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The thesis that the aesthetically designed highway is usually the most eco
nomical highway to construct and maintain and is inherently safe is examined 
with respect to one important design component having substantial aesthetic 
significance: roadside design over embankments. The equal-cost or eco
nomic break-even height of embankment is determined for a range of unit 
construction and maintenance costs and basic types of embankment profiles. 
The relationship between economic break-even height and safety break-even 
height-the height at which an unprotected sides lope is equal in accident se
verity to collision with guardrail-is examined. 

Economic break-even height varies considerably with unit costs and em
bankment profile a.Qd is generally well below the safety break-even height; 
thus there is a wide span in fill height over which guardrail installation is 
cheaper than slope flattening, but design with flattened slope is safer. Eco
nomic break-even heights for embankments of smoothly varying height are 
significantly greater than those for constant-height embankments. Right
of-way cost in rural areas is likely to have little effect on break-even 
height, while culvert cost can considerably reduce it. The results of this 
study together with what appears to be an excessive amount of roadside 
guardrail over embankments on rural highways and at interchanges indi
cate that many highway designers substantially underestimate the economic 
break-even height for flattened sides lopes. 

•INCREASINGLY it is suggested that the aesthetically designed highway is often more 
economical than less attractive designs when all costs are fully considered and that the 
aesthetically pleasing highway is often the safest highway. This paper analyzes the 
range of validity of this thesis with respect to one important geometric design compo
nent having substantial aesthetic significance: the treatment of the "roadside system" 
over embankments, or more specifically, the use of flat fill slopes rather than steep 
slopes protected by guardrail. 

The philosophy seems to persist among many highway designers that any design treat
ment that departs from minimum geometric standards in order to improve appearance 
is likely to increase highway cost substantially. This is especially evident in roadside 
design, where a predilection to minimize earthwork by utilizing steep sideslopes results 
in what appears to be an excessive amount of guardrail on even our newest high-type 
highways. At the same time, the relative safety of flattened slopes compared with guard
rail is apparently not fully recognized. 

The following sections present an analysis of the range of "economic break-even 
height"-the fill height at which flattened slope treatment and design with guardrail are 
equal in total annual cost-and examines the relationship between the economic break
even height and what might be called the "safety break-even height". 
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SELECTION OF ROADSIDE TREATMENT 

The decision as to r oadside treatment- guai·drail or flat slope-should be based on 
three criteria: economy, safety, and aesthetics . The essential vai-iables affect ing 
economy and safety and their interrelationships are shown in Figure 1. 

Economy 

Embankment cost and guardrail cost are usually given primary consideration in 
choosing between the two alternate roadside designs. However, there are other con
struction costs, as well as maintenance costs, that merit consideration. The design 
of minimum construction cost is not always the design of minimum total annual cost to 
the highway agency when maintenance costs are properly included in economy studies. 

Construction cost varies with embankment height and sides lope steepness, inasmuch 
as these two variables determine fill quantity, surface area requiring topsoil and seed
ing, the need for guardrail and its attendant installation cost, and the cost of culverts 
crossing beneath the embankment. High embankments with flat sideslopes may neces
sitate purchase of a considerable amount of additional right-of-way or slope easements. 
The cross slope of the original ground line will influence several of these costs. 

Maintenance costs also vary with embankment height and slope steepness. Mowing 
cost is a function of slope surface area (dependent on embankment height and slope) and 
of slope steepness . Erosion problems tend to increase as slope steepness increases, 
and the surface area subjected to erosion is a function of slope and embankment height. 
Snow drifting and snow removal costs are influenced by slope steepness and also by the 
presence of guardrail. Finally, the guardrail itself requires maintenance such as paint
ing and repair after severe collisions. Maintenance costs of course vary considerably 
with climatic conditions. 

A third cost element , in addition to construction and maintenance costs, is the cost 
of accidents, which depends on the severity of the accident-collision with the guardrail 
or running off the roadway onto the sideslope-and the number of such accidents. Al
though accident costs are difficult to quantify, they should be included in the total econ-
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omy study. An appraisal of ran-off-the-roadway probability at a particular location is 
helpful in itself, especially where economic analysis shows design with guardrail is 
cheaper but a flattened slope is less hazardous. 

