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f'ORIEWOllUJ 

This report documents a study which examined the problem of vehicle rollover on 
concrete safety shaped barriers. The research included accident analysis and 
vehicle simulation to identify the extent of the rollover problem an.d to 
identify possible contributing factors. The report does identify some possible 
contributing circumstances, but the reader should be aware of the limitations of 
the dat~ used to draw these conclusions. The accident data that were used to 
identify probable causes were very limited in sample size and the conclusions 
from that data were clinical in nature rather than statistical. Even with these 
limitations, the report does provide valuable insight into the issue of the 
performance of concrete safety shaped barriers interacting with smaller cars. 

~~ 
R. J. Betsold, Director 
Office of Safety and Traffic Operations 

Research and Development 

~OlllCIE 

This document is disseminated under the sponsorship of the Department of 
Transportation in the interest of information exchange. The United States 
Government assumes no liability for its content or use thereof. The contents of 
this report reflect the views of the Contractor, who is responsible for the 
accuracy of the data presented herein. The contents do not necessarily reflect 
the official policy of the Department of Transportation. This report does not 
constitute a standard, specification, or regulation. 

The United States Government does not endorse products or manufacturers. Trade 
or manufacturers' names appear herein only because they are considered essential 
to the obj~ctive of this document. 
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I. INTRODUCTION 

1. Problem Statement 

Concrete safety shaped barriers. have been one of the most popular 
barriers since their introduction in the early 1960's and there are hundreds 
of miles of such barriers currently in use on the nation's highways. While 
the degree to which the concrete safety shaped barriers have been successful 
in reducing deaths and serious injuries is unknown, results from various 
full-scale crash tests suggest that the benefits are substantial. Hundreds, 
perhaps thousands, of lives may be saved each year because of the deployment 
of these barriers. 

The original research and development of the concrete safety shaped 
barrier was begun in the 1950's at the General Motors Proving Grounds in 
Milford, Michigan. In the intervening years, further research sponsored by 
the Federal Highway Administration {FHWA) has continued the development and 
improvement of this barrier to provide a low cost, low maintenance barrier 
capable of safely redirecting errant vehicles; particularly passenger cars 
in the 2,250 to 4,500 lb range. The advantages of the concrete safety 
shaped barrier are several: 

• The design of this barrier, with its inclined lower surface, is 
intended to minimize or prevent damages to vehicles impacting the 
barrier at low impact angles, as demonstrated in various full-scale 
crash tests. 

• The concrete safety shaped barrier is a rigid barrier that does not 
deflect to any appreciable degree, even at high dynamic loads. For 
this reason, the concrete safety shaped barrier is often the barrier of 
choice for use at locations where barrier deflections are unacceptable, 
such as along narrow medians, as bridge rails, and in construction 
zones. 

• Compared to flexible longitudinal barriers, e.g., W-beam guardrails, 
the maintenance costs for the concrete safety shaped barrier are 
negligible. Thus, this barrier is the barrier of choice at locations 
with -heavy traffic, wherein th~ probability of a barrier impact is high 
and maintenance is a problem, e.g., along medians of urban freeways. 

While it is recognized that the concrete safety shaped barrier is an 
important development in the continuing efforts to safely restrain and 
redirect errant vehicles on the highways, it should, nevertheless, be 
understood that this barrier is not a panacea. One concern regarding the 
performance of concrete safety shaped barriers is the increased likelihood 
of vehicle rollover upon impact with this barrier, especially for small cars 
(i.e., cars weighing less than 2,250 pounds) and vehicles with high centers 
of gravity (e.g., pickup trucks and vans), not to mention large trucks, 
intercity buses, or school buses. 
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Past research 'has provided some insights into the varlous aspects of 
this rollover problem, in gen·eral, and with regard to concrete safety shaped 
barriers, namely: 

, Sma 11 er and 1 i ghter passenger cars, wHh the correspondlng reduction in 
the roll and yaw moments of inertia, ·ar·e more prone to ·overturn than 
larger and heavier passenger cars. This is of gra,i'e concern in light 
of the downsizing trend of the passenger car fleet th·at began i'n the 
mid-1970's. 

1 The relative severity of singl~-~ehicle rollover accidents is ~uch 
higher than that of nonrollover single-vehicle accidents, especially in 
terms of fatalities. 

• The potential of overturning for the concrete safety shaped barrier is 
affected by variations in the profile of t'he bar'ri er. The approach 
geometrics of the roadside and the friction coefficients of th~ barrier 
may also play important roles in the propensity for rollover. 

• The concrete safety shaped barrier was not designed to restrain large 
trucks, intercity buses, or ·school buses; and such imp acts frequently 
result in rollovers. 

There has not been, however, a concerte'd effort to study this ro 11 o'ver 
problem in a comprehensive manner. A clear understandiii~ of the toot causes 
and relative severities of rollover collisions with concfete safety ~haped 
barriers is needed in order to assess the effect of potential design and/or 
ldtation changes ~f these barriers and to assist in the selection of barrier 
types for various applications. 

2. Study Objectives 

The objectives of this study are as follows: 

• To identify the root causes of rollover of vehicles in impacts 
with concrete safety shaped barriers. 

• To determihe the eiteiit and severity of overt~rn c6lllsion~ with 
concrete safety shaped barriers. 

• To identify potential couiiterrneasu·res to reduce shaped concrete 
barrier rollo~ers. 

3·; Scope of Study 

The scope of the study ihcluded a review and analysis of i~ai)able 
literature, statistical and clinical analysis of existing accident data 
files, computer simulation.of concrete safety shaped barrl~r i~pacts, 
laboratory testing, arid full-scale crash testing. In addition, potential 
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countermeasures to reduce rollovers in concrete safety shaped barrier 
collisions were identified and evaluated in the study.· 

Chapter II outlines the res~arch approach used in the study. A summary 
of the literature review is presented in chapter III. Results of the 
accident studies are summarized in chapter IV and those of the simulation 
studies are discussed in chapter V. The study findings, conclusions and 
recommendations are presented in chapter VI. Materials too bulky for 
inclusion in the technical report are presented as appendixes in volume II 
of the. final report. 
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II. RESEARCH APPROACH 

The research approach for the study, as out l i ~ed in the ciri gi-nal 
Statement of Work, corisisted of five major activities: (ll lttefature 
review, (2) accident studies, (3) simulation studiies, (4} laboratory 
testing, and (5) full-scale crjsh testing. The sco~e 6f work for laboratory 
and full -sea le crash testing was reduced· duri n'g the course of the study and 
the efforts redirected to accident and simulation studies to better suit the 
needs of the study. Brief descriptions on each of the five activities 
conducted during the study are presented in this chapter. 

I. Literature Review 

Available literature relating to rollover accidents on concrete safety 
shaped barriers as well as rollover and small car safety fo general were 
tritically reviewed to obtain insights into the problem being studied. In 
addition to pertinent literature alreadj known to the project staff through 
related work, a computerited literature search was conducted through the 
Transportation Research Information Service (TRIS) arid the National 
Technical Information Service (NTIS) to identify other pertinent literature. 

Abstracts from the literature search were screened using a three-point 
fatirig scale: (1) definite review, (2) possible review, and (3) no review. 
References identified as possible review were further screened for their 
pertinency. The pertinent references were then reviewed critically and the 
results summarized using a standardized format consisting of five major 
headings: citation, study purpose, research approach, findings, and 
critique. The critical review examined and evaluated the appropriateness 
and validity of such factors as the study design, rese.arch approach, data 
file used, sample size, statistical and other analytical techniques used, as 
well as the findings and conclusions., 

In general; a relatively large number· of potential information ~ources 
relating to con~rete safety shaped barriers.and rollover accidents were 
identified through the literature search. ~Owever, many of the references 
reviewed were found to contain little information useful to the present 
study. A summary of pertinent information gathered from the literature 
review is presented in chapter III of this r_eport. Critical review of the 
individual refefences is provided as appendii A iri volume II of the final 
report. 

2. Accident Studies 

A number of available accident data fil"es were considered for use in 
the atcident studies_a~d the follo~ing ~our ~~ta files were eventDally 
selected for use in the analyses: 

• Texas barrier a'cci dent data file. 
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• Texas CMB accident data file. 
• New York Department of Transportation (NYDOT~barrier accident 

data file. 
• Natio~al Accident Sampling System (NASS) Longitudinal Barrier 

Special Study (LBSS) data file. 

Other accident data files that were also considered, but not used, 
included the NASS Continuous Sampling Subsystem (CSS) data file, the Fatal 
Accident Reporting System (FARS) data file and the California accident data 
file. The FARS data file does not identify concrete safety shaped barrier 
in its list of objects struck. The NASS CSS data base does identify 
concrete safety shaped barrier accidents, but little benefit is expected 
from analyzing the data except for national estimates since barrier 
accidents in the CSS data file are already included in the LBSS data file. 
The California. accident data file was considered due to its earlier study on 
median barrier accidents. However, no vehicle data is available from the 
computerized accident data files so that review of hard copies of the police 
accident reports would be required to obtain the needed vehicle data. With 
such manual review already planned for the Texas accident data file, there 
simply was not sufficient time or funding to also review hard copies of 
police accident reports for the California accident ~ata file. 

Brief descriptions of these four accident data files are provided below 
while the results of the analyses are presented in chapter IV of this 
report. 

a. Texas Barrier Accident Data File 

The Texas accident data files for the 3-year period of 1982 to 1984 
were first processed to identify all barrier accidents. There were over 
27,000 barrier accidents reported on State-maintained highways in Texas 
during this period, nearly 8,000 of ~hich involved median barriers. A 
breakdown of these barrier accidents by barrier type and functional 
classification is shown in table 1. Since the overwhelming majority (86%) 
of median barrier accidents occurred on urban Interstates and freeways and 
concrete median barriers are used almost exclusively on urban highways, it 
was decided to include only barrier accidents occurring on urban Interstates 
and freeways in the data file (herein referred to as the Texas barrier 
accident data file). 

Extensive analyses were originally planned with this Texas barrier 
accident data file, including the extent of the rollover problem on concrete 
safety shaped barriers and the comparison among the various barrier types on 
rollover experience and potential contributory factors. However, a number 
of major problems were identified in the preliminary analysis of the data 
file which greatly limited its utility. Consequently, the Texas barrier 
accident data file was used only in the preliminary analysis and limited to 
general descriptive statistics and cursory comparison among the various 
barrier types on characteristics other than rollover involvement. A 
separate Texas CMB accident data file was created for the detailed analyses. 
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One problem encountered was that' concrete safety shaped. barriers were 
iot specifically identified in the a~cident reports, nor were the locations 
of these barriers available from any comp~terized data file. A mahual 
process was used to identify the l ocat i_ons of these concrete. safety shaped 
barriers. The major urban Districts bf the·Texas State Department of 
Ri ghways and Pub lie. Transportation ( SDHPTJ .'\"ere contacted to identify the 
~ocations of concrete safety shaped barriers installed in their Dis.trkts 
prior to 1982. 

In discussions with the Di strict personnel,, it was found that the 
·toncrete safety shaped barriers have mainly been used as median barriers in 
Texas. There are other isolated applications as roadside ~arriers and 

· bridge _railings, particularly for elevated structures, such as double-decked 
freeways and ramps at interchanges. Howe~er, these applicati~ns are too 
scattered and of· lengths too short to be ef feet i ve l y i dent ifi-ed. It wa,s 
therefore decided that, for th~ purpose of this data file, only concrete 
m~dian barriers (CMBs) would be included as concrete safety shaped barriers 
and the other isolated applications would be ignored. 

The location information on the CMBs, as provided by the Texas SDHPT 
_Districts, was computerized and merged with the Texas barrier accident data 
!file to identify ace i dents i nvo lvi ng concrete median barriers. Of the tot a 1 
6,870 median barrier accid~nts on urban Int~rstates and freeways, 1,964 were 
identified as involving concrete median barriers through this locatibn 
matching process. 

Table 1. Distribution of barrier actidents by barrier type 
and functional classification, Texas data, 1982 to 1984. 

Barrier T}'.Qe 
• Functional Guardrail Median Barrier Bridge Ra.il Total 
Classification No. % No. % No. % No. % 

Urban Interstate/ 
Freeway 6728 54.6 6870 86.0 2733 40.7 16331 60.4 

Urban Arterial 888 7.2 305 3.8 485 7.2 1678 6.2 
Urban Collector ---12. __Q_,J _o 0. _3 _b -----12 _JLJ --,. 

Urban Subtotal 7628 61. 9 7175 89.8 3221 48.0 }8024- 66.7 
:·)'· 

Rural Interstate/ 
Freeway 1515 12.3 581 7.3 1080 16 .1 3i76 11.8 

Rural Arteri a 1 1843 15.0 207 2. 6, . 1527 24.8 3577 13.2 
Rural Collector 1333 10.8 23 0.3 880 13 .1 2236 __]_,] 

Rural Subtotal 469.1 ~ ...fill~- 3487 52.0 8989 33.3 

Total 12319 100.0 7986 100.0 6708 100.0 27019 100.0 
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It should be noted that a smal1 portion of the other median barrier 
accidents might actually involve concrete median barriers. Over the last 
few years, there have been many major reconstruction projects on urban 
Interstates and freeways in Texas in which CMBs were installed. Since only 
concrete median barriers installed prior to 1982 were included, accidents 
involving CMBs installed after 1982 would not be identified as such. 
Nevertheless, it is expected that the number of such accidents is relatively 
small and would not affect the results of the analysis. · 

Another problem encountered was on the identification of rollovers 
using the computerized accident data. Since rollover was not specifically 
identified in the accident report, damage to the top of the vehicle was 
initially used as a surrogate for rollover. However, of the 1~964 CMB 
accidents on urban Interstates and freeways, only 46 (2.3%) were identified 
as rollovers.using this surrogate measure. This low number and percent of 
rollovers for concrete median barrier.accidents was totally different from 
the rollover rates reported in previous studies. An effort was therefore 
undertaken to double check the data.for possible explanations of this 
discrepancy, including a manual check of hard copies of police accident 
reports on selected highway sections with concrete median barriers. 

The San Antonio District of the Texas State Department of Highways and 
Public Transportation, which maintained a file of police accident reports on 
all accidents occurring on Interstates and freeways within the City of San 
Antonio, was contacted for their assistance. Hard copies of all accident 
reports on urban Interstates and freeways for the year 1982 were borrowed 
from the District. Two secti~ns of highways with concrete median barriers, 
one on an Interstate highway and the other on a US-numbered freeway, were 
randomly selected for the manual check. The two selected highway sections 
totaled 22.5 miles in length. 

The accident reports were first screened by matching their locations to 
those of the two selected highway sections. Each accident report with 
matched location was then reviewed manually by reading through the narrative 
and checking the sketch to determine if the accident involved the concrete 
median barrier. The CMB accidents identified from the manual check were 
compared to those from the computerized accident data file for accuracy and 
validity, especially on the correct identification of rollover involvement. 

The results from the manual check are detailed in appendix Bin volume 
II of the final report and only a summary is presented herein. Basically, 
two majo~ problems with the data file were identified from the manual check. 
The first problem was that less than half of the CMB accidents were 
correctly identified in the computerized data file. This would preclude the 
determination of the frequencies or rates of CMB accidents, such as the 
number of CMB accidents per mile of:barrier or the number of CMB accidents 
per 100 million vehicle miles of travel. Fortunately, there was no apparent 
bias in which median barriers accidents were identified in the computerized 
accident data file. In other words, using the computerized accident data 
file to identify CMB accidents is similar to taking a random sample of CMB 
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accidents. Analyses using percent rollover or comparison between the 
characteristics and severity of roll qver ve·rsus no roll over accidents .would 
still be val id. 

The second problem concerned th.e accurate identifi ca ti.on of rollovers. 
Less than half of the rollover accidents were correctly identified using top 
~amage to the vehicle as a surrogate measure. This clearly indicated that 
manual review of police accident reports would be required to accurately 
determine rollover involvement. Since the review of hard copies of .police 
accident reports is a tedious and time-consuming process, it was decided 
that only CMB ace i dents would be manua 11 y reviewed to identify roll overs and, 
not all barrier accidents. 

, This caused a major change in the or.iginal analysis plan. First, the 
1analysis of the Texas barrier accident data file .was limited to general 
~escriptive statistics and comparisons amon~ barriei types on accident 
characteristics other than the rollover experience. Second, a separate data 
'file, here i.n referred to as the T.exas CMB .ace ident data file, was created 

.for the more detailed analysis, including:the determination of the extent of 
the rollover problem for CMBs and the, identiftcation of accident 
'characteristics that may have contri bµted to the roll over prob l eni. 

b. Texas CMB Ace i dent Data File 

As discuss~d above, a separate Texas C~B accident data fil.e was created 
.for the detailed analysis, This data file contains 1,964 concrete median 
·barrier acc.idents that occurred on urban Interstates and 'freeways. Hard 
topies of police accident reports on thes~ tMB accidents were requested and 
~urchased from the Texas Department of ·Publlt Safety. The .police accident 
,reports were reviewed manuaUy to: · 

.,, Determine if the involved barrier was _indeed a concrete median barrier. 

• Determine whether the vehicle rolled oYer after impact with the 
. concrete median biirrier. ;:. 

•• Make sure that the police ac.cident reports actually match with the 
computerized ace i dent data ·by .comparing se lecte_d ident i fi cation data 
elements between the.police accident reports and a listing from the 
computerized data file_. The i dent i fi cation data .elements .used for the 
comparison -included the ace ident , report": number, county where the 
accident occurred, the year, ·month, dff: arid ti me of .the ace ident. 

\'t Co 11 ect sliRP l ementa l data not avail ablt'.from the computerized accident 
data file, •including impacts ,with the 'end or near the end of the .median 
barrier, the impact sequence and whether the ~ehicle was spinning ~r 
skiddi'ng sideways prior to impact with the concrete median barrier. 

The coding form and accompanying instruction.?- used for t.his manual review 
iare shown as appendix C in volume II of the final report.· 
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The supplemental data were then computerized and merged with the data 
file. Of the total of 1,964 accidents in the data file, 125 ~ere eliminated 
for one or more of the following reasons: the involved barrier was not a 
concrete median barrier, the accident was self-reported by the involved 
drivers, or the information in the police accident report did not agree with 
that of the computerized data file. The usable number of accidents in the 
Texas CMB accident data file was therefore 1.,839 accidents. 

c. NYDOT Barrier Accident Data File 

The NYDOT data ~ile was created as part of a recently completed 
research study by NYDOT, in which data on approximately 4,700 barrier 
accidents on State highways in New York State were gathered over a 1-year 
period from July 1982 to July 1983. The data file provided to the 
researchers contains only barrier accidents that occurred in upstate New 
York and Long Island, amounting to some 3,302 accidents. As shown in table 
2, nearly 80 percent of the barrier accidents occurred o~ State highways 
with another 17.5 percent occurring on Interstate highways. Note that 
accidents on the Thruway were supposedly excluded from the data set. 
However, four of the accidents were coded as occurring on the Thruway. 

Table 2. Distribution of accidents by roadway system. 

Roadway System Frequency Percent 

State Highway 2,631 79.7 
Thruway 4 0 .1 
Northway 88 2.7 
Interstate ~ -1Ll 

, Total 3,302 100.0 

According to the NYDOT, the accidents in the data file were all single 
vehicle accidents {excluding parked vehicles) wherein the first harmful 
event was coded as a co 11 is ion with a "guardrail" or "median barrier". On 
closer inspection of the data, seven of the accidents in the data set showed 
collisions with objects other than barriers as the first harmful event. 

Rollover was not identified as a specific data item. In order to 
determine if a vehicle overturned foJlowing collision with a barrier, the 
only suitable data item available for analysis was the second harmful event. 
Of the 3,302 accidents in the data file, 2,429 {73.6%) did not have a second 
harmful event and 258 {7.8%) were coded as overturns in the second harmful 
event. It should be pointed out, however, that some of the remaining 3,044 
accidents may also have resulted in vehicle overturn. For example, if a 
vehicle struck a guardrail two times and then overturned, both the first 
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and' second' harmful' evehts would oe coded as · imp·act'; wi't-~ a· guardrai li. No 
rrientfon of the fa'ct: that; tfre: vehicl'e overturned: wcfoifd: .be made· i'n ft\'e coded 
ci"ata. The perc1frita'ge of rollovers .conf.ai ne~d' fn- th'is· d'aia set is therefore 
l'i ke·ly to be cohserva.tive. · 

There a.re 32 d'Hlerent types of long;ftudi•n~l ba'rrfers in t,he data' set. 
These were grouped under th.ree major hea·d:i ngs- of guardra·H, riie'dfan qarri.er, 
and post only - no ra:iL. The majorify of tffe a,ccicfehts _ (]9:.6~) invplved, 
guardrail's and onl'y 90 of the 3',302 acci'derits• involved concrete safety 
s·haped barriers. 

'-.•·· 

For an'alys i's purpose's, a different bre'a'Rdown of the harrie,r types was 
used: . concrete safety. sHaped barri'er, ·. other medi0an barri,er, and other 

· barri'er. The C(!ntrefe safety shaped barrie'r was sep'arat'.ed out s i nee it is 
the subJect. of th fa study .. • . For co_mpari son pur:PQ's.es., . 9th er type's. of medi.an 
barriers were grouped togeth'e'r and referred· to as l!o'ther Medi an'Ba,rrier" 
l'.lhile al.l remafni rig ba'rri er types were groupe'd together and referred• to as 
"Other s·arrier". · 

Also, the data ,fi'l:e was derived ,from both acc,Ment rep·orts filed by 
investigating pdlice offi,cers and self-reports from inv·o·lyed l)lotoris.ts: The 

.self rep'orts are typ'ically reports cif Te:ss severe accidents and are 1 ike,:Y 
:to be less reliable, e;g., missing or inacoi:J_rate data due to unfamiliarity 
with reporting. form or proper deffriit1rin~, built-in bi~ses over concern for 
liability, etc. Of the 3,3:02. aeci,d.~nts in Hie d~ta file:; 846 (25.6%} _were 
motorist generated and 2;456 P4,4%) ,wer:e_ fr9in pq.lic:e officer's teports. 
For the. purpose. of. a:nal:ys;s, it was felt that self r;eports by motortsts are 
simply too unreliable and should not be included. Thus, only data froni 
~olice accident reports were used. · 

d. NASS LBSS riaia File 

Tbe NASS LBSS data fiie is perhips the best data source avail.able for 
in-depth eva l Liat ion of barrier ace i dents. . The data collection system was 
specifically designed to address th~. a¢cideiit severity of impacts with 
various barri~r systems. _The data file toiitains very detailed irifor~ation 
on the environmental, ~ehitul•r and huniap fattcirs assc;iciat,d with the 
accidents plus s~ecific information on the barrier irid roadside 
characteristics. The only missing data element is impact speed whic.h is not 

_available sirite the accidents have ~cit tieen ret6nstructed. 

The key drawbacks to.the NA$S_LBSS data.-file are the nonrepres!!rt~tive 
nature bf the sanipl irig scheme ani:J the very sni~ll sa~ple size. The L~SS . 
tases were basicalJy_samples of convenience~ based lpos~ly_ on a stratifi~d 
random sampling scheme. lhe accidents included iri the LBSS dat~ file are 
gerierallY more severe iri nature as a result.of both ~he case selection 
criteria and the acceptance criteria. When :twdor morl:! ~arrier accid,nts 
were eligible for sampling,_the most severe ,~ctident wo1Jld.be sele.c:ted 
accor~ing tci th~ case s~lectibii criteria. AJ,oi cihlY tomplet~ cases Were 
accepted for 1 ric 1 us ion in the data file. Thi.s .favored the more severe 

:· 

10 



accidents since the involved barriers and vehicles were less likely to be 
repaired and thus not available for inspection. Since the LBSS cases were 
samples of convenience, the analysis would have to be either comparative or 
clinical in nature. 

The study included 3 years of LBSS cases, from 1982 to 1984. There 
were a total of 771 barrier accidents in the LBSS data file during this 
period, 130 of which involved shaped concrete barriers. The sample size is 
clearly too small for any form of statistical analysis, even for comparative 
type of evaluation. Thus, the analysis of the LBSS data file was mainly 
clinical in nature. 

Hard copies of the 130 LBSS cases involving shaped concrete barriers 
were requested and received from the National Highway Traffic Safety 
Administration (NHTSA) through FHWA. The hard copies of each case consisted 
of four CSS field data forms: accident, vehicle, driver, and occupant, the 
LBSS supplemental data form, a scaled collision diagram, and slides with 
accompanying slide indices. As mentioned above, the only missing 
information was the impact speed which required reconstruction of the 
accidents. 

A simplified reconstruction procedure specifically for impacts 
involving shaped concrete barriers was developed and validated. Detailed 
descriptions of this procedure and the validation effort are presented in 
appendix Din volume II of the final report and only a brief summary is 
presented herein. 

The simplified reconstruction procedure is ,based o~ the principle of 
conservation of energy, utilizing empirical relationships derived from 
full-scale crash test results. The procedure uses some of the subroutine~ 
from the CRASH3 (Calspan Reconstruction of Accident Speeds on the Highway, 
version 3) program to reduce the developmental effort. In fact, the CRASH3 
program was used as the starting point for coding of the simplified 
reconstruction procedure. 

The accident sequence is first divided into two phases: impact and 
post-impact. The impact phase goes from the point of initial contact with 
the barrier to the point where the vehicle separates from the barrier. The 
post-impact phase goes from the point of separation to the point of final 
rest. A closed form, backward stepping process is used. In other words, 
the reconstruction starts at the point of final rest. The separation speed 
is first estimated from the post-impact trajectory and the impact speed is 
then estimated based on the separation speed and the energy loss during the 
impact phJse. 

There are two components to the post-impact phase: trajectory and roll. 
If no rollover occurs during the post-impact phase, the energy loss is 
strictly from the tire/pavement interface and is estimated using the SPIN2 
subroutine from the CRASH3 program. Factors such as coefficient of friction 
between the tires and pavement surface, distance traveled during the 
post-impact phase, percent braking, and amount of vehicle rotation are 
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included in the calc-lilation. The ,separation 'spe·ed. Ts 'the·n esthna,tedi':by 
summing the total ·Ienergy los.s 1after :fin.pact •an'd diVHling it ·among rota'tfona 1 
·and translational velocity. . 

If rollover occurs duriflg the pos-t-iil)p~d ,phase, the ·speed at the 
initiation of rollover is e·stimated using empirical curves relatfng roll 
distance to roll speed. Such empirical relationships were develope·d 

· previously by using the HVOSM (Hi.ghway Vehicle 'Ot)Ject 'SimulaJion ·p·~ogfarn) 
program to simulate vehicle rollover accidents'. The energy loss fro~ 'tffe 
point of separation to t.he initi,ation cff rollov'er is estimated .using 'the 
SPIN2 subrout ihe. The ro 11 speed and ,the trajectory ·energy 1 os s ·a·re 'then 
combined to estimate the separation speed. ·. 

During the imp'act phase, the energy 1 oss is broken down Tnto two 
;eomponents: vehicle crushing and frictional -l·os·s. It'i-s assumed :th·atno 
'energy is absorbed 'by the rigid barrier and :that the energy Voss due to 
friction between the tires and pavement ·surface during tHe 'Hnpact :ptfase is 
·negligi·ble. The 'am01.mt of energy •dissipated 'due to crushihg of the vehicle 
:sheet metal and ·structure is estimated using the DAMAGE subrout foe of the 
CRASH3 ;program. This takes into account the size, .weighl, and sti ffne·ss bf 
the Vehicle a'rid the damage dimension•s ·sustained by the 'vehicle. The 
estim·ate should be reasonably accurate for most impacts since the damagEi's 
tend to be in a vertical plane, i .. e., relatively uniform crush. 

The barri.er/sheet .metal frictional energy lo.ss is ·a function of th·e 
· normal force andthe length of contact between the barri"er and the vehicle. 
·In turn, the normal force i·s a function of the jriipact speed and ahgVe . 
. Since impact speed is not known, an iterative proce·ss using 'empirical . .. 
relationships is' used. Energy loss dudng the i'mpact phas·e lS (frs't ·a:ss"umed 
to be solely a function ,of vehicle sheet niefal crushing .. Ah initi'al _ . 
. estimate of vehicl-e klnetic .energy at impact is then n.btained by 1suminin~ the 
v.eh i cl e's kinetic energy at separation 'wifh crush e'nergy. Impact speed can 
then be est Hnate'd ,by assuming that most of :the ki n'et it energy at impact is 
:associated with translational velocity. 

Friction·al · energy loss is then estimated 'by first c:alculating the 
·average lateral acceleratfonduring impact based on initial impact 
conditions and then .multiplying it by the welght of the impacting vehicle 
'and the length of ba.rri er contact. To account for the coefficient of 
friction between the barrier and the vehicle sheet metal, th·e frictional _ 
energy loss estimate is adjusted using ari empirical equation developed from 
~ull-scale crash test·results. A revised estimate of impact enerby 
dissipation is obtained by surriinin'g the calculated.frictional energy and 
vehicle crush energy and .. a new impact speed'~stimate is calculate'o fo the 
~ame manner as before. The revised impact ip~ed is then used tb calculate 
~ew frictional energy dissipation and the ~f6cess is iterited ~ntil the 
impact velocity converges. 

Afte~ c~ding and debugging of the corripuier ~rogfi~, the fetoriitrLlEtiori 
procedures were validated using data from four full-scale _crash tests. _ 
•Results of the validation are also summarized in apperii:lii< Din volume II of 
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the final report. Overall, the validation results were satisfactory given 
the simplified nature of the reconstruction procedure.· The average percent 
difference in delta V between the crash test and reconstruction results was 
roughly 13 percent, with a range· from 2.9 to 24.8 percent. However, if one 
looks at the difference in the actual delta V, the difference ranged from. 
0.2 to 3.3 mi/h, which was rather small c~nsidering an impact speed of 60 
mi/h. The trajectory portion of the reconstruction procedure, which is · 
unchanged from the CRASH3 program, plays a much more critical role in the 
accuracy of the impact speed estimation than the portion pertaining to the 
impact with the CMS. 

The reconstruction procedure was also pilot tested by reconstructing· a 
small number of NASS LSSS CMS accidents using the procedure. Subjective 
assessments were made by the. project staff on how well the procedure worked 
in actual reconstructions and to identify any problems not found during the 
validation process. Minor changes were made to the procedure as a result of 
this pilot test. 

As mentioned above, analysis of the NASS LSSS was mainly clinical in 
nature. The rollover accident cases (a total of 31 cases) were reviewed and 
clinically analyzed by the project staff to determine potential causative 
factors and conditions contributing to the likelihood of vehicle rollovers 
after impacts with the shaped concrete barriers. The results of the 
clinical analysis are presented in chapter IV of this report. 

In the course of reconstructing the accidents and clinically analyzing 
the rollover accidents, it was found that the quality of some of the cases 
was rather poor and there was considerable inaccuracy in the data, 
especially with regard to the vehicle impact and post-impact trajectory. 
Details of the quality assessment on the NASS LBSS cases are presented in 
appendix E in volume II of the final report. 

The poor quality found with some of the NASS LBSS cases raised concern 
by FHWA and, at its request, a quality review was conducted on the remaining 
nonrollover cases. A coding form and accompanying instructions were 
developed for this quality review process, copies of·which are shown in 
appendix E in volume II of the final report. The results of the quality· 
review were also compiled and entered into a Lotus data file for analysis,on 
microcomputers. 

3. Simulation Studies 

A careful review of available 3-D rigid barrier computer programs 
including GUARD, HVOSM-Tire Side Force, and HVOSM-RD2, revealed that 
existing simulation models were not capable of accurately simulating 
concrete barrier impacts. The GUARD simulation model has had only limited 
validation for rigid barrier simulation and results of these efforts were 
not promising. (l,Z) A modified HVOSM simulation model incorporating an 
improved side force tire model was also evaluated and found to no longer 
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contain r.igid barr:JE!r .s,i111~lation routin!:!S. (3) fina1'ly, _a car,efal .review of 
the HVOSM 0 RD2, s.imt1l11Uon ,mode 1 · ;,,:id i cated, that, althqygh• -t:he ,,program ··had been 

. successfully ~al ida:ted for concrete saf~ty shaped,b.arr~er impacts, ,it 
contained severe .limiJations that would likely inv,alidate,,,s·imulaHon·s 

. involvi,ng .major barrier s·hape ,modificatio·ns.{4;;S) 

Of the various limita,tions identiffed for the HVOSM~RD2 s-imulat.ion 
program for modeli.ng-rjgid barrier inipacts, :the.most signi·f+cant liinitatfon 
is linked to sheet>metal ,and barrier contact force-calculations. For 
-purposes of sheet metal contact force 'Cal·culafions, the HVOSM~RD2 program 
model.s al 1 rigid barri.ers as a vertical wall. Althpugh tfre-cont,act ':forces 
are calculat.ed from the,actual barrier shape, sheet,·metal crush·'for.ces ,ar.e 
,assµmed to be generated ·l:>y ,a vertical· wal i ~n.d mllst thenefore ·be 
perpendicular 'to ,a vertical plane, i ,e. Ah a,plane .paraHel ••to t·he ground. 
This limitation h_as ·been ov.erconie in the P!iSt .by.e)(tensive validation with 
full-scale crash testing. The location of the .vertical wall .'within .the 
safety shape configuration is then carefully calibrated to,yield gocfd 
correlation .between crash test and s imulat-ion results. However, ,when 
attempting to .simulate major changes in barrier desigr:i, •.this limitation ·can 
become a major .problem. 

A major· effort ,was undertaken to -modify the HVOSW,RD2 program to 
neso l ve some of the li,mi tat ion associated wiJh rigid barr.ter :impact 
simula"ti.ons. Most of the original modifitiit.ions were ,accompl i,shed un,der 
NCHRP ·(:National Cooperat·ive Highway ,,R!:!search Progr_am) Proj,ect •22 ~.6 ,while 
some of th_e ref_inements to handle ,unusual impact conditions •were 
accomplished u_nder .this study .. Modification to the ·simulation program 
included i.mprovements t.o the sheeLmetal/b.arrier interi:lction model, -the 
.suspension dainpi,ng ;niodel, ,a.nd t"i-re normal ,'f;c>rpe :mooel. · ·An extensive 

.. v_alidation effort was ,then underta·ken to verify the rnrrelati.on between lhe 
· revi.sed simulation model arid cras·h · test ,re.sul-ts. T:he val fdation effort 
involved ,t:hree pha~es: . . 

