN DETAILS 
This c l as s ificat ion was done to dete rmine if there were any re lation 

be twe en guardrail end ac c idents and presence o f  median . Code s were given to 
indicate the width in fee t  o f  the median at the acc i dent s i te . These code s  
were entered in fie ld 8 8  of the GDRAILAC . WKl file . The r e s e archers use d  b o th 

the accident reports and the video tap e s  to make this clas s ificat ion . 

I f  the re were no c o l l i s i on diagram or if it wer e  a dup l icate acc ident 

repor t ,  then code " 0 "  was given to the acc i dent . The accident reports give 

information under " Type of road" whe ther the road i s  divided or undivided . I f  
the road were a undivided ro ad , then there is  no median and code " 1000 " was 

g iven to the acc ident . Acc i dents on a ramp were also code d thi s  way . 

S ome acc ident reports showed that the acc ident occurred along a s ec t ion 

o f  a divided road . In such cas e s  code " l "  was given to the acc ident i f  the 

width were not de terminab le . If  the width were mentioned , then code s "2" to 
" 9 9 7 "  were used to enter the width o f  the me dian , afte r  rounding the width to 
the neares t  whole foot . 

Sometimes the acc i dent o c curred in a cons truc tion zone and i t  was not 
p os s ible to c onclude whe ther a median exis ted at the acc ident s ite . In such 
cases  code " 99 8 " was given to the acc i dent . I f  the accident were no t a 

guardrail end hit , then code 11 9 9 9 11 was given to the acc i dent . 

3 . 3 . 08 WHAT VEHICLE WAS DOING WHEN IT HIT THE GUARDRAIL 
The re s e archers as s igne d c ode s to indicate what the vehic le was do ing 

when it hi t the guardrail , with reference to direction of trave l . The s e  code s  

were entered i n  field 8 1  o f  the GDRAILAC . WKl file . 
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I f  the c o l l i s ion diagram were mi s s ing , i f  the ac c ident r eport were a 

dup l i c ate , or if for s ome o ther reas on the re s e archer s  wer e  unabl e  to 

determine what the vehicle was doing when i t  h i t  the guardrai l , then the 

acc i dent was given code " 0 " . Code " 1 "  was given to the accident if the 

vehicle ran o ff road to the r i ght and then h i t  the guardra i l  end . Code "2" 

was as s i gned if the vehic le ran o ff o f  a divided roadway to the left , did no t 

cros s the median , and then hi t the guardrail end . I f  the vehicle abruptly 

cro s s e d  the me dian t owards the left s ide into oncoming lane s and hit the 
guardrail end , the acc i dent was given code " 3 " . I f  the vehicle abrup tly 

c ros sed undivided roadway towards the left s ide into onc oming lanes and hit 

the guardr a i l  end , the acc ident was given code " 4 " . Code " 5 "  was given when 

the vehicle expe r ienced pro l onged wrong way trave l be fo r e  hitt ing the 

guardrail end .  Code " 6 "  was g iven when the vehicle exp e rienced prolonge d 

wrong way trave l  o n  a ramp before hitting the guardrail end . Code " 9 "  was 

given i f  the acc i dent we re no t a guardrai l  end acc i dent . 

3 . 3 . 0 9 WAS THE GUARDRAIL END HIT INITIAL OR SUBSEQUENT? 
Code s  were as s igne d to reflect whe ther the guardrail end was the first 

obj ect the vehic l e s truck ( initial h i t ) , o r  i f  ano ther obj e c t  was s truck 

be fore the guardrail end was ( sub s e quent hit ) . Thes e  c o des were entered in 
f i e l d  8 2  o f  the GDRAIIAC . WKl file . 

I f  the c o l l i s ion diagram were mi s s ing , if the accident report were a 

dup l icate , o r  i f  fo r s ome o ther reason i t were not pos s ible to determine 

whe ther the impac t  with the guardrail end was a ini tial or subsequent hit , 
then the acc i dent was g iven code " 0 " . I f  the vehic le fir s t  h i t  the guar drai l 

end , then the acc i dent was given code " 1 " . I f  the vehicle hit ano the r 

veh ic l e , the guardrai l  mids e c t i on , or any o ther obj e c t  before hi tting the 

guardr a i l  end , then the acc ident was given code " 2 " . Code 11 9 " was given if it  
were no t a guardra i l  end acc i dent . 

3 . 3 . 10 DID VEHICLE ROLL OR VAULT IN CONJUNCTION WITH THE END HIT? 
The purpose of this clas s i fication was to determine the frequency o f  

r o l l ing or vaul t ing a s s o c iated with par t i cular typ e s  o f  guardrail . The 

r e s e ar cher s  as s i gned codes in field 8 5  o f  the GDRAILA.C . WK.l file to indic ate 

whe ther vault ing , roll ing , or both vaul t ing and rolling occurred .  

The researcher s  rel ied upon the accident report wording and drawings to 
de termine if the vehicle rol led o r  vaulted . They found many o f  the acc i dent 

rep orts c ontained wording wh ich did no t clearly indicate whether the vehicle 
vaulted . For ins tanc e , a de s c r ip t ion of a vehicle " go ing down the guardrai l "  

c ould mean that the vehicle vaulted and rode the top o f  the guardr a i l , or that 
the veh i c l e  impact could have she ared off the p o s t s , allowing the vehicle to 

s tay in contac t with the road . 



Me thodology 3 . 2 3 

After reviewing the police acc ident report , the researcher s  conc luded 

that the vehicle was s aid to have vaul ted in conj unc tion with s triking the 
guardrail end i f  the vehicle went airborne , went over guardrail , o r  slid on 

top of the guardrail . I f  the language in the report was such that the 

res e archers were not sure whe ther the vehicle vaulted , then the acc ident was 

c l a s s ified as not sure to have vaul ted . I f  the vehicle did no t do any of the 
preceding , then the clas s ificat ion of "vehicle did no t vault "  was made . 

If , afte r hitting the guardrail end , the vehic l e  immediately turne d on 
its s ide or top ,  then i t  was said to have rolled . Res earchers categorized the 

accident as "Rolling was not sure to have oc curred" in s ome ins tanc e s , such as 

when an embankment was close to the end and the re s e archers c ould not 
determine from the report whe ther the guardrail end o r  the embankment caus ed 

the r o l l ing .  If no roll occurred , then the acc ident was class ified as "Did 
no t roll " . 

Code " 0 "  was given to the acc i dent if the r e s e archer s  were not sure i f  

the guardrail end caus ed the vehicle to vaul t or roll . Code " l "  was given to 

the acc i dent if the guardrai l  end did no t caus e the vehicle to vault or roll . 

Code " 2 "  was given to the acc ident if the vehicle rolled but did not vaul t 

after hitting the guardrail end . Code " 3 "  was given to the acc i dent if the 

vehicle vaul ted but did not ro l l after hitting the guardrail end . Code " 4 "  
was given to the acc ident i f  the vehicle both vaulted and rolled after hitting 

the guardrail end . 
I f  the vehicle rolled , but i t  was not c lear if i t  vaul ted , then code " 5 "  

was given to the acc ident . I f  the vehicle did not roll , but it  was not clear 

i f  i t  vaulted , then code " 6 "  was given to the acc ident . 

the acc ident if the vehicle vaulted but i t  was not clear 

h i tt ing the guardrail end . If the vehic l e did not vaul t 

if i t  rolled , then code " 8 "  was given to the acc i dent . 

the acc ident was not a guardrail end hit . 

3 . 3 . 11 ACCIDENT SEVERITY - - TYPE OF INJURY 

Code " 7 "  was given to 

if i t  rolled after 

but it was not c lear 

Code 119" was given i f  

The purpose of thi s  task was to de termine the type o f  inj ur i e s  that were 

being suffered by the occupants o f  the vehicle that hit the guardrai l  end . 
The exi s t ing database categorized acc idents as fatal , injury , or property 

damage - only . The res e archer s  wanted to furthe r de fine the s everity of inj ury 

accidents , and used field 8 9  of the GDRAII.AC . W'Kl file to enter the type of 
inj ury sus tained by e ach occupant . 

The thre e  inj ury types are : A ,  B ,  o r  C .  Inj ury A is incapac itating , 

inj ury B i s  non - incapac i tating , and inj ury C is a c omplaint o f  injury . Inj ury 

A i s  the mos t  s evere and inj ury C is the least s evere . The accident report 
l i s ts the type o f  inj ury sus tained by each occupant . Code s were given to type 
of inj ury sus tained . 
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I f  the co ll i s ion diagram was miss ing , i f  the acc ident report was a 

duplicate , or i f  for s ome o ther reason the type o f  inj ury was not determined , 

then code " 0 "  was g iven to the ac cident . Code " 9 "  was g iven t o  the acc ident 
if it were no t a guardrail end accident . I f  no injury occurre d ,  then c o de " l " 

was given to the acc ident . Code 11 2 " , code " 3 "  and code " 4 "  were given for 

inj ury A ,  B ,  and C respective ly .  

Because field 8 9  was four c o lumns wide , inj ury s everities for up to four 

occupants c ould be entere d .  For example , if two occupants sus tained inj ur i e s  

A and B ,  then code " 2 "  and code " 3 "  were entered in the firs t two co lumns and 

code " l " was entered in the remaining two columns o f  field 8 9 . S ome acc i dent 

reports l i s te d  two types of inj uries for an individual ;  in such a case the 

mo s t  s evere was l i s ted . In the subs equent analys i s , the accident was 

clas s ified according to the mos t  s evere inj ury . If the re we re both an "A" and 

a " C "  inj ury in a s ingle acc ident , the "A" was use d  as the s ever i ty , 

3 . 3 . 12 WAS FIXED OBJECT HIT AFTER END WAS HIT? 
The purp o s e  o f  thi s c lass i ficat ion was t o  determine if the guardrail did 

no t prevent the vehicle from hitting a fixed obj e c t  i t  was shie lding o r  

connected to . Thi s  task was done as part of building the database and was no t 

use d  in the analys i s . Code s were ente red in field 8 6  of the GDRAILAC . WKl file 

to indicate whe ther the fixed obj e c t  was hit after the vehicle s truck the 

guardrail end . 

C o de " 0 "  was given to the ac c ident when the c o l l i s ion diagram was mis s ing 

or when it was a duplicate accident repo r t . Code " l "  was given t o  the 
acc i dent when the acc ident report made no ment ion of the vehicle hitting the 
fixed obj e c t  or the connecting bridge or overpas s wall . When the vehicle hit 
the fixed obj e c t  o r  the bridge or overpass wall afte r hitting the guardrail 

end , code " 2 "  was given t o  the acc ident . When the vehicle went down the 
embankment or downgrade but h i t  nothing , code " 3 "  was given to the acc i dent . 

When the guardrai l was connected to a br idge or ove rpas s  and was a l s o  

shie lding a fixed obj e c t  and the vehicle s truck only the fixed obj e c t , then 

code " 2" was given to the acc ident , even i f  it  didn ' t hit the bridge wall. 
Code " 9 "  was given i f  the acc i dent were not a guardra i l  end hit . 

3 . 3 . 13 VEHICLE DESCRIPTION 
The guardra i l end acc i dent reports were s tudie d  to f ind the year , make , 

mode l  and s tyle o f the vehicles that were invo lved in the guardrail end and 

que s t ionab l e  end acc idents . Thes e  were ente red in s eparate c o lumns in the 

GDRAILAC . WK  file . This information was needed in order to find vehicle 

we ight s . 
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The re s earche rs s tudie d  the wording o f  the guardra i l  end acc ident reports 

to identify the acc idents in which the dr iver was s leepy or no t alert . This 

informat ion was ob tained by reading the c i tat ion and " Condi t i on o f  dr ivers and 
Pede s trians " details in the acc ident repor t . When the wording led the 

researcher s  to c onc lude that driver inattent ion or drows ine s s  contributed to 
the acc ident , the code " U "  was entered in c olumn " dr i "  in the GDRAILAC . WKl 

file . The "U"  was no t as s i gned i f  s e izures or dr iving - under - the - influence 

were mentioned , except in the few case s  in which the acc ident report wording 
led the res e arche r s  to c onclude that the driver was not s i gnificantly 

impaired . 

3 . 4  ANALYSIS OF DATA 
After building the database , the res e archers performe d a numbe r  o f  

analys e s .  In s ome cas e s  it was de s irable or nece s s ary to combine s ome data 

c atego r i e s . 

In s ome analys e s , the lateral guardrail locations on the road were 
c omb ined into thre e  categor ies . Thes e  were left s ide guardrails , r i ght s ide 

guardrai l s , and median guardra ils . 

The guardrail end acc idents were clas s ified acco rding to the longi tudinal 
l ocat ion o f  the crash on the guardra i l  and according to the type o f  end that 

was hit by the vehicle . The end type s  wer e  comb ined into turne d - down , 

exposed , and other ends . 

The various categories for vehicle roll ing and/or vault ing a fte r i t  hit 

the guardrail end were also comb ined . The result ing comb ine d categories were 

"no roll or vault " , " roll and/or vaul t " , and " not sure if roll or vaul t " . 
In s ome analys e s , the acc idents were grouped into three categor i e s , bas ed 

on acc i dent s eve r i ty . The s e  comb ined categor i e s  were fatal + inj ury A ;  inj ury 

B + inj ury C ;  and property damage only ( PDO ) ac c idents . Some vehicle we ight 

catego r i e s  were comb ined . 
The frequency o f  ac cidents a t  lateral locations due to dr ive r inattent ion 

was determined . The frequency and percentage o f  acc idents with respect to 
urban/rural location and wi th respect to p o s ted speed were al s o  de termined . 

Regres s ion equations were derived for the percent o f  acc idents versus 

percent vehicle miles of trave l ,  and for percent o f  acc idents versus mi les o f  
hi ghway . A brief de s c r ip t i on of l inear re gre s s ion is given in sec tion 3 . 4 . 04. 

Two - factor and three - fac tor contingency tables for the following 

c las s ificat ions were formulated from the " p re sumed "  data s e ts . 

end type vs . roll and/or vaul t ;  

end type vs . lateral locat ion vs . s ever i ty ; 

end type vs . ro l l ing and/or vaul t ing vs . s eve r i ty ; 

vehicle we ight vs . ro l l ing and/or vaulting ; 
end type vs . rolling and/or vaulting vs . vehicle we ight ; 



3.2 6 Methodology 

vehicle we ight vs . s everity ; and 
end type vs . vehicle we ight vs . severity . 

S ome of clas s i fications were c ombined to obtain a suffic ient number of 

occurrences per cell and for better numer ical s tab ility . 

The following s tatistical tests were performed on c ontingency tables :  

1 .  the Chi - square tes t  o f  independence ;  

2 .  the Game s -Howell ( GH) procedure o f  multiple compar i s ons on cell means ; and 

3 .  the tes t  to compare binomial proportions . 

These tes t s  are described in the following s ections . A s everity index , 

probab i l i ty index and collis ion index for exposed and turned- down end 

terminals was determine d . 

3 . 4 . 01 CHI - SQUARE TEST OF INDEPENDENCE 
The Chi - square tes t  o f  independence i s  a tes t  o f  hypotheses c once rning 

category probab i l i t ie s . I t  de termine s if the mul t inomial count data 

categorie s , class ified by e i ther two or three factors , are independent of each 

o ther . This involves a comparison of " ac tual " data with " expected" data . 

The symbols representing the cell counts and the corresponding row and 
column probab i lities for a two -way or contingency table are shown in Table 

3 . 1 .  In the table , n1 1 repres ents the actual count data of c las s i fications 

' l '  and ' A '  and p1 1 repres ents the corresponding excepted c e l l  probability . 

TABLE 3 . 1  Obs erved counts and probabilities for a two 
factor cont ingency table 

A 
OBSERVED 

l n1 1 
ROW 2 n21 

3 D3 1 

COLUMN C 1 
TOTALS 

EXPECTED 
1 

ROW 2 
3 

COLUMN 
TOTALS 

COLUMN 

� g 

n1 2 n13 
nz2 n23 
n32 ll33 

C z C3 

Ps Pc 

J2 

n14 n24 
Il34 

C4 

Po 

ROW 
TOTALS 

n 
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The row and column totals are des i gnated as r1 , r2 , r3 and c 1 , c2 , c3 and c4 

r e spective ly , and the corresponding row and column probabilities or marginal 

probabilities are des ignated p 1 , p2 , p3 and pA , p8 , Pc and p0 respe c t ively . 

Marginal probabilities are p 1  == p 1 1  + p 1 2  + p13 + p 1 4  and PA = P11 + P21 + P31 • 

The i th row marginal probability P i  i s , 

where rj  i s the row i total . S imilarly , the bes t  e s timate of the j th column 
probability P j is , 

where r 1 i s  the column j total . The e s t imated expected cell count for the 

cell in the ith row and j th column o f  the contingency table is 

I f  two events A and B are independent , the probab i l i ty of the 

intersection of A and B e qual s  the product o f  the probabilities of A and B ,  
i . e . , 

S imilarly , in the contingency table analys is ,  if two variables are independent 

of each o ther , the expected probability of a particular cell of the table i s  

the produc t of the corresponding row and column marginal probabilities . Thus , 

if the hypothes i s  of independence i s  substantiated , in Table 3 . 1  we mus t  have 

P 1 1 - P 1  PA • P 1 2  "" P1 P1p 
and so  for th . I f  the actual data disagree with the expected cell counts 

c omputed from these probabilities , there i s  evidence to indicate that the two 

variab l e s  are dependent . 

The null hypo thes i s (H0)  that the variab l e s  are independent i s  equivalent 

to the hypo the s i s  that every cell probab i l i ty in the cont ingency table is 
e qual to the produc t o f  i t s  respe c t ive row and c o lumn marg inal probab i l i t i e s . 

Rej e c t ing the null hypothe s is when it is  true is a Type I error . The 

probability of making a Type I error i s  deno ted by the symb o l  a .  ( 1 - a )  i s  

also called as the confidence coe ffic ient . 

When n i s  large , the te s t  s tatistic 

x2=f f [ni1:.E!n.ii)]2 
N. t:J. [E(nd] 

will pos s e s s  approximately a Chi - s quare distribution (15) . The rej ection 

region for the tes t  will be 
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The degrees of fre e dom for the Chi - s quare will be 
df re - ( the number o f  l inearly independent re s tr i c t i ons on 

the cell count ) 
( r - l )( c - 1 ) 

where , r i s  the number o f  rows and c i s  the numbe r  o f  c o lumns in the 

c ont ingency table . 

The Chi - s quare test o f  independence i s  based on the assumpt ion that the n 

observed counts are a random s amp le from the population o f  intere s t . For the 

Chi - s quare approximation to be valid , the e s t imated expected c ounts should be 
greater than o r  e qual to 5 in all cells . 

In a thre e -way table , s everal hypothes e s  of partial as s oc iat i on o r  

p artial independence o f the three var iables ( factors ) can be c ons tructe d . 

Table . 3 . 2  shows an examp l e  o f  a thre e  way c ont ingency tab l e , where the leve l s  

o f  the fir s t  fac tor are X and Y ,  the leve l s  o f  the second fac tor are 1 and 2 ,  
and the leve l s  of the third fac tor are A and B .  

In thi s  analysis the comp l e te independence mode l was c ons i de re d . In the 

complete independence mode l , the c l as s i f i c at ion o f  any fac tor has no influence 

on the clas s ificat ion o f  any o ther fac tor or comb inat ion of fac tors . I f  

c omp l e te independence i s  rej ec ted , then s ome form o f  as s o c iation i s  pre s ent . 

TABLE 3 . 2  Observed counts and probabilities for a three 
factor cont ingency table 

x y 

COLUMN total COLUMN total 

A B A B 

ROW 1 1 11  1 1 2 1 ,  ROW 1 m1 1 m1 2 m1 
2 121 122 lz 2 m21 m22 m2 

total lA ls l total mA mg m 

The e s t imated expected c e l l  count for the cell 1 1 1 in X - c ont ingency 

table i s  (1 6) 
4111)= ( ( 1A+m11) * (11 +m1 ) * ( 1 ) ) I {l +m) 2 

S imilarly the expected counts for the other c e l l s  i n  the X and Y 
c ont ingency tab l e s  are calculated . 

When n i s  l arge , the tes t  s tati s t i c  
c r [l Al ]2 c r [ A ]2 

x2: � � Y�1J:t + � � mi(�d:;r> 
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will pos s e s s  approximate ly a Chi - square di s tr ibution . The rej e c t ion region 

for the te s t  will be 

The degree s  o f  freedom wil l  be 

df = abc-a-b-c+2 

where , a is the number o f  level s  o f  the firs t fac to r , b i s  the numbe r  of 
level s  of the second factor , and c i s  the number of levels of the third factor 
o f  the three - factor contingency table . 

3 . 4 . 02 GAMES -HOWELL (GR) PROCEDURE OF MULTIPLE COMPARISONS ON CELL MEANS 
This mul tiple compar i s on me thod use s  the tes t  s tatis tic 

- - rT 2 2/ t1k= Yr Yk/v \ ( s1 )  I (n1 )  + ( sk) (nk) ) 

where , Y-bar i s  the sample mean , s 2 i s  the unb iased sample variance , and n is 
the s ample s ize for each pair o f  means , j be ing equal to k ( 17 ) . 

The null hypo the s i s  H0 is r ej ected if 

p ( tdfjl<2: l tjk l> � a;  

Otherwis e , the nul l hypo thes is is not rej ected . 

df1k= ( sJ/n1+s1/nk) 2/ [ < sj/n1> 2/ (nr l ) ] + [ < s'tlnk) 2 I (nk- 1 )]  

where dfj k is the degrees o f  freedom for the obs e rved t j k ·  

3 . 4 . 0 3 TEST FOR COMPARING TYO BINOMIAL PROPORTIONS 

Inference s  about two proportions are usually phrased in terms of the ir 

di fference . The s ampl ing dis tr ibut ion can be approximated by a normal 
d i s t r ibution . A summary o f  the c ompari s on tes t  procedure follows ( 1 8 ) . 

Ho : P1 -p;i = O 

Tes t  S ta t i s t i c  

where H 0  i s  the Null hypo the s i s  

Ha l t  i s  the alternate hypo the s i s  

p 1 and p2 are s ample proportions 

where p 1  == x1/n1 and p2 == x2/n2 
p == ( x 1 + x2 ) / ( n1 + n2 ) 
q == ( 1 - p ) 

Rej e c t  H0 i f l z l � za12 , where za/Z is the a - l eve l c r i t ical value from the 

s tandard normal dis t r ibution . 
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3 . 4 . 04 LINEAR REGRESSION ANALYSIS 
Linear re gre s s ion analys i s  finds a model in which the dependent variable 

(y) is approximated by a linear c omb inat i on o f  the independent variables (x) , 
with a cons tant term . Mathematically speaking , regress ion analysi s  finds 

values of A1 , . • • . .  , Ak and C for each y such that the values o f  

A1x1 + . . . . . + Akxk + C are as c l o s e  to the values of y in a least square s 

sense . These value s o f  A1 , • • • • •  , Ak and C are the values that minimize the sum 
of s quare s A1x1 + . . . . . + Akxk + C - y .  The regres sion analys is was done us ing 

spreadshee t  software . The output included the fo llowing :  
1 . The "No . o f  Observat ions " i s  the total number o f  dependent (y) 

value s . 

2 .  The " Degrees o f  Fre edom " equals (number o f  obs e rvations ) - (number o f  

independent x variables +l) . 
3 .  The " Cons tant " i s  the y- axis inte rcept o f  the regre s s ion . 

4 .  The " S td Err o f  Y Es t "  is  the e s t imated standard e rror of the y 

values and represents the deviation o f  the observed y values from 

the value s o f  the linear comb inat ions . 

5 .  The "X Coeffic i ent ( s ) " are the c oe ffic ients A1 , • • . • •  , Ak o f  the 

independent (x) variables in the mode l . 

6 .  The " S td Err o f  Coef . " give s the error e s t imate of the coeffi c i ents . 

7 .  The coefficient of determination (R2) i s  a s tati s t i c  that measures 
the val idity of the mode l . I t  ranges up to 1 ,  with 1 b e ing op t imal . 

