
Objective Criteria for Guardrail Installation
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.THE PRIMARY reason for installing guardrail on embankments and adjacent to fixed
objects is to reduce the combined effect of severity and frequency of ran-off-road type
accidents. Guardrail reduces accident severity only for those conditions where the
overall severity of striking the guardrail is less than the overall severity of going
down the embankment or striking the fixed object. Guardrail reduces accident fre-
quency only if it provides increased delineation at high frequency ran-off-road accident
locations. Generally, however, it would be expected that installing guardrail adjacent
to fixed objects would increase the accident frequency because the guardrail would be a
larger obstacle.

Warrants for guardrail installation are presently subjective in nature, requiring
judgment of the relative effect of certain factors for each installation. This required
judgment may vary greatly from one design engineer to another, precluding the possi-
bitity of minimizing the consequence of running olf the road. The purpose of this
study, therefore, was to develop a more objective basis for installing guardrail on
embankments and adjacent to fixed objects.

Guardrail standard in California during this study was W-section comugated beam
guardrail (fig. t¡. Before January 1, 1960, the guardrail standard was spring-mounted
curved metal plate guardrail (fig. Z¡. Based on a recent full-scale dynamic impact
test series (1), the 1965 guardrail standard has been revised to a 27-ín. overall beam
height and 6--ft, 3-in. center-to-center post spacing. The testing demonstrated that,
at 58 mph and a 25-deg impact angle, a passenger vehicle could vault the rail (1965

standard).
No distinction was made between the two existing types of guardrail in collecting data

for this investigation because of the difficulty in locating each type throughout the state.
The curved metal plate guardrail is the more prevalent of the two because it was in-
stalled and is still maintained on all highways built before 1960.

It was assumed for this investigation that all three guardrail types have the same
accident severity potential. The basis of this assumption is tlut each successive change
in the guardrail standard has increased the rigidity (more severe for vehicles striking
and deflecting in normal path) and at the same time has decreased the penetrability
(tess likely for a striking vehicle to vault the rail and suffer the greater severity of the
condition protected by the guardrail).

THEORETICAL MODEL

To establish objective waruants for guardrail placement, it is necessary to compare
guardrail safety with embankment or fixed object safety in relation to two variables:
(a) accident severity and (b) accident frequency. In other words, at any one embankment
or fixed object location there is a threshold of severity and frequency of accidents above
which guardrail placement would increase the relative safety. To establish an objective
basis for guardrail placement, therefore, it was necessary to develop a mathematical
relationship to evaluate accident severity and accident frequency, and to compare the
relative safety of guardrail with that of embankments and fixed objects.

Severity Index

To evaluate severity, weighted severity values were assigned to the three accident
severity classes: fatal, injury, and property-damage-onty (pDO). Economic accident
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Figure l. l9ó5 Colifornio guordroil stondord (W-section corrugoted beom guordroil).

values are the most convenient basis for evaluating the three classes of accidents.
Many different philosophies have related the economic values of traffic accidents. How-
ever, rather than be conjectural, it was decided to use the direct costs of single vehi-
cle accidents to obtain the relative severity weights of the three accident classes.

A study made by the Illinois Division of Highways (2) was used to obtain direct acci-
dent costs. These costs were adjusted for California single vehicle reported accident
data (see Appendix). Table 1 gives the direct costs and relative severity weights of
California single vehicle accidents.

Moderate changes in the relative weights of the fatal and injury accidents have a
relatively small effect on the severity index (SI). However, a consideration of human
suffering and loss of future earnings would increase the severity weights of the fatal
and injury accidents considerably and would have a substantial influence on the SI. The
use of these increased weights was investigated and was found to affect the use of
guardrail for embankments but not for fixed objects.

t.



Timber Posl

Spring Brockel

Figvre 2, Spring-mounted curved metol plote guordroil.

TABLE 1

CALIFORNIA SINGLE VEHICLE DIRECT ACCIDENT COSTS
AND RATIOS BY SEVERITY CLASS

Fatal
Injury
PDO

Accident rype Direct cost (g) Relative
Severity Weight

25
6
1

5,100
1, 200

200
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The severity index chosen for comparison purposes is an average per involvement
severity value for all accidents for a given condition; it is of the following form:

25F+6I+Po^=-----T-

where

F = no. of fatal accidents for condition,
I = no. of injury accidents for condition,

P = no. of PDO accidents for condition, and
N = total no. of accidents for condition.