1. A lheor.et;_,cal .,stage inyolvtng solvi'ng sample,problems with known 
so lut i.ons. ~, 

2. Simulation of two full -:scale crash tests involving an -instrumented 
vertical ~all. · 

3. Simulation of seven .ful.1-.scale concrete safety sh<!ped barrier:crash 
tests . 

. Primary ell)phasi s in the va-1 idat-ion .process was placed on accurate 
predictions ofaoverall vel}icle trajectory and accelerations. A-detailed 
description of .prcigram modifications and validation fs presented in appendix 
F in vo 1 ume II pf this r;~port; · 

. -
· The. revised simulation model was tl}en used to ~-v~luate ,the potential for 

concrete safety shaped barriers to cause v~hicl~ ~ollovers and to ,assess 
poteptial barrier .in;ipnovements to eli,niinat'e:the ident',fied rollover 
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problems. The simulation effort was divided into three phases, a baseline 
evaluation of the concrete safety shaped barrier, an e~aluation of 
contributory factors identified in the accident analysis, and a study of 
potential countermeasures to eliminate problems identified with the standard 
concrete safety shaped barrier. Objectives of each phase of the simulation 
effort are described below. 

a. Baseline Simulations 

The first step in the simulation effort involved simulation of 27 
impact conditions involving the standard concrete safety shaped barriers 
that were believed to be representative of a majority of concrete barrier 
impacts. The purpose of this effort was to: examini the modified simulation 
program for reasonable results; identify any potential problems with the 
standard shape under normal impact conditions, i.e., tracking; and establish 
a measure of the performance of the standard barrier for later evaluation 
with proposed alternatives. 

Crash tests of standard concrete safety shaped barriers have indicated 
that this barrier can be expected to perform well for impact speeds near 60 
mi/hand impact angles of up to 25 degrees for large cars and 20 degrees for 
small automobiles. Therefore, it is reasonable to expect that the concrete 
safety shaped barrier would perform well at most speeds and angles less than 
those used in crash testing and the simulation program should predict this 
behavior. Further, simulations of impacts over the range of expected 
conditions could be examined qualitatively to identify any irregularities in 
the simulation predictions. 

If the simulation program predicted rollover for any of the baseline 
conditions and the simulation results seemed reasonable for all other 
impacts, the possibility that a problem area had been identified would be, 
considered. Further validation efforts would be undertaken and some mean~ 
of determining the accuracy of the program, such as additional full-scale 
crash testing, would be identified. Finally, if no rollovers were predicted 
in the baseline runs as anticipated~ results of these simulations would 
provide a basis of comparison of the existing shape with any recommended 
shape modifications. Table 3 shows the matrix of baseline simulations 
selected for this phase of the study. Results of the baseline simulation 
runs are presented in chapter V of this report. 

Table 3. Baseline simulation matrix. 

Vehicle 
Weight (lb) 

1,800 
3,800 
4,500 

Impact 
Speed (mi/h) 

30 
45 
60 

15 

Impact 
Angle (deg) 

5 
15 
25 
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6. simu'i~t';d'n :o''t c8~t'.'rf&u'i6"r:v fa'c:iars 
~ The objective 't>'f this plfas'e' o'f tfre s-i'mul atiO'n :eHcN·'t \iia's {o ~;e'ri'fy 
·acci'dent data' arialYsi's, findfo'gs ,i'egirdingJ'actors 'tha\ ,we're i'ffe'r{ti f{ed a"s 
causativ·e orcontrib'uto'ry fo v·e:hicle r'ollo'i/er 'dur.fr,'g ,imp).'cts wi'th,concr·efe 
safety 'shaped barrfe'rs. ,Accident cfaia f fo'dfHgs sh'ould \de'n'U fy ';'irip~'ft 
con'd it ions' Stich ·as sp~ed '· arigle, ·arid vehfcl'e or}erl,tatJ:on, Jhat '.nfrght . : .. , 
focrease th'e ,pro'pens°'Hy fo"r v'ehicl'e rolloV"eis. Jhe's'e Jmp'kt.:fc,Wd.i.t}o'n's., 1w'ere 
simulated f dr 'a var ie'ty 'of v'ehi de ·size's · i'-'n a'ri effort, to '&-et't'~r u"ricl'E:!rs'ta·n'd 

'. • , ' ": _ • , • > "~ • , • 1 
-•~ • '. • • ,I • ,-, • • _, 1 ,: ' " •' .'. "', •. ,.,.: , • • / \ . "'" -_"", C1L' 'J. -i '!.1 . • •, • :, '. .,,; \,' ; ,., . .' , , , •. " ;_ l,c' , t " • , , • ,, I,,< >· •' • ,' ~: '" V ' the nature ,of ton·cr·ete ba,rri er Jmp'acts'., ._ espetJal l_y th'ose~ itripatt soridi ti on"s 

resulting in r6J l o've"rs. FOrther, careful. re\iiew. Jff th'bs.e s irrfu.l "ii"t f6n\ ... , 
., .... •. -~. -.-·· ,t.-··": ., ·_, ... ,:- •.r.•:--·• .... ·. ,.,_.,. ·-·;,. 1 · -~.,-•-.-,r , ... _.•-,.1, .. -~.·.·1. ·,;·-"·~ •• ·,~·-·•. ,.,_,,,,.,_._ ·····'i·•'•:·.'.,•,'I-''.•,•+' 

resul.ti'ilg in vehicle. rollovers .fglilcl_ ytelcl, vaTu_a~le'..fnform·aJib'l),._ regarding_ 
#os'sible coun'termEfa·sµie/s f6'r e]imin'atfn'g the'se rolTo\•ifr pr'6hliiriis, ,,_lfe_tails 
of the corifri'outi:Jryfa'ctors simulated and fhe r·es'ults are pre'sefit'ea in 
chapter V of this r~port. ~>'- · / · 

. ' 

c. Si inul at ion df Poteht i ~l ti!iurit~fm'easures 
' . After analyzin tHe rJs'ulh of Jc'tiBe)ti <la.ti ';{~:~fy}!;j~ -~fio, .the itf:~gc:i,irig 
s tmu1 at ;·an effHrt:s, 9c6unf~rrh'e'.'asGres. ae's t§ri'e-d.•io .· 're°clUte,the .,. Hgrl; rfcabce Of 
the ro 11 over problem were {derif_ifi ed . . Thi·s ,phase,Hf the sfmu,la(j on, effort 
was designed to evaluate the eff~cJ i venels:s. o·f :e_ach. P.f ,tti'i{s'e, poterit,i al 
c9untermeasures .. All .fmpatt conditio~s \liat wer~ .i~eiitifJeq,,a'S pbt~htial 
C<>ntributor.s !9 V~~i~le follpyir. under th~, S,etort.P~{s'.e df the simulatibi, 
effort were simulat~a with each pri>pOsed Counf~riife'asure. 

l ,<'' ., • ,• <• ., .-• 'j :·.'••, ,•~ ;,' ,' '.•, _-,-4- ,·•••:'•c!~-'~>~,'.1~-:\.,,..,_/.>:• .. ,••••·• :,,.,:~,: .. •/ .. '.•+,:,r.;;, (,,•~--•\':,_,.,,,, .'..•£-.,°t' ';,•,:_, ::,.;,~.-.. _~,,,• 

. .. . The effett iveness 'qf eath countermeasure was theh eval uatea )h' t~rms of 
the prci'portr/fo hf f8lio~er coridHioiis That We?e,,eiHnrrifi:"~cL All o~selihe 
s i iriU1 ati on run; were .Hien coh"duct~a ttir the Dest ccrti'nfermeas'tlre. .. . ... 
campar, sons betW~eh .The bas~ 11ne runs ori !stan&lh:i. c"dilif~te ., safHy 'sHa'peci 
barrier ani:l countehn'easUr~ 'ba-st iifre runs ·were. then cofittuci'ed f.b .. ass~ss .. 
chang~~, {f ati.Y; 0~ . tH~ potenlViil ,, fcfr, "occ'up~fit ihJU~y. ~iict Vehi'cf~ H~nfage, 
sudi as l ater'.al ac:cfrerat H>n levels and extent of vehi c:J'e. crush. ' THe 
pbtei:iha1 co\.iHfe.rme~sures eva1Date&. fn:dns s;a.o.1ai:ron gfforl and the 

. -results ar~ presen·te8 in c:'t1apter V of this.:..re\:>drL 
. _,. -~ 

4. l~boratBry last h-19 ', ,,,, . 
' ',', 

The p_urpose of.the hbdritbry test,llg¥was t~ oBUi!i jrifbfmatidH.,c .· ' 
cur-reritly unavailai:ile dn,, s~iettecl B~rri~r Qr ~efifrl~ properties, in ~upport 
oft~e stu~J..effort;,part1cutarl:Y fdr thejirnµ1ati0Hsti.i~ies,'.,,, {(number of 
candidate topics were identitied, t~o of wfi"ich were c:oiisH:lered for .... 
1.J?P:~!PrY W}l} rjg: ,, ,, (tL ~~, ~1et~tfii,i~-~, .t~t~:~~pifg ·r~t~. ~fi,,v.~HFu.i Mask 
absorbers; and ( 2) to measure the Ctl'effl c1 ents of fr1 ct 1 on of concrete 
birrler s~rfici~. 

Hi 
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impacting vehicle were very sensitive to the damping rate of the shock 
absorbers, but there was very little information currently available on this 
subject. Upon further investigation, it was decided that the testing of 
shock absorbers under high dynamic loading to determine the damping rates 
would require the construction of a special test apparatus and the 
associated costs would be too high for the budgeted effort under this task. 
Also, the project staff obtained some testing data on damping rates of shock 
absorbers under low dynamic loading from the University of Michigan 
Transportation Research Institute (UMTRI) that are considered adequate for 
the simulation effort. 

The other topic for laboratory testing was to determine the 
coefficients of friction for various concrete barrier surfaces. Surface 
friction on concrete safety shaped barriers has been reported to have a 
significant influence on the stability of impacting vehicles. (6) While the 
conclusions were based on only a couple of crash tests and there were other 
extenuating circumstances that could also have affected the test results, it 
did raise the question on the effect of surface friction on the performance 
of concrete safety shaped barriers. 

The most important effect of high barrier surface friction is believed 
to be the increase in the lifting force imparted to an impacting vehicle 
through tire sidewall scrubbing. Another factor related to barrier surface 
friction is the longitudinal retarding of frictional forces acting on the 
sheet metal of the impacting vehicle as it slides along the barrier. 

Other than the study mentioned above, there has been little effort to 
date to determin~ the importance of barrier surface friction to the 
performance of shaped concrete barriers. In fact, there is little 
information even on the extent of variation in friction from a smooth 
barrier surface to an extremely rough surface. In support of simulation 
efforts to examine the importance of barrier friction to its performance, 
limited laboratory testing was undertaken to estimate the sliding 
coefficients of friction found on concrete barrier surfaces. 

Two concrete barrier surfaces were selected for testing in this stud}. 
The first concrete barrier surface, believed to represent a low friction , 
surface, was a recently manufactured precast concrete safety shaped barrier 
segment with a smoothly finished surface. The second concrete barrier 
surface, selected for its extremely .rough surface, was a 20-year old 
weathered concrete safety shaped barrier. 

Surface friction was measured using a block, which consisted of a 20-lb 
weight on either a rubber tire pad or a sheet metal pad, on a horizontal 
barrier surface. The block was dragged slowly across the surface and the 
force required to maintain a constant sliding speed was measured using a 
spring scale. Four sets of tests were conducted for combinations of smooth 
or rough barrier surface and rubber tire or sheet metal pad. Each set of 
tests included three or more repetitions to ensure accurate and consistent 
results. Results of the tests on the coefficients of friction for concrete 
barrier surfaces are presented in appendix Gin volume II of the final 
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re phrL , tWt /ei~'.~lft's ~eifi' 1Nea fh s uW1:i'oH: it iNt s't~hf~·fTaW :~'ffo;h ,· ts 
described ea'rlie'r. 
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III. LITERATURE REVIEW 

A summary of pertinent information gathered from the literature review 
is presented in this chapter and is divided into two major subject areas: 
(1) accident studies, and {2) simulation studies and full-scale crash tests. 
Synthesis of the available literature is presented in the following 
sections. 

l. Accident Studies 

The information from accident studies is further divided into two major 
topics: (1) extent of the rollover problem for shaped concrete barriers, 
and (2) rollover and small car safety problem in general. 

a. Extent of Rollover Problem for Shaped Concrete Barriers 

A number of studies have reported on accident data pertaining to 
concrete safety shaped barriers used as median barriers, but no specific 
information is available for their use as roadside barriers or bridge 
railings. This is to be expected since the concrete safety shaped barriers 
have mainly been used as median barriers, although their use as roadside 
barriers or bridge rails is gaining popularity. The information presented 
in this section is thus limited to concrete median barriers (CMBs). 

The rollover experience was compared for three types of median 
barriers: concrete, cable, and metal beam, using 1979 accident data on 
freeways in California. (S, 9) A summary of the data is shown in table 4 ... 
The percentage of passenger car rollovers on CMBs (6.8%) is 1.9 times that' 
of cable median barriers (3.6%) and 3.8 times that of metal beam median 
barriers {1.8%). For nonpassenger car rollovers, the percentages still 
follow the same order {3.0% vs. 2.6% vs. 2.0%), but the differences are much 
smaller. This suggests that the propensity for rollovers is more sensitive 
to barrier types for passenger cars than for other vehicle types. 

A study comparing the rollover experience of imported versus domestic 
passenger cars as the surrogate for small versus large cars concluded that 
small cars are significantly overrepresented in rollover accidents for all 
three barrier types. However, there is no significant difference in the 
proportions of imported passenger cars between the three barrier types. 

The cumulative weight distribution of the 123 passenger vehicles that 
overturned in collisions were compared with the CMBs to that of passenger 
cars registered in California in 1979. Vehicles weighing less than 2,250 
pounds accounted for 51 percent of the overturned vehicles, but only 24 
percent of the passenger car registration. The data indicate that rollovers 
are overrepresented up to· a curb weight of about 2,700 lb. The cable 
median barrier also shows a vehicle size effect with 50 percent of the 
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_Other ,Veh i,cle Jypes ,.. .,, .-, ' . ': ',' ,-• ',', ,,., 

Total 

concrete 
:N,ci.'. % 

7~ 
-~o 

123 

5.4 

17.7 

4.1 r_a, 
6.9. 
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,Median barrier .accidents were found to constitute a relati'v'.e:ly constant ' ,, • ,·•;', -, , ' ,_ • . ' ',:•:. :: - ,\•• -, '• 1••: ' .,-,•-• •, "" •• ", . O O '• ' •. _-•. h •.•.• • ' ·•;• ,;:, -, '. ,,.-.- •, 

0 
,, '•"-?•, •,.;•-, •• 

,percentag_e <>f to.t.il fr.eewi;IY <1q:i <i.ents, r.~g~,r<il.l=!ts .Q:f t:bg ;type _p;f barrier in 
• ;pi ace. . Th/! s:•-:~ri\y pf s~~ ~:srt.i;lgn:y .. ~ill J1r~:~t1a~ .th~"~ '\~it l,9r te/t- ~J¢~ 
1.gu<1rq.ra i l __ acc19.~!1J$, pµf lg.)':'E:!I'.' than th~J _p,f rnyJt i.,V,E!J;1_1 Q-1 e :~,~,<19-,J>Jl !ln9 · 
;5ideswip,e-:9ppptit~ ,9,irJ!Ct,i.QJ1· ~.!=.ci.p.~.nts: ·· · ·· -· · ·· 

· Jhe ~ccw~P!- fXR~rt~nc,e -~-~-~ mqnt~,9r1a<i on ·!l,n i~ 3/~ ,c9Ji l~. s:t,r.~t<;_h gf 
,Interst<1t~ H,,gnwp ~,? ,i;p ,f).Qqi:I~ cJw:-ir,~ ii >~h~.q,rt~ p~r,1_9d frplll ~.~ptember 19,83 
'.to March 198~..(.l_ ) The inst.all at ion indui:led 1 mil~ of a new median barrier 
,:aes i~n. deyei'qpE!¢ ~-y. In(~:rri~ti q11~:1 •~an)e.r· :¢.p'f por.~;t\CI~- o>~ .C ·~ )'an,d. J~i 
,,r.em_!l,iJ1l!J9 7)/Lmil~? ill"..~ CMe? of th __ e Ng~ J,ers,f:!y g~~igp. Th,E:!rE:! 1-1~r~ 48 C_MB 
:c3ccip.1ant~ ir1.vp,ly1ng _5J ve~i.~:1e~·gµrtrig'tfo{s\µqy p}riq'9, fiv¢ 9f,1-1hich r~-,r.J _resµltg9·· in• nt!,ll<>,~~.(~.-. I~ ~w11paxis_q,~, )JP.rij• ,C!fJb.e ro ~c,~i9:~nts 
,involv1ng t~e L~.C. ,m,;~/!l~ ~~r.ri_E:!_r r~.s1:1;lt~,~ W r()l)Qy!lr, · 

In a majo,r r:ese.arch study on _concr.ete median barri.ers, CMB ;icci.dE:!nt 
"· .. , . .,, ,•; ... . }~.· · .. · •,. ·-·. 1 ,.· ~.;,, ~ --1'··,· "V, • . -,: • ..- ,1·~ ·'i .ci--0,,,,q,,-,..,.. !,, •.. ~.----,-. " ... • .,,1,.~,~r'" ,-• · .,..-;~~, ." -__ , 1 - • 1F;~':.·. • ·;· •-" ·, 

~~J~ wen~ 99.t~iiP!:!.d. ft;gH1 l5 S\iiJ~' bi.QQ,'\t~l A~~~~i~:~, _il ~.l!c'l}l)J~r{qf wpic:Q js 
'.show~ i \1 r\lb.lE! ? . P2

) . J;h~ mo~:! fi,e,d. ~e~ J.~r~~y ?~ii:ir ~~s A r,~,~.MJ (lp.~~r 
.,vertical face) 9_f 4 t9 ? i.ti trist!;!,a9 9.f tp~ ~.tin<;tilrcJ 3. W· Th.e·a:1,1t.b9rs 
s~pcl.u_deg ~haJ t~.e e.~-tt9TW/!!l~e .9.f JQ,~. t~.r-~-~- SQ~RE!Ji i:$ c:9~P.,ilf~IJl~ ~~ce.p.t, fo.r 
t~.e .0.1::cu.rrl:!ncE! 9.f veh'J c lJ~- r;CJJ lovers. Tb.e ~ew J,E!f::SE:!Y $~ilp.e (M,B5) sh.9\'l,s ~. 
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definite advantage over the other shapes in preventing vehicle rollover. 
They al so reported that the CMBs have been effective in ,containing and 
redirecting heavy vehicles, i.e., buses and large trucks, with only two of 
49 heavy vehicle accidents resulting in penetration of the barrier and one 
rollover. 

Table 5. Summary of accident data from 15 States. 0 2) 

Total Number Vehicle Rollovers 
Barrier Ttlle of Accidents Number % 

New.Jersey 180 6 3.3 
Modified New Jersey 73 9 12.3 
General Motors 299 li 6.4 

Total 552 34 6.2 

An inservice performance evaluation was conducted on concrete median 
barriers (General Motors design) installed in Milwaukee County, 
Wisconsin. (l 3) For the 12-month period from December 1972 to November 1973, 
170 CMB accidents were reported. There were 13 automobiles (7.6%) that 
rolled over after impacting the barrier, 9 of which were small cars. Two 
of the rollover accidents resulted in fatalities, one of which also mounted 
and crossed the barrier. In addition, 11 cars mounted the barrier, 4 of 
which were on right curves. 

The extent of rollovers on concrete median barriers reported herein 
pertains to only reported accidents. An unknown, but probably significant, 
portion of accidents involving CMBs are not reported to law enforcement 
agencies for various reasons. It is reasonable to assume that these 
unreported accidents are relatively minor in nature and unlikely to involve 
rollovers. The inclusion of such unreported accidents would certainly 
change the extent of the rollover problem for concrete median barriers. 
However, since very little information is available on unreported accidents, 
the assessment of the rollover problem for CMBs will have to be limited to 
reported accidents only. 

An Indiana study provided an indication of the frequency of unreported 
to reported accidents on concrete median barriers. (l 4) On one roadway 
section, 12 accidents were reported with an estimated 47 incidences based on 
marks on the barrier (a ratio of 3.9 to 1). On another section, 53 marks 
resulted in 20 reported accidents (a ratio of 2.7 to 1). The authors 
concluded that less than half of the, incidences involving CMBs were reported 
to law enforcement agencies. 

A study by the Los Angeles District office of the California Department 
of Transportation reported that some· 40 percent of the contact marks on an 
approximate 1 y 3-mil e 1 ong concrete median barrier were not accounted for by 
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polite accident reports.( 15 ) Another study on box-beamnied'ian barrier 
ace i dents found that only 33 ace idents i nvo l vi ng the median' barrier were· 

reported compared' to 204 damagesreco~ded (a ratio of 6.2 to l);(l 5) 

The ratio of total incidences to·reported accidents is even higher for 

temporary barriers. ( l 7) Precast concrete traffic barriers. of the New -Jersey 
design were used in two construction zones in Virginia. For one 2.37-mlle
long section, there was evidence of 154 vehicle involvemehts above the 3~i~ 
re~eal over a 3-month period, but onlj 3 accidents were reported involvin~ 
the barrier (a ratio of 51 to 1). A second section 2.28 miles in length had 
evidence of 89 vehicle involvements above the 3-in reveal over a period of 
slightly less than 1 month, but only two reported accidents (a ratio' of 45 
to 1). 

b. ~allover and Smal 1-Car Safety Problem In General 

The rollover ~otential of vehicles on embankments, sideslopes, an'd 

other roadside features is the topic of a recently completed FHWA study.Cl) 
A detailed review• of 13 references, suppl einented 1:iy limited ana·lys is of 
1979-1981 NASS (National Accident Sampling System) data, was conducted as· 
part of that study to determine the general st~te of kn owl edge of ro 11 over 
accidents. Most of the data pertain to rollo~ers as the first harmful e~ent 
with no specific reference to rollover involvements subsequent to prior 
impacts with longitudinal barriers. Nevertheless, the information p'rovides 
some insights into the' rollover problem in general. 

In another recently completed FHWA study accident problems associated 
with mini-cars are defined and evaluated for potential safety counter-

measures. (I 3) The study included .a,critical. review of literat,ure, 
supplemented by analyses of accident data froil]three States: North Carolina, 
Texas and Washington. Safety problems posed by mini-cars in impacts with 
longitudinal barriers is one of th~ topics specifically addressed in the 
st~dy ... Other. topics studied included general mini-car pr-obJems,r~llover 
poJenti.~l, geometric and roadside design, and safety problems posed by 
mini-cars in impacts with various roadside objects and features. 

Comprehensive review of literature on rollover and small car safety 
problems in general is well covered in these two stud,es. · Only findings of 
specific interest to. the pro bl em of ro 11 overs on shaped' c~htrete barrhfrs 
are to be included il1 this report. For more .general information on 
rel lovers and small car safety, the reports from these two studies are 
recommended. 

The firsf itudy concluded that roll-0ver i~ a rel~tivelj frequent 

occurrence, particularly for single vehicle accidents. (3) Also, the 
rollover rates vary greatly by vehicle type and size. Table 6 shows t:He 
percentage of ro Hover for single veh fcle acci~ents, bot'ti as th·e· fi-rst 
harmful event and overall, ba~ed on the 1979-1981 NASS data. 
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Table 6. Percentage of rollover for single vehicle accidents, 

1979-1981 NASS data.{J} 

Percent Rollover 
Number of Single First Harmful All 

* Vehicle Type Vehicle Accidents Event Rollovers 

Utility Vehicles 86 38.4 65.2 
Pickup Truck 503 19.3 39.7 
Van 119 13.5 30.3 
Station Wagon 811 7.9 20.2 
Passenger Cars 1637 ...Ll 21. 5 

All Vehicle Types 3156 10.3 25.6 

* 59 percent of the rollovers were not first harmful· event. 

Utility vehicles have the highest rollover rate (38.4% as the first 
harmful event and 65.2% overall), followed by pickup trucks and vans. 
Station wagons and passenger cars have similar rollover rates and are the 
lowest among the various vehicle tyRes. Utility vehicles are about three to 
five times more likely to ov~rturn than passenger cars and station wagons. 
The results are consistent among the various studies reviewed with regard to 
the rank ordering of the different vehicle classes by rollover rate. 

For passenger cars, the relative rollover involvement rate (i.e., the 
ratio of percentage of all rollovers· to percentage of all accidents) • 
increases with decreasing vehicle weight, as shown in table 7. Vehicles 
weighing 3,000 lb or less are overrepresented in rollover involvement 
(i.e., a ratio of greater than 1.0). The relationship appears to be 
curvilinear with the highest relative rollover involvement rate for vehicles 
weighing 2,000 lb or less. The rate decreases rapidly with increasing 
vehicle weight up to 3,500 lb and then levels off. 

A major problem with mini-cars is their propensity for overtu~ning, 
citing the literature and analyses conducted in the study. (l3) All three 
accident data bases indicated that mini-cars overturn more frequently than 
larger cars for all highways types. For rural highways in North Carolina, 
the lowest mini-car rollover percentage is found on Interstates (28%), which 
increases progressively on US (35%), State (39%) and secondary routes (46%). 
Different mini-car rollover percentages are found on Texas highways with 
rural Interstates having the highest mini-car rollover percentage, as shown 
in table 8. 

t,1 
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Table 7. Ctimpir'i:~ori: cff ifa,sJe.hg'e'i-' c;ar re'l'ii'.fve, ro:Hov~f: Hi.vci!l\e:~enf 
ra:tes fn: s':fngJ:~, v~h,:cire icc:~c1i!nts; : f91c9!~·14st? NJi:,s'.s~ datla . 031f 

Vehicle Weighf 
-.· ·· (POunds}. 

i1i ,fic6fcte'nJs: 
No\- %. 

A-l;;J).-Rol:lovers 
No:. .%. 

R,elatiVe Ro-1'1over-
1,nv6'i1,vemerrt . Rate 

<,, lboo. 
~[~~: ~~·~·~---
3100'-3500 
360°0'-'4ob'o 
4160-4500'· 

>; 4'6'60 

la's 
2a's0 

2sf 
39,2 
331. 
tfo· 

. , 77 

1'6°48 

8"4 
l'•f:-,2 
1;5.6' 
'23.:3 
20· .. i, 
1t~2 
·,,4,_7 

10rr_;o; 

5'0 
jg 
tf 
7() 
4;2. 
2t, . 

..•. a· .. 

3'54' 

i!G)i 
2-2;3 
·20;9: 
1§'\.;gi 
J'i.9 
$.9' 

-.,,.t:'3 

too. o' 

T a:tiTe a. i-1\:n ;· "c'ar .·r&i:}ovEir •p'ert'~Wtage{, 1py. i'.ocat\on
and hlghw'aY t-y#e; iex:is data< ( 1s1· 

~i'dhlii~v·,.+voe· 
I'rit'~rsfafe 

•~ft!}U:Ma'F~~t 
Loca·i . . 

t1 ~Y. siteet 
tounty Roac1 

.... ,Peri::eWiJio:1jo've:r. 
Urlfan 'Rufal 

· {si9 
'16;6 
19;] 

;fo,j 
:;,__ 1N/A 

50.5 
Jg.,\f 
40;4' 

•~/A 
32.4 

2i.Q,J 
i.5if 
i.34· 
0';83· 
6.591 
O'.•i'S 
d.,49 

1-. 00 

. · ... An ari~lYsis of 1980 .fexas ~Cci<leh{ cfata Using iogisfic regression 
techHi~Ues rdund that ~maJief c~r"s af~ .. -·mucn (n9fe 1-ikeTY to ro,i:1 over th'a'n 
) ~rgfr_ ,cars 8fi .. Hi . 111 gK~iy cl a{se~ / 1 ?> ,'Gom~ared to larger. cars; ·m; n.i ~tars 
are. found to.be eight tiirie\m~felikelyJb overturn ori COuritY rciaas, 12 
times on Interstates; and 37 ·t;ines 6n·c1'fy streets. . .. 

The secohc! 'FHW~ sttiBy ai.~10 'e~aiii'ined tire.~;rBl i over fate suhsequeht to 
iinp~d ~1th a 'r1xea •8'tiJecb (113) 'Mi'ni 1fars a~~ t'ollnd 'to hav·e :an ·elevated 
r,~,1 l'<lv¢r rate after stri kfng 1fhy 'ff~~~ 'ob.dec't J/tH~n coiiip{1r~<tto ·1 arger .. 
v.e~_H: Je.s: Ja.~le 9 s_hpws ~~~--'pef:ce~Jag~, bf r:P l:l'o?ers a'fter impact with fi x-ed 
\>J:>ject ··.for 'thre.¢, v~hic_le. si_z'e's,. usi'ng the Nor.th ·Q,"arbl}fra •acci'd~nt"d'ata. 
(4fter fritpai:t with a m'edia'i\ b'ar'rHfr, is pertelil 1o'f iii'ihi 0 tafs rolled over, as 
com'par~a 'to ifr,iy :4 p'ertent tor btg cars ,ana ·, p"ercen:t hYr 'mil!-'id ie tars. 
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Table 9. ~ercentage of rollovers after impact with 
fixed objects, North Carolina data.(18) 

Object Struck 

Median Barrier (US, State and 
Secondary Highways) 

Traffic Islands 
Rural Highways 
Urban Highways 

Catch Basins (Rural Primafy) 
Ditch Banks 

Rural Interstate 
Other Rural Highways • 
City Streets 

Guardrail Ends (Rural Highways) 
Bridge Piers (Rural Highways) 

All Objects 

Vehicle Size 
.!lig_ Midi Mini 

4 7 28 

7 32 33 
3 16 18 

18 26 30 

9 28 36 
18 30 38 
6 13 16 
7 13 18 
0 23 33 

7.5' 15.0 20.8 

In a study using Texas accident data, it was reported that median 
barrier accidents resulted in 9.4 percent incapacitating (A) and fatal (K) 
injuries, as compared to 10.3 percent for guardrail accidents, 11.2 percent 
for bridge rail accidents, and 11.9 percent for all single-vehicle 
fixed-object accidents over all highway types. (20) Median barrier 
accidents are found to be slightly more severe on rural highways, especially 
on rural US and State highways. 

Rollover accidents are consistently found to be more severe than other 
types of accidents in all the studies reviewed. Overturn was reported to be 
the leading cause of roadside fatalities in 1981, accounting for 33.8 
percent of the fatalities on all roads and 44.7 percent of those on the 

: ' ( 9) 
Interstate system. The first FHWA study noted that ejection is the 
leading cause of serious and fatal injuries in rollover accidents, with 40 
percent of the occupants being eject~d in rollovers and 50 to 70 percent of 
those killed in rollover crashes being ejected. (3) 

Similarly, severity of accidents involving smaller cars is found to be 
higher than that of larger cars in various studies. For example, the 
driver of a 2,000-lb vehicle is 2.6 times as likely to be killed as the 
driver of a 4,000-lb vehicle in similar crashes.( 2l) The rates for 
incapacitating and fatal (A+ K) driver injuries in single vehicle rollover 
crashes per 10,000 registered vehicles decreased with increasing car size 
with a fiMe-fold difference (4.1 vs. 0.8) between subcompact and full-size 
cars. (22 ) · 
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Hp~~ver, giv~r:i .ii r:9ll9v,er c1cc:ident hi!d 9q:1,ir:r;ed,, no differ;ence ~as 
founp in dri VE!r · i'.rJJY!c>' by. ~ilT si~E!, . a)id t~e, lQ;cr,e.c1se;, i}~. · \n~.u)::y fr:C>!]l, 
r,ol lovers may re-Hect the rncr;ease. rn .. overturm r:ate .for sma] l er cans and not 

. ~'n increase in ~ ~jury se~eri ty: (9) If ~nly' rollover: accj<:IE!nts ·ar;e 
0

ex~mtned, 
~ini-car d~ivE!ns ~x;periE!Q,c:E!_ consi,stently '101-t,e..r, tno.ugh nC>f signffic<!nf, .. 
serious a.nd fatal Icn1u.H rates than d9 tbe. i;lri ver:s of lar·ge_r cars. (lB:) 
They thecidzed th.at. t,his can be. par:t ially e,xpl,a,ne<l by .the'. fa<it that: (cl) 
mini -car dri v·er~ 'are belte<:I mo~e '9ften that'( Tar:g_e,:. c~:r dr\ver-s, arid '.(2) . 
mini -c:ars 9ve,r:tuvn at 1 Cl~E!r SP,ee,ds. · · ·· 

Car s i.ze is found to have n9 eff~ct oJ,-,frequencj' of ace i.derits i,:ivo lvtng 
longitudirjal ba'rr{ers oth.E!f: ttic1.na ti{gher'rollo:,i,er rat~-fqr midian b~,r/i€r , 

·accidents as noted earlier. OS) I.n t~rms of a.cctdent severity, an i.ncrease 
i ri minor a,nd ITlQ~eraJ{ i'.nJ1,19'. YlaS reporte<;l for 1tfi~ ''smaller cars' in gu~rar.a i,l 
accidents, but riot i,n SE!rioy_s or f,ata.l i,nJ~t;, (23 ) •~p dtfrerence was found 
in any.level Clf injury betwe~p smc1ller an<;! ),arge VE!hiccl,E!,s i,n b_ri.d~e· ·rc1fl 
accidents·.· 
'· ... , .. ,.,..• 

ln mos.t of the, rollQver a,oci<;IE!nts., ,th'e ,vehi.cles wer;e ~kidding ou,t of 
,control at a lar;ge S:.i;d~slip i\ng-le ptior tq':·9,;ert:~rning,. (3} I,t i,-~ · 
hypothe,s ized t~at. srriaHer vehi,cJes ·.111ay lltrf.p'." ll)gr~ e,a,s\ly th,ap lar;ge~r: 
vehi,cle~' o.r roll O!,'er mqre. ab,t:Ul),tly w,hen ,;.tr.iki,ng 'fi.x.ed obJects. UB) 
~-esE!ar;ch S~Ow'S tha\ 3:0 .. ~-. p~r;c~nf 'of _"a/1', ~i ~g},e \e~/d;~ A9:~i:d,int~: ·?.n, r;ur;;a,l 

. t,w<;>.-1 aD.e h,1g,h~ays rnvql,ved. non,tr.ack11ng veh,1;eles, 1:.e, .. , sK1dd;,;ng s.1,d~WR-YS o,r 

spjnn,jng:, (? 4
). Nor1:tr:apktng veh.icleS ~re tw,o t~. th,~ee qme:s rrio;e l:t~e}y to 

ex,per:tence roJl,o,v,er;s ~h,a,n trae;k:iryg. v.e.h,i;cl;es. · 

An, analy~j~. of t~e N,a~ i:Ol')i!, l Cra,sti, sev,,i~{ty, StUQ¥, tN,CSS} d~,ta t;:i),e. 
rexeaJe_d w_biJe vihtcl,es, s~i,d,d,i:1')9 ~.i,9-,e.l':(a,YS ~.er;~ fo,un(!: tn. l:ess ~ha~. ~P. . 
P.excent q,ff all S:)ingJe v,et,i,,.:cl,,e ,act1,d:ents, ~.h~Y, a,cc,o.u.9,tei:l. {or ov,er ~alt; of the ,' (25f ' , ' . , , .. ·• ·;, •. , , . . I 

rollqyei;- a,cc i,d~n~~. · .,: j Qn th,~ ot9er ha,~i;J,,,, ~e,h i;~le spiJJn ing ¥1'.<!-:,S found•, tn 
only 3:;.9 per;cen,t of a.ll s.ing,le. vebiccle acdde.nts and, 4. 3, percen,t o.f ro;Hov.er 

· ·accider:its: ·s.tl!l}l;ar r;e.su.lts were ·fo,µnd for. l-l:g.h;t tr1;1<::ks and vari_s·: " ....... . 
• , ~•· ,, • • < , - I _. •• • ,,J ,, , • < - •., • o <.• , '':' , · c •, ~• Jl { •: • c' • , l . • " • • , 

~nalysts ·o.,f; Tex~,s ~,cct9e,n:\ d,~ta, fou,ncl, {~:at m1n1;-c~ps w;~re 
();vgr;,:-eP,resented iA ~tngle .,iehtc lE! ac_~•i,den;ts , ~(1:i wet p·av~nient. ( 1"B) S-i lJ1,i,l-a17 

resvlt~ w.E!.r:e c1Jso 17~P,O:~led i;n, ot~er s.t.uple,s /('26 •i7-J ~ow.e'(E!r;', thE! l:eXJ!,S 
d,a,~~ t~di catE!d, ~ha_t th~, rq,lJCl-:er !r/lJE!, Cl,n, ·~et ,:pa~emE!nt is ."19~~- To~,E!r tha,rJ: t_~e. 
l'.'QJ)o.ver r~.te o.n. Q)'.'Y p~.VelJlery,t for all, VE!h,1,clE! s1:ZE!~,. Thars 1)1a$ res1,1lt f1:9m, 
the fact tha,t t~E!~e is l~s.5_ tr.•~l?R,ing, an1, 111().p-e:. sJ i,clji;~,9 o~: \'f.~tJ.~v,E!i]lE!i)~ dy~. tcr 
th.e, l:ol'IE!_r coeft1cc:1,en:t o:f fr;:1c:t ion,,, q.r s 11mpJ,Y th.~t. S,1!~9JE! VE!~ 1;cl1e; a,q~ 1;d;e11,ts 
o,ccur: at l:011.el'i' sp.eE!ds w,htch, wou,lid, r;es.~},t i):11 f,~~E!.r r;o;l:,lo,"'.ets.; · 

. ' ' . ' -,:· . 