Safety 

A vehicle that leaves the roadway is subject to an accident hazard that depends on 
the type of guardrail, or in the absence of guardrail, on the embankment height, slope 
steepness, and roadside obstacles. The probability that a vehicle will leave the road
way depends of course on many factors, such as geometric design elements, traffic 
conditions, and climate conditions. 

The "equal severity index" concept developed by the California Division of Highways 
is perhaps the most valid approach tp the question of tlle relative safety of flat slopes 
and guardrail (1, 2). Essentially, guardrail is warranted only if the severity of damage 
and injury from collision with guardrail is less than that sustained by traveling down 
the embankment slope. The equal severity curve for typical corrugated or W-beam 
guardrail is shown in Figure 9. Points along the curve define slope-height combinations 
for unprotected embankments that have severity equal to that for collision with guard
rail. Thus, the shaded region above the curve represents slope-height combinations 
that warrant guardrail installation from a safety standpoint, while guardrail should not 
be installed for slope-height combinations below the curve unless there are severe road
side hazards close to the roadway, such as culvert endwalls, heavy signposts, or bodies 
of water at the toe of the slope. 

Contrary to what might be expected, the California study found that the cross slope 
of the original ground at the toe of the embankment had no significant correlation with 
the severity of ran-off-the-roadway accidents (!). 

Aesthetics 

There can be little disagreement that guardrail diminishes the attractiveness of the 
highway. It is more than the man-made "hardware" appearance of the guardrail and 
the rusted, dented, paint-peeled ai-eas along with kinks in alignment and ragged vege
tation often seen under the guardrail that makes it so aesthetically unpleasing. It is 
::1 li::n thP. visual discord that it creates: occurring intermittently along the highway, it 
produces a longitudinal discontinuity in the flow of the highway alignment. It not only 
starts and ends abruptly but also in some cases weaves from side to side. Guardrail 
also produces a discontinuity in the smooth flow of the highway cross section, chopping 
up the roadway "space" and interfering with the attainment of a smooth merge of high
way with terrain, and often producing a feeling of confinement or lateral friction in the 
driver (especially with guardrail at both roadsides) compared to the open feeling that 
obtains without guardrail and with gentle fill slopes. 

In addition, the steeper slopes usually used with guardrail installation are unnatural 
looking and therefore unattractive in all but the steepest terrain, and they are often 
eroded. Both of these features may be visible to the motorist under certain conditions 
of alignment and are often visible to those who abut the road (the "view of the road"). 

Of course, there are situations where steep fill slopes and attendant use of guardrail 
may be more desirable than flatter slopes from an aesthetic viewpoint, as in the case 
where it is desire~ to minimize clearing of wooded areas near the roadside or to mini
mize encroachment upon streams and lakes. However, here the best solution is often 
to be found in realignment or relocation of the highway. 

Range of Outcomes for Economy and Safety Analyses 

Although flat slopes are generally to be favored over guardrail design insofar as aes
thetics are concerned, economy and safety may favor either roadside treatment. For 
any given flat slope compared to a steep slope with guardrail, four possible combina
tions of safety and economy may occur depending on embankment height and unit con
struction and maintenance costs. These are shown schematically in Figure 2. 
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For the cost conditions of Case A, the economic break-even or equal-cost embank
ment height, Ee, lies to the left of the equal-safety height, Es, as determined from the 
equal severity curve discussed earlier. Thus, for all embankment heights less than 
Ee, it is both cheaper and safer to use a flat slope without guardrail-a clear-cut deci
sion for flat slope treatment. For heights between Ee and Es guardrail is cheaper but 
flat slope design is safer. The designer must decide whether the greater safety of the 
flat slope design is worth the additional cost. If accident costs have not been included 
in the annual costs of the alternate roadside treatments, the consideration of overall 
accident potential at the site, as distinct from accident severity, may aid in the final 
selection of design treatments. Thus if the accident potential is low-short embankment 
length, good alignment light traffic, etc.-thedesigner may decide in favor of the guard
rail design even though the flat slope design is safer. If th~ site conditions are such 
that accident potential is high, the cost of frequent and extensive guardrail repairs may 
make the flat slope treatment feasible from both economy and safety standpoints. There 
is a clear-cut decision for guardrail in terms of both safety and economy for embankment 
heights to the right of Es. 
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Figure 3. Alternative roadside treatments. 

