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OORRECTIONS JANUARY 1980

TO

AASHTO GUIDE FOR SELECTING, LOCATING,
AND DESIGNING TRAFFIC BARRIERS (1977)

Page 16 - Dimension "CZ.'" should read "aCZ_.''.

Page 17 - Change: LgD°

"aCZ_ = R(1-00S ==—) (slide slope-0.1 or flatter)
c 100 pe

To: ". . . [side slope = -0.1 or flatter].

Comment: Words in brackets are not part of formula.
Page 29 - Section E-E: Change "60"'to "30'"

Section A-A: Change "40''" to "'20'"

Page 49 - Last line in 3rd full paragraph, change ''Section
I11-B-3 and III-B-4"
To: "Section III-E-3 and III-E-4"

Page 52 - Next to last paragraph, change "Two' to '"'Three'.

Page 61 - Change '"...positive if sloping downward"
To: '"...negative if sloping downward."

Page 64 - Change heading: '"Shyline offset (ft)"
To: '"Shyline offset, Lo (ft)"

Change instructions under left side of table
to read '"*when L,«0.5Lg, Ly shall have a..."

Page 4 - In the first line of the last paragraph change 'Underlined"
to '"Italized" and "Appendix I'" to "Appendix J'.

Page 105 - In the last line of the seventh paragraph change
reference (145) to (57).

Page 317 - In reference 57 change 1875 to 1976 and add:
(Report No.'s FHWA-RD-77-3 and 4).

Pages 294
& 322 - Change the last reference under 1976 and 1977 on
page 294 and reference 145 on page 322 to read,
'"Modified Breakaway Cable Terminals for Guardrails
and Median Barriers,' NCHRP Research Results Digest
No. 102, May, 1978.

Page 37 - Line 3 of the description of G3 should read,
"6" .x 6" x 0.188" steel tube."
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SUGGESTED DESIGN CURVE
FOR ROADSIDE DITCHES

This graph is a composite of Figure III-A-7, 11I-A-8 and III-A-9 in the
Barrier Guide. The composite graph eliminates a great deal of the confusion
associated with the interpretation of the ditch design criteria presented

in the guide.
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ABSTRACT

IMPACT BEHAVIOR OF BARRIERS
ON NONLEVEL TERRAIN

by
Hayes E. Ross, Jr., and Darrell G. Smith

Six full-scale crash tests were conducted to evaluate the impact behavior
of two widely used roadside barriers when placed on a 6:1 side slope. Four of
the six tests involved a standard W-beam rail on metal posts (G4(1S) system)
and the other two tests involved a three-cable barrier mounted on metal posts
(Gl systein). The tests were conducted and evaluated in accordance with nation-
al guidelines for testing of roadside appurtenances.

Based on the results, it is recommended that the G4(1S) system not be
placed on 6:1 or steeper side slopes. Placement of the Gl system on a 6:1
side slope is acceptable provided ample space exists between the barrier and

the hazard it is shielding.

KEY WORDS: Autcmobiles, Highways, Nonlevel Terrain, Safety, Slopes, Tests,

Traffic Barriers



IMPACT BEHAVIOR OF BARRIERS
ON NONLEVEL TERRAIN

by

Hayes E. Ross, dr.), M, ASCE, and Darrell G. Smith?

INTRODUCTION AND SCOPE

Impact behavior of a roadside or median barrier is dependent on a number
of factors, including size and spacing of posts, size and mounting height of
rail or beam, offset of beam from posts, soil conditions, and roadside condi-
tions between the edge of the traveled way and the barrier. Little is known
about the effects of the latter factor although it may have the greatest in-
fluence on performance. In general, barriers have been designed and tested for
flat terrain conditions even though roadside and median barriers are commonly
placed on side slopes, in depressed medians, in ditch bottoms, etc.

At the inception of tinis study trips were made to several states to survey
current barrier placement practices and to solicit input from various state
transportation personnel. 1t was found that there are four basic cqnditions
for which roudside and median barriers are typically placed on nonlevel terrain.
These are illustrated in the photographs of Figures 1 through 4. First, bar-
‘riers used to shield bridge piers, overhead sign bridge supports, or other
rigid objects in depressed medians or on side slopes are often placed as near
to the object as the barrier design permits. In many cases this places the
barrier on the side slope as shown in Figure 1. Secondly, barriers used to
shield bridge abutments or other rigid objects near the shoulder are often
flared away from the shoulder and terminated. As a consequence a portion of

the barrier is placed on the side slope as illustrated in Figure 2. Thirdly,

IResearch Engineer and Professor, TTI, Texas A8M University, College Station,
Texas.

2Research Associate, TTI, Texas A&M University, College Station, Texas.
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Figure 1. Barriers shielding rigid objects



Figure 2. Flared barriers



Figure 3. Barrier on barn roof section
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Figure 4. Median barriers.
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roadside barriers are sometimes placed on "barn roof" sections in high-fill
areas. Typically the roadside is composed of a shoulder, then a relatively flat
s]opeﬁ embankment (usually a 6:1 slope) which may extend up to 20 ft (6.1 m)
laterally and finally a relatively steep embankment (usually 2:1 or steeper).

In this case the barrier is placed on the 6:1 slope to shield the steeper em-
bankment. This is illustrated in Figure 3. The last condition, which is not

as common as the other conditions mentioned, involves median barriers used to
prevent cross-over head-on accidents that are placed on stepped or depréssed
medians. This is illustrated in Figure 4.

To gain insight on behavior of typical barriers on nonlevel terrain, two
roadside barriers were evaluated through a full-scale crash test program.

These were the G12 system and the G4(IS)a system. The Gl system consists of
three stee! :ables mounted on "weak“ posts while the G4(1S) system consists of
a standard steel Y-bean mounted on "strong" posts. Selection of these systems
was based on four fazcers: (a) both are operational (as per Reference 1);

(b) both are widely used:; (c) both are used to vafying degrees on nonlevel ter-
rain conditions; and (3) the Gl barrier is a "fleiible" system which may under-
go considerable Taterzl movement on impact while the G4(1S) barrier is a "semi-
rigid" system and will displace much less than the Gl system‘for a given set of
impact conditions.

Selection of a 6:1 slope was based on an evaluation of previous research
involving computer simulation of vehicle trajectory on side slopes (Appendix F
of Reference 4). The reference, work showed that a vehicle could possibly vault
a typical roadside barrier placed near the shoulder on slopes steeper than

approximately 10:1 to 8:1. It was concluded that a 6:1 slope would be in the

aDesignations are consistent with those contained in Reference 4.
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critical range for lateral barrier offsets up to approximately 12 ft (3.66 m)
from the edge of the shoulder.

This paper was condensed from a report to the Federal Highway Administra-
tion [6].
TEST CONDITIONS AND EVALUATION CRITERIA

Test Site. The test site, shown in Figure 5, was designed to represent a
common roadside section defined by the road surface itself, a shoulder, a side
slope, and a back slope. The road surface consisted of an existing concrete
surface (airport apron). An 8 ft (2.4 m) shoulder area was cut on a 15:1
slope, and a 12 ft (3.7 m) side slope was cut on a 6:1 slope. A 3 to 4 ft (0.9
to 1.2 m) ditch bottom was added to aid in drainage and a 4:1 back slope re-
turned the configuration to the original ground level. The existing horizontal
concrete surface has a downgrade slope parallel to the rail of 1% and the test
slopes ware constructed to parallel this drainage pattern.

Lengih of the installed roadside barrier was 200 ft (61.0 m) in each case
excluding the rigic anchors on both ends. Two sets of anchor foundations were
installed, one loczling the face of the guardrail 6 ft (1.8 m) from the edge of
the shoulder (instzllation A) and the other locating it 12 ft (3.7 m) from the
shoulder (instailaticn B).

Description of Barrier Systems. Reference should be made to Figure 6 for

details of the two barrier systems described below.

G4(1S) Elocked-i~+t W-Beam. This system consisted of a standard 12 gauge

steel W-beam mounted on W6 x 8.5 steel posts. The blockout was a W6 x 8.5,

14 in. (35.6 cm) long steel block which was bolted to the steel post. The top
of the rail was 27 in. (68.6 cm) above ground level at the post. The posts
were spaced 6.25 ft (1.91 m) center to center, and they were set 42 in. (106.7
cm) in an 18 in. (45.7 cm) diameter drilled hole and then backfilled with a well
graded base material. This roadside barrier system, which was used in tests 1

11
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through 4, is shown in Figure 7.

Gl Cable Guardrail. This system consisted of three 3/4 in. (1.9 cm) dia-

meter pretensioned cables mounted on S3 x 5.7 steel posts. The top céble was
30 in. (76.2 ém) from ground level, and the cables were spaced 3 in. (7.6 cm)
apart. The cables were attached to the steel bosts by 5/16 in. (0.79 cm) dia-
meter steel hook bolts. A 1/4 in. x 8 in. x 24 in. (.64 cm x 20.3 cm x 61.0 cm)
steel bearing plate was welded to the back flange of each post. The posts were
spaced 16 ft (4.9 m) apart center to center, and they were driven 29.5 in.

(74.5 cm) into the soil.

Cables were attached to the downstream end anchor by turn-buckles, and the
upstream end of each cable was attached to a spring compensating device. The
cables were pretensioned to approximately 1000 1bs (454 kg) before the test.
This system, which was used in tests 5 and 6, is shown in Figure 8.

