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DISCLAIMER

The contents of this report reflect the views of the author who is responsible for the facts and
accuracy of the data presented herein. The contents do not necessarily reflect the official views or
policies of the State of California or the Federal Highway Administration. This report does not
constitute a standard, specification, or regulation.

INTRODUCTION

In 1992, approximately 21% of all fatal accidents and 14% of all injury accidents on rural 2-lane
conventional highways in California involved vehicles going over the embankment. In most of
these accidents, the vehicle overturned. :

The objectives of this research are to identify factors which might cause vehicles to go over the
embankment, the location of over-embankment accidents, roadway and roadside characteristics
where these accidents occur, and to provide recommendations which might reduce the potential for
over-embankment accidents. The scope of this research was limited to rural 2-lane conventional
highways. ‘

BACKGROUND

Research regarding over-embankment accidents by the California Department of Transportation
(Caltrans) began in the 1960's. The first study' compared the severity of over-embankment
accidents with that of hitting guardrail on freeways. The over-embankment accidents investigated
did not include accidents where the vehicle hit a fixed object or where the vehicle went into the
water. The results of this study and an updated study® led to the development of the “equal
severity curve” as well as guidelines for the placement of embankment guardrail. These guidelines
have been effective in reducing the number and severity of over-embankment accidents on
freeways. However, as the following graph shows, in 1992 the percentage of over-embankment
accidents on rural 2-lane conventional highways involving fatalities was nearly two times higher
than that on multi-lane urban freeways.
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Oné of the reasons for this disparity is that many potential roadside hazards along freeways have
been eliminated. This was done in the 1970's under the Clean Up the Roadside Environment
Program (CURE). The CURE program involved an overall effort to reduce the potential for
accidents by providing a clear recovery area with the removal of fixed objects or by making them
more forgiving. The priority of this program was to place guardrail around fixed objects and on
embankments with critical slopes. The CURE program was very successful at reducing the fatal
accident rate on freeways. However, in 1992 the fatal accident rate for rural conventional
highways was approximately six times higher than that for multi-lane freeways. In response to this,
the 1993 CURE program for rural conventional highways was implemented. The guidelines’ for
the new CURE program provided suggestions to reduce various types of accidents, including over-
embankment accidents. As part of the implementation process for the new CURE program, this
research was conducted to identify countermeasures that might reduce the potential for over-
embankment accidents.

A literature search regarding over-embankment accidents was performed. Thirteen reports were
identified which involved the analysis of vehicles going over the embankment. Four of these
reports were case studies of overturn accidents, five were investigations of overturn accidents
using computer simulation models, and the remainder were statistical studies of run-off-road and
overturn accidents. Three of the studies had objectives similar to the objectives of this study:
“Study Of Fatal Rollover Crashes In Georgia”, "Survey Of Single-Vehicle Fatal Rollover Crash
Sites In New Mexico", and "Running Off The Road: A Study Of Car Encroachment, Accidents



And Road Conditions In Finland In 1971-75". These studies looked at roadside features and other
factors, which were related to rollover and run-off-road accidents.

WORKPLAN
The following methodology was used for achieving the objectives of this study:
I. A list of accident locations involving vehicles going over the embankment was developed,

using the Traffic Accident Surveillance and Analysis System (TASAS) database. A list of
locations of accident concentrations was also developed.
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The locations of accident concentrations were ranked by accident rates from high to low.
Only locations with high fatal accident rates and high fatal + injury accident rates were
included in the final list. For each of the locations in the final list, additional data regarding
roadway characteristics and the roadside environment were obtained from the photolog (a
visual record of California highways on laser disc format).

3. General information regarding over-embankment accidents was obtained from the TASAS
database and from a sample of written accident reports. The accident reports included collision

diagrams and narratives by the officer responsible for investigating the accident.

4. The data was analyzed, conclusions were made, and countermeasures that might reduce the
potential and severity of over-embankment accidents were provided.