Case B, which is based on a dif
ferent set of unit costs, shows a spe
cial case where equal-cost and equal
safety heights are identical, so that 
a clear-cut decision exists over the 
entire range of embankment heights. 

Case C, based on still another set 
ofunitcosts, also yields thetwo clear
cut outcomes and also another trade
off zone that results from the equal
cost height exceeding the equal-safety 
height, thus producing a range of fill 
heights where flat slope is cheaper 
but guardrail is safer. Where the 
flat slope is 4: 1 or flatter, this out
come will seldom occur unless the 
cost conditions are very unusual. 

Construction Costs 

The primary costs considered in 
this paper include the cost of fill, 
topsoil, seeding, and guardrail. The 
cost of fill is based on the volume 

lying beyond the outer edge of the shoulder as shaded in Figure 3. The "standard" 
guardrail roadside design treatment with which the flatter slope treatments will be com
pared consists of a 2:1 sideslope combined with an additional 4-ft shoulder extension to 
provide room for secure installation of guardrail and to provide a "usable" shoulder 
that is equivalent, after rounding, to that available when sideslopes are 4: 1 or flatter 
(3, 4). The additional cost due to this extra width is properly assignable to the guard
raildesign. The 3:1 slope design also requires widening in order to provide a fully 
usable shoulder. 

In the following cost analyses the unit cost of fill has been applied to the theoretical 
earthwork volumes, l>ut shrinkage or sweii can be ru:ii:,umed tu ue accounted fo,: ii:. the 
unit fill cost itself. No allowances are made for overhaul costs, although this may also 
be approximated by adjustment of the unit cost of fill. 

Topsoil and seeding costs are 
based only on the sloping surface 
between the shoulder break and the 
toe of the fill. Stripping of the orig
inal ground surface is assumed to 
be necessary only for the width of the 
roadbed associated with the guard
rail design treatment and is omitted 
from the analyses because it rep
resents an equal-cost item for all 
roadside treatments and therefore 
cancels out when studying differ
ences in costs between the alterna
tive treatments. 

The initial cost of guardr_ail 
should include the cost of end an
chorages as well. Inclusion of an
chorage cost is especially important 
for correct economy studies when 
guardrail installation lengths are 
short. For example, Figure 4 shows 
that if both ends of a 200-ft long 
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section of $3.00 per lineal foot guardrail are secured with anchorages costing $200.00 
each, the "effective" cost of the guardrail is $ 5.00 per lineal foot when anchorage cost 
is prorated over the entire length of guardrail installation. 

Additional right-of-way and culvert costs entailed by flat slope designs have been 
omitted from the general analyses that follow, but a few specific examples showing the 
effect of these costs on economic break-even heights are presented. 

Maintenance Costs 

The omission of maintenance costs results in underestimation of break-even heights 
for rail versus flattened slope. If maintenance cost data are unavailable or sketchy, 
NCHRP Report 42, "Interstate Highway Maintenance Requirements and Unit Maintenance 
Expenditure Index" (6), provides a convenient means for estimating maintenance costs 
associated with alternate roadside treatments. Maintenance practices vary somewhat 
among the states , resulting in different maintenance expenditures. However, it is safe 
to say that minimal maintenance standards for any maintenance item associated with 
the roadside probably result in some "compensating" cost to the highway agency sooner 
or later. Thus, failure to correct slope erosion may necessitate repairs to shoulders 
or excessive cleaning of roadside drainage ditches; failure to repaint guardrails as 
needed may result in earlier guardrail replacement because of corrosion. 

Guardrail maintenance cost will vary with maintenance practices , type of guardl.·ail 
(beam, cable), and guardrail surface or material (painted, galvanized, weathering 
steel). Painting is a major component of guardrail maintenance in colder regions, 
where corrosion from de-icing materials may necessitate repainting on a 2-year sched
ule. Repainting, including wire brush and hand scraping, costs about 40 cents per 
lineal foot per application ( 5). Expenditures are also necessary for repairs to guard
rails damaged by collisions-and snow-removal operations. There is of course some 
substitutability between first cost and maintenance cost, as for example with the use 
of higher cost weathering steels that do not require painting. Guardrail maintenance 
expenditures appear to average about 10 cents per lineal foot per year (6). 