Probability Index

The sêverity index alone is not sufficient for comparing the relative safety of two
different conditions. For instance, two locations with the same vehicular exposure
may have the same SI even though one location has twice as many accidents. It is
necessary for comparison purposes, therefore, to consider also the number of acci-
dents that occurred in relation to the number of vehicles exposed to the condition.

The accident frequency represents the probability that an accident will happen for a
given set of conditions. The probability index (pl) is of the following form:

where

N = no. of accidents for condition, and
V = no. of vehicles exposed to the condition during accident study period.

This equation assumes that accident frequency is related to the number of vehicles
"xposed to the condition, but the accident rate is independent of traffic volume (time

' ate of exposure). It is recognized that accident rate may vary with traffic volumes.
However, for comparison purposes, if the volume distributions are similar for loca-
tions for each of the conditions compared, the probability indices will not be affected
by the "volume vs accident rate relationship. "

Collision Index

The true measure for comparing the relative safety of guardrail with embankments
or fixed objects is the product of the SI and the PI, which was named the collision
index (cI):

cI=sIxpI=25Ft-6I+PrNNV
n,_25F+6I+Pvr-----l¡-

To obtaina better understanding of the meaning of this equation, the severity values
may be considered as equivalent PDO accidents. In other words, each injury accident
is equivalent to 6 PDO's and each fatal accident is equivalent to 25 PDOrs. If this
equivalence is assumed, a more conceptual form of the equation would be:

^, _ equivalent PDO accidents
"r-@

DETERMINATION OF GUARDRAIL NEED FOR EMBANKMENT CONDITIONS

The primary reason for placing guardrail on embankments is to increase the relative 
i

safety of ran-off-road type accidents at embankment locations. This includes in- i

creasing the safety to vehicle occupants and to people and property off the roadbed An j

investigation concerning the protection of people and property off the roadbed was

nr=+
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previously reported (Ð. The present study, therefore, was concerned only with in-
vestigating guardrait need to increase Jhe safety to ran-off-road vehicle occupants.

Warrants for installing embankment guardrail are presently subjective in nature,
requiring judgment concerning the relative effects of such factors as embankment
height and slope, alignment, roadbed width, accident history, speed and volume of
traffic, visibility, and climatic conditions. This required judgment may vary greatty
from one design engineer to another, precluding the maximization of ran-off-road
accident safety at embankment locations.

This part of the study, therefore, was aimed at an objective determination of the
combinations of roadrvay geometry and embankment conditions which require guard-
rail placement to maximize the overall safety of ran-off-road accidents at embankment
Iocations.

Design of Study

The determination of the probability index for ran-off-road accidents was beyond
the scope of this study. This determination would involve evaluating the frequency of
accidents, for embankment and for guardrail, related to the following roadway and
environmental variables: horizontal alignment, vertical alignment, superelevation,
roadway width, shoulder width, type of roadrvay, number of lanes, traffic volume,
vehicle speeds, and climatic conditions.

The analysis would entail collecting many years of accident data for many miles of
roadway to obtain a stable sample for the great number of combinations of roaôvay and
environmental variables which relate to off-the-road accidents.

Because the PI was not measurable, it was necessary to estimate how the guardrail
PI relates to the embônkment PI. The only discernible reason why guardrail would
reduce accident frequency is its delineation quality on horizontal curves. However,
this delineation can be accomplished with guide markers or a continuous device less
severe than guardrail. Also, it was assumed that guardrail would not increase acci-
dent frequency unless the roadside maneuver area was greatly reduced by its presenc
lVith these assumptions in mind, i.t was estimated that guardrail placement would not
sigaificantly affect ran-off-road accident frequency, and the comparison of guardrail
vs embankments was made on a severity basis alone.

The embankment severity index can be directly evaluated by using multiple re-
gression techniques to relate the severity of a down-the-embankment accident to the
embankment conditions at the site of the accident. The guardrail SI can be directly
evaluated by obtaining a large sample of embankment guardrail single vehicle acci-
dents, classified by severity.

The variables considered for analysis as affecting the severity of down-the-embank-
ment accidents were as follows: (a) treigirt of embankment (inctuding natural hillside
height), (b) stope of embankment, (c) size of embankment surface material, (¿) tirm-
ness of embankment material, (e) slope of "original ground" at the toe of the embank-
ment, (f)waterat the toeof theembankment, (g) fixed objectsonslope, and(h)speed of ve-
hicle. After examining these variables, a selection r,vas made of the following four variables
for use in a multiple regression analysis: height of embankment (including natural
hillside height), slope of embankment, size of embankment material, and slope of the
original ground at toe of embankment.