The li:keJi~oo.Qi or rollq11er in9r:E!.aSE!S, w,i.t"ti: i:nc:17ea,1;sing,. sp.eed. pr.:\QX to. 
l)lpact. ( 3J _ l~E! r;ollo-:e.r, i,nvolvemen.~ r;atE!. fio.t\ ~api9.us · i.11)~:act. spE!,:ds bA~E!Q,_ 
n the. Colhs,or;i. ~er;fiq.rmance and ln~

1

urY;, Reper;~ (CPIR) data f1,le 1,s show.,r:i, l;n 
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table 10. The data indicated that about one-quarter of the rollovers 
occurred at speeds below 40 mi/hand over half of the rollovers involved 
vehicles traveling SO mi/h or less. The relative rollover involvement rate, 
i.e., the ratio of percent rollover to percent of accident, increases with 
higher speed. Rollovers are underrepresented for speeds below 40 mi/hand 
overrepresented for higher speeds. 

Table 10. Impact speed and rollover involvement, CPIR data file. (28 ) 

Relative 
Impact All Accidents Rollovers % of Rollovers Rollover 

Speed (mi/h) · No. _!.._ No. % ~ Cum. Involvement 

1-10 178 9.S 4 2.2 1.9 1.9 0.20 
11-20 157 8.4 2 1.1 1.0 2.9 0.11 
21-30 341 18.3 9 2.6 4.4 7.3 0.24 
31-40 405 21. 7 37 9 .1 18.0 25.3 0.83 
41-SO 361 19.3 55 15.2 26.7 52.0 1. 38 
51-60 195 10.4 41 21.0 19.9 71.9 1. 91 
61-70 157 8.4 33 21.0 16.0 87.9 1. 90 
71-80 38 2.0 9 23.7 4.4 92.3 2.20 
81-90 25 1.3 10 40.0 4.9 97.2 3. 77 
91-100 _lQ ~ _§ 60.0 __l_,_2 100.0 5.80 

Total 1867 100.0 206 11.0 lOQ.0 

2. Simulation Studies and Full-Scale Crash Tests 

Discussions on information gathered from simulation studies and full-\ 
seal e crash tests are combined into .a single section s i nee most studies • · 
utilized both approaches in their efforts to develop and evaluate barrier 
designs and performance. Results of simulation studies are usually 
presented in summary form without specific details while results of 
full-scale crash tests are generally provided in considerable detail, a 
summary of which is shown in table 11. The information gathered from the 
literature review is presented under two major topics: (1) important barrier 
properties, and (2) simulation programs. 

a. Important Barrier Properties 

A number of studies have shown that the New Jersey shaped concrete 
barrier performs well under normal crash test conditions, i.e., passenger 
cars approaching the barrier in a tracking mode on hard flat surfaces. 
Among these are references 5, 12, 29, 30, and 31. These crash test results 
have led to the widespread use of the NJ shaped concrete barrier, both as 
median barriers and bridge railings. However, more recent research findings 
appear to indicate that the concrete safety shaped barrier may not perform 
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TABtE H .. ·::summa~y of •results ·from selection -studies arid fu1:1°!ic:a'le crash -tests. 

. Approx.'. 50,MS ·Average 'Accelerat-ion _ Contact 
·t,Vehiclel'lmpactl·ImpactlHeiglit , __ . Distance 

, _ _ ;_: we_ ight._: Sp~ed.i Angle•· of Climb Longitudinal lateral Vertical '(f.t) ·!Roll IPitchJYaw 
.,,Anchoring i (:lb) i :,(mr/h), '(deg)'. •(in) • ' . 
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10 

35 

43 
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No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17A 
.17B 

18 
20 
21 
22 
23 
24 
1 

2 
5 
6 

7 
8 

9 

Shape 

N.J. 
G.M. 

" 
N.J. 
G.M. 

" 
" 

N.J. 
" 

Config. F 
" 
" 
" 
" 

N.J. 
" 
" 
" 

Config. F 
" 

N.J. 
" 
" 

Config. F 
Nebraska 

" 
PCMB 

" 

" 
" 

PCMB + 
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TABLE 11. Summary of results from selection studies and full-scale crash tests {continued). "' 
Approx. 50 MS Average Acceleration Contact 

Vehicle Impact Impact Height Distance 
Weight Speed Angle of Climb Langi tudi na l Lateral Vertical {ft) Roll Pitch Yaw Remarks 

Anchoring (lb) (mi/h) (deg) (in) 

4370 60.3 7 .s -1.7 - 5.0 . 14.0 - - - Smooth redirection. 
" 61.6 7 .5 -1.5 - 3.5 11.0 - - - " 
" 56.4 15.5 -3.5 -10.1 28.0 - - - " 
" 55.9 15.9 -5.0 -10.1 32.0 - - - " 

2250 53.2 7 .o -2.4 - 4.3 18.0 - - - " 
" 55.1 7 .o -2.7 - 5.3 21.0 . - - " " 54.2 15.0 -5.3 • 8.3 19 ,-0 - - - Rollover. 
" 55.9 8.0 - - 22.0 - - - Smooth redi rect ion. 
" 58.9 15 .5 -3.6 - 5.1 27 .6 - - - " 
" 56.9 6.7 -2.1 - 2.9 - - - - " 

4370 58.6 8.3 -1.4 - 3.4 - - - " -
" 60.6 15 .7 -5.1 - 6.6 - - - - " 

2290 56.4 14.3 -3.8 - 4.6 - - - - " 
4500 59.6 24.0 -7 .1 -11.3 - . - - Redirected. 

" 60.1 25.2 -6.2 -14.1 - - - - " 
" 55.8 23.9 -5.4 - 6.4 - - - - - " 
" 59.6 7 .o - - - - - - . - Straddled barrier. 
" 64.1 10.0 - . - - - - - - Launched over barrier into 

opposing lane. 
" 62.0 25 .0 - - - - - - - Barri er failed. 
" 63.0 24.8 -6.1 - 9.8 - 14 .7 - - Redirected. 

40000 41.6 11.5 -0.9 - 0.7 . 25.9 - - Smoothly redi rected. 
" 51.6 6.6 -0.9 - 0.8 - 28.0 - -
" 52.9 16.0 -0.8 - l.0 - 65.1 - - Reili rected. 

4500 56.4 24.1 -3.5 - 4.9 - 44.5 - - " 
55.0 15.0 --4-.1- 15.0 71 -- Smooth redi rect ion. 7 /8-in 1640 - 2 .3 8.5 -

dia. 
threaded 

rods 
" 2460 59.0 15.0 - 1.5 8.5 3.0 19.0 12 - - " 

4500 60T ~ ~ -6.2 ~ ------u-~ ---- Red1 rected. -
- " 60.l 24 .o 34 -5.6 - 7 .9 7 .8 75.0 Redirected after exiting end of 

barrier. 
- " 59.2 25 .o 36 -5.7 - 7 .1 -7 .8 60.0 Red i rected. 
- 20000 57 .7 15.0 - -1.l 5.3 -1.9 180.0 Redirected, came to rest on its 

side. 
- 4510 63.4 25.0 - -8.8 9.9 -2.2 35.0 Redirected. 
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TABLE 11. ·surrui'ia~y o·f results from selection studies and full-stale crash te-sts (continued). 

_ Approx. 50 MS Average Acceleratlon Contact 

Ref. lTest 
No •. _No. Shape 

VehitlellmpactllmpadlHeight · -- • Distance 
, _ Weight Speed Angle of Climb Longitudinal Lafera] Vertical (ft) \RolJIPitthiYaw 

Anchoring I (lb) (mi/h) (deg) (in) 
Reimrks 

5 ICMBal CMil'-70 11a0 in I 4000 I 62 .4' I 2s .o 
.dia. _ 

threaded. 
rods• 

, 125.a I 
4210. J .60,9 I LO 

3;2 4A 15.3 Redi rectect. 

32 
18 

Cl13"21 I -, 4230 I 55;7: 
ci1l:3 _ _• 42!0- 60.91 ~ .a I 1a I o;s I La I I 11 .6 
CMB-4 . . . 60.7 1--- -,~~~1----,,-.-,,---~1---,--,~1 I ~--- I I . . -_ .5 23;5 L6 7.5 --_---·-_----:---1 li-,,Sm,--· oo-.t"'lil'yc--::-re:--cd"ir~e~ct':""e~d,..._-~--
·--· . Base . __ _ . 

-, . _;o I . 14 
4500 -1""6o 

,CMB-2 - 4540- 59;8 • 24:2 Ll 6,3 _ _ . 

I 4; I j _ N;J: Precast -4~~0 ~ti ~~t _ tr .n t~ . 6~.o ---•. -_ -. -_ - ~t~ly redirected •. 

izs-r 42-in·N.J. Permanent· --rrn:r-~~----:--n-- -4:6 -7o.o ~~71J~Tlr smooth. redirection, L.F. tire 
Shape . _ blO:..n. 

3 " 4520 58.6. 16.5 7 4;2 7.9 1.8 30:0 9. 5 25 Smooth,redi'rection. 
, .. 13 •80180' _52:1 °16.5' ,0 • 6,5 3.1· 9·;3 -fso.o '52 27 .. I() Rea_ireci:ed, near rollov'et, • -:n:-1 1 N.J•,/16-in turb Permanent· ·3315 liJ)zoJJ 8.4 ·7.3* ---16.()75o'" _____ Redirected near roll away from 

3 ·in. Reveal . barrier 
2 1674 .72.0 20·:o 9;1 12.8* 12.0 . 180+ Rectirectea, rollover away from 

3 N~J./16Cin airb 7LO 20.0 I - I 9,1 
6°in Reveal 

·.!p_';o 20.0· . . 2,3 · ·.:.:(, : •. ~ '.": 
II,' 

- "' L ~r ' ,. ~ ~ ~ ; 

3315 ,-,so.a .20.0 
i674 C 60•.o , 20 0 0 

5-
/; 

7 -, :~JI~~~~~- ~:-,f 
B 3-in' Reveal 

9 
10 

.11 

*Computed Average· Acee l eratiolis 

'.63:0° 20.0 

59.0 -.20{0' 

-
2mrntg I ~t~ 

. 70,0 20 .0 

2;7 
5~5 

6.8 

4·;7 

1.9 
6:6 
9'.7 

12,6*' 

· 7",Sf;· 

4",9* 
7',8*-· 

.9.2* 

ih2*' 

L2* 
6,6* 

·9.7* 

12.0 

14 .0· 

15.0 
ii:6. 

iJ.o· 
15 .o 

180+

-45 -_ 

2ii'. 
90+1 

,g(}+ 

,29 

13 
2~' 
.90+ 

1, 

. barrier 

1\IRectirectea', near roll away, from 
.. ba'rrier - . 

Redirected;· left ti res .bloiin 
Rei:!i rected' ro l iover' awaY. freili 

b,irrier, 

~oi'iover tiM~rd, bilrrler d~~ to 
aami1ged suspeils ion:&. rougti 
ground. 

Smooth redirection.· . 
Redirected· ( damaged· su_sp~ns i ori) ;: 
Rollover toward bard er aue to. 

darn'!ged suspension & rough 
ground. 

' ,,\1. 
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TABLE ll. Summary of results from selection studies and full-scale crash tests (continued). 

Approx. 50 MS Average Acceleration Contact 
Vehicle Impact Impact Height Distance Ref. Test Weight Speed Angle of Climb Longitudinal Lateral Vertical {ft) Roll Pitch Yaw Rerrarks No. No. Shape Anchoring (lb) (mi /h) (deg) {in) 

31 12 59-in N.J. Permanent 1674 70.0 20.0 - 8.8 8.8* - 14.0 5 - - Rollover to,,ard barrier due to 6-in Reveal 
damaged suspension & rough 
ground. 13 " " " 59.0 20.0 - 7 .6 7.6* - 19.0 low - - Smooth redirection. 14 " " " 6B.O 20.0 - 10.0 10.0* - 16 .o 45° - - Redirected, near rollover due to 
damaged suspension. 15 " " " 70.0 20.0 - 12 .0 12.0* - 15.4 35 - - Rollover t<Mard barrier due to 

------ damaged suspension. 45 l 42-in N.J. Permanent 1860 621, l5JJ 20 4.6 8.3 go,: -6- 22 Rollover t<Mard barrier due to Shape damaged suspension. 2 " " 80420 52.8 16.0 - 2.3 11.4 - 165.0 90 12 17 Ro 11 over onto barrier. J2 j 32-1 n F-Shape Permanent 1800 60.l 21.4 - -8.0 1~ .8 - - - - - Smooth red1 rection. Bridge Rail 
n' 4 " 5440 65.4 20.4 - -4.7 13.1 - - " - - -

R~di~cted, near rollover. 8 " " 13050 46 .7 15.0 - -2.2 3.4 - - - - -9 " " " 47 .3 15 .3 - -2 .0 2.9 - - - - -11 " " 18000 52.1 14.8 - -1.4 3.9 - - - - - " 7 42-in F-Shape " 29840 55.7 15 .7 - -1.5 6.5 _ - - - - - Smooth redirection. Bridge Rai 1 
10 " " 29900 52.2 14.0 - -2.2 4.7 - - - - - Redirected, near rollover. 12 N.J. Shaee " 10900 51.6 15.5 - -3.2 2.5 - - - - - Rollover behind barrier. 47 l Mod. Reverse PCB 4600 51.1"" 25:-9 ----------

- - Red1 rected, reached top of - - - - - -- -Lap Splice barrier. 
Connection 

----------48 ~ Lap Splice CMS PCB ~ bJ.2 ~ - -5.3 ~ - Rea1 rectea, reacnea top or 
barrier. 

2 " " 4500 59.2 25.0 - -5.5 -9.7 - - - - - " ---r,i- ----r- N.J. Shape Permanent ---rsorr-~ 75-:o ~ -4.2 ~ ~ --g-:n-- -r 7o 14 Smooth red1 rect 1 on. 
2 " " " 59.9 21.9 20.0 -7 .1 13.8 4 .5 9.3 8 15 35 " 3 " " 1280 60.0 16.0 - -6.0 7 .4 3.6 8.0 13 17 25 " 4 " " 1610 61.6 16.0 - -4.5 7 .6 3.7 13.0 4.5 4 .5 17 " 

12 " " 1530 61.6 20.l - -6.0 12 .1 4.0 12.0 18 8 15 " 

*Canputed Average Accelerations 

-!j. 

1. 



as. well for unusual impact conditions:, and,;mi nc;>)'.'' chang~s, in the/shape can 
greatly- influence its, performance,. A:s numb'~\": o.f barrier pr,opiirt i es h·ave. been · 
;.dent i fied in the literature as important .. to, the propensity. of rolfover for 
shaped concrete barrier· impacts:, especiall.(·for smaller' vehkles, including: 

•· Heig.ht of reveal. 
•· Height of first sloped" face. 
•·' Offset of' the. upper, s 1 i'.lpec;L face:Jr'9m,. the· edge• of: the b'arrier. 
1.· S.l ope of the. upp_er sJ oped. f~i:e,. · - · 
• Coeff-i c i ent of friction of barrie( sllrface,. 
•. Approach· terra,i n. · · 
• Lateral barri·er movement·, 

.ar,ief discussions on these, important' barr,i~r:properties a's" reported-in the, 
1 iteratlJre are presented· as· follows .. 

. , f -,,'~_,' 

Ful 1- s.ca 1 e crash test; ng.: and, computef• s.•i m~Jat,ion werce. us.ed:. to_ eval~.ite, 
the imp act performance ofe the Gene.raJ ,· Mo to.rs (GM) and/New. Jersey (.NJ), shap,ed: 
concrete. barriers as,, we] 1 · as, six. new, .. var.i aUons on_, the' safeJy shaped: 

barri·er. ( 12 ) These_ efforts,, 1 ed. ti). the conci us+en th.a.t. even, mi nor changes 
in the slope of the, up,p_er sfoped face• of th.e, barrier can s,ignificant-ly 

, change the maxi mum: roll angJes observed' duding;. hi gh-sp,eed' impacts. Poor-
. performance. of the GM' shape: dur:ing crash· test-frig. was. attributedC0 1 argeJ y- to. 

the. ao~degree slope of• th·e, upper. s•l ope_d, fa(:e: comp~r,ed· to:, the 8,4;-deg:ree, slope"' 
on the NJ .. shaped barrier, HVOSW simu)at'ioriyfiridings, indicated',ttiat, th;is 
increase of four degrees, to•, the slope .. ofi' the';upper•· sJoped": face· cou:la, reduce
the maximum roll angJe of subcomp;icti vehicl~s,bY,as,much·as: IO-degrees. 

A simulation- study of' six new barr,ier shapes led- to,the develop.ment; of 

the so: ca] Jed.· "f:'- shape,'' barrier,. ( ~lJ< This ·s·i mu:l a:t-i:ori; effort! i den(ified, 
other important bard er properties incl ud.i ng; - th'e hei ght1 of'. the': vertJcal· 
reveal, the he.i ght of· the, 1 o,wer c.urb, f~ce; (wbfcb, incl uq,es: the':' vert•i cat 

· r,evea.l · and the lower. slop,ed '. facec; ofi the:- batll,'ieci''); arid the: offset, of:' thit 
upper: sloped.· face. from the.· edge-of, the barri!et. _ Max,imum. vehicle• roll: angle· 
and cl .imb were found'. to:: b.e. red·ucei:J ,for barrJersi1 hav_jng, sh:orter. verti ca.F 
reveals. and 1 o.w.er curb., faces and.' when• the: upp'er· sloped11 face,, of, the, b'a,rri er 
was pl aced· closer to,: the edge: of the:; bar,rfe:rt A1P of, these genera:l •. 

fi_nd i ngs were_ ved fi ed. by;, crash', testing, cond:~:cted.' in E,ngl and! <32:) 1 
,•/j 

Recent cra_sh' tests;. of: NJ, and: F~shaped< b·in:ni ers· With\ S'ihgfe:,· unit. trucks, 
indicated that• th,e hi gh'er: curb·. face!.-on, the••N,l': shape\ might have,' c,aused these 

t_rucks. to, roll· over,. <33): Three_ tes,ts: of< aniTtsl;iap;edl ba~tiert indica,ted: 
excellent barrier, performance: for· th'i s/ c;lass<off veh;itle:;, In, these• tests•,. 
the.test, vehicles.' fr.anti tire,s~:showed,no,tendencyrtC1-,,c,nmb,,the,:b'arrier; As 
the veh i c le.s were· redi r.ected:;. they, beg,~n to" roll' uritJl! th'e; bottom, o:f, the, box; 
van contacted. the top:- of the. concrete:, b'ar,ri et;:T The-S: st·~oiliz,i hg( forces 
app 1 i ed to the bottom, of the box prevented. vehid e, ro.Jl oven even,'. th'oug~:, roll, 
angles as 1 arge: as 45::, degrees were: obser:ved: :\· Hdwev.er:;. r.esul ts .. of a·. single'. 
test of a: NJ shap,e i ndj cated that' this, barrier wouJ d:; al'l o.w,., a,,. truck's. fr.ant 

32, 
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tire to climb the lower curb face resulting in subsequent rollover. These 
results indicate that, although the height of the- lowe~'curb face of the NJ 
shape is not found to be a problem for most conventional crash test 
vehicles, it may de-stabilize oth~r vehicles such as single unit trucks and 
utility vehicles. 

The coefficient of friction of the barrier surface may also contribute 
to the performance of safety s~aped barriers. In two similar crash tests 
with temporary safety shaped concrete barriers, the test vehicle overturned 
in a test with a rough barrier surface, but remained upright in a test with 
a smooth barrier surface.( 34 ) It is not possible to ascertain if the change 
in the coefficient of friction was the sole cause for the difference in 
barrier performance between the two tests or if there were other 
contributing factors, such as differences in the displacement of the 
barrier. Nevertheless, result~ of this study point to the possibility that 
the coefficient of friction may affect the propensity for rollover on 
concrete safety shaped barriers. 

Findings from a recent NCHRP study of the performance of roadside 
hardware duri~g impacts with micro-size vehicles seem~d to contradict the 
above findings.( 35 ) Five crash tests were conducted.on a very rough, high
friction concrete barrier with micro-size vehicles. The concrete safety 
shaped barrier successfully red.irected each of the test vehicles with very 
low roll angles. Therefore, it may be concluded that the importance of the 
coefficient of friction of the barrier surface may not be as significant on 
the performance of the barrier as the first test.results ~ight indicate. 

Another important factor is the effect of approach terrain on barrier 
performance. Testing of a modified New Jersey shaped concrete barrier 
placed in a depressed median showed that relatively minor changes in the 
approach geometry could significantly affect tire and suspension loadings 
and the possibility for suspension damage. (29 ) A simulation study 
indicated that this problem could be avoided by designing the approach 
terrain in such a way as to prevent severe suspension loading at the time a 
vehicle's tires first contact the barrier.< 4) Other terrain related 
problems were reported where test vehicles rolled over while spinning out·on 
soft soil after relatively successful crash tests. (32 ) 

Vehicle rollovers in some of the mini-car tests were attributed to 
damages to the front suspensions of the vehicles sustained during initial 
wheel contact with the concrete barriers. <32 ) The vehicles, which were 
successfully redirected by the barriers, tripped over the damaged wheels 
upon returning to the ground and overturned. The rollovers would probably 
not have occurred had the suspensions not been damaged. The same outcome 

. ( 29) was observed in other crash tests. 

Simu,lation of a crash test involving suspension failure correlated 
well with test results until the vehicle separated from the barrier and 



returned to the ground •. f 4) _ The Hi.ghway-Veh,ic'le~ObJect-SimuT'alibn Model 
, (HVOSM) cannot predict suspen:si.on ;failure.and/thus fa·iled to predict the 
.:subsequent vehi,cle overtur.nihg, These fincF:ings ·,potnt. to the importance of 
monitoring ,tire and.suspensionloads when,-·usirig simuliation programs to . 
:accurately pr.edict veh-icle be_havtor for .shaped .concrete barri:er'.iinpacts. 

High impact angle. may a).so increase >the propens•ity for rollover during 
impact with concrete safety .shaped barr'iie.ts. _ A crash ~e;st found that a 

'mini-size vehicle would roll ·over when strik.i,ng a. concrete safety shaped 

'barrier at an impact angle of 52 degrees::iAcf ah impatt speed of ,27 nii/h. (35 ) 
•When the vehicle impacted the barrier, H,,~id not redJrect s.ig,nHiGant'lly, 
but instead began to ride up the face of 1he ;barrier until it -ro;lled over. 

:The lateral and l ong.itudina l 'forces on the· front of the veh.icile apparentJy 
·.combined to form a resultant that was directed at the v.ehicle's center of 
:gravity. There, was, therefore, J ittle or•ci'lo yaw moment applied. to redirect 

· the test vehicle. The-vehicle conttnued ,to move into- the barrier unti·l the 
,vertical forces were sufficient to .cause-Xt to rol'l ov:er. 

Another crash test involved a 3,:6oo!fb full-size passenger_ car 
impacting a concrete safety shaped ba'rrt~r.; at an_ impact angle of 45 degrees 

, ,and an impact speed of 40 m1/h. (37) _ The -~.¢hfcle •was. safely red'irected and 
· remained upri,ght throughout the impadt sequence. 1his would suggest that, 

in addition to impact angle, veh'icle weight i's also a key factor in rollover 
i propensity. ,Neve rt he less, there appears }<>" be a cri:ttc:al window of 'impact 
. angles for most sizes of ,vehi.cles that woi.i:ld prevent redirect-ion and thus 
increase the propen~ity for rollover. 

Review of crash 1test films provides:!f.~rlher insi•ghts into the rollover 
. problem associated with shaped c0ncrete b·a•rrfers. When a vehicle first 
· impacts a shaped concrete barrier, the ,side of the vehi_cle adJ~cent to the . 
·barrier beg.ins to cli.mb the lowers.loped 'face arid-the vehicle begins to roll 
away from the barrier. When the ti res reath the top of the l o_wer sloped 

. face _and the sides of the .v,ehi cle' s ·t ires,,p~g in to_ i nt!:!ract with the upper 
- sloped face,_ the vehicle ron angle will ,usually stabil i·ze and may even 

begiri to decrease. Thus, ff the upper sloped face _i~ recessed or the lowe_r 
curb face is too high, the vehicle ro_ll ,angle will reach uriacceptabl e levels 
before the roll angle begins to stabiHzetr.: 

. ' .·.~ 
·,:;:.. 

This behavior is also observ~d in th·~:Jtestlng of temporary·.barr"iers 
where barrier movement increases the efrective offset of the upper sloped 
face. Poor performance is genera'll y dbser,ved .during crash tests if the 
barrier moves mbre than a few inches durtrjg the first-stages of the impact. 
For mini-sized vehicles, trash testing ha'~ shown that the front :of the 
vehicle tends to contact the lower s·loped'f,ace, thereby increasing roll 
impulses imp a rte~ on the vehicle. Furtherii review of the important barrier 
properties discussed above reveals that eai::h of lhese items can lead to 
increases in the height vehicle climb: Tl'lh·, :-height of climb may be an 
important i-ndi ca tor of the performance of 's:afety shapi;!d barriers duri rig 
crash testing. __ , · 

/1,: 
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A modified shaped concrete barrier design was developed in an attempt 
to reduce the propensity for rollover.< 38) An upper suiface with a 
reversed slope was added to the top of the barrter to. limit the height·of 
vehicle climb. Crash test results indicated that the modified design 
reduced maximum roll angles and height of climb of the vehicle with only 
minor increases to vehicle acceleration for small car impacts at 60 mi/h 
and 15 degrees. This effort points to the_ potential for reducing the 
propensity of rollover by making minor changes to the top of the existing 
safety shape. · 

b. Simulation Programs 

The Highway-Vehicle-Object-Simulation Model (HVOSM) or variations of 
the basic model was used in most of the simulation efforts and is considered 
as the best available program-for analysis of rigid barrier impacts. The 
program was found to give reasonably good predictions of barrier performance 
for most impact conditions. However, there are some limitations associated 
with the program, brief discussibns of which are presented as follows. 

First, the program does not adequately simulate low angle impacts (< 10 
degrees) and its use has been limited to analysis of relatively high angle 
impacts. This li~itation arises from the program's thin disk tire model. 
The model cannot properly handle the simulation of tire-barrier interaction 
for curb impacts which is particularly important for low angle impacts. A 
better tire model, developed by McHenry, was designed to alleviate this 
problem.( 39 ) However, when incorporating the new tire model for analysis of 
curb impacts, barrier simulation routines were removed. While this 
improved program may in fact solve the thin disk tire model problems 
discussed above, it cannot be used to simulate barrier impacts. 

Further, the HVOSM program cann6t predict suspension damage or failu;e 
which could cause the vehicle to overturn upon return to the ground, as 
shown in some of the crash tests. However, the model can predict 
suspension and tire loadings which should be used as surrogates for 
predicting suspension damage. 

Until recently, the HVOSM model could not model vehicle sheet metal 
interaction with a sloped barrier face. A recent modification of HVOSM has 
been completed. (40) Modifications to the HVOSM program included 
development of a sophisticated vehicle crush model that can interact with 
virtually any barrier shape, improvements to the suspension model, 
improvements to the curb simulation routines, and provisions for half-track 
changes resulting from barrier impacts. Validation of the new model 
indicated that the program was capable of accurately predicting overall 
vehicle trajectory, peak accelerations, and height of barrier climb. 

The GUARD simulation program has also been used to study rigid barrier 
impacts. This program has had only limited application due to its 
simplistic tire and suspension models. Accurate predictions of tire and 
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suspension forces are believed to be critical to the simu1ation of rigid 
barrier impacts where much of the redirecting and de-stabilizing forces are 
applied to the vehicle through its tires.· The GUARD program was used to 
simulate six full -seal e crash tests of New Jersey and. General Motors shape6 
concrete bar'riers. (1, 2) Four tests involved subcompact vehicles·at 60 mi/h, 
and impact angles ranging from 7.5 to 16 degrees. The two r~maining tests 
involved full-size vehicles impacting a·New Jersey sh~peq concrete barrier 
at angles of 7.5 and 16 degrees. · · 

The predicted heading angle time histories and exit angles correlated 
relatively well with measured data, although the results again appeared to 
be much better for low imp act angles. Correlation betw,een predicted an.d 
measured roll angle time histories was poor, while that for the maximum roll 
angle was only marginally better. No information was provideq reg~rding 
height of vehicle climb or pitch angles during testing. The GUARD program 
gave unreliable predictions for'5o ms av~~age accelerations. Relatively 
gopd correlation between measured average accelerations and simulation 
predictions was obtained for low impact angles, but correlation for impact 
an·gl es above 14 degrees was very poor. There appeared to be no carrel at ion 
between measured peak accelerations and simulation predictions. This poor 
simulation correlation was not unexpected due to the simplistic tire and 
~uspension models mentioned previously. 

A major improvement to the GUARD program is ne,ring completion that 
should correct most of the above mentioned problems. The new program is 
now called NARD and has reportedly incorporated a relatively sophisticated 
tire/suspension model. Little information is now available regarding the 
performance of this program for rigid barrier impacts, 
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IV. RESULTS OF ACCIDENT STUDIES 

Four accident data files were included in the accident studies, as 
described earlier under the "Research Approach" in chapter II: 

, Texas barrier accident data file. 
, Texas CMB accident data file. 
, NYDOT barrier accident data file. 
1 NASS LBSS data file. 

Summary of results from analysis of each of these four data files are 
presented in this chapter. 

1. Texas Barrier Accident Data File 

The extent of analysis f6r the Texas barrier accident data file was 
limited to general descriptive statistics and comparisons among the various 
barrier types on characterist.ics other than rollover involvement. 
Highlights of the more interesting results are summarized as follows: 

1 The number of median barrier accidents increased considerably from 
1,796 in 1982 to 2,511 in 1983 and leveled off to 2,563 in 1984 while 
the opposite happened to the number of guardrail and bridge rail 
accidents (see table 12). The median barrier code was added to the 
list of objects struck in 1981. This variation from year to year may 
simply reflect the eff~ct of the learning curve, i~~-, the time 
required for the reporting officers to correctly identify median 
barrier accidents. 

t Median barrier accidents were more frequent during the dayti~e, 
especially during lunch hours from noon to 3 p.m., and the afternoon 
rush hours from 3 to 6 p.m., than guardrail and bridge rail accidents 
(see table 13). This higher incidence of median barrier accidents 
during periods of high traffic volume was also reflected in the action 
of the other motor vehicle which precipitated the accidents (see table 
14). A much higher percentage of median barrier accidents involved 
another vehicle changing lanes, slowing or stopping than did guardrail 
or bridge rail accidents. 

• Bridge rail accidents were most affected by snowy and icy surface 
conditions, as might be expected. On the other hand, wet surface 
conditions were most often associated with median barrier accidents 
(see table 15). 

e Median barrier accidents were more frequent than guardrail or bridge 
rail accidents on straight alibnment, as reported by the police 
officers. No significant difference was noted, however, when the 
degree of curve, coded from roadway inventory data, was used (see table 
16). There is no apparent explanation for this discrepancy. 
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.Median .Bri,dge 
Guardrail Barrier Rail. Total 

Accident Year No: _% N~ :·· % No . 
.. 

% No. _% 
~ 

1982 _2527 37 .. 6 1796 26. l 1079 39.5 :~40_2 33. 1 
1983 217.4 32.3 2511 36.6 '899 32.9 558.4 34.2 
1984 '2027 30 .1 2563 3_7.3 iss ?i-~ 53_4I, ~-2. 7 

Total 6728 190.0 6?_7:0 100.0 2733 1qp . .Q 16331 100.0 ; ,,c. 

Table 13. Distribution of barrier accidents by barrier typ_,e, 
time of dc1y, and light conclition. ·. . .. 
. ,,·· ', ,<,'.,·, ,, ._, ·, •• ' : •\,_'· :· ·, , .. 

Time of Day/Light Condition 
,:'.' 

Daylight 
Noon - 3 p.m. 
3 p.m. - 6 p.m. 

42.7 
.. 9.7 
12.2 

51.5 
11. 7 
lj.2 

· Bri.dge 
"Rai'l 

-4-~ .. 5 
1.0.1 
li. 9 

Table 14. Distribution of barrier accident_s by barr-ier tlpe, 
. a~d act'ion of_ other motor'. veti fc le. ',., . . . . 

Action of Other Vehicle 
• • • , r , -

Changing Lane 
Stopped pr SlQwing 

,' . . ; .. .. . 

. . . , . . . -·;, . ' ". '~ 

Guardrail 

10.7 
4.9 

-Medi an 
Bari-fer 

14.2 
e.9 

Bridge 
'Rail 

9.3 
6.0 

Table 15. Distribution of _bc1rrier acci<:lents by pc1rrier Jype, 
~nd wec1ther/surfice congiti.9n. · · · · , · 

Surface Condition 

Dry 
Wet/Muddy 
Snpwy/Icy 

Guardrail 

38 

68.8 
·26.2 
;5.3 

Median 
Barri'er 

§5. 7 
29 .. 4 

-1. ~ 
\. 

~.ridge 
Rail 

56.1 
2'~ .. 6 
20.7 



Table 16. Distribution of barrier accidents by barrier type 
and horizontal alignment. 