Mowing practices also vary widely among the states, The number ofcuts per year 
and the limiting slope steepness beyond which mowing is not done are among the factors 
which affect mowing costs. Some states do not mow 2: 1 slopes but rather allow "vol
unteer" growth to overrun the slope face. other states mow 2:1 slopes once a year to 
help extend the grass root system and to leave a mulch on the slope over winter. This 
measure helps to prevent slope erosion damage (7). Some agencies still hand-trim 
around guardrails, although the trend is to apply soil sterilant to a 2-ft-wide strip under 
the rail. Soil sterilants usually remain active for a minimum period of 2 years and the 
cost of $45 per mile per application is less than one-tenth the cost of hand trimming 
for the same period (7). Economic break-even heights are least sensitive to differences 
in vegetation control costs. 

Erosion damage is another maintenance cost item that should be considered in studies 
of alternate roadside treatments. Erosion costs include not only repair of the slope it
self but also the removal of erosion products from ditches and culverts. In addition, 
deposition of eroded materials in ditches and streams may increase the extent of damage 
from heayy rains to othe.r roadway components and abutting property and, although this 
latter cost is extremely difficult to quantify, it is nevertheless one assignable to the 
steep slope design common with guardrail installation. NCHRP Report 42 provides sep
arate erosion cost estimating equations for slopes 2:1 and steeper and for slopes flatter 
than 2: 1. Although annual precipitation is the only independent variable used in these 
equations, the total erosion cost for a given sideslope would also be a function of em
bankment height. 

Drifting of snow and consequent snow-removal costs have been shown to be strongly 
influenced by highway cross section design. In open country where the highway lies 
perpendicular to the predominant winter winds, embankments tend to be swept clear of 
snow if sides lopes are 4: 1 or flatter. steep sides lopes, particularly when the shoulder 
break area is not well-rounded, contribute to drifting problems through the formation 
of eddies. The more "streamlined" the cross section the less problem with drifting 
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snow. Thus guardrails also worsen drifting, especially when previous plowing has 
packed snow against the guardrail, transforming it into a 2- ft - hi gh solid barrier. The 
turbulence in the wake of this obstruction may cause rapid snow deposition across the 
full roadway width because of the decreased carrying capacity of the turbulent eddies (8). 
NCHRP Report 42 provides a comprehensive analysis of snow-removal costs. The 
elimination of guardrail through slope flattening can probably reduce snow-removal 
costs on embankments by 15 to 20 percent. 

In cases where cut slopes are flattened in nearby cut sections to provide the addi
tional fill material needed to flatten a fill slope so that guardrail can be omitted , there 
may be an indirect maintenance benefit in the form of reduced erosion and drifting of 
snow on these cut slopes. The flattened cut slopes also increase roadside safety and 
in general are more natural in appearance and aesthetically pleasing in the same way 
that flat fill slopes are more attractive. 

Annual Cost 

Consideration of both construction and annual maintenance costs requires that costs 
be put on a common time basis. Embankment, topsoil, and seeding can be assumed to 
last for the economic liie of the highway. Sections of guardrail, however, may require 
earlier replacement owing to damage from severe collisions. Replacement may also 
occur as a result of implementation of a new guardrail standard. A 20-year economic 
life is used for all construction cost elements in the following presentations unless 
otherwise noted, and a 6 percent interest rate was used to convert initial cost to annual 
cost. 
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Figure 5 shows a total annual cost buildup for constant-height embankments for 
guardrail treatment with 2:1 slope. The maintenance costs could be considered "typical" 
for northern, humid areas. Fill cost is $0.50 per cubic yard and guardrail is $3.00 
per lineal foot. The costs in this figure and elsewhere in this paper are for one road
side only. It can be seen that maintenance costs make up a considerable portion of the 
total annual cost for low to medium fill heights. For a 20-ft fill height, the cost of 
earthwork and guardrail combined accounts for only 65 percent of the total annual cost, 
while the combined maintenance cost is 26 percent, and topsoil and seeding 9 percent. 

BREAK-EVEN ANALYSIS 

Annual Cost Curves 

Figures 6, 7, and 8 provide an insight into the relative economy of guardrail road
side design versus flattened slope design for three basic cases of embankment profile 
geometry. In each case the cross slope of the original ground is assumed to be zero. 