Not using the other four variables could possibly reduce the degree of correlation;
however, these variables were not used for the following reasons.

1. The firmness of the embankment material is difficult to evaluate because it is
variable over time.

2. Fixed objects contribr¡te considerably to severity, hrt this factor should be con-
sidered separately from embankment conditions.

3. Water at the toe of the slope should also be considered separately.
4, Speed definitely contributes to severity but unfortunately is not a predictable

quantity for any single vehicle involved in an accident. Generally, however, if larger
accident samples are used, it is expected that the distribution and range in speeds
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for accidents within each embankment category will be similar. If this is true, speed
would not affect the relative severity between embankment categories.

Cond¡ct of Study

Reports of all 1963 single vehicle down-the-embankment accidents were obtained.
Each of 1, 368 accident reports was read, and those involving fixed objects or bodies
of water were eliminated. The number of accidents involving the embankment only was
1, 046. A fieid inspection was made of the site of each of these accidents, and the
desired embankment variables were recorded. In the field, the necessary ùta at 47
sites were not obtainable because of recent construction; therefore, 999 usable records
remained.

Reports of all 1963 and 1964 single vehicle embankment guardrail accidents were
obtained. Each accident report was read to verify that embankment guardrail was in-
volved. Table 2 gives the severity breakdown of these accidents.

TABLE 2

1963-1964 SINGLE VEHICLE STRUCK
EMBANKMENT GUARDRAIL ACCIDENTS

Fatal Injury PDO Total sr (1-6-25)

170 4.24

Analysis of D¿ta

The basic form of the linear multiple regression equations is

Embankment SI = br + b¿h + b¡s + tram + bst

where

h = height of embankment,
s = slope of embankment (inverse decimal equivalent),

m = size of embankment material, and
t = slope of original ground at toe of embankment.

In the computer analysis, transformations \4¡ere also used to investigate semi-Iog
and log-log fits. In the initial computer analysis it was discovered that two variables,
the slope material and the slope of original ground at the toe of embankment, had no
significant correlation with the SI.

The form of the accident data used in the final computer analysis is indicated in
Table 3. The data were grouped and categorized to improve the reiiability of the SI in
each category of embankment height and slope. The category limits were chosen so
that the distribution of heights within each category was as symmetrical as possible.

The SI data entered in the computer analysis were the category mean SI's and not the
SI's for each accident because the regression equation was intended to predict an
average SI of all accidents for a given embnkment condition rather than predict the SI
for a single accident for that condition.

Several sets of severity ratios were considered in the computer analysis to investi-
gate the effect of different severity weights on the prediction equation.

Results of Analysig

The regression equations developed in the computer analysis are given in Table 4.

The correlation coefficient and standard error are also given for each equation. In
comparing the goodness of fit for the various equations, a direct comparison can be
made between correlation coefficients but not between standard errors because the
maglitude of the standard emor is dependent on the magnitude of the severity ratios.

331t47L4
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st
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He¡8hl
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Slope
Fatal lniuty PDO Total
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3
3
3
3
3
3

.200(5:l)
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0
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TABLE 3

I9ó3 SINGLE VEHICLE EMBANKMENT ACCIDENTS

With a regression equation establisheq it is possible to predict at whât embankment
conditions guardrail will reduce the SI. This is accomplished by substituting the
guardrail SI for the embankment SI in the regression equatlon. Figure 3 shows a plot
of the resulting two-dimensionalequations for the three fits using the 1-6-25 ratios.
Figure 4plots the resulting two-dimensional linear equations using the various sets of
severity ratios. The guardrail need is determined by checking if an embankment con-
dition plots above or below the regression line. Gtrardrail will reduce the SI for all
embankment conditions which plot above the line.

Figure 4 shows that there is some difference in the amount of guardrail needed,
depending on the severity ratios used. However, the use of any of the equations would
permit considerably less guardrail than the present CalifornÞ standard which permits
guardrail for heights above 10 feet or slopes steeper than 4:1.