3 . 5  LIMITATIONS OF 1HIS ACCIDENT RESEAB.CB 

Ther e  were certain difficul ties and l imi tations encountered while 

relating the acc i dent report data with the video tapes and the guardrail 
inventory . The reports , tapes ,  and inventory were recorded at different 

t imes , which could cause them to dis agree if there had been change s in the 
field between the time o f the accident and the time the tape or inventory was 
made . 

3 . 5 . 0 1 LIMITATIONS WITH ACCIDENT REPORTS 
The quality o f  the acc ident reports varied . The c ondit ions in the field 

may not be c onduc ive to filling out prec i s e  accident repor ts , and some 
o fficers may not pos sess wel l - developed "map and drawing" ski l l s  needed to 
c onvey loca tional information to others . The drawings usually are not in 
proportion , and may not include dis tance measurements , which make s i t  more 

difficult to asce rtain the relat ive position of the guardrail end to the po int 
of impact .  

S ome reported acc ident locations seemed to be incorrec t .  There were a 
few cas e s  o f  very vague locational references and the abs ence o f  any milepo int 

or grid c o ordinate locations on the accident repor t . In a few other 
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ins tance s ,  a guardrai l was no t pre s ent at or near the reported acc ident 

locat i on . 

While reviewing the acc ident reports , the res e arche rs found a few reports 

that appeared to contain incorrect information . Three probl ems with acc i dent 

rep o r t s  are highl i ghted in the accompanying drawings and photographs . Fi gure 

3 . 8  shows excerp t s  from three acc ident repor ts . 

The first shows that the ac c ident was reported to have occurred in Osage 

County at a guardrail end . I f  the two inte r s e c ting highways at whi ch the 

acc ident occurred are co rre c tly recorded , then the acc ident ac tually took 
p lace in Pawnee County . A fie ld v i s i t  showed that the re was no guardrail end 

at the s i te ; ins tead , the guardrail curves c ont inuous ly around the 

inter s e c t ion radius as shown in the pho to . 

The second i l lus tration shows an acc ident report drawing indicat ing the 

p re s ence o f  a guardrail end . The photograph o f  the s i te shows that there i s  

n o  exp o s e d  end , but rather a parab o l i c  end s e c t ion . 

The third i l lus tration shows an acc ident report drawing indicating the 

pres ence o f  a guardrail . The s i te photograph shows a concrete barr ier , no t a 

me tal guardrail , in p lace . 

3 . 5 . 02 LIMITATIONS WITH THE VIDEO TAPES 

Viewing the vi de o tapes did not always answer all the que s t ions the 

r e s e archers had about a particular acc i dent s i te , and there were s ome 
difficulties with tape - viewing . When winding roads changed dire c t i on often , 

i t  was more difficul t  to re late the dire c t ion of travel given in the acc i dent 

report with di rec t ions on a map or video log . Anothe r l imi tati on was the 
qua l i ty o f  super - long play video , e specially at the edge s o f  the frame . When 

p ro ce e ding through a sharp curve , the video camera s omet ime s mis s e d  roads ide 

feature s .  

3 . 5 . 03 COMMENTS ABOUT LIMITATIONS 

The researchers r e s o lved mos t  of thes e  data problems with patient s tudy .  
The researchers made a few field vis i t s  to the ac c ident s i te area and made 

telephone calls to local offic ial s to obtain more information . 

The smal l number o f  s ome guardrail ac c i dent types caused numer ical 

ins tab il i ty ;  i . e . , the number o f  a p articular type of occurrence was to small 

to analyze . To addr e s s  thi s  l imitat ion , the res earche r s  comb ined s ome o f  the 

data categories . 
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Analys is & Resul ts 

CHAPTER IV 

ANALYSIS OF DATA AND RESULTS 

Thi s  chapter pres ents the data analys i s  and the resul ts . The re sul ts 

provide ins ight into var ious attr ibutes as soc iated with guardrail end 

acc idents , and highlight factors assoc iated with elevated frequency or 

s everity o f  guardrail end acc idents . 

4 . 01 

The guardrail accident spreadsheet file GDRAIIAC . WKl was imported into a 

database file . The re s earchers performed ask and query operations in o rder to 

find numbers o f  guardrai l end acc idents exhib i t ing certain traits . The 

fo llowing is sues were examined .  

1 . Longi tudinal location o f  guardra i l  acc idents 

2 .  Lateral location o f  the guardrail end 
3 .  Type of end which was s t ruck 

4 .  Type of initial p o s t  

5 . Shoulder attributes 

6 .  Guardra i l s e tback 

7 .  Median attr ibutes 

8 .  What vehicle was doing 

9 .  Was the end - hi t  the ini tial impact or a sub s equent event? 

10 . Occurrence o f  vehicle r o l l ing or vaul t ing 

11 . Acc ident s eve r i ty 

12 . Whe ther vehicle subsequently s truck fixed obj ect 

13 . We ight o f  vehicle s s tr iking guardrail ends 

14 . Number of unalert drivers involved in guardrai l  end acc idents 

15 . Rural vs . urban location of guardrail end acc idents 

16 . Pos ted speed at guardrail end acc ident s i te s  

17 . Re lationship o f  acc i dent frequency with mi l e s  of road and VMT 
18 . Comb ine d - fac tor re lationship s : various c omb inat ions o f  end type ,  

lateral location , s ever i ty ,  r o l l ing and/or vaul t ing , and we i ght 

19 . S everity index , probab i l i ty index and coll i s ion index for exposed and 

turned- down ends 

4 . 1 LONGITUDINAL LOCATION OF GUARDRAIL ACCIDENT 
Becaus e the init ial database inc luded both guardrail end and non - end 

acc i dents , the re searchers used the ask and query operations on fie lds 7 9 , 80 , 
8 1 , and 8 8  o f  the database file to separate the acc idents into var ious 

longi tudinal locat ion categori e s . Table 4 . 1  shows the summary of guardrail 

acc ident longi tudinal locations . 
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TABLE 4 . 1  Longitudinal location of guardrail accidents 

Classification 

ALL GUARDRAIL ACCIDENTS 

Not able to determine 

Not guardrail end accident 

Ques tionable guardrail end 
acc ident 

Presumed guardrai l end accidents 

Guardrail connection with 
fixed obj ect 

Not a guardrail accident 
(e . g . , concrete barriers ) 

Total 

ONLY GUARDRAIL END ACCIDENTS 

Questionable trailing end 
Trail ing guardrail end- 

undivided road 
Ques tionable approach end 

QUESTIONABLE • . . . . . . . . 

Trailing guardrail end 
Trail ing guardrail end- 

undivided road 

Approach guardrail end 
Head end of vehicle - 

approach end 
S ide of vehicle - - approach 

end 
Rear o f  car - - approach end 

Code 

0 

1 

2 , 3  

4- 8 

1 9 , 20 

9 9  

2 

3 

4 

5 

6 

7 

Approach or trail ing guardrail 8 
end hit from behind 

S ame Cross -
Number S ide over 

2 3  

1064 

118 

435 

67 

27  

1 7 34 

27 

91 

118 

8 9  

3 3 6  

10 

17 

8 1  

19 

2 34 

9 2  

5 

4 

10 
9 

10 

70 
62 

5 

6 

PRESUMED . . . . . . . . . . . . . . . . . . 43 5 

TOTAL PRESUMED PLUS QUESTIONABLE 5 5 3  

Percent 

1. 3 3 

6 1. 3 6  

6 . 80 

25 . 09 

3 . 8 6 

1. 56 

100 . 0% 

4 . 8 8 

16 . 46 

16 . 09 

0 . 90 
42 . 32 

1 6 . 64 

0 . 90 

1. 8 1  

100 . 0% 
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To analyze the di fferent accident categories , vari ous data s e ts were 

created dur ing the proj e c t . The guardrai l end data s e t s  included : 
End hits - - presume d  (P) ; 
End hits - - presumed - p lus - ques t i onable ( P+Q) ; 

Approach end/s ame s ide and trail ing end/c ro s s  over/undivided 

(AP) ; 
pre s ume d 

Approach end/same s ide and trail ing end/cro s s  over/undivided - - pre sumed

plus - que s t ionab le (AP+Q) ; 

To control the s c ope of the work and the s ize of the repo r t , no t all analyse s  

were performed on all data s e t s . 

The terms " approach end "  and " trailing end" were used with respec t to the 
normal or intended dire c tion of travel on a lane or l ane s . The " approach end" 

i s  the guardrail end on the r i ght s ide o f  an undivided road . For a divide d 

road , the " approach ends " are thos e  on the right or left o f  the lanes intended 

for one direction of trave l .  A " trail ing end" i s  the one at the end of a 

guardra i l  ins tal lat ion . When a driver cro s se s the centerl ine o f  an undivided 

road or the median o f  a divided road , the vehicle was said to s tr ike the 

tra i l ing end . The following matr ix may help explain the data set 
combinations . 

1. End hits 

2 .  Approach end/s ame s ide and 
trail ing end/cro s s  over/undivided 

To review , the 

Presumed 

p 

AP 

Presume d - plus 

que s t i onab l e  

P+Q 

AP+Q 

1 .  " ques t ionab l e " data included thos e  guardrail end h i t s  where the 

re s e archers concluded that there was a s l i ght chance that the 

accident invo lved a guardrail end ; 
2 .  the " p re sumed "  s e t  cons i s te d  o f  thos e  acc idents that were j udged from 

the reports to probab ly involve a guardrai l end ; 
3 .  the " end hits " group included all guardrail end acc ident s ; and 

4 .  the " approach end/same s ide and trai l ing end/cro s s  over/undivide d "  

acc idents inc luded only those end hits in which a veh i c l e  hit the 
approach end , or c ro s s e d  over the centerl ine o f  an undivided roadway 

and s truck the trail ing end on the dr iver ' s  left s ide ends s truck 

from behind were not included .  
ODOT had furnished a to tal o f  1 7 3 1  guardrail acc i dent reports . In three 

o f  the acc idents a vehicle s truck two guardrai l  ends , s o there were 1 7 34 
entr ies in the database file . Of the s e  1 7 34 , the researchers did no t c las s i fy 
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1 . 3% because o f  mis s ing data or the acc ident report was a dup l icate . The 
researchers de termined that 6 1 . 4% o f  the acc idents were not guardrail end 

acc idents . They categorized 6 . 8% of the accidents as either que s tionable 

approach end or questionable tra i l ing end guardrail acc idents , and cal l e d  

2 5 . 1% of the accidents probable guardrai l  end accidents . The researchers 

found that 3 . 9% of the acc idents involved impac ts where the guardrai l  was 
conne c te d  to a r igid obj ect , such as a bridge ; thes e  included both the fixed 
obj ect - approach connection po int and the fixed obj ect - tra il ing conne c t i on 

point acc i dents . In 1 . 6 %  of the acc idents , the vehicle hit a concrete 

barrie r , not a me tal guardrail .  

The number o f  presumed guardrail end accidents plus questionable 
guardrail end acc idents was 5 5 3 . From Table .4 . 1 ,  it can be concluded that 

mos t  of the guardra il accidents occurred along the guardrail midsection .  The 

end acc idents constituted less than 32% of the total number of reported 
guardrail acc idents . The approach end of the guardrail was struck more often 
than the trail ing end . In mos t  of the end accidents , the front or s ide of the 
vehicle struck the guardra il . 

4 . 2 LATERAL LQCATION OF GUARDRAIL END STRIKES 
The res earcher s  analyzed the guardrail end acc ident data to find the 

relative frequency wi th which var ious guardrail lateral locations ( i . e . , r ight 

s ide , left side )  were be ing s t ruck . The ask and query operations were 

performed on field 79 and field 81 of the database file to arrive at the 

number of acc idents in each l ateral location catego ry . Tab l e  4 . 2  gives a 

s ummary o f  the guardra i l  end acc i dent lateral locations . The code s  used to 
c lass ify the guardrai l location were shown in Figure 3 . 2 .  

4 . 2 . 01 LATERAL LOCATION WITHOUT CONSIDERING EFFECT OF MEDIANS 
Of the presumed guardrail end hi t acc idents , the vehicle s truck the r i ght 

side guardrail on the main road in over hal f (code 3 )  of the acc ident s . In 

15 . 4% of the acc idents the vehicle cros sed the road and hit the guardrail to 

the r i ght of the oncoming traffic (code 7 ) . The vehicle hit the guardrail on 

the right side of the median ( code 4) in 21 . 8% of the acc idents .  In 3 . 7% of 
the acc idents the vehicle crossed the road and hit the extreme l e ft s ide 

guardrail on the median (code 6 ) , while in 2 . 5% of the accidents the vehic l e  

h i t  the double faced or narrow circular guardrai l or s imilar guardrail in the 
median ( code 5 ) . There were few accidents in which a vehicle struck the 

guardrail on the same dire c tion or the oppos i te direction frontage roads , 

gore s , entry ramps , exit ramps , or guardrail ends on cross roads or drives . 
The lateral loc at ion percentages for the presumed guardrail end hit accident 

data set were s imilar to those o f  the o the r three accident data sets . 
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TABLE 4 . 2  Lateral location of guardrail end acc idents 

APPROACH END/SAME S IDE 
and TRAILING END/CROSS 

END HITS OVER/UNDIVIDED 

Presumed Presumed- Pre sumed Pre sume d -
Lateral p lus - plus -
location Questionable Questionable 
code 11 % 11 % 11 % 11 % 

1 Rt . Frontage rd- far r ight 1 0 . 2 3 2 0 . 36  1 0 . 2 5 1 0 . 2 1 
2 Rt . Frontage rd - ne ar r t . 0 o . oo 0 0 . 00 0 0 . 00 0 0 . 00 
3 Right s ide 2 3 0  5 2 . 8 7 2 9 1  52 . 6 2  2 14 54 . 45 264 54 . 6 6 
4 Median - s ame direc t ion 9 5  2 1 . 84 126 2 2 . 79 90  22 . 90 117 24 . 2 2 
5 Median - both 1 1  2 . 53 13 2 . 3 5 10 2 . 5 5 1 2  2 . 49 
6 Median - oncoming 16 3 . 6 8 18 3 . 2 6 1 0 . 25 1 0 . 2 1 
7 Le ft s ide 67  15 . 40 8 5  15 . 3 7 6 2  15 . 7 8 71 14 . 70 
8 Lt . Frontage r d - near l e ft 0 0 . 00 0 0 . 00 0 0 . 00 0 0 . 00 
9 Lt . Frontage rd- far left 0 0 . 00 0 0 . 00 0 0 . 00 0 0 .00 

10 Exit ramp gore 4 0 . 92 5 0 . 9 1 4 1. 02 5 1. 04 
11 Exit ramp - r i ght 2 0 . 46 2 0 . 36 2 0 . 5 1 2 0 . 41 
1 2 Exi t  ramp - left 5 1. 15 6 1. 08 5 1. 27 6 1. 24 
13 Entry ramp gore 0 0 . 00 0 0 . 00 0 0 . 00 0 0 . 00 
14 Entry ramp - r i gh t  2 0 . 46 2 0 . 3 6 2 0 . 5 1 2 0 . 41 
1 5  Entry ramp - left 0 0 . 00 1 0 . 18 0 0 . 00 0 0 . 00 
20 Cro s s  road , o ther 2 0 . 46 2 0 . 36 2 0 , 5 1 2 0 . 41 

Total 435  100 . 0% 5 5 3  100 . 0% 3 9 3  100 . 0% 48 3 100 . 0% 

I t  can be conc luded from Table 4 . 2  that the mos t  predominant guardrail 
end acc idents involves the vehic l e  hit t ing the guardrail end on the right s ide 

of the ma in road . A s izeable number of acc idents involved crashes with 
guardra il ends in the median . 

4 . 2 . 02 LATERAL LOCATION CONSIDERING EFFECT OF MEDIANS 
After vi ewing the lateral location data , the r e s e archer s  suspe cted that 

the presence or ab sence o f  a median was affecting the resul t s . The 

researchers then use d  the ask and query operations on field 7 9 , field 80 , and 

fie ld 8 8  to determine if the presence o f  median affected the relat ive 

frequency of guardrai l  end acc ident lateral locations . 

In order to concentrate on lateral locations with the mo s t acc i dents , the 

r e s earchers c omb ined s ome lateral locat i on group s  for analys i s . Acc idents 
invo lving guardrail located on the r i ght s ide of the road ( code 3 ) , the far 

s i de median ( code 6 ) , and acc idents involving guardrai l  located on oncoming 

traffic ' s r i ght s i de ( co de 7 )  remained uncombined . Acc i dents invo lving 
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guardrail located in the middle and the near s ide of the median ( co des 4 and 
5 )  were comb ined into one clas s i fication . Acc idents invo lving all o ther 

guardrail locat ions were comb ined into one c las s ification . Table 4 . 3  shows 

the number of acc idents under thes e  clas s i fications for b o th the presumed and 

presumed plus ques t i onable guardra i l  end acc ident data sets . Again , the 

proportions of acc idents in the var ious categories did no t greatly differ 

between the p re sumed and the presumed- p lus - ques t ionable data groups . 

The data showed that 55%  to 60% o f  guardrail end acc idents on the s tate 

highway sys tem occurred on divided roads . On divided roads , the chance s  of a 
vehicle hitt ing the guardrail on the right s ide of the road or in the median 
were almost the same . On a divided roadway , the probab i l i ty o f  vehicles 

cross ing the median and hitting the guardrail on the far left s ide ( i . e . , the 

oncoming main road ' s right s ide ) was small . About 60� of acc ident s on 
undivided roads involved the vehicle s tr iking the guardra il end on the r ight 

s ide . 

4 . 3  TYPE OF GUARDRAIL END STRUCK 

The researchers util ized ask and que ry operations on field 7 9  and field 
83 o f  the databas e file to find the number of acc i dents which occurred at 

var ious guardrail end type s . The res e archers were not abl e  to determine a few 

of the end types ,  pos s ibly becaus e the guardrail at the location had been 
removed or due to an inadequate description o f  the location . All four data 
sets exhibi ted s imilar end- type category p roportions , Table 4 . 4  p r e s ents the 

results , and shows that the number of acc ident s at turned- down ends was 

greater than the number at exposed ends . 

4 . 3 . 01 COMBINING END TYPES 
As the percent of acc idents occurr ing on " o ther than exposed o r  turned

down ends " was very smal l , the researchers did not perform analys e s  o n  the 

" o the r " group . For the analys i s , the researchers combined the turne d - down 

ends and turned- down ends w i th s i gnificant flare to form one category , the 
turned - down ends . They al s o  combined the exposed ends and exposed ends with 
s ignificant flare to form one category , the expo s e d end c ate gory .  Table 4 . 5  
shows the number and percentage of accidents under the s e  categories for all 
four data sets . The di fferenc e  b e tween the propor t i ons of exposed and o f  

turned- down guardrail end typ e s  in the four acc ident data sets was small . 
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TABLE 4 . 3  Comb ined lateral location of guardrail end accidents 

Left Median Median Righ t  Other Total 
s ide l e ft middle/ s ide 

right 
--

PRESUMED END HITS 

Roadway with median 
Frequency 2 16  105 119 5 247 
Percentage 0 . 81 6 . 48 42 . 5 1 48 . 18 2 . 02 100 . 0 

Roadway without median 
Frequency 65  na na 111 9 1 8 5  
Percentage 3 5 . 13 na na 60 . 00 4 . 8 7 100 . 0  

Not Sure Frequency 3 

PRESUMED - PLUS - QUESTIONABLE END HITS 

Roadway with median 
Frequency 3 1 8  1 3 8  1 6 1  7 3 2 7  
Percentage 0 . 92  5 . 50 42 . 20 49 . 24 2 . 14 100 . 0  

Roadway without median 
Frequency 8 2  na na 13 1 10 2 2 3  
Percentage 3 6 . 77  na na 58 . 74 4 . 49 100 . 0  

No t Sure Frequency 3 

PRESUMED - - APPROACH END/SAME S IDE and TRAILING END/CROS SOVER/UNDIVIDED 

Roadway with median 
Frequency 0 1 99  110 5 2 1 5  
Percentage 0 . 0  0 . 46 4 6 . 05 5 1. 16  2 . 3 3 100 . 0  

Roadway without median 
Frequency 6 2  na na 105 9 176 
Percentage 3 5 . 2 3 na na 59 . 66  5 . 11  100 . 0  

No t Sure Frequency 2 
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TABLE 4 . 4  Type of guardrail end struck 

APPROACH END/SAME S IDE 
and TRAILING END/CRO S S  

END HITS OVER/UNDIVIDED 
Pre sumed Presumed Presumed Pres umed 

- plus - -plus -
Questionable Ques t ionable 

Type o f  end Co de 11 % If % 11 % 11 % 

Not able to determine 0 13 2 . 9 9 17 3 . 07 11 2 . 80 14 2 . 9 0 

Exp o s e d  end 1 140 3 2 . 18 1 6 8 30 . 38 12 6 32 . 06 143 29 . 6 1 

Turned- down end 2 241 5 5 . 40 3 1 6  5 7 . 14 2 1 8  5 5 . 47 2 8 0  57 . 9 7 

Exposed end 4 1 7  3 . 91 2 2 3 . 98 1 7  4 . 3 3 2 1  4 . 3 5 
with s ignificant flare 

Turned- down 3 8 1. 84 10 1. 8 1  6 1. 5 3  7 1. 4 5 

with significant flare 

Parabolic end 5 5 1. 1 5  7 1. 2 7  5 1. 2 7 7 1. 45 

Rounded end 6 8 1 . 84 9 1. 6 3  7 1. 7 8  8 1. 6 5  

Other end type 8 3 0 . 6 9 4 0 . 7 2 3 0 . 7 6 3 0 . 6 2 

Total 4 3 5  100 . 0 % 5 5 3  100 . 0% 3 9 3 1 0 0 . 0% 48 3 100 . 0% 

TABLE 4 . 5  Type of guardrail end hit - - categories combined 

APPROACH END/SAME S IDE and 
TRAILING END/CROSS OVER/ 

END HITS UNDIVIDED 
Presumed Presumed Presumed Presumed 

-plus - - plus -
Ques tionable Ques tionable 

Type of end hit 11 % 11 x 11 % II % 

Exposed end 157 38 . 67 190 3 6 . 8 2 143 38 . 96 1 6 4  3 6 . 3 6 

Turned - down end 249 6 1. 3 3  3 2 6  6 3 . 18 224 6 1 . 04 2 8 7  6 3 . 64 

To tal 406 100 . 0% 5 1 6  100 . 0% 3 6 7  100 . 0% 4 5 1  100 . 0% 
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4 . 3 . 02 COMPARING VIDEO OBSERVATIONS WITH INVENTORY 
As a check , the researchers comp ared the end type s  logged from the video 

viewing and field inspections with thos e  l i s ted in the ODOT invento ry . The 
ask and query operat ions were performed on field 7 9 , field 8 3 , and the 

" Invento ry" co lumn to de termine whe ther the end type obtained from the video 
tap e s  and field vis its agreed with the end type l i s ted in the inventory . 
Table 4 . 6  presents the re sul ts o f  thi s  compar i s on .  

TABLE 4 . 6  Video tape and inventory comparison 

END HITS Presume d  Presumed - p lus -
Que s t i onable 

# % # % 

Agree ing 2 5 2  57 . 9 3 311 5 6 . 24 

Not Agre e ing 34 7 . 8 2 44 7 . 96 

Not ab le to determine 149 34 . 2 5 198 3 5 . 80 

To tal 435 100 . 0% 553 100 . 0% 

I t  c an be conc luded from Table 4 . 6  that about 8% o f  the end - type 

c las s i fications made from the video tapes did not match the inventory 

c las s i fications . Some dis agre ement i s  to be expected for acc i dents invo lving 

trailing end hits , bec aus e the inventory de scribes only the end- type on the 

leading - end o f  the guardrai l ,  wh ich at many locations di ffe rs from the end 

type at the trail ing end . Other disagreement could be due to the inventory 

showing only exposed and turned- down guardrail end types ,  and due to 
di fference in t ime between making the inventory and making the video tapes . 
In about 35% of the ac c idents , the end type could no t be de termined from the 
inventory . 