Because of the complexities associated with estimation of total maintenance cost for 
both guardrail and flattened slope designs, the annual cost in these figures was based 
on differential maintenance cost-guardrail design less flattened slope maintenance cost. 
Since total maintenance cost for design with guardrail always exceeds that for flattened 
slope design, this difference has been added to the guardrail design. Therefore the 
annual cost curves for the flattened slope designs (3:'l, 4:1, etc.) consist solely of fill, 
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topsoil, and seeding, while tl1e guardrail design cost curves are the sum of fill, top
soil, seecllng, and guardrail installation cost plus the amount by wMch the maintenance 
cost for guardrail design exceeds flattened slope maintenance cost. While this proce
dure underestimates total annual costs, it nevertheless permits investigation of the 
relative economy of the two basic roadside design treatments and determination of equal
cost embankment heights for the assumed unit costs. 

Figure 6 shows rumual costs for constant-height embankments. Note that for the par
ticular unit costs used here, which are in no way extreme, a 6:1 design is cheaper than 
the alternative guardrail design up to a height of 12 ft , given a guardrail ost of $3 .00 
per foot and guardrail life of 20 years. The 4:1 design is cheaper than guardrail up to 
a fill height of 18 ft. Many designers consider the 4: 1 slope as the steepest acceptable 
slope from a safety standpoint if guardrail is not used, and yet most designers choose 
to install guardrail in preference to a 4: 1 slope long before the economic break-even• 
height is reached. A 3:1 design is cheaper than guardrail up to a fill height of 27 ft. 

The effect of guardrail life assumptions is also shown in Figure 6. If guardrail is 
assumed to be replaced at the same initial cost after only 10 years, the break-even 
height for the 4: 1 design inc1·eases by 2 ft (18 to 20 ft). Doubling the initial cost of 
guardrail with a 20-year life raises the break-even height from 18 to 22 ft for the 4: 1 
design. 

The effect of maintenance cost assumptions can be readily explored in Figure 6. If 
the difference in annual maintenance costs between the 4: 1 design and guardrail design 
is increased by $0.20 per foot, malting the total difference in maintenance costs $0.45 
per foot, the break-even height is raised from 18 ft to 21 ft for the $3.00 guardrail with 
20-year life. 

F igure 7 shows annual costs per foot of embankment for embankments on a constant 
grade crossing a V-shaped valley or depression . The unit costs are the same here as 
in Figure 6, and again the cost is for one roadside only. Of course, a perfectly planar 
valley shape as asswned here is not likely to be found in nature, but it is felt that mod
erate departures in the original ground line from the plane surface assumption will not 
change break-even heights substantially from what they are here, and the relative costs 
of the alternate designs would probably be similar. 
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For any value of H (the maximum fill height at the vertex of the valley) one can de
termine the difference in total annual cost for the full embankment section for the guard
rail design versus one of the flat slope designs by multiplying the annual cost difference 
found from Figure 7 by the length of the fill. It was assumed in this case and the follow
ing case in Figure 8 that guardrail is installed for the entire length of the fill. Although 
this is not always the case in practice, it is nevertheless a recommended treatment in 
steeper terrain (4). However, the break-even heights in Figure 7 also tell the designer 
at what fill height, as one proceeds toward the vertex, it becomes cheaper to steepen 
the slope and install guardrail. 

It is quite apparent that break-even heights are much higher for the valley crossing 
than for the case of constant-height embankment examined in Figure 6. For example, 
for the constant grade over a V-shaped valley, 4: 1 design is cheaper than guardrail 
treatment up to a maximum fill height of about 31 ft, whereas the corresponding break
even height for the constant-height embankment is only 18 feet ($3.00 guardrail, 20-
year life). 

The width of the embankment is of importance in regard to right-of-way needs. At 
the 4:1 break-even height of 31 ft, the toe of the fill would lie 124 ft from the edge of 
the shoulder. However, this is the maximum distance to the toe of slope along the en
tire embankment, and for half of the embankment length the toe would be less than one
half this distance, or 62 ft away from the edge of the shoulder. 