Evaluation Criteria. Reference 5 states that three appraisal factors are

to be considered for tzst of a longitudinal barrier: (a) structural adequacy,
(b) impact severity, and (c) vehicle trajectory hazard. In summary, criteria
for each appraisal factor are:

(a) Structural Adequacy - The test article shall redirect the vehicle;
hence, the vehicle shall not penetrate or vault over the installa-
tion.

(b) Impact Severity - Where the test article functions by redirecting
the vehicle, the maximum vehicle acceleration (50 ms avg) measured
near the center of mass should be less than the following values:

Maximum Vehicle Accelerations (g's)

Lateral Longitudinal Total Remarks
3 5 6 Preferred
5 10 12 Acceptable

14
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Figure 7. G4(1S) barrier installed on 6
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Figure 8. Gl cable rail installed on 6:1 slope.
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These rigid body accelerations apply to impact tests at 15°
or less.

(c) Vehicle Trajectory Hazard - After impact, the vehicle trajectory

and final stopping position shall intrude a minimm distance into
adjacent traffic lanes.

Two tests are recommended [5] to evaluate a roadside barrier along its
"length of need" (excludes end treatments). A strength test in which the
barrier is impacted at 60 mph (96.5 km/h) by a 4500 1b (2043 kg) vehicle en-
croaching at 250 is recommended. The primary purpose of this test is to eval-
uate the structural adequacy of the barrier. The second test invoives a 60 mph
(96.5 km/h) impact by a 2250 1b (1022 kg) vehicle encroaching at 15%. This
test is designed primarily to evaluate the impact severity of the barrier.

Vehicle damage was assessed after each test in accordance with two nation-
al  rating scales, namaly TAD [7] and SAE [2].

TEST RESULTS

Shown in Table 1 is a summary of the six crash tests and results obtained
therefrom. |

Test 1. This was a structural adequacy test of the G4(1S) system for a
6 ft (1.8 m) offset. Upon impact the lower part of the bumper just cleared the
top of the rail ard the car vaulted over the rail with 1ittle redirection.

Test 2. Test 2 was a nonstandard test but was conducted for two primary
reasons: (1) to determine if the barrier was structurally adequate for a lower
encroachment angle (15° versus 25°); and (2) to provide data for validating and
updating barrier computer simulation programs (to be used later to supplement
the crash test program) The car was contained and smoothly redirected. However,
the car would have crossed adjacent traffic lanes thereby posing a potential

trajectory hazard.

17
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Tablie 1. Summary of crash test results®

ADHERENCE TO PERFORMANCE

SPECIFICATIONSC
TEST BARRIER BARRIER VEHICLE IMPACT IMPACT STRUCTURAL IMPACT EXIT
NG. TYPE OFFSET WEIGHT SPEED ANGLE ADEQUACY? SEVERITY? ANGLE?
(ft)b () {mph)  (deg)
1 G4(1S) 6.0 4500 62.83 25.0 Nod N/A d
2 G4(1S) 6.0 4500 63.30 14.75 Yes Yes No®
3 G4(1S) 12.0 4500 62.9 26.25 Nof N/A f
4 G4(15) 12.0 2300 58.2 14.75 Yes Yes No®
5 G1 6.0 4500 59.6 24.75 Yes N/A Yes
6 G1 6.0 2250 58.4 17.25 Yes Yes Yes
4A11 barriers tested were placed on a 6:1 side slope.
bDistance from outer edge of shoulder to face of barrier.
Csee Section V-A for discussion of performance specifications.
dVehic]e vaulted over barrier.
eSubjective evaluation.
fVehic]e penetrated through fractured rail element. Metric Conversions:
N/A - Not Applicable, VI b

1 mph = 1.609 km/h



Test 3. This was a structural adequacy test of the G4(1S) system for a
12 ft (3.7 m) offset. Upon impact the vehicle began to redirect. However, the
combined action of lateral, longitudinal, and vertical loads on the rail and
right front wheel snagging on support posts resulted in a complete fracture of
the rail. The right front wheel and portions of the wheel assembly were torn
free of the vehicle. The vehicle penetrated the rail and came to rest approxi-
mately 90 ft (27.5 m) beyond the point of jmpact just behind the barrier. It
is noted that post and rail material properties were in compliance with recom-
mended standards.
Test 4. This was an <mpact severity test of the G4(1S) system for a 12 ft
(3.7 m) offset. The car was contained and smoothly redirected. However, the
car would have crossed adjacent traffic lanes thereby posing a potential tra-
.jectory hazard.
TJest 5. This was a svructural adequacy test of the Gl system for a 6 ft
(1.8 m) offset. The czr was contained and smoothly redirected and there was
no trajectory hazard. Maximum dynamic deflection of the cables was 9.5 ft
(2.9 m). .

Test 6. This was an impact severity test of the Gl system for a 6 ft
(1.8 m) offset. The car was contained and smoothly redirected, decelerations
were below suggested 1imits, and there was no trajectory hazard. Maximum dy-
namic deflection of the cables was 4.2 ft (1.3 m).
CONCLUSIONS

Conclusions drawn as a result of the six tests reported herein are:

(1) The G4(1S) roadside barrier system does not satisfy structural
adequacy requirements when placed on a 6:1 slope at offsets up
through 12 ft (3.7 m). In other words, the barrier, when placed
as stated, will not contain and redirect a 4500 1b (2043 kg)

19



automobile impacting at 60 mph (96.5 km/h) and an encroachment
angle of 25°,

(2) The G4(1S) system, when placed on a 6:1 slope and a 6 ft'(1.8 m)
offset, will contain and smoothly redirect a 4500 1b (2043 kg)
automobile impacting at 60 mph and an encroachment angle of 159,
Although not proven by the test, it is the authors' opinion that
the G4(1S) system will satisfy impact severity requirements when
placed on a 6:1 slope and a 6 ft (1.8 m) offset.

(3) The G4(1S) system satisfies impact severity requirements when
placed on a 6:1 slope at a 12 ft (3.7 m) offset. In other words,
the barrier, when placed as stated, will contain and smoothly
redirect a 2250 1b (1022 kg) automobile with tolerable decelera-
tions when impacting at 60 mph (96.5 km/h) and an encroachment
angle of 15C.

(4) Post-impact vehicle trajectory was less than desirable following
the G4(1S) tests in which the vehicle was redirected (tests 2
and 4). Results of these two tests could be interpreted to mean
that a veniele trajectory hazard existed, i.e., after impact,
trajectory of the vehicle would pose a hazard to traffic in adja-
cent lanes,

(5) Tha Gl roadside barrier system, when placed on a 6:1 slope at a
6 ft (1.8 m) offset, satisfied all performance specifications
for a roadside barrier, i.e., structural adequacy, impact severity,
and vehicle trajectory hazard. When compared to the G4(1S) sys-
tem, improved performance of the Gl system is attributed to the
30 in. (76.2 cm) mounting height of the top cable (versus 27 in.

(68.6 cm) for the W-beam). The cables remained at essentially the

20



same height following impact while the W-beam in the G4(1S) system
rotated backward and downward, creating a ramp for the vehicle.

RECOMMENDATIONS

Results of Timited tests reported herein form a basis for the tentative

recomnendations which follow.

(1) Roadside or median barriers utilizing the standard W-beam, mounted
27 in. (68.6 cm) above ground, should not be placed on 6:1 or
steeper slopes for offsets up to 12 ft (3.7 m). Offset is the
lateral distance from the shoulder's edge to the face of the bar-
rier. When placed within these boundaries the barrier cannot be
expected to contain and redirect an automobile leaving the shoulder
at 60 mph (96.5 km/h) with an encroachment angle equalling or ex-
c2ading 259, In other words, the barrier will not meet current
performance spazifications regarding "structural adequacy" [5].
Barrier parfurmarce for offsets greater than 12 ft (3.7 m) is un-
known and ther<fore no recommendation can be made regarding place-
men: beyond tois distance. Trajectory analysis [4] indicates an
errant gutcmol:ile with the above encroachment conditions would
strike tha barrier at or below the normal or level terrain impact
height for offsets greater than 12 ft (3.7 m). It must be noted
that the G4(1S) system did contain and redirect an automobile at
6 ft (1.8 m) and 12 ft (3.7 m) offsets for a 60 mph (96.5 km/h),
15° encroachment angle. Statistics have shown that approximately
80% of all errant vehicles leave the travel way at an angle of 15°
or less. Barrier systems now in place on 6:1 slopes utilizing a
27 in. (68.6 cm) W-beam can thus be expected to*contain and re-

direct a large majority of errant vehicles.
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(2) The Gl roadside barrier system is acceptable for placement on side
slopes 6:1 or flatter. However, care must be exercised in its
placement to insure an adequate distance behind the barrier for
displacement during impact. A lateral displacement of approxi-
mately 10 ft (3.1 m) can be expected if the barrier is impacted by
a full-size car traveling at 60 mph (96.5 km/h) encroaching at 25°,
Hence, the barrier should be placed 10 ft (3.1 m) or more laterally
from rigid objects. Tests [3] have shown the Gl system will con-
tain and redirect an automobile when placed approximately 18 in.
(45.7 cm) from embankments with slopes as steep as 2:1 even though
the barrier may deflect 10 ft (3.1 m) or more. However, in the
absence of test data or other supporting information, it is recom-
mended that the Gl system be placed 10 ft (3.1 m) or more laterally

from embankments or drop-offs with slopes steeper than 2:1.
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TABLE OF ACCIDENT COSTS

(Adapted from The NHTSA Accident Cost Data)

Assumptions

Fatal Accident Cost = $300,000
Injury Accident Cost = 7,500
PDO Accident Cost = 500
Severity % PDO % Injury
Index Accidents Accidents
0 100 0
1 85 15
2 70 30
3 55 45
4 40 59
5 30 65
6 20 68
7 10 60
8 0 40
9 21
10 0 5
EXAMPLE

SI = 5.7

Cost For SI 5.0 $20,025
Cost For S1 6.0 41,200

Difference = $21,175
70% of Difference = 14,822
Cost For SI 5.7 = $34.,847

24

% fFatal

Accidents

0

N o O O O

12
30
60
79
95

Total

Accidents

$ 500
$ 1,550
$ 2,250
$ 3,650
$ 7,425
$ 20,025
$ 41,200
$ 94,500
$183,000
$238,575
$285,375



REVISED

A COST-EFFECTIVENESS SELECTION
PROCEDURE FOR BARRIERS

Introduction - This section contains a revised cost-effectiveness procedure

for selection of barriers.