Figure 5 shows a conceptual form of the severity criteria. The curve was derived
from the best fit (log-tog form with R = 0. 80 and s. E. = 0. 91) curve for the chosen
ratios of 1-6-25. The curve predicts, on the average, a family of embankment con-
dÍtions which have an SI equal to the SI for guardrail. Because of the limitations of the

l

l¡
I.
I
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TABLE 4

ilULTIPLE REGRESSION EQUATIONS

e: EüoÀr{xrEàffs wHrcx plot AsovE
AtlO 10 ÍIIE RIGHÍ OF IHE
CRIfERIOI¡ LIIIE HÂVE A HIGIIER
sEv€ñtfY ll{o€x f}rAN GuañonatL.
ELtSa¡ttMEilts wfftcÍ PLof SELow
A'{O 10 lHE LEfI HAVE À LOWER
SEVEÊIÏY IIDEI ÎHAN OUARORAIL.
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Figure 3. Three types of equotions investigoted in the regression onolysis for the severity rolios <if
t-6-25.
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COEFFICIEI{T

l-4-17

Linear sl = 1.988 + 0.01ãì + t,933s 0.ó5ó 0.791

Semi:Loo Sl = 2.250 + l.433Los(h) + 2.061 Loq(s) 0.705 0.753

Log-Log Log(St) = 0.413 + 0.l49Loq(h) + 0.278 Los(s) 0,440 0.794

t-r25

Linear Sl = 2.189 + 0.0Uh + 2.85ts 0.970 0.788

Semi-Log Sl = 2.679 + 2.020L09(h) + 3.064l0q(s) t.071 0.734

Log-Log Log(Sl) = 0.505 + 0.164Lo9(h) +. 0.329L0s(s) 1.070 0.785

t-6-25

Linear Sl = 2,649 + 0.018h + 3.075s 0.9ó6 0,804

Semi-Log sl = 3.146 + 2,l85Log(h) + 3.3l6log(s) t.032 0,772

Loq-Loq Log(Sl) = 0.51S + 0.l60Los(h) + 0.324L0q(s) 0.913 0.804

l-6-28

Linea¡ Sl = 2.565 + 0.0190h + 3.341s 1.108 0.785

Seml-Loq Sl = 3.151 + 2.326L09(h) r 3.56óLog(s) Lr90 0.747

Lo9-Lo9 Log(Sl) = 0.572 r 0,164L09(h) + 0.336l0s(s) 1.212 0.790

r-t0.r00

Linear Sl = 2.787 + 0.0ó& + 9.578s 4.163 0.750

Semi-Log Sl = 3.618 + 7.625L09(h) + 9.It3Los(s) 4.690 0.6ô7

Loq-Log Log(Sl) = 0.806 + 0,235L0q(h) + 0.4ó7Loq(s) 18,841 0,tn
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TABLE 5

1963-1964 ACCIDENT RATES FOR STATE HIGHWAYS

Location Total Accidents/
Million Vehicle-Miles

Fatal + Injury A,cc. /
MVM

Fatalities/
100 MVM

Freeways
Other

1.46
3. 68

0. 64
r.42

2.71
?. 55

data, the portion of the curve for the higher embankment heights and flatter embankment
slopes has been indicated as an extrapolation.

Figure 5 is not completely objective, because the guardrail need is determined only
on a reduced severity basis. Because guardrail can be a costly item, it would be
economically feasible to install it only at potentially high frequency ran-off-road acci-
dent locations (i. e., on the outside of horizontal curves and on higher volume roadrvays).

If an embankment condition plots in the lower area of the chart, guardrail should not
be installed on that embankment unless other severe conditions warrant it (i. e., nu-
merous fixed objects on the slope or at the toe and permanent water at the toe of slope).

It should be kept in mind ihat at locations where the guardrail need is determined,
guardrait placement is not the only method to minimize the SI. For lower e¡nbankment
heights (say less than 20 ft) with steep slopes (steeper than 2:1), it may be more
economical to flatten the slope.

DETERMINATION OF GUARDRAIL NEED ADJACENT TO FREEWAY
FD(ED OB.IECTS

It has been established that freeways are much safer tlnn all other highways (4).

r'able 5 indicates tÌøt state freeways have significantly lower rates than all other state
highways for total accidents, fatal plus injury accidents, and number of fatalities.

However, by examining relative SI's, which represent the average per involvement
severity, it becomes apparent that freeways have a higher per involvement severity
ttran aII other highways (taUte O).

It might appear that the per involvement severity of freeways should be lower than
all other highways because of the minimization of three severe accident types: head-
on, right-angle, and pedestrian accidents. The minimization of these types of acci-
dents and the overall safety of freeways evolves from the elimination of conflicting
traffic. However, this elimination of conflict necessitates grade separations and in-
troduces a new contributor to the severity picture: fixed objects. Grade separations
require structures, complex signing, and interchange illumination which account for
the majority of the fixed objects on freeways.

The fact ttnt fixed object accidents constitute 25 percent of all freeway accidents
and 31 percent of freeway fatal accidents shows that fixed objects contribute to the
higher overall severity of freeways (5).