Figure 8 shows another idealization of a common case of embankment profile geom
etry: a sag vertical curve crossing a V-shaped valley with approach tangents coincident 
with the valley slopes. As would be expected, this case produces break-even heights 
that exceed those of tl1e constant-grade embankment over the same tenain. For the 
4: 1 design, the break-even height is 38 ft whereas that for the constant-grade case was 
only 31 ft. The toe of the fill at the vertex lies 152 ft from the edge of the shoulder, 
but for half the length of the embankment the toe of the fill would be less than one-fourth 
of this distance from the shoulder, or 38 ft, owing to the geometry of the vertical curve. 
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TABLE 1 Break-Even Charts 
RANGE OF ECONOMIC BREAK-EVEN HEIGHT, H, FOR 

THREE CASES OF EMBANKMENT PROFILE GEOMETRYa Figures 9, 10, and 11 show plots of 
economic break-even heights for five 
different sets of unit costs for the three 
cases of embankment profile geometry 

Embankment 
Profile 

Geometry 

Sldeslope 

6:1 5:1 4:1 3 :1 

6-14 ft 7_18 ft 9_23 ft 14_33 ft considered in Figures 6, 7, and 8 re-
spectively. Each of the lettered cu1·ves 

10-26 ft 12-31 ft 16-39 ft 24-57 ft gives the slope-height combinations for 
13-34 ft 16-40 ft 21-51 rt 31-74 ft which the flattened slope design is equal 

8 Based on unit cost sets A and E, Figure 9. 

in annual cost to design with guardrail 
with 2: 1 slopes, for a particular set of 
unit construction and maintenance costs. 
Break-even heights can also be read off 
fornonintegralslope values, such as 3. 5:1. 

Curve A tends to favor guardrail installation because fill and topsoil unit costs are 
high, guardrail initial cost is low, and differential maintenance is assumed to be zero. 
Curve E is most favorable to flattening of sideslopes because fill and topsoil unit costs 
are low and guardrail initial cost and differential maintenance cost are both high. 

Of interest is the considerable spread in break-even heights for any of the flat slopes 
corresponding to the different sets of unit costs, as given in Table 1. For the constant
height embankment the economic break-even height for the 4: 1 design ranges from 9 to 
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23 ft. The range is greatest for the 3: 1 slope (14 to 33 ft) and smallest for the 6: 1 
slope (6 to 14 ft). 

The economic break-even heights for the several sideslopes may be compared with 
AASHO's suggested sideslope-fill height values for flat or rolling terrain, which are 
shown as heavy lines in Figure 9. The AASHO maximum fill heights for each slope lie 
close to curve A, which represents costs most favorable to guardrail installation and 
might thus be considered somewhat conservative height limits (even with allowance for 
r ight -of-way costs at moderate land values, the effect of which is noted later in this 
paper). 

The economic break-even curves for the constant grade over V-shaped valley (Fig. 
10) are flatter and shifted further to the right than the corresponding curves for the 
constant-height embankment. This is even more pronounced for the case of the vertical 
curve over the V-shaped valley (Fig. 11) . Table 1 summarizes the range in break-even 
heights for all three cases of embankment geom et ry. The r anges are based on the two 
extreme unit cost curves, A and E. Examination of Table 1 1·eveals that b reak-even 
heights for the constant grade, and vertical curve embankments over a V -shaped valley 
are about 75 percent and 125 percent greater respectively than those for the constant
height embankment . Therefore , application of guide values for economic break-even 
heights based on constant-height embankments to design situations involving profiles 
similar to the V-shaped valley could often result in selection of guardrail treatment 
for the roadside , when in fact the flattening of sideslopes would be a much cheaper al
ternative. 

In order to compare economic break-even height with "equal-safety" height , the 
California equal severity index curve -has been plotted in Figure 9. The shaded area 
above the curve represents those sideslope-embankment height combinations for which 
guardrail should be used from the safety standpoint, while the area below the curve 
favors flattened slope treatment for greater safety. Over the broad range of cost as
sumptions in Figure 9 the economic break-even height is less than the equal-safety, or 
safety break-even height except for 3: 1 slopes at very large heights and at unit costs 
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Figure 10. Break-even heights for constant-grade embankments over V-shaped valleys. 
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Figure 11. Break-even heights for vertical curve embankments over V-shaped valleys. 

highly unfavorable to guardrail roadside treatment. Curve C, which .is based on "inter
mediate" costs, shows the economic break-evenheight for4:lslope to be16 ft, although 
the equal seve1·iLy 1;uut.:1:::1Jt i.r,cticateS that a A: 1 Glop::: is e::lfe!' th2..>1 gtiardr?il np tn il fi 11 
height of about 4 7 ft . There is thus a sizable interval of embankment height where guard
rail is cheaper but 4:1 slope is safer. Within this heign.t range the designer mu.st judge 
whether the safety advantage of 4:1 slope over guardrail merits the additional cost. In 
such cases, the more highly trafficked the road, the more one could justify the extra 
cost associated with 4: 1 slope treatment. 