4 . 4  TYPE OF INITIAL POST 
The researcher s  found it di fficult to de termine the type of p o s t  at the 

b e ginning of the guardrai l . The qual i ty of a super - long p l ay video p i c ture i s  

no t great , and the p o s t  was o ften in a shadow . Some of the at temp ted 

c l as s i fications may be inc orrec t .  

The r e s e archers performed the ask and query op e rat ion on fie ld 84 o f  the 
database file to as certain the p o s t  type of only the " presumed end hit" data 

s e t . The resul ts follow . 
Could no t tell : 2 1 8  Me tal : 17  Woo den : 200 
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Of acc idents at the 17 guardrail ends suppo r ted by me tal posts , one was a 
fatality and two were inj ury A .  The s e  numbers are in proportion to the 

overall proportions . Due to the small numb e r  o f  me tal pos t s , no furthe r 

analyse s  were performed . 

4 . 5 SHOULDEI. ATTR!BVTES 
The re s earchers performed the ask and query operat ions on field 8 7  of the 

database file to di fferent i ate among accidents at various shoulder type s . 

From acc ident report comments and video viewing , the r e s e archers could no t be 

confident in distinguishing between " no shoul der" and unpaved shoulde r s , s o  

thes e  two c ate gor ie s  were c omb ined . Table 4 . 7  shows the results . 

TABLE 4 . 7  Guardrail end accident severity as a funct ion of shoulder type 

PRESUMED END HITS 

Don ' t None o r  Paved 
know grass 

S everity ( 0 )  ( 1  o r  2 )  ( 4 )  
# # % # % 

Fatal 0 2 2 . 3  13 3 . 9  
Inj ury A 2 8 9 . 1  47 14 . 0  
Inj ury B 2 10 11 . 4  62 18 . 5  
Injury C 0 13  14 . 7  4 3  1 2 . 8  
PDO 8 55 62 . 5  170 50 . 8  

To tal 12 88 100 . 0  335 100 . 0  

The shoulder type s eemed to make no significant diffe rence in the 
accident s everity . 

4 . 6  GUARPRAIL SETJACK 

The researchers e s t imated the dis tance from the edge of the traveled lane 

to the guardrail end from acc ident report information and from viewing the 

videos . They performed ask and query on field 90 o f  the GDRAIIAC . DB file to 
s tudy sever i ty di fferences for vari ous guardrail end s e tbacks from the road 
edge . Table 4 . 8  shows the results ; the end setback dis tance did not seem to 

affect the acc ident s everity . 

4 . 7 MEDIAN ATTRIBYTES 

The re s e archers utilized the median data they gathered in o ther analyses , 
such as different iat ing between propor tions o f  far s ide guardrail end strikes 
on a road with and without a median .  The data were not collected with the 

intent of performing a s eparate median analys i s . 
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TABLE 4 . 8  Guardrail end acc ident s everity as a function of end setback 

PRESUMED END HITS 
Urumown 0 - 1  ft 2 - 7  ft 8 or more ft 

( 0 )  ( 1 )  ( 2 ) ( 8 ) 
S everity II II II % II % 

Fatal 0 0 6 3 . 1  9 3 . 8  
Inj ury A 0 0 30 1 5 . 7  2 7  11 . 5  
Inj ury B 0 0 30 15 . 7  44 18 .  7 
Inj ury C 0 1 2 5  13 . 1  30 12 . 7  
PDO 5 2 100 5 2 . 4  126 5 3 . 4  

Total 5 3 191 100 . 0  2 3 6  100 . 0  

4 . 8  WHAT VEHICLE WAS DOING 
The initial intent of recording this data was to de termine if the re were 

any patterns o f  unusual vehicle movements ( such as wrong- way driving) prior to 
end - c o l l i s ion . From reviewing the acc i dent reports , the researchers found 
that no such patterns happened ,  s o  no analys i s  was performe d . 

4 . 9  PROPORTIONS OF INITIAL AND SUBSEQUENT END STRIKES 
The initial imp ac t  in an acc ident may be when the vehicle strikes the 

guardrail end , o r  a vehicle may s tr ike a guardrail end after being involved in 
o ther impacts . The ask and query operations were performed on field 7 9  and 

field 8 2  to de termine the percentage o f  ini tial and subsequent guardrail end 
hits for the presumed , and presumed- p lus - ques tionable acc ident data s e t s . The 
results are shown in Table 4 . 9 .  

TABLE 4 . 9  Number of initial and subsequent guardrail end accidents 

END HITS Pre sumed Presumed- p lus -
Ques tionable 

Type o f  hit II % II % 

Init i al 421 96 . 7 8 529 9 5 . 66 
Subsequent 14 3 . 2 2 24 4 . 34 
Total 435 100 . 0% 553  100 . 0% 

This analys is showed that the proport i on o f  subsequent hits was small , 

relative to the total number of guardrai l  end s tr ikes . One imp l ication of 

thi s  i s  that for almo s t  all of the guardrail end acc idents s tudied , the 
vehicle o ccupants were no t inj ure d  before s triking the guardrail end . They 

could have been inj ured by impacts after s triking the guardrail end . Becaus e 

the " sub sequent " group was small , i t  was not separated in the analys i s . 
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4 . 10 VEHICLE ROLLING AND VAULTING IN CON.JUNCTION JITH ENP STRIKE 
Previous chapters inc luded a discuss ion of the concerns about vehicles 

roll ing and/or vaul ting after striking turned - down guardrail ends . Because 

Oklahoma has large - scale experience with only the exposed ends and the turned
down ends , i t  was not poss ible to c ompare the performance of turne d - down ends 
with newer guardrail end - types . However , the researchers did us e the ask and 
query operations on database field 7 9 , field 83  and field 85 to examine 

vehicle r ol l ing and/o r  vaulting trends in relation to the exposed or the 

turned- down guardrail end- types . 
The roll and vault characteristics encoded into fie ld 8 5  were combined 

into three maj o r  groups : "No Roll/Vault" , " Ro l l/Vaul t " , and " No t  sure " .  The 
"No Roll/Vault"  category included acc i dent code " l " ; the "Ro ll/Vault" 
catego ry included acc ident codes " 2 " , " 3 " , " 4 " , " 5 " , and " 7 " ; the "Not sure" 
category inc luded acc ident codes " 0 " , " 6 " , and " 8 " . 

Table 4 . 10 shows the number and percentage of accidents in the s e  

categories for both the exposed and turned- down terminals .  About 1/4 o f  

guardrai l  end accidents appear t o  result i n  vehicle rolling and/or vaul ting . 

It can be concluded that in most of the guardrail end accidents , the vehicle 
did not vault or roll . All four data s e ts yielded s imilar distributions of 

acc ident s . 

4 . 11 GUARPB.AIL END ACCIDENT SEYERITJ 
The researchers perfo rmed the ask and query ope rations on field 16 , field 

79 , field 83 , and field 8 9  to find the number of fatal , injury A ,  inj ury B ,  
inj ury C ,  and property damage only ( PDO ) accidents . The totals were found 

s eparately for expos ed and for turned- down end- terminals .  Table 4 . 11 shows 
the resul ts . The percentages of acc idents in each s everity c ategory were 
s imilar in all four data sets . The percentages o f  accidents in the fatal plus 

the Inj ury A categor ies was s omewhat higher for the turned- down ends than for 

the exposed ends . 

4 . 11 . 01 COMBINED END ACCIDENT SEVERITY CATEGORIES 
S ome "A" inj ur i e s  are l i fe threatening , while others are no t .  Factors 

such as eme rgency service re sponse time , occupant protection employe d ,  or 
chance may be the difference between a maj or injury or a fatality in an 
automobile ac cident . Because the "A" injuries are more severe , and the fact 
that fatal i t ies were rather rare , it was felt that the analyse s  would be 

enhanced by comb ining the fatal category with the inj ury A category , and by 
combining the re lative ly mino r injury B and inj ury C categories . Table 4 . 12 

gives the s everity of the c ombined catego r i e s . 
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TABLE 4 . 10 Roll/Vault in connect ion with guardrail end acc idents 

APPROACH END/SAME SIDE and 
TRAILING END/CROSS OVER/ 

END HITS UNDIVIDED 
No Roll/ Not Total No Roll/ Not Total 
Roll/ Vault sure Roll/ Vault sure 
Vault Vault 

--

ALL END TYPES 

PRESUMED --

Number 2 7 3  105 57 435 240 96 5 7  393  
Percentage 6 2 . 76 24 . 14 13 . 10 100 . 0  61. 07 24 . 43 14 . 50 100 . 0  

PRESUMED - PLUS -
QUESTIONABLE 
Number 3 54 125 74 5 5 3  2 9 8  1 1 2  7 3  4 8 3  
Percentage 64 . 02 2 2 . 60 13 . 38 100 . 0  6 1.  7 0 23 . 19 1 5 . 11 100 . 0  

EXPOS ED ENDS 

PRESUMED --

Number 116 24 17 1 5 7  104 22 17 143 
Percentage 7 3 . 8 8 15 . 2 9 10 . 83 100 . 0  72 .  7 3  1 5 . 3 8 11. 8 9  100 . 0  

PRESUMED - PLUS -
QUESTI ONABLE --

Number 140 32  1 8  190 118 2 8  1 8  164 
Percentage 7 3 . 69 16 . 84 9 . 47 100 . 0  7 1.  95 1 7 . 0 7 1 0 . 98 100 . 0  

TURNED - DOWN ENDS 

PRESUMED -

Number 1 3 3  7 8  3 8  249 115 71 3 8  2 24 
Percentage 53 . 41 31. 33 15 . 2 6 100 . 0  5 1 . 34 3 1. 7 0  16 . 96 100 . 0  

PRESUMED - PLUS -
QUESTIONABLE --

Number 1 8 2  9 0  54 3 2 6  1 5 3  8 1  5 3  2 8 7  
Percentage 5 5 . 8 3 2 7 . 6 1 16 . 56 100 . 0  5 3 . 3 1 2 8 . 2 2 18 . 47 100 . 0  
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TABLE 4 . 11 S ever ity of guardra il end accidents 

END HITS APPROACH END/SAME S I DE and 
TRAILING END/CROSS OVER/UNDIVIDED 

Presumed Presumed Presumed Pre sumed 
-plus - -plus -

Ques tionable Ques tionable 
Severity /I % II % fl % ti % 

ALL END TYPES COMBINED 
Fatal 15 3 . 45 1 9  3 . 44 14 3 . 5 6 17 3 . 5 2 
Inj ury A 5 7  1 3 . 10 6 6 1 1 . 93 54 1 3 . 74 61 1 2 . 6 3 
Inj ury B 74 17 . 0 1 9 7  17 . 54 67 17 . 05 8 3  1 7 . 1 8 
Inj ury C 5 6  12 . 8 8 70  1 2 . 6 6 5 2  1 3 . 2 3 64 13 . 2 5 

PDO 2 3 3  5 3 . 5 6 3 0 1  54 . 43 206 5 2 . 42 2 5 8  5 3 . 42 
Total 435 100 . 0% 5 5 3 100 . 0% 3 9 3  100 . 0% 4 8 3  100 . 0% 

EXPOSED ENDS 

Fatal 7 4 . 46 9 4 . 74 6 4 . 2 0  8 4 . 8 8 
Inj ury A 1 7  10 . 8 3 2 1  11 . 05 1 6  11 . 19 19  11 . 5 9 

Inj ury B 3 1  19 . 74 3 9  2 0 . 5 3 2 8  1 9 . 5 8 32  1 9 . 5 1 

Inj ury C 2 1  13 . 38 22 11 . 5 8 2 0  1 3 . 9 9 20 12 . 19 
PDO 8 1  5 1. 5 9  9 9  5 2 . 10 7 3  5 1. 0 5  8 5  5 1. 8 3  
To tal 1 5 7  100 . 0% 1 9 0  100 . 0% 143 100 . 0% 164 100 . 0% 

TURNED - DOWN ENDS 
Fatal 8 3 . 2 1 10 3 . 07 8 3 . 57 9 3 . 14 
Inj ury A 3 8  15 . 2 6 42 1 2 . 8 8 3 6  16 . 07  3 9  13 . 59 
Inj ury B 40 16 . 07  54  16 . 56 36  16 . 0 7 48 16 . 72 
Inj ury C 30 12 . 05 43 1 3 . 1 9 2 8  12 . 59 40 13 . 94 
PDO 1 3 3  5 3 . 41 177 54 . 30 116 5 1 . 7 9  1 5 1  5 2 . 61 
To tal 249 100 . 0% 3 2 6  100 . 0% 2 24 100 . 0% 2 8 7  100 . 0% 

No te : accidents from 1 9 8 8 - 1 9 91 

TABLE 4 . 12 Combined - category severity of guardrail end accidents 

END HITS 

Presumed Pre sumed 
- p lus -

Que s t i onab l e  
Seve r i ty 11 /1 % 

Fatal + Inj ury A 72 16 . 55 8 5  1 5 . 3 7 
Inj ury B + C 13 0  2 9 . 89 1 6 7  3 0 . 2 0  

PDO 2 3 3  5 3 . 5 6 301 54 . 43 

Total 4 3 5  100 . 0% 5 5 3  100 . 0% 

Note : accidents from 1 9 8 8 - 1 9 91 

APPROACH END/SAME S IDE and 
TRAILING END/CROSS OVER/UNDIVIDED 

Pre sumed Presumed 
- p lus 

Ques t ionable 

# % # % 

6 8 17 . 3 0  7 8  
119 3 0 . 2 8 147 
206 52 . 42 2 5 8  

1 6 . 1 5 
30 . 43 
5 3 . 42 

3 9 3  100 . 0% 4 8 3  100 . 0% 
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I t  was conc luded from the preceding tables that the maj ority of guardrail 

end acc idents were property- damage - only acc ident s . For all guardrail end 

type s , about l/6 of the acc idents had fatal or incapacitat ing injuries . 

4 . 11 . 02 GUARDRAIL END ACCIDENTS IN RELATION TO ALL ACCIDENTS 

ODOT furnishe d information p re s ented in Table 4 . 13 .  Th i s  shows the 
number and s eve r i ty o f  all the acc idents on the s tate highway sys tem from 1988 
through 1991 . 

TABLE 4 . 13 Acc idents on state system by s ever ity . 1988 through 1 9 9 1  

Guardra i l  end acc i dents - - - -

To tal II presumed 
of approach presume d  pre sumed - fixed fixed 

ALL end/same guardrai l  p lus - obj e c t - obj e c t -
accidents s ide and end hits question- culvert util i ty 
1988 - 19 9 1  trail ing/ able acc . pole 

crossover/ end hits acc . 
S ever i ty undivided 

% of ALL % of ALL % of ALL % of ALL % o f  ALL 

Fatal 1 , 3 1 5  1. 05% 1 . 14% 1. 45% 2 . 0 5 %  1 . 22% 
Inj ury A 8 , 270 0 . 6 5 %  0 . 69% 0 . 80% 1 . 8 1% 1. 05% 
Inj ury B 9 , 048 0 . 74% 0 . 82% 1 . 07% 2 . 01% 1 . 24% 
Inj ury C 1 7 . 77 3  0 . 2 9% 0 . 32% 0 . 39% 0 . 74% 0 .  77% 
PDQ 6 3 , 7 5 7  0 . 32%  0 . 37% 0 . 47%  0 . 5 1% 0 . 84% 

To ta l 1 00 , 1 6 3  0 . 3 9 %  0 . 43% 0 . 55% 0 . 82% 0 . 89%  

Viewing Table 4 . 13 , one c an see that guardra il end acc ident s const itute 

only a small fract ion of the total acc idents in any of the acc ident severity 
categorie s . The table als o  allows the reader to compare the relative 

magni tudes o f  guardrail end acc idents with two o ther typ e s  on the s tate 

highway sys tem , culvert acc i dents and utility pole acc i dents . 

4 . 12 VEHICLE SUBSEQUENTLY STRIKING FIXED OBJECT 

One i s sue pertaining to the e fficacy of vari ous guardrail end type s  i s  

whe ther the end allows a vehicle , after s tr iking the end , to c ontinue on and 

s trike a fixed obj e c t  the guardrail was supposed to be shielding . The 

researcher s  had recorded any information contained in the accident report 
about subsequent impacts with fixed obj ects ; it i s  p o s s ible that s ome police 
repor ts may have omi t te d such de tails , or that the researchers incorrec tly 

interpreted an acc i dent report . The inve s ti gators manipulated fie ld 8 6  o f  the 

presumed end hit file to find the following information . 
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Vehicle did no t s tr ike fixed obj e c t  

Vehicle did s tr ike fixed obj ect 

Vehicle went down embankment 

( co de 1 )  
( code 2 )  
( code 3 )  
8 3 , 16 , 

3 0 0  6 9 . 0% 

77 17 . 7%  
5 8  13 . 3% 

and 8 9  to ob tain the data by Then the r e s earchers se arched fie lds 86 , 
end type ( expo s ed or turne d - down) and by s ever i ty ;  Table 4 . 14 presents thi s . 

Table 4 . 14 Subsequent ly s tr iking f ixed obj ect 

PRESUMED END HITS EXPOSED END TURNED - DOWN END 

Inj F+A/ Inj F+A/ 
Fat A F+A All All Fat A F+A All All 

---

Vehicle did not 3 8 11 111 0 . 09 9  2 14 16 163 0 . 098  
s tr ike fixed obj ect 

Vehicle did s tr ike 2 5 2 2  0 . 22 7  3 1 7  2 0  5 2  0 . 3 8 5  
fixed obj e c t  

Vehicle went down 24 34 

embankment 

To tal 157  249 

With exposed ends , 14 . 0% ( 2 2/157 ) o f  acc idents resulted in the vehicle 

s tr iking a fixed obj e c t  after hitting the guardrail end , while with turned

down ends the figure was 2 0 . 9% .  It appeared that there was more subsequent 

s tr iking of f ixed obj ects with turned- down ends , and perhaps a higher s ever ity 

when such an event did happen . 

4 . 1 3 WEIGHT OF VEHICLJj:S INVOLVED IN GUARDRAIL END ACC IDENTS 

Vehicle we ight was thought to be re lated to rolling and/or vaul ting . The 
newe r , lighter -weight automob iles were supposedly more prone to rol l ing and/or 

vaul ting after str iking turned - down guardrail ends . 

The ask and query operations were done on field 7 9 , field 8 3 , and the 

"We ight" field to get number of accidents in each we i ght category . The 

we ights o f  the vehicles involved in the guardrail end acc idents were comb ined 
into SOO � pound ( lb )  increment catego r ies . Vehicles pulling trailers , large 

trucks , and a few vehicles who s e we ights c ould not be found in the available 
reference books were categorized as " o ther "  we ights . 

Table 4 . 15 shows the number o f  guardrai l end acc idents by the different 

vehicle weight categories . The four data group s  all exhib ited s imilar 

proportions o f  vehicles in each of the we i ght categories . 
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TABLE 4 . 15 We ights of vehicles involved in guardrail end acc idents 

END HITS APPROACH END/SAME S IDE and 
TRAILING END/CROSS OVER/UNDIVIDED 

Pre sumed Presumed Presumed Presumed 
We ight - p lus - - p lus -
group Ques tionable Que s tionab l e  
( lb s ) II % II % II % II % 

1750 19 4 . 3 7 20  3 . 6 2 14 3 . 5 6 15 3 . 11 
2 2 50 3 8  8 . 74 56 10 . 13 36  9 . 16 52  10 . 77 

2750 79 18 . 16 92 16 . 64 70 17 . 8 1 8 0  16 . 56 
3250 83 19 . 08 102 18 . 44 7 8  1 9 . 8 5 91  18 . 84 
3750 85 19 . 54 108 19 . 5 3 8 0  2 0 . 3 5  92 1 9 . 05 
4250 27 6 . 2 1 3 9  7 . 05 2 5  6 . 36 3 5  7 . 2 5 
4750 10 2 . 30 12 2 . 17 8 2 . 04 10 2 . 07 
OTHERS 94 2 1. 60 124 22 . 44 8 2  20 . 8 7 108 22 . 35 

TOTAL 435 100 . 0% 5 5 3  100 . 0% 393 100 . 0% 483 100 . 0% 

4 . 14 DRIVER INATTENTION AND GUARDRAIL END ACCIDENTS 

4 . 17 

The Offic ial Police Traffic C o l l i s ion Reports contain information from 

whi ch the reader can deduce whe ther the driver was dis tracted from the driving 

task , sleepy , or o therwise inattent ive . The res earchers performed the ask and 
query operations on field 7 9 , field 8 0 , field 8 8 , and the " dri " field to 

de te rmine the re lation betwe en driver inattenti on ( " unalert " )  and lateral 

location of guardra i l  end accidents . Bo th the presumed and the presumed-plus 

que s t ionable end hit acc ident data s e ts were analyzed . Table 4 . 16 presents 
thes e  re sul ts for end hits . 

Table 4 . 16 indicated , based on information recorded by the police officer 

who inves t i gated the acc ident , that roughly 1/5 of all guardrail end acc idents 
involved an inattent ive driver s tr iking the r ight - s ide guardrail end . On 

divided roads , the chances o f  an unalert driver hitting the guardrail on the 
right s ide were s l i ghtly more than the chance s  o f  hitting a guardra i l  in the 

near - s i de o r  center of the median . On undivided roads , the chance s  of h i tting 

the guardrail on the r i ght s ide were almo s t  double that o f  hitting guardrail 

on the l e ft s ide . The ac tual portion of inattentive drivers invo lved in 
guardrail end acc i dents may have been greater ; thi s  categorization was made 

only i f  the report ing police o fficer mentioned a form of inattention in the 

report . 
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TABLE 4 . 16 Driver inattention and lateral location of guardrail 

Lateral Presumed Presumed-plus -
location Questionable 

END HITS code s  fl % fl % 

ROADWAY WITH MEDIAN 
Left s ide 7 1 0 . 40 l 0 . 31 
Median - le ft s ide 6 2 0 . 81 2 0 . 61 
Median - right , center 4+5 3 5  14 . 17 42 12 . 84 
Right side 3 43 17 . 41 5 3  16 . 21 
Other 1 0 . 41 2 0 . 6 1 
No mention 165 6 6 . 80 2 2 7  69 . 42 
Total 247 100 . 0% 327  100 . 0% 

ROADWAY WITHOUT MEDIAN 
Left s ide 7 19 10 . 27 2 3  10 . 31 
Right s i de 3 42 22 . 70 52 2 3 . 32 
Other 1 0 . 54 1 0 . 45 
No mention 123 66 . 49 147 6 5 . 9 2 
To tal 185 100 . 0% 2 2 3  100 . 0% 

Not ab le to de termine or Not sure if median existed - 3 . 00 

4 . 15 RURAL VS . URBAN LOCATION OF GtlARDRAIL END ACCIDENTS 

end hit 

The res earchers perfo rmed analyses to de termine what port ion of acc idents 

occurred on rural and on urban s tate highways . The ODOT accident file 
contained a code which as s igned a rural or an urban location to each accident . 

Thes e  calculations were done for the presumed end hit and the pre sumed

plus - questionable end hit data sets to determine the locat ion o f  the guardrail 
end acc idents . Only exposed and turned - down ends were cons idered .  The ask 

and query operations were done on field 7 1 , field 79 and field 8 3  of the 

database file . The results are shown in Table 4 . 17 .  

TABLE 4 . 17 Rural/urban location for exposed and turned- down guardrail end 
acc idents . 

PRESUMED END HITS 
Urban 
Rural 

Exposed 

II X 

3 8  29 . 9 2 
119 42 . 6 5 

PRESUMED- PLUS -QUESTIONABLE END HITS 
Urban 44 27 . 3 3 
Rural 146 41 . 13 

Turned- down 

II % 

89  70 . 08 
160 57 . 3 5 

117 7 2 . 6 7 
209 58 . 87 

Total 
fl % 

127 100 . 0  

2 7 9  100 . 0  

161 100 . 0  
355  100 . 0  
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I t  can be concluded from Table 4 . 17 ,  that most o f  the exposed and turned 

down guardrail end acc idents on s tate highways occurred in rural areas . There 

were few exposed end acc idents in urban areas . There may be relative ly few 

exposed ends on urban s tate highways . 
The Federal Highway Adminis tration publishes summary highway s tatis tics . 