The primary difference is the change for present

worth analysis to annual cost analysis, thus, permitting comparison of

alternatives of different service lives.

Introduction

Collisions involving vehicles with roadside
objects represent a problem inherent to any
existing highway facility. Consequently,
roadside safety improvement programs have
evolved to provide guidance in eliminating
those problem locations where attention is
vitally needed. For the most part, these
programs share the following policy base.

¢ Obstacles which may be removed should be
eliminated.

s Obstacies which may not be removed should be
retocated lateraily or In & more protected
pos‘?‘m.

e Obstacles which may not be moved should
be reduced in impact severity. Breakaway
devices and flattened side slopes offer
such an improvement.

e Obstacles which may not be otherwise
treated should be shielded by attenua-
tion or deflection devices.

While the above mentioned points of design
summarize the available alternatives, the
questions of "where, when or how" are often
left unanswered. Limited funds are also a
factor most agencies face. The designer is
thus confronted with the problem of selecting
those alternatives which offer the greatest

. return in terms of safety benefits.

The purpose of this cost-effective selection
procedure is to provide a technique for
comparing alternate solutions to problem
locations. Present value of the total cost
of each alternative is computed over a given
period of time, taking into consideration
initial costs, maintenance costs, and
accident costs. Accident costs incurred by
the motorist, including vehicle damage and
personal injury, are considered together
with accident costs incurred by the highway
department or agency. Selection of the
slternative with the least total cost would
normally be made,

With regard to traffic barriers, the cost-
effective procedure can be used to evaluate
three alternatives:

1. Remove or reduce hazard so that shielding
is unnecessary;

2. Install a barrier; or

3. Do nothing, i.e., leave hazard unshielded. °g

The third option normally would be cost
effective only on low volune and/or low
speed facilities, or where the probability
of accidents is low. With regard tc item
2, the procedure allows one to evaluate any
number of barriers that can be used to shield
the hazard. Each location and its alterna-
tives should be approached on an individual
basis. Through this method the effects of
average daily traffic, offset of barrier or
hazard, size of barrier or hazard, and the
relative severity of the barrier or the
hazard can be evaluated.

The procedure presented herein has been
adopted from the work of Ross, et.al. (1)
and permits objective evaluation of the
options at a given site. The precedure in-
cluded in this document is nore generally
applicable and is recommended for general
use.

$5.1.62 Applications
implementation of the cost-effective procedure
primarily involves the determination of several
Input values., The computations are simple and
require oniy basic mathematics. |1 should be
noted that during the course of the text, the
work "obstaclie" Is used quite frequently. In
thls context, the term Is meant to apply to
either 8 hazard or improvement, whichever the
cese moy be. The following steps summarize the
procedure to be followed in the cost-etfective
analysis,
1. From existing or proposed geometry de-
termine the following:

A = lateral placement of the roadside
obstacle from EOP (in feet).

L = horizontal length of the roadside
obstacle (in feet).

W = width of the roadsile ohstacle
{in feet).

2. From volume counts or estimates, de-
termine the average daily traffic, ADT
{(vehicles per day). This value should
represent the two-way volume flow.

3. Determine the encroachment frequency,
E (vehicle encroachments per mile per
year), from Figure 5.1.16, Figure
§.1.16 was ohtained from data discussed
previously. Other available data or
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adjustments of the above may be used at
the discretion of the designer. This
latitude offers an option to the user
and helps to preserve the generality
of the model.

Determine the collision frequency, C¢
(accidents per year), from the appro-
priate nomograph given in Figures 5.1.17
and 5.1.18 (Zependent on obstacle
length). The nomographs combine the
over-all geonetry with a given encroach-
ment frequency to yield the coillision
frequency. Collision fregquency, Cg, is
the predicted number of times a given
obstacle will be impacted by an errant
vehicle per vear. The nomographs are
used in the following manner.

‘n

® locate and rzTk the encroachment fre-
quency, Eg, on vertical axis

® On hori:zonte! axis(:)locate the lateral
placement, A, and construct a vertical
reference line :he full height of the graph.

@ locate and mark the point where the laterafl
pfacement reference iine intersects the width,
W, curve In consideration,

of

® Locate and mark the point where the
lateral placement reference line intersects
the length, L, curve in consideration.

® Project a horizontal line to the
from that point to the vertical axis
and mark the point of intersection.

® Project a horizontal line to the left
from this point to the vertical axis
" and mark the point of intersection.

® Lay a straight-edge across the points
marked on and and construct a line
to interseTt ver¥ical axis Mark the
point of intersection.

@ From the point determined construct a
line to vertical axis keeping approximately
arallel to guidelines. Mark the point of

ntersection.
across the marked
points on vertical axes(f)and and construct
& line connecting the two. Redd the colli-

sion frequency, Cr, where the line inter-
sects the collision frequency axis.

® Lay a straight-edge

An example demonstrating the application of
one of the nomographs is given in Figure
§.1.19. It may be necessary to adjust the
collision frequency in locations where the
geometry and traffic conditions are criti-
cal, Off-ramp gore areas represent such a
situation, and an upward adjustment factor
of 3 has been suggested, Mathematically,
the collision frequency is given in the ex-
pression below,

27

+

and,

and

E
Cq = Tofgp [(L + 62.8) . PIY > A)

J=W
b
J=1

5.14 PIY > A+ 6.0 + 2 1)

where,

the variables A, L, W and E are as
previously defined

Y = the lateral displacement, in feet
(metres), of the encroaching ve-
hicle, measured from the edge of
the traveled way to the longitudi-
nal face of the roadside obstacle;

P[Y > ....] = probability of a vehicle
Jdateral displacement greater than
some value. These probabilities
may be taken from Figure 5.1.20;

J = the number of the 1-ft (.3 m) wide

obstacle-width increment under
investigation. (If the obstacle
is not a whole number of feet
(metres) wide, the number of
increments investigated is ob-
tained by rounding the width down
to the nearest whole foot (metre).

Assign a severity index to the obstacle
of concern. Hazards can be denoted
according to the hazard classification
codes given in Table 5.1.11. It is
suggested that the severity index be
chosen on a scale of 0 to 10 according

to the criteria given in Table S.1.12Z.
For example, if it is estimated that an
impact with the obstacle will result in
injuries or a fatality 60 percent of the
time, select an index of 7. Correspond-
ing to the index is an estimated accident
cost which includes those costs associated
with vehicle damage and occupant injuries
and/or fatalities, Figure 5.1.21 iz a
graphic representation of accident cost
versus severity index. Discretion is
advised in assigning severity indices

and the designer is encouraged to exhaust
all available objective data before
resorting to judgment.
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TABLE 5.1.11 HAZARD CLASSIFICATION CODES

Note: Circled Codes denote Point Hazard

Identification Code

Utility Poles
Trees

Rigid Signpost

®E®

®

Rigid Base Luminaire
Support

05. Curbs

06. Guardrail or Median
Barrier

GUARDRAIL END TREATMENT CODES
i Not beginning or ending at structure -
Safety treated
2 Not beginning or ending at structure -
Not safety treated
3 Beginning or ending ot structure-
Full- beam connection
4 Beginning or ending a structure-
Not fuil-beam connection

07. Roadside Slope

(00)
(00)
(01)
(02)
(03)
(04)
(05)
(00)

(01)
(02)

(03)

(01)

(02)

(03)

(04)

(05)
(06)

(Q7)

(01)
(02)
(03)
(04)
(05)
(06)

32

Descriptor Codes

single-pole-mounted
double~-pole~mounted
triple-pole-mounted
cantilever support

overhead sign bridge

mountable design

non-mountable design less than
10 inches high

barrier design greater than 10
inches high

w-gection with standard post spacing
(6 £ft-3 in.) (including departing
guardrail at bridge)

w-section with other than standard
post spacing (including departing
guardrail at bridge)

approach guardrail to bridge--de-
creased post spacing (3 ft-1 in.)
adjacent to bridge

approach guardrail to bridge--post
spacing not decreased adjacent to
bridge

post and cable

Metal Beam Guard Fence (Barrier)
(in median)

median barrier (QMB design or
equivalent

sod positive slope
sod negative slope
concrete-faced positive slope
concrete-faced negative slope
rubble rip-rap positive slope
rubble rip-rap negative slope



TABLE 5.1.11 (cont.)