In Figures 10 and 11 the equal severity index CUl'Ve is plotted as a dashed line be
cause it is not directly applicable to these two embanlonent profiles, since fill height 
changes continuously over these embankments . Thus an embankment of given sides lope 
having a ma.:idmum height (at the vertex) that lies on the curve is equal in hazard to a 
guardrail treatment only at that point; at all other points along the embankment it is 
safer to omit guai·drail, and so the overall hazard o'f such an embankment is less than 
if guardrail were installed over its entire length. To account for this factor the equal 
severity index curve has been shifted upward on the assumption that t11e median height 
of the embanltment better approximates the height-sides lope severity index when fill 
height varies uniformly over the embankment's length. The median height corresponds 
to the height that is exceeded over half U1e length of the embankment. In the case of the 
constant grade over the V-shaped valley the median height is equal to one-half the maxi
mum height, while for the vertical curve alignment it is one-fourth the maximum em
bankment height. This results in a greater translation of the original equal severity 
index curve in the case of the vertical curve alignment than in the constant-grade case. 
Although these adjustments are somewhat arbitrru:y, they are in the "right direction", 
and it is believed that the darker area above the adjusted curves better reflects those 
slope-height combinations for which guardrail is safer. The adjusted curves result in 
a greater disparity between the economic break-even heights and the safety break-even 
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EFFECT OF RIGHT-OF-WAY COST ON 
ECONOMIC BREAK-EVEN HEIGHT, Ha 
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heights for varying fill-height embankments 
than in the case of the constant-height em
bankment, and the "trade-off" height inter
vals (guar drail cheaper but flattened slope 
s afer) are increased. 

Embankment Profile Geometry 

Effect of Other Cost Factors 

It can be shown that the inclusion of right
of-way cost has little effect on economic 
break-even heights for the lower land values 
typical of most rural areas. Table 2 shows 
the break-even heights for r ight -of-way val
ues of $1,000 and $2,000 per acre, along 
with the break-even height that obtains when 
right-of-way cost is omitted. The analysis 

Right-of-Way Cost 
per Acre,$ 

0 

1,000 

2,000 

17.7 ft 30. 7 ft 

16. 7 ft 29.1 ft 

15. 7 ft 27. 5 ft 

a4:1 slope vs. 2 :1 slope with guardrai l; unit costs as given in Figure 7. 

is for the 4:1 slope versus guardrail design , and the unit costs are those of Figure 7. 
Additional right-of-way width is here defined as the difference in the distances from the 
edge of shoulder to toe of slope for the two alternative designs. The effect of right-of
way cost is to reduce the break-even heights by only about 1 to 2 ft per $1 ,000 per acre 
of land value for both of the cases of embankment profile geometry. Of course, with a 
slope of 4: 1 or flatter it may be possible to obtain easements whereby agricultural uses 
are permitted on the outer portion of the long slopes generated by the flat embankments , 
thereby reducing right-of-way cost. 

The effect of slope flattening on culvert costs and resulting economic break-even 
height is probably the most significant factor that has thus far been omitted from the 
analysis. The annual cost curves can still be used to determine break-even heights if 
the additional culvert cost is divided by the length of the embankment, then converted 
to an annual cost, and then graphically added to the appropriate flat-slope cost curve. 
Table 3 shows the effect of two assumed culvert unit costs for a 400-ft long constant
grade embankment over a V-shaped valley. The culvert is assumed to be located at 
the point of maximum fill height (vertex of the valley). Culvert costs of $20 and $40 
per lineal foot (which might be typical for 48-in. and 60-in. diameter corrugated metal 
pipe culvert) significantly reduce the break-even height when compared to no allowance 
for culvert cost. Nevertheless, the break-even heights are still greater than what many 
highway designers apparently estimate them to be. Of course, the effect of culvert cost 
is reduced as the length of the embankment section increases. 