Re ferr ing to Highway Sta tistics 1 990 (19) , page 125 lists the number of 
Oklahoma s tate sys tem rural m i l e s  as 1 2 , 00 9 , and urban a s  9 9 1 ; the tables 

beginning on page 147 give a rural mileage o f  12 , 0 2 8 .  Us ing a total of 13 , 019 
miles , the urban miles const itute 7 . 6% of the mileage . but over 30X of the end 
acc idents occurred at sett ings cla s s ified as urban . 

4 . 16 ACC IDENT FREQUENCY AND POSTED SPEED LIMITS 

The re s earche rs inves t igated re lati onships between the frequency o f  

guardrail end s trikes on the state highway sys tem and the pos ted speed l imi t . 

The ODOT accident file already contained the p o s te d  speed at the acc ident 

s i te , as reco rded by the pol ice officer . 

The re s e archers performed the analys is on both the presumed and the 
presume d - p lus - ques tionable data sets . The ask and query operations wer e  done 
on field 65 and field 79 of the database file to ob tain the number o f  

guardrail end acc idents occurring for various p o s ted speed l imits . I t  mus t be 

no ted that the posted speed may no t the speed at which the vehicle was 

travelling . The re sul ts are shown in Table 4 . 18 .  

TABLE 4 . 18 Number of guardrail end acc idents in relat ion to posted speed 

Pos ted Speed ( mph ) �45 50 5 5  �60 Total 

PRESUMED END HITS 
Number 19 10 306 100 4 3 5  
Percent 4 . 3 7 2 . 30 70 . 34 2 2 . 99 100 . 0  

PRESUMED - PLUS - QUESTIONABLE END HITS 
�---

Number 2 8  14 379 1 3 2  5 5 3  
Percent 5 . 06 2 . 5 3 68 . 54 2 3 . 8 7 100 . 0  

Table 4 . 18 indicates that mos t  of the guardrail end acc idents in the 
s tudy occurred on roads with pos t e d  speeds of 5 5  mph or greater . The 

percentage s o f  acc idents occurr ing on roads with given speed l imi ts was about 

the s ame for the presumed end hit data s e t  as it was for the presume d - p lus 

que s ti onable end hit data set . 
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4 . 17 ACC IDENT FREQUENCY . MILES OF HIGHWAY . AND TRAVEL 
The researchers performed analys es to de termine i f  the frequency o f  

guardrail end s tr ike s was a funct ion of the miles of highway in a volume range 

or the amount o f  travel on the roadway . ODOT provided a file c ontaining the 
number o f  miles of  s tate highways for each one thousand vehicles per day (ADT )  

volume increment . Vo lume data for 1989 were used as repre s enta t ive of the 
per iod 1 9 8 8  through 1 9 9 1 . The analys e s  were done only for the presumed data 

s e t . Table 4 . 19 displays the results . 
The vehicle miles o f trave l (VMT) i s  the product of the miles o f  highway 

and the vo lume on thos e  miles of highway . The process o f  e s t imating VMT began 

with l e t t ing the midpo int o f  the vo lume range be the assumed volume o f  all 
roads within that range . For ins tance , for the 1000 to 1 9 9 9  volume range , 
1500 was as sume d  to be the volume . Then , for each ADT volume increment , the 
midpo int o f  the vo lume range was multip l ied by the miles of road in that 
volume range to arrive at the VMT . For ins tance , for the volume range 1000 to 
1 9 9 9 , the VMT was calculated as : 

1500 vehicles per day * 3 1 1 7 . 37 miles of highway - 4 , 6 7 6 , 0 5 5  VMT 
The percent VMT for each of the ADT volume groups was also determined . 

TABLE 4 . 19 Number of guardrail end acc idents in relat ion to mile s  and VMT 

PRESUMED END HITS 
Volume As sumed Presumed Mil e s  of rd VMT 
Range volume Acc idents on sys tem 

mid- po int 

ti % II % % 
-

<1000 5 0 0  18  4 . 14 3 5 9 5 . 41 2 9 . 40 3 . 54 
1000 - 1 9 9 9  1 5 0 0  43 9 . 8 9 3117 . 37 2 5 . 49 9 . 20 
2000 - 2 9 9 9  2 5 0 0  45 10 . 34 1742 . 41 14 . 2 5 8 . 5 7 
3000 - 3 9 9 9  3 500 24 5 . 52 946 . 17 7 . 74 6 . 5 2 
4000 - 4 9 9 9  45 00 16 3 . 68 5 13 . 61 4 . 20 4 . 5 5 
5000 - 6 9 9 9  6 000 3 1  7 . 13 6 5 5 . 2 5 5 . 3 6 7 . 74 
7000 - 9 9 9 9  8500 27 6 . 21 514 . 78 4 . 2 1 8 . 6 1 

10000 - 14 9 9 9  12 500 6 7  1 5 . 40 5 7 5 . 8 7 4 .  71 14 . 17 
15000 - 24 9 9 9  20000 44 10 . 11 307 . 9 4 2 . 5 2 12 . 12 
2 5000 - 34999 30000 22 5 . 06 90 . 3 7 0 . 74 5 . 34 
3 5 000 - 44999 40000 7 1. 61  3 2 . 5 7 0 . 2 7 2 . 56 

4 5000 - 54 9 9 9  50 000 21 4 . 8 3 5 1.  33  0 . 42 5 . 0 5 
5 5 000 - 64999 60000 15 3 . 45 2 1. 54 0 . 18 2 . 54 
650 00 - 74 9 9 9  70000 2 2  5 . 06 3 9 . 7 5 0 . 3 3 5 . 4 8  
7 5 000 - 84 9 9 9  80000 7 1. 6 1  8 . 56 0 . 0 7 1. 3 5  
8 5 000 - 94 9 9 9  90000 24 5 . 5 2 11 . 11 0 . 09 1. 9 7  

9 5 000 - 100000 97500 2 0 . 4 6 3 . 6 9 0 . 03 0 .  71 

Total 4 3 5  100 . 0% 1 2 2 2 7 . 7 3 100 . 0% 100 . 0% 
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It can be conc luded from Tab le 4 . 1 9 that around 47% of the guardrail end 

accidents occurred on 11 , 085 mile s  of roads having volumes less than 10 , 000 
ADT . Thes e  lower-volume roads constituted over 90% of the miles on the state 
highway sys t em . Around 5 3% of guardra il end acc ident s were concentrated on 
about 10% of the sys tem miles having the higher ADT ' s .  

The researchers performed regre s s ion analyses to examine the following 
relationship s : 

1 .  the percent o f  acc idents in vo lume group versus percent miles o f  

highway i n  vo lume group ; and 
2 .  the percent of  accidents in volume group versus percent VMT in the 

volume group . 

The regres s i on terms were explained in Chap ter 3 .  
Figure 4 . 1  shows plots o f  the three relationship s . There was a close 

relat ion between the proport ion of acc idents and the proport ion of VMT in a 
volume group ; the R2 value for the model was 0 . 86 .  There was l i ttle 

s ignificance in relationship between the number o f  acc idents and the miles o f  

highway i n  a volume group . 

Cons tant 
X Coeffi c i ent 
R Squared 

% Acc vs % VMT 

x :  %VMT 
y :  %Ace 

0 . 432 
0 . 9 2 6  
0 . 8 64 

1 5 ············-·-··-··--··········-············-········!'!!····················-·····--···-··-·········-·····-········ 

x :  %miles 
y: %Ace 

5 . 13 7  
0 . 127  
0 . 08 9  

% Ace vs % MILES 
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FIGURE 4 . 1  Guardrail end accidents as a function of miles and VMT 
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4 . 18 COMBINED FACTOR RELATIONSHIPS 
In addition to inves t i gat ing the individual attribute s  of the guardrail 

end acc ident problem on state highways in Oklahoma , the researchers s tudied 

the impacts of comb inat ions o f  factors . The contingency tables show the 

number (#) of accidents having var ious combinations o f  attributes .  The 
observed value s in the cont ingency tables were found by performing ask and 
query operations on fie lds in the database file . The theoretical o r  expected 

values were calculated per the methodology described in Chap ter 3 .  
Because examinat i ons showed s imilar proportions among the presumed end 

h i t  data , the presumed-plus - questionable end hit data , the p re sumed approach 

end/s ame s ide and trail ing end/cross over/undivided data , and the presumed 

plus - questionable approach end/same s i de and trail ing end/cr o s s  ove r/undivi de d  

data , many o f  the tes t  were perfo rmed on only one or two of the data s e ts . 

Subsequent s tatistical te s ts were performed on some values in the tables . 

4 . 1 8 . 0 1 END TYPE VS . ROLL AND/OR VAULT 
One central que s t ion was whe ther guardrail end accidents with vehicle 

ro lling and/or vaul t ing were more common at one end type than at another .  For 

acc idents at exposed , turned - down , and other end type s , the researchers  found 

the ob s e rved and expected cell c ounts . Table 4 . 20 - a presents the p re sumed end 
hit and the presumed-plus - que s tionable end hit data sets . 

TABLE 4 . 2 0 - a  End type vs roll/vault 

END HITS 

END TYPE 

PRESUMED 
Expos ed 
Turned- down 
Other types 

Total 

PRESUMED - PLUS -
QUESTIONABLE 

Exposed 
Turned- down 
Other typ e s  

To tal 

Roll/vault 
ob s e r  

2 4  
7 8  

3 

105 

32  
90 

3 

1 2 5  

expec 

3 7 . 90 
60 . 10 

7 . 00 

1 05 

42 . 95 
73 . 69 

8 . 3 6 

125 

Unsure 
obs er 

---

1 7  
38  

2 

5 7  

18  
54  

2 

74 

expec 

20 . 5 7 
32 . 63 

3 . 80 

5 7  

25 . 42 
43 . 62 

4 . 95 

74 

No Ro ll/Vault 
obs e r  

11 6  
13 3 

24 

2 7 3  

140 
182 

3 2  

3 5 4  

expec 

98 . 53 
156 . 2 7 

1 8 . 20 

2 73 

121 . 63 
208 . 69 

23 . 69 

354 

TOTAL 

-----

1 5 7  
249 

29 

4 3 5  

1 9 0  
3 2 6  

3 7  

5 5 3  

The Chi - square tes t  o f  independence was done for the presumed end hit 
value s . The calculated tes t  s tatistic was X2 - 2 3 . 48 .  Wi th df - ( r - l ) { c - 1 ) = 
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o f  end and rolling and/or vaulting . 
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the critical x2 was 9 . 49 . Because the 
critical x2 , it  was c onc luded that the 
A relationship existed between the type 

The Chi - s quare independence te s t was also done for the presume d - plus 

ques t i onable end hi t value s . The calculated te s t s tatis tic was x2 - 2 5 . 34 .  
With df - ( r - l ) ( c - 1 )  - 4 ,  (where r - 3 ,  c - 3 ) , and a - 0 . 05 ,  the c r i t ic al X2 
was 9 . 49 . Because the tes t  statis tic X2 was greater than the c r i t ical x2 , it  
was concluded that the c las s i ficat ions were no t independent . A relationship 

exis ted between the type of end and roll ing and/or vaulting . 
The tests were al s o  performed on the " approach end/same s ide and tra i l ing 

end/cross over/undivided roadway " s e t s ; Table 4 . 20 -b shows thes e  values . The 
df , a ,  and c r i tical x2 we re the same . For the pre sumed value s , the calculated 

tes t  s tat i s tic was x2 = 2 2 . 15 .  For the presumed- p lus - que s t i onable value s , the 
calculated tes t  s tatistic was x2 = 2 2 . 80 .  In both cases , the tes t  s tatis t i c  

x2 was greater than the critical x2 . Again , i t  was concluded that the 
c l as s i ficat ions were no t independent . 

TABLE 4 . 20-b End type vs roll/vault 

APPROACH END/SAME S IDE and TRAILING END/CROSS OVER/UNDIVIDED 

END TYPE Roll/vault Unsure No Roll/Vault TOTAL 
obs e r  expec obs er expec ob s e r  expec 

--- ---
PRESUMED 
Exposed 22 34 . 93 17 20 . 74 104 8 7 . 33 143 
Turned - down 71 54 . 72 3 8  32 . 49 115 136 . 79 2 24 
Other types 3 6 . 35 2 3 . 77 2 1  15 . 88 2 6  

To tal 96 96 5 7  5 7  240 240 3 9 3  

PRESUMED - PLUS -
QUESTIONABLE 

Exp o s e d  28 3 8 . 03 18  24 . 79 11 8  1 01 . 1 8 164 
Turned - down 8 1  66 . 55 5 3  43 . 3 8  1 5 3  1 77 . 0 7 2 8 7  
Other type s  3 7 . 42 2 4 . 84 2 7  19 . 74 3 2  

Total 112 112 73 73 2 9 8  298 483 

In e ach o f  the four Chi - s quare tes ts , i t  was conc luded that the fac tors 

o f  end type and roll ing and/or vault ing were no t independent o f  e ach other . 

To more c l o s e ly examine the r e l ationships between end type and vehicle rolling 
and/or vault ing , the binomial propo rtions tes t  by pairwise compar i s on was 
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perfo rmed on the presumed acc ident s e t . These tests compared the proportions 

of r o l l ing/vaulting at exposed ends with the proportions at turned- down ends , 

and the proportions of no - rol l ing/no - vaul t ing at exposed ends with the 

proport ions at turned- down ends . Table 4 . 21 presents values us ed in the 
t e s t s . 

TABLE 4 . 2 1 End type vs roll/vault proportions 

PRESUMED END HITS 

END TYPE ROLL AND/OR VAULT NO ROLL/VAULT TOTAL 

Observ Expec t Propor Obs e rv Expec t Propor 

Exposed 24 3 7 . 90 0 . 1529 116 98 . 53 0 . 73 89  1 5 7  
Turned - down 7 8  60 . 1 0 0 . 3 13 3  13 3  156 . 2 7 0 . 5 341 249 
Other types 3 7 . 00 24 1 8 . 20 2 9  

Total 105 1 05 2 7 3  2 73 435 

TEST 1 .  Proport ion of exposed end acc idents having ro l l and/or vault compared 
wi th proport ion o f  turned- down end acc i dents having roll and/or 
vault .  

Ho : Pexp "" Pt ·d (pl ) 
P exp - 24/157  - 0 . 15 2 9  
P - ( 24+7 8 )  / ( 157+249 )  = 0 . 2512 

Hal t : pexp ;ill pt·d  (p2 ) 
pt·d - 7 8/249 - 0 . 31 3 3  

q - 1 - p - 0 . 748 8 
0: ... 0 . 05 critical z�2 - 1 . 9 6 tes t  s tat is t ic z = 3 . 62 9  

A s  the calculated z exceeded the c r i tical Za/Z • H0 was rej ected . The 

p roportion o f r o l l/vaul ts as s oc iated with turne d- down ends (0 . 3 1 )  was 

s tatistically different from the proport ion o f  rol l/vaul ts associated with 
exposed ends ( 0 . 15 ) . The inference from thi s  was that the proportion o f  
accidents with rol l ing and/or vaulting at turned- down ends was greater than 
the p roporti on at exp o s e d  ends . 

TEST 2 .  Proportion o f  exposed end accidents having no rol l/vaul t  compared 

with proport i on o f  turne d - down end acc idents having no ro ll/vaul t .  

Ho : Pexp = Pt ·d  (p3 ) 
P e� = 116/157 - 0 . 7 3 89 
P - ( 116+133 )  / ( 157+249 ) 

Ha l t : Pexp "' P t ·d (p4)  
p t ·d "" 13 3/249 - 0 .  5 341 

- 0 . 6 1 3 3  q = 1 - p - 0 . 3 8 6 7  
a -0 . 0 5  crit ical zcr/2 = 1 .  9 6  te s t  s tatistic z - 4 . 125 
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H0 was rej e c ted , as the calculated z exceeded the critical za12 • The 
proportion o f  no roll/vault s  a s s o c iated with turned- down ends ( 0 . 7 3 8 )  

s tat i s t ically diffe rent from the proportion o f  no roll/vaults assoc iated with 
expo s e d  ends ( 0 . 5 34) . 

Both tes t s  indicated that there were s ignificant di fferences b e tween the 
proportions o f  acc i dents involving ro l l ing and/or vaulting at exposed and at 
turned- down ends . The inference from thi s  was that the proportion of 
acc idents with rolling and/or vaulting at turned- down ends was greater than 
the proport ion at exposed ends . 

4 . UL 02 END TYPE VS . LATERAL LOCATION VS . SEVERITY 
In o rder to inve s t igate the relationship o f  end type , guardra i l  end 

lateral locat ion , and resulting acc ident s ever ity , the researchers analyzed 
data for roadways with and wi thout medians . The contingency tables were 
ob tained by performing ask and query operat ions on field 16 , field 7 9 , field 
80 , field 8 3 , field 8 8 , and field 8 9  of the databas e .  

Chapte r  3 de scribes how the expected c e l l  counts were calculated for the 
exposed and turned - down terminals . The observed and expected cell counts for 

thos e  acc i dents on roads with a median are shown in Table 4 . 22 ,  and the 
observed and expec ted cell counts for roads wi thout a median are shown in 
Table 4 . 23 .  

TABLE 4 . 2 2 End type vs . lateral locat ion vs . s ever ity - med ian pre s ent 

PRESUMED END HITS 
Left Median Right To tal 
s ide s ide 

Obs Exp Ob s Exp Obs Exp Obs Exp 

EXPOSED ENDS 
Fatal + Inj ury A 0 0 . 06 2 3 . 45 3 3 . 49 5 7 . 00 
Inj ury B + Inj ury c 1 0 . 12 5 6 . 41 8 6 . 47 14 13 . 00 
PDO 0 0 . 22 7 12 . 3 4 19 12 . 44 26 25 . 00 

Total 1 0 . 40 14 22 . 20 30 22 . 40 45 45 . 00 

TURNED - DOWN ENDS 
Fatal + Inj ury A 0 0 . 25 18 13 . 81 1 2  13 . 94 30 28 . 00 
Inj ury B + Inj ury C 1 0 . 46 24 25 . 66 26  25 . 88 5 1  52 . 00 
PDO 0 0 . 89 55  49 . 33 44 49 . 78 9 9  100 . 00 

Total 1 1 . 60 97  89 . 80 8 2  89 . 60 180 1 80 . 00 
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The Chi - square tes t  of independence with df- abc - a-b- c+2-12 (whe re a-2 , 
b-3 , and c-3 ) and a - 0 . 05 was performed on the "median pres ent " values . The 
tes t  s tatistic x2 was 19 . 16 and critical x2 was 21 . 03 .  From this it was 

concluded that the variables were independent ; i . e . , on roads with a median , 
there was not a relationship between the type of end , severity , and lateral 
location . Inspec t ion of the data showed that there were relatively few 

exposed end hits on roads with medians , and a disproportionately high number 

of exposed end hits on the right s ide . A c omparison of observed and expected 
row subtotals for both the expo sed and for the turned- down ends sugges ts that 
the acc ident s everity experience was as expected for either end type . 

TABLE 4 . 23 End type vs . lateral location vs . s everity - median absent 

PRESUMED END HITS 
Left Right Total 

s ide s ide 

Obs Exp Obs Exp Obs Exp 

EXPOSED 
Fatal + Inj ury A 9 7 . 72 10 13 . 42 19  21. 14 
Inj ury B + Injury C 15 12 . 1 7 20 21 . 15 35  33 . 32 
PDO 13 1 9 . 19 40 33 . 35 5 3  52 . 54 

Total 3 7  39 . 08 70 67 . 92 107 107 . 00 

TURNED - DOWN 
Fatal + Injury A 3 4 . 33 11 7 . 53 14 11 . 86 
Inj ury B + Inj ury C 7 6 . 82 10 11 . 86 17 1 8 . 68 
PDO 14 10 .76 15 18 . 70 29  29 .46 

Total 24  21 . 92 3 6  38 . 08 6 0  60 . 00 

The Chi - square tes t  of independence with df- abc - a - b - c+2-7 (where a-2 , 
b-2 , and c-2 ) and a - 0 . 05 was done for " me dian abs ent " value s . The test 
s tat i s t ic xZ was 8 . 8 0 and x2 critical was 14 . 07 .  I t  was concluded that the 
class ifications were independent ; i . e . , on roads without a median , there was 
no relationship between the type of end , s everity , and lateral locat ion . 

4 . 18 . 03 END TYPE VS . ROLL/VAULT VS . SEVERITY 
The res e archers continued the inves t igations of var ious factors acting 

together with a study o f  the relationship o f  end type , occurrence of  rolling 
and/or vaulting , and result ing accident s everity . The contingency tables were 
obtained by performing ask and query operations on field 16 , field 79 , field 
8 3 , field 8 5  and field 8 9 . 
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The expected cell counts were calculated for the exposed and turned- down 

terminals as described in Chapter 3 .  Table 4 . 24 pre sents the observe d  and 
expected cell count s . 

TABLE 4 . 24 End type vs . roll/vault vs . severity 

PRESUMED APPROACH END/SAME S IDE and 
END HITS TRAILING END/CROSS OVER/UNDIVIDED 

No Roll/ Not Total No Roll/ No t Total 
Roll/ Vault sure Roll/ Vault sure 
Vault Vaul t 

Obs Exp Obs Exp Obs Exp Obs Exp Obs Exp Obs Exp Obs Exp Obs Exp 

EXPOSED 
Fat + 12 1 6 . 6  9 6 . 8  3 3 .7  24 27 . 1  1 1  14 . 9  8 6 . 3 1 3 . 7  2 0  24 . 9  

Inj A 
Inj B+ 41 28 . 9  7 11 . 9  4 6 . 4  5 2  4 7 . 2  3 7  26 . 5  7 1 1 . 3  6 6 . 7  50 44 . 4  

Inj C 
PDO 6 3  50 . 8  8 20 . 8  10 1 1 . 2  8 1  82 . 8  5 6  43 . 9  7 1 8 . 7  10 11 . 0  7 3  73 . 6  

To tal 11 6  96 . 3  2 4  3 9 . 4  17 21 . 3  1 5 7  157 104 85 . 3  2 2  36 . 2  1 7  21 . 4  143 1 43 

TURNED - DOWN 
Fat + 2 1  26 . 3  1 8  1 0 . 8  7 5 . 8  4 6  42 . 9  20 23 . 3  1 7  9 . 9  7 5 . 9  44 3 9 . 1  

Inj A 
Inj B+ 3 1  45 . 9  31 18 . 8  8 10 . 1  70  74 . 8  2 7  41. 5 29 1 7 . 6 8 10 . 4  64 69 . 6  

Inj C 
PDO 81  80 . 5  2 9  33 . 0  2 3  1 7 . 8 13 3 131. 3 6 8  68 . 8  2 5  29 . 2  2 3  1 7 . 3  1 1 6  115 . 4  

Total 133 152 . 7  78 62 . 6  3 8  33 . 7  249 249 115 133 . 7  71 56 . 8  3 8  33 . 7  224 224 

The Chi - s quare te s t  of independence with df= abc - a- b - c+2=12 (where a-2 , 
b=3 ,  and c-3 ) and an a of 0 . 05 was performed on the presumed end hit value s . 

The t e s t  s tatistic x2 was 42 . 34 and x2 cri tical was 2 1 . 03 .  I t  was c onc luded 

that the class ifications were not independent ; i . e . , some kind of relat ionship 
between the end type , roll/vault ,  and s everity exis ted . 

The Games -Howell (GH)  procedure for c ompar ing two means was done as 
de s c r ibed in Chapter 3 .  The fol l owing we ights were ass igned to the s ever i ty 

c l a s s e s . 

Type o f  Severity 

Fatal + Inj ury A 
Inj ury B + Inj ury C 

PDO 

We i ght 

5 
3 
l 

Thus , each acc ident whi ch had severity c l a s s i fication o f  fatal or inj ury A 
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rece ived a score of 5 fo r s everity ,  e tc . Us ing s everity as the dependent 

variable , the mean value for each comb ination o f  the factors (end type and 
roll/vault)  was then calculated . The s tandard deviation was also calculated . 
The resul ts are shown in Table 4 . 25 .  