08. Ditch (00)
{includes erosion,
rip-zap runoff ditches,
etc.—does not include
ditches formed by inter-~
section of froat and

back slopes
Culverts (01) headwall (or exposed end 6f pipe
culvert)
(02) gap between culverts on parallel
roadways

(03) sloped culvert with grate
(04) sloped culvert without grate

Inlets (01) raised drop inlet (tabletop)
(02) depressed drop inlet

(03) sloped inlet

@ Roadway under Bridge (01) bridge piers
Structure (02) bridge abutment vartical face
(03) bridge abutment, sloped face
12. Roadway over Bridge open gap between parallel bridges
Structure
closed gap between parallel
bridges

(03) rigid bridgerail--~smooth and cor-
tinuous construction

(04) semi-rigid bridgerail-~smooth and
continuous copstruction

(05) other bridgerail—-probable penetra-
tion, snagging, pocketing or

vaulting
elevated gore abutment

13. Retaining Wall (01) face
exposed end
Miscellaneous Point (01) pedestal base > 6 in. above
Hazards ground, < 1 fr. diam.

(02) pedestal base > 6 in. above
ground, > 1 fr., diam.

{03) historical monument < 1 ft.
wide

(04) historical monument > 1}
fr. wide
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SEVERITY INDICES

5.1.12

TABLE

Severity-Index
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TABLE S.1.12 SEVERITY INDICES (cont.)

Severity-Index
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Metric Equivalent Equation

E
C = yfgy [(L + 19.2) - P[Y > A]

esae PIY > A+ 1.8 + 2= 1y
J=1

Ef in Encroachments/ka/yr

L, Y, A, and W in metres

(The width of J may be taken as 1 metre with
the number of J units equal W rounded to the
nearest whole number.)

This equation may be implemented directly
into the cost analysis or used as a double-
check for the collision frequency nomographs.
Computation of the collision frequency for
multiple objects requires special procedures.

6. Determine the initial cost of the
obstacle, C,. If it is already in place,
its initial’cost may be assumed to equal
zero. For example, if a group of
median bridge piers had been in existence
for ten years, then the initial cost of
a no improvement alternative would be
taken to be zero. On the other hand,
improvements to such a hazard would re-
quire initial expenditures which should
be so designated.

Deternmine the average damage cost to
the obstacle per accident, CD (present
dollars).

Determine the average maintenance cost
per year, C,, assoclated with the upkeep

. of the obstacle {present dollars).

9. Determine the average occupant injury
and vehicle damage cost per accident, .
Coypr which would be expected as z
result of a collision (present dollars).
Table 5,1.12 and Figure 5.1.21 may be
used to determine Cqyp in the absence
of more definitive gata. Direct inter-
polation of the cost table in Figure
5.1.21 is suggested to increase the
accuracy of the estimate.

10, Determine the useful life, T, of the

obstacle (years).

11, Determine the capital recovery and sink-

ing fund factors. CRF and SF for the

useful life. "I and a current interest

rate come from Tables 5,1.13 and 5.1.14.

Estimate the expected salvage value of
the obstacle, Cg, at the end of its use-
ful 1ife (future dollars).

13. Calculate the total annual cost,

C
from the following equation: AT

CAT - CI [CRF] + Cncf + CM +
Cs (SF)

Covn®s -

or, to determine those costs which are
directly incurred by the highway depart-
ment (or implementing agency), (C,.), use
the equation below: D

Cap = Cp [CRFY + Cog ¢ €y - Co(SF)

These total annual costs represent an
estimated value related to some appurtenance/
barrier. Any number of locations or alter-
natives may be evaluated by utilizing this
method, and a priority listing may be
established. The alternative with the least
total annual cost is the preferable
alternative,

Summary of Variable Definitions

A = lateral placement of the roadsid:
obstacle from EOP (feet) [metre]

horizontal length of the roadside
obstacle {feet) [metre]

width of the roadside obstacle
(feet) {metre]

average daily traffic (vehicles per
day, two-way)

= encroachment frequency (encroach-
ments per mile per year) {[encroach-
ments per kilometre per year]

= collision frequency (accidents per
year)
SI = severity index

initial cost of the obstacle
(present dollars)

CD = average damage cost per accident
incurred to the obstacle (present
dollars)

M average maintenance cost per year
for the obstacle (present dollars}

= average occupant injury and vehicle
damage cost per accident (present
dollars)

estimated salvage value of the
obstacle (future dollars}

total present worth cost associated
with the obstacle (dollars)

total present worth direct cost
associated with the obstacle
{(dollars)

capital recovery and sinking fund
factar for some current interest
rate

CRF, SF =
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TABLE 5.1.13 CAPITAL RECOVERY FACTORS (CRF)

E??:u} Interest Rate i (Percent)

{years) 0.0 1.0 2.0 . 3.0 4.0 5.0 6.0 7.0 1.0 9.0 10.0 11.0 1. .0
1 1.000 1.010 1.020 1.030 1.040 1.050 1.060 1.070 1.380 1,090 1.100 1.110 1.720
pA 0.500 0.508 0.515 0.523 0.530 0.538 0.546 0.553 0.561 0.567 0.576 0.584 0.192
3 0.333 0.340 0.347 0.3%3 0,360 0.367 0.374 0.381 0.388 0.395 0.402 0.409 0.416
4 0.250 0.25% 0.263 0.269 0.275 0.282 0.288 0.295 0.302 0.302 0.315 0.322 0.:29
5 0.200 0.206 0.212 0.218 0.225 0.231 0.237 0.244 0.°50 0.257 0.264 0.2 0.:77
6 0.167 0.173 0.179 0.185 0.191 0.197 0.203 0.210 0.6 0.222 0.230 0.236 0.:43

-1 0.143 0.149 0.155 0.161 0.167 0.173 -0.179 0.186 0.192 0.199 0,205 0.212 0.:19
8 0.125 0.131 0.137 0.142 0.149 0.155 0.161 0.167 0.'74 0,181 0.187 0.194 0.:01
9 0.111 0.116 0.123 0.128 0.134 0.181 0.147 0,153 0.:60 0.167 0.174 0.181 0.188

10 0.100 0.106 0,1 0.117 0.123 0.130 0.136 0,142 0.:49 0.156 0.163 0.170 0.176
n 0.09 0.096 0.102 0.108 0.114 0.120 0.127 0.133 0.!40 0.147 0.154 0.161 0.168
12 0.083 0.089 0.095 0.100 0.107 0.113 0.119 0.126 0.133 0.140 0.147 0.154 0.161
13 0.077 0.082 0.088 0.094 0.100 0.106 0.113 0.120 0.127 0.134 0.1 0.148 0.155
14 0.071 0.077 0.083 0.089 0.095 0.101 0.108 0.114 0.121 0.128 0.136 0.143 0.150
15 0.067 0.072 0.078 0.084 0,090 0.086 0.103 0.0 0.117 0.124 0.131 0.139 0.147
16 0.063 0.062 0.074 0.080 0.086 0.092 0.099 0.106 0.113 0.120 0.128 0.136 0.143
17 0.059 0,064 0,070 0,076 0.082 0.089 0.095 0,102 0.110 0.117 0.125 0,132 0.140
18 0.056 0.061 0.067 0.073 0.079 0.086 0.092 0.099 0.107 0.114 0.122 0.130 0.137
19 0.053 0.058 0.064 0.069 0.076 0.023 0.090 0,097 0.104 0.112 0.120 0.128 0.136
20 0.050 0.055 0.061 0.067 0.074 0.080 0.087 0,094 0.102 0.110 0.117 0.126 0.134
21 0.048 0.053 0.059 0.065 0.0 0.078 0.085 0.092 0.100 0.108 0.116 0.124 0.132
22 0.045 0.051 0.057 0.063 0.069 0.076 0.083 0.090 0.098 0.106 0.114 0.122 0.130
23 0.043 0.049 0.055 0.061 0.067 0.074 0.081 0.089 0.096 0.104 0.113 0.121 0.129
24 0.042 0.047 0.053 0.059 0.066 0.072 0.080 -0.087 0.095 0.103 ¢.11] 0.120 0.128
25 0.040 0.045 0.051 0.057 0.064 0.071 0.078 '0.086 0.094 0.102 0.110 0.118 0.127
26 0.038 0.044 0.050 0.056 0.063 0.070 0.077 0.085 0.093 0.101 0.109 0.118 0.127
27 0.037 0.042 0.048 0.055 0.061 0.068 0.076 0.083 0.091 0.100 0.108 0.117 0.126
28 0.036 0.041 0.047 0.053 0.060 0.067 0.075 0.082 0,090 0.099 0.107 0.116 0.125
29 0.034 0.040 0.046 0.052 0.059 0.066 0.074 0.081 0.090 0.098 0.106 0.115 0.125
30 0.039 0.045 0.051 0.065 0.073 0.081 0.089 0.097 0.106 0.115 0.124

0.033

0.058
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TABLE 5.1.14 SINKING FUND FACTOR (SF)