FINDINGS

TASAS DATA

Data for state highways is transmitted from the Statewide Integrated Traffic Records System
(SWITRS) database to Caltrans on a weekly basis. SWITRS 1s a centralized collection of
computerized data on all traffic accidents in California.  Caltrans is responsible for coding
additional information from the collision reports, including objects struck and location of accident.
These accident records are then entered into the TASAS database. For this project, a special
TASAS computer run was done to identify accidents where the vehicle went down the
embankment. The roadway type was limited to rural 2-lane conventional highways. The time base
was from January 1, 1992 to December 31, 1996,

The TASAS data files were downloaded 10 a Macintosh computer as ASCII text files. Headers,
page breaks, blank lines, and other impertinent information were removed from the data files. The
data files were then formatted so that various fields of data could be easily analyzed using an

EXCEL spreadsheet.




The TASAS data was used for providing general information about over-embankment accidents
and for determining where concentrations of such accidents occurred.

GENERAL INFORMATION

Over-Embankment Accidents on Rural 2-Lane Conventional Highways:

Year Fatal| Injury | PDO| Total
1992 84 825 455 | 1364
1993 54 741 448 | 1243
1994 87 762 527 | 1376
1995 79 795 506 | 1380
1996 67 772 524 | 1363
1992-1996 | 371 3895 | 2460| 6726

Primary Collision Factor for Total Over-Embankment Accidents (1992-1996):

Primary Collision Factor Number of Accidents Percentage
Influence of Alcohol 1262 18.8
Following too Close 18 03
Failure to Yield 83 1.2
Improper Turn 1106 16.5
Speeding 1554 231
Other Violations 1872 279
Improper Driving 73 1.1
Other Than Driver 357 53
Unknown 55 08
Fell Asleep 340 5.1

Type of Weather for Total Over-Embankment Accidents (1992-1996):

Type of Weather Number of Accidents Percentage
Clear 4641 69.1
Cloudy 1239 18.4
Raining S07 75
Snowing 209 31
Fog 106 1.6
Other 15 02




Type of Lighting for Total Over-Embankment Accidents (1992-1996):

Lighting Number of Accidents Percentage
Daylight 3995 59.6
Dusk/Dawn 252 3.8
Dark-Street Light 101 1.5
Dark-No Street Light 2350 35.0
Dark-Street Light Not Operating 6 0.1
Dark-Not Stated 0 0

Road Surface Condition for Total Over-Embankment Accidents (1992-1996):

Road Surface Condition | Number of Accidents Percentage
Dry 5031 74.8
Wet 1100 16.4
Snowy, Icy 522 7.8
Slippery 38 0.6
Not Stated 35 0.5

In addition to the above information, the following were observed for 1992-1996:

e The percentages of over-embankment accidents which involved drunk driving were 19% for

total accidents, 43% for fatal accidents, and 23% for injury accidents. These percentages are
substantially higher than the percentages for all highway accidents. The percentages for all
highway accidents which involved drunk driving were 7% for total accidents, 25% for fatal
accidents, and 10% for injury accidents.

The percentages of over-embankment accidents occurring to the left of the centerline were
44% for total accidents, 48% for fatal accidents, and 45% for injury accidents.

The percentages of over-embankment accidents which involved a vehicle overturning were
56% for total accidents, 70% for fatal accidents, and 65% for injury accidents. For total
accidents, 6% were fatal accidents and 65% were injury accidents.

The percentage of over-embankment accidents, which were the same type as those used to
develop the "equal severity curve", was 67%. Of these, 4% were fatal accidents and 56% were

injury accidents.

The percentages of over-embankment accidents, which included a vehicle overturning and
hitting a tree, were 4% for total accidents, 7% for fatal accidents, and 5% for injury accidents.
For total accidents, 8% were fatal accidents and 64% were injury accidents.
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e The percentages of over-embankment accidents, which included a vehicle overturning and
going into water, were 5% for total accidents, 14% for fatal accidents, and 5% for injury
accidents. Tor total accidents, 13% were fatal accidents and 51% were injury accidents.