Horizontal Alignment 

Straight 
Curve 

Guardrail 

Police Reported 

84.5 
15.5 

Median 
Barrier 

93.3 
6.7 

Roadway Inventory (Degree of Curve) 

No Curve 
0.1 - 3.9 
>= 4.0 

71.8 
22.5 
5.7 

72.8 
23.0 
4.2 

Bridge 
Rail 

85.4 
14.6 

75.3 
18.5 
6.2 

• Median barrier accidents were more frequent on highways with six or 
more lanes, higher ADT, and lower percentage of t~ucks, than those 
involving guardrails and bridge rails. Also, median barrier accidents 
were more frequently related to construction zones than were guardrail 
or bridge rail accidents (6.0% versus 4.5% and 3.1%, respectively). 

\ 
• The incidence of subsequent impact with another vehicle was hi~her for 

median barrier accidents than for guardrail or bridge rail accidents 
(21.1% versus 14.5% and 16.1%, respectively) due, at least in part, to 
higher traffic volumes associated with median barrier·accidents. 

• Median barrier accidents had the highest percentage of overall injury, 
but the lowest percentage of fatal and incapacitating injuries, as 
shown in table 17. However, the differences were relatively minor to 
be of much significance. 

Table 17. Distribution of barrier accident ~everity 
by barrier type. 

Severity 

% Injured 
% (A+K) Injury 

% Injured 
% (A+K) Injury 

Guardrail 

Highest Injury Severity 

42.3 
8 .1 

Driver Injury Severity 

38,2 
6.8 

39 

Median 
Barrier 

46.0 
7.7 

40.7 
6.3 

Bridge 
Rail 

45.5 
8.4 

39.8 
6.8 



• No appar,eht difference was noied in the di,sti-lbutiohs of accfde~t~ 
betwien barrrer types for vehicl'e type, vehi'cl'e curb wei'ght, driver a~i'e 
and sex, ar\d cohfributfr19 factors. · 

It sh~uld b'e borhe in mind, howev'er,. tfih co'mparisojis a'm6b'g ~ir+)er , 
types may ,hot necessarily befafr due to i'nherent differer\c~s in. tlie design, 
placement, ahq, applicatiim of the varic(us barrier t_yp'ei$. [verj c'omparisons 
between cdhcrete ined i ari barriers arid ·other med i ar\ barriers may not 
necessarily Be valid for a number of reasons: 

, there has been a major effort to reconstruct many of tti~ urban , 
Interstates ~hd freeways ih, Texa~ since 1982, ~o .that a cphs,id~ral:ile 
porq oh of the other median' biirri er ace i dents may be rel at'ed. to 
consthiction zones. This is less of a problem for those highway 
sections ~ith concrete inedian barriers. 

, i CtiriCrete mediin barriers instail~d aft~r 1982 are;1Llm~ed yhder ciiher 
median barriers so that the ctiiii~arlson. is riot really a~ tlear tUt as 
shaped concrete vers~s inetal-bea~ median barrieri. 

• the hiadside Jrid approach conditions ,fr~ very different between 
concrete median barriers aria other median barriers. 

, , ' 

Qespite the prblilem with the ,proper ideritificatiofi of roiiovei:s, 'it may 
be f tere~tihg to cdmpare the rdllo~er rates for t~e ◊iridui_barrier t}~es 
as.d ter~ihed froin th~ computerit~d accident data base~, If it is ,assiiin~d 
that the error rates are si~ilar for the various barrier types arid there is 
rio r~asdh to believe that such ii not tH~ case, the cciinparisdri of r~ilbver 
rates amon·g the barrier types inay .be meaningful wherivie~ed iH ~eiative 
terms wh ii e the absolute perceritages are tcita lly ineah i ngl ess arid inaccurate. 

. T~e percenta~e of,roildvers ·subsetju~nt·io_iin~acts Wjt~:ba~rl~f~-~ri 
rural highways js 2.9 times that for _urban highways; pr~bablY reflesting .... 
differences in traffic ~peed.arid roagside conditioris\· .Urb~~ Iriterstates arid 
freeways have the lowest rollti~er rate while rural collettdr~ have t~e , 
highest,. Over:all; mei:lian barriers h_ave tfie lowest rcil iov~r rate\ followed 
by bridge raiJ ~ (1.6 times that~f rn'ecHan ba'rders) ahd (iighest fio'r 
guardr~n s (2.} timE;S that of median barrier-s). Fdr barrier accid.ents on· 
urban Interstates and freeways, . the rollover ·rate is s iirii lar for m_edi a:n 
ban;-iers and brfdge raiiir1gs, foa highest for·'guardraiis (two tiiri'es that 6f 
median barriers). 

, . Howe\•ei-' it should be. cauti o'ried tha.t an ,uiiknowri' but perhap~, . :, , .. . 
significant,. portion of. the rollovers for guardrails; ,and less .. s6 for;. b'ridge 
fat.ls i are: the re_su·l.t of, iinpads whh barrier ends. (infortiin'at~l y' H Js '. ' 
not possible . to di ffererit iate between· ba\rrier e·na in\'pacts and th'osii. ~Hh'. the 
barrierTerigtti of.need. f turth~rmore, t~'e roads·ide or ai?'R'l"O'ach cdnefit{◊:ii:f . 
are yery d"iffeferi( for ,the v.aricfos barrier type·s whi'ch' in'ay have contributed 
to the diffe'reilces in the rotl<i'ver rates. 
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Again, it should be stressed that rollovers are not accurately 
identified in this data file. They are included only for comparative 
purposes and should be viewed only in relative terms. 

2. Texas CMB Accident Data File 

The Texas CMB accident data file contains information on 1,839 
accidents involving concrete safety shaped barriers on urban Interstates and 
freeways. Analysis of the Texas CMB accident data file was centered on the 
comparison between rollover and nonrollover accidents in efforts to 
identify accident characteristics that may have contributed to the 
propensity of rollover in accidents involving concrete safety sh~ped 
barriers. 

Rollover occurred in 8.5 percent of the accidents involving concrete 
safety shaped barriers. This is somewhat lower than the 9.9 percent 
rollover rate reported in the California study. (3,9) Much of the difference 
could be attributed to the difference in vehicle population between the two 
study States, California and Texar .. California has·a ~uch higher proportion 
of small .cars than Texas. As will be discussed later in this section, 
smaller and lighter cars are found to have a much higher propensity for 
rollover than their larger and heavier counterparts. 

The majority (1,321 or 71.8%) of the 1,839 accidents in the data file 
occurred on urban Interstate highways, as shown in table 18. The remaining 
accidents occurred on U.S. highways (409 or 22.2%): and State highways (109 
or 5.9%). The rollover involvement rate was h~ghest on U.S. highways 
(13.2%), 1.8 times that of Interstate highways (7.5%), and 3._6 times that of 
State highways (3.7%). 

Table 18. Rollover involvement by highway type. 

Total Accidents Rollover Involvement 
Highway Type No. % No. % 

Interstate 1321 71.8 99 7.5 
U.S. Highway 409 22.2 54 13.2 
State Highway 109 ~ _i 3.7 

Total 1839 100.0 157 8.5 

Over 90 percent of the accidents occurred on highways with average 
daily traffic (ADT) of above 50,000 vehicles per day and over half of the 
accidents were on highways with ADTs .in excess of 100,000 vehicles per day, 
as shown in table 19. The percentage of rollover involvement varied in the 
narrow range of 6.5 to 7.9 percent up to 150,000 ADT. The rollover rate 
increased slightly to 9.3 percent for ADTs of between 150,000 to 175,000 
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ve!)icles per day, then jtimpe"a drasfically ·to 19;2 percent fQr ADTs 6etween 
l}.~,00Q and 200·,000 vehicles per day ahd 13.6 percent for •ADTs if ab'ove 
2dD;OOO vehitles pef day. 

it is el(i~ent frorri UiEf data that the rollover ,rates. varied by highway 
type and traffic foHjme. In tufh, highway type ahd traffi.c: vpJufne w~re . 
interrelated. However; there, is ho apparent explahationfor tfie rollover 
rate fo increas'e withhigher trafficv'olurrie orfor the rondvik rate t.p vary 
with highway type. ' Attempts were made tb further define me rel at i ciii}h i ps 
by examining the rollover rates liroken down. by highway type, nuirili"e.r of .. · 
lanes., and fraffi t: ilo l uine, but were not success fol : The i)umb"er of foil over 
~cc idents was too sma 11. for this detailed breakdown, result iilg in wide 

.. fluctuations iri the rollover rates. 

Table 1§. · Ri:,liover involvement by average daily traffic. 

Total Accidents Rollover. Involvement 
Average Dail :t. Traff.i c No. % No .. % 

< 50,00Q i45 7.9 10 6.9 
50,000 - 74,999 126 6. g' 10 7.9 
75,000 - 99·999 434 23.6. 2~ 6.5 

""-:) _,.,o, 

100,ooD - 124;999 369 20 .1 28 7.6 
l?S,Dbd - i49 ,.999 275 15,0 21 7.6 

" - 0 • , ~' .·., '' 

236 its 22 9.3 1~0.900 - 174,999 
175,000 - 199;9~9 ,73 4id 14 i9.2 

>;, 200;000 i4t 8. () 2Q 13:6 
UhkiloWn ___M . 2.6 __i iLa 

Totai 1839 100.0 157 8.5 

Table 20 shows that the rol·lover i nvoi veine11t rate was lower on curved 
(4.3%):fhaii straight (8.9%) horiioilhl alignment, as reported by tlie.police 
officers. A~cordingJo roadway inventory, .the rollover rates were similar 
between straight (8.3%) and curv~d (9.0%). hodzdrital al igrimenL . Ho~ever, 
wheri the ronciver iilv6lvement rhe is broken do~n by degree df curvatyre, 
curves with verj slight ctirvatufe, i,e:; le~s thah tWb degfees; ihd high 
degree of ttifvafofe, i.e,, betw«:ien 6;0 ahc:l 8;0 degrees, showed higher tban 
average rcilliiver.rates (1L9% and 10~0%, ·re~pectively) while curve~ with' 

. rnedi u-ni degrees of cur:vatures ~hOl'.Je<;l lower tlian average roll over rates. . . 
There.i~ rid tliar_i~di~ati6ri that the rQadway liciritontal alignment has ariy 
significant effect ofi the rollcivei involvement of CMB acttdents: 

A number 6f other roadway or liarrierreia:tedva:Hahles were aiso 
examihed, Hie i ud i rig part 6f the roadl•iay the ac~ i Mrit otcurre4 o~, type di' 
sho,ul de~; iempiif.~ti, !~Y'SUS j~efmaile~t barfjer,. a:n'd 'i ni/61 veinent 'of ba ~Her 
end, Of tlie);839 0MB accidents; II accidents we·re reported.M have, .·· 
ciccurfed ii~:froilta§e_ roads with tihe rbilover. Another foUr EM~ at:qidehti 
were reported to have occurred on ramps with one ro i 1 over. Unpaved 
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shoulders in front of the CMBs were reported in 10 of the accidents, one of 
which resulted in rollover. Only two of the accidents ·involved barrier ends 
with no rollover. Seven of the involved CMBs were temporary installations, 
one of which resulted in rollover. The sample sizes with these variables 
are too small for any meaningful analysis. 

Table 20. Rollover involvement by horizontal alignment. 

Total Accidents Rollover Involvement 
Horizontal Alignment No. l No. % 

Police Reported 

Straight 1700 92.4 151 8.9 
Curve 139 7.6 6 4.3 

Roadway Inventory (Degree of Curve) 

Straight 1307 71.1 108 8.3 
Curve 520 28.3 47 - 9.0 

0 .1 - 1.9 268 14.6 32 11. 9 
2.0 - 3.9 151 8.2 10 6.6 
4.0 - 5.9 81 4.4 3 3.7 
6.0 - 7.9 20 1.1 2 10.0 

Total 1839 100.0 157 8.5 

As explained previously under the Texas accident data file, the number 
of CMB accidents was lower in 1982 (451) than for 1983 (617) or 1984 (610), 
as shown in table 21. The rollover rates varied only slightly among the 
years. 

Table 21. Rollover involvement by year. 

Total Accidents Roll over Involvement 
Year No. l No. % 

1982 494 26.9 43 8.7 
1983 671 36.5 51 7.6 
1984 674 36.7 63 9.4 

Total 1839 100.0 157 8.5 

The accidents were fairly evenly distributed over the months, as shown 
in table 22. The rollover rates, however, varied considerably among the 
months from a low of 4.7 percent in July to a high of 13.7 percent in 
August. Similar to overall single-vehicle accidents, the proportion of CMB 
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acci;d.ents. (se0e table 23),: w,~s hi:9he.,s.t 911 Frigax~ 0&.,?.%1, follo_\•Wd 1:J,y 
Sa,tui;days (17,.0%), and lo,W:est o:n TuesJ;l_ay,.s (.12.2%) and W,ednes<:iay,s 02,.1;%). 
--Plie rollover rate);, v;~fi:ed o'.n},v, sl igh.t:lX, a~6ng the, d;a:J,'.;S. of tli_e 'w,eE!k, w.ithin 
t:he narrow, rangE! <>,fr T. 3 todO.d_ pgrcent. 

fable 22:. RoJlo:ver invoJve.ment by: mbnt:h qf yeax-. 

i:o.tali Acc-idents Rollover ln.volvement 
Mo.nth "Nb< - ''%' . No .. .. 

%. 

Januar,y: 152 8.~ 10 6,. 6 
February i4:2 ]:. z 12 8 .. 5 
~ar~~- 165 9.0 12 7.3 
Apr,.l f44, 7.8 9 6 .. 3, 
May i82 .. 9.9. 15 8.2 
June 1_7Q '~.2 14 8.2 
July 129 ~-0 6 4 .. 7 
August i;45 7.9 20 13. 7 _,_, •' 

s·l!ptember 120, Q.5 i) 9 .. 2 
Gctober I6J 8;9• 19 11. Q_ 
November i~i ~-~ 1'6 10.2 
Decerr\_be.r 168 ---2..tl __u "1 .t 

Tota,l i8}9, lOQ:O 157 8.5 

Total Accidents Rollover. Involvement 
Day o.f. Week No: '.% No. ,·· % . 

Sunday ?A6 p.4 22 ?.9 
Monct1ay 24_& 13.5 is 10.1 
Tuesday 224 i2.g 'ig 8.5 
Wedn_es_day 233 12.7 17 7.3 
Tht1i:-sday 242- 13.2 24 9. 9. 
Fri:day ~fi ia.2 25 i.s 
Saturday ·_ 312 !(o 25 8.Q 

Total l?39 100.,9.:_ 157 8.5 
., 

Over a 11 , 4~. 7 percent ()f _ the, ace i d.~rts ·()C\:Urred dt1ri ng h!Jurs of 
d,arkn~s.s, as s,hO".'f\ i_ll Hble 24. A pr~akdo~n ◊f the. ~~¢ident~ by time 9,f day 
is sh:o~_n i.ri ~able ?5.:· Tpf'pfoporti,O[! pf CMB., ~cc:i_~E!11ts Yi~~ hi~nest c1LJr:ing 
tlie eve~.ing r~~h ~o~rs frnm 3:00 t~ l;i:Qp p.~. (F ,0%), foll9w¢c1. by the time_ 
p~riod fr9~. ~:pop.~. Jq ~fqnig'h (l4.~%), ~nd lqw~st qµrir9 the Urti~ period 
of 3:00 to '6:0,0 ~:m. (5 .. a%). "Ph rnll,over f.at~s W.E!f~slightly high~r' 
during h.our:s. of darkn~$~, partic: larl)' qurin~ the t1aj~ period of IiJidnight to 
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6:00 a.m. However, the time period of 3:00 to 6:00 p.m. also showed higher 
than average rollover rate while the lowest rollover rate~was during the 
time period of noon to 3:00 p.m. (6.0%). 

Table 24. Rollover involvement by light condition. 

Total Accidents Rollover Involvement 
Light Condition No. l No. % 

Daylight 1008 54.8 81 8.0 
Dawn/Dusk 27 1.5 2 7.4 
Dark - No Lights 436 23.7 43 9.9 
Dark - Lights 368 20.0 ....ll 8.4 

Total 1839 100.0 157 8.5 

Table 25. Rollover involvement by time of day. 

Total Accidents Rollover Involvement 
Time bf Day No. .l No. % 

Midnight - 2:59 am 281 15.3 28 10.0 
3:00 5:59 am 106 5.8 13 12.3 
6:00 - 8:59 am 227 12.3 16 7 .1 
9:00 - 11:59 am 202 11. 0 14 6.9 
Noon - 2:59 pm 233 12.7 14 6.0 
3:00 5:59 pm 312 17.0 28 9.0 
6:00 8:59 pm 211 11. 5 25 11. 9 
9:00 - 11:59 pm 267 ~ _li 7.1 

Total 1839 100.0 157 8.5 

An adverse weather condition, i.e., rain, fog, snow or sleet, was 
present in nearly 30 percent of the accidents, as shown in table 26. An 
adverse surface condition, i.e., wet, snowy or icy, was present in one
third of the accidents, slightly higher than that indicated by the weather 
condition (see table 27). The rate of rollover involvement was 
significantly lower under adverse weather or surface conditions. For 
instance, the rollover rate was 3.0 percent for a wet surface condition and 
2.5 percent for a snowy/icy surface condition, as compared to 11.3 percent 
for a dry surface condition. The lower rollover rate can be partially 
attributed to the lower coefficient of friction under wet and snowy/icy 
surface cohditions. Also, it is likely that. drivers tend to drive more 
slowly and.prudently under adverse surface conditions. 

A significant proportion (37.1%) of vehicles was skidding sideways or 
rotating/spinning prior to impact with the CMBs, as shown in table 28. The 
rollover rate was lower for vehicles that were skidding sideways or rotating 
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weather: cBnci;t\ori 

ci ear)ci oudy 
Raih 

· Fog _ . 
snow/sleet 

toUi 

Tital Acci"de~ts 
No. % 

i298 
sid 
it 

. 14 

i839 

'fq.i; 
27. 7 
0.9 
Oi8 

ioo.o 

I~o1Tov~r· i,wOivlment 
No. % 

l~l 
13 
2 

_l 

157 

if., ,,. 

10:9 
2:6 

ii.a 
7. l 

. Table 2L Rbiiover iiivoiverh@hi By sufhce c:BniiilioR: 

Surface Cciri'dh ion 
ti""i 
wH 
snd~y)Ity 

rota1 

Vehicle Attittld~ 

Ski:tl~it\g . s, ideta/§7 
Ro tat; it 

trkki'n':· 
9 

, ..... ,.9,. ' ... 
un known;!Un suFe 

f5i:~1 

i•t,-

1226 
573 

_4Q 

1839 

65.7 
3.i: 2 

lL2 

100.0 

rcitai iMdc1~nis 
No, %. 

683 

965 
Hh 

fhi. 

:stt 
-ltl'.4 

iochb 

R81.iavef J/ivbhemeilt 
No, % 

i39 
i7 

_:_i 

157 

,,, ~ ''· 

11.3 
3;0 
2.5 

8:5 

_,_:c,".~.•~? ~,•·• .. ~.- 1-· .... ,- .'l,,,_.:•,,i,,,•:..;.:,i 
Ron over hivifl veineht 

No. % 
-~~ ·,~ 

37 

idi jg 
,,,:'--. "r 

157 

5;4 
10:5 
10:0 

8;5 

This 'firl<l_ p"g df lqW~ffiill'bVer .r~tes fof ~~~tj~jrig{rq\airn~J~Hj~}~s is 
somewhat ~Jrp~ sihj a~d i~e~i~§l) ~ti~tfirj t~ resolts r~ported 1n other 
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studies, as previously presented in chapter II. Intuitively, a vehicle 
skidding sideways or rotating is more likely to result in rollover due to 
large side forces on the tires .. However, as will be discussed under 
clinical analysis of the NASS LBSS data file, it is found that vehicles 
that are principally rotating (i.e., high yaw rates) are less likely to 
result in rollovers after impact with CMBs while vehicles that are 
principally skidding sideways (i.e., high slip angles but low to moderate 
yaw rates) are more likely to result in rollovers. The police reported data 
are not detailed enough to mak_e this distinction between skidding sideways 
and rotating. · 

It should also be borne in mind that the skidding or rotating of the 
vehicle relates to the attitude of the vehic·le prior to impact with the 
concrete safety shaped barrier. It is found that the attitude of the 
vehicle after separating from the barrier is probably more important than 
that prior to impact with the barrier as far as rollover is concerned. For 
example, a vehicle that is tracking prior to impact may be skidding sideways 
after separation from the barrier and roll over subsequently. 

Table 29. Rollover involvement by vehicle attitude 
and surface condition. 

Rollover 
Total Accidents Involvement 

Surface Condition Vehicle Attitude No. % No. % 

Dry Skidding Sideways/ 330 26.9 29 8.8 
Rotating 

Tracking 772 63.0 92 11. 9 
Unknown/Unsure 124 10.1 ~ 14.5 

Subtotal 1226 66.7 139 11. 3 

Wet Skidding Sideways/ 327 57.1 8 2.5 
Rotating 

Tracking 185 32.3 8 4.3 
Unknown/Unsure· _.§1 10.7 1 1.6 

Subtotal 573 31. 2 17 3.0 

Snowy/Icy Skidding Sideways/ 26 65.0 0 0.0 
Rotating 

Tracking 8 20.0 1 * 
Unknown/Unsure ....Q 15.0 Q * 

Subtotal ___iQ _Ll _1 2.5 

Total 1839 100.0 157 8.5 
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Pri.or ~t.~9i_es fitecl in th_e l iteratur_e review fp1.u:1<;1 t.hat non-tracking 
v._ehicles, i .. e., ski.~l.girJg ~i.d~w,ci.y~ or spi.nnin,g, 11re o~errepresent~.g fo 
rollov_ers_. (24 •25 ) It shoul<;l be bor:n!l iri mind, howey_er, t.hat the.se studies 
pertain to ra.n-pff-the-roc3d accicl_ents c1nd .ar_e nqt directly .<:rnmparable to 
this ~tudy ~hie~ ori]y lopk~ it the v_eni£1_e attitude prior to impJct with_ 
concret~ safety shep_ed barriers. . The a,pproach ter.ra in col!l cl a l"so pl ilY a 
m,ajor pc1rt in _e~plili,nirig this d-iff_erence. ·. (:oncrete safety sh11ped b_c1rriers 
~re m9stly il')stalleg in ppved mecliaris with little surface irregylarities to 
trip the y_ehi<:les. · Iri co.rnparison, ran-qff-road acci,dents u~uc1lly involved 
4npaved· sµrfc1ce~ which ;ire mqr.e lik_ely to h;ive surfaCce irre~ylar';ti12s. 

Aripther consideration is thilt vehicle skidding or rotating i~ more 
likelY to occur under wet or icyhnqwy surface conditions. The coefficient 
~f friction under sych conditions is much lower than that und_er dry surface 
.fondition which in.turn requces the si 1d_e forces acting on th.e tires of il 
skiclcling/rotating vehi.cl_e. .tllsp,· a~ 'rlill b.e discussed .under cl inici!l · 
;inalysis of the NASS LBSS di!til file, tl1e impact speeds of v_ehicles r~sulting 
in ro llov1,ffs ilre fpuncl to be rpuch hi gner th.an those qf nonro 11 over vehicles. 
The effect of vehicle ~p_e_ed is anoth.er imp9rtc1nt factor to be considered in 
@Vc1luat1ng the eff.ect gf vehjcle skiclging or rotating on rollqyer 
p,rppens1ty. 

This observation of lower rollover rate ~nder adverse surface 
\:Olldit'ions· ancl vehi<::le skidcling/rotating is ai~o c1ppc1r~nt frorri other related 
i~riables'. For e~c1mple, the rpllover r~te fir accidents-~herein police · 
report.ed s l_ i ck surfaces w;i~ only 4. ~ percent .il~ co111pared to 8. 9 percent for 
other c3ccidents, as shown.in table 30~ The ~allover rate for accidents in 
~hich the yehicle action was reportecl as skidding by th~ pol ice wa~ only 1.1 
percerit (see table 31). Other vehicle actions tl'lat may resu1t ih vehicles 
skidding or spinning out of <::ontrol, e.g., pc1ssirig or changing lanes, or 
§Werving, gls~ hc1cl ~lightly Tower than ~ver~ge roll~ver rate (5.7% ~nd 
1-~%, respectively). · 

Table 30. Rollover involvement by road cpndition. · 

Total Accidents Rollover Involvement 
Road Condition N<L 

.. -
% No. % 

None Reported 1&70 90.8 149 8.9 
Slick Surface 112 & .1 -~ 5 4J 
construction _fil --1:l . -1 ~-3. 

Total 1839 100.0,:· 157 e.s 

Three-q~arters of t~e vehicles invQly@d:Jn CMB accidents were PfSsenger 
cars ~,ng anqthef 16.:~ perc:~nt \'Jere p.i.ckup tril£ks, var:i~ CJr util i_ty V:f?h.icles 
( see table 32). Truck~ ci,e::counted for 7. 3 per;c:ent of th!;!. CMB ac:c: i den,~s, 
~l i.ghtly ov~r hal/ of whic~ inyolved tractQr"'trailers. Pick1,1p trucks., '!ans 
and·util ity vehicles h.ad the highest proportion of rollovers (10.6%}; 
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followed by single unit trucks {9.7%) and passenger cars (8.2%) while 
tractor-trailers had the lowest incidence of rollover·(~.2%). The rollover 
rate for other vehicles is not too meaningful since most of the accidents 
involved motorcycles. 

Table 31. Rollover involvement by vehicle action. 

Total Accidents Rollover Involvement 
Vehicle Action No. % No. % 

None 1001 54.4 IOI IO. I 
Skidding 95 5.2 1 Ll 
Passing/Lane Change 53 2.9 3 5.7 
Vehicle Swerved 507 27.6 40 7.9 
Vehicle Slowing 111 6.0 9 8.1 
Other _ll _Ll ---1 4.2 

Total 1839 100.0 157 8.5 

Table 32. Rollover involvement by vehicle type. 

Total Accidents Rollover Involvement 
Vehicle Type No. % No. % 

Passenger Car 1385 75.3 113' 8.2 
Pickup Truck/Van 303 16.5 32 10.6 
Single Unit Truck 62 3.4 6 9.7 
Tractor Trailer 71 3.9 3 4.2 
Other ~ ---1.,_Q _3 16.7 '\ 

Total 1839 100.0 157 8.5 

Th~ higher rollover involvement rates of pickup trucks, vans, utility 
vehicles, and single unit trucks are expected given the higher center of 
gravity of these vehicles as compared to the barrier rail height. Indeed, 
except for a few specialty barriers, all existing barriers are designed for 
impacts by passenger cars. Even for those few specialty barriers where 
consideration was given to the larger and heavier vehicles, containment is 
the major concern and not overturning. The low rollover rate of tractor
trailers is very surprising for the same reasons mentioned above. There is 
no apparent explanation for this discrepancy and the sample size is too 
small (there are only three rollover accidents involving tractor-trailers) 
for any further analysis of the data. 

It is interesting to note that the majority (59.2%) of tractor-trailers 
involved in CMB accidents were skidding sideways or rotating, as compared to 
roughly one-third for other vehicle types (see table 33). Given the lower 
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incidence of rollCJvers fp•r vehi.cles skiddi.ng sidew~_ys o.r rqtatin_g, th.is may 
aocount partial l,y fqr the l .. ower h1ctdentE! of TO llciv~r i nvql vement fd.r 
tractor-trailer~: · 

Tc1.ble 33.. S~idqing sideways/r:olattng p_y yehicle type. 

~kidding Sidew9ys/ 
T\otal Accidents R.otat i.ng 

Vehicle Type No:. ¾ No. o/c . 
-.·o_ 

Rasseriger Car 1385 75.3 518 37.4 
Pickup "Trµc~/Van 303 1'6.5 ioi 33. 3, 
Singl~ Unit Truck 62 3 .4 18 29.Q 
Tractor Trailer 71 3.9· 42 ~9.2 
Othe.r __lli. . l :b ---5, 22.? 

Total 1839 100.0 683 37.1 

While the. o,vE!rall rollc,yer rate of passenger cars w~s slightly below 
ayerage, sm~ll er aric! lighter cars. sh.qwed a much hJgtier propensity 'for 
rollo~er than their lar~ef arid heavie~ count~rpart~, as shCJwp i~ tabl, 34. 
F9r example, p13-ssenger cars ~itli ~urb weights of 1,800 lt1 or less 1had a 
rqllpver.rc1te bf J7:7 persent, •s cpmp~recl io only J.i percent f~r ~irs with 
c-µrb weight c1bove 4, ~qo 1 b an.ct .an. ayer age of 7. 9 percent for all passenger 
cars. · 

· This relationship between vehicle curb weight and rollpver rate i1 well 
d.efined, as shqwn in figure L A 1-ogarit:hrn inoclel, weighted qy the 5q11are 
root of the sample size, was found fo prqvide the best'fit to the cla(a, as 
fo 11 ows : .. '::,;~-

Rollover Rate - J06.39. 12.31 Ln(Vehicle Cur~ Weight) 

The rolloyer rate is expressed in pE:!rcent a~:d the vehicle curb weight is iri 
pounds. The .R sgu~re value of the regress~ 6ri ~quat ion is O -73, ~h.i ch is 
cons i clered a gqof fit, given thf ~man $c1mple s i ie in some pf the eel 1 s . 

. _A l)Um~er ~f dr~v~r Ch~racter1~ticsi in~Jucp11g ¢river ag~, speedir,gt ~nq 
dr1v1ng wh11e 1ntox1cated or under the influence 9f drugs (DWl/Drugs), on 
rollover involve!ll!:rnt !'iere eicaminEld, as shown in 'taQles 35 throu9h 37:. 
E>:cept for drivers age abe>ve 60, 11-tho had a tij gher than av!:!ragE:! ro 11.o,v~r 
r~te (13.6%), th~ oth~r ~g~·groµps paq si.miTar rQllover·rates. Wtiile 
speeding was citeq in nearly 'two-thi,rcl~ qf the CMB acciq!:!n,ts, t had nP 
apparent .effect cm th!:! roll ?¥er rate. Qri vfng ~n9er trEl infl ~ nc~ qf 
akohol or_clrugs \'las faun.cl 1n 13.3 .percent .qf tpea~cider:its, b t 1t ~lSQ 
had very l 1 ttle effect on the roll over .rate:: 

: , -, ; ' - ' ·. r' .,., , 
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Table 34. Rollofer involvfm.ent by V~hlcle curb ~ei.ght 
(pa:ssenger cars only}. 

Vehicle Curb 
We.iqht (lbD* 

<= 1'800 
1801 - 2000 
2001 - 2266 
2261 - 2400 
2401 - 2600 
2601 - 2800 
2801 - 3000 
~001 - 32Qb 
3201 - 3400 
3.401 - 3,600 
3601 - 3800 

·3801 - 4000 
4001 -, 4200 
4201 - 4400 

> 4400. 

Total 

Total 
~o:·-· 

17 
32 

101 
68 

117 
114 

76 
75 

1$5 
56 
63 
45 
50 
28 

. 34 

1062 

AccH:ients - '.i% 

. .i .o 
3;0 
9:5 

· 6.4 
IL.6 
10·. 7 
7.2 
7. l 

17'.4 
5.3 
5;9 
2.7 
4:7 
2:6 

·.-3. 2 

100.0 

Reil lo~ler" I nv'o lve'rnerit 
··Nb. - %,--

3 17. 7 
5 15;6 

13 }2.9 
5 7.4 

12 10.3 
8 7:0 
6 7.9 
7 9.3 

12 6.5 
i 1.8 
5 7.9 
3 6.7 
2 4.b 
1 ~-.6 

_I 2:9 

84 7.9 

,* 323 of the p~~semg~r c~rs d,id not h~ve kno.w.ri c.urb weight. 

Tc1qle 3$. Rollover iriVoivement by driver age. 

Total Accidents Ro] lover Involvement 
Driver Age No .. % '.- No. % 

<= 21 316 17,2 29 9.2 
22 - 30 z2j 39.3 65 ~.o 
31 - 40 420 22.8 31 7.4 
41 - 50 -16·2 s;s 14 8.6 
51 - 6p $~ 4.8 8 9.0 

> 6.0 44 2.-4 ___Q 13.6 

Total 1~39 100,: 0 157 8.5 

. The_ sev~rityqf inj.[!YW fo.r. GM.B accid.ent.s re~yl_ting in roliover W!lS m_uch 
~igher than t~.at of ~,c~Hl_fnt$ ri_otresultin·g.inrollover; ~s s-hownJn tc1bles 
38 and 39'. _.The percen;tage qf drivers su~t~jn.irig s9m~ .for~.Qf i~jllfY i~ 
fdl lover CM.B aqcidents ,was 6~;8 P.~fc;erit tqmpared fo C~hly 4.0 :.5 p,ercent for 
~onro l lover CMB act ideii,ts ... The differences . i licrea:sed -i:litH mbre ~e.~ere 
injuries. For inca:pa~,{tJHng inJiiri~S_; tti,e''percent;ag!:!.~ wet~ il.5, percent 
for roll.o:Ver CMB c!,Ctid,ents ~_r:id qnly 6 .. 0 p~_h:ent for riohi:'ci,lHiver CMB 
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accidents. The driver fatality rate for nonrollover CMB accidents was only 
0.1 percent while that for rollover CMB·accidents was ·1.1 percent. Similar 
results were also found when the highest injury sustained in an accident was 
considered instead of driver injury. · 

Table 36. Rollover involvement by speeding. 

Total Accidents Rollover Involvement 
Speeding No. l · No. % 

Yes 1203 65.4 102 8.5 
No 636 34.6 --22 8.6 

Total 1839 100.0 157 8.5 

Table 37. Rollover involvement by DWI/drugs. 

Total Accidents Rollover Involvement 
DWI/Drugs No. % No. % 

Yes 244 13 .3 22 9.0 
No 1595 86.7 135 8.5 

Total 1839 100.0 157 8.5 

Table 38. Driver injury severity by rollover involvement. 

Non-Rollover Rollover 
Driver Injury Severity No. % No. % 

No Injury 988 59.5 49 31. 2 
Possible Injury 182 10.8 18 11. 5 
Nonincapacitating Injury 406 24.2 70 44.6 
Incapacitating Injury 100 6.0 18 11. 5 
Fatal _2 _Q_,J _2 __L_1 

Total 1678 100.0 157 100.0 

These differences in 1nJury severity between rollover and nonrollover 
CMB accidents are statistically significant with chi-square values of 58.1 
and 43. 9 for driver and highest injury severity, respectively. However, it 
should b~ cautioned that injury severity is affected by not only rollover 
involvement, but also other factors, such as impact speed and angle, vehicle 
size and weight, restraint usage, occupant age, etc., that are not 
controlled for in this comparison. 
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Table 39. Ht~hest, injury :5.everitY.l?Y rollover involvement. 
l ," 

Non-Rollove.r Ro:11.over 
Highest Injury Severity No. . ' % No: %_ 

,,,- ... 