E??Z“} Interest Rate i (Percent)
ears) 0.1 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0
1 1.000 1.000 1.000 1.000 1.000 1.000 1,000 1.000 1.000 1.000 1.000 1.000 1.000
2 0.500 0.498 0.495 0.493 0.490 0.488 0.486 0.483 0.481 0.477 0.476 0.474 0.472
3 0.333 0.330 0.327 0.323 0.320 0.317 0.314 0.3117 0.308 0.305 0.302 0.299 0.296
4 0.250 0.246 0.243 0.239 0.235 0.232 0.228 0.225 0.222 0.219 0.215 0.212 0.209
5 0.200 0.196 0.192 0.188 0.185 0.181 0.177 0.174 0.170 0.167 0.164 0.161 0.157
6 0.167 0.163 0.159 0.155 0.151 0.147 0.143 0.140 0.136 0.132 0.130 0.126 0.123
7 0.143 0.139 0.135 0.131 0.127 0.123 0.119 0.116 0.112 0.109 0.105 0.102 0.099
8 0.125 0.12Y 0.117 0.112 0.109 0.105 0.101 0.097 0.094 0.091 0.087 0.084 0.081
9 0.111 0.106 0.103 0.098 0.094 0.091 0.087 0.083. 0.080 0.077 0.074 0.0 0.068
10 0.100 0.096 0.091 0.087 0.083 0.080 0.076 0.072 0.069 0.066 0.063 0.060 0.056
1 0.091 0.086 0.082 0.078 0.074 0.070 0.067 0.063 0.060 0.057 0.054 0.051 0.048
12 0.083 0.079 0.075 0.070 0.067 0.063 0.059 0.05 0.053 0.050 0.047 0.044 0.041
13 0.077 0.072 0.068 0.064 0.060 0.056 0.053 0.050 0.047 0.044 0.041 0.038 0.035
14 0.071 0.067 0.063 0.059 0.055 0.051 0.048 0.044 0.041 0.038 0.036 0.033 0.030
15 0.067 0.062 0.058 0.054 0.050 0.046 0.043 0.040 0.037 0.034 0.031 0.029 0.027
16 0.063 0.058 0.054 0.050 0.046 0.042 0.039 0.036 0.033 0.030 0.028 0.026 0.023
17 0.059 0.054 0.050 0.046 0.042 0.039 0.035 0.032 0.030 0.027 0.025 0.022 0.020
18 0.056 0.051 0.047 0.043 0.039 0.036 0.032 0.029 0.027 0.024 0.022 0.020 0.017
19 0.053 0.048 0.044 0.039 0.036 0.033 0.030 0.027 0.024 0.022 0.020 0.018 0.016
20 10.050 0.045 0.041 0.237 0.031 0.030 0.027 0.024 0.022 0.020 0,017 0.016 0.014
21 0.048 0.043 0.039 0.035 0.031 0.028 0.025 0.022 0.020 0.018 0.016 0.014 0.012
22 0.045 0.041 0.037 0.233 0.029 0.026 0.023 0.020 0.018 0.016 0.014 0.012 0.010
23 0.043 0.039 0.035 0.03 0.027 0.024 0.021 0.019 0.016 0.014 0.013 0.011 - 0,009
24 0.042 0.037 0.033 0.029 0.026 0.022 0.020 0.017 0.015 0.013 0.0 0.010 0.008
25 0.040 0.035 0.031 0.227 0.024 0.021 0.018 0.016 0,014 0.012 0.010 0.008 0.007
26 0.038 0.034 0.030 0.026 0.023 0.020 0.017 0.015 0.013 0.011 0.009 0.118 0.007
27 0.037 0.032 0.028 (€.025 0.021 o0.018 0,016 0,013 0.011 0.010 0.008 0.117 0.006
28 0.036 0.031 0.027 0.023 0.020 0.017 0.015 0.012 0.000 0.009 0.007 0.116 0.005
29 0.034 0.030 0.026 0.022 0.019 0.016 0.014 0.011 0.010 0.008 0.006 0.115 0.005
30 0.033 0.029 0.025 0.021 0.018 0.015 0.013 0.011 0.009 0.007 0.006 0.115 0.004




5.1.33 Example 1 - Roadside Slope

In the- first example, it is desired that
criteria be established to indicate when it
is cost-effective, in terms of ADT and side-
slope, to shield an embankment. It is as-
sumed that an operating speed of approxi-
nately 60 mph (96.6 km/hr) exists. The gen-
eral gecmetry of the roadside is illustrated
in Figure 5.1.22. For purposes of analysis,
both the average daily traffic, ADT, and the
roadside slope will be considered as varia-
bles.
assumed to fall within a reasonable expected
range. The following analysis will consider
shielding with a roadside barrier first and
then the alternative of no shielding.

values assigned to other variables are

METME LONVERSON
Hr v 0.

Figure 3.1,22 Roadside Slope Geometry

Roadside Barrier

Before this alternative can be considered in
the cest-effectiveness procedure, the flared
end-treatnent geometry should be established
by implementing the barrier flare criteria
set forth in Section 5.1.44.
these criteria, the flared sections were as-
suned to exhibit the following general
geometrry:

® The average offset equals 15 ft (4.6 m).

e The horizontal length of the flared sec-
tions equals 256 ft (78.0 m).

» And the total rail length needed equals
257 ft (78.4 m).

These lengths represent the total length of
need of the flared section plus a breakaway
cable terminal treatment.
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On the basis of

In continuing, the roadside barrier analysis
involves two distinct computations. In the
first case, costs associated with the flared
portion of the barrier are computed. Then,
costs associated with the barrier proper or
the tangent section are computed. The two
are then combined to determine the total
cost. However, a minor adjustment must be
made in determining the collision frequency
since the flared portion and the barrier
proper are joined at a common point. The
following general rule applies in this and
other such cases:

For two objects joined together, use the
actual length (Lg of the object with the
highest severity index (5I) and subtract
31.4 {9.6 for metric equivalent) from the
length of the other object when determining
their respective collision frequencies.

This rule is illustrated in the following

example. Note that the cost determination
steps follow the format previocusly outlined.

Flared End Treatment
1. A= 15 ft (4.6 m)
L = 256 ft (78.0 m)
W1 ft (.305 m) {rail width)

2. ADT = 10,000 (assumed)

3. Ef = 3.2

4. Cf = 0,078 (Actual length is used to
determine C,. because SI for flared
section is ﬂigher than for bar-
rier proper.)

5. Code 06-01-1; SI = 3.7

6. CI = $13.0C (assumed) per foot at 257
£t (78.39 m)

¢ = $3,341
7. €, = $225

8. C, = $1.50 per foot per year (assumed)
at 257 ft (78.4 m);

C,, = $386

10. T = 15 years
11. CRF = 0.117 -
SF = 0,037

at an assumed rate of 8%

12, Cg = $3.00 per foot (assumed) at 257
£t (78.4 m)

Ce. = $771

= $7,192 at ST = 3.7 (Figure 5.1.21)



13, CAT

CAT
CAD

CAD

= 3341 (0.117) + 225 (0.078) +
386 + 7192 (0.078) - 771 (0.037)

= $1,327

= 3341 (0.117) + 225 (0.078) + 386
- 771 (0.037)

= §766

Barrier Proper

1. A

L
W
2. ADT
3. E¢
4. Cf

S. Code
6. CI
Ct

7 CD
8. CM
Cy

9. COVD
10. T
11. i
CRF

SF

12. Cs
Cs

13. CAT
CAT

CAT
TOTAL CAT
TOTAL CAD

= 10 ft (3.05 m)

= 1000 £t (305 m)

=1 ft (.31 m)

= 10,000

= 3.2

= 0.29 based on L - 31.4 or 968.6
£t (295 m) (See Example 1)

06-01-3-2; SI = 3,3 (See Table
5.1.10)

= $13.00 per foot (assumed) at
1000 £t (305 m);

= $13,000
= $225 (assumed)

= $1.50 per foot per year (assumed)
at 1000 £t (305 m);

= $1,500
= $5,874 at SI = 3.3

= 15 years

i = 8%

= 0.117
= 0,037

= $3.00 per foot (assumed at
1,000 ft (30S m);

= $3,000

= 13000 (0.117) + 225 (0.29) +
1500 + 5874 (0.29) - 3000 (0.037)

= 1521 + 65 + 1500 + 1703 - 111
= $4,678

= $2,975

= 1327 + 4678 = $6,005

= 766 + 2975 = $3,741
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These two total costs represent values as-
sociated with an average daily traffic
equaling 10,000 vehicles per day. The
above steps are repeated for higher values
of ADT until enough data points are deter-
mined to plot CAr versus ADT. Ultimately,
the total barrier values as a function of
average daily traffic will be used in the
alternative comparison.

Unprotected Slopes

Another alternative which should be con-
sidered involves no shielding at all. This
alternative requires no direct expendi-
tures since it is assumed that the problem
involves existing roadways.. Consequently,
only the total costs (to include occupant
and vehicle damage) can significantly indi-
cate the benefits/disbenefits associated
with no shielding of the embankment.

For purposes of analysis, four slopes have
been considered as variables in addition

to the average daily traffic control. These
slopes and their respective estimated
severities for assumed site conditions

are as follows:

e (3.5:1) slope - severity index equals 3.5
® (3:1) slope - severity index equals 4.0

. (2.5:1) slope - severity index equals
4.5, and

o (2:1) slope - severity index equals 5.0

(Note that for fills steeper than about 3:1
the height of fill should be expected to
influence severity.)

Although the slope severities are not spe-
cifically identified in the hazard inventory
information, a severity index is listed for

a negative slope. Assuming that this nega-
tive slope represents an average situation
and that a 4:1 slope is approximately average,
then the severity index of a 4:1 slope would
be found to equal 3.0. Furthermore, since the
severity index of the roadside barrier is
greater than tua. v. cuc +.. slope, then in no
way can the barrier be more cost-effective.

By taking the average slope as a base, the
severities of the other gradients were esti-
mated, and occupant and vehicle damage costs
were assigned. The initial, damage, mainte-
nance, and salvage costs were all taken to be
zero since it is assumed that the existing
geometry requires no direct expenditures. By
choosing the average daily traffic again to
equal 10,000 vehicles per day and considering
a 3.5:1 slope, the costs may be determined by
the following steps:



2.
3.
4.
S.