TABLE 6

RELATIVE SEVERITY INDICES, 1963-1964

Fatal
Accidents

Injury
Accidents

PDO
Accidents

Total
AccidentsLocation

No. SI No. SI SINo.No.

Freeways 847
Other 2,696

6

6

25
25

23,192
59, 820

31, ?00
98,999

55, ?39 3.45
161,515 3.25

SI



(b)

Figure ó. (o) Possible locotion for sfructure-mounted
sign; (b) strucfure-mounted sign.

Figure 7. (o) Possible locotion for enclosing side
obutment in fill cone; (b) side qbutment enclosed in

fill cone or cul slope.

Figure 8. (o) Seporote bridges with interior bridge
roi ls; þ)bridgestructurewith no interior bridge roi ls.
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Figure 9. (o) Possible locqtion for bock-to-bock signs; þ) bock-to-bock signs.

Figure I l. lndiscriminote use of guordroi l.

Figure 
.I0. 

Combined sign ond lightpole.



(o)

Figure 12. (o) Gore sign could be reploced by overheod sign odiocent to right shoulder ot beginning of romp Figure 'l3. Signpost ploced immediotely beyond
toper ond o structure-mounted sign for next exif; þ) overheod sign odiocent to shoulder. bridge roil.

(ol

Figure 14. (o) Possible locotion for plocing liohtpoles behind pier guordroil; þ) possible lo-
cotion for plocing signpost ind bridge guordroil flore.



Figure 15. (o) Fixed ob[ect (wood signpost) less

hozqrdous thon guordroil protection; þ) fixed obiecf
more hozordous fhon guordroil profection.

Figure ló. (o) Sign with steel
hove been ploced on timber

timber posts.

posis which could
posts; þ) sign on

Figure 17. Bridge roils.



Figure 18. Guordrqil flore ot bridge roi ls. Figure 19. Abutments ond piers. Figure 20. Guordrcil flore ol qbutments ond Þiers.



Figure 21. Sfeel signposts. Figure 22. Guordroil ot steel signposts. Figure 23. Lighrpoles.
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Figvre 24. Guordroil ot lightpoles.

It is therefore possible to increase the overall safety of freeways by reducing the
number of fixed objects, by reducing the exposure to fixed objects, and by reduðing the
conseqnence of striking fixed objects. The following are suggestions for accompli-tring
these three objectives.

1. Methods to reduce the number of fixed objects: (a) ptace overhead signs on
overcrossing structures.where appropriate (fig. 0); (b) enclose overcrossing abutment
in cut slope or fiII cone (Fig. 7); (c) avoid construction of separate bridges wittr in-
terior bridge rails whenever possible (rig. a¡; (d) place electroliers oñ overcrossing
structures where possible; (e) place signs back to back in median (rie. s); (f) investi-
gate use of advance information signs for possible reduction in number; (g) combine
signs and lightpoles (fie. fO); and (h) avoid indiscriminate use of gua"ábilt (fig. tt¡.2. Methods to reduce exposure to fixed objects: (a) place largé overhead diiectional
slgnq ldjacent to the right shoulder in lieu of the more vulnerable gore position (fig.
12); (¡) place signs-and.lightpoles on top of or immediately beyondiridge rails wheie
convenient (fig. te); (c) place sÍgns and lightpoles behindbriáge rail añd atutment
guardrail flares where convenient (fig. t¿); and (d) place signs and tightpoles adjacent
to right shoulder instead of in the median (reduced exposure to total traffic).

3. Methods to increase safety of fixed object accidents: (a) place guardrail in front
of those objects having a higher collision index than the guardrail (fig. 15); (¡) employ
wood posts for smaller directional signs (Fig. 16); (c) design less rigid and less
penetrable bridge rails; (d) design a more contiguous bridge-rail-guarArait system;
and (e) place fixed objects at greatest possible distance frõm the edge of tt¡e tïavetéd
way.
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This part of the investigation was concerned with determining wtrat affect adjacent
protective guardrail lras in reducing the CI of various fixed objects. The fixed objects
studied were bridge rails, ahrtments (and piers), steel signposts, and lightpoles.
Present freeway design standards provide for guardrail flares for aII bridge rails and
guardrail protection for abutments, piers, and overhead steel sigaposts within 12 ft of
the traveled way.

The fixed objects studied, with and without guardrail protection, are shown in Fig-
ures 1? through 24.

Design of Study

It was necessary for this investigation to make certain assumptions to simplify
comparisons and to obtain relatively large samples within each fixed object category.
The following simplifications were used.