No Injury 890 53.0 44 -28.0 
Possible Injury 209 12.5 19 12.l 
Nonincapacitating Injury. 456 27.2 71 45.2 
Inqpacitating Injury 115 ~-9 21 13 .A 
Fatal _8 ~ ~ _L1 

Totc1.l 1678 100.0 157 10.0 .. 0 

3. NYDOT Barri.er A.cc.i dent D~ta File i 

_ Jhe_re are only _64 police reported co_ncrete safety shaped (CSSJ .b_arrier 
accidents in the data file, five (7.8%) of whic~ resulted in overturns. 
This small numb.er .of ~SS b.~rrier accidents and .overturl')s renders it useless 
Jor any meaningful analysis on the p.erformance of CSS barrieq. The results 

;j:wesented herein are thus mostly descriptive in nc1.ture. 

Table 40 shows the frequency .and percentage .9f overturns for tbe three 
:barrier types. Overturns 9¢C~r,red i.n 7. e percent of CSS barrier .accidents, 
compared to only 3.4 per.cent for .other median ~a,rrier a<:cidents .and l_L.9 
percent of guardrail accidents: This higher rate of overturn for gu,ardra;J 
,accidents may c1.ppec1.r s i gnifi.cant c1.t first glance. However, there are 
.several factors that could a_ccount for such differences anc:l are briefly 
discussep below. Unfo_rtun~tely, th_e .data set is n.ot sufficier:itly c:letajled 
1to test this hypo thesis. · 

Table 40. Pencentage of overtu·rns ,by ba.r.d er type. 

Number of 
Overl~rn _ Tot.al N.umber 

Barrier Type Accidents of Accidents ·Percent 

css Barrier 5 64 7.8 
Other Median Barrier 13 382 3.4 
Other Barri.er 239 2.010 iL.9 

Total ?57 ~.456 10.? 

Fi.rst, vehicles i_mpacting with barrifr engs have a m_~c::h high,er 
probabi H ty of ov_erturnlng t.h~n those i mp~d i ng with the length of ne,ed. 
-Because median barriers are !;9ntinuou_s over l_oilg d,i?Hnces, .ba,rrter en.ds 
have extremely l 9w exposi.Jre, Secondly, median barriers are foun9 almos,t 
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exclusively in urban areas while guardrails are used in both urban and rural 
areas. Rollovers are'reported to be more frequent forsrural accidents, 
probably reflecting the higher incidence of single vehicle ran-off-road 
accidents and higher travel speed. Thirdly, guardrails are more likelytto 
be installed on steeper slopes which have been shown to have a considerable 
effect on barrier performance and veh i c l.e stability. 

Table 41 depicts the percentage of overturn accidents by barrier type 
and vehicle type. It is evident from the table that vans, light and heavy 
trucks, and buses are much more likely to overturn in impacts with barriers 
than are passenger cars, regardless of barrier type. This is to be 
expected given the higher center of gravity of these vehicles as compared 
to the barrier rail height. Indeed, except for a few specialty barriers, 
all existing barriers are designed for impacts by passenger cars. Even for 
those few specialty barriers where consideration was given to the larger 
and heavier vehicles, containment is the major concern and not overturning. 

Table 41. Percentage of overturns by vehicle type and barrier type. 

Barrier Type 

CSS Barrier 

Other Median 
Barrier 

Other Barrier 

All Barriers 

Vehicle Type 

Passenger Car 
Van/Light Truck 
Bus/Heavy Truck 
Other/Unknown 

Subtotal 

Passenger Car 
Van/Light Truck 
Bus/Heavy Truck 
Other/Unknown 

Subtota 1 

Passenger Car 
Van/Light Truck 
Bus/Heavy Truck 
Other/Unknown 

Subtotal 

Passenger Car 
Van/Light Truck 
Bus/Heavy Truck 
Other/Unknown 

Total 

Number of 
Overturn 
Accidents 

3 
2 
0 

_Q 

5 

9 
3 
1 

_Q 

13 

159 
47 
20 

__n 

239 

171 
52 
21 

__n 

257 

55 

Tota 1 Number 
of Accidents Percent 

55 5.5 
7 28.6 
1 p.o 

_l 0.0 

64 7.8 

341 2.6 
25 12.0 
4 25.0 

__u 0.0 

382 .3:.4 

1,640 9.7 
233 20.2 

64 31.3 
_J]_ 17 .8 

2,010 11. 9 

2,036 8.4 
265 19.6 

70 30.0 
~ 15.3 

2,456 10.5 



It would appear that passenger~ cars a:re most apt -.t,o ov.erturn oil 
impacts w-ith guardrails (9.%%), fo.llo~ed by CSS -barriers (5. 5%); and least 
Jikely for other medic1n ba,rriers (2/6%}. Again, th.is higher •rate. of 
overturn fo,r guardrails may result from factors such as 'b,arriier. end ilnp<!cts, 
urban/rural bi!as,. and honlevel terrain, as discussed P.reviously. Alst1., t;he 
sample size for CSS barr.ier a"cddents is too small for .any sighHH:·ance to 
he attached to the results. 

Table 42 shows the percentage of overturns by vehicle curb wei•ght for 
-pass·enger cars by barrier type. The vehiclie cur.o weight_ is 'based ori the 
Vehicle Identiffoatioii Number (VIN). -There are only- 47 css barrier 
accidents with known vehicle wetghts, three (6.4%) of which resultfd tri .• 
overturning. T,he three passenger ca'rs that overturned weighed 2,035, 2,975 

·-'and 3,608 pounds. For other median barri'ers, th.ere are on:l)' six a:.~cidehts 
:involving overturns. The sample .sizes for both css barrfers and ot:her 
,median barriers are too small for any ine_ani l'.lgful ana 1 ys is. 

For all barriers combined, v.ehicle cur'b wei.ght appeaq to have only 
imi nor effect on the pehzentage of overt_1Jrn i ng. Vehicles 'wit,h cur.b weights 
Jess than 2,000 l·b do show a considerably higher than average (12.7% Vs. 
]'.8%) percentage of overturning whtle vehitles with ~urb w~ights over 3,950 
lb have a much lower tha'n <!Ve rage rate (2. ~% vs. 7.:8%). Otherw.i se, the 
percentage of ,ov.erturning is very similar fo.r vehicle·s betwe_en 2,000 and 

'3,95b lb. . 

, The NYDOT Barrier Ac-ciident data file contained r.elatively few 
:collisions with concrete sarety sha_ped barH·ers. The sma.n sample size, 
;particularly for acti dents res,ultfng in 'overturns, severely l i'rnits the 
,extent of analysis that tan be conducted with this data file. 
Nevertheless, a number of observations can be made from the ,analysis: 

"• Vehicle overturning is more oft.e11 associated wHh guardrails than 
[iiedi ail barriers.. This phenomen!:)n may result from factors such as 
bard er end impacts, ur,bat1/rura l bi as, and n9nl eve l terrain, as 
discussed previciusJy. However, the data set is not sufficiently 
·deta i 1 ed to test "fh is hypothesis. 

• The per!=entageof overturning for hnp~~ts i iivo~ vtng con~ret,e safety 
shaped barr'i ers appears to 'be higher than that for other median 
barriers. ~owever, the sample si~e 1~~~imply too small for any 
deflnitive con¢lusior:i to be ·crawn from·th~ data. . 

~ Vans~ str~lght trucks, ah~ tractor semitrailers are more apt to . _. 
pverturn from impact~. with long i ti:td l n~l barriers than are passenger 
cars. :rhi s is proba.bl y dµe to the hig~er ce~ter of gravity for these 
vehicles ih. relaHcin to t:he barrier rail height. Also; except f:or a 
few specialty ·barr1ets, the current ba'r;:ri•ers · are ·cles i gned for pas'seriger 
cars with n ttl e or n~ tons fder.at ion g}ven to these larger and heav'ier 
vehicles. Even for those specialty b;i'rriers., con ta tnrhent is lhe major 
concern and flot overturning. ·· 
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• For passenger cars, vehicle curb weight appears to have only a slight 
effect on the proportion of .vehicle overturning from barrier impacti. 
However, the sample size was too small for meaningful analysis for 
concrete safety shaped barriers or other median barriers. 

Table 42. Percentage of overturns by vehicle 
curb weight and barrier type 

Number of 
Vehicle Overturn Total Number 

Barrier Type Curb Weight ( 1 b) · Accidents of Accidents Perc.ent\ 

CSS Barrier < 2,000 0 4 0.0 
2,000 - 2,449 1 7 14.3 
2,450 - 2,949 0 10 o.o 
2,950 - 3,449 1 14 7 :1 
3,450 - 3,949 1 7 14.3 

> 3,950 _Q _j_ 0 .. 0 

Subtotal 3 47 6.4 

Other Median .< 2,000 3 33 9 .1 
Barrier 2,000 - 2,449 3 61 4.9 

2,450 - 2,949 0 74 0.0 
2,950 - 3,449 0 73 0.0 
3,450 - 3,949 0 26 0.0 

> 3,950 _Q _1§ 0.0 

Subtotal 6 293 1.-9 
I 

Other Barrier 2,000 < 18 128 14 .1 
2,000 - 2,449 27 296 9 .1 
2,450 - 2,949 22 277 7.9 
2,950 - 3,449 33 357 9.2 
3,450 - 3,949 21 190 11.1 

> 3,950 -1 _ill 3.3 

Subtotal 125 1,370 9 .1 

All Barriers < 2,000 21 165 12.7 
2,000 - 2,449 31 364 8.5 
2,450 - 2,949 22 361 6.1 
2,950 - 3,449 34 444 7.7 
3,450 - 3,949 22 223 9.9 

> 3,950 _! ~ 2.6 

Total 134 1,710 7.8 
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4. N~SS LBSS Da,ta Fil~ 
' ' ,,_. ,..,, ', 

The emphasis in thE! analysis of the NASS LBSS d~.ta file was to identify 
factors that are causa_t'i ve o __ r contr'i butory to ro 1'1 o.v~rs sll_bseq,u'.ent to . . 
impacts with concrete safety, shaped barriers, as opposed to PT9b Tern 
identification which was already addressed in the a'nalYses o{ the cJther 
three accident data files de.scribed earlier in the_ 'chapter .. Also, with a 
total of only \30 CM~ accident cases in the data file, ttie analysis\,,as 
strictly clinical in. natu.re, using hard copies of the accident cases., 
fncluding the various fiel~ data collection forms, ·scaled collision 
di~grams, and slid~~- No attempt was made~to co~pile any statistics fro~ 
the computerized d,ta fi 1 e. · · · · · · · · · · · 

As outlined previously in chapter U, the accidents w.~re {irst 
·reconstructed, if possible, usi.ng a simplified procedure, ··a_etails O,f which 
~re pres~nted in appendix D in volume II of the ftn.a,l" \'.Wport. A qu, l fty · 
assessment of the accident cases was also made at the re·quest of FHWA, ,, 
detai.ls of w_hich are df:!s~ribed'inappE!ndix E in voiume iI" of the ffn,il 
feport. · 

Accident cases re.sulting in rollovers were reviewed and analyzed 
clinically by the project staff in efforts to identify factors that'are 

:causative or contributory to. the propensity for rol 1 over·· subsequerit t6 · 
impact with th.e concrete s~fety shape.d barrier. Each ro Hover ace i d.7pt ~~~-
analyzed in de.tail a_nd a $U_mman of the ~ey data elements and an· a$sesstne.~t 
qf how the ~ol l oyer occ~rred w~r~ P,nipared_, ~s sho1-1n in a~pe~d ix r )'9 Y?l um_'? 
II of the f1nal report. The nonrollover acc1dents were qual1ty rev1ewed, · 
but not clinically analyzed ·qn a ca~e::by-case basi$ an,d_ no case surrmiary '1:1as 
prepared for the nonrollover accidents. · · · ·•· ·· 
,e . ·. . ,• , . 

Qf the total of 130 CMB accident~ analyted, 31 cases inyolved 
rollov.ers: · However, only 22: of the rollover accidents w~re consid_erec! 
~PP 1. i cable for the purpose of i dent i fyi ng factors that a.re causat i. ve or 
contributory to rollover~. · The remaining nine rollover 'acci.der,ts were of 
little use for this purpose for a var-lety of reasons, including inv·olvement 
df tract~r-traiiers (3 cases); roll~ver prior"td impact with barrier (I 
cas~}; rolloyer·resulting from tmp@ct.with the ~nd of'the'barrier (I cas~l, 
6.r ro 11 ov~r ca,u$ed by factors other than. and sub~equent to· the !Jarrj e.r ' · • 
impact, such asimpact·with curb (I case), utility pole (l case) and 'stE:!~P 
imbankment ( I case) or ~eve re driver steering i rip~t ( 1 case). . . . ' . ' · ' 
... • e • < <.: '• C ' • ' • • ' ,, 

The fact that a portion of the ro 11 overs on concrete safety shape,d · 
barriers w,s foµnd to··be'uhrelated to the bafrier is·a' signifi~ant 'fihajng 
.j n Hse l L ' This in' effect reduces the extent of the ro 11 over pro~ 1 em . 
associ_ated, with con~r~te S@fet.y shaped barrie_rs sine~' th~s~ rollovers. \'IQµ1q 
hav~ occOrre~ regar~less of the barrier type. While it is retognize~ that· 
the LBSS aq: iderit' cases are not a 'representative sample pf a 11 barrier . 
~ccide11ts 'anq th~ prpportio,n pf u~related ronoverf~AY 11pf'be a~c~ra1~ 1P. 
~!Jsplute terms, 1t· noh,theless points out that the extent of th~ rqllov~r· 
propl em 0~ concrete safety' ~haped barriers in~y actµa, llY'~~ l e.~r th~n t~.~t 
,irJdicated by ac~i~ent ?a,ta. . . - . -' . . . ' 
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Although the number of ro 11 over ace i dents in the data file was too 
small for any firm conclusions to be drawn, a number of potential causative 
or contributory factors for rollovers involving safety shaped barriers were 
identified through the clinical analysis. Discussions on these identifjed 
potential factors will be presented later in the section. First, it is 
necessary to define some of the common terms used in the discussions. It 
should be noted that there are actually two sets of common definitions in 
use, one in accident investigation and the other in vehicle dynamics and 
simulation, that are slightly different from each other. To facilitate 
uniformity throughout the report, the vehicle dynamics and simulation 
definitions are used and are defined as follows. 

• Tracking - A vehicle is tracking when the vehicle heading and the 
velocity vector of the vehicle are the same. 

• Yawing - A vehicle is yawing when the vehicle heading is different 
from that of the velocity vector. · 

• Slip Angle - The angle between the vehicle heading and the velocity 
vector, expressed in degrees. 

• Yaw Angle - The angle between the vehicle heading and the barrier, 
expressed in degrees. 

• Yaw Rate - The rate at which .the yaw angle is changing, expressed as 
degrees per second. 

• Impact Angle - The angle between the velocity vector of the vehicle 
and the barrier at the point of initial contact with the barrier. 

t Impact Speed - The velocity of the vehicle at the point of initial 
contact with the barrier. 

Table 43 lists the key factors pertaining to impact conditions and 
vehicle curb weight for each of the 22 rollover CMB accident cases analyzed. 
The actual yaw rates were not available from the data and are subjectively 
categorized as: low(< 20 degrees per second), moderate (20 - 40 degrees per 
second), and high (> 40 degrees per second). Also, for cases that were not 
reconstructed and the impact speeds were unknown, a subjective judgement was 
made by the project staff to categorize the impact speed into three levels: 
low(< 25 mi/h), moderate (25 - 50 mi/h), and high (> 50 mi/h). These 
categorizations are arbitrary in nature and are determined subjectively by 
the project staff. 

Discussions on a number of potential causative or contributory faciors 
identified from the clinical analysis are presented as follows. The 
analysis, as mentioned previously, was strictly clinical in nature· based on 
observations made by the project staff. Comparisons with nonrollover 
accidents are provided whenever possible. It should be borne in mind, 
however, that the nonrollover accidents were not clinically analyzed on a 
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case-by-ca.se ba.s is- and;, s~bjec:tJve. deter:111tn.app,:i" o~,. s9m,e di3Ja. elern_~!lt~, s,uch, 
a:s yaw. rate, a11d. impael, sp,eed:,· arec n~t-'. a,yaiJaqJea for: co11rn:c1ni:sqn PU;FPOS~S. . 

Tabl .e .. 43,c: L'tst of the, kE!Y./ dat~;, e,tem~~:ts pertaJn:ir:i.g, to,, i mp_a,c,t, 
cond+t.i.on.s for app;)lc;•a_b,le, L,~SS'}d:il loy.er:: acc,i ~~!lt·s, · 

•• ,'' ,,, c ' ,,·'., ' ·' , ' • ' ' ' ','' I., 

G'ase Numbers 

8'2 30 Hl V, a,i 30 228 vi 
82 79,· 514 W 
82 80 5.16., R 
82 82 534 V 
~2 82. 55Q W. 
82. 82· 56T R 
82 82 574 l 
33-03 0A0 V 
83. 03 061:i. V 
83 l'I 508 W 

,83 30 164. V 
83 36 099· W 
83, 76. 066 W, 
s:3 79.r so9.• w· 
83, 82 503' Ti 
83 82 515; N: 
83 82 530. V, 
83 82· 5.3 2 V'" 
83- 82 539 l 
8.4. 39. 099 R 
8.4; 59 512 W 

Imp.act, 
Angll 
f.Oegl 

l!l', 
o? 
02' 
29;; 
38, 
04' 
4,1; 
12, 
rs, 
5"4{: 
Q9) 
l'.9, 
oz 
25 
1,m 
28~ 
20: 
41 
06, 
1} 
4:o 
30 

Sl'.ip_. 
Angle 
(DE!9l7 

86, 
ob 
OQ~ 
0,0, 
12 
0,p( 
09 
01· 
cib'. 
27: 
00. 
ciCL 
00; 
0} 
DO: 
QJi 

2:2.0, 
00( 

,• .. ,41 
''44-. 

·q,5·. 
,. {o; 

Yaw. 
AngJi 
(Deed 

100, 
'Q7.·,., 
02 
2f . 
50 
o'.f,
so:· 
13,, 
1a>,., 
s'f · 
06: 
1·9: . . 
02· 
26·. 
iiQ,:: 
35,, 

240 
4}' 
4,i 
61: 
55 Qf 

Y.aw;, 
Ra.te-

~ig~-
none 

• -.e:, 

n9ne, . 
none, 1o~r , .. , 
IJ.Pnt 

To_w· 
none, 

1'9~, 
modena-te-.,, '·'•" •.-·, 

none 
norie., 
nocn~: 
none 
none 
low. 

h/gh) 
low, 

.hig_h 
high, 

moqglfa:t~. 
. ~;tgh,· 

Impc1c:J 
Sp~ed, 
1.I!illh± 

'1_:;"< ~ ''c' f 

: T·hr-ee, fmpaqt condlt iqn s c:qmmon,ly ob~-~riie~r for, the, r,o.ll.q,ver; ac;.c i.d.e.nts 
studi E!d ar,E! a..s. follows:, . . . -··.· - ' . . . . .. . .. - -, . . . -• . . 

l. V,eh.i,cles i"!p,g:tJpg, t,~_e! ba,r:ri'et1s .. at, Mgp· i,ll)P,;a,e::J, angJ:e~; (:>,=; 2.,5 qew:ee~) 
and moderatE! tq. h,i ~:~ trnpa,ct SPE!E!~

0
s', (>~ 2,5 m .. tfhJ. . 

:2. Veh i c: lE!S y.~~,tng i,nto, the!. barr:iiers ~i.-th .-h)gl) s hp, aog}e,s. (.>.,;; 3.Q, d_.egre.es} 
at. moderate t.6: hi.gh • ill)pae:t, spee<;!s, (>:-~ 25 ~.ifhJ .. • · · ·· · ·· ' · · 

3. Ve.hicles impac.timg the: ~"°.rrigrs tr;i a tr-~¢~ing, 11199g fs•l:iR ar:ig.1:e <"' 15· 
degrees} at· l:l:tgh; impa,c,t sP.eed:s. (> 501 111i;/,M, a.n'd lo.I'.' il)lpcict ~rigles. (<:.~, 
10. degrees}. · -·. · · ' · · · ·· · · ' · · ., · · · ' · ·.· · · · · ·· -

. .. ' '~~ 

A. breakdown of the rollo.vf:!r a.nil nonrol1over icci,dent eases b~ tb.ese thr@~ 
"impact condi hons is. shown, "in tabi'e 44: , - - {; , ,, ' . . ', 

' ' ' ' - ' . . . ... - •,-, .·-:., ' . , '•'·~-.. . ... . 
·':! 
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Table 44. · Breakdown of rollover and nonrollover accident cases 
by impact conditions 

Rollover Nonrollover* 
Impact Condition No. % No. i 

I 8 36.3 6 10.3 
2 4 18.2 20 34.5 

1 and 2 1 4.5 5 8.6 
3 5 22.7 1 1. 7 

Other ___! -1.!Ll 26 44.8 

Total 22 100.0 . 58 100.0 

* Only 58 of the 99 nonrollover accident cases have all three data 
elements (i.e., impact speed, impact angle, and slip angle) available. 

Eight of the 22 (36.3%) rollover accidents involved high impact angles 
compared to only 10.3 percent for nohrollover accidents. The impacting 
vehicle would typically climb up the lower sloped face of the barrier and 
continue to climb up the upper sloped face of the safety shape without any 
significant redirection. This would cause the vehicle to attain a high roll 
angle away from the barrier as the vehicle began to redirect and separate 
from the barrier, leading to subsequent rollover~ 

This finding is consistent with the results of a full-scale crash test 
of a Honda Civic impacting a safety shaped barrier at 27 mi/hand 52 degre~s 
which rolled over subsequently.< 35 ) However, another test with a 3,600-lb, 
full-size passenger car impacting the barrier at 40 mi/hand 45 degrees did 
not result in rollover. <37 ) These are the only two crash tests available 
with such high impact angles. The normal impact angles used for crash 
testing are 15 to 25 degrees, substantially lower than some of the impact 
angles observed in these accidents. 

Four of the 22 (18.2%) rollover,accidents involved vehicles yawing into 
.the barriers with high slip angles (>= 30 degrees) at moderate to high 
impact speeds(>= 25 mi/h). In comparison, 20 of the 58 (34.5%) nonrollover 
accidents had similar impact conditions, but did not result in rollo.vers. 
The major difference observed between the rollover and the nonrollover 
accidents under these impact conditions pertain to the yaw rate or the rate 
the vehicle was rotating or spinning. 

For the rollover accidents, the yaw rates were usually low to moderate 
and the vehicles were principally skidding sideways. The impacting vehicle 
would already be leaning toward the side of the vehicle leading the skid as 
the vehicle impacted the barrier. The roll angle would continue to 
increase as the vehicle crashed into the barrier, leading to subsequent 
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rollover. On the other hand, review of nonrollover accidents indicated 
that mo~t of the vehftles were princi~~lly rotating with high yaw rates as 
th~ vehicles impacted with the barriers. The impacting vehicl.e would 
typfcally ~ontiDue to rotate.after the initial impact with the barrier and 
then impact with the barrier a second ti me w.ith the rear corner. The ro 11 
an~le of the vehicle was usually fairly small and the second impact would 
generally stabilize the trajectory of the vehicle as it separated from the 
barrier, thus not resulting in rollovers. 

Results from the analysis of the Texas CMB accident data file, as 
dfscussed previously, indicate that vehicle skidding sideways or rotating 
prior to impact with the barrier is a fairly common impact condition, found 
in 37 percent of the accidents involving shaped concrete barriers. Vehicles 
sJidding or rotating at impact were found to ·have lower rollover rates than 
tracking vehicles. This would suggest that only a small proportion of the 
~ehicles were skidding sideways at· impact, i.~., with high yai angles and 
low yaw rates, while most of the vehicles were rotating at impact, i.e., 
w.fth high yaw rates. 

Five of the 22 (22.7%) rollover accidents involved vehicles impacting 
the barriers in a tracking mode at high impact speeds and low impact angles, 
cbmpared to only 1.7 percent of the nonrollbver accidents. The impactiDg 
tehicle would typically climb up quickly ovei the lower sioped face of the 
safety shape and continue climbirig ontb the upper sloped face. The vehicle 
would.climb hlgher and stay on the barrier longer than normal and eventually 
roll on the side away from the barrier· as the vehicle separated from the 
barrier, sometimes even priof to separating ff0m the barrier: 

The presence of 18-in high concfete glare screens on top of the 
cbncrete safety shaped barrier was found in two of the high-speed, low-angl~ 
~bllover accidents. It appeared that the glare screen would act as an 
e~tension to the top of the safety shaped barrier, thereby c~using the 
fmpacting vehicle to climb higher on the barrier than without the glare 
s'creen. Thi.s allowed the roll angle on the vehicle to go higher than 
normal, leading to subsequent rollover. 

In so~e of the rollover accidents, the vehicles actually separated from 
t!he barriers in a relatively stable fashion arid then began to rotate after 
separation and subsequently rolled over. The rot~tion to the vehicle is 
pfobably the result of brakirig and steering inputs from the .drivers and 
d~mages to the front suspension from impact with the barrier. It is 
irguable whether the subsequent rollover is. actually related to the shape 
~f the barrier 6r independent of the barrier trpe. 

Lateral displacement of the barrier segmehts was found in one rollover 
a.cc i·dent. Cra.s'h tests have shown that 1 atera l displacement of the barrier 
during inipa'ct allowed the 'barrier to rotate in the direction of the impact, 
thus allowihg the vehicle to climb higher on the barrier and could lead to 
subsequent rollover. lateral displacement of 'the barrier is usually not a 
problem for per~arient barrier installations, but certainly an area of 
eoncern for temporary installations, such as in construction zoAes. 
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The majority of the ro 11 over ace i dents occurred under dry surface 
conditions. This is consistent with accident analysis results which 
indicate that the propensity for rollover after impact with a concrete 
safety shaped barrier is actually lower under a wet or snowy/icy surface 
condition than under a dry surface condition. The reduced coefficient of 
friction under a wet or snowy/icy surface condition prevents critical side 
forces from building up and tripping the vehicle. 

Figure 2 shows a comparison of impact speed between rollover and 
nonrollover accidents. It is evident from the figure that rollover 
accidents are associated with much higher impact speeds than nonrollover 
accidents. None of the rollover accidents has impact speeds of less than 25 
mi/h compared to 30 percent of the nonrollover accidents. On the other 
hand, 73 percent of the rollgver accidents has impact speeds of over 50 mi/h 
compared to only 14 of the nonrollover accidents. 

A.comparison of impact angle between rollover and nonrollover accidents 
is shown in figure 3. Rollover.accidents are slightly overrepresented at 
both high {>= 25 degrees) and low{<= 10 degrees) impact angles. This is 
consistent with the first {high impact angle) arid third {low impact angle) 
sets of conditions associated with rollover accidents.· 

Figure 4 shows the cumulative distributions of slip angles for both 
rollover and nonrollover accidents. Nearly three-quarters (73%) of the 
rollover accidents were in a tracking mode with slip angles of 15 degrees or 
less, compared to only 45 percent for nonrollover accidents. Only 23 
percent of the rollover accidents had slip angles of greater than 30 degrees 
compared to 42 percent of the nonrollover accidents. However, it should be 
borne in mind that the yaw rate must also be taken into consideration with 
the slip angle in assessing the rollover propensity, as discussed previously 
under the second set of conditions {high slip angle and low to moderate yaw 
rate) associated with rollover accidents. 

Smaller and lighter vehicles were found to be disproportionally 
involved in rollovers, as illustrated in figure 5 where the cumulative 
distributions of vehicle curb weights for rollover and nonrollover 
accidents are shown. The median (50th percentile) vehicle curb weight for 
rollover accidents is 2,500 lb while that for nonrollover accidents is 3,150 
lb. It is interesting to note that the size and weight of the vehicle have 
less of an effect on rollovers in high-angle impacts with a higher median 
vehicle curb weight of 2,700 lb. 

It should be noted that some of the characteristics identified in 
previous studies as affecting the propensity of rollover, e.g., height of 
reveal and lower curb face, slope and offset of upper sloped face, barrier 
surface friction, and approach terrain, did not appear to play any part in 
any of the rollover accident cases studied. There was very little variation 
in the barrier shape and dimensions among the barriers involved in the 
accidents for their effects to be assessed. As to the effect of the 
approach terrain, all except one of the barriers involved in ·the rollover 
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.acci_dents · had :,pave,d, shoulders and none with .rionleve'l ·terratn •iin \the 
! ~~pro.ach. 

.. /;Based ·on :the :t:~s.ul;t~ of the j:: LinJ.caJ :anatys:; s, :·the :'followi'r:ig 1four 
~~acJoY;'s ;.Or ,:corip itions, ;;~~re ,.selecte,d 'T(or-Ct:urther ,,e,valria,tton ;fo the 

. -sJ,rnu·l.at i_ on sJudies, ,;inc,ludi ng: 

;Impacts .wUh ohigh limpa¢t ,a·ngles ,:and tmoaer;a.te 'to i.hi,gh '.tmp·act 
,;spe~ds. ·· · 

'I,mpae;t:s wi't,h :;h:i,,gh >slip ,.,angles, low yaw ~ates an·d 'cmoder;ate '.to high 
;fJ!ip.act .s:pe.ects. · _ 

,Impacts wit.h ;1.pw ,i111p.act angles ,a1nd high impact SJ>eeds. · 

Jm,papt:s :Wit_h c_oncret.e •S;afety <.S'haped tbarrii':ers 'with ;gll:are scrieens. 

;5_. :Sµmmary 

The results from ._ana'lY:seis of ;the :four' •acc.Hfent data :fi'l-es ·.ar·e pr'esen'ted 
Jn tfois.chapter. ,High:lci:ghls :of the :f,inding-s and ·concTusi,ons a.re summarized 
as fo:l :lqws,: 

:t ;Roll,oy,er ,oq:un:eq i'n '8/5 pe.r:cenl o'f the .ac:c'i·denls i1nvo'1',v:ing 'contrete 
safely shaped :barri;ers. 'Th-is ,is somewhat lower th.an :the '9. 9 ,percent 
•roH ov,er rc1.te •reported i.n .th.e '.C•ai Jforrf,i a stt1dy, ta ,9) iMuc'h of :the 
,d.iffer~nce coµJp •pe .att;ribute,d to ilhe hcigher proportion Of 'srilal ler 1ca:rs 
in ~aJif9,rnia than in Texas -s1.nce sm_aHer and Hg·hter _cars are 'found to 
'havi; .a mu<;h 'hjgher propensity fo.r rollover than their larger and 
he.avier counte,rparts. · 

• A signiftc:ant jroportipn of th!! rollo~ers ire fo~nd to be unrel~ted to· 
the ,barrier properties. Th-is in effect recfuces the extent of t:he 
rollpvi;r problem specifically associated with concrete safety shaped 
barri !!r~ sin<;~ these ro Hover -ace i denfs would hav·e occurred independent 
of th.e biirrjer type under simjlar coriditions. 

, . The roll ov~r rate is lower under adverse weather and surface 
conditions ... The lower co~fficient of friction under wet or snowy/icy 
~urfac~ cpnciitions preverits buildup of -large side fortes or tripping of 
th~ vehic:les. - · 

• The r91lover rat~ of smaller and lighter vehicles is mtich h1gher thari 
their ~eilvi~r and larger c:ounterparts,_. However, much 9f problem cah be 
ilttributeci to the inherent nature of the smaller vehicles, which is 
further aQ~_ravii.t~d by the ·shape C>f the concrete safety shaped barrier. 

• The_ followinQ three impact conditions ·are identified from the clinital 
analysi~ as potential causative or coritributory factors for rollover: 
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High impact angle and moderate to high impac~ speed. 

High slip angle and low to moderate yaw rate. (Note that vehicles 
that are rotating at impact, i.e., with a high yaw rate, are less 
likely to result in rollovers). 

High impact speed and low imp~ct angle for vehicles in a tracking 
mode. 

These three impact conditions were selected for further evaluation in· 
the simulation studies. Impacts with CMBs with glare screens was also 
added to the simulation studies, although only two of the rollover 
accidents involved CMBs with glare screens and both accidents involved 
high speed, low angle impacts. · 

• The extent of the rollover. problem on concrete safety shaped barriers 
is not considered a serious enough problem to warrant retrofitting of 
existing concrete safety shaped barriers. Thus, only potential 
countermeasures that are applicable to new barrier constructions were 
included in the evaluation. · 
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w. ,,RESULTs;oF SIMUl:!A
0

TION STUDIES 

:As discussed +n "ch~pter ·II, a· maj onmodificaJion ·to !•:HV05M~'RD2 ,,,,las .· 
._,undertaken to -,.improve ·its :capability : for 'acctmately "model i'ng "veh i cl-e ·sheet 

/metal/ri;gi<'d:b:a,rrier contact,forces:P5) ;l:J~on'oompl:etfon''orttlties'e. ·.··• •.·. 
,modifications, -the revised ,program ,was N,alidi!Jed.t'hrough -si'mul0ati1on:of:'nine 
\'ful 1-.scaJe ,cr,ash tests :a.s .di scusse·d 'i•,n ,app·en'difx "F ii'n Vol Lime 'TI -of the "f i'na l 
-report. t imi,t,ati ohs of HVOSM 's th i:n d fsk tire "'indae l ;'bec'ame a1ppare'n·t 'dlfrfrrg 
,:this ,.validation 'effort. A's :reported in ch·apter •HI, the ina'bility'o'f'th'e 
. ti re -model to accurately .s i1mul,ate ti re ·sc-rubbing forces ·prevent ·ns · u-se for 
''simul·ation ,,of ;b,arrier imp•acts .'at ar:igl'es .of less :than TO ·degre·es. 

A .similar ,,problem pr::o?e_d :to .pr'esent major ,'diffi cu)t+e's dUrfo'g )h'e 
.validation ,effort. :As ·a vehic;le •ts redirected ·by .¼a ,s'a'fety ,,·sHaped ;!B'arri'er, 
:its tires .often iride up ,onto the ,mea·r Nerti cal sur''f'ii'c'e,. -. :The fire 'i's p·ushed 
do~n by the suspension unti'l the vertical ::co'mponen't 'of b·arrfer :n•tfrmal force 

;{s suffi.cient ,to counter-ba'lance 1susirenshiii forces. 'HciweV'er, s'fnce ·the . 
fbarrier surface is near.Ty verti·cal .and the tire i:s approximately par~lle) 'fo 
:fhe surface, ,b_arrier normal :forces are virtual ty lcrteral :to the ,bottom bf 
the tire. There•fore, lateral ti r,e for·ces J'each ,unreasonabl:y 'h'i'gh values 
/before verti.cacl forces are suffictent to coUnter.ba'l'ance suspen·sion forces. 

1n an .e.ffort to -eJiminate :problems :a·ss'odated with ;HVOSM' stire ,m6clel, 
the t'ire/curb }nteracli~n surface \nor _concr'ele S'a'.fety shaped ibar'rfer, '.fmpacts 
.was -idealized ·a_s •$h<iwn +n fi~u:re 6. 'Unreasonab] y :h'i gh lateral t ir:e '.fo'rces 
._wer.e _eliminat.e9 by ,remo;v:ing '.the ,upper :Slope··oT 'the :barrYer ic'r'oss se~Jifo'n _ 
,from the t ir:e 1:0jl;tac,t -r:egiQJL As :re,pprted in ·ap'pendi'x f fo vblume ;J,I bf t'.he 
:final reporrt, this ch,ange atlowed HI/DSM s.i'mula.Uon re:S•plts to ·torrel-ate Very 
well with the seven fui q -scale con:cr~'te safety s'haped :barHer crash tes'i:.s 
studie~. All concr.ete safety shaped ,barrier .si'mulations conducted 
thereafter incorporated the modified tire/curb interact ion surfac'e shown. fr, 
figure 6. However, the modified ti.re/curb interaction surface sign'if,cahtly 
•limited th~ usefulness of the modified ph:fgram for simulation of low ah'gle 
impacts. 