7.
8.
9.
10.
11.

12.
3.

A= 10 ft (3.05 m)
L = 1,000 ft (305 m)
W= 30 £t (9.15 m)
ADT = 10,000
Bf = 3.2
Cf = 0.30
§I = 3.5
CD = $0
Cu = 80
COVD = $6,533 at 51 = 3.5
T = 15 years

CRF = C... "
. at an assumed Interest
rate of 8%
SF = 0.037
Cs - ‘0
q‘T = 0+ 0+ 0+ 6535 (0.30) -0
= $9,961
= ‘0
QAD
30,000 ¢
2%.000
20,000 }
TOTAL
ANNUAL 18,000 ¢
cosT

16.000 |

6.000 P

BARRIER MORE
COST EFFECTIVE

Total costs for the four slopes and varying
volumes are calculated in a similar manner to
provide the basis of comparison for the no
protection alternative.

Comparison

The various situations can best be compared
by plotting curves of total present cost versus
average daily traffic. Such a set of curves

is shown in Figure 5.1.23. By interpreting
ghe data the following conclusions may be

Tawn:

1., Unprotected slopes of 3:1 and flatter

are more cost-effective than the batrier for
an average daily traffic up to and in excess
of 50,000 vehicles per day; i.e., the barrier
is not warranted;

2. The 2.5:1 slope, unprotected, (assumed
severity 4.5) becomes less cost-effective
than the barrier for an average daily traffic
equal to or above 12,000 vehicles per day; and

~ 3, The 2:1 slope, unprotected, (assumed
severity 5.0) becomes less cost-effective than
the barrier for an average daily traffic equal
to or above 10,000 vehicles per day.

This analysis serves to provide some in-
sight as to where roadside barrier protection
of slopes may or may not be more cost-
effective. General design guidelines or
policies may be established and, more im-

portantly, justified in terms of the highest
returns in safety.

1 BLOPE SEVERITYsE.0

2.6 BLOPE SEVERITY = 4§
»
Q, l

BARRIER WITH FLARED END

3:1 SLOPE SEVERITY = 4.0

L4
g

(uzl SLOPE  SEVEMITY » 3.6

UNPROTECTED SLOPE
MORE COST- EFFECTIVE

A 4 n

¢ 18.000

20.000

30,000  40.000 $0,000

AVERABE DAILY TRAFFIC, ADT ( VEMICLES PER DAY}

Figure 5.1-23 Cost Comparison Curves
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General Comments

1. The analysis, as presented in this
problem, involves only those costs associated
with one side of the highway facility. If
the same conditions exist on the opposite
side, then the total costs for both sides
would be double those previously determined.

2. The average daily traffic should represent
the two-way volume flow since the volume
split is built into the analysis procedure.
This adjustment is effected by the collision
frequency nomographs. ’

3. The useful life of a roadside slope is
taken to be 15 years, which is obviously not
the real case. However, there is little
difference in the economic factors beyond

15 years.

4. This example illustrates how the
procedure can be used to determine the
cost-effectiveness of two basic options, i.e.,
barrier shielding versus no shielding of
slopes, for a given location. Although not
considered here, the next desirable step
may be to establish a priority or ranking
system for reducing hazards within a given
roadway system. The objective would be to
make improvements that offer the greatest
return in terms of safety., The following
equation may be used for determining a
ranking factor, R:

-

annuai cost associated with the
H unshielded hazard over the period
T;

annual cost associated with the
1 improvement over the period T; and

annual cost to the highway depart-
‘T ment or agency associated with the
improvement.

Improvements should be made to those hazards
having the highest value R first. Note that
if the numerator is negative, the improvenment
would not be cost-effective. In Example 1,
the ranking factor for placing a roadside
barrier to shield the 2:1 slope (assumed
severity 5.0) for an ADT of 25,000 would be
computed as follows:

C, = 816,710 (Slope) (From Figure
An U5.1.21)

€C. = $10,612 (Barrier) (From Figure
AL 5.1.21)

C\1 = §$3,530 (From previous calculations)
{‘I

thus
16,710 - 10,612
3,530

R =

or

R=1.7

$.1.54 Example 2 - Bridge Piers

Figure 5.1.,24 shows a typlical bridge pler haz-
arde Three alternatives wlil be considered In
the cost analysls as follows:

1. No protection of the bridge piers

2. Protection of the bridge piers with a
toadside barrier rail

3. Protection of the bridge piers with a
combination roadside barrier rail and crash
cushion system

Subsequent to the cost calculations, a
comparison of the three operations will be
made based on a present worth basis, and the
most cost-effective design will be identified.
Note that the steps in the analysis correspond
to those described in the introduction of the
section above.

TV
S

|

ADTs
75.000
(total)

).

Figure 5.1,.24 Bridge Pier Hazard
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No Protection

1. A = 23.5 ft (7.17 m) or spproximstely
23 £t (7.02 m);
= 32 £t (9.75 m) and:
= 3 £t (.92 m)
2. ADT = 75,000 (assumed)
3. Bf = 31.0
4. Cf - 0.17
§. Code -01; SI = 9,3 (See Table 5.1.10)
6. C; - $0 (since the piers are existing)
7. Cn = $0 (assumed)
8. Cy " $0 (assumed)
9, COVD » $169.%4Nn 2+ €T = Q %
10. T = 20 years
11. CRF = 0.102
at an interest rate of 8%
12. SF = 0.022
Cg = $0
13. C, = 0 (.,102) « 0 (0.17}) » 0 + 169.340
AT (0.102) - 0 (0.022)
- $17,273
C - $0
)

or considering collisions with both ends of
the bridge pier hazard,

€, = $34,545
Ap

C, = $0
Ap

These figures represent the present costs
associated with no protection to the roadway
hazard. The total cost, as would be expected,
is quite substantisl due to the severity

associated with impacting a fixed bridge pier,

while the total direct cost is zero since no
improvements are involved. Although the
existing geometry may not offer the best
alternative, it must be calculated for use
as & basis in comparison,

Roadside Barrier

Before the cost analysis can be implemented
for this option, specific attention needs to
be directed toward identifginx the barrier
flare geometry. From the barrier flare

43

criteria outlined previously, (See Section
5§.1.44) the placement values to be used in the
cost procedure were sssumed to be the following:

1. fhe average offset for the flared sections
equals 16 ft (4.88 m)

2. The projected longitudinal length of the
barrier flare equals 151 ft (46.01 m)

3.
equals

The actual length of the barrier flare
153 ft (46.67 m).

In determining the total costs gssociated with
roadside barrier protection, two separate
calculations will be made - one considering
collisions with the barrier flsre and the
other involving impacts to the barrier proper.
The sum of these two costs will represent the
total value associated with the roadside bar-
rier alternative. Note that costs for one
direction of travel are computed, then doubled,
to obtain costs for both directions of travel.
It is assumed that a crashworthy end treatment
is used at the upstream terminal.

Barrier Flare

1. A= 16 fr (4.88 m},
L = 151 ft (46.01 m)
W=1+ft (.31 m)
2. ADT = 75,000
3. Ep = 31.0
4. Cf = 0.52 (Actual length is used to
determine C_., because SI for
flared sectfon is higher than for
barrier proper.)
5. J{ode 06-01-1-1 SI = 3,7 (Table 5.1.10)
6. ¢y - $13.00 per foot (assumed) at
183 £t (46.67 m), thus
€y = $1,989
. Cp = $225 (assumed)
. cﬁ = $1.50 per foot per year (assumed)
at 153 £t (46.67 m);
Cy = $230
9. Coyp = $7,192 at SI = 3.7
10. T = 20 years
11. CRF = 0.102
at 8%
SF= 0.022
12, Cg = $1.50 per foot (assumed) at
153 £t (46.67 m)
Cs = $230



13. c = 1989 (0.102) + 225 (0.32) + for protection of both ends:
AT 203 + 7192 (0.52) - 230 (0.022)

= $4,285
CAD = $545 Total CAD = $1,248

Total C, = $10,726
T

Barrier Proper

Roadside Barrier/Crash Cushion System

1. A = 13.5 ft (4.12 m); The third alternative considered in the
bridge pier analysis will be an integrated
L =32 ft (9.76 m); and crash cushion - longitudinal barrier system.
The crash cushion will be utilized as an end
2. ADT = 75,000 treatment to shield the end piers and the ends
of the roadside barrier. The roadside
3. Eg = 31.0 %;r;ie; is piaceg along the 32 foot length
.8 m) to shield the interior pier. Costs
4. Cg = .17 Based on L 1 3}'45' 2;2 fe for each of the subsystems may ge determined
§°izsg))(see rule 1n Section given their respective geometrics, and a

total present worth may be fixed.
5. Code 06-01-3-2 SI = 3.3 (Appendix E)

6. Cp = $13.00 per foot (assumed) at Crash Cushion - End Treatment
32 ft (4.12 m); thus, CI = $416 1. A= 21 ft (6.4 m),

7. Cp = $225 (assumed) L =25 ft (7.6 m),

8. C,, = $1.50 per foot per year (assumed) - .
M at'32 ft (4.12 m); thus W=38 ft (2.4 m
2. ADT =
Cy = $48 _ 75,000 (assumed)
3. - .
9. Coyp = $5,874 at SI = 3.3 Eg = 31.0
4. Cp = 0.12 Based on L - 31.4 = -6.4 ft
10. T = 20 years ' (-2.0 m) (See rule in Sectiom
11. CRF = 0.102 5.1.53)
SF = 0.022 5. Code 15-00-0-0 SI = 1.0 (Table 5.1.10)
12. Cg = $1.50 per foot (assumed) at 6. C; = $5,000 (assumed)
32 £t (4.12 m); thus CS -v$48 7. CD - §1,000 (assumed)
= 416 (0.102) + 225 (0.17) - 48
13. CAT + ss§4 (0.17) - 48 (0.022) 8. Cy = $150 (assumed)
= $1,078 9. Cqyp = $2,095 at SI = 1.0
c, = $79 10. T = 20 years
Ap

1. CRF = 0.102 at an assumed interest

The total barrier costs may now be found by - 0.022 rate of 8%

totaling the values for the flare and the SF
barrier proper. Furthermore, the total 12 C. = 0.0
amounts considering shielding for both sides : S ¢

may be attained by doubling the cos'ts 13. -
associated with collisions from one side. cAT {3802)2883123)1;)1903 goéégg +
Therefore, for protection to one end: = $1,031

Total CAT = 4285 + 1078 = $5,363 CA - $780

Total CA = 545 + 79 = $624
D
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Roadside Barrier

1.