¢ For all types of over-embankment accidents, the percentage of total DUI accidents involving

fatalities was approximately 2.6 to 4.6 times greater than the percentage of total non-DUI
accidents involving fatalities.

CALIFORNIA HIGHWAY PATROL (CHP) ACCIDENT RECORDS

The CHP officer in charge of investigating an accident is required to prepare a traflic collision
report which provides important details of the accident. Traffic collision reports are forwarded to
Caltrans for coding additional information into the TASAS database, such as the location of the
accident. The TASAS database provides many important details regarding accidents. However, to
gain a better understanding as to the possible causes of over-embankment accidents and events
leading up to them, a sample of traffic collision reports was reviewed. A total of 512 collision
reports were reviewed. Each of these reports was examined, with special attention given to the
collision diagrams and comments prepared by the officer in charge of the investigation.

After reviewing the reports, it was observed that over-embankment accidents might be related to
the length of embankment guardrail where the accidents occurred. Many of the over-embankment
accidents involved the driver over-steering the vehicle to the lefi to prevent it from running off of
the right-hand side of the roadway. As a result, the vehicle is over-steered across the roadway into
the opposing lane and over the embankment on the other side of the roadway beyond the left-hand
shoulder. This type of over-correction by the driver was found to be a factor in approximately 15%
of over-embankment accidents.

PHOTOLOG

The Caltrans photolog was used to review roadway segments and the roadside environment where
high concentrations of over-embankment accidents occurred. There are many curves along these
roadway segments, many of them with small radit. Most of the embankments are steep and are
adjacent to rivers or streams. Over half of the areas have trees and boulders in the roadside
environment.



LOCATIONS OF ACCIDENT CONCENTRATION

Locations of accident concentrations were defined as locations that had at least 6 over-
embankment accidents, occurring less than 0.5-mile apart. For each location of accident
concentration, the number of total, fatal, and injury over-embankment accidents were determined.
In addition to the number of over-embankment accidents, the number of total, fatal, and injury
accidents of all types were also determined. The locations were ranked based on the percentage of
fatal and injury over-embankment accidents to fatal and injury accidents of all types. Locations
having less than 50% over-embankment accidents were not included in the ranking. For the
locations that were ranked, additional information regarding the roadway and the roadway
environment was obtained using the photolog. The information included a qualitative description
of the number of curves, the length of guardrail, shoulder widths, and characteristics of the
roadside environment (steep embankments, trees, water, fixed objects, etc.). The information is
summarized in the table on the following page.