·. After compll:!tion of tbe vaiidationeffort; the revis~d siniutaHoh_model 
~as then used to study rollover probl~ms associated with_cdntrete :safetY 
?haped bc1rri ers ~nd potential countermeas\,lres. The s i ihul at ion effort was 
.divided into thr,e phases, a base l i 11e evaluation of the concrete :Safety . 
shaped barrier, an evaluation of potential contributory factors identified 
in the actident analysis, and a sttidy of ~otential cduhternied~ures t6. 
elimina.te probltms identified with the staijdard concrete_ ~af~ty sh~~ed 
barrier, Each ph~~e of the simulation efftirt is described i~ great~~ 
detail below. 

1.. Baseline Simulations 

The primary objectives of this phase of the simulation effort were tci 
check the revised simulation prog.ram for reasonable'iless arid estabiish a 
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measure of the performance for the concrete safety shaped barriers over the 
range of impact conditions believed to represent the majority of concrete 
barrier accidents. The simulation effort was originally planned to 
investigate three different vehicle sizes impacting a concrete safety shaped 
barrier at three different impact angles and speeds as shown in table 3 (see 
chapter II). However, a careful review of simulations involving a 5-
degree impact angle revealed that predicted tire side forces were 
unreasonably high. Therefore, results of these simulations were not 
reported and the baseline simulation effort was reduced from 27 to 18 
simulation runs, as shown in table 45. 

Table 45. Revised baseline simulation matrix. 

Vehicle Impact Impact 
Weight (lb) Speed (mi/h) Angle (deg) 

1,800 30 15 
3,800 45 25 
4,500 60 

Results of the revised 18 baseline simulations are reported in table 
46. Note that the simulation did not predict vehicle rollover for any of 
the baseline impact conditions. However, there are some apparent 
inconsistencies in reported maximum roll angles. For example, as shown in 
table 46, maximum roll angles for mi.ni-car·simul'ations inVolving high impact 
speeds are lower than those reported for lower impact speeds at the same 
impact angle. These apparent inconsistencies can be explained when the· 
behavior of mini-size vehicles during impacts with .concrete safety shaped, 
barriers are carefully examined. · · i 

When a mini-car first impacts a shaped concrete barrier, the tires dn 
the impact side of the vehicle begin to ride up the barrier and the vehicle 
rolls away from the barrier. As these tires mount the lower curb surface, 
high forces distort the tire to the point that wheel rims contact -the 
concrete barrier and high lateral forces are generated. These high lateral 
forces are applied below the vehicle center of gravity and therefore create 
a moment that tends to right the vehicle. Tires on the side of the vehicle 
away from the barrier then quickly lift off of the ground and the maximum 
roll angle during impact can thus be quite low. 

When the same vehicle impacts the barrier at a lower speed, tire 
distortion is greatly reduced and wheel rim contact is delayed until tires 
reach the upper sloped surface. By:this time the vehicle has reached such 
a roll angle that lateral wheel rim forces are not significantly below the 
center of gravity of the vehicle and therefore the righting moment is never 
generated. As a result, maximum roll angles for low impact speeds can be 
markedly higher than for high impact speeds. Simulation results of mid-size 
and full-size vehicle impacts do not exhibit this discrepancy in maximum 
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ro 11 ar1gl es. Larger automobiles have much higher r.oll. inertia and larger 
tires t_hat preye_nt sych behavior. These findings are suppo.rt~d IJy a l~rg_e 
ou_mber of high-spe~d, concrete safety shaped barrier eras~ tests wHh larger 
automobiles wher'ein the vehicle's off side tires remained on the gro.und. 

/ •' ' •• ' ': , ' " • ,' ' •• "T - ,<' ' , • ,, , ••• <' •', 

Note that l(laximum pitch angles predicted by the program for s,ome 
i.mpact conditiori_s do not follo,w a discerriable patt~rn. -T~ese findi11gs a.re 
oot significant, since all predicted pitch angles ar.e very small an~f the 
~inor differ!nces sho~n in fable 46 are 11ot considered to be stgniti~~nt. 
Jn other 1vords, th.e _minor differences in predicte,d maxi.mum pitch ar,gles are 
~ot believed to be w1thin the accuracy of the simul~tion program. 
. . . r·, , ' - ,, , , . -·, 

~11 other i111portant mea~ures of barrier performance follow reasonable 
patterns and seem to tie consistent with available crash test re~ults. 
Findings reported in table 46 r~prE!sent a -baselin! of cp~crete safety 
~haped barrier perform<!n<:e for !(lost cqm1110n j mp act cond,iti ons that ~ill IJe 
~sed to compare performance of the saf~ty shaped barrier and proposed 
ijlternatives destribed in section'3 belo\\'. · · · " · · · · 

?· Simlllatiop of Contrib,utory F~_ctors 

As presented in chapter IV, findings. from analysis of police level 
accident data were inconclusive regarcling factors contributing to rollover 
puring impacts with co11cret:e sa,fety shaped barriers. HCl\','E!Ver; a numlJl;!r of 
~otential factor$ that may·be causative or contributory to rollover were 
~leaned from clinical rE!~iew·ot~ro116ver accidents from th!;! ~Ass·tbss·aat~ 
file as presented in chapter 4- The~e findings indicate that the 
probability of r6llov~r'during i111pacts with-~oncretf;! safety §haped barriers 
may be increased by:· (1) high impact angle, (2) high yaw angle at i111pact 
coupled with a low yaw rate, (3) v~ry hfgh impact speE!~ coupled with l&w 
impact angle, and (4) a glare screen extension on top of the safety $h<1ped 
barrier. Dlle to the af9r~me~tioned limitations of HVOSWs thin'disk'tfre 
~odel and its inability to acturately si~ulate low angl~ impacts, t~e · 
program's capacity for .<1ccurately evaluating the imp<1ct conaitions under 
ca~e·s 3 and 4 is SOll]E!Wh<1t questionabl~. · Therefore, most of the effort iry 
th1s phase of the study w<1s concentrated on further evaluation Clf i111pact 
fOnditicins µnder case~ l ~flq ?, qigilrding their effects on s;~µ~ing roll_qVE!r 
cfuri ng i 111pacts !','ith concrE!te ~ afety ~haped barriers. · · ·· 

a. _1:ligh Apgl _e l11]p11ct~ 
' ' ~ ',' ' .. 

The accuracy of the HVOSM program for si m_ul.at ion of impact angles 
~arger than 25 degrees has never tieen determined. The~efp~e, in"an effprt 
to further y<1lidate th~ program for high-ang·le impa.cts, the HVO~Wprpgq.m 
~as used tp si~ulat~ a Fi<1sh test trivqlyiryg'a Horida Civic i111pi1Ffing <1' ··. 

_concrete s<1fety shapgd bij~ri er at 27 ~P~ and ~•2 degrees. P~) A~ r~p~rtgd j ry 
Apperydix F~ the simulilti~p program correctly predict~d ~he vebj~lt np~lp~~r 
obsery~g during the te~t. · · · ' · · · · 
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Honda 
Civic 

Dodge 
Coronet 

Plymouth 
Fury 

Simulation 
No. 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

Impact 
Conditions 

Angle Speed 
(Deg) (mi/h) 

60 

l5 45 

30 

60 

25 45 

30 

60 

15 45 

30 

60 

25 45 

30 

60 

15 45 

30 

60 

25 45 

30 

~ 

l! 

TABLE 46. Simulation of .baseline impacts with New Jersey shape. 

Exit Vehicle Parallel Max. SO MS Average 
Conditions to Barrier Accelerations (g) 

Time Distance Max. Max. Max. Height Max. Vehicle 
Angle Speed (Sec) Traveled Roll Pitch of Climb Crush 
(Deg) (mi /h) Required (ft) (Deg) (Deg) (ft) (in) Long. Lat. Vert. • 
9.59 54.59 0.192 15.88 18.23 11.56 1.63 10.1 -2.70 - 6.45 -4.04 

6.02 41.20 0.217 13 .47 17 .40 7 .55 - 1.25 · 9.2 -1.86 - 4.19 -2.77 

5.47 27.56 0.299 12.39 15.14 7.12 0.94 7.9 -1.17 - 2.36 -1. 77 

1.75 46.68 0.232 17.41 20.27 15.67 2.10 16.S -8.46 -13.29 -6.07 

0.81 35.68 0.193 11.01 20.36 12.11 1.69 15.0 -5.73 - 8.92 -4.87 

1.96 23.69 0.270 10.26 21.86 7.77 1.20 13.2 -3 .15 - 4.63 -3.17 

4.45 54.88 0.253 21.00 22.71 4.67 1.15 12.8 -2.32 - 5.66 -2.27 

2.50 41.82 0.329 20.50 6.85 3.71 0.71 11.4 -1.62 - 4.01 -1.48 

0.00 28.29 0.393 16 .42 6.32 2.11. 0.30 9.8 -1.02 - 2.39 -0.81 

5.90 47.48 0.200 15.26 22. 71 18.53 1.48 19.9 -6.02 - 9.45 -3.67 

8.48 35.23 0 ,257 14.76 6.85 14.49 1.12 17.6 -4.23- - 6.62 -2 .27 

3.07 25.25 0.394 15 .08 6.32 10.38 0 .51 15.0 -2.59 - 3.94 1.12 

4.35 55.28 0.228 18.88 13.58 3.00 0.96 12.8 -2 .39 - 5.52 -l.74 

1.22 41.64 0.259 16 .13 7.24 .2 .99 0.67 11.4 -1.69 - 3.85 -1.11 

0.07 28.06 0 .327 13.63 4.36 2.82 0.33 9.7 -1.06 - 2.32 1.01 

7.37 48.62 0.207 15. 73 22.64 4.55 1.09 20.3 -6.14 - 9.42 -2.16 

8.11 36.40 0.253 14.46 15.04 4.65 '0.86, 17.9 -4.28 - 6.45 -1.73, 

1.60 25.21 0.326 12.46 9.49 4.30 0.48 15.0 -2.62 - 3.81 0.97 



There was the o·nJy: source of i nformat i.on wfth· wfitcn: to- vaTMate, th~ 
H;VOSM' program. for impacts oufsi'de the,. range .oJ no_rmaJ crash_ te'st' cqrnd,itcion·s. 
at the' ti nie of \/a-lJdation. Ho~ever' since· the HVOSM, prci~fram has:, bl'!en 
a'deq\.lat'e·J'y va.,l id.ate'd' u~der riormaY crash test cond1i·Hons, and,, no\ other' 
s•i mul ati ori model has been val'i'date·d to tfris ·extent, if ifs: §(iif-11 the• beset 
ava,ilable method for an-a}yzing; rfgidi, ba•rrier:p_e,rformimce{ foi h,i-g.h: an·g:Te 
impacts. · 

. _ . _. In an effort to· determtne the\s i g_nfffcance• of v1eli•ie;l'e' rol'-Tover duf+ng 
njgfr-angle· impac:Js, fhe HVOSM program, wa·s· used' to_si'muhte a w.ide ra;nge oJ 
hi'gh impact angles a'nd speeds for e,i'ch of :th'r_ee· d.hfferent s+ies of · 
a'utom·obileS. lia:ole ff7 s'hows the matr'i x. o.f IHgh i mpac.:t anQle s.i'rriu.la.ti cins 
conducted for thts. phase of the' researth. B'arri,er performance for these 
simulat·ioris was measured, in ter:ms of maximum r'o,]} ar\d· pi,tch ahg;les,, maximum 
height of cl_imb, and: ma'ximum 50 ms average ac:ce,l;er.atJ.oh:s. ra_b,le1 48, 
summarizes findi'.ngs of h,igh imp•a:ct angl:e: simul atfons anqi ta1bles: 4,9 through 
51 show more detailed results .... Note· th·at · the• nii'.n,f-·stze• veh·i cl~,: was the only 
ve_hi cl e that e_xhi·bited a prop.ensity fcfr· rnHqver u_nderi these impact: 
eoriditions. The mfoi-size veh.i,cJce was pred,tc'ted to be i'n da-ng'~r of rolling. 
over at speeds a•s low, as 30 mi/h and ari. impact arigl'e· of 4:S: degrees. Such . 
i'mpact tond-iti on-s maY welcli be wtthtn the rang·e of ,real-wo'rld acCidents and 
therefore- the findfng,s• are considered: to b~ ·s,ign:Hicarit. 

table- 47. Higfr-a;ng;le impac:t sfrriulatfon rria}r:ix·. 

Vefi"i'cle 
Weiqh.t- (Hb) 

1.,.aoq: 
t.-800, 
4.,500 

l'.mpa•c( .. 
S'peed (mci/.h) · 

30' 
45 
601

• 

b. ff:igh Yaw Angle, tow Yaw _Rate, Impacts:: 

Impact 
Angle (deg,}: 

3,~ 
4'~· 
60 
i's; 

Accidents involvi,ng high yaw angle or nontrack.trig· birri1er imp:a_cts ha.ve 
al ways beer) tonstdered to be less severe than: those in.volvin9 tratki;r:,g 
impacts .. 'Therefo're, _lHtle research has been''focused on the study of th,e 
nontrackiag or hi·gh yaw angl_e barr:ier iinpactf; Co'nsequgntly, tliere i,s ~o 
crash test data avatl;able wtth whicn to evaluate the effectiveness of the 
~od i fi ed HVOSM progfa111 for s i,ml)lattng high yaw angle iinpac:t s, Even though 
there. is no measure of the HVOSM program's ac,c'iiracy for ~imulat:ion of these 
impacts, th_e pro9rain .. is- st i 11 th'e oril y effe~(i ve niethod for ana:lyi i ng th'_ese 
impact conditions, shdrt of fiill•scale cfash testing. 

Rollover,prqbleins associated with high ·/aw angle concrete sa,fHY ~~aped 
barrier impacts were iriv~stig.ated by simiilat,ii'g a wide yarietyof impact 
conditions for each of three different vehicle sizes. Table 52 shows the 
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Table 48. Stability study for high.speed/angle 
tracking impacts with New Jersey shape. 

(a) Honda Civic 

~ 30 45 60 
e 

) 

) 

. 35 Spi nout Stable Stable 

45 Ma'.ginal Overturn Overturn 

60 Overturn Overturn Overturn 

(b) Dodge Coronet 
. 

~ 30 45 60 
) 

' 

) 

35 Stable Stable Stable 

45 Sideslip Sideslip Sideslip 

60 Sideslip Sideslip Sideslip 

75 Sideslip Sides lip Sideslip 

(c) Plymouth Fury 

!~ 30 45 60 
e 

) 

) 

35 Stable Stable Stable 

45 Sideslip Sideslip Sideslip 

60 Sideslip Sideslip Sideslip 

75 Sideslip Sideslip Sideslip 
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Ta,ble 49,. Si mu-lat ion: reswrts for hi gh;-ar:igle m,m :-size 
veh·i'.cle, imp-acts w,ith, New Jersey shape·. 

-Velii~,cle:, ( Impact-: Impact ·I\ y;aw,:' 
~ We,i,ght SP,e·edc Ahg;l:e AngJe, 

{Max. 
:, Ro,tr 

M'a,x~ Hi: I,\ of _, 
Max:~ 50,i; ms:a 

Av.e,r:agl::!· 
': A'hg;le, 
:'- caeq,t 

M'ax::, 
P<i:tch,, 
Angle: 
(('deq,)'-

Glftnlf 
CfoJ, 

,. Ac€eJ,enati9m (g{s,k 
'lt),;," , I:,' I', le. t·' Iii V' +· , l!lonq,. , 4<h.: ._ i:: ;et:htc ... 

l800r: f 3'0' 3:5' JS' . W 315~,;3< I~' 1'4,1'. 8', 11' . L,4s I! 6;~K 71.3; 6<3> ,,., 
,: 

118·0·0, .. , 1'·1 3·0·'. 1< 4'51 ,;, 4,5·- 1:· .5a· ,:, 1: r 6 . 1,· I'' I" 4·,:. 1:. I'2I O'·' 
', • ~ • .!_. ·: ~ - - .. • • ' - - ' j;. ' ~ ,,. -. ' • . . ~ .- .- • - .;. '. ' . -'-. ' ,.. 95:.R '.i 5i::h 

' ' ~! ; . '.· ; : ;, , , , " ' ' f , ' , 1'800:;, 301, 60, 60:, . 4:.:,6.. It. 5., : 20,. 01, · 8'.; k : 5,; 3, 

', . , ' ; ' ; ; ,: \; ' , ! ,, ' l! ' ', ; a ' r ; ,' ·, f .. · ,, ' I ;. ;. J,800, '· 4:5, 3,5, 35,, · , Z.,9: . .l , t3Ll , . 11..9, , . NL 2- ·. ]}3,;3, , 6-,2, 
,, 

• •;. , , . ,· • :, !•. : -·•'._ . . · 1; . , . F , , ,. " . [: . • . . . i: , '· :; . ,. ·-, 1800, " , 4:5; · ,, 45,· 45. , gQ,.2 , 13;.,8.. k.6, , 20! .. 9, .. , 15,. 3, 7, .• 1 
. ',·: ~-. -- ••• ; _, ' - - i C I~ - ~ ~ f ':.- .-, ~-

,, raorn, 4"5} , 60\ 60;' !, 8:8•:i0'' ; 5):8: kT ,: 3'3l:0: :, 1\2''. Si 61,.5~ 

" 180'0? 601· __ li - 3,5; ! 315> , \: JS~:S{: f: l'.2(.ff, 2< 21' 1!7i3, 11•8;. 5: 7"..3;: 
I 

,, rnom' I! 6oi. 11 45·:-• I, . 4'5'. I; 90,;J,. . FZi.9f t.K 2m;.6,. !: 2,o•':8t 9-\.or 
I-· - , 

raoo; I! 6'o: 11 60: 1' 60'· Ii 9:0.U' 2s; .. a:: l~Z'- 4:4,:2f ri 1>61.K 9::.711 IL 



Vehicle 
Weight 

fl b) 

3800 

3800 

3800 

3800 

-...J 3800 
-...J 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

Table 50. Simulation results for high-angle mid-size 
vehicle .impacts with New Jersey shape. 

Impact Impact Yaw Max. Max. Max. H. 
Speed Angle Angle Roll Pitch of 

Angle Angle Climb 
(mi/h) (dea) ldea) (dea) (dea) fin\ 

30 35 35 18.7 5.5 0.7 

30 45 45 20.8 5.5 0.7 

30 60 60 16.2 4.9 0.7 

30 75 75 3.1 0.9 0.2 

45 35 35 31.4 6 .1 1. 3 

45 45 45 23.0 6.3 I. 2 

45 60 60 20.0 6.0 1. 2 

45 75 75 19.2 3.7 0.7 

60 35 35 25.1 6.0 1. 7 

60 45 45 39.3 7.2 1.8 

60 60 60 29.8 8.0 1. 9 

60 75 75 28.3 5 .1 1. 2 

~ 

i 

Max. 50 ms. 
Average 

Acceleration (g's) 
Lonn. Lat. Vert. 

5.0 5.4 1. 4 

8.6 6.4 1. 7 

15.9 5.4 1.6 

24.1 1.8 0.6 

8. 3 9.0 2.6 

4.5 10.9 3 .1 

21. 9 16.5 6.9 

36.9 .. 2. 9 1.5 

12.5 13.6 3.9 

26.2 9.4 3 .1 

39.3 14.5 5.5 

51. 2 4 .1 2.4 
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·iJ:able 51. 'Simt:Jlatio-n .r_es·ul-ts fo:r · h:i•gh . .,,angJe -f.:ull.,-.size 
vehicle impacts .with New _Jersey.shape. 

Vehicle j:mp_act _ Jmp_act ' ·Ya_w Max. - 'Max. H. ·Max . .SO Jms. 
' ,Weight : .~peed >:Angle ' ·,Angl~ :Pitch ·; : , :of ,Aver4age . 
· ; - ·· "C-Hmb ·Accel;eration {g',s) 
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- '!I • -"•·" - ·, 
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simulation matrix selected for evaluation of nontracking impacts. Terms and 
symbols used in table 52 are defined in figure 7. Note that, as shown in 
this figure, a IS-degrees-per-second yaw rate was assumed for all of the 
simulations. HVOSM simulations of run-off-road accidents has indicated 
that most automobiles can attain yaw rates as high as 45 degrees per second 
during steering maneuvers. Thus, the IS-degrees-per-second yaw rate used in 
the high yaw angle simulations was chosen as representative of a 
relatively low yaw rate for a nontracking vehicle. 

Table 52. Nontracking impact simulation matrix. 

Vehicle Impact Impact • Yaw 
Weight (lb) Speed (mi/hl Angle (deg) Angle (deg) 

1,800 30 35 45 
3,800 45 45 60 
4,500 60 60 75 

Yaw Rate 
(deg/sec} 

15 

The results of the high yaw angle simulations are summarized in tables 
53 through 56. Barrier performance was again measured in terms of maximum 
roll and pitch angles, maximum height of climb, and maximum 50 ms average 
accelerations. As shown in table 53, the HVOSM program predicted that New 
Jersey shaped concrete barriers have the potential for causing rollovers in 

• mini-size vehicles under all of the impact conditions evaluated. Further, 
the program predicted that the concrete safety shaped barrt~r could produce 
rollovers for mid- and full-size vehicles under certain high yaw angle 
impact conditions. 

As reported previously in chapter IV, nontracking barrier impacts are 
fairly common, accounting for approximately 37 percent of all concrete 
safety shaped barrier accidents. While it is unknown what proportion of 
these nontracking barrier impacts involved high yaw angles coupled with low 
yaw rate, such impacts may comprise a significant proportion of all concrete 
safety shaped barrier impacts. Furthermore, if the HVOSM predictions 
regarding the rollover propensity for these impact conditions are correct, 
such impacts may comprise a significant fraction of all concrete safety 
shaped barrier rollovers. Thus, even though overall rollover rates for 
safety shaped barriers have been found to be lower than previously reported 
and lower than other barrier types, an opportunity for improving its 
performance may still exist. 

c. Glare Screen Impacts 

Successful crash tests of safety shaped barrier with a 10-in extension 
to the upper sloped surface tend to.indicate that glare screens would have 
little effect on automobiles impacting under normal crash test 
conditions. (29 •32 ) These findings were supported by a review of crash test 
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Table 53;. Stability: study• fcit nbntracking,:;"mpac:ts'.wi..t·h'.:New&Jersey .shaR.e.; 

· (a)·.· Honda Civic, 

45• 

60 

75 

·' 
Overturn ;overtim1', ;overturn-. ;Ov~r;turn!, jOv,~i:tucn: Ovel'tu~n. 

Ove"rtur.rl' Overturn: iover:t\irn.' ;Oyertum'l\ )Ov!!pturrL OverttJrn.: 

· Over,tutn · Mal"gi nail: Overturns. 'O~el'turn>, )ffve,rt:urn; , Ove [turn 

(b)· Dodge.Coronet 

ed: 
. ) 

~Oeg, . 

45 Stable,-

(cf. P·lymCJuth·F1Jry: 

30< 

stable 

Sideslip 

' s~i riout( 

30: 

Oy~rturn, : Ove'rturn> 

1 Spfoouf: 

45'i ~ 
., .. • . '+.· '---'---1.:.:;5.;,.c' .. ---'-'--.,,,---2;.;..5:~-l-"-'"--'-is-:)-,"-,-,-r,-'--_-'i-' ·.·2 ..... :r,,-,: ·'""'---"'."·cc8,-.'-1~.,,,,i=--"'···""· '"/ ~2---5--. ~. 

: .[ 

I; 

45 

60 

75. 

Stable 

Spinout 

Stablei Sfaole: 

. "· ',.-, - .. 

' 

1 
S:t;atrle, 

Spiriout .. Sp_inout :' Spihout '. Spir:iout' ; Spir:iotJt 
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I, 

Vehicle 
Weight 

/lb\ 

1800 

1800 

1800 

1800 

1800 

1800 

1800 

1800 

1800 

1800 

1800 

1800 

1800 

1800 

1800 

1800 

1800 

1800 

Table 54, Simulation results for high yaw angle mini-size 
vehicle impa~ts with New Jersey shape. 

Impact Impact Yaw Max. Max. Max. H. Max. 50 ms. 
Speed Angle Angle Roll Pitch of Average 

Angle Angle Climb Acceleration {g's) 
/mi/h \ Idea\ Idea\ Idea\ Idea\ / in\ Lona. Lat. Vert. 

30 15 45 90.0 8.0 I. 3 3.3 I. 2 I. 4 

30 15 · 60 90.2 5 3 1.3 4.7 1. 2 1.3 

30 15 75 24.9 10.0 0. 7 5.5 1. 2 0.8 

45 15 45 90.2 10.3 I. 4 5.7 2.8 2.4 

45 15 60 90.3 6.8 1.5 7.2 !. 3 2.0 

45 15 75 90.0 5.5 !. 5 8.6 1.6 1. 4 

60 15 45 90. l 9.8 1.4 9.2 5.3 3 .8 

' 60 15 60 90. 2 7.6 1. 5 9.9 2 .1 3.3 

60 15 75 90.0 I I . 6 1.3 11.7... 1.3 2.0 

30 25 45 90. I 7.3 1.2 6.3 3.5 2.6 

30 25 60 90. I 7.0 1. 4 7.7 1.5 2. 2 

30 25 75 84.6 5.2 I. 3 9.5 l. 2 1.4 
. 

45 25 45 90. 2 10.2 1.4 11. 8 7. 6 4.7 

45 25 60 90.3 7. I l. 5 14.4 4.0 4.7 

45 25 75 90. l 14.8 I. 3 14. 6 · 0.1 2.8 

60 25 45 90. 2 l I. 2 I . 5 17.2 II. 4 5.8 

60 25 60 90.0 5.6 2.2 21. 3 6,4 7.3 

60 25 75 90. I 28.3 3.0 22.l I 7. 6 9. l 
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iab.]e 55. S.imulati.on res.ults fo.r high yaw an_gl,e [11i.d 0 .siz~ 
·· · vehicle i~pacts ~1th the Ne~ J~rsey''ihape. · 

. ' ' ' . ' _, ··-, ' ' .,,·., .... , 

Vehicle Impact Impact Yaw Max. Max. Ml;<- ~- Max. 5.0•rns. 
. ~eight ~p.eed Angle }\ngle Roll Pi'tch 0~ Average 

A'Qgl e Angle Climb Acceleration (g, s) 
fl b,\ /mi /h l fdea) Ideal f-deo) l'deol Lin.) Lona. . Lat. V.ert. 

' 
,, 

I 
•., '' 

3800 30 15 45 ID. I 2.2 0.2 2.7 1.5 .7 
. · .. .. 

3800 30 15 60 8.8 2.5 0.2 3.6 0.5 .5 
.,_' . ' •· I 

3800 30 15 75 .5.8 2.1 0.2 4.9 ·0.8 . 6 
• '1· 

3800 45 15 45 16-.4 4.2 0.8 4 .'s 3.3 I. 2 
' " .. ' "~ 

3800 45 15 60 11.3 3.6 0.4 5.8 I. 2 . 7 
I . ,. ,'· ' 

3800 45 15 75 5.6 3·.o _ 0.3 B. I 0.9 0.9 
... . .... ·-

3800 60 I's - 45 20. I 5.3 I.I 6.4 3.6 I. 6 
. 

I ' ·, 

3800 60 15 60 86.9 4.4 1.4 8.4 2.0 I. 4. 
' 

3800 60 15 75 6. 36 3. 7 , 0..4 11 . 7 I.I I I. 26 
' 

.. .. . ', . .., ,, . .,_' 

3800 30 25 45 15.8 3.3 0.7 5.0 3.0 I. 6 
' .. ·-· ''"'J'" .. 

3800 30 25 60 10.2 3.3 0.3 6.5 I. 4 0.6 
' .. '. I 

, ....... _.,, ... :··' -r· .~· '• 

3800 ' 30. 25 ts 4.7 2.7 
_, 

0.3 9.0 0. I 0.9 
. ' . ' 

' , .. -, ·- .. ,1 ' - -, ._ :,, -.. 
3800 45 25 45 20.] 6.4 LI 8. I 5.0 1.8 

' '• . . ·, ... 
3800 45 25 60 90. I 4.8 1.4 11. 0 2.8 1.4 

3800 45 25 75 6.0 4.2 0.4 14.5 1.2 1.5 .. . ,' 

3800 60 25 45 23.7 12.4 I. 7 11. 3 7.3 3.3 
.. -••-' . .. .. ., ' .•' . . 

3800 60 25 60 90.0 5.9 1.3 15.9 4.4 2.3 
·-. "' --- ', ;" ·- . •r •:la• 

3800 60 25 75 9.5 6.8 0.7 20. I I. 8 2.2 
.,,··1 .. .· -~, . . . .. . 
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Vehicle 
Weight 

(lb l 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

Table 56, Simulation results for high yaw angle full-size 
vehicle impacts with the New Jersey shape. 

Impact Impact Yaw Max. Max. Max. H. Max. 50 ms. 
Speed Angle Angle Roll Pitch of Average 

Angle Angle Climb Acceleration { g, s) 
(mi /h \ Idea\ Iden\ Idea\ Idea\ Ii n 1 Lona. Lat. Vert . 

. 

30 IS 45 12.3 3.2 0.4 2.8 1.4 0.5 

30 IS 60 6.3 2.0 0.2 3.3 0.6 0.4" 
. 

30 IS 75 6.5 I . 7 · 0. 2 4.3 0.7 0.4 

45 15 45 19.2 3.7 0.7 4.6 3. I 0.7 
,• 

45 15 60 7.8 I. 7 0.3 5.7 I.I 0.6 · 

45 15 75 6.6 I. 9 0.3 7. 7 0. 7 0.8 

60 15 45 20.3 3.9 0.8 6.6 3.8 1.0 

60 15 60 21. 8 2. 7 0.6 8.5 1.9 0.9 

60 15 75 7.0 2. 7 0.4 11. 4 0. 7 1 . I 

30 25 45 18.I 3.7 0. 7 ,· 5 .1 . 2 .8 I. 0 
J 

30 25 60 7. 9 I. 3 0.3 6.4 1.3 0.7 

30 25 75 6.0 I. 9 0.3 8.8 0.7 0.8 

45 25 45 19.8 5.2 0.8 8.4 5.3 I. 3 

45 25 60 36.3 3.0 1.2 11.0 2.9 I. 3 

45 25 75 6.8 3.0 0.4 14. 7 0.8 I. 4 

60 25 45 22.7 6.5 1.0 11 .8 7.8 2.2 

60 25 60 63.l' 3.2 1.4 15.2 4.5 2.2 

60 25 75 17. 7 4.5 0.6 20.7 0.9 2.0 
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films which in\:Hcated that many test vehicles would not even contact the 
glare scree.n extension t.o the safety shap.e .. Therefore, if ,glare screens .do 
j0
1ncrease the potential for rollover, the effec:t is likely to involve 'only 

impacts with low impact angles. However, the :HVOSM program's inabflity to 
properly s jmul ate .t,i r:e con ta.ct ,with the upper s,lop~d surface ·of the .concrete 
safety shaped barrier severely limits :the ;usefitiln~ss .of the :;prpgram for 
simulating low-angle glare screen impacts. Thei':'efore, only .a limRed 
simulation effort was devoted to the irivest-igat,ieon ·of the i'mporta·nc:e of 
glare s.cr.eens on the performance .of concrete sa'fety shaped •bar:riers ·under 
crash test cond·itions .as shown in table 57. 

Table 57. ·Glare screen .impact· simlilati.on ·matrix. 

Vehicle 
We i.ght {lb l 

1,800 
3,800 
4,500 

Impact ,. 
Speed (mi/h) 

30 
45 
60 

· Impact 
Angle {deg) 

7 
15 
25 

Simulation findings from glare screen e.valuation runs •are shown in 
tables 58 thro1,1gh 61. The HVOSM program .predicted .. good p·erformance for a 11 
impact conditions evaluated, as shown in table 58. Based on these 
si.mulation findings, ther.e is .no reason to believe that ·vehicle sheet metal 
contact with glare screens adversely affects the performance of concr~te 
~afety shaped barriers und.er :norina l er.ash tes;t condi.ti ons. However, the 
quest i.on of the effects of a glare screen for 10w angle i:mpact s remains 
unanswered .. 

d. High-Speed, Low-Angle Imp.acts 

HVOSM simulations of high-speed, low-angle imp·acts to the conci:-ete 
safety shaped barrie.r .suffer from severe limitations associated wHh its 
thi.n disk tire model. -Si.nee th.e·program is.unable to accurately.model 
low-angle cu.rb impacts, it js unreason:abJe to· expect it to mode·1 low-angle 
impacts with safet:Y shaped barr·i ers. However; rep.orted problems ,wi'th the 
tire mod.el have b.een shown to. destabilize th·e~',i/ehi.cle and pre di ct excessive 
maximum ro,11 and pHch angles for low-angle •concrete safe~y shaped barrier 
i.mpacts. Thus, the HVOSM program may oversta.te tfie s.igniHcante of low
angle impacts on concrete safety shaped b.arrier rollovers. 

A limited si-mulation s,tudy was undertakeJi to estimate the effects of 
high-speed, low-angle impacts .on the performance o.f concrete safety shap.ed 
garrier, a-s sho.wn in t_able 62. N.ote that the modiHed tire/curb .. 
interaction surface was used for these s imula'.tions and therefore a 
vehicle.' s ti res c;,oul,d n.ot c.l i,mb to the top of the safet:5' shaped barrie.r . 
. Simulation results are, summarized fo table 53, and detailed results are 
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Table 58. Stability study for impacts on New 
Jersey shape with a 20-in glare screen.' .-, 

(a) Honda Civic 

Speed 
(mi/h) 

30 
Angle 
(Deg) 

7 Stable 

15 Stable 

25 Stable 

(b) Dodge Coronet 

7 

15 

25 

30 

Stable 

Stable 

Stable 

(c) Plymouth Fury 

Speed 
(mi /h) 

30 
Angle 
(Deg) 

7 Stable 

15 Stable 

25 Stable 

45 

Stable 

Stable 

Stable 

45 

Stable 

Stable 

Stable 

45 

Stable 

Stable 

Stable 

85 

60 

Stable 

Stab 1 e 

Stable 

60 

Stable 

Stable 

Stable 

60 

Stable 

Stable 

Stable 
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;VehiicTe, 
: We+ght. 

tlbJ 

1800, 
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1800 

moo: 

Table. 591• Simuta:tion- results for mi-n-1-size veh.icle impacts 
on: New, Jersey, shape w.i th. a:. 20-i:w gTa re-screen. 