5.
6.

9.
10.
11.
12.

13.

A
L

21 ft (6.4 m),

32 ft (9.8 m),

1 £t (0.305 m)

75,000

31.0

déternine Cg becsuse SI for read-

side barrieg is higher than for
crash cushion.) :

06-01-3-3 SI = 3.3 (Table 5.1.10)

$13.00 per foot (assumed) at
32 £t (9.8 m); thus CI = $416

$225 (assumed)

$1.50 per foot per year (assumed)
at 32 £t (9.8 m); thus,

$48
$5,874 at SI = 3.3
20 years

0.102 at an assumed interest

0.022 rate of 8%

$1.50 per foot (assumed) at
32 ft (5.8 m); thus CS = $48

416 (0.102) + 225 {0.19) + 48 +
5874 (0.19) - 48 (0.022)

Considering both the costs for the attenuator
and the longitudinal barrier, the total system
present worth values may be compared as follows:

For protection of one end:

Total CAT = 1031 + 1248 = $2,278

Total C, = 780 + 132 = $912
D

and for shielding for both sides:

Total C, = 2 (2279) = $4,558
T

Total CA = 2 (912) = $1,824
D

Comparison

Table 5.1.15 summarizes the results of this
example. By collectively reviewing the three
proposed alternatives, several observations
and conclusions may be outlined. However,

the significance of these observations must

be weighed in light of the assumptions made
and the values assigned to the various para-
meters. While these values are thought to be
typical, they may not be representative of all
areas.

1. While the no
quires no direct
represent a very
cost in terms of

shielding alternative re-
expenditures, it does
substantial total annual
accident losses.

2. On an annual cost basis, the roadside
barrier/crash cushion system offers the best
alternative. However, it does require a
somewhat higher direct expenditure.

3, The ranking factor indicates that of the

= $1,248 two improvements, the roadside barrier would
- $132 provide the greatest return per dollar spent.
TABLE 5.1.15 EXAMPLE COMPARISON
Direct Annual Total Annual
Cost, cAn Cost, Ly Ranking
OPTION {$) {$) 71 Factor, R
1. No Shielding () $34,545 .-
2. Shielding by Roadside
Barrier $1,248 $10,726 19.1
3. Shielding by Crash Cushion/
Roadside Barrier $1,824 $ 4,558 16.4
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General Comments

1. Practically speaking, the main interest

in comparing alternatives two and three is

to objectively decide whether the shorter,
more expensive and less severe crash cushion
would/would not enjoy an advantage over the
longer, lower cost and higher severity barrier
rail.

2. The main purpose of this example is to
demonstrate the use of the cost-effectiveness
approach in weighing several alternative
solutions for one problem location. Other
roadside hazard locations may be evaluated in
a similar manner to organize a complete
facility inventory and a set of ranking
factors.

$.1.55 Example 3 - Elevated Gore Abutment

In this example, an elevated gore abutment
has been chosen for analysis, and both costs
for the hazard and an improvement will be
determined. By referencing the layout shown
in Figure 5.1.25, those inputs necessary for
the calculations may be obtained, and the
procedure may be initiated. Also, higher
than normal encroachments that are common to
such a location will be considered in the
analysis, and adjustments will be made accord-
ingly. Furthermore, the evaluation will con-
sider only collisions with the exposed gore
and crash cushion, whichever the case may be.
Also, the equation for Cg¢ will be applied in
lieu of the nomographs to demonstrate its use.

-

MAIN LANES

ONE DIRECTION
(8

Elevated Gore
Abutmaent

MAIN LANES
TOTAL TWO-WAY
ADT=80,000

Figure 5.1.25 Elevated Gore Abutment
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Existing Hazard

1. A= 19 ft (5.8 m);
L=1¢£t (.305m); and
W=24ft (1.2 m)

2. ADT = 80,000

3. Ef = 33,5

4. Cg¢ by using equation may be determined
as below:

11.

12.

" 13.

%%f%so (1 +62.9) (.73) +

§.14 (0.455 + 0.405 + 0.360
+ 0.325)

Cf =

Cf = 0,17 and by applying an ad-
. justment factor of 3.0 for
higher than normal encroach-
ments (assumed),
(adjusted) = 3 (0.17) = 0,52
Code 12-06-0-0 SI = 9.3 (Table 5.1.10)
C; = $0
Cp = $0 (assumed)

Cy = $0 (assumed)

COVD = $169,412 at SI = 9.3
T = 15 years
CRF = oflll at an assumed interest
SF = 0.037 | rate of 8%
Cs = $0
€, =0 (0.117) + 0 (0.52) + 0 +
T $169,412 (0.52) - 0 (0.037)
= $88,094
c, = %o

o

Crash Cushion Improvement

A =17 ft (5.2 m);

L =25 ft (7.6 m); and
W=238 ft (2.4 m)
ADT = 80,000
Ef = 33.5§

Cg by using the équation may be deter-
mined as below:



As has been emphasized throughout this section,

Cf = %%;§30 (25 + 62.9) (0.79) + the most desirable roadside is one that is
’ relatively flat and free of roadside ha:zards.
5:14 (0.550 + 0.505 + 0.455 If ample recovery room is provided, a driver
+ 0.405 + 0.360 + 0.320 + of an errant vehicle will be able to return
to the traveled way or safely stop the vehicle.
0.290 + 0.260) Removal or relocation of hazards, or the
s jnstallation of a breakaway device should
cf - 0'?7 and by applying an always be the first option conside?ed. ﬁow~
adjustment factor of 3.0 for ever, various situations may sometimes dictate
higher than normal encroach- that isolated obstacles such as small trees
ments (assumed) or small utility poles be located within the
desirable recovery area. In such cases, the
Ce (adjusted) = 3 (0.27) = 0.81. designer often is faced with the question:
Should the obstacle be shielded by a
barrier, even though it is obvious that the
S. Code 15-00-0-0 SI 1.0 (Table 5.1.10) hazard potential of the barrier is less than
the obstacle? The following example
6. C; = $5,000 (assumed) illustrates how this question can be answered

by the cost-effectiveness procedure.
7. C. = $1,000 (assumed)

Existing Hazard - No Protection

8. Cy - $200 (assumed)
Assume that the existing hazard conditions are
9. cOVD $2,095 at SI 1.0 the seme as those in Example 2 except that In-
10. T = 15 years stead of three bridge plers the obstaclies are

11. CRE = 0.117 at an assumed interest
SE = 0.037 rate of 8%
12, Cg = $0 (assumed)

13. c = 5000 (0.117) + 1000 (0.81) +
T 200 + 2095 (0.81) - 0 (0.037)

three small trees located on the roadside in-
stead of the median, All of the parameters
defined under no protection of Example 2 there-
fore apply here,! with one exception and that
Is the S| of the trees which is assumed as 5.0,
it will be further assumed that the S| of the
trees does not change over the 20-year perlod.
Should this not be the case, the procedure pre-
sented herein would not be applicable, Selec-

= §3,292 tlon of an S| for such cbstacles must be based
primarily on engineering Judgment due to an
CAD = $1,595 absence of objective criteria. From Figure
S5e1421:
By comparing the total costs related to each c = $16,710
of the two situations, it may be seen that ovD ’
from a safety standpoint the advantage ob- " Thus,

viously lies with the improvement alternative.
The ranking factor for this site would be 53

= 16,7 .102
which further points out the benefits, in CAT 16,710 (0.102)
terms of increased safety, that can be real- C. = $1704
ized by installing a crash cushion at such AT
a Zone. and
In those locations where the traffic-geometric c, = $0
relationships become critical, the collision Ap

frequency may be adjusted upward at the dis-

cretion of the designer. A factor of 3.0 has Protection by Roadside Barrier
been proposed for gore areas, and this seems
to be a legitimate number; however, in loca- All of the parameters from the Example 2
tions where the variables are not so critical, Ropadside Barrier Section apply here.
possibly a lower factor would be appropriate.