TABLE 4 . 2 5 Mean severity of end type and roll/vault 

END HITS APPROACH END/SAME S IDE 
and TRAILING END/CROSS 

OVER/UNDIVIDED 
Group Mean Standard Mean Standard 

deviat ion deviation 

EXPOSED ( EX) 
No Roll/Vault EX- N  2 . 12 1. 3 5 2 . 13 1. 3 6  
Roll/Vault EX-RV 3 . 08 1. 72 3 . 09 1. 69 
Not sure EX- NS 2 . 18 1. 5 9  1. 94 1. 25 

TURNED - DOWN (TD) 
No Roll/Vault TD - N  2 . 10 1. 51  2 . 17  1. 54 
Roll/Vault TD -RV 2 .  72 1. 54 2 . 7 7 1. 5 3 
Not sure TD - NS 2 . 16 1. 59 2 . 16 1. 59 

Note - N : No roll/vault RV : ro ll/vaul t NS : no t  sure 

The pairwise compar isons were then made ; they are shown in Appendix D .  
The t - statis tic and degrees - o f - freedom for the c ompari s ons were then 

calculated us ing the GH procedure . The four c omparisons shown in Table 4 . 2 6 
were found to be stati s tically s ignificant . 

TABLE 4 . 26 Pairwise comparison of severity means 

For Groups 

TD -N vs .  TD -RV 
EX-N vs . EX-RV 
TD - N  vs . EX-RV 
EX-N vs . TD - RV 

t - s tatis tic 

- 2 . 8504 
- 2 . 5 8 5 3  
- 2 . 6345 
- 2 . 78 3 7  

END HITS 

df p 

158 . 8 743 0 . 0049 
2 9 . 1839  0 . 0150 
2 9 . 7 348  0 . 01 3 2  

150 . 7217 0 . 0061 

APPROACH END/SAME SIDE 
and TRAILING END/CROSS 

OVER/UNDIVIDED 

t - s tatis tic 

- 2 . 6271  
- 2 . 49 2 3  
- 2 . 3884 
- 2 . 8390 

df p 

149 . 25 9 7  0 . 009 5  
2 7 . 0481 0 . 0191 
28 . 1324 0 . 0239 

138 . 2 2 59 0 . 0052  

The p value s were less than the a value of 0 . 05 .  It was conc luded that 
the severity associated with roll and/or vault accidents for both exposed and 
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turned- down ends was s ignificantly higher than the s everity as soc iated with no 

roll/vault acc idents . 

The s tatis tical te s t for compar ing proportions was done for pre sumed end 

hits to de te rmine if any s ignificant differenc e s  exi s te d  in the proportions o f  

roll/vault and the seve r i ty assoc iated with it , for the expose d  and turned
down ends . This tes t was exp lained in Chapter 3 .  Three c ompar i sons were 

made . The raw value s were obtaine d from Table 4 . 24 .  

TEST 1 .  Compare the proportion of expo s e d end Fatal+lnj ury A acc idents having 
roll/vault with the proportion o f  turned- down end Fatal+Inj ury A 
acc idents having roll/vaul t .  

Ho : Pexp - Pta 
Pexp ... 9/24 ""' 0 . 3 7 5  
p - 0 . 3 8 6  

Ha l t : Pexp � Ptd 
P td - 18/46 - 0 . 391  

q 0 . 614 
a = 0 . 05 c r i t ical za/'l. = 1 .  96 test s tat i s tic z - 0 . 1 3 1  

H0 was no t rej ected as the obs erved z did not exceed the critical za12 • From 

the comparisons of exposed with turned - down ends , it was conc luded that there 

was no s ignificant difference in the proport ions of Fatal+Injury A acc ident s 

which had rolling and/or vaulting . I t  should be po inte d  out that the sample 

s iz e for exposed ends resulted in relatively low p ower for thi s  tes t .  

TEST 2 .  Compare the proportion o f  expo s ed end roll/vaul t having Fatal+Inj ury 

A to the proportion o f  turned - down end rol l/vaul t acc idents having 
Fatal+Inj ury A .  

Ho : Pexp = Ptd 
Pexp == 9/24 
p 0 . 2 6 5  
a -= 0 . 05 

0 . 3 7 5  
Ha l t ; Pexp -F Ptd 

Pta ... 18/78 
q - 0 . 7 3 5  

critical za/2 - 1 .  9 6  

0 . 2 31 

te s t  s tatistic z - 1 . 3 9 9  

H0 was no t rej ected as the obs e rved z did no t exceed the crit ical za12 . Given 
that that a roll/vault acc ident had occurred ,  the p roport ion of the acc idents 

were Fatal+Inj ury A was higher for exposed ends (Pexp = 0 . 3 7 5 )  than for 

turned - down ends ( ptd - 0 . 2 3 1 ) , but the difference was no t s tati s tically 

s i gnificantly . Again , it should be po inted out that the s ample s iz e  for 

exposed ends results in relat ive ly low power for thi s  te s t ; a larger s ample 

s ize could have produced a finding of s tatis tical s igni ficance . 

TEST 3 .  Compare the proportion of exposed end Fatal+Inj ury A accidents out o f  

total exposed end accidents to the proportion of turned- down end 
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Fatal+Inj ury A acc idents out of total turned- down end accidents . 

Ho : Pexp - Ptd 
Pexp - 24/157 - 0 . 153  
p - 0 . 18 6  

Hal t :  Pexp " Ptd 
Ptd - 46/249 - 0 . 185  

q - 0 . 814 
a - 0 . 05 c r i tical za12 - 1. 96 test s tatis tic z - 0 . 81 

H0 was not rej ected as the observed z did no t exceed the critical Zatz · The 
proport ion of Fatal+Injury A as soc iated with turned- down ends was not 

s ignificantly different than the proport ion of Fatal+Injury A a s soc iated with 
exposed ends . 

The preceding three tes t s  showed no s ignificant di fferences between 

acc ident s everi ty proportions at exposed ends and at turned- down ends . A 
higher propor tion of exposed end roll/vault acc idents resul ted in serious 
inj ury , but the difference was not s tatis tically s ignificant . 

4 . 18 . 04 VEHICLE WEIGHT VS . ROLL/VAULT 
The researchers inves t igated the frequency of roll ing and/o r  vault ing 

as a function of vehicle wei ght . Needed information was gleaned by pe rforming 
ask and query operat ions on fields 16 , 79 , 83 , 8 5 , and "We ight " .  The expected 

cell counts were calculated for the exposed and the turned - down terminals as 
described in Chapter 3 .  The observed and expected c e l l  counts f o r  the 

presumed data s e t  are shown in Table 4 . 27 .  

TABLE 4 . 2 7 Vehicle we ight vs . roll/vault 

PRESUMED END HITS 
WEIGHT CI.ASS ROLL/VAULT UNSURE NO ROLL/VAULT TOTAL 

( lbs ) Ob s er Expec Obser Expec Obser Expec 
- - -

1750 - 2250 27 13 . 8  4 7 . 5  26 35 . 8  5 7  
2 7 50 23  1 9 . 1  6 1 0 . 4  50  49 . 6  79 
3 2 50 12 20 . 0  12 10 . 9  59  52 . 1  8 3  
3750 1 2  20 . 5  16 11 . 1  57 53 . 3  8 5  
42 50 - 4750 5 8 . 9  8 4 . 8  24 23 . 2  37 

OTHER 2 6  22 . 7  11 12 . 3  5 7  59 . 0  94 

TOTAL 105 105 5 7  57  2 73 2 73 435  

The calcul ated statistic from the Chi - s quare independence tes t  was x2 -
34 . 3 3 .  From the s tatis tical table s , for an a - 0 . 05 ,  and df- ( r - l ) * ( c - 1 )  - 10 
(where r-6 and c-3 ) , the critical value X2 was 18 . 3 1 .  Because the tes t  
s tatistic x2 was found to be greater than the critical X2 , it was c oncluded 
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that the clas s ifications were not independent . Some type of statistical 
re lat ionship existed between the vehic le we ight and rolling and/or vaulting . 

4 . 18 . 05 END TYPE VS . VEHICLE WEIGHT VS . ROLL/VAULT 
The researchers evaluated the frequency of rolling and/or vaulting as a 

function o f  vehicle we ight concurrently with the end type , by sorting on field 
7 6 , field 7 9 , field 8 3 , field 8 5 , and "We ight " .  The expected cell counts were 
calculated for the expos e d ,  turned- down , and other end types as described in 
Chap ter 3 .  Table 4 . 2 8 presents the observed and expected c e l l  counts . 

TABLE 4 . 28 End type vs . vehicle weight vs . roll/vault 

PRESUMED APPROACH END/SAME S IDE and 
END HITS TRAI LING END/CROSS OVER/UNDIVIDED 

WEIGHT ROLL/ UNSURE NO ROLL/ TOTAL ROLL/ UNSURE NO ROLL/ TOTAL 
CLAS S VAULT VAULT VAULT VAULT 
( lb s )  Obs Exp Ob s Exp Obs Exp Obs Obs Exp Obs Exp Obs Exp Obs 

EXPOSED ENDS 
1 7 5 0 - 2 2 5 0  7 5 . 0  1 2 . 7  1 5  12 . 9  2 3  7 4 . 4  1 2 . 5 11 1 1. 0  1 9  
2 7 5 0  5 6 . 9  2 3 . 7  20 1 7 . 9 27  5 5 . 7  0 3 . 2 18 14 . 3  23 
3 2 50 1 7 . 2  3 3 . 9  2 9  1 8 . 8  3 3  l 7 . 1  3 4 . 0  2 7  1 7 . 7 3 1  
3 7 5 0  4 7 . 4  5 4 . 0  24 1 9 . 2  33  3 7 . 2  5 4 . 1  2 2  1 7  . 9  3 0  
4250 - 47 5 0  2 3 . 2 3 1. 7 7 8 . 3  12  2 2 . 8  3 1. 6 7 7 . 1  12 
Other 5 8 . 2  3 4 . 4  21 21. 2 29 4 7 . 3  3 4 . 1  1 9  1 8 . 1  2 6  
Total 24 3 7 . 9 1 7  20 . 6  11 6  98 . 5  157 2 2  34 . 8  1 5  19 . 8  104 86 . 4  141 

TURNED - DOWN ENDS 
1 7 50 - 2 2 5 0  2 0  7 . 9 3 4 . 3  7 20 . 5  30 1 8  7 . 0  3 4 . 0  6 1 7 . 4  2 7  
2 7 5 0  1 7  1 0 . 9  3 5 . 9  2 5  28 . 4  45 15 9 . 1  3 5 . 2  20 22 . 8  3 8  
3 2 50 10 1 1. 5 9 6 . 2 24 29 . 8  43 10 11. 3  9 6 . 4 2 2  28 . 1  41 
3 7 5 0  8 11 . 7 11 6 . 4  29  3 0 . 5  48 7 11 . 4 11 6 . 5 28  28 . 5  46 
4250 - 4750 3 5 . 1  4 2 . 8  17 13 . 3  24 3 4 . 5  4 2 . 6  13 11 . 4  20 
O ther 20 13 . 0  8 7 . 0  31  33 . 8  5 9  1 8  1 1. 6  8 6 . 6  2 6  28 . 8  5 2  
Total 7 8  60 . 1  38  32 . 6  13 3  156 . 3  249 7 1  55 . 3  38 3 1 . 4  1 1 5  13 7 . 3  2 2 4  

OTHER ENDS 
1 7 50 - 2250  0 0 . 9  0 0 . 5  4 2 . 4  4 0 0 . 6  0 0 . 3 3 1. 5 3 
2 7 5 0  1 1. 3 1 0 . 7  5 5 . 3 7 1 0 . 8  l 0 . 4  1 2 . 0  3 
3 2 50 1 1. 3 0 0 . 7  6 5 . 5 7 1 1 . 0 0 0 . 5 6 2 . 5 7 
3750  0 1. 4  0 0 .7 4 5 .7  4 0 1. 0  0 0 . 5 4 2 . 5  4 
42 5 0 - 4 7 5 0  0 0 . 6  1 0 . 3 0 2 . 5 1 0 0 . 4  0 0 . 2 0 1. 0  0 

Other 1 1. 5  0 0 . 8  5 6 . 3 6 0 1. 0 0 0 . 5 3 2 . 5  3 
To tal 3 7 . 0  2 3 . 8 24 1 8 . 2  2 9  2 4 . 9  1 2 . 8  17 12 . 3  20  

There were relatively few acc idents at the " o ther " end types . The re were 

fewer than expected ro lls and/or vaul ts " o ther "  end type s . 
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For analys i s , " o ther "  end types ,  " o ther "  vehicle we ights , and " unsure " 

roll/vaul t categor i e s  were removed from the data . This al lowe d the Chi - s quare 

tes t  to focus on those acc idents invo lving turned- down and exposed ends , 

vehicles we ighing between 1500 and 5000 pounds , and thos e  acc idents where the 

acc ident report gave a clearer indication whe ther rol l ing and/o r vault ing 

re sul ted from the end hit . The expected ce ll  counts were calculated for the 

exposed and turned- down terminals as de scribed in Chap ter 3 .  Tab l e  4 . 2 9 shows 

the observed and expected cell c ounts for presumed acc idents . 

TABLE 4 . 29 Modified end type vs . vehicle we ight vs . rol l/vault 

WEIGHT ClAS S ROLL/VAULT NO ROLL/VAULT TOTAL 

( lb s )  Ob s e rv  Expec t Prop or Observ Expec t Propor 

PRESUMED END HITS 

EXPOS ED 
1 7 5 0  & 2 2 5 0  7 5 . 73 0 . 3 1 8  15 1 4 . 66 0 . 6 8 2 22 
2750 5 7 . 83 0 . 200 20 2 0 . 04 0 . 800 25 
3 2 50 1 7 . 48 0 . 03 3  2 9  1 9 . 1 4 0 . 9 6 7  30 
3 7 5 0  4 7 . 60 0 . 143 24 1 9 . 44 0 . 8 5 7  2 8  
4250  & 4 7 5 0  2 3 . 3 9  0 . 2 2 2  7 8 . 6 7 0 .  77 8  9 
Total 1 9  32 . 04 9 5  81 . 96 114 

TURNED - DOWN 
1750  & 2 2 5 0  2 0  8 . 04 0 . 74 1  7 20 . 5 7 0 . 2 5 9  2 7  
2 7 50 17 1 0 . 99 0 . 405 2 5  28 . 13 0 . 59 5 42 
3 2 5 0  10 1 0 . 50 0 . 294 24 26 . 8 7 0 . 706  34 
3 7 5 0  8 10 . 67 0 . 2 1 6  2 9  2 7 . 29 0 . 784 37  
4250  & 4750  3 4 . 76 0 . 150  17 12 . 18 0 . 850  2 0  
Total 5 8  44 . 96 102 115 . 04 160 

PRESUMED APPROACH END/SAME S IDE and TRAILING END/CROS S  OVER/UNDIVIDED 

EXPOSED 
1 7 5 0  & 2250  7 5 . 12 0 . 3 8 9  1 1  12 . 54 0 . 6 1 1  18 
2 7 50 5 7 . 0 7 0 . 217  18 1 7 . 32 0 . 7 8 3  2 3  

3 2 5 0  1 7 . 3 1 0 . 03 6  2 7  1 7 . 91 0 . 9 64 28  
3 7 5 0  3 7 . 3 1 0 . 120 22 1 7 . 91 0 . 8 8 0  2 5  

42 5 0  & 4750 2 3 . 05 0 . 222 7 7 . 46 o .  778  9 
Total 1 8  29 . 85 8 5  73 . 15 103 

TURNED - DOWN 
1 7 5 0  & 2 2 5 0  18  7 . 05 0 . 750 6 1 7 . 29 0 . 250  2 4  
2 7 5 0 1 5  9 . 74 0 . 42 9 2 0  23 . 8 7 0 . 5 71 3 5  
3 2 5 0  1 0  1 0 . 08 0 . 313  2 2  24 . 70 0 . 6 8 8 3 2  
3 7 5 0  7 1 0 . 08 0 . 200 2 8  24 . 70 0 . 800 35 
4250 & 4 7 5 0  3 4 . 20 0 . 1 8 8  13 1 0 . 29 0 . 813  16 
T o tal 5 3  41 . 15 8 9  100 . 85 142 
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The Chi - s quare independence tes t  was done . The calculated tes t  s tatistic 

for presumed end hits was X2 was 49 . 71 ;  x2 was 45 . 98 for the pre sume d approach 

end/same s ide and trail ing end/cros s over/undivided data set . From the 

s tati s tical tables ,  for an a - 0 . 05 ,  and df - abc - a -b - c+2 - 1 3  (where a-2 , b=5 ,  

c-2 ) , the c r i t ical value x2 was 22 . 36 .  Because both te s t  s tat is tic x2 were 

greater than the cri tical x2 , i t  was conc luded that the c las s i ficati ons were 

not independent . A s ta t i s t ical relat ionship exi s ted between the end type , 
vehicle we ight , and rolling and/or vaulting . 

To determine which vehicle - we i ght groups exh ib i ted s ignificantly higher 
rates of roll/vaul t at either exposed or at turned- down ends , the b inomial 

proportions tes t  explained in Chap ter 3 was employed . Comparis ons were made 

from Table 4 . 29 data . It exc luded " other "  we ight c lass , " other "  end type s , 

and the " unsure " roll/vault category . The binomial propor tions tests invo lve d 

pa ir -wise comparisons of acc idents at exposed and turned- down ends , given that 
they belonged to the s ame we ight class and rolled and/o r  vaulte d ,  o r  they 

belonged to the s ame we i ght class and did no t roll and/or vault .  Tests were 
made on pre sumed end hit and on pre sume d approach end/same s ide - and- trailing 
end/cross over/undivided data sets . 

TEST 1 .  The proportion o f  the acc idents involving roll ing and/or vaul ting at 
expos e d  ends c ompared with the proport ion at turned - down ends , given 

that the we ights o f  the vehicles fell in the 1750 lb or 2250 lb 
we ight classes . 

Hal t :  p exp Jd p t·d 

PRESUMED END HITS 
Pexp -= 7/22 = 0 . 3 1 8 2  
pt·d - 20/27 ... 0 .  7407 
p - 0 . 5 5 10 q 0 . 4490 
te s t s tatis tic z - 2 . 9 5 7 9  

a = 0 . 10 c r itical za/2 = 1 .  645 

PRESUMED APP/S S and TRAIL/X OVER/UNDIV 
Pexp == 0 . 3889 
pt·d - 0 . 75 

p ... 0 . 5952  q 
tes t  s tatis tic z 

0 . 4048 
2 . 3 5 9  

H0 was rej e c ted a s  the observed or te s t  z exceeded the critical za12 • There 
was a s ignificant difference between the proportions of vehicles in the 

comb ined 1750 - 2 2 50 lb we ight class that rolled and/or vaulted at exposed ends 
and that rolled and/or vaulted at turned- down ends . The proportion of 
roll ing/vaul t ing at turned- down ends was greater . 

TEST 2 .  The proportion o f  the acc i dents involving r o l l ing and/or vaul t ing at 
expo s ed ends c ompared wi th the proportion at turned - down ends , given 

that the we i ghts o f  the vehicles fe l l  in the 2 7 5 0  lb we ight clas s . 
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PRESUMED 
E
ND HITS 

Pexp - 5/25 - 0 . 20 
pt·d - 17 /42 - 0 . 405 
p - 0 . 328 3 6  q - 0 . 6 7 16 
tes t  s tatistic z - 1 . 7 2 6 1  

Q - 0 . 10 critical za/2 - 1 . 645 

PRESUMED APP/S S and TRAIL/X OVER/UNDIV 
Pexp - 0 . 2174 

pt ·d - 0 . 42 8 6  
p - 0 . 3448 q - 0 . 6 5 5 2  
tes t  s tatistic z - 1 . 6 5 5  

H 0  was rej ected a s  the ob s erved z exceeded the critical za12 • There was a 

s ignificant difference between the proportions of vehicles in the 2750 lb 
weight c las s that rolled and/or vaulted at exposed ends and that rolled and/o r  

vaulted a t  turned- down ends . More rolled and/or vaulted at turned - down ends . 

TEST 3 .  The proportion o f  the accidents involving rolling and/or vaulting at 
exposed ends compared with the proportion at turned- down ends , given 
that the weights of the vehicles fe l l  in the 3250 lb weight clas s . 

PRESUMED END HITS 

Pexp - 1/30 - 0 . 03 3 3  
p t·d - 10/34 - 0 .  2941 
p - 0 . 1719 q - 0 . 8 2 8 1  

tes t  s tat i s t ic z - 2 . 7 60 

Q ... 0 . 10 critical za/2 - 1 .  645 

PRESUMED APP/S S and TRAIL/X OVER/UNDIV 
Pexp - 0 . 0357 
pt · d - 0 . 3125 

p - 0 . 1 8 3 3  q - 0 . 8167 
tes t  s tatistic z - 2 . 7 64 

Ho was rej e c ted , as the obs e rved o r  test z exceede d  the cri tical za/2 • There 

was a s i gnificant difference be tween the proport ions of vehicles  in the 3250 
lb weight c lass that rolled and/or vaulted at exposed ends and that rolled 

and/or vaul ted at turned- down ends . 

TEST 4 .  The proportion of the accidents involving rol l ing and/or vaulting at 
expose d  ends compared with the proportion at turned- down ends , given 
that the weights of the vehicles fe ll in the 3750 lb weight class . 

PRESUMED END HITS 

P9xp - 4/2 8 - 0 . 142 9 

p t ·d - 8/3 7 ... 0 . 2 162 

p - 0 . 1846 q - 0 . 8 1 54 
test statis tic z - 0 . 755 

a - 0 . 10 critical za/2 - 1 .  645 

PRESUMED APP/S S and TRAIL/X OVER/UNDIV 
Pexp = 0 . 120  
pt·d - 0 .  200 
p - 0 . 1667 q - 0 . 8 3 3 3  
tes t  s tatistic z - 0 . 82 

Ho was not rej ected , as the observed z did not exceed the critical Za/Z ' There 
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was no s i gnificant di fference b e tween the proportions of vehicles in the 3 7 5 0  
l b  we ight c las s that rolled and/or vaul ted at exposed and at turned- down ends . 

TEST 5 .  The proport ion of the acc idents involving ro l l ing and/or vaul ting at 

exp o s ed ends compared with the proportion at turned- down ends , given 
that the we ights of the vehicles fell  in the 4250 or 4 7 5 0  lb we ight 

c las s e s . 

PRESUMED END HITS 
P exp - 2/9 -= 0 .  2222  
pt ·d  - 3/20 - 0 . 1500 
p - 0 . 1724 q 0 . 8276  

tes t  s tatis tic z - 0 . 47 6  

a ... 0 . 10 critical z�2 - 1 . 645 

PRESUMED APP/S S and TRAIL/X OVER/UNDIV 

Pexp == 0 . 2222  
pt-d - 0 . 1875 

p - 0 . 200 
tes t  s tat i s t ic 

q 0 . 800 
z - 0 . 208 

H 0  was no t rej ected , as the observed z did not exceed the critical za12 • There 

was no s ignificant di fference be tween the proport i ons of vehicles in the 

comb ined 4 2 50 - 4750 lb we i ght c l as s  that rolled and/or vaul ted at expos ed ends 

and that rolled and/or vaulted at turne d - down ends . 

The b inomial p roport ions tes ts were als o  performed for the pre sumed end 

hit no ro l l  and/or vaul t acc idents for the 1750/2250 lbs , 2750 lbs , 3 2 5 0  lbs , 

3 7 5 0  lbs , 4250/47 50 lbs we ight c l as se s . The tes ts showed the s ame pattern o f  

s i gnificance as did the roll/vault tests . Table 4 . 30 presents the pattern o f  

s i gnificance for both s e t s  o f  te s t s . 

TABLE 4 . 30 S ignificance pattern for tes t s  

PRESUMED NO ROLL/VAULT WT CIASS ( lbs ) ROLL/VAULT 

END HITS 

1750 & 2 2 5 0  s 
2 7 5 0  s 
3250 s 
3750 Not 

4250 & 4750 Not 

Note : S - S i gnificant 

s 
s 

s 
s 
s 
Not S 
Not S 

Not S - Not s ignificant 

The Chi - s quar e  tes t  sugge s te d  that a relationship exis ted between 

guardrail end type , vehic l e  we i ght , and vehicle roll ing and/or vaulting . The 
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conclus ion from the binomial propo rtions tes ts was that , as a group , tho s e  

vehicles in the 1500 t o  3 500 pound we ight ranges had a greater tendency to 
roll and/or vault in acc idents at turned-down ends that at exposed ends . 