Where the highway crosses a steep-bottomed draw, it may be quite economical to 
completely fill in the pocket between the embankmentand the uphillportion of the ravine, 
since this treatment can often reduce the length of the culvert by pert_nitting it to be lo
cated near the end of the fill where the width is narrow (if not obviating the need for a 
culvert entirely) , and guardrail can be omitted (9). Safety is increased as well . 

Guardrail anchorage cost also affects economic break-even height. The annual cost 
and break-even height curves in Figures 6 through 11 can be used with allowance for 

TABLE 3 

EFFECT OF CULVERT COST AND GUARDRAIL ANCHORAGE 
COST ON ECONOMIC BREAK-EVEN HEJGHTa 

Culvert Cost Guardrail Anchorage Guardrail Anchorage 
per Lineal Foot, $ Cost Omitted Cost Includedb 

0 30.5ft 33.5ft 

20 24.2 ft 26.6 ft 

40 19.5ft 21.7ft 

aconstant grade embankment over V -shaped valley, 400 ft long, 4:1 slope vs. 2:1 
slope whh guardrail; unit r:osu as given in Figure 7. 

brwo anc~orages at $200 each. 
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anchorage cost if the effective guardrail cost (anchorage cost converted to a per-foot
of-installation basis and added to the basic cost of guardrail) corresponds in value to 
the gua1·drail costs used in these charts. The effect of including anchorage cost in the 
preceding example is sl1own in the last column of Table 3. The effect of anchorage costs 
increases as the length of fill decreases, and for short embankments of the order of 200 
or 300 ft in length the economic break-even height for flat slope treatment may increase 
by 3 or 4 ft, depenaing on anchorage design practice and cost. 

SUMMARY AND CONCLUSION 

The economic break-even heights for flattened fill slopes versus installation of road
side guardrail vary considerably with unit costs of construction and maintenance and 
type of embankment profile. Ec-0nomic break-even height is generally well below the 
safety break-even height, which results in a fairly wide span of fill heights over which 
guardrail installation is cheaper than slope flattening, but design with flattened slope 
is safer. Economic break-even height for embankments of smoothly varying height are 
significantly greater than those for constant-height embankments. Right-of-way cost 
in rural areas is likely to have little effect on break-even height, while culvert cost can 
significantly lower it. 

Considering what the authors believe to be an excessive use of roadside design with 
guardrail over embankments on rural highways and at interchanges, it appears that many 
designe.rs tend to widerestimate the economic break-even height for flattened sideslopes. 
Preparation of a series of break-even curves such as those presented here would be 
helpful in permitting quick approximate study of embankment sections for proper selec
tion of roadside design treatment. The analysis method can also easily be programmed 
for computer use along with routine earthwork calculations. More careful evaluation 
of alternative roadside treatments can produce substantial reductions in total annual 
highway cost as well as improve highway safety and aesthetic appearance. 

REFERENCES 

1. Glennon, John C., and Tamburri, Thomas N. Objective Criteria for Guardrail In
stallation. Traffic Department, California Division of Highways, Sacramento, 
'T __ , __ • n~a 

U U~y J.,JVV, 

2. Guardrails, Barriers and Sign Supports. Highway Research Record 174, 1966. 
3. A Policy on Geometric Design of Rural Highways. American Association of State 

Highway Officials, Washington, D. C. , 1965. 
4. Highway Guardrail: Determination of Need and Geometric Requirements, With Par

ticular Refe1·ence to Beam-Type Guardrail. HRB Special Report 81, 1964. 
5. Cardone, S. M. Galvanizing Reduces Bridge Rail and Guardrail Maintenance in 

Michigan. Highway Research Record 11, 1963, pp. 62-65. 
6. Bertam D. Tallamy Associates. Interstate Highway Maintenance Requirements and 

Unit Maintenance Expenditure Index. NCHRP Report 42, 1967. 
7. O'Brien, Robert W. Effect of Contract Mowing on Massachusetts Maintenance Costs. 

Highway Research Record 11, 1963, pp. 23-49. 
8. Cron, F. W. Snowdrift Control Tbru Highway Design. Public Roads, Dec. 1967, 

pp. 227-234. 
9. Cron, F. W. Slope Design Practice in the Great Smokey Mountain National Park. 

HRB Report of the Committee on Roadside Design, 1948, pp. 32-43. 