The decision on such an adjustment would rely Thus,

strictly on the user's knowledge of the field

and his engineering judgment, CA =$10,726
. T
. and
5.1.56- Example 4 - Isolated Roadside
Obstacles cA = §1,248
D
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Comparison

The most cost-effective alternative in this case
Is to leave the trees unshleided (assuming they
cannot be removed) since the numerator of the
ranking equation "R™ is negative. Although the
trees would have a greater hazard potentlal per
accident, the considerably greater target area
of the barrier and its closer proximity fo the
traveled way would result in considerably more
barrter impacts than tree impacts. However, as
the length of the |ine of trees Increases, the
ditterence in the cost of the two alternatives”
decreases. At some length of unshielded trees
the barrier would become more cost effective,
The reader should also remember that the size of
the tree is very signigicant in this analysis,
Repeated solutions simllar to the one above for
different lengths of unshlelded trees will
reveal the break-even point where the barrier
will be cost-effective.
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FHWA Sponsored Research to Now Consider .
the Mini-Sized Car (1,700-1,800 pounds) |APTil 26, 1979

)

As a result of energy conservation policies, environmental,
economic, and other concerns, passenger vehicles are becoming
smaller and lighter. The highway designs and decisions in the
future can be responsive to this changing vehicle fleet as the
FHWA will now include the mini-sized car as a test vehicle in
1tS resc..... i we.new AT 1IMPYOVINg roadway design an

[ TR

roadside satety.

The FHWA is actively pursuing, through research and development,
the design of highway barrier systems (i.e., guardrails, bridge
rails, and median barriers) and supports for signs, luminaires,
and utility poles that will safely accommodate the array of these
newer vehicles. This means the crash testing studies that have
been so successful in the past using 4,500 poun3 full-size cars
and 2,250 pound compact cars, will include from now on the 1,700-
;,800 pound mini-sized car. This smaller size car 1s particularl
important in the design ot breakaway or yielding sign supports

and barrier geometrics.

Initial FHWA sponsored research with mini-sized cars has recently
involved crash testing into bridge rails and small sign supports.
For future .research, the mini-sized car will be used to provide
needed insight into the effects of the changing vehicle fleet on
the highway.

In addition to the mini-sized car, FHWA is also using schoolbuses,
intercity buses, and even tractor-trailer trucks in its research

to determine what is needed at the other end of the scale to retain
heavy vehicles in collisions with highway barrier systems.

Several studies are underway and more are scheduled that should
provide sound evidence on which to base judgments on selecting
and designing highway safety appurtenances for various kinds of
highways.

§}y~G;"D. Love H. L. Anderson
Associate Administrator for Associate Administrator for
Research and Development Safety
pisTRiBUTION: H-WDM-4 oP: HHS-12
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CRASH CUSHION DESIGN CURVES
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DESIGN CHART FOR 36'' DIAMETER INERTIA BARRIER
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SUGGESTED ROADSIDE BARRIER FLARE DESIGN
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SAMPLE  GRAPHIC SOLUTION TO LENGTH OF NEED EQUATION
RUNOUT LENGTH SCALE

MAXIMUM LATERAL DISTANCE FROM EDGE OF PAV'T

STEPS

I Select runout length L, (page 64 of Barrier Guide).
Determine distance fro& edge of pavement to hazard
figure III-E-4 page 63 of Barrier Guide).

gw a straight line between L. plotted on the

vertical scale and LR plotted 3n the horizontal scale.

4. Where the line drawn'in step 3 int2rsects the {
horizontal line representing the 1)cation of the
barrier from the pavement edge drav a line vertically
to the horizontal axis.

5. Read solution of "X" coordinate on LP axis directly 1
below the intersecting point.

NOTE: 12 foot lanes assumed.

~ Barrier
10 ' S~ ~ Location
. ) ' ~N —— in Relation
\ =~ ~ to Edge of
€ N\ | ~ Pavament
‘ I ~ ~ ~ ‘
4 ' ~
Y | 2 2l ~ T 1 3 ' L
Ed [} of P” o 2 2 2 0 2 2 2 4 2 a ol 2 3 o 4 4 2 PO Y LA 8 : A A 4 b d Acd i 8 l. P W 1
's«u o 50' 100’ 130’ 200\, "~ 250’ 300 330 400 430 500'

- Center line [ BEPEEPE

| "X" For Near Side .
Traffic Source: State of Il]inois

N

o & ForVOpposing Traffic \\5\\\\;
ll-AlllAV(lllAA.l~lJA41‘A.lA.l‘lll 2 a2 a2 b a2 2 2% 202 .22 LR

Scals ¢

30’ 100’ 150 200' 250 300' 350' 400' 430' 500’

EXAMPLE ——— Represents length of need in front of hazard locoted 18’ from edge of pavement
when operating spesd is 60 mph, and design trattic volume (ADT)is 5200 ,

— == Represenis length of need Iin front of hozard urnder same conditions excep! the
vehicie is approaching from the opposite direction.

—--— Represents Barrier location In relotion 1o edge of pavement.

Feet x 0305 ~ Maelres




RUNOUT LENGTH SCALE

34
32| NOTE: 252 Solution 280 END OF NEED FOR NEAR SIDE TRAFFIC
only valid when STEPS
30 opposing traffic 1. Plot L, distance - edge of pavement to hazard
r 28’ is outside the distante - on vertical axis (See page 63 of
2 clear zone Barrier Guide).
. 26 2. Draw a line from the point established in step
S Ly 1 at an angle of 25~ “n accordance with the
x guideline given.
g 2. 3. Where this line inter:ects a horizontal line
w 20 TS plotted at the L, distance - the distance from
2 e ~ the edge of pave@uent 17 tie barrier - (See page
3 . \\ 63 of Barrier Guide) (raw a vertical line to
4 the L, axis.
3 1} \ —~ ~— 4. Read Bhe value of "X" to the point where the
I ™~ barrier is no longer 1 2eded.
- 25° ~ Barrier
5 '0, T - ""XT\ _ Location
s 8 \\ in Relatios
i '3 : I ~ to Edge o’
2 I ~ Pavement
4 g | ~
= ~
2 | ™
gl‘ Edg.cfpov"‘ ll'lA.AALTIlAIlll.l'illll&llllAllLllj-‘lnLAJ | S .., Y LR
Scale o ~ 50 100 150’ 200 zsduw 300° 350° 400" 450 500’
m
2 NOTE: Barrier length must be 24
o increased for hazards =3 . N
-., other than point hazards §§' Source: State of I1linois
& (i.e., solution only valid a
2 for point hazards)
c.ﬂ'.f"ﬂ. IT_._...ITIA..L.;.‘I.L-nlln--lll-nl..lllliL;flAll‘.ll.J LR
Scale 0 50 100’ 150’ 200 2 300’ 350 400’ 430 500’

EXAMPLE ~—— Represents tength of need in front of hazard locoted l9'from edge of pavement
- when operating speed is 70 mph, and design traffic volume (ADT)is 7000 .

== Represents L 5, length to be omitted from length of need.

—--— Represents Barrier location Inrelation 1o edge of pavement.

Foet x 0.305 = Metres
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FILL SLOPE (b,/a,)

CUT SLOPE
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0s

Source: FHWA Regional Office, Homewood, 11linois

Clear Zone Width, Speed and Slope Criteria

ittt = 0.305m

0 20 . 40 60 80 100 0 20 80 100
L T T Y v L i
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A | b
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o { o
™~ .
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a«z t Lz :
ge ' oo —18:1
* o H Travelsd Way  Obsetoc ®E

4 o _t
§g¢ d _( /Shouldﬂ 5& 6l
3€ et o) G5
! FILL SECTION ' vo
! Clsarance - 41
!
. R sy - b, ] /! .
7 2 7 Of turve width
CUT SECTI i
Iy o Vfr st 3
Note: The{70 mph qurve isa|logical
extension pf the other curvds based
O engineering judgenent ang has
ny other factual basis.
1 ) 1 i i i 1 1 i i 2,
0 20 40 60 80 100 0 20 40 60 80 100
DISTANCE FROM EDGE OF TRAVELED WAY TO ROADSIDE METRIC CONVERSION:
OBSTACLE (FEET) imph = .81 kmph
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{(RECIPROCAL)

CUT SLOPE
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CLEAR ZONE REQUIREMENTS

NOTE: Values come

from curves on ..
Source: State of Illinois

page 58.
FOR DEGREE OF CURVE .
TANGENT
CUT SECTION | FILL. SECTION
SPEED VOL. 31141 15116 |81 )10:1 o181 161 {51 4.13]
288&; 15] | as| s| oas] s s 6] 17| 18] 9] 20

40 MPH %888' s s s 1s| 15| 15] s} 16l 17| 18t 19] 20

6000+*t 15| 15 15) 15| 5| 5| 5| 16| 17| 18| 19| 20

800-
2000 17( 19} 20| 20| 20| 20} 20} 20| 22| 25| 30] 53

S50MPH | 2992 | 17| 19| 20| 20| 20| 20| 20| 20| 22| 25| 30| 33

6000+ | 470 19| 20| 20| 20| 20| 20| 20| 22| 25| 30| 53

800~

2000 20 25| 26 27 28 29 31 32 33 37 451 100
6OMPH | 2599~ |

6000 20 251 26| 27{ 28] 29 31 32 33 37 451 100

6000+ | 20 25| 26| 27| 28| 20} 3| 32| 33] 37| 45{ 100

* "4 moans greater chon the value indicated.
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NOTE: Yalues obtaind  CLEAR ZONE REQUIREMENTS
y adding
0 the value in ACZc--R(l—cos
Table on page
59,

LD°
100

ACZ, = increase in clear zone for curve ~ ft. (m.)

FOR DEGREE OF CURVE : D® = degree of curve — 100 ft. arc def. (100 m arc def.)

R = radius of curve — ft. (m.)

) (slide slope — 0.1 or flatter)

10 Lg = runout path length (Table III-E-1) — fi. (m.)
Page 64, Barrier Guide