4 . 18 . 06 VEHICLE WEIGHT VS . SEVERITY 
The res earchers derived contingency tables by performing ask and query 

operations on field 1 6 , field 7 9 , the "We ight" field , and field 89 to 
inve s t igate the interrelation between vehicle we ight and accident s everity . 

The expected cell counts were calculated for the expos ed , turned-down and 
o ther end type s  as des cr ibed in Chapter 3 .  Table 4 . 31 shows the obse rved and 
expec ted cell counts for the presumed -plus - que s t ionable data s e t , and for the 
presumed data . 

TABLE 4 . 3 1 Vehicle weight vs s ever ity 

END HITS 

WEIGHT CI.AS S Fatal + Inj A Injury B + C PDO TOTAL 
( lbs)  Observ Expec t Observ Expec t Observ Expect 

PRESUMED 
1750 - 2 2 50 9 9 . 36 22 1 7 . 22 26  30 . 42 5 7  
2750 17 12 . 97 2 6  23 . 86 3 6  42 . 1 6 79 
3250 12 13 . 63 2 9  25 . 07 42 44 . 30 8 3  
3 750 12 13 . 96 15  25 . 6 7 58  45 . 3 7  8 5  
4250 - 4750 6 6 . 08 11 1 1 . 18 2 0  1 9 . 75 37 

Total 56 56 103 1 03 182 182 341 

PRESUMED - PLUS -QUESTIONABLE 
1750 - 2 250 11  12 . 05 28  23 . 21 37 40 . 75 7 6  
2750 18 14 . 58 31  28 . 09 43 49 . 32 92  
3 250 14 16 . 1 7 34 31 . 15 54 54 . 69 102 
3 7 5 0  15  1 7 . 12 21 32 . 98 72 5 7 . 90 108 
4250 - 4750 10 8 . 08 17 15 . 57 24 2 7 . 3 4  5 1  

To tal 6 8  68 1 3 1  13 1 2 30 230 429 

The Chi - square independence tes t  was done only on the presumed data . The 
calculated test s tati s tic x2 was 13 . 5 .  From the s tatistical tables ,  for an a 

- 0 . 10 ,  and df- ( r - l ) * ( c - 1 )  - 8 (where r-3 and c-5 ) , the cri tical value x2 was 

13 . 36 .  Becaus e the test s tatistic X2 was s l ightly greater than the critical 

x2 , i t  was conc luded that the class ifications were marginally dependent .  The 
c l o s ene s s  of the tes t  s tati s t i c  and o f  the cr itical s tatis tic values cause s  
the resul t to be les s  conclus ive than some of the other re sults in this study . 
Examination of the table shows that one large difference be tween obs erved and 
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expected value s was in the 3 7 50 lb clas s ; end accidents involving thes e  

vehicle s had more PDO and fewer minor inj ur i e s  that expec ted . 

4 . 18 . 07 END TYPE VS . VEHICLE WEIGHT VS . SEVERITY 
To examine poss ible relationships among guardrail end type , vehicle 

weight , and guardrail end acci dent s everity , the researcher s  der ived 
cont ingency tables by performing ask and query operat ions on field 16 , field 

7 9 , field 8 3 , the "Weight" field , and field 89 . The expected cell counts were 

c alculated for the exposed , turned- down , and o ther end type s as described in 
Chap ter 3 .  Table 4 . 32 - a  shows the obs erved and expected cell counts for the 
presumed data s e t , and Table 4 . 3 2 -b shows value s for the presumed - p lus 

questionable data s e t . 

TABLE 4 . 32 - a  End type vs . vehicle we ight vs . severity 

PRESUMED END HITS 

WEIGHT CLAS S Fatal + Inj A Inj ury B + C PDO TOTAL 
( lbs ) Ob s e rv  Expec t Ob serv Expec t Ob s e rv Expec t Observ Expec t 

EXPOSED 
1 7 5 0 - 2 2 50 3 3 . 41 7 6 . 15 1 3 11 . 02 2 3  20 . 5 7  
2 7 50 7 4 . 72 12 8 . 52 8 15 . 27 27 28 . 51 
3250 2 4 . 96 15 8 . 95 1 6  1 6 . 05 3 3  29 . 96 
3 7 5 0  5 5 . 08 7 9 . 1 7 2 1  16 . 43 3 3 30 . 68 
4250 - 4750 1 2 . 21 5 3 . 99 6 7 . 15 12  13 . 35 
O ther 6 5 . 62 6 10 . 14 17 18 . 1 7 29  33 . 93 

Total 24 25 . 99 5 2  46 . 92 8 1  84 . 09 157  15 7 . 00 

TURNED - DOWN 
1 7 5 0 - 2250 5 5 . 40 13 9 .  75 12  1 7 . 48 30 32 . 63 
2 7 5 0  9 7 . 48 1 2  13 . 51 24 24 . 22 45 45 . 22 
3 2 5 0  10 7 . 86 11 14 . 20 2 2  25 . 45 43 4 7 . 51 
3 7 5 0  7 8 . 05 7 1 4 . 54 34 26 . 06 48 48 . 66 
4250 - 47 5 0  5 3 . 51 6 6 . 33 13 11 . 34 24 21 . 1 8 
O ther 10 8 . 91 21 1 6 . 08 2 8  28 . 82 5 9  53 . 81 

Total 46 41. 21 7 0  74 . 41 13 3 133 . 3 7  249 249 . 00 

OTHER ENDS 
1 7 5 0 - 2 250 1 0 . 63 2 1. 14 1 2 . 04 4 3 . 80 
2 7 5 0  1 0 . 8 7 2 1. 5 7  4 2 . 82 7 5 . 2 7  
3 2 5 0  0 0 . 92 3 1 . 65 4 2 . 96 7 5 . 53 
3 7 5 0  0 0 . 94 1 1. 69 3 3 . 04 4 5 . 6 7 
4 2 50 - 4750 0 0 . 41 0 0 .74 1 1 . 32 1 2 . 4 7 
Other 0 1. 04 0 1. 8 7 6 3 . 3 6  6 6 . 2 7 

To tal 2 4 . 80 8 8 . 6 7 19  15 . 53 29 2 9 . 00 
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The res earche rs compare d the proportions within c e l l  cate gories of 
presume d - p lus - que s t ionab le end hits with the proportions o f  pre sumed end h i ts 

to de termine if the two share d a s imilar distribut ion of data . To explain the 
following Table 4 . 3 3 ,  for exposed ends , the proportion of the presume d - p lus 

que s tionable ( P+Q )  acc idents resul t ing in a fatal i ty or inj ury-A out o f the 

to tal number o f  pre sumed - p lus - que s tionable ac c idents was c ompared with the 
proport ion of the pre sumed ( P )  acc i dents re sul t ing in a fata l i ty or inj ury - A  

out of the total number o f  presumed ( P )  acc idents . The proport ions were 
calculated along the s ame l ine s for the remainder o f  the c e l l s  in the matr ix 

of end type ver sus s everity .  

TABLE 4 . 32 -b End type vs vehicle weight vs severity 

PRESUMED - PLUS - QUESTIONABLE END HITS 

WEIGHT CLASS Fatal + Inj A Inj ury B + C PDO TOTAL 
( lb s ) Obs e rv  Expec t Obs e rv  Expec t Obs e rv  Expec t Observ Expec t 

EXPOS ED 
17 50 - 22 5 0  3 4 . 01 9 7 . 89 16 14 . 21 28  26 . 11  
2 7 5 0  7 4 . 86 1 2  9 . 55 11 1 7 . 21 3 0  3 1 . 61 
3 2 50 2 5 . 3 9  1 6  1 0 . 58 2 0  1 9 . 08 3 8  35 . 05 
3 7 5 0  7 5 . 70 9 11 . 21 24 20 . 20 40 37 . 11 
4250 - 4 7 5 0  4 2 . 69 8 5 . 29 7 9 . 54 19 1 7 . 52 
Other 7 6 . 55 7 12 . 8 7 2 1  23 . 19 3 5  42 . 60 

To tal 3 0 29 . 20 6 1  5 7 . 38 99  103 . 42 190 1 90 . 00 

TURNED - DOWN 
1 7 5 0 - 2 2 5 0  6 6 . 89 17 13 . 53 19 24 . 3 9  42 44 . 80 
2 7 50 10 8 . 34 1 7  1 6 . 38 2 8  29 . 52 5 5  54 . 24 
3 2 5 0  12 9 . 24 15 1 8 . 1 6 2 8  3 2  . 73 5 5  60 . 13 
3 7 5 0  8 9 . 79 10 1 9 . 23 44 34 . 65 6 2  6 3  . 6 7 
4 2 5 0 - 4 7 5 0  6 4 . 62 9 9 . 08 15 16 . 3 6  30 3 0 . 0 7 
Other 10 1 1. 24 2 9  22 . 08 43 3 9 . 79 82  73 . 1 0 

Total 52 50 . 11  9 7  98 . 45 177  1 77 .  44. 3 2 6  326 . 00 

OTHER ENDS 
1 7 5 0 - 2 2 5 0  2 0 . 7  2 1. 54 2 2 . 77 6 5 . 08 
2 7 50 1 0 . 95 2 1 . 86 4 3 . 35 7 6 . 1 6 
3250 0 1. 05 3 2 . 06 6 3 . 71 9 6 . 82 
3 7 5 0  0 1 . 11 2 2 . 1 8 4 3 . 93 6 7 . 23 
4 2 5 0 - 4 7 5 0  0 0 . 52 0 1. 03 2 1 . 86 2 3 . 41 
Other 0 1 . 28 0 2 . 51 7 4 . 52 7 8 . 3 0  

Total 3 5 . 69 9 11 . 1 7  25  20 . 14 3 7  3 7  . 00 



TABLE 4 . 3 3 Proportions 

Fatal + Inj A Inj ury 
P+Q p P+Q 

Exposed 0 . 05 0 . 0 5 0 . 11  

Turned- down 0 . 09 0 . 11 0 . 17 

B + C 
p P+Q 

0 . 12 0 . 1 8 
0 . 16 0 . 32 
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PDO TOTAL 
p P+Q p 

0 . 19 0 . 34 0 . 36 
0 . 3 1 0 . 59 0 . 5 7 

The value s showed that there was little di fference between the 

corre sponding- category proportions o f  presume d - p lus - que s t ionable ( P+Q )  

acc idents and pre sumed ( P )  acc i dents . Because the proportions were s imi lar , 

the Chi - square te s t  of independence was c onduc ted on only the presumed 

ac cident data s e t . In addition , the " o ther "  end types were omitted ,  and the 
4250 -4750 and 3750 weight clas s e s  were comb ined ; thi s  focus ed on the 

di fferenc e s  be tween the two predominant end type s , and s trengthened the Chi 
s quare tes t  results . The expected c e l l  counts were calculated for the exposed 

and turne d - down terminal s  as described in Chapter 3 .  Table 4 . 34 pres ents the 
ob s erved and expected cell counts for the pre sumed data s e t , used to 
inves tigate the interre lation among end type , vehicle we ight , and accident 
severity . 

TABLE 4 . 34 Modified end type vs . vehicle we ight vs . severity 

WEIGHT CI.ASS Fatal + Inj A Injury B + C PDO TOTAL 
( lb s ) Observ Expec t Observ Expect Observ Expec t Obs e rv  Expec t 

EXPOSED 
1750 - 2 2 5 0  3 3 . 62 7 6 . 3 7  13 1 1. 34 23 21. 33 
2 7 5 0  7 4 . 92 12 8 . 66 8 15 . 40 27  28 . 98 
3 2 50 2 5 . 1 9 15 9 . 14 16 1 6 . 26 3 3  30 . 59 
3 7 50 - 47 5 0  6 8 . 00 12 14 . 0 7 27  25 . 03 4 5  47 . 09 

Total 18 21 . 73 46 38 . 24 64 68 . 02 128 128 

TURNED - DOWN 
1750 - 2250 5 5 . 38 1 3  9 . 46 12 16 . 83 30 3 1 . 6 7 
2 7 50 9 7 . 3 1  12 12 . 85 24 22 . 86 45 43 . 02 
3 2 5 0  10 7 . 71 11 13 . 5 7  2 2  24 . 13 43 45 . 41 

3 7 5 0 - 4 7 5 0  12 11 . 8 7 13  20 . 88 47 3 7 . 15 72 69 . 91 

Total 3 6  32 . 26 49 56 . 76 105 100 . 9 7 190 1 90 

The Chi - s quare tes t  was performed on the values . The calculated tes t  

s tat is tic was x2 = 20 . 03 .  For a = 0 . 05 ,  and df- abc - a - b - c+2 (where a-2 , b�3 , 
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c=4 ) , the X2 crit ical was 2 7 . 5 9 .  Be caus e  the tes t  s tat is t ic x2 was less than 

the c r i t ical x2 , thi s  te s t  indicated that the c l as s i fications we re 

independent ; i . e . , there was no statist ical re lat ionship between the end type , 
vehicle we ight , and s everity . 

4 . 19 SEVERITY INDEX . PROBABILITY INDEX AND COLLIS ION INDEX FOR 
EXPOSED AND TURNED - DOWN GUARDRAIL ENDS . 

The re s e arche rs performed a mathematical exerc ise to evaluate accident 

s eve r i ty , acc ident frequency , and to c ompare the rel at ive s a fety o f  the 
guardrai l ends . Thi s  procedure was based on the metho do logy o f  Glennon e t  al . 
(20) . 

The s eve r i ty index was us ed to compare the s ever i ty o f  the acc idents at 
turned- down ends with acc idents at exposed ends . The acc ident s everity class  

for each acc ident i s  shown in field 1 6  o f  the database file . Code " l " ,  code 

" 2 "  and code " 3 " , repre s ent fatal accident , inj ury acc ident and property 

damage acc ident respec t ively . We ighted seve r i ty values were as s i gned to the 

three acc i dent s eve r i ty classes : fatal , inj ury , and property damage only 

acc idents . 

The we ighted s ever i ty value s used by ODOT (21 )  were a s s i gned to the 
s ever i ty c l as s e s . The s ever i ty values used for the three c l as s e s  o f acc idents 

were as fo l lows : 

Acc i dent type Value 

Fatal acc i dent 

Inj ury accident 

Property Damage accident 

4 
4 
2 

There fore acc idents with s eve r i ty c l as s e s  " l " , " 2 "  and " 3 "  were given s ever i ty 

values " 4 " , " 4 "  and " 2 "  respect ive ly . 

The s everi ty index chos en for c omparison purpo s e s  is the ave rage s ever i ty 

value for all acc idents for a given condition (20) . The seve r i ty index was 
calculated us ing equation given below . 

S eve r i ty index = Sum of the s eve r i ty values 
Number o f  accidents 

The seve r i ty index alone i s  no t suffic i ent for comparing the relative s afety 

o f  the guardrail end types .  The number of acc idents that occurred in relation 

to the number o f  vehicles  exposed to the c ondition i s  nec e s s ary for c omparison 

purpo s e s . The probab i l ity index is the number of acc idents pertaining to each 

end type divide by the sum o f  the average daily traffi c  volume s for the 

acc idents under that particular end type (20) . The probab i l i ty index was 

calculated us ing the fo l l owing e quation . 
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Probability index - Number of accidents 
Sum of the Average da i ly traffic volume s  

Th e  collis ion index is used as the measure for comparing the relative 

safety o f  the guardrail end terminals .  It  i s  the product o f  the s everity 

index and the probabil i ty index . The coll i s ion index was calculated us ing the 
following equation . 

Collis ion index - Severity index * Probability index 

Sum of the severi ty Number o f  acc idents 
values * ���������

Number of acc idents Sum of the ADT volumes 

Sum o f  severity values 
Sum of ADT volumes 

The probab i l ity index and collis ion index were calculated for the exposed 

and turned- down ends . The analys is was done only for the pre sumed acc i dent 

data set . Table 4 . 3 5 shows the calculated s everity index , the probab i l i ty 
index and the collis ion index o f  exposed and turned- down ends hits . 

TABLE 4 . 35 Severity , probabil ity and collis ion index for exposed 
and turned- down ends 

PRESUMED END HITS 

End Type 

Exposed 
Turned- down 

Severity 
Index 

2 . 9 7 
2 . 9 3 

Probability 
Index 

6 . 19E - 0 5  
4 . 02E - 05 

Colli s ion 
Index 

0 . 00018 3  
0 . 000118 

It can be conc luded that the s everity index of exposed ends was higher 
than that of turned- down ends . The probability index and collis ion index of 

exposed ends was also higher than both indices for turned- down ends . 
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CHAPTER. V 

SUMKAR.Y AND CONCLUSIONS 

Summary 5 . 0 1 

This report documented the methods and resul ts of a s tudy conducted to 
gain greater ins ight into certain charac ter istics o f  guardrail end accident s .  

The Oklahoma Department of Transportation wanted to inve s t igate the 
performance of bur ie d  guardrail ends on i ts highways . because the Federal 
Highway Adminis trat i on ' s Office o f  Highway Safety had discouraged the use of 
turned-down guardrail end terminals on highways . Upon impact ,  the turned- down 
ends were said to cause vehicle rolling and vaulting . ODOT contracted with 

The Univers ity o f  Oklahoma to s tudy certain attribute s  of guardrail end 
acc idents . 

5 . 01 SU'MMARJ OF MET.HODS 
The main data sources were the po l ice acc ident reports and the video 

tap e s  logs showing highway feature s .  Other dat a  were also needed . The 
accident reports reque s ted for s tudy were tho s e  which had been coded with 
" guardrail " being the firs t obj ect s truck . The police reports o f  individual 
guardrail end accidents which occurred on Oklahoma state highways from 1988 
through 1991 were scrutinized to evaluate how the guardra i l  end treatments 

performed when s truck by vehic l e s . The res earchers added codes to the initial 
guardrail dat abase which ODOT furni shed s o  as to inc lude relevant attr ibutes 
which were gleaned from the various data s ources .  

The s tudy focused on the two predominate type s  of guardrai l ends 

currently found on ODOT highways , the expos e d  ends and the turned- down o r  

bur ied ends . Analys es were performed to de fine charac teri s tics of guardrail 
end acc ident s . Thos e  acc idents which the res e archers were fairly sure had 
invo lved impacts with a guardrail end were termed "presumed" end hits . If the 

res earchers were more uncertain that an acci dent actually involved an end 
s trike , then the acc ident was termed a " que s t i onable " end hit . Als o , data 
s e ts were created for al l "end hits " and for " approach end/s ame s ide and 
trai ling end/cro s s  over/undivided" accidents . This " 2  x 2 "  matrix resulted in 

creating four data sets . No t all analyses were performed on all data sets . 
The numbers o f  ac c idents in e ach of the four data sets differed , but the 
researchers found the propor t i ons of accidents exhibiting cer tain traits to be 

about the same in all four s e t s . 

A few guardrail end accidents could have been excluded from the dataset . 
For ins tance , an end acc ident may have been erroneous ly recorded and code d  as 
a " guard pos t "  acc ident . Some guardrail end accidents may have b e en 

unreported , improperly coded , omitted in the retrieval process , or overlooked 
by the researchers . 
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5 . 02 SUMMARY OF FINDINGS AND CONCLUSIONS 
Chap ters 3 and 4 discus s the me thodologie s  us ed to arrive at the 

following findings . The following findings are " general summari es " of the 
more de tailed result s  o f  Chap te r 4 .  

1 .  1 . 7% o f  the acc idents reported on the ODOT sys tem from 1 9 8 8  through 1991 
involved a guardrai l as the first p o int of impac t . 

2 .  Mos t  o f  these guardrail accidents occurred along the guardrail 
midsection ; 1/4 o f  the total number of reported guardrail accidents were 
pre sumed end acc idents . Le s s  than 5% of end acc idents in the data s e t  
invo lved a guardrail end strike after another impact had occurred .  

3 .  The number o f  acci dents at turned- down ends was greater than the number 

at exposed ends ; over 60% were at turned- down ends . 

4 .  56% of guardrail end acc idents on the s tate highway sys tem o ccurred on 
divided roads . On divided roads , the chances o f  a vehicle hitting the 

guardrail on the r ight s ide o f  the road or in the median were almos t  the 
s ame . 6 0% o f  acc idents on undivided roads involved the vehicle s triking 
the guardrail end on the right s ide . 

5 .  70% o f  the expos ed plus turned- down guardrai l  end acc idents on s tate 

highways o ccurred in rural areas . Urban miles cons titute 8 %  of the 

mileage , but 30% o f  the end acc idents o ccurred at urban settings . 

6 .  Over 90% of the guardrail end accidents occurred on roads with po s te d 
spee ds o f  5 5  mph or greater . 

7 .  47% of the guardrail end accidents occurred on 11 , 08 5  miles o f  roads 

having volumes le s s  than 10 , 000 ADT ; thes e  l owe r - vo lume roads cons tituted 

over 90% of the miles on the s tate highway sys tem . 53% of guardrail end 
acc idents were c oncentrated on about 10% of the sys tem miles having the 

higher ADT ' s .  Regres s ion analys is showed a close relation be tween the 

number o f  accidents and the VMT in a volume group (R2 - 0 . 8 6 ) . 

8 .  1/3 of all guardrail end accidents involved an inattentive dr iver . For 
roads w i th and without medians , the right - s ide guardrail end was the one 
struck mos t  when inattention was ment ioned in the ac cident report . 

9 .  The maj ority of guardrai l end acc idents were proper ty - damage - only 

acc idents . For all guardrail end types , 1/6 of the ac cidents had fatal 
or incapac i tat ing inj uries ( Inj ury A) . 
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10 . Vehicles s tr iking ends subsequently went down an embankment in 13% of the 

accidents . 14% of expo s ed end acc i dents resulted in the vehicle s tr iking 

a fixed obj ect afte r hitting the guardrail end , while 2 1 %  o f  turned- down 

ends acc idents did . 

11 . About 10% of acc idents involved death or incapac i tating inj ury when the 

vehicle did not subsequently s tr ike a fixed obj ect . When a vehicle did 

subsequently s trike a fixed obj ect , 2 3% o f  exposed end and 38% of turned
down end accidents involved death o r  incapac i tating inj ury . 

12 . 1/4 o f  guardrail end accidents resulted in vehicle ro l l ing and/or 

vault ing ; in mos t  of the guardrail end acc ident s , the vehicle did not 
vault or ro l l . 

1 3 . The proportion o f  accidents with fata l i t ies or A- inj uries was higher fo r 

r o l l  and/or vault acc idents ( 26 % )  than for non - rol l/vault acc idents 

(13% ) . 

14 . Accidents at turned- down ends had more vehicle roll ing and/or vaul t ing 

( 3 1% ) than tho se at exposed ends ( 15% ) . When a roll/vault did occur , the 

results were more severe with exposed ends than with bur ie d ends , 

al though the differenc e  was no t s tatistically s ignificant . 

15 . At turned - down ends , 16% of the no roll/vault acc idents had fatal or A
inj uries , while 2 3 %  of the rol l/vault acc i dents had fatal or A - inj urie s .  

16 . Lighter - we i ght vehicles experienced more roll ing and/or vaulting . The 
vehicles in the 1500 to 3500 weight range had mo re r o l l ing and/or 

vault ing a t  turned - down ends than at exposed ends . 