· Impact If. Impact Yaw 
Speedi ) l'lngJe An-g:lie' 

(mW,,}: _J; GdeqJ fdeq:) 

JOl. 71 T 

45 7/ T 

60:. T ]; 

30: 1s: 15: 
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I: 60i IS 15 

Max. 
Roll 
A'nmle 

_ fdect1 

6;,._9, 
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---.J 

Vehicle 
Weight 

Cl b) 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

Table 60. Simulation results for mid-size vehicle impacts 
on New Jersey shape with a 20-in glare screen. 

Impact Impact Yaw Max. Max. Max.· H. . Max. 50 ms. 
Speed Angle Angle Roll Pitch of Average 

Angle Angle Climb Acceleration (g's) 
(mi/ h ) (dea) (dea) (dea) (dea) Ci n) Lona. Lat. Vert. 

30 7 7 6.5 1.1 0 .1 0.3 1.5 0.3 

45 7 7 3.6 1.8 0.3 0.4 2.2 1.0 

60 7 7 8.2 1. 9 0.6 0.6 2.8 1.0 

30 15 15 3.0 3.0 0.3 1.0 2.4 0.9 

45 15 15 7.9 4.5 0.7 1. 6 3.9 1. 3 

60 15 15 29.3 3.5 1. 2 2.3 5.7 2 .1 

30 25 25 11. 7 4.6 0.5 2.6 4.0 1.2 

45 25 25 15.3 5.4 1.1 4.2 6.6 2.2 

60 25 25 17.5 6.6 1.5 6 .1 9.6 3.8 

.... 
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presented in table 64. The HVOSM program predicted stable vehicle 
performance in all cases except an 85-mi/h, 10-degree impact with a small 
car. Based on these findings, it was concluded that if high-speed, low
angle impacts are a significant source of rollovers in accidents involving 
concrete safety shaped barrier, evaluation of the problem is outside the 
capabilities of existing versions of.the HVOSM program. However, based on 
the infrequency of high~speed impacts in real-world accidents, these impact 
conditions are not believed to be a major source of concrete safety shaped 
barrier rollover accidents. (4l) 

Table 62. High-speed, low-angle impact simulation matrix. 

Vehicle 
Weight (lb) 

1,800 
3,800 
4,500 

Impact 
Speed (mi/h) 

. 60 
85 

3. Simulation of Potential Countermeasures 

Impact 
Angle (deg) 

5 
10 

HVOSM simulations of concrete safety shaped barrier impacts identified 
two impact conditions, high-angle impacts and~high yaw angle coupled with 
low yaw rate impacts, that may contribute to rollover in accidents involving 
concrete safety shaped barriers. As reported in chapter IV, rollover rates 
for concrete safety shaped barrier accidents are lower than previously 
reported and lower than the rollover, rates associated with other types of 

, barriers. Consequently, retrofitting of existing safety shaped barriers to 
, reduce the propensity for rollover is not believed to be cost beneficial. 

However, for new constructions or reconstructions, there still may be room 
to improve the basic shape of the shaped concrete barrier to reduce the 
propensity for rollover in the future. Therefore, only potential 
countermeasures applicable for new construction or reconstruction were 
considered and retrofit concepts were excluded. 

The F-shape barrier was developed as a potential improvement to the 
New Jersey shape that would reduce the rollover potential of the safety 
shaped barrier. (l 2) The lower and upper sloped faces of the F-shape have 
the same slope as those of the New Jersey shape. However, the curb portion 
of the F-shape barrier is only 10 in. high compared to 13 in for the New 
Jersey shape. As discussed in chapter III, lowering the curb face has been 
shown to have the potential for reducing rollovers under normal crash test 
conditions. Therefore, the F-shape,was selected as a potential improvement 
that may reduce the propensity for rollovers during high-angle and.high yaw 
angle impacts. 
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Table 6J. SJ.a bi U.Jy study for ~J9hcsp.eed .. low. angl~ 
iilipa.cts qn New Jersey shap·e, . . 

(a) Hon,da ~jvic 

(-b) Qpdqe Cor:onet. 

05 

lO 

(c), P:ly_mpuJh Fcury 
' . :·,; ·' ' 

10. 

StapJe 

St.abl,e 

S.tab 1:e 

s.tahl:~ 

St,a_l;lJ.ei:, 

Stable '. '. ' 

St.able 
, .... - ·, -

S.tabcl,e 

StabJe ,,..,. . .. , ,- ·; .~ 

85 

Stab)e, 

'· 



I.O ,__. 

Vehicle 
Weight 

(lb) 

1800 

1800 

1800 

1800 

3800 

3800 

3800 

3800 

4500 

4500 

4500 

4500 

Table 64. Simulation results for high-speed/low-angle 
mini-size vehicle impacts with New Jersey shape. 

Impact Impact Yaw Max. Max. Max. H. Max. 50 ms. 
Speed Angle Angle Roll Pitch of Average 

Angle Angle Climb Acceleration {g's} 
(mi/h) (deq) (deq) ldeq) (dea) (in\ Lonq. Lat. Vert. 

60 05 05 20.6 3.0 '0.8 0.3 2.2 1. 6 

60 10 10 35.8 3.9 1.3 1.2 4 .1 3 .1 

85 05 05 36.8 4.8 1. 2 0.6 3.5 . 2. 5 

85 10 10 47.7 8.6 2.2 2.2 7.8 5.5 

60 05 05 8.1 1.4 0.4 . 0.3 2.7 0.8 

60 10 10 12.9 2.7 0.8 I.I 3.8 1.6 

85 05 05 14.2 3.7 0.7 0.6 3.6 1. 7 

85 10 10 39.3 3.3 1.4 1.8 6.8 3.5 

60 05 05 2.2 1.6 0.3 0.4 2.3 0.7 

60 10 10 8.2 2.2 0.7 1.2 4.0 1. 3 

85 05 05 2.5 1.4 0.5 0.7 3.5 0.9 

85 10 10 18.3 2 .1 1.0 I. 9 6.6 2.2 

"!:4 



Another potential improvement to the New Jersey shape t6ncrele ,barrier 
~s to totally eliminate the lower curb and have a single c:6ristant.sl6~e 
barrier ... Th.is barrier would represent somewhat of a midpoint_ in the natural 
progressjon between_ a safety shaped barrier and a: verti~al wall, ...... . 
Elifuinatiori of.the lower curb face ~iJl gre~tly r¢dute the ~ertit~l f6r~e§ .• 
on the tires, which in turn. should reduce the vertical forte~ applied t'o .the 
vehic1e'~ body structure. As a result, this modifitati6~ t~ri be expected 
to reduce the. number of rollovers associated with concrete saf°e_ty shaped 
barriers and it was therefore selecte'd for evaluation in t'his phase 'of the 
study. __ ·_How_eve_r,_the slope to be used in this single c·onsbirit sl6'pe barrier 
~as yet t6 be determined. -. 

. The safety shaped barrier ~ith its lo~er curb face ~as designed t6 
redirect Automobiles impacting at low angles with6ut.damage Ea the V~hicie. 
This barrier performance is possible because a vehicle's tires contact the 
lower curb surface of the barrier first before the body bf ihe vehicle 
contacts the recesseq upper sloped barrier surface ... Removal of_ the, lower 
curb would likely eliminate such behavior except un·dere~tremely l9w-angle 
Jmpacts. SJop,rig the barrier away from the roadway.should redufe the. . 
degree of sheet metal contact with the barrier arid likejiie reduce oehicle 
damage. 

Anbth~r advantage bf the shaped ~6ncrete barrJer is ihat later~l 
accelerati~ns imparted to vehicles im~atting a safety barrier ha~e bee~ 
shown to_be lower than tho.se involving a rigid vertical wall. ~limination 
of.the lower curb surfacewoitld increase theselciteral,ac\:eleratib~s._ The_ 
extent of increases in lateral vehicle acteleratioris should be controlled to 
some degree by the barrier slope incorporated. 

. A i imited simulation effort was undertaken to determine th~ ~ffects bf 
barrier ~~ope bn th~ maximum roll arigl' and lat¢ral ~eijlile acteleralibns 
under normal c_rash test conditions. Findings from thiseff6rt indicated 
that maxiiTI~m roll ah~le was minimized for a.ilope 6f ~ppr6iimif~ly ~l 
'degrees. However,, in the interest of reducing lateral acte l era.ti ans, a 

. barrier. slbp' 9f 80 9egrees was selected foruse i_ri, the_ rema,iri8et; qf_ the 
sim~litioh studj .. Finally, it W~s belie~ed that a barrier tHat_did not . , 
apply normal f6_rce~ with a vertical component to iiTI~aclih~ aut6~bbiles would 
offer the best method of miniinizirig rollovers associated with rigia •• , 
barriers. A rigid vertical wall was therefore selected for ihclusioh in the 
simulation study of potential countermeasures. 

Each of the-three p~oposed shape modifications w~s then siffiulited for 
an high-angle and high yaw angle impact conditions used to evaJuate the 
coric_rete_safety shaped barri~r. Simulation findings are ~res~rited iri i~bl~s 
65 through 84 and summarized below. 

a. F-Shape Barrier 

As shown ln tables 65 and 66, the HVOS~ program pr~dicted that F-shap~ 
barriers would exhibit performance very similar to the Ne\ii Jersey shape 
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Table 65. Stability study for high-speed/angle 
tracking impacts with F-shape. 

(a) Honda Civic 

~ 30 45 60 
e 

) 

) 

35 Stable Stable Overturn 

45 Stable . Sideslip Overturn 

60 Overturn Overturn Overturn 

75 Marginal Spinout Overturn -
(b) Dodqe Coronet 

~ 30 45 60 
e 

) 

) 

35 Stable Stable Stable 

45 Stable Stable Stahle 

60 Sideslip Stahle Stable 

75 Stopped Stopped Stopped 

(c) Plymouth Fury 

~ 30 45 60 
e 

) 

) 

35 Stable Stable Stable 

45 Stable Stable Stable 

60 Sideslip Stable Stahle 

75 Stopped Stopped Stopped 
-· 
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Table,66. Stabili.ty study tor nontcacking impacts with F-shape. 
: ' '. : --, ' - ;_ . ,'. ,, ' . .. ... •' .•. :· ', ' ·,,':,:"' ' •, 

(a) Hon~a ,Civi.c 

·~· 30 ~5 60 ,-, ~-~,;:_' ', "i', 
J(Tlp.. '' ' 

·~ •v~ •..•. ·\o~g) ,15 25 ,15 
i 

25 15 2? Angle.,. '· · ,, 

. '(Qe_g.J . . 
' 

: 
45 Over.turn 9.v~rJurri 

'' 
Overtur.n Margi ~a 1 .Overt.u,:n ~~r.gi.na,1 

60 ,Overturn 
) 

: O~e~turn Pv,erturn Overturn ' 
' 

O~er.~u.rn Overturr 
i 

75 O~ert.urn Overturn Overturn Overturn 
' 

O.verturn O,verturn 

' 

(~) Dodge Cor~net 

·~ 
mi /h) 30 45 69 

~ : ' 

: , ~5 25 1~ 25 1,5 25 

' ' 

45 Stable Stab]e Stable Stable Stahle St~ple 
,;,; I ··,.-. 

60 Sides lip Sides lip Sj d,esli p SidesJip ~ideslip Oyerturn :,•, 

,7? Spin,out Spi noo~ Jpi ~out Spi nout Sp.i nout Spfoout 
. ' 

. 

' 

~~ct /h) 30 45 60 

~ 
'' 

' 
. 

' 

' 15 25 15 25 15 25 
' 

,, ·", 

45 Stab 1 e Stable St~~le Stable ~table Stable 
., ' ;·,:·1; ;,: ,,,: ' ' ,,, 

60 Sjdeslip ~ides lip Sid~slip ~\d~slip Siqes]iP Margi na 1 
I 

75 Spinoyt Spi nout Spi nout Spinout Spinout Spin~t 
.. ,. : I''.• ., ',.. ,:, :\ '' 

·,, ::•;·'-_ 
. 
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I.Cl 
<..Tl 

Vehicle 
Weight 

<lb) 

1800 

1800 

1800 

1800 

1800 

1800 

1800 

1800 

1800 

1800 

1800 

1800 

Impact 
Speed 

(mi /hJ 

30 

30 

30 

30 

45 

45 

. 45 

45 

60 

60 

60 

60 

Table 67. Simulation results of high-angle mini-size 
vehicle impacts with F-shape. 

Impact -·Yaw Max. Max. Max. H. Max. 50 ms. 
Angle Angle Roll Pitch of Average 

Angle Angle Climb Acceleration (g's) 
(dea) (deal (deal (deal (in) Lonq. Lat. Vert. 

35 35 14.9 4.5 0.7 7.8 8.0 3.0 

45 45 24.1 2.6 0.8 13. 2 9.3 3.3 

60 60 90.2 2.2 1.3 21.0 7.1 4.6 

75 75 56.1 1. 2 0.9 24.0 2.6 2.2 

35 35 22.9 4.5 1.1 12.0 13 .3 4.5 

45 45 32.7 19.2 1.1 21. 9 15.0 5.3 

60 60 90.0 24.4 2.1 34.4 11. 7 6.0 

75 75 30.9 8.7 . 1.3 40.1 5 .1 3.8 

35 35 90.1 5.0 1. 5 18.0 18.3 6.0 
. 

45 45 90.7 32.0 2.0 29.0 20.2 7.5 

60 60 90.0 63.7 3.5 45.5 16.1 9.4 

75 75 49.9 22.9 2.7 54.0 7.5 7.0 
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I.Cl 
........ 

Vehicle 
Weight 

<lb l 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

Table 69. Simulation res~lts for high-angle full-size 
vehicle impacts with F-shape. 

Impact Impact Yaw Max. Max. Max. H. Max. 50 ms. 
Speed Angle Angle Roll Pitch of Average 

Angle Angle Climb Acceleration (g's) 
(mi/h) (deal (deal (deal (deal fin) Lona. Lat. Vert. 

30 35 35 11.0 4.0 0.4 5.2 5.3 0.8 

30 45 45 12.1 4.5 0.4 9.0 6.3 0.9 

30 60 60 16.3 4.5 0.5 16.5 5.3 1.0 

30 75 75 2.6 1. 5 0.2 24.4 1.4 0.6 

45 35 35 11. 2 3.8 0.6 8.6 9.0 1.5 

45 45 45 - 11. 7 4.5 0.6 15.1 11. 0 1. 9 

45 60 60 15.2 3.7 0.6 27.4 9.3 2.0 

45 75 75 6.5 1.0 0.3 37.8 2 .1 0.9 

60 35 35 9.9 5.4 0.8 12.5 13 .4 2.3 

60 45 45 11. l 4.4 0.8 21.9 16.3 2.9 

60 60 60 14.7 3.6 0.7 39.7 14.5 3.3 

60 75 75 17.0 1. 4 0.6 51. 3 3 .1 1.5 
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Vehit.le 
Weight 

- _ '(]bi 

iB00 

1800 

1800 

1800 

1800 

1800 .. 

lilO0 

1800 

1800 

1800 

1800 

1800 

isoo 

1800 

1800 -

)800 

1800 

iaoo 

Table 70. Simulation result? for high yaw angle 
inini-size vehicle impacts with F-s'hape. 

Impact Impact Yaw Max. ~ax. Max. H. Max. SU ms. 
speed Angle Angle ·Roll Pitch _ of Average 

Angle . Angle Climb Afcelera,t/on (g, s) 
(mi,ih)_- -lde□ -l Ideal- Ideal , , ldeacl linl - kon'O. · Lat·.-· Vert.-

3·0- 15 ·45 90. I 2.0 I.I -- '3·.-5 ·- l.4 -1 •.-1-.- .. 
. 

30 15 60 90 .-2 4. I -1. 2 . 4.0 . I-.-3; 0.8 ,_ . 

30 15 75 77. 9 -13.6 2.•8 -- - 5 .'4 2.L• '.6-. 9 ,. 

45 15 45 '9·0. I 7.4 ·I. 2 5.9 3.0 , -f.8 

45 15 60 ·go, 2 . 6 :6 -- l. 3 ·5.,1 ,J. 3. hS-

_-45 15 . 75 90.l 3.4 L4 8.9 1.5-' - ()._"9 

60 ,15 45 90.0 . 7.7 I. 3 9:7 5,i; -2. 7 

. 60 I 15 60 90. 2 - 5.0 1.3 11.0 ·2 ,4 2 j 

60 15 75 90. I 5. 0 .. I. 3 .] 2. 2 ·_ ,J .6 i.°J-
' 

30. 25 45. 88. I l. 9 l.'1 6.8. . 3 i8- . :2 :O 
' 

30 25 60 90.I 3.1. 1. 2 -·-. 
0

6 .-7 1.-2 L6 

-· 30 . 25 75 Ile:! 5:9 - 'OA -- 9:3 3.5 9,5 

45 25 45 67.7 I. 7 !-. I 12.6 7.8 3-.4 
' 

45 25 60 90.2 I. 3 LI 14.5 3.7 3.4 

45 25 75 90.0 7 .a·. I. 3 • 15·.3 1.5 1.8 .. 

5'0 25 45 54.9 4. 2 · 1.0 iio li.s -4: 6 

60 25 60 90. I 5.5 \.2 21. 1 : - 6. I 4.o 

60 25 75 90. I 6.8 1.2 2J .0 I _"0 3 .-0 
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Vehicle 
Weight 

/lb l 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

Table 71. Simulation results for high yaw angle mid-size 
vehicle impacts with F-shape. 

Impact Impact Yaw Max. Max. Max. H. Max. 50 ms. 
Speed Angle Angle Roll Pitch of Average 

(mi/h). 
Angle Angle Climb Acceleration ( g, 5) 

Idea\ (deal f dea) fdeal f i nl Lona. Lat. Vert. 

30 15 45 8.4 1.3 0. I 2.7 I. 5 0.3 

30 15 60 4.7 I. 2 0. I 3.4 0.5 0.4 

30 15 75 5.7 0.9 0. I 4.8 0.7 0.4 

30 25 45 11. 9 2.3 0.4 4.9 2.8 0.7 

30 25 60 4.8 2. I 0.2 6.3 1.4 0.6 

30 25 75 5.9 I . 2 0.2 9. I 0.8 0.7 

45 . 15 45 10;7 I. 9 0.3 4.4 3.2 1. 0 

45 15 60 6.2 1 . 7 □ .2 5.7 1.1 0.6 

45 15 75 5.7 1.3 0.2 8.2 0.8 0.7 

45 25 45 16.8 3.2 0.6 8.6 5.2 1. 4 

45 25 60 23.6 3.5 0.8 11 . 5 3.1 1 . I 

45 25 75 4.7 2. I 0.2 I 5. I 1.0 I. 2 

60 15 45 16.5 4.7 0.7 6.5 3 .8 1.6 

60 15 60 11.0 2.9 0.3 8.7 2. I 0.8 

60 15 75 5.2 1.8 0.3 II. 9 0.9 I. 0 

60 25 45 19.4 4.3 0.9 11. 8 7.7 2.0 

60 25 60 90.0 6.5 I . 7 16.5 9.7 I. 7 

60 25 75 5.9 2.5 0.4 20.8 1.2 I. 6 
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Table'•72. Simulation: results for high yaw ang·le fuH-size 
vehii:J:ii impacts with F-shape. 

Vehfcle !mp'aci:· Impact v-aw Max. Max-. : Max .. H: Max. so.· ms. 
, Weight Speed Angle Ang.le. Roll Pitch of · Aver,ag_e 

: . Idea}. 
. Ang,l e : Ang-le tlinib Aci:e,J,erat-i dri' (;!J.'s), 

/lbt !mT/h), Idea I· . Idea\ Idea•\ . /•'in\c· ~on,J. ~at. , Ve'rL 

4500· 30 15 45 10,2 2.0 0. 2, ... 2.7 1.4:: ; o'..3' 

4"500• 30 15 ' 60 5.8. l .. 6- 0:. 2' 3d, :, ,.0.6· 6'.4 
. 

4500 . 30· · 15 . 7'5 6•.8 1'3.6 ci: z 3'.9 0:7<. .b,:3 
; 

4500 45,, 15' 45 16. O· J.O: 
I 

0,:5 4A. 2.4· .. t.L. 

4'500 45 15. 60 4. 9' 2d 0.3 5.6 1.1: o· . .s 
' 15 6. 7, o,. i 4500· 45· 7.5 1.8. 0:. 3: 1.1, .o:, 6, 

l 
4500 - 60: ,, 15" 4'5, ' 18. l I l.4·. 0.6 6-.5• 3:_9, 1.3· 

4500. 60 1'5 ·60, - ' 15.8 I 3:.6 0·.5 8.4' 2. l, o,.a. 

4500•. 60 -- 15 75 6. 7· l·. 9 0.3 n ... 5 0.7. I J:.O, 

4500'. jo 45, . 1•5·, d 4 .. g·, 
I 

0.'. l . 25 J...3: O'. 5, 2 .8 , . . 

4500 30 25 ,, 60. 4.5 2·. 3 0•.3i 6.3 1.3 0.6 

I I I 

4500 30 25 ' 75 6.2 1'.9 . 0.3 8·.8, b.i .(f1: 

4500· 4·5 25 45 16.4 ':. 3.2 . O·. 5 . 8 .. 4· 5.2 J:.O 

4500 45 25 60,. j'g._ 0 2.3 0.5 I0.8· 2.8'. LO: ' 

4500 . .. 45 · 25- 1; 15 5.8 2-. I 0·. 3 14.9 .. 0c.8 L2 

60 25 17.8 
I• 

- o:, 7_ Ii. 9: .. .7.8 4500 45' 4.6- 1.6 
I 

4500 60' 25. 60' 60.9 5 3 .. L3 · 16.k 4.6· l'.6 

·4500 60: -25 75 8.4 2.8 0.5 (.26.7•. •. 6.9 L7, 
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Table 73. Stability study for high-speed/angle 
tracking impacts with constant sloped barrier. 

(a) Honda Civic 

~ 30 45 60 
e 

) 

) 

35 Sides lip Spi nout Spi neut 

45 Sideslip Spinout Marginal 

60 Sides lip Spi nout Spi neut 

75 Spinout Spin □ut Spinout 
. 

( b) Dodge Coronet 

~ 30 45 60 
e 

) 

) 

35 Stable Stable Overturn 

45 Stable Stable Marginal 

60 Stable Sideslip Marginal 

75 Stopped Near Stop ~ear Stop 

(c) Plymouth Fury 

~ 30 45 60 
e 

) 

) 

35 Stable Stable Marginal 

45 Stable Sides lip Stable 

6n Sideslip Sideslip Stable 

75 Stopped Stopped Stopped 
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Table 74. ,~ability study for rfohtracking .i~pacts .~fth .c,onsfan"t si:ope:d ti~rri/ar, 

(a',) H?rida Ci vie 

45 
60 

75 

.4'5 

6(1 

75 

Overturn '. Overturn Overturn . Overturri ! Ove?tu,rn I ;o,v,ert.~rn I 

Margi hfl • Overtyrh • Overturn Overturn i Spihci\it i Spfiiout 

Overturn Spi~6lit bverfurh ' b~ertqrn '. Spindlit ; s.·~;no~J 

45 

25 25 

Spi riaut 

(c) Plympvtli Fury 

45 

60 

75 

. . . .. 
30 45 fiP 

. 

15 25 15 25 15 25 

Stable si:a'b1e , s'tabTe Stable siaesll.p ' Sipeslip , 

s;a~snri, sia~slip s;des,lfp • siaesliii · 

SpinouJ SP,inqit • Spinoµt Js;~esr;~ i 

Sid~slir, 

s+&~np 
Mi!rginal ' 

s;desli~ 



I--' 
0 
w 

Vehicle 
Weight 

Cl b) 

1800 

1800 

1800 

1800 

1800 

1800 

1800 

1800 

1800 

1800 

1800 

1800 

Table 75. Simulation results for high-angle mini-size 
vehicle impacts with constant-slope barriers. 

Impact Impact Yaw Max. Max. Max. H. Max. 50 ms. 
Speed Angle Angle Roll Pitch of Average 

Angle Angle Climb Acceleration (g's) 
(mi/h) (deq) (deq) (deq) (deq) (in) Lonq, Lat. Vert. 

30 35 35 14.3 5.7 0.7 10.2 12.5 3. 7, 

30 45 45 52.7 4.7 1. 3 18.2 16.2 4.9 

30 60 60 35.0 12.2 1. 4 '24.8 10.7 4.5 

30 75 75 15.2 3.3 0.7 26.9 3.9 2.8 

45 35 35 31. 5 18.2 1.9 24.8 10.7 4.5 
> 

45 45 45 28. l 14.5 2 .1 24.2 19.8 5.4 

45 60 60 13. 2 22.8 3.0 37.5 13.9 5.8 

45 75 75 15.3 9.9 1. 5 43.7 15.3 5.4 

60 35 35 6.6 30.0 2.2 22.4 27.6 6.2 

60 45 45 90.1 26.9 3.0 33.0 25.6 6.5 

60 60 60 24.0 2.3 3.5 50.0 17.0 7.5 

60 75 75 12.8 22.9 2.0 58.4 9 .1 8.8 



..... 
0 
.i:,. 

V"eihi'cle 
Weight 

(lb) 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

Table 76. Simulati'on ·results for high'-arigle mid:..size 
vehi:cle impacts with constant-slope oarri·ers • 

Impact Impact Y.aw ;Max. ·Max. Max. H. Max. 5·0 ms. 
Speed -Angle Ahgle Roll · Pfti::h of Average 

Ang-le Ang·le Climb Accelefatioh (g's) 
(mi/h) (dea) (tle·a) _,_ (de·a) . ('dea) { in) _ Lonq. Lat. Vert .. 

30 35 35 11 :2 _ _ 4.1 0 :4 . 5.1 5.j 1. 2 . 

30 45 45 l7 .1 6.J 0.7 · 8.9 6.6 1. 7 

JO 60 60 15.3 ·5_ 6 1.0 16.4 6.0 2.5 

30 75 75 . 4.~ 1 _ - 2. 7 · 0.2 23; 5 . .2. 7 ·- · 1.0 

45 35 35 23.9 9.6- LO 13 .8 6 .1 2.0 

45 45 ... 45 -40.J. 8.0_ 1. 9 15.2 ll. 7 . 3.3 

45 60 60 t2.7 9 :7 2.4 26.7 ro.2 _ . '4,. 5 

45 7.5 .75 ll. 2 6.2 .0. 6 37 .-0 4 .. 2 .. 2 .,0 , 

60 35 3'5 . - 9·0.1 7...2 2.0 _ 13.0 .. 1'4.8 --· 4.-2 

60 45 45 _ . 45. 2 9.6 J.0 22.5 16.9 .s ":o . 

6ff 60 . '- 60 42.1 f2.4 - 3.4 39.1 14.9 '6.0 

60 ·75_ .75 15.8 _ 10.7_ 1.8 .. 49.6 5.7 3.1 



I-' 
0 
(.J1 

Vehicle 
Weight 

(lb l 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

Table 77. Simulation results for high-angle full-size 
vehicle impacts with constant-slope barriers. 

Impact Impact Yaw Max. Max. Max. H. Max. 50 ms. 
Speed Angle Angle Roll Pitch of Average 

Angle Angle Climb Acceleration (g's) 
(mi/h) (deq) (deq) (deq) (deq) {in l · Lonq. Lat. Vert. 

30 35 35 14.0 5.9 0.7 5.4 5.5 1.3 

30 45 45 19.3 7.3 1. 2 9.4 6.6 1. 9 

30 60 60 18.3 8.2 1.3 16.9 5.9 2.0 

30 75 75 5.7 4.0 0.2 23.9 3 .1 0.8 

45 35 35 21.6 14.5 1.8 9.3 9.7 2.5 

45 45 45 28.4 21. 5 2.8 15.6 11. 3 3.2 

45 60 60 18.6 8.2 1. 3 16.9 5.9 2.0 

45 75 75 11. 4 7.7 0.7 37.4 4.6 1. 7 

60 35 35 25.8 18.0 2.9 13.3 14.0 4.9 

60 45 45 70.2 28.0 3.8 22.3 16.2 4.7 

60 60 60 25.8 15.4 3.7 38.7 14.2 5.5 

60 75 75 11. 3 12. 1 1. 7 50 .1 6.0 3 .1 
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Table 78. Simulation ~esul ts for '~igh yaw angle mini -s i,ze .. ,, ,, . 
vehicle imp.acts wi'th' constant-slope!· ba'ri'i_ e r5 

., 
. - ' " • < .•I , ~,, , I ,:: :., 

Veh cle Impact Impact Yaw Max. Max. Max. H. t:1ax. 5_0 ms. 
We ght Sp~e-d ~ngle" Anj)e Roll Pitch 

,,_, __ .,. of 
'Average· 

,.• ,, .,·: .;•~· Angle Angle cl'finb Acc~]eriti~n (g's) 
11 b 1 (mi /h l Ideal Ideal Idea\ 'lde'OI 'liri'l Lona·.' •"tat:! Veft. 

1~· .. ,\X .; ,~;_; :":,: . ···-',,_;.•, . ·.-!:1r·~ 
1800 30 15 45 88.1 4.7 1. 3 4.9 2.2 I. 3 

: ·":'_',. 
-

-·- -- _,__ 

1800 30 15 60 52.9 6.3 ]. 6 4.8 I. 2 4.4 
'"'--,'' -

1800 30 15 75 48.6 6.6 ]. 3 4.9 1.0 3.8 
-, '' :_ 

1800 45 15 45 90. I 14:5 l. 3 8. I 5.2 2.7 
,•· ·-

. ; ~ 

1800 45 15 60 85.8 I. 9 I . 3 9.4 2.5 2.0 

1800 45 15 75 90.0 4.2 I . 5 8. 7 I. 7 I. 3 
.. ~·;::.- .,:; - . ,, 

1800 60 15 45 90.2 13.4 I. 4 13.0 9.6 4.0 
-

", - . 

1800 60 15 60 57.9 2.0 I. 0 14.7 5.0 3. I 
" -

1800 60 15 75 44.9 6,3 0.7 12.2 ]. 5 2.0 ,. 

1800 60 25 45 90.0 3.'2 I. 1 9.0 6.3 3.0 
l',· 

I !:\"· y 
.,_ ;.. 

--

1800 30 25 60 34.9 5.3 0.8 10.6 3.4 4.7 ., ,_J, 

1800 30 25 75 24. 7. 8.0 0.6 9.5 I.I 4.6 
--~- ~ ·.r.-,··: ~- . ..:!; -"~ • 

1800 30 25 45 90.0 7.9 1. 4 16.8 13.7 5,0 
' 

:.'t,;_ 
I . -- '.-'.(.(..::· .. .. - . 

1800 45 25 60 71. 9 5. i - 1.6 18.2 7.0 7.0 
- ~--· " : 

1800 45 25 75 69.5 9. I- I.I 16.6 
I 

1.8 2.4 
-_ ' - : __ -

1800 45 25 45 90.1 4 .-9 2.0 23.6 19.8 6.7 
. :' ·:: ~ •. ,::{;i,+.:_·, 

-
--

1800 60 25 60 12.0 IO. 5 - ' 2. I 25.5 9.4 4.8 
. "~,; - A•?•_. .:·-. . -

' -: -~ ,, - y, . ·'.''. ... ·•i·-

1800 60 25 75 31. I 16.5 1. 5 24.l I.I 4.5 ,.., 
-
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Vehicle 
Weight 

11 b 1 

3800 

3800 

3800 

3800 

3800 

3800 
. 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

Table 79. Simulation results for high yaw angle mid-size 
vehicle impacts with constant-slope barrier. 

Impact Impact Yaw Max. Max. Max. H. Max. 50 ms. 
Speed Angle Angle Roll Pitch of Average 

Angle Angle Climb Acceleration (g's) 
(mi /h) Ideal Ideal Ideal Idea\ Ii n \ Lona. Lat. Vert. 

-. 

30 15 45 17.0 4.5 1.0 5.0 . 
2 .8 2.2 

30 15 60 13. I 4.3 0.6 3.6 0.8 0.9 

30 15 75 7.5 2. 7 0.3 4.2 1.0 0.9 

45 15 45 23. I 6.4 1.2 4.3 3.4 1.5 

45 15 60 35.6 5.5 I. 2 6.0 1.3 1.0 
. 

45 15 75 9.4 6. I 0.6 7. I 0.7 I.I 

60 I 5 45 25 .8 10.0 1.5 6.2 3.7 I . 7 
. 

60 15 60 36.3 6.7 1.3 8.5 2 .1 1.5 

60 15 75 9.7 8.3 0.9 10.4 2.0 2.6 

30 25 45 13.8 3.5 0.6 2.7 2.4 I. 6 

30 25 60 15.6 5.4 0.9 6.9 1.5 1.0 

30 25 75 6.9 4.5 0.4 8.7 I. 4 1. 3 

45 25 45 20.2 6.6 1. 2 8.6 5.2 I . 7 

45 25 60 90.0 7.4 1.8 11. 4 3.0 ]. 9 

45 25 75 23.9 9.6 1.0 13.8 6. I 2.0 

60 25 45 11. 3 2.7 0.3 1.7 3.0 1.0 

60 25 60 62.9 9.4 2.8 '16.6 4.6 3.0 

60 25 75 7.7 15.3 1.8 19.5 I. 9 3.0 
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ve·h icle 
Weight : 

; 
/,lbl 

4500 

4500 

4500 

: 4500 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

Table 80. Simu'lation •resu:lts, •for "tii'gh ·yaw angle 'f.ull-"size 
'\leh·ic\e impac,ts -·with constan't 0 s'l'op·e 'bar'rfer. 

·Imp a cl ; :Impact Yaw ' 'Max. Max. 'Max., H. ' 'Max. 150 ims. 
Speea ~ngle Ang0le Roll . 'Pdtch'. · of Average 

: Arig'le 'Angle·: .Climb 'Ac"ceTerat i o·n (g's:) : 
;(riii/h) Ideal ·taea\ Ideal J:dedf /i,n·l 'Lona .. ;1 •Lat. Vert. 

'I 
30 -15 "4'5 15 .·7 :4. 4· 0.8 2.8 ' 1.·8 : 'l.7 

: .· 
. 

30 'I'S 60 10 .. 6 3 .3 0,4 l.4 '0.5 'O :6 
~ : 

30 1"5 75 ' ·8 .2 3°:'3,- ·0,-~ : 3.9 0.6 0-.7 

45 15 ' . 45 3:1 .7 6,3- 1.4 :4."s .2 _!g 1.'o 

' ' 
,·45 15 60 H.2 : 3,7 0.5 5.6 J..2 : :I.I 

45 ls ' '0·.0s ,JS 
' '10.4 4.9 0.5 ' 7.1 -I. 2 

' ' 
'60 : 15 45 33..1 . 12.9 .• Li; '6. 4 3 ·i! 2.0 

'. ' 
:60 -IS 60 31.6 4.2. 0 8 8.3 2:0 1.6 

: 

160 ,JS 75 •12. 2 i 7. 6 : ·o. 7 I0.8 0. 7 ' Ul 

I 
: ·' 

I :I 30 ,25 45 '1,7. 2 5.2 0.9 's .b 2.9 I. l 

I 
,I 

3 j'_ 6.4 
I 

30 25 60 10. 7 :o. 5 L4 .J. I 
. 