1. C¡¡ardrail accidents were tabulated without regard to guardrail type.
2. Accidents involving bridge-rail ends were tabulated without regard to bridge-rail

design.
3. Accidents involving abutments, piers, and columns were all tah¡lated in the

same category.
4, Accidents involving lightpoles were tatn¡lated without regard to the light standard

design.
5. Accidents involving steel signposts were tabr¡lated without reprd to size or

design.
6. Roaòvay geometry and lateral placement of fixed objects were not considered as

variables.
7. Fixed objects off the outside shoulder were assumed to be exposed to one-half the

total two-way volume.
8. Fixed objects in the median were considered_ to be exposed to the total two-way

volume unless site conditions made exposure possible from one direction of travel only.
9. As discussed earlier, it was assumed tlnt accident frequency is independent of

.iaffic volume (time rate of exposure). ttrat is, accident rate ls cõnstant rägardless
of traffic volume. The effect of this assumption (if erroneous) on the results of the
study was examined. Because the distribution of exposure volumes for fixed objects
closely matched the distribution of exposure volumes for guardrail within each com-
parison group, the effect of large variations in accident rate with moderate vari¿tions
in the traffic volume would have a negligible effect on the comparison of the fixed object
and guardrail.

Conduct of Study

Computer tabulations of 1963-1964 main-line single vehicle freeway fixed object
accidents were obtained. These tahrlations were verified by reading the original acci-
dent reports. The accident totals by fixed object category are given in Table 7.

To obtain a relative exposure count, a field inventory of fixed objects on 1, 100
freeway miles was made. This represents 95 percent of 1, 15? freeway miles existing
on January 1, 1963. The number of each type of fixed object was tabulated between
points of major volume changes on each route and the corresponding volume applied to
each fixed object using the 1965 annual traffÍc census data. The exposure totals are
given in Tabte 8.

The fixed object accident categories were mutually exclusive with respect to fixed
object type. However, if a vehicle struck both the guardrail and the fixed object, the
accident was classified as a guardrail accident because the overall severity of the
accident was composed of the severity of striking the guardrail and the severity of the
guardrail failure (striking the fixed object).

Results of Analysis

Table 9 combines Tables 7 and I to indicate the relative SI's, PI's, and CI's of the
various fixed object categories. It is evident that overall fixed object safety can be
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TABLE ?

1963-1964 SINGLE VEHICLE TREEWAY FIXED OBIECT ACCIDENTS

No. ofAccldents
Type of Fixed Object

Injury PDO

Bridge-rail ends
Guardrail and brldge-rall ends

Ahrtments and plers
Grardrail at ah¡tments and piers

Lightpoles
Guardrail at llghtpoles

Steel signposts adjacent to
shoulder

Gu¿rdrail at steel signpoets
adjacent to shoulder

Steel slgnpostg in gore area
Guardrall at steel slgnposte

in gore area

Timber signposts

19 79 26 123
16 191 199 406

51 183 59 293
8362812

26 401 305 732
L23133?

146 269

31 68

Ll 51

116 351

624 792

11 Ltz

136
727

15

3

220

165

TABLE 8

FD(ED OBIECT ACCIDENTS

Type of Fixed Object No. Counted 2-Yr Exposure
(hiuion velricles)

Bridge-rail ends
Guardrail at brldge-rail ends

Abutments and piers
Guardrall at ah.¡tments and piers
Lightpoles
Guardrail at lightpoles

Steel signposts aqiacent to
shoulder

Guardrall at steel signposts
âdjacent to shoulder

Steel signposts ln gore area
Guardrail at steel slgnpostg

ln gore area

?55
L,6L2

1,750
568

8, 338
99

t,464

14. 35
40.76

34, L7
13.20

1?9.84
2.20

24.63

15.65

1.01

20.26

616

õ7

968

increased by placing guardrail acljacent to bridge rail ends, abutments (and piers), and
steel signposts. Guardrail should not be placed adjacent to tightpotes

Table 9 also indicates th¿t steel signposts should not be placeä in the off-ramp gore
area, because even with guardrail these sign installations are not as safe as steðl 

-
signposts adjacent to the shoulder.

T1þle 9 also gives the SI for timber signposts. Aasmuch as the signpost material
should not affect the PI, it appears that overall signpost safety coutd be improved by
placing aU the smaller signs on timber posts.

_fng analysis qqed in Table I was performed using severity ratios that ranged froml'4'L7 to 1-10-100. The conclusions of the analysiJ were inâependent of theieverity
ratios used.

The following additional comments apply to the CI anâ.lysis.