The data from 1 9 8 8  through 1991 sugges ted that the following numbers o f  

events resul ting from guardrail end acc idents c an be approx imated : 

4 fatal guardrail end ac c ident s and fatal ities per year ; 

15  A - type inj ury acc idents per year ; and 
20  A- inj uries per year . 

The turned- down ends accounted for j us t  under 60% o f  the fatal ities ( s l i ghtly 

more than 60% of all end acc idents were at turned- down ends ) . About 60% o f  

the A inj ur ies occurred at turned - down ends . The s tudied acc ident reports 
indicated that at 3/4 of exposed and turned - down end accidents where there was 

or may have been rolling and/or vaul ting , the vehicle occupants suffered 

e i ther B ,  C ,  o r  no inj uries .  
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5 . 03 ACCIPENT REPORTING SUGGESTIONS 
Ac c i dent s tudy quali ty is constrained by database qual i ty , in thi s case 

the qual ity o f  individual police acc ident reports .  While the maj ority o f  the 

reports wer e  very adequate , s ome were no t .  Because p o l ice may not have 
experience with us ing acc ident reports to find s o lutions to traffic s afe ty 
problems , it may b e  di fficult for pol ice in the field to always apprec iate the 
needs of other acc ident report users . Pol ic e  may be able t o  improve the 

qual i ty o f  their repor ts if they p articipate in training s e s s ions in which 

police are given actual examples of unc lear accident reports , asked to 
identify accident de tails , and then dis cus s the mis s ing or unclear aspec t s  on 

which o ther users of the reports rely . 
The r e s e archers do offer s ome particular suggestions for improving the 

acc ident reports . 

1 .  The arrangement o f  c ertain data boxes whi ch the pol ice check appeared to 

contribute to mistake s . Arrangements such as 
N O S D E D W O  
s ome t imes result in the o fficer checking the wrong box ; an o fficer in a 
hurry may check the third box , intending to indicate "we s t " , but in fact 
indicating " eas t " . Revi s i ons to the form could help . 

2 .  S ome o fficers do not differentiate among metal guardrai l s , concre te 

barriers , and bridge rails . The forms could be revised to lis t the s e  

categories separately , as well as including newer safety appurtenance s , 

such as crash cush i ons . 

3 . The po l i ce need to provide a dis tance from the point - o f- impac t to a 
nearby geome tric feature or roads ide appurtenance , s o  future user s  of the 

data can be tter rec ons truc t event s . 

4 .  Police sometimes des c r ibe a shoulder as " improved" . This i s  amb iguous ; 

i t  would b e  b etter t o  s ay " gravel "  or "paved. " 
Acc ident report qual i ty would be imp roved if police had global pos iti oning 

devices to report accident locations while phys ically at the acc ident s i te . 

Wi th the proper code s , police could report t o  within a few fee t  the firs t 
"point o f  error" and the final res ting place o f  vehicles in acc ident s . This 
would reduce the amount o f  time later spent in o ff ice s , trying to figure out 
where the accident took plac e . I t  would also  enhance the ability of office 
s taff to identify locat ions with e levated acc ident frequencies o r  rate s . 

5 . 04 iECOHMl!;NDATIONS 
Based on the analys is o f  four years of Oklahoma data and the experiences 

of the study , the res e archers o ffer the following comments and 
recommendati ons . 

1 .  Over the four year s tudy period , les s  than 2% o f  the fatal i t i es and less 
than lX of the incap ac i tat ing inj ur i e s  on the ODOT system were assoc iated 

with guardrai l end acc i dent s . 
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2 .  Turned - down guardrail ends seemed to produce more vehicle ro l l ing and 
vaulting after be ing s truck than did exp o s e d  ends . However , if roll ing 

or vaulting did occur after s tr iking a turned- down end , the s eve r i ty may 

have been les s  than that o f  s tr iking an expo s ed end , and the aggregate 

s ever i ty for e i ther end type was about the s ame .  The vas t maj ority o f  

occupants i n  vehicles which rolled and/or vaulted after s tr iking 

guardrail ends did no t incur fatal o r  incapac i tating inj ur i e s . 

3 .  I f  guardrail ends are to be replace d in an e ffor t  to improve safe ty on 

roads with medians , the ends on the right s ide o f  the main lane s and in 
the middle and r i ght of the median should be targeted . On undivided 

r oads , the fir s t  priority should be to replace ends on the drivers ' 

right ; although no t unimportant , i t  i s  o f  secondary importance to r ep l ace 

the end o f  the dr ivers ' left ( i . e . , a trail ing end) . 

4 .  Other factors be ing equal , i t  i s  more probable that a guardrail end on a 
higher volume road will be s truck than an end on a lower volume road . 

The indication that urban roads had a disproport ionate share o f  end hits 

may s imply re fl e c t higher volume s on urban po r t i ons o f  s tate hi ghways . 

S ince almo s t  60% of the end acc idents took place on les s  than 15% o f  the 

sys tem mile s , one c oncludes that if an agency had new guardrail end 

products which were s afe r than the ends currently in the field , i t  would 
be mo re cos t - e ffec t ive to target the newe r end type rep lacement program 

along the roads wi th the higher volume s . 

5 .  Roughly 1/3 o f all guardrail end acc i dents invo lved an inattent ive driver 

s tr iking a guardrail end . Inattent ive dr iver s  leaving the road mo s t  

o ften s truck the r i ght - s ide guardrail end . Recent r e s e ar ch , c onduc ted 
mainly in wes te rn s tates , sugge s ts that rumble or chatter s trips 

c ons truc ted on the shoulder at the lane edge may reduce the numbe r  of 
run - o ff - the - road acc i dents . These s tr ips create an unusual no i s e  when 

car t i r e s  traver s e  them , s o  the s trips warn a dr iver that they are headed 
o ff the road . After c ons truc ti on o f  indented rumb l e  s t r ips , s tre tche s of 
hi ghway i n  s tudie s  have exper ienced dramat ic reduc t ions in run - o ff - the 

road accident s . The indented rumble s tr ip s  were re latively inexpens ive , 

and o ffered impre s s ive bene f i t - to - co s t  rat io s . At s ites with l e s s er 

probab i l i ties of end s tr ike s , highway agenc ies may wish to te s t  rumble 

s tr ip s  as an inexpens ive method o f  reduc ing the number o f  guardrail end 
impacts . Agenc i e s  may wish to examine alternative rumble s tr ip patterns 

to ident i fy me thods of ge tt ing "more rumble from the s tr ip " . 

5 . 05 CLOSING 
One o f  the maj or current guardrail end tre atment i s sues i s  replac ing the 

exi s t ing ends with , and spe c i fying on new proj ects , the newe r , mor e  expens ive 
end treatments . Unfor tunately , one canno t compare turne d - down end with newe r 

end p er fo rmance on ODOT roads , because ODOT has little experience with the 
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newer types . Given that turned - down ends were once cons idered acceptable but 

now are discouraged , it would be prudent to conduc t contro lled l ong term field 
s tudies of various newer end types before embarking upon a cos tly , extens ive 

guardrail end replacement program . 
In relation to all acc idents on s tate highways , guardrail end acc idents 

cons t i tuted only a small fraction o f  the total acc i dents in any o f  the 

accident severity categories . Officials should consi der the cost o f  the more 

expens ive , newer guardrail end treatments in re l at ion to expected reduct i ons 

in acc ident severity . Could the s ame money be spent on other s afety i tems and 
yield greater bene f i t  to the traveling public in terms of lowered inj ury and 

death totals?  Officials charged with the overs ight of the pub l ic highways 

should evaluate data in this report critically , and cons ider o ther relevant 

s tudies  before dec iding upon a course of action .  
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'1 -U�V.--..., 

• - u���"' 
•. u� .Acdckrir . Inw/f""""' 

lttf• .,. .....,_ R.-. 

VNLDC OOlJ 001 N 

SPEOAL FEATURE "V 
·Ar•� 

C.C.- /.- Br+ c.d.. �. 
T.....,.,_U.,..�. 

AA-W'K-!>A DOV 001 N 

DAY OF THE lf£EK 
1-M� 
1- T�.mo 

J-·� 
f-T� 

I -F""'° 
'. s.....,. 
1 .  ,_.., 

M-SEVER.ITY 0011 001 N 

S£VEAITY 

/.F-.AodoUl'll 

J.p.,...-1.y...., 

,_,,..,_,,,.... . ., 

AR-HOUR 001' 002 N 

TIME OF Aa:JDENT • Miliw7 n.,.. 
00-H• S... 
01-1:00•1:19 AM 

Ol·lik1•.2:J9AM.-. 
ll-llfJON-1tll:ffPM.-. 

.M - 11-a:J Mllbtipl "' IH9 AM 

M·NiEI 
N·llGEl 

OCJJI 001 H 
OOJJ 001 N 

/ICrUAL Ni£ OF DRIVER 

00 · H• S...-

AA.S£XI 
.U..S£X2 

SEX OF D/UVER 

0- N•� 

, . ,., .. 
J - F.,... 

AR·VEH·l-TYPE 
AR.-VEH-l-TYPE 

OOJJ 001 N 
0016 001 N 

0011 001 N 
00.19 OOJ N 

TYPE OF VEHICL/i.S 

QO - N• ,s...., 
OI . p...,., c., r.- s.»" •.-1 

Ol - ,,...,..... C.. _, T,..,., 

OJ· 6ttwla U'* Tt\di 

tH • frwA·r-. ,s...,.r,.a., 
aJ · TnJi .,.j T,.., 

....... 

01 · ScNol 8w 
•-M� 

OJ. M..,.l 

IO-"'--H-
II · F- Med!Wr, 
11-··H�-� 
IJ·�M�M� 

If - ,,.,..,,. Ttld 

II. Pkitf> Tnd...,., �Bod, 
16 · ,,.._, Trwi lllldl TNilar 
11-�H- ...... T,_., 

II · OHP Pov9' UtWt 

19 · OiJI.,- Polla Uriu 

XJ. F-·W""-1-Drla 

Ji . .....,,..,.. 
Jl · Att Trwi 

lJ.QNr�°""*IV� 

lf - MiliMr, Valiod. 

".Al Oalw1 

Alt.OJNT-SPEDI 
AA..aJNT-SPEDl 

OOfl DOZ N 
000 001 N 

ACTUAL SPEED BEFORE ctJNT ACT • tc»-99! 

(J(J · S,,.,,..., N111. S....., 

AR·VeHl·ACT 
AA.-VEHJ-N:T 

llHAT VEHICU:.S DID 

00 • H• Slalod 
01 · .,,,.. S1r-,,W AA.I 
01 • Tw..it lA/I 
OJ· Tunwl A� 
tH-EfWllfllll"1.rTw.. 

OJ-S._.. 

05 · S'--1 

01·�/,_P_. 

DI · &..r..t ONr 1-
(IJ .  o....M/iw 

10-Sadl-' 

JI · R...atnod S..,.,.d 

ll • RM Olf R.-1 
JJ • hMl""4 P.A.4 
If· S--' Ll/1 

Jl-�"""' 

16· PUlll'W 
........ 

M·lf.Ul"YPl::I 
NUWTYPEl 

TYPE OF ROAD 

OO- N111.S.-

OI · Q,. "• It-' 
02. ""'7 
OJ· f• '-
CH· TJin, i.-

OOff 001 N 
OOf1 (J(Jl N 

OOfP 001 N 
0011 001 N 

OJ · F- ., M- Dbld.f 
t¥-F-..-M-H11t� 
01 -°'1--
0l-Twrt 8rlQt 
•. o .. R._,, 

IO· Olf R_,, 
II . c,,....,_.,. z.,. 
12 - M...,,. L.rw 
IJ · c.6clot- � lC-DJ R.-1 
lf-Utep 
tr . c-- f11et11an q:.,frw1 
16 · F ........ R.-J 

11 · Tnt{/lc Ord. f/fdtJl'11 
" .  R__.1611 t-
lf .  a.... s..,....,.. 
........ 

All-TR.AFl-OJNTR.L 
AR-TRAFUXJNTAL 

TYPE OF OJNTROL 

OO· N11tSM#ll 

01. 5""' s.,. 

01. Trfl//k sw..i 

oJ. flaalu,. sw...i 

tH - YllW St., 

OJ·"•"'" St:11 

Ol-RR.Galu.St...t. 

01- N•,,._,'lz

m. 011i-

fll · N• c-uol 
JO . ...,_,,,_ c.....i. 
ll·C .. .....a t
U .,....... 
IJ-�S,,.,W 
If· Si¥ l.Jrtu 
JJ. £-..-, v.w. 
........ 

OOIJ 001 N 
0011 001 N 

AA-RDCHARI 
AA-IWCHAR.l 

0011 OOl N 

OOff 001 N 

RIJ"°'AY OfAll.ACTER.JSTIC.S 

00 · N11t 5 ...... 
01-SualfN·u.l 

Ol·S�-U_,.,.... 

OJ. SrotH ·� 

Of· .S:frGiN · HUbu 

OJ. W. - l...nel 
Oli. c.- . u,..... 

01 -0-·� 

Of· C- - Hllav 
{JIJ • C-W..uort o/ Slwti C- -' 01 

10 · c-w..uo., fl/ SNq C- Vlol 06 

II · C-W""'1i:i11 o/ s1i_, C- _, 01 
ll . Co"61t.ilio11 of s...,. c- ..... °' 
If· N11t t-1 
11 ·C-

16· N•l.-l'"""C-

.. . ..... 

AR.aJND-DRI 
ARCND-DR.l 
AR.aJND·PED 

006I 001 N 
MSJ 001 N 
0061 001 N 

CIJNDITION OF D/UVERS ANO PEDESTR.JANS 

00 - N11t S..,.., 

01 · Aw-1,.,q NflttlllOl. 

Ol·Drt"''"·�I""'°""" 

OJ-Odor.jAk:oA.ticS-.,. 

Of· l:lr\c u .. ,.....,_, 
01 .  v.., r.,. 
06-.S.., 
01 · Sk4 
OI- C.,..,lllio,.N• K,._ 

{JIJ • 8oofJo o.J.u 
.. . .... 

AJ(.fll(�, �,.If.UK/ 
AA·FllUTSTRUKl 

OOtif 001 N 
cni6 001 N 

08/ECT STRUCK • FIRST aJNfACT 

00 • H• Slalod 

Q/.F.,..P"'-

01 · UdlQ Pof. 

OJ . o.-.t RGll 

Of-c...dPiut 

01 - c;..a.,. 

06. T"11/fk sw..i 

01. Bonllr 
"'·""' 
°'. llltand 
IO-TPQ/fk�S�" 

11-Dlldl 

Jl.� .. 
IJ - TtN 

M · Dwd111.S&rVi 
IJ-R.•...:,.ra1 

16 · F1rwa 

11 s...,. . ....i...-.. 
II · Otlw H"""""' Su-... 
rt· S.-.. · Rad 

·-� p.,, 
ll - St+ . c.ril 
11 . � . S"'"1-· tBeomlJ 
lJ. &ddl" 
lf ·o.tl.-0.-

».a,. P..,.,,.1111 k rol..-.d} 
1t 8ri4itt p..,_ ,., .. t"ll--U 

AR.CONTI 
AA·01NTl 

o:B 001 N 
0010 001 N 

POINT OF Fifi.ST ctJNT ACT ON VE.Hla.£. 

00 · N11t Swod 
01·� F,,,_-d 

Ol- R�·C.-

OJ · Rlllv.ridc ·A/I 

Of IUw . """' 
01. R.- c,,..., 

06- R- ·'-'/• 

tll -f.41.Mdo-/!,fl 
"' - LfJuW. . c-. .. 
fll-UJ�- F� 

IO-F••"' t../1 

II. F,.,., . C-... 

llttlJIRJ tfBIJ 

ll·F,.'IA·� 

IJ. Odw 
If -T• 

If -a.-. 

FRDNT-�o/ 

REAA.-�"'o/O 

RIGHT SIDE · """""'-"'"' 
LEFT.SIDE.�"' 

CENTElt·� .. 

R.talT · C-W,,,.rv of I 

LEFT . Con.bl_,_ of at 

FOR.¥' 141'.D • C....W'*'°"' 
AFr-�""./OJ. 

AA:L.JGHT 

LIGHT C1JNDITIONS 

O · N• S..., 
'"°"""" 
l·D.N-
, . ...... 
,_,,_ 
,_,,.,. 
' - ON.-. 

AR-'ffE.ATllER. 

TYPE-0? W"EATHER 

0 · N• !"*'., Odw-
I OW 
' ....... OM, 
J. O.roar1 

.Jt.i ..... 

......... 
6 · F• 

...... 

AAPFDACT 

PEDESTRIAN ACTIOI 

(J(J. N• ,s..., 
01. , .. '•"-'c...tiw. 

01 . ,,. "-' v..,. . 
OJ - f,. J'd Oaul'W • 

c... .. 
Of · 1,. A..t G.tlliw O'\I 

OS .  1 .. 1\ ... "'°"'"' 
05 · lrt RoM •olii'I I 
07.1 .. R.•"""'1,.I« 
"' . '" It-' PIQI ... 

°' . /,. Ro.I Oil.. .... 
.. . """' 

IN RIJ/IJN AY · c-1: 
CRO.S.SJNG ROAD· Q 
CRDSSY AU< · c-w� 

AR-R.DlaJND 
AR-RDXJJND 

RONYilAY ctJNDITIC 
Q. N111.!--' 

,_.,.,. 
1 .... 
J-tm.s
f·M"""'*.I 

....... 

AR.·RD-SUR.F: 

AA·R.D-SUR.Fl 

.SURFACE TYPE 
O- Nt11.S-.l 
l·.C....:n1r 
,_,..,... 
J. ,._. 

_ ,,.. 
. .... 

l\J!.UJCN. 

LDCNJTY 
0 N11t S.-1 

..... ,.., 
.... _ 

1·1""""tcal 
........ 

· N111. &di-Up 
. . .... 



tellll6 610JI 

... 

"'*'°"'of 10 cM. 11 

'lllfioruo/Oftlln.O!i 

C:.0..-.ftlldoN o/ 0/ dlt\< Q} 
�l\lo/07.,,_09 
wbinadoN of 02. 01. at. fl II 

i1'adotVo/Of.flll 

..._o/06.VIO 

.,."8doruo/01.f,/I» 

ru,.,ofOJ,(lffJl 

rIONS 

AT HER 
·-

ACTION 

0011 001 N 

001J 001 N 

OOff OOJ N 

� .. · 1111""1.miolt 

"1Nll'1 · Noc At /--"

:....l'W . Ill Ollw 

... ,. o-vt11 v"""" 
,.,,. W'Uli T-.{/k 
,.,.,.. ....... "' T""jk 

Wlll,,.,....on\I,. - VMW. 
...... 

--·� .. 

C-W-ao"' o/ 01 M (1J 
MJ-�o[Otalvu .. DJ 

C-W,,_.ruo/Ol•OJ 

NDITIONS 

� 

0016 001 N 
0011 001 N 

OOTI 001 N 
0077 001 N 

OOllO 001 N 

AR·VEHCDNDI 
AR.YEHCDNDJ 

VE.ii/CU:. (DNDITION 

O·NOf5'* 

1-�lllbN.,,... 

J ...... 
J. Sf1Mrlt1 
f-H� 

1-11:� 

6. TU... 

1-�s,..... 
f · Sllocii 

. ..... 

AR·DJIU 
AADllU 

ODii 001 N 
DOIJ 001 N 

0011 001 N 
OOl4 DO! N 

DIRE.er/ON OF TRAVEL 
0 • No1 S....,., · 8'anli 
I · Nd 
, . .... 
J-S� 
4·W'U 
J.Norflo-

6. s-u. .... 
, . .......... 
I. N"""--

AA-VIS OOlf 001 N 

Vl.S/8/UTY OBSCUR.E.D BY: 

00 · No1 S ..... 
01. T,.., 

Ol £,.,t...._,,. 
OJ. Biald.i-w 
04·.Sfl"' 
QJ • ,._.. VMidu 
06 HicliW'.m.-
01 · F•""' 
QI. Sllr"'6.r, 1&..li. H+1 
'1J.f"'S"""'"'F'"°""''*

Jl).s-u 
II· F• 

ll·Dw 

u .  R.I .. 
" ·""" 

Flu.ERi 00f7 001 N 

..... r.,/--4 .. ... 9'9 pr.-

AA-CAUSE OCMI 001 N 

CAUSE OF AOODENT 
FoitW. w Y� f 01-JZ I 

01 · F,-- .S.,. St" 

01 · Ft- YWd S"" 

OJ F..,,. P.....,Drl• 
04. F ... �R.-t.•Tlv� H..,, 

OI · f,_ s1...i YIN 
05 . F'°"' As., 
01 · f1 P..M.rn.n 
Of ToV�o,,Rt:"' 

f1J · To VJUd. ln ,,.,-uo,, 
10 · fo &..'1'"9 VMlcM 

11. °""' 

F""--1 too Qo'9 /or. llJ-lfJ 
IJ- H.-..a....n1 

If · f fV//k c.-:fido,, 
11. w.u.. c .. dil1o11 

�116--BJ 

16. nw.... Abllll)o . ....., 

11 l,_,,.nttad Drt- y_.. 
u Ea..11'1( � Lh• 

19 . F« T •fl//k Coro:Wo"' 
lO- F11<TlPof�IGr-«,Dvt. 

ll . F� 1 .. °' s,_ .,, Rood-:, 

ll • R•11 °' Wai R.ad.._ 
U -1'1rd 

14 . Odw •ea1W Ct...wa.u 
lJ.V�C.Ord"1a" 

l6. Viotwat..cndfc>" 
17 o., C-orTw-11 

11. ,...,..,,. T'fl//k 

,, . ..... 

�fJO.JlJ 

� · F-. Wro" &mnl 
JI. F,_ �,..,a-. 
JJ · Rlallr 

JJ·t./I 
Jf · T!lfl·.Aboi• 
Jl · To &.. Pn.. V..1w 
J5 · 111. F,..,_ of 0--"1 Tro{fk 

Owad l.a.w Un-ft!¥ 
•. a..pl i.,.,., UIVttj.q 

.Sl!r!Ff!d! '" Trol/lc u,..· 
19 · .S*°""" tn T,.,,,/k_t-

FolW IO S19p.· (f0.f6J 

fO · For Sw+Si111 

ti · For Trv//k .Sti:nci 

fl· F., Sdlool Bw 
fl . F« A.ailroo.1 Gau M .Si...I 
•• F., om- ., Fqnoa" 

fl· AtS.......,.orS..,,UtM 

.. ....... 

U"'9ltV-'"dl: tfl·lll 

fl .  B....U. 

ti· SYVi'1 

n- ri.w 
SO· S'"'flil""°" tu. Sllodt Ab.i...,1J 

It- Ii� 

JJ -T.it� 
n. s� u;w. 
H .,.._, 
fl. E.Utoiwl 5,..._ 
f6·W'i�Yfli/lt•• 

f1 · Otlw Mtdto'*111. Dt/lldf 

�IJl�J 
fl 111 M..,1'1 
1' · No P<aui"t: :zo,. · U-t.d 
ta -Mflrla.ll-

61 · "'-

l..,,,..,,_.�: 16Ur6J 

61. In M.n.I z.,.. 
61 On HUlorU-

6f - Al  J,...,"ldllln 

61 · 1'lllwu SI.If/ .. � c:s..-no. 
........ 

� (61..f:HJ 

fil .o .. � 
61-Wlw1 Prolill:Jwd 
tJI ..... 

,,.......,n: 110-lJJ 

10 · Dtluodad Ii, p.,..,., I" Vdlld, 

11 Odw ix.....a1°" I" V9'11d. 
11·°"'1.o.lo"/'-o..uidoV9'11doo 
7J. OtNt 

�rlt-711 
14. o,,. W'Q 
1J Edi ROlrfl 

16. &wrora R.,. 

17 Ot>.. 

1"9"'e'r Swt Frrn: 111.191 

11 PwuUd PollUo" 

". ,,,,_ 

o.A.t,.,,,..,,.,."'111</wf-1'11.: ,,,, .. , 
IO · Drili" U..W l.yl.o""' o/ ....W� 
II Drhl" U...ur '�""" of °"c• 

ll F.,;lttd 111 Sts'* 
IJ·�"'"'"'"s"""' 
H l�U•o/U.,,. 

IJ. ,,.,,,,,..,, s.a.i,. 
fl F....,. .. S-. i.-1 
,, . ..,_ 

Nl)l.K-"' No-1...,·Aciiork: 119-IJIJJ 
" ""' 
90 A--t 011 R� 

fl· AllOlill" Odlv Vtl\ldo 
9l· A"°"'i"P� 
9J · A.oJdi'W At'tlltd 

H ·�tnRoad .... 11 

9f a.JG 1,, Roado.ay 

• .....,.,,,. f"f'Q//ic c.o ..... 
,, .,..,..,&c,di.fAcdcio .. 

lllRJJJC llltmm11tt 11m1en 

9f ONr """"'" No /,;p� 
Adlon .,. .... °"91• 

99 P� Ai:do11 · No 1..,,,..,, 

-· 

ANIMN.: 190 'JJ 

AA·DAM 0090 OOJ N 

DAMK,E. £.ST/MATE 
· U• Totet Doliitt/,_ R.., 

11.R.c.Jlr.SE-NUM 0091 OOI N 

CASE NUMBER OF REPORT 

r.s. BdowJ 

AA-YR 009f 001 N 

CM..ENDAR YEAR 
· 1.M N-'w o/ y_. 