30 25 75 'id 4:-i 0.5 8.1 0.8 1. 3 

45 25 45 ' 26.6 (6.5 i .6 8.5 '5. 2 LB . 

45 25 60 33. 7 4.6 - i. 2 1 I. 3 2.9 2.0 

45 25 75 12•. 0 9. I 0.9 ]4.2 0.4 . '2 .3 

60 25 45 37.5 26.5 2.5 12'.1 7.9 2.7 .. . 

60 25 60 . 77."5. 6.9 I. 4 16.6 4 .8 3.·o 

60 25 75 8.8 14.6 l.7 2b.2 0.4 3.3 
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TABLE 81. Stability study for high-speed/angle 
tracking impacts with vertical wall. 

(a) Honda Civic 

Speed 
(mi/h) 

Angle 30 45 60 
(Deg) 

35 Stable Stable Stable 

45 Sideslip Sideslip Marginal 

60 Sideslip Overturn Overturn 

(b) Dodge Coronet 

Speed 
(mi/h) 

Angle 30 45 60 
(Deg) 

35 Stable Stable Stable 

45 Sideslip Stable, Stable 

60 Sideslip Sideslip Stable 

75 Sideslip Sideslip Sideslip 

(c) Plymouth Fury 

Speed 
(mi/h) 

Angle 30 45 60 
(Deg) 

35 Stable Stable Stable 

45 Sideslip Sideslip Sideslip 

60 Sideslip Sideslip Sideslip 

75 Sideslip Sideslip Sidesl ip 
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Table 82. Stabili.ty study for nontracking impacts 
with vertical i>1all: . 

(a) Honda Civic 
. 

~ 30 45 60 
. 

) 

~ 
I 

15 25 15 
I 

25 15 25 
. . -

I 

45 Stable· Stab:l'e Stable · Stable St.able '. Stab le 

60' Sideslip Sides lip Sidesiip Margi ria_l Sides lip Overturn 

75 Spinout Overturn Margi n·a J Marginal Ma_rgi na 1 Overturn 
. . 

(b) Dodge Coronet 

Speed I 
. mi /h) . :io 45 60 

Imp. 

~ 15 25 

. 

,. 
. 

15 25 15 25 
I 

.· . . 

. 

45 Stable Stable Stable Stabl_e Stable Stable 

60 Sideslip Sides lip Sideslip Sideslip Sides lip Sides lip 

75 Spiriout Spihout Spfoout Sp1nout Spinout Spi nout 
I 

(c) Plymouth Fury 
. . . . 

~ 30 45 60 
. 

) 

~ 
. 

. 15 25 15 25 15 25 
. 

. 
. .. 

'. 

45 Stabie Stable Stable Stable Stabl~ Stable I 

60 Sidesiip Sides lip Sideslip Sides lip Sidesiip Sides lip 

75 Spinout Spinciut Sides lip Sp1 riout Spinout Spinout 
. 
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I--' 
I--' 
I--' 

Vehicle 
Weight 

fl b) 

1800 

1800 

1800 

1800 

1800 

1800 

1800 

~BQO 

1800 

Table 83. Simulation results for high-angle m1n1-size 
vehicle impacts with vertical barrier. 

Impact Impact Yaw Max. Max. Max. H. Max. 50 ms. 
Speed Angle Angle Roll Pitch of Average 

(mi/h) (dea) 
Angle Angle Climb Acceleration (g's) 

(dea) fdeq) (dea) (in) Lona. Lat. Vert. 

30 35 35 26.9 7.4 0.7 16.8 16.2 1.8 

45 35 35 10.2 4.8 0.2 12.3 12.0 1.1 

60 35 35 26.9 7.4 0.7 16.8 16.2 1.8 

30 45 45 5.6 4.4 0.0 12.7 8.5 0.3 

45 45 45 16.8 9.9 0.7 20.0 13. 2 2.0 
-. 

60 45 45 53.8 0.7 1. 3 27.2 18.4 2.5 

30 60 60 8.2 5.0 0 .1 20.5 6.5 0.4 

45 60 60 90.1 16.3 1. 5 32.7 10.6 1.0 

·60 60 60 0.1 



I-'·-· 
I-''" 
N 

Vehicle 
Weight 

(lb) 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

3800 -· 

3800 

3800 

Table 84. Simulation.results for high-angJe mid-size 
vehicle impacfts with::-verti;cal. barrfer. 

Impact Impact Yaw. Max-. - Max. Max. H. Max-. 50 ms. 
Speed Angle Angle Roll Pitch of Average 

,.· Angle, Angle Climb Acceleratton (g's). 
(mi/h) ldea) (dea) (dea) (dea) ( in) Lonq . Lat. Vert. 

. · 

30 35 35 6 .1 0.3 0.0 5.3 5.5 0 .1 

45 35 35 7 .6 · 0.2 0.L · 8. 7 · · 9. 2 · 0.2 

60 35 35· 9.0 1. 5 0.1 12.7 13 :a· - 0;2" 

30 45 45 6.0 0.8 0.0 22.9 43.1 0.5 .. ,_ ... . .. 

45 45 
.. 

45 5.6 '0.5 0 .1 15.4 11. 4 0.2 

60 45 45 3'.3 2.5 0 :2 22.3 16. 8 ... 0.2 · . 

30 60 60 6'. 1 0.7 0.0 17. 9 · 5; 7·. 0.6. 
-

45 60 60 6.-9. -1.1 0 0, 1 • 28.9 9.9 0·.6 
... 

60 60 .60 5.0 .2.3 . 0.1 40.4 14.3 0.2. 

-- . 30 75 . , -75 3.1 0.3 0 .1 - 26.8 l'..3' 0;.·l 
.. 

45 75 75 4.5 ,o.·2 0.1 40.7 2 .1. .0.J 

60 75 · 75 5.8 · · 0.5 0 .1 52.7 2.8 0.3 



..... ..... 
w 

Vehicle 
Weight 

(lb) 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

4500 

Table 85. Simulation results for high-angle full-size 
vehicle impacts with vertical barrier . 

Impact Impact Yaw Max. Max. Max. H. Max. 50 ms. 
Speed Angle Angle Roll Pitch of Average 

(mi/h) 
Angle Angle Climb Acceleration (g's) 

(deq) (deq) (deq) (deq) (in) Lonq. Lat. Vert. 

30 35 35 

45 35 35 9.0 1.0 0.3 9.2 9.7 1.1 

60 35 35 9.2 0.6 0 .1 12.9 13.8 1.6 

30 45 45 8.7 1. 7 0.1 10 .1 7.0 0 .1 

45 45 45 9.8 1. 5 0 .1 16.3 11.8 0.4 

60 45 45 10 .1 0.9 0 .1 22.9 16.9 1.1 

30 60 60 7.2 1.6 0 .1 18.9 5.9 0.2 

45 60 60 8.4 2.5 0 .1 30.5 10.1 0.3 

60 60 60 7.4 2.5 0.1 41. 7 14.2 0.3 

30 75 75 3.8 0.8 0.0 25.5 1. 3 0.9 

45 75 75 4.0 0.6 0.0 · 39.7 1. 9 0.8 

60 75 75 4.6 0.8 0.0 53.3 2.5 0.6 



;V~hi'i:,le. 
. Weight 

r'ii' 

. i'80ii 

1800 

'' 1800 

. 1800 
I ·., 

· 1·800 

1800 
·· le'oo · 

' 

I 

.. 

Table 86. Si111ul_ation .results l~r high Ja'w a'~~le m'i~'i-s'fze 
v·ei\icle impacts with ve'rtic"al barrier. 

Impact : l
1
~pact ,Ya"'., Max. I 

Speed I Angle Angle Rol.l. 

(rni/h) · fdeai" . : lderil' 
Angle 

1, (deal 

3·0·· is 45 7. I 

3'0 15" 
i 

60 5.4 

30 I rs· 75 ' 21.3 

45 15 4
15 8. r 

,l's 15 60 5.4 

4\' 15 75 '76. 5 

60 15 45 8.8 
·. 

60 15 60 I o'. 3 

60 15 75 I ss·.6 

30 25 
r. 

45 5.6 
-·~.\ ,. 

30 25 60 5.5 

30 25 "75 I 75.8 
:..,'.', 

45· 25 
,,,, I' a'_g 45 

45 25 60 1: 39.6 

4·5 i's :' ~ iU, 75 

60 
•'( 

25 
.. L 

10.o' 45 

5'0 . {5' ·,,, . ':_ 90. 3' 60 

6(1 25' 75 90. I 

~~x ... 
: P,i tch 
. Angle· 
' 1aea\" 

1. a· 

l'.8 
5.8 

2.5 

2.5 

5.9 

3.7 

3.5 

7. 8 

2:5 

2.4 

5·.s' 

6°.6 

l:.2 

7. 0 

,: 7.4 

2.0 
•· 
8.6 

.· 

.. 
M'a'x. ,H·. 
.. of 
Cl.iTb, 

( in-Y 

o.r 

0:0 

o'. 4 

0. I 

0.0 

1.5 

0.1 

0. I 

2.4 

o'. i 
,· 
ll.o 

f. 5 

0.1 

0.9 

Ls· 
0.3 

\ '. ', ;, ~'•:'. ·c . 

Max .. 50., ms. 
: ' Ay~rage . I 

, 1~c.telerat_i;on (g\st 
: Lo"na':c· · Eal-. : Vert: 

6.5 

'• 
8.8 

li.8 

6.9 

7. 9 
10.2 

]6°.3 

l.4" 
1: 
r: 1.0· 

Ir 5. 4 

} i 
I . 7 

I. I 

7.3 

3. 9 I 

i. 2 1: 

fr/. 4 

i.i 
0.4 

i: i 

2.9 

3.6 

a·. 7 

6 .0 I' I. 7 · 



Vehicle 
Weight 

/lb\ 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

3800 

Table 87. Simulation results for high yaw angle mid-size 
vehicle impacts with vertical barrier. 

Impact Impact Yaw Max. Max. Max. H. Max. 50 ms. 
Speed Angle Angle Roll Pitch of Average 

Angle Angle Climb Acceleration (g's) 
(mi /h). fdea\ fdea\ fdeal Ideal Ii n I Lona. Lat. Vert. 

30 15 45 7.2 0.9 0.0 3.0 1.6 0.2 

30 15 60 5.7 1.4 0.0 3.5 0.6 0.3 

30 15 75 6 .1 0.8 0.0 4.2 0.7 0.2 
.· 

45 15 45 7.6 0.9 0. 1 4.3 2.4 0.2 

45 15 60 5.5 1.7 0 .1 4.8 0.9 0.3 

45 15 75 6.3 0.9 0.0 8.5 0.7 0.2 

60 15 45 8.2 0,8 0.0 5.9 4.2 0.5 

60 15 60 5.2 0.9 0.0 9.8 2.5 0.1 

60 15 75 6.8 I.I 0.0 12: 5 0.8 0.2 . 

30 25 45 7 .5 , I. 2 0. I 5.4 3.1 0.2 

30 25 60 5.5 I. 6 0 .1 4.9 1.0 0.3 

30 25 75 6.1 0.8 0.0 9.t 0. 7 0.2 

45 25 45 9.0 0.8 0.0 8.7 5.6 0.5 

45 25 60 6. 1 0.9 0.0 · 12.6 3.5 0 .1 

45 25 75 6.4 0.8 0.0 16.4 0.7 0.2 

60 25 45 11. 2 0.9 0. l 12.3 8.3 0.6 

60 25 60 2. I I. I 0.0 18.0 5.3 0 .1 

60 25 75 6.5 0.9 0.0 22.3 0.7 0.2 
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Table 88. Simulation results for high yaw angle full-size 
• · · ~.ehicle impacts with vertical b11rrier. · •)• 

Vehicl.e Impa_ct Impact Yaw Max. .Max. Max. H. Max, 50 ms. 
Weig~! Speed Angle Angle Roll Pitcli of ~verage 

,?.ngl~ Angle Climb Acceleration (g's) 
/ 1 bl (mi /h l /deal (deal (de'al fde·a1 / inl· Lona·. LaC . Vert . 

. .. ""., -· ~-· •;,_ . ·--~.' 

4500 30 15 45 8.6 1 . 1 0. I 3.2 1.6 0.2 
.. .. . . . . ·' . . -- ,.';• .• _. -- - ·-•~ --.. 

4500 30 i5 60 6.5 I. 3 0. 1 3.6 0.6 0.2 
•'•' ' --·- - • •• !",. .. -. ..:·~ T -~c_ ... ' 

4500 30 15 75 6.8 1.4 0.1 4.0 0.7 0.2 ·, "· . . _,. .. .. . ,, , ___ ' -. .. 
4500 45 15 45 10.9 1 . 2 0.1 5.2 3.0 0.4 

4500 45 I 5 60 6. 1 I. 7 0.1 6.1 1.3 0.2 
: :, ' 
4500 45 15 75 7.0 2.0 o .1 7.9 0.7 0.2 

· .. 
4500 60 15 45 12.1 1 . 2 o .1 7.3 4,5 0.5 

' - . '':' 

4500 60 15 60 6. 7 1.6 0. 1 7.1 1.7 0.2 
-- . ;, ~ .. S'. - -

4500 60 15 75 7 3 2.0 0 .1 12.3 0.7 0.2 
;-, . 

4500 30 25 45 10.8 1. 2 0 .1 5.7 3.4 0.2 
.. '. . ,.. . .. -

4500 30 25 60 6. l 1. 6 0. 1 6.5 1. 4 0.2 .. .1.-, ;_,, r . . 

4500 30 25 75 6.7 1. 9 0. 1 9.2 0.7 0.2 
, .... _,i.., .. •· ,:•, . • .. ,, ~ -- . '. ·: ,. (' .: -

4500 45 25 45 12. 0 1.4 0.1 9.3 6.0 0.4 ,,_ .. _ . , •, ' ,' C ,.•,\,. ' .. ·,• ,,-. 
' 

. 

4500 45 25 60 6.0 l.5 0 .1 9.3 2. 4 0.2 
'., ~:..:J .. -~-. ... ... 1- •• • i,:.... :'· - • -- t ~-~ ~ -~-

4500 45 25 75 7.0 I. 6 0. l 16 .1 0.7 0.2 
'::·•· .. , _., 

·• 
,. ., 

4500 60 25 45 11. 9 I. 2 0. l 13. 1 8.7 0.3 
· .. .. , ' r·:··• 

4500 60 25 60 6.2 1. 6 0 .1 14.3 4.2 0.2 
'"-~ . ; ' '" . . ·•.· ''·· '•·a,,_ 

' 
. .,.;, ··) . ..... , <· 

4500 60 25 75 7.2 1.5 0. 1 22.7 0.8 0.2 
;i,':- ,. ,:,;. . ' -~ ' .. - : ~ ,,... :~-.. ' ;.-



barriers for high impact angle and high yaw angle impacts. Although 
predicted maximum roll angles and climb heights for the F-shape simulations 
are somewhat lower than those for the New Jersey shape, these differences do 
not appear to be significant, as shown in tables 67 through 72. Furthermore, 
the predicted maximum 50 ms average accelerations appear to be very similar 
for the two barriers. Based on these simulation findings, it was concluded 
that the F-shape would not greatly reduce the propensity for rollover 
arising from high-angle and high yaw angle impacts. 

b. Constant Slope Barrier 

Findings from the HVOSM simulations show that the single constant 
sloped barrier appears to offer some improvement in barrier performance for 
the impact conditions simulated. As shown in tables 73 and 74, the HV0SM 
program predicted 14 overturn conditions for the constant sloped barrier 
compared to the 25 predicted for the concrete safety shape,·as shown in 
tables 48 and 53. However, as shown in tables 75 through 80, the 
simulation predicted high roll angles for several of the constant sloped 
barrier impact conditions that did not result in rolluver. Furthermore, 
maximum accelerations from constant sloped barrier simulations were 
generally higher than those from concrete safety shaped barrier simulations. 
Therefore, although the constant sloped barrier appears to offer some 
potential advantages over the safety shape, there appears to be room for 
further improvement in the barrier performance. 

c. Vertical Wall 

Simulations of vertical wall impacts showed further reductions in the 
rollover potential when compared to constant slope barrier simulation 
findings. The HV0SM program predicted only 7 rollover impact conditions as 
shown in tables 81 and 82. Furthermore, these impact conditions where 
rollover occurred appeared to be clustered about extreme yaw angle and high
speed impact conditions that may not be common among roadside barrier 
impacts. For most impact condition~ studied, maximum roll angles and 
height of climb predicted for vertical wall impacts were significantly 
reduced from levels predicted for the concrete safety shaped barrier impacts 
as shown in tables 83 through 88. The predicted maximum lateral 
accelerations were somewhat higher for the vertical wall barrier than the 
concrete safety shaped barrier, as may be expected. The vertical wall 
barrier appeared to offer the most effective method for reducing rollovers 
associated with shaped concrete barriers. 

The fact that HV0SM simulations predicted rollover in seven vertical 
wall impacts serves to emphasize the destabilizing effect of tire side 
forces when a vehiclP is yawing prior to impact. This effect is most 
pronounced for mini-size vehicles where tire side forces can represent as 
much as 70 percent of the roll moment required to initiat~ rollover. 
Further, the vertical wall rollover predictions reemphasize the fact that 
the HV0SM program has never been properly validated for these impact 
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.condHion . ,\tlhile the HYOSM progrcim is certair:iJy the b~_~t .avail11bl.~ rnf!th.od 
for analy ing-these impacts and-it should gi:v,e reasonably aci:.urat.e resuHs., 
;l~!:!t,f '1 f l i ;t;tie ey.i dehce wi t_h ,wh ;di to y.a'l i qat!! jhe progra)p f.9'r S.\JCh ' . 
unusuafimpactcondHions. - . · . - . ,·,- ·· 

i' :;- :'i· / \;•.·' I_' 1'.1'•'_,.. '•~ - ·~ ··• ,- " - ', · 

In th~ interest of comp?ri nQ :th_e p~rfor:f!Iance of th.e .v~rtfca] ~~l l to 
that of the concrete safety shaped barrier under normal cras.h test 
conditioni, tfo~ baseline simulc1tjon runs were rep:~:~;t~il wi;th'the:_verticcl~ 
wall;· ~s sho.~n in ta_ble 8~, the s:i,mulc1tjqn Pfl:!dittec! t.hat tbe·,TI)a';,ci,fl1Y[ll ,rgJ] 
~ngles, pit,c:h argl.es, and cl i.mb -.hei~ht5. ,woyJcl be mych Jqw,er -fpr yer;ti.i:ail 
W?Jl Jmp:acfs whj·le the milximum lc1t.eral a.cceJerati9ns c1re Jp:,ve.r f:o.r t;h.? 
ton,~rf~e s_~f~tY shaped 9,arrier impac;ts. · · · · · · · · .· -

4. ~~mm-~rr 
/A large s iIT,tul a;tion _effort w~s. ungertakery to better defi,ne the na;t1\lre 

gf t~e copcretfsaf!!ty shat>ep _barri,er rqllqver prol;_>lern ajic;f to eval~ate 
po;te_rjti_al jm'pro,ye~_epts to'th,e s.~fetY J~ape. The simulation efforts ' ~i.hcl uded: , , . . -. · . ! , "' . ,. , 

~-- ",, ' j • ': 

f d,!!nt i ficat 1 o,r:i _of ,i:oncrete sc1 fety s~al?e_d bil.rr i er p,erfo_rni.~nq! .ynq_e,r 
common impact conditions. . · · · . '· ·. - · 
, .• :·;, C "-~• ":t, ·:··- -· · ,· ,,. ', ' ,. ·• - , · 

rPY$Sti9~t.i?n of the i11189rt_ance qf f_a!=tPn idgntifi~q 9,yrin~ accj,g,7,9t 
qatp ~Di!Jn~s a~ pot,ent1alJy i:iipsiitl~~ .or fpptr)P:utqrY t9 rpl1qy,er. 

fviiluatipl) of th~ effectjvgn~~s of potfntial cpunter111~asurfs tP redµcg 
r21J9yer propen,sity. ' · " · · ·, · · - .... · · · · 

M~Jpr 1119d if j !;:,<!t j QI}~ . l'IE!rE! l!lild,E! tp .thg HYOSl-1 lff99fq.lll i I) iii) ,effqrt tq 
,L111P.rqy~ its t~p_abil itY for modE!l ing rigiq piirr'i~r i_ffi,pil'cts.- Tv¢.n t_tiotJgb tp,E! 
~iajHl iitiorf ~ f~~et metiil cri:Jsr and su.spersiph !TIQA~l s: ~er~ ~19rJ1 fiF~r!]i - °' 
illlpro~ei:J,jts thin d:isk tifE! rilocJel still Ji_l)ljt~ itfqs¢f),!ln,e~~ fqr'm?c:Jelin~ 
low-angle impacts; Furthermore, clue to a lac~ of available crash test " 
infifrM~t 1 qr':-,-foe "~pdif ~ ~cl iire~r~m ~~ul ~ 9?i ~~ ~~gqu~f:E! i;y. ya li9~i~f fqr ~9111~ 
l~port~rt 1111pgct concJ1t1orys, 1ryclutj1ng h1gh-iing1~ an~ nontr~c~1ng 1mpaFt~. 
H9~@Y,?f HYP~M'i? ~till tbe b~st ayailiiblE! meth.Rf fqr ~yiiluiitipg' thE!_'.?~ 
1MP~Fts ,n.d Elr give pot¢ryti~lly'y?1U~bl,¢ ih~ight irttj ~,rtj~lemi !~!QCi~tgcJ with ri id barrier im acts .... ',-· - .. · .. ·.- . --,. - -· -... 
(.:·,··s -. ·2··,, ,·,;-;,·, -,•:: ,_ P-,· ..... 

Highljghts Qf the ~~jor fi~1irgs frqm th@ si1114l!tien studi~s ~re 
summarited a~ follows: · ' 
'. '•' ,·.' ·,~, ,,,- ~ ' ., . 

• A !~(i~~ 9f !! b~seline si~yl!ti9n r~ns ird1~,t~~ that ~,f,ty ~h~Re~ 
R~ffJfP prrfpr111 r~latiyE!ly ~~11 for 111og~rc1t~ ~rglfi tr<!~~rn~ imp(ln~-

11~ 
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\D 

Simulation 
No. 

1 

2 

3 
Honda 
Civic 4 

5 

6 

1 

2 

3 
Dodge 

Coronet 4 

5 

6 

1 

2 

3 
Plymouth 

Fury 4 

5 

6 

*Nonconvergence 

Impact 
Condit i ans 

Angle Speed 
(Deg) {mi /h) 

60 

15 45 

30 

60 

25 45 

30 

60 

15 45 

30 

60 

25 45 

30 

60 

15 45 

30 

60 

25 45 

30 

Table 89. Simulation of baseline impacts with vertical wall . 

Exit Vehicle Parallel 
Conditions to Barri er 

Time Distance Max. Max. Max. Height Max. Vehicle 
Angle Speed (Sec) Traveled Roll Pitch of Climb Crush 
(Deg) (mi /h) Required (ft) ·(Deg) {Deg) {ft) . (in) 

3.66 54.21 0.152 12.52 10 .12 1.24 0.06 11.0 

3.17 40.64 0 .186 11.49 6.07 0.85 0.04 10.0 

1.96 27.09 0.293 12.02 3.14 0.35 0.02 8.6 

6.68 48.27 0.154 11.58 19.52 3.30 0.55 16.6 

5.08 36.08 0.191 JO. 75 9.85 2.29 ·0.00 15.2 

3 .71 23.88 0.292 5.81 4 .7.5 1.31 0.03 13.4 

4.53 54.65 0 .149 12.41 4.76 0 .17 0.03 10.6 

- - - - - - - - - - - - - - - - - - - - NC* - ------ ------

1.15 27.36 0.305 12.65 5.02 0.40 0.03 7. 7 

0.27 48.98 0 .150 11.50 7.42 0.69 0.07 16.9 

2.20. 36.62 0 .i96 11.25 6.89 0.22 0.03 14.7 

0.00 25.07 0.308 11.87 7.63 1.43 0.11 12.2 

1.47 54.67 0.155 12.90 5.51 0.47 0.04 10.9 

1.79 40.95 0.203 12.66 5.05 0.52 0.03 9.6 

2.33 27.28 0 .327 13.64 5.28 0.57 0.02 8.0 

1.98 48.95 0.154 11. 79 7 .55 , 0.55 . 0.05 17 .3 

2.40 36.59 0.203 11.63 7.76 0.71 0.03 15.1 

3.63 24.25 0 .327 12.41 7.40 0.94 0.03 12.5 

~ 

Max. 50 MS Average 
Accelerations (g) 

Long. Lat. Vert. 

-3.59 - 7.49 0.42 

-2.54 - 5.29 0.25 

-1.40 - 2.91 0.10 

-8.84 -12.39 -1.47 

-6.45 - 8.99 0.46 

-3.82 - 5 .30 0.20 

-2 .41 - 6.42 -0.58 

- - - - - - - - - - - -

-1.02 - 2.20 0 .18 

-6.20 - 9.51 -1.08 

-4.37 - 6.60 -0.67 

-2.67 - 3.92 -0.51 

-2.45 - 6.16 -0.58 

-1.71 - 4.28 -0.39 

-1.03 - 2.18 -0.09 

-6.35 - 9.65 -1.21 

-4.47 - 6.68 -0.88 

-2. 71 - 3.95 -0.31 



rnr~~ ~ H~rn~t? ~ry-~R~L~ ,went ~-Yii J:~,~t~tj l~ HH!~nti ~ l ,C,QHDt~fll]~~~µr.t~ t,o, 
r:,gq,4s,e qgJp bi!.r.r,gr. r:pllp,v~r Fi!J~~- -~ .~Jl_pes gf 300 gm,ul,at1p,n r,~ns 
indicated that·: .· · ., '• · · ·, •-- 1 •• ·· •• •• ·"' • • -· · · • 
· . ('•, ·; ,::1, ·:1· ,, ,; , 

lht f~sh~P~ p_arri~r qffers 1 iHl~ pgr..fqpn~rs~ im,p,i::gy~m~n~ qv~r 
spricr"!tg s~f!:!ty s~?p~d parr:.rnt. for thgse 1mpa_ct tpn,91.t1ons. 
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VI. CONCLUSIONS AND RECOMMENDATIONS 

An extensive and comprehensive effort was undertaken ~n this study to: 
(1) determine the extent of the rollover problem associated with concrete 
safety shaped barriers, (2) identify causative or contributory factors 
associated with rollovers in concrete safety shaped barrier impacts, and (3) 
ident1fy and evaluate potential countermeasures to reduce shaped concrete 
barrier rollovers. The study consisted of a critical review of available 
literature; statistical and clinical analysis of four accident data files; 
and computer simulations. Some limited laboratory testing -nd one fulls 
scale crash test were also conducted in the study. The major findings and 
conclusions of the study are summarized in section 1 and discussed in 
section 2 together with recommendations. 

1. Findings and Conclusjons 

The findings and conclusions are divided into three major headings in 
accordance with the study objectives: 

• Extent of rollover problem. 
• Causative or contributory factors. 
• Potential countermeasures. 

a. Extent of Rollover Problem 

Rollover occurred in 8.5 percent of the accidents involving concrete 
safety shaped barriers. This is somewhat lower than the rollover rate 
reported previously. However, much of the difference could be attributed to 
the difference in the proportion of smaller cars between the study areas. 

A significant proportion of the rollovers was found to be unrelated to 
the barrier properties in the clinical analysis of NASS LBSS accident cases. 
While the LBSS accident cases were not sampled on a representative basii so 
that the proportion is not meaningful in an absolute term, it nonetheless 
points out that some of the rollover accidents associated with concrete 
safety shaped barriers are actually not related to the barrier itself and 
would have occurred independently of the barrier type under similar accident 
conditions. This in effect reduces the extent of the rollover problem for 
concrete safety shaped barriers that can be treated by countermeasures. 

While the extent of the rollover problem was found to be less than 
previously reported, it does not mean that rollover is not a problem with 
concrete safety shaped barriers, but only that the magnitude of the problem 
is not as extensive as anticipated. Given the severe nature of rollover 
accidents, efforts should continue to identify potential improvements to the 
concrete safety shaped barrier to reduce the propensity for rollover. 
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b. Causative or Contributory Factors 

Police level accident data, even with manual reyiew of hard copies of 
the police accident reports, are not detailed enough for identification of 
factors that are causative or contributory to rollovers on concrete safety 
ihaped barriers .. Analysis of police level accide~t data identified only a 
few fa~tors that are correlated with rollover involvement. 

• The rollover rate is found to be lower under adverse weather and 
surface conditions. This may be attributed to the lower coefficieht of 
friction under wet or snowy/icy surface conditions which reduces the 
buildup of large side forces or tripping of the vehicles. 

• The rollover rate is found to be lower for vehicles that are skidding 
or rotating prior to impact with the barriers. Clinical review of the 
NASS LBSS accident cases confirmed this finding. 

• There is a definite relationship between vehicle size and weight ·and 
,rollover involvement. The rollover rate of smaller and lighter 

vehicles is much higher than their heavier and larger counterparts. 
Much of the problem can be attributed to the less stable nature 
inherent in the smaller vehicles, such as narrower track width and 
lower roll moment of inertia. However, the less stable nature of the 
smaller vehicles is further aggrivated by the shape of the concrete 
safety shaped barrier, particularly the lower sloped surface which 
gives the impacting vehicle a large upward force upon impact. 
Clinical analysis of the NASS LBSS accident cases provided much more 

information and insights into potential causative or contributory factors 
for rollover, despite the small sample size: The following three impact 
conditions were identified as potential factors: 

• High impact angle and ~oderate to high impact speed. 

• High slip angle, low to moderate yaw rate and moderate to high impact 
,speed. (Note that vehicles that are rotating at impact, i.e., with a 
high yaw.r~te, are less likely to result in rollovers). 

~ High impact sp~ed and low impact angle for vehicles in a tracking 
mode . 

. Results .from the simulation studies support the findings from the 
accident studies that high angle impacts and high slip angle, low to 
moderate yaw rate impacts are potential contributors to rollover 
.Propensity. However, the simulation program cannot accurately simulate 
high-speed, low-angle impacts and the effect of this impact condition on 
rollover propensity was not evaluated in the simulation study. It should be 
hated that safety shaped barriers perform relatively well for the majority 
nf impact conditions, i.e., moderate angle, tracking impacts, as indicated 
by a series of baseline runs. 
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c. Pot'ential Countermeasures 

The extent of the rollover problem on concrete safety shaped barriers 
is not considered serious enough,to warrant retrofitting of existing 
concrete safety shaped barriers and only potential countermeasures that are 
applicable to new constructions or reconstruction were included in the 
evaluation. This does not mean that rollover is not a problem for concrete 
safety shaped barriers, but rather it is believed that retrofitting of 
existing barriers would not be cost-beneficial. 

' Three alternate shapes were selected for evaluation as potential 
countermeasures to reduce rigid barrier rollover rates: (1) F-shape, (2) 
constant slope barrier, and (3) vertical wall. Each of these alternate 
shapes were evaluated through simulation of impact conditions that have been 
identified as potential contributors to rollover for the standard concrete 
safety shaped barrier. Results of the evaluation indicated that: 

, The F-shape barrier offers little performance improvement over concrete 
safety shaped barrier for the~e impact conditions. 

1 The constant slope barrier with an 80 degree slope offers some 
rollover reductions while slightly increasing lateral vehicle 
accelerations. 

• The vertical wall barrier offers the greatest reduction in rollover 
potential, but also with the greatest increase in lateral 
accelerations. 

Baseline runs were repeated with the vertical wall barrier to generate 
a basis for comparing its performance with the concrete safety shaped 
barrier under the more common impact conditions. As expected, the 
vertical wall barrier has lower maximum roll angles and climb heights in 
most cases, but also the higher lateral accelerations than the standard 
concrete safety shaped barrier under these impact conditions. 

2. Discussions and Recommendations 

While the vertical wall barrier shows the best potential for reducing 
the propensity for rollover, it may not be the shape of choice for rigid 
barriers when all factors are taken'.into consideration. The propensity for 
rollover needs to be balanced against other factors, such as damages to 
impacting vehicles and potential for injuries to the vehicle occupants as 
well as operational factors, such as cost and maintenance requirements. 

The constant slope surface barrier may provide the best compromise 
solution. It reduces the propensity for rollover when compared to the 
standard safety shaped barrier while showing less increase in the lateral 
accelerations, a surrogate for damages to the impacting vehicles and injury 
potential for vehicle occupants, than the vertical wall barrier. The 
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initial construction cost ihould be the same or less than the standard 
safety shaped barrier, but substant i a 11 y less in terms of ma i ntenarice costs. 

In order to maintain the shape and height of the barrier for th·e · 
standard safety shaped bar~ier, the pavement surface has to be first lowered 
before any overlay can be applied to provide a new wearing surface. This is 
ari expensive outlay over the life of the pavement and the barfier: On the 
other hand, a constant slope surface barrier can be built to a greater 
height initially, e.g., 42 in, than the itandard j2-iri height for standard 
safety shaped barrier. Up to 10 in of overlay, e.g., five overlays of 2 in 
each, can be ap~lfed over the years Without affecting the shape or the 
minimum height of the barrier. A study ii currently underway to develop 
such a constant slope surface barrier for use by the Texas State Department 
of Highways and Public Transportation. 

However, in order to properly co,mpare_ the overall effectiveness between 
various barrier shapes, a benefit/cost analysis taking into account all the 
various factors as discussed above i~ needed. Ba~eline, high angle, and 
hig~ yaw rate simulation runs should ~rovitie a basis for determining 
relative severity of impact with thes~ barriers for any impact condition. 
In support of such a benefit/cost analysi~, additional research is needed 
to better identify the distributions ;of barrier impact co·nditions that can 
be expected along various highway typ'es. 

Police level accident data are found io be inadequate for addfessing 
such specific issues as impact cohditions .and factors causative or 
contributory to rollovers on ccincreti safety shaped barriers due tb lack of 
detailed ihfo'r'ination. Despite the small sample size, cl i_nical analysis of 
ih~depth accident ~ases provided much more iHsight and information into thit 
r9llover problem. Considerations should ti~ given to further analysis of the 
NASS LBSS data file for similar ihformatioif'oh other barri'er- types and 
perhaps a similar d~ta collection effort to gather .such data for futur(! 
evaluiitioris ahd ~tudits. 

. Computer siinulatfoh is the best available method for analyi:jng rigid 
barrier performa.ric~. ~r•~er uh,usual ·. impact conditions and potential_,,, 
countermeasures .. Although.major improvements were made to the HVOSM 
simulation program under this and other sti.J"dies, the progran:i has one 
remaining major modelihg limitatio·n. The thin disk tire inodel severely 
1 imits the usefufoess of, th'e program to eval _uate high-speed, _ 1 ow-angle 
iinpii~ts and those inYcilvin~ shaped ~oncrete barriers with glar~screehs. 
Additional res'earch is needed to improve this portion of th~ HVOSM . , 
simulation program, Full ~scaJe crash testing should be cohdu'cted to verify 
the_ .simulation fihdlngs repo·rted above and 'provide a means of validating the 
HVOSM fuodel itself. · 
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