1. All objects u'hich hadthe higher CI also had the higher SL
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TABLE 9

ANALYSIS OF FIXED OEJECT COLLISION INDEX

FIXED OBJECT TYPE

I{UIIBER OF ACCIDENTS EXPOSURE
VOLUME
(Bi I I ion
Vchic lcs)

SEVERITY
INDEX
(sr)

PROBAEI LITY
INDEX 3,/

(Pt)

c0LLrsr0N
INDEX
(cr)Fat¿l hjury PDO Tolal

Eridge-rail Ends t9 79 25 t23 14.35 7.9 8.6 ó7.9

Guardrail P Brldge-rail Ends t6 19t 199 406 40.76 4.3 10.0 43.0

Abr¡tmenls & Piers il 183 59 293 34,17 8,3 8.6 7t.4

Guardrail 0 Abutments & Plers 8 36 8 72 t3.20 6.2 5.5 14,t

Llght Poles 26 401 305 732 179.84 4.6 4.1 r8.9

Guardrail Q Lighl Poles I 23 t3 31 2.20 4.8 16,8 80.6

Steel Slgnposts
Ad¡acent to ShouldeÌ u It2 146 269 24,53 4.1 It.0 45.1

Guardrail 0 Steel S¡gn Posts
Adiacent to Shouldei I t6 3l 68 15.65 4.0 4.3 r7.2

Steel S¡gn Posls
ln Gore Area 7 27 t7 5l l.0l 7,0 50.5 353.5

Guardrail Q Sleel Sign Posts
ln Core Area l5 220 Itô 351 20,25 5.2 t7.4 90,5

TOTAL 155 1308 939 2402 345.96 5.3 7.0 37.1

Timber Slgn Posts 3 165 624 792 NA 2.1 NA NA

-4./ Pl expressed as accldents pe¡ billion vehlcles

2. For ab.¡tments and for both roadside and gore-mounted signs, the data indicate
ttnt the addition of guardrail reùrced the PI considerably. Actually, an increase could
be expected for the following two reasons. First, the guardrail has a greater impact
area than the fixed object. However, Figures 20 and 22 show that the impact area at
abutments and signs is not substantially increased with the addition of guardrail. For
the two fixed object types (bridge ends and lightpotes) \4'hich experience an increased
PI with the addition of guardrail, the guardrail impact area is considerably greater
than tlnt of the fixed object. Second, the fixed objects are generally at a greater dis-
tance from the edge of the traveled way than the guardrail. The decrease in accident
frequency with guardrail at ah¡tments and signs could be dre to the following: (a)
guardrail increases the delineation at the fixed object, ana (¡) the reporting level of
accidents at the guardrail could be lower than ttnt of the fixed objects, because of
glancing blows to the guardrail in which the vehicle continued without stopping; how-
ever, if this inequality existed and the statistics were corrected accordingly, the CI of
the guardrail would be increased only slightly because PDO accidents do not greatly
affect the CI.

3. The SI for striking guardrail at fixed objects varies considerably with the dif-
ferent fixed objects, ranging from 4.0 for guardrail at signposts a{iacent to the
shoulder to 6.2 for guardrail at ah¡tments and piers. This occurs, even though the
guardrail installations are substantialty the same, because the guardrail accidents
included accidents where vehicles had struck both the guardrail and the fixed object.
It is expected that the severity of the secondary collision would be greater in the case
of ah.¡tments and piers.
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TÂ,BLE 10

EXPECTED REDUC1TON IN REPORTED ACCIDENÎS BY PLACING
GUARDRAIL ACCORDING TO COLLßrcN INDEX ANALYSß

Expected Number of Accidentsa
Fixed Object fv¿tal

Injury PDO

Guardrail at
bridge-rail ends

Guardrail at
ahrts. and plers

Llghtpoles

Guard¡ail at steel
signposts adjacent
to shoulder

Guardrail at steel sign-
posts in gore area

Total after ctange

Previous accident
totals

Expected reduction in
accldents for 2-yr
perlod

22(s5)

2e (5e)

26(27)

3(12)

L6(22)

268(270)

130(219)

401(424)

s2(148)

232(247)

26s(224)

101( 87)

308(318)

78(1??)

121(1 33)

877

54e(529) 4.3(5. t)

260(365) 6. 2(7. e)

741(?69) 4. 6(4.8)

1?3(33?) 4.0(4.1)

369(402) 5.2(6.4)

4.8

939

96

155

1119

I 308

2492

2402 5.3

oFigures in porenlheses indicote the originol totol occidents for the fixed obiect ond guordroil ot the some

fixed obiect.