| TOTAL | FATAL | INJURY
DIST MO F 0O MILE1 | [MILE2 'MILES | ACCIDENTS [ACCIDENTS ! ACCIDENTS |[CURVES SHOULDER |COMMENTS
[ 7] 4] [ven 0 6 ags|  3497| EX| 4 3] moderats 5 [ocean, siwep embarsment, 009 mi guarEail
71 2| [CA 902 472 070 [ o @ ey I irees. miweql emnioarim e
71 2| |EA LA i704] o047 H 0 8 many &5 [ireem, Nwep e sarkmen =
& 7| |sBC 306 g7 tEl [k Fl [ many 1'{stees embankment
0| 4| |8 618 [FTIEL] L ] 24| mocer sie I’ =
W] M| [EBc | | maa1| | ed&r| 120 1 i € mam| ¥ [, tewp en Daviment e —=
al x| [ooL 7604 W if 7 H E sorme| 2-4' [remn. 0.07 mi guararall =
1] 20 [iaK 293 #8110 { i i meny EmoarA AR Mo e =
1| 0] |MEW 12 61 1158 1807 4| 3 W many Z paved lirees. -0 3% mi guardrail =
|3 ] [eev 1] | 35| 048 | i j] many 1-T [treew, Bswn srmiuwakment B
3| 20| [NEV 38.53 3EH| 046 7| [ [ Ty # [treea, Fieap am bankment £
7| 7| LA 380 | &6 1a0 0 B many i =
a| 7| [NaR Ba| | eod4 o8 i 0 I mamy Z[iioes_sleey embankrment e
4| 7| |NAP 4252 | aso6. 054 7 [ V| many T|Uen siseg smnarkment, (0 m| puamtml — —
3| x| jeut IR EED | T Fi none & -
6 31 IKER 287 18] {73 i T &) moe@n 5 = ]
2] 3| |TEW T 7B M 146 il 1 3 m D-1' pervect | Iress. Eles o7 T m gl
i 41 [MAD 1981 | 0] 138 i 7 B mederate irees T -
5 41 [sLo atat| | «620) 199 [E [ & mooecats I [ateep i baremant. 0 1 mi guard ek =
7] 4| |sHA A| MariR| 2701 134 b i A many Zpaved |rees
[ 3] 4| [ED aa| [ 21| o8 3 o 8 iy 81" [frpes, atoep sm barkment o
[ i0[ asl (mPA 3242 4270 1028 T 3 i i | P firess (1 068 i grasdciuil
1| 48] |NEwrrLR FL pH| 4N 4 2| mary 7 [tiews. O &2 i guarcimil
Q) 43 L0 23649 2601 234 ¥ 3 1] mary 1-T [t wep e baknkim et O &7 mi guardad
1| W] [ED 3257 3142] 083 [l 7 & many {1 [tees, 022 mi guaranait H
B| 8] [MER 15.70 83 om ) i 5 moderate z
2] ] |piu 7108 | 347 240 (1] 1 B ey 001 peeed e ravine river, O 32 mi guardra =
7| 10| [PLU doss| | 3276 09y | [ o -1 pawit | desg ravire, rheer, 020 mi quardrad =
B| 74| RV FEC] [ L 15 many 34 [ireen, rocks, sieep ambankment, 0 21 mi guardrmil
8| 7l [miv 861 90| oEa| 15 0 B many 341013 mi gumeciail
8 T (AR 1M 3345 04 ¥ 0 8] moceratn 7 |comstivction Toow — ———
4| Bi| [5m 1 WM 27 [ ¥ o many Tlirees, 007 rm griorad i
3] 84| [vou 1270 | 40 ved| | ] [ o &1 [canal_troes = ——
NG| BA| [AMA, 413 ahipg]  18a [ C W mary 12 liees
3| | [En 1534 V5aT| 0 i ) & mary 27 |lreem. rochy. very miseq embacament |
i = |ED 2248 25 0@ 26| Vil 1 kil My 347 |vees. rocks, ween sennarkment 0017 mfal_rg-!!l_
1] 1af| oM EEE] T 4 1 4 mary & parved [roes
1] 104 DN [ 1786 weel A8 B 1 & mary 2 paved |lrees
P[0y MEN T satal | ee13 1 7l 1 8 mamy| 2 paved|tees, mvene stewp swbmnkmend 0 20 m guaidied =
T[] (IMe 264 w2 0% T bl 3 b O] O T Qe |
4| 1l lsow 4 68 4366) o 7 Fli i many 7|0 48 mi guandei
7] 128 LA 0 S 14 I B tew 34 e
T 136] [VEN a7 a4l 18 BT 7 (1] B moderais #liiees, O 17 mi guarimi o
Vi 138 |WEN 3934 4261 32 0 t I may T pared | trees =—
mf 2| [kTa EED 410, DBS 14 E 7| moderats 8 luees, waler S
DEEINEE 18.48 reoal o0&z & [ & wmany ¥ N
3 147] [PLU 508 81| 1% 7 4 T many -1 iroms ——
R INET TEY] 18] 347 b i 1% tew -V [troes. frvor, D.23 mi guartmall 7
38| IsAC L 19101 sY6] 24 14 4 [ [ O 1 {trews, frowd 0 O mi guasdrall
3] 168 [5aC 1300 1WEl 262 i 7 8 = O " lrws, rrenr O 08 mi guasmed
3 180] |BAC WG| | c0EAl Ve & 1 5§ mamy 0-1'[rede_rver, D D1 m) guascrad —.
3] 160] |sAC EEIHE I f3 i i 1-7 [ews
6 178 |WER yoai | oAy M 1 2 12 Ty 0-4'jrocin, river. Sloep mmGaron e .
€| t8n| [FRE 7500 TEAY  DSal 3 aj 4 moomule O-¥ trees
___ 51198 |MON 12 46 W20 a7l 14 4 14l Mgy 0-1'[irees._teep eriiankmerd (04 mi gracdeail
R val Tl on [} 1 ¥ mamy & paved|lress Eleep embmnkment, 1re 0 18 mu guanarad R
1 190 |DN _an i0.An 177 12 [} 14 Aamy Tpavad | thess, Steap smbankmenl (rver. (0CkE, 025 miguardial
[ i e [miM 048 i28 080 ] T many  parved | roes ===
1] 288 [HLM 887 ECET N R ar i YH O many| Tpavid | shoep embansmant —]
_ B 39| MmO ] 887 941 Q46 [ 1 3| moderse &0 10 mi gumrtiall
3 [ 1 124 &7 730 Fil 433 ) I