ARJUUNI 009'6 001 N 

DAY · N.-.rlaM Dq,-,of� Y
tS• }.Jio11 0... c.&.,.W J 

"'". ;__.,, 
001-)--, l. .. 
Oll·F�l. "'-
019 · F'*'-7 21. -.. 
J6l. 0......- JI f£..:.po11 U.,. Y-•J 

AA..SEIUAl. IXTl9 OOf N 

.sERIAL NUMBER · 11.uW-' b DPS 

AR-OJWSN-OJDE 0101 001 N 

OJWSION Dl/IGRAM CODE • s .. lWo..o 

INTERSECDESIGN 0101 001 N 

INTERSECTION D£51GN 

0 N"- SllllNd .,, N04 « /'11.,..:tiof\ 
. •T"' 1-.-tJo.-. <T111._1.4.i1 
. ... + .. /-lldfp11fF-!...-4J 

f - Fi.. 1...-d l .. , ..... 

AA·TERMJNAJ...LJ>CATION OJtH 001 N 

TERMINAL LOCATION 

0 N.cSk!WprN«� 

I T.,..;,,./�11-f.41 

1- T,.......r..-»" � 
J T ...... ...i l.ocd1o11. u.-i. 11 D./lrw 

QUADRANT 0101 001 N 

QU1'DRANT 

0 · NM Sl<»fd "' Nd..a ,...,._...," 
1-Non>wtul. 

r..- UJPr Rtslit o/ 'T .. . 1-..i1o11J 

' , ......... 
l0t u,..., Rtlw P/ 'T .. /n1p.W.11J 

........... 
I• i-.,, LJ/1 of .,. 1'*1-Wll) 

4·No.V..-.i1 
,.,, ''"" 141 o/ , .• , __ 4wtioll} 

ARC:OWSION-OJDE 
..,
0106 OOJ N 

COWSION TYPE 

. .s .. c:oau.o .. Dq:..- Co.di,. QM,. 
(ll. Nt11• lnleutdlp" 

i\NGLE .01 
TURNING LEFT � o/ 06 Wu 10 

•rd J2 _,If 

REAR END -c-.t. of 02 �Of 
TURNING RIGHT .c.o.,,i, o/ II, 11. 14. Jf 
SID£5WIPE C.0.... of 16. 17 
PE.DESTRJAN .Conifl of lf. lJ 

AR-0EC1'DE OIOI 001 N 

Nt11 � i11 Amd•,. FWiM 

AR LEJ:;AJ....SPD-1 
AR LELAL-.SPD-2 

LECAl. SPEED 

OIO'J 001 N 
0111 001 N 

·U• Up! SJ:-1 "" R..,.-i 101-991 

DO Slf#*l .., No1 S ..... 

.AR-DIV O/IJ 001 N 

DOT FIELD MNNTE.NNICE. DNISION 

.s;;,,,, ... �u.. ... 

AA-FADATA Ollf 001 N 

FE.DER.AL ND NID FUNCTIONAL a.ASS 
· F.o-l Aid """ Fu,,,_...J a- Ir/• 

•11 R� CJ.a.#1tm>o" 

AR-ROvrE 0114 OOf N 

FEDERAL AID ROUTE NUMBER 
· Ftder-ol Alli p,._, R- N.,., 
. F-'-l AW ,s..,...,. .it- Nllflllw 

AA FEDSYS 0111 001 N 

TYPE OF FEDERAL ND SYSTEM 
0 · Nr.,t·Fetl.,,.J. NJ IR,_,.,, U.t-.1 

Ftd.tral AM! p,,,_, IRwrel., U.t.t11 

Ftdtrciil Aid s-...w,. f R"""" I 

• F""ral Aid ,_,,. fR.,./. OI U�J 

Toll Roadl 
f Ftdvril AJil /,..,_ T•...t...v 

1c;,.,.n.. ,,..,,,., a.....- T...;/kl 

· F..,. AJil Uttt-

. Fw.1• F-'-ol. � Printa? 

I · FYWt F.J...W. AU 5..,......,. 
9 . FWwr. F"'1vol. AJil U,..,, 

AR-FEDCLAS.S 0119 00/ N 

TYPE OF FUNCTIONAL CLASSJFIU.TION 
,_,,.,_ 
l·O'-Urk"F�_,� 

1-CW...PritteipllA.rwMU 

4 · NI- AntrlGU 
J · Ma;or AtwW. Rll"lll 

C.O.._, Uttra11 

6- Ml..,,Coa.aor R..,-a 

1 Uool. Rural. R...d 

lMllll Qi, SirM&I 

AR-RURMUN 

URBAN AREA TYPE 

I. Rw-ol 
' u""" 
J·ht-U�hm 
4 Ellid U"""'-' At-... 

0110 DOI N 

I i...nUtftoatlli.d NM 
6·��Ut6oni.-'"'-
7. TW. U"°1>/..d At-... 

l\RDATE 0121 OOI N 

CN..£NDAR DATI!. 
· 0. 1,, Y-. Mo.-.. _, lJ<q F-

AA .cENTURY 

Fl•ll T-l>Wfll o/ IN Y-

AR-YEAR 

LU T_ ,,_ .. o/U.. Y-

AR MONTH 

01 -}-.-, 
02 F� 
ll-0.......W. 

AA -DAY 

· D.:oP/al\<Morv.lt 
01 IA,,. JI 

AR DPSCN>E 

Olll 001 N 

0/2J 001 N 

OJU 001 N 

O/TI 001 N 

0129 OO!I H 

DEPT. OF PUBLIC SAFETY CASE NUMBER 
� .. .flSil CIWI fl.,., GUll....:f 
II "'""-"' • !ht o/ /Utt.1'1( 

AR(DMMDJS'f 
AR(Dl.LTYPE 

01)1 001 N 
0119 002 N 

REC.APITUU..TED CIIWSION CDDE NUMBER 

01 OVR-TRN <IN R.DJ 

02 PEDESTRIAN 
OJ. PARKEJl-VEJilCLE 

04 · R.NUWAD TRAIN 

Of BJCYCUST 

OIS · AN/MAJ.. 

01 FIXE:D-0/01 HER 

OI . RAN-OFF RO/ID 

.09 S·S fOPPDIRI 

JO REAR END 

II· HE1'DON 

ll S·S /OPP DIRI 

IJ · ANCU 1TURNJI 

14 ANGLE-ITURNINI 
/J l!.NCL£f/I 

16 · ANQ£1Nll 

17 · BACKJNG 

II· OTHER 

19 · F-OtFENCEPOLEJ 

» · FOIUTIL POLE I 
ll · FOIGD RNLI 
ll · F-Ol(i().POST I 

lJ F<HCULVElffJ 
14 FOrTRAF SIGJ 

lJ F-0 BARRIER.I 

JIS F01CURBI 
ll F-OllSLA.NDJ 
11 F-OrrRAF 5/CN I 

B · FDIDITOI I 
XI · F-OrEMBANKMENTI 

JI FOtTREEI 

Jl . F-OtOIV STRIP J 
JJ · F-OIRETN '*'ALL I 

Jf F-OtFENCE I 

JJ · F-01811. 11.BUTNTI 

J6 Ft)(OTHER STR J 

J! F-OIBR RA/LI 

• · FOIBR POST J 
J9 F-OrBR CURBS J 
«J FOIBR .ITRUCTJ 

41 . F0l8UILDING I 

42 · F( HDE.LINEATRJ 

f6. FOIBR PIERI 

41 FOIBR P.ARAP'fl 



APPENDIX C Example Printout of Accident Data File 



F 7 6  driF2 F S  F7 Fl6  F 6 5  F 6 6  F 7 1  F 7 9  F 8 0  F 8 1  F8 2 InveF83  F81+ F 8 5  F 8 6  F 8 7 F88 F89  F 8 9  F89 F 8 9 F90 volurneF 7 6  year make model s tyle  we ight 

4 6 7 1 2 6 8 0 72 8 0 9 2 1 2 4 5  0 7 1 9 9  9 9 9 9 9 9 9 g 9 9 9  9 9 9 9 9 4 6 7 1 2 6 8 0

4 7 5 0 0 7 5 4  2 1  6 1 3 5 0  3 3 0 0 1 6 3 8 1 1 1 2 1 1 4 1000 1 1 1 8 4500 47 500 7 5 4  8 4  CHEV KOD IAC TRUCK N . A  

47 500962 1 6  4 9  1 0 2 0  2 5 5 0 5 1 9 9 9 9 9 9 9 9 9 9 9 9 9  9 9 9 9 9 4 7 5 0 0 9 6 2  

4 7 5011 3 1 1 6  49 8 4 6  3 5 5  0 5 l 9 9  9 9 9 9 9 9 9 9 9 9 9  9 9 9 9 9 4 7 5 0 1 1 3 1  

47501 6 3 7  5 5  7 9 7 7  3 5 5  0 6 11 1 1 0 2 0 6 1 4 1 1 1 1 1 2 56000 4 7 501 6 3 7  7 6  CHEV MONTE CARLO 2 - DR 3907  



APPENDIX D Pairwise Comparison of Means (Game s -Howell Procedure ) 



END H:C'l'S 

number of group s  i s  6 
number of pai rwise comparison s  i s  1 5 . 0 0 0 0  

for groups 1 2 
g roup , n ,  mean , s t d  dev 
group , n ,  mean , std dev 
t =  - . 1 2 6 6  with df= 

for groups 1 3 
group , n ,  mean , s t d  dev 
group , n ,  mean , s td dev 
t =  - . 2 0 8 5  with d f =  

f o r  groups 1 4 
group , n ,  mean , s td dev 
group , n ,  mean , s t d  dev 
t =  - . 1 9 3 3  with d f =  

f o r  groups 1 5 
group , n ,  mean , std dev 
group , n ,  mean , s t d  dev 
t =  - 2 . 8 5 0 4  with df= 

for groups 1 6 
group , n ,  mean , std dev 
group , n ,  mean , s td dev 
t =  - 2 . 6 3 4 5  with d f =  

for groups 2 3 
group , n ,  mean , s td dev 
group , n ,  mean , s t d  dev 
t= - . 1 3 0 0 with df= 

for groups 2 4 
group , n ,  mean , s td dev 
group , n ,  mean , s t d  dev 
t =  - . 1 3 7 5  with d f =  

for groups 2 5 
group , n ,  mean , std dev 
group , n ,  mean , std dev 
t =  - 2 . 7 8 3 7  with d f =  

for groups 2 6 
g roup , n ,  mean , std dev 
group , n ,  mean , std dev 
t = -2 . 5 8 5 3  with df= 

for groups 3 4 
group , n ,  mean , std dev 
group , n ,  mean , s td dev 
t= - . 0 4 0 1 with df= 

for groups 3 5 

group , n ,  mean , s t d dev 
group , n , mean , s t d  dev 
t= - 1 . 8 0 3 3  with df= 

for groups 3 6 
group , n ,  mean , std dev 
group , n ,  mean , std dev 
t= -2 . 12 8 3  with df= 

1 1 3 3  

2 11 6 
2 4 6 . 7 9 1 3 and p= 

1 1 3 3  
3 3 8  

57 . 4 7 9 4  and p= 

1 13 3 
4 1 7  

1 9 . 8 5 0 8  and P= 

1 1 3 3 

5 7 8  
1 5 8 . 87 4 3  and p =  

1 1 3 3  
6 2 4  

2 9 . 7 3 4 8  and p =  

2 11 6  
3 3 8  

5 5 . 7 1 0 0  and p= 

2 11 6  
4 1 7  

1 9 . 53 9 8  and p =  

2 11 6  
5 7 8  

1 5 0 . 72 1 7 and P =  

2 11 6  
6 2 4  

2 9 . 1 8 3 9  and p= 

3 3 8  

4 17 
3 0 . 7 6 7 1  and p =  

3 3 8  
5 7 8  

71 . 4 0 6 4 and P= 

3 3 8  
6 2 4  

4 6 . 1 2 8 2  and p =  

2 . 0977 4 4 4 0 0 0  
2 . 1 2 0 6897 0 0 0  

. 8 9 9 3  

2 . 0 9 7 7 4 4 4 0 0 0  

2 . 1 5 7 8 9 4 7 0 0 0  

. 8 3 5 6  

2 . 0 9 7 7 4 4 4 0 0 0  

2 . 17 64 7 0 6 0 0 0  

. 84 8 7  

2 . 0 9 7 7 4 4 4 0 0 0  

2 . 717 9 4 8 7 0 0 0  
. 0 0 4 9  

2 .  0 9 7 7 4 4 4 0 0 0  

3 . 0 8 3 3 3 3 3 0 0 0  

. 0 1 3 2  

2 . 1 2 0 6 8 9 7 0 0 0  
2 . 1 5 7 8 9 4 7 0 0 0  

. 89 7 1  

2 . 1 2 0 6 8 9 7 0 0 0  

2 . 1 7 6 4 7 0 6 0 0 0  

. 8 9 2 0  

2 . 12 0 6 8 9 7 0 0 0  

2 .  7 17 9 4 87 0 0 0  

. 0 0 6 1  

2 . 12 0 6 8 9 7 0 0 0  
3 . 0 8 3 3 3 3 3 0 0 0  

. 0 1 5 0  

2 . 157 8 9 4 7 0 0 0  
2 . 17 6 4 7 0 6 0 0 0  

. 9 6 8 3  

2 . 1 5 7 89 47 0 0 0  

2 . 7 1 7 9 4 8 7 0 0 0  
. 0 7 5 6  

2 . 1 5 7 8 9 4 7 0 0 0  
3 . 0 8 3 3 3 3 3 0 0 0  

. 0 3 8 7  

1 . 5 0 6 8 7 65 0 0 0  
1. 3 52 3 2 6 0 0 0 0  

1. 5 0 6 8 7 6 5 0 0 0  
1 . 5 8 5 85 5 0 0 0 0  

1. 5 0 687 6 5 0 0 0  
1 . 5 9 0 4 12 5 0 0 0  

1. 5 0 6 8 7 6 5 0 0 0  
1 . 5 3 6 5 4 5 6 0 0 0  

1 . 5 0 6 8 7 6 5 0 0 0  
1. 7 1 7 3 4 5 4 0 0 0  

1 . 3 52 3 2 6 0 0 0 0  
1 . 5 8 5 8 5 5 0 0 0 0  

1. 3 5 2 3 2 6 0 0 0 0  

1 . 5 9 0 4 12 5 0 0 0  

1. 3 52 3 2 6 0 0 0 0  
1 . 5 3 6 5 4 5 6 0 0 0  

1 . 3 5 2 3 2 6 0 0 0 0  
1 . 71 7 3 4 5 4 0 0 0  

1 . 5 8 5 8 5 5 0 0 0 0  

1. 59 0412 5 0 0 0  

1. 5 8 5 8 5 5 0 0 0 0  
1 . 5 3 6 5 4 5 6 0 0 0  

1 . 5 8 5 8 5 5 0 0 0 0  
1. 7 17 3 4 5 4 0 0 0  



for group s 4 5 
group , n ,  mean , s t d  dev 4 1 7  2 . 1 7 6 4 7 0 6 0 0 0  1 . 5 9 0 4 1 2 5 0 0 0  
group , n ,  mean , s t d  dev 5 7 8  2 . 71 7 9 4 8 7 0 0 0  1 . 5 3 6 5 4 5 6 0 0 0  
t =  - 1. 2 7 9 6  with df= 2 2 . 9 7 4 5  and p= . 2 1 3 4 

for groups 4 6 
group , n ,  mean , std dev 4 17 2 . 1 7 6 4 7 0 6 0 0 0  1 . 5 9 0 4 1 2 5 0 0 0  
group , n ,  mean , s t d  dev 6 2 4  3 . 0 8 3 3 3 3 3 0 0 0  1 . 71 7 3 4 5 4 0 0 0  
t= - 1 . 7 3 9 9  with df=  3 6 . 17 6 6 and p= . 0 9 0 4  

for group s 5 6 
group ,  n ,  me an , std dev 5 7 8  2 . 71 7 9 4 8 7 0 0 0  1. 5 3 6 5 4 5 6 0 0 0  
group , n ,  me an , s t d  dev 6 2 4  3 . 0 8 3 3 3 3 3 0 0 0  1 . 7 1 7 3 4 5 4 0 0 0  
t =  - . 9 3 3 7 with df :::: 3 5 . 0 9 0 0  and p= . 3 5 6 9  



APPROACH END 

number o f  groups i s  6 
number o f  pa i rwi s e  compar i sons is 1 5 . 0 0 0 0  

for groups 1 2 
g roup , n ,  mean , s t d  dev 1 11 5 2 . 1 6 5 2 17 4 0 0 0  1 . 5 4 4 2 6 1 8 0 0 0  

group , n ,  mean , s t d  dev 2 1 0 4 2 . 1 3 4 6 1 5 4 0 0 0  1 . 3 5 8 5 9 5 0 0 0 0 
t =  . 1 5 6 0 wi th d f =  2 1 6 . 8 4 1 8  and P= . 87 6 2 

f or groups 1 3 
group , n ,  mean , s td dev 1 1 1 5  2 . 1 6 5 2 1 7 4 0 0 0 1 . 5 4 4 2 6 1 8 0 0 0  
group , n ,  mean , s t d  dev 3 3 8  2 . 1 5 7 8 9 4 7 0 0 0  1 . 5 8 5 8 5 5 0 0 0 0  
t ::::: . 0 24 8  wi th df=  6 1 . 8 4 8 1  and p =  . 9 8 0 3  

for groups 1 4 
group , n ,  me an , s td dev 1 1 1 5 2 . 1 6 5 2 1 7 4 0 0 0  1 . 5 4 4 2 6 1 8 0 0 0 
group , n ,  me an , std dev 4 1 7  1 .  9 4 11 7 6 5 0 0 0  1 . 2 4 8 5 2 8 5 0 0 0  
t =  . 6 6 8 2  with df:= 2 3 . 8 8 3 7  and p= . 5 1 0 4  

for group s 1 5 
group , n ,  me an , s t d  dev 1 11 5  2 . 1 6 5 2 1 7 4 0 0 0  1 . 5 4 4 2 6 1 8 0 0 0  

group , n ,  mean , s t d  dev 5 7 1  2 . 77 4 6 4 7 9 0 0 0  1 . 5 3 2 4 7 8 7 0 0 0  
t ::: - 2 . 6 2 7 1 with d f =  1 4 9 . 2 5 9 7  and p =  . 0 0 9 5  

for g roup s 1 6 

group , n ,  mean , s t d  dev 1 11 5 2 . 1 6 5 2 1 74 0 0 0 1 . 5 4 4 2 6 1 8 0 0 0  
group , n ,  mean , s t d  dev 6 2 2  3 . 0 9 0 9 0 9 1 0 0 0  1 . 6 8 7 7 4 5 5 0 0 0  
t =  - 2 . 3 8 8 4  w i t h  d f =  2 8  . 13 2 4  and P= . 0 2 3 9  

for g roups 2 3 

group , n ,  mean , s t d  dev 2 1 0 4  2 . 1 3 4 6 1 5 4 0 0 0  1 . 3 5 8 5 9 5 0 0 0 0 
group , n ,  mean , s t d  dev 3 3 8  2 . 1 5 7 8 9 47 0 0 0  1 . 5 8 5 8 5 5 0 0 0 0  

t =  - . 0 8 0 4  with d f =  5 8 . 0 0 6 6  and p:::: . 9 3 6 2 

for group s 2 4 
group , n ,  me an , s t d  dev 2 1 0 4  2 . 13 4 6 1 5 4 0 0 0  1 . 3 5 8 5 9 5 0 0 0 0  

group , n ,  mean , s t d  dev 4 1 7  1 .  9 4 11 7  6 5 0 0 0  1 . 2 4 8 5 2 8 5 0 0 0  
t :::: . 5 8 4 7  with df ::: 2 2 . 6 6 1 2  and p = . 5 6 4 5  

for groups 2 5 
group , n ,  mean , s t d  dev 2 1 0 4 2 . 13 4 6 1 5 4 0 0 0  1 . 3 5 8 5 9 5 0 0 0 0  
group , n ,  mean , s t d  dev 5 7 1  2 . 7 7 4 6 47 9 0 0 0  1 . 5 3 2 4 7 8 7 0 0 0  
t =  - 2 . 8 3 9 0  with d f =  1 3 8 . 2 2 5 9  and P= . 0 0 5 2  

for groups 2 6 
group , n ,  me an , s t d  dev 2 1 0 4  2 . 1 3 4 6 1 5 4 0 0 0  1 . 3 5 8 5 9 5 0 0 0 0 

group , n ,  mean , s t d  dev 6 2 2  3 . 0 9 0 9 0 9 1 0 0 0  1 . 6 8 7 7 4 5 5 0 0 0  
t =  - 2 . 4 9 2 3  with d f =  2 7 . 0 4 8 1 and P = . 0 1 9 1  

for group s 3 4 
group , n ,  mean , s td dev 3 3 8  2 . 1 5 7 8 9 47 0 0 0  1 . 5 8 5 8 5 5 0 0 0 0  
group , n ,  me an , s t d  dev 4 17 1. 9 4 11 7 6 5 0 0 0  1 . 2 4 8 5 2 8 5 0 0 0  
t =  . 5 4 5 4  with d f =  3 8 . 7 11 0  and P= . 5 8 8 6  

for groups 3 5 
group , n ,  mean , s t d  dev 3 3 8  2 . 1 5 7 8 9 4 7 0 0 0  1 . 5 8 5 8 5 5 0 0 0 0  

group , n ,  mean , s t d  dev 5 71 2 .  77 4 6 4 7 9 0 0 0  1. 5 3 2 4 7 87 0 0 0  
t ::: - 1. 9 5 7 6  with d f =  7 3 . 5 1 9 7  and P = . 0 5 4 1  

for groups 3 6 
group , n ,  mean , s t d  dev 3 3 8  2 . 1 5 7 8 9 4 7 0 0 0  1 . 5 8 5 8 5 5 0 0 0 0  
group , n ,  mean , s t d  dev 6 2 2  3 . 0 9 0 9 0 9 1 0 0 0  1. 6 8 77 4 5 5 0 0 0  

t =  - 2 . 1 0 9 3  wi th d f =  4 1 . 7 6 2 3  and p := . 0 41 0  



for groups 4 5 
group , n ,  mean , s t d  dev 4 1 7  1. 9 4 11 7 6 5 0 0 0  1 . 2 4 8 5 2 8 5 0 0 0  
group , n ,  mean , s t d  dev 5 7 1  2 .  77 4 6 4 7 9 0 0 0  1 . 5 3 2 47 8 7 0 0 0  
t =  - 2 . 3 5 9 6 with d f =  2 8 . 7 6 9 7  and P= . 0 2 5 3  

for groups 4 6 
group , n ,  mean , std dev 4 17 1 .  9 4 11 7 6 5 0 0 0  1 . 2 4 8 52 8 5 0 0 0  
group , n ,  mean , s t d  dev 6 2 2  3 . 0 9 0 9 0 9 1 0 0 0  1 . 6 8 77 4 5 5 0 0 0  
t =  - 2 . 4 4 4 7  with d f =  3 6 . 9 5 2 1  and p= . 0 1 9 4  

for groups 5 6 
group , n ,  me an , s t d  dev 5 7 1  2 . 7 7 4 6 4 7 9 0 0 0  1. 5 3 2 4 7 8 7 0 0 0  

group , n ,  mean , s t d  dev 6 2 2  3 . 0 9 0 9 0 91 0 0 0  1 . 6 87 7 4 5 5 0 0 0  

t =  - . 7 8 4 4  with d f = 3 2 . 4 6 4 6  and p = . 4 3 8 5  
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