Analysis of Possible Accident Reduction

If guardrail adjacent to all lightpoles were removed, and if guardrail were installed
adjacent to all bridge-rail ends, abutments (and piers) and signposts, a reduction in the
1963-1964 accidents would be expected as indicated in Table 10.

The method employed to arrive at the figures in Table 10 treated each of the five
comparison groups separately. Using the PI and ratio of fatal-injury-PDO accidents of
the lower CI condition and the exposure of the higher CI condition, the expected number
of accidents (by severity) was determined at the locations where the higher CI condition
was changed. These accidents were added to the accidents for the lower CI condition
to obtain the total accÍdents expected.

For example, in the case of bridge-rail ends, the exposure of 14.35 billion vehicles
was multiplied by the PI (10. 0) of guardrail at bridge-rail end.s giving 143 accidents
which would Ìrave occurred if these bridge-rail ends Ìrad been protected by guardrail.
(Actuatly, there were 123 accidents at bridge-rail ends. ) fne 143 accidents added to
the 406 which actually occurred at guardraits at bridge-rail ends gives the 549 acci-
dents listed in Table 10 for guardrait at bridge-rail ends. The 549 accidents âre now
subdivided into the fatat-injury-PDO categories in the same ratio as the original 406.

The accident redr¡ction accomplished by this change in guardrail placement specifica-
tions would save approximatety $2?0,000 in direct accidents costs per year. The addi-
tional guardrail needed (using 100 ft per installation at $4.00 per ft) would cost ap-
proximately $i, 600,000 to install. This illustrates that in approximately six years the
savings in accident costs would pay for the additional guardrail installation.

Also important is the fact that the SI of those accidents that could be eliminated is a
high 8.9.

RECOMMENDATIONS

1. Embankment guardrail need should be determined on the basis of Fig. 5, and
modified by considerations of cost, alignment, grade, traffic volume' climate, and
accident experience.

8.6189
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2, Guardrail should be placedadjacent to: (a) bridge-rail approach ends, (b) bridge
piers and abutments, and (c) steel signposts. The guardrail increases the relative
safety (decreases the prodtrct of accident frequency and severity) at these fixed objects.

3. Guardrail should not be placed adjacent to lightpoles. The guardrail decreases
relative safety (increases accident frequency, whereas the severity remains approxi-
mately unchanged).

4. Steel signposts in the off-ramp gore area should be avoided. Similar signposts
placed adjacent to the right shoulder are safer.

5. Dimensional lumber signposts should be used in lieu of steel signposts whenever
possible.

6. A review of present material and dimensional requirements of signposts should
be made with the objective of providing posts of the minimum strength consistent with
structural requirements to reùrce the severity of accidents involving signposts.

7. A subsequent investigation should be undertaken with the purpose of evaluatÍng
the effects of highway geometry and traffic on the frequency of ran-off-road accidents.
With this information, a more objective basis for embankment guardrail placement
can be developed.
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Append,íx
COMPUTATION OF DIRECT ACCIDENT COSTS FOR CALIFORNIA SINGLE

VETtrCLE REPORTED ACCIDENTS USING THE ILLINOIfI COST ANALYSß (2)

TABLE 11

DIRECT Co,STS PER VETTICLE
INVOLVEMENT OF URBAN AND RURAL
REPORTED ACCIDENTS IN ILLINOIf¡ BY

SEVERITY OF ACCTDENT_lg58

Severity of Accident

Cost per Accident
Involvement ($)

Urban

Fatal
Injury
PDO

5, 628
l,42L

272

4,215
910
144
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TABLE 12

NUMBER OF URBAN AND RURAL SINGLE VEHTCLE REPORTED
ACCIDENTS ON CALIFORNIA STATE HIGIIWAYS CI,ASSIFIED

BY SEVERITY OF ACCIDENT-1964

Number of Accidents
Severity of Accident

Rural Urban Total

Fatal
Injury
PDO

608
7,990
8,628

63. 5

54.2
48.2

350
6, 669
9,142

36. 5
45.8
51.4

958
14,548
I7,770

TABLE 13

COMPUTATION OF COST PER SINGLE VEHICLE REPORTED
ACCIDENTS ON CALIFORNIA STATE HIGHWAYS CLASSIFIED

BY SEVERITY OF ACCIDENT-I964

Severity of Accident Computation Cost ($)

Fbtal
Injury
PDO

5, 100
1, 200

200

5, 628(0. 635) + 4, 21 5(0. 365)
1,421(0.542)+ 910(0. 45S)

272(0. a86)+ 144(0. 514)