These locations of accident concentrations comprise 11% of the total over-embankment accidents,
11% of injury over-embankment accidents, and 19% of the fatal over-embankment accidents. As
can be seen from this list, almost all of the locations have curves with little or no shoulder. Many
locations have trees in the roadside environment. Despite the presence of guardrail at many of the
locations, over-embankment accidents still oceurred.



CONCLUSIONS

Most of the over-embankment accidents occurred at random locations. Only 11% of the over-
embankment accidents occurred at concentrated locations (less than 0.5-mile apart). These accidents
occurred along 125 miles of rural 2-lane conventional highway.

Most of the locations with concentrations of accidents were in areas with trees or water.
Approximately 48 percent of the fatal accidents and 36 percent of the injury accidents involved trees
or water.

Most of the locations with concentrations of accidents had numerous curves with little or no shoulder.

Over-embankment accidents on rural 2-lane conventional highways have a DUI involvement nearly 3
times greater than that for all roads. :

Nearly half of the over-embankment accidents occurred on the opposite side of the roadway that the
vehicle was traveling. Many of these over-embankment accidents involved over-correction by the
driver.

Less than 1% of the fatal over-embankment accidents were caused by the vehicle only going down
the embankment. Many of the fatal over-embankment accidents involved rollovers, hitting fixed
objects, and going into the water.

RECOMMENDATIONS

The locations that were identified as having concentrations of over-embankment accidents should be
investigated further to determine whether a safety project is warranted. Countermeasures might
include installing new guardrail, lengthening existing guardrail, extending embankment guardrail near
cut-slope areas and burying guardrail into the cut-slope, providing additional signing and striping,
improving the shoulder, installing rumble strips, installing audible edge stripes, or cleaning up the
roadside environment to provide a clear recovery area.

Since over-embankment accidents on rural 2-lane conventional highways have a DUI involvement
nearly 3 times higher than that for all roads, a program of enforcement should be initiated which
would concentrate on locations having the highest DUI involvement.

Since the “equal severity curve” does not apply to accidents which involve trees, water and other
fixed objects, it will not apply to almost 50% of the locations having concentrations of fatal over-
embankment accidents. At locations such as these, it is recommended that measures be taken to
reduce the potential for over-embankment accidents and to make the roadside environment more
forgiving. Such measures might include those listed above.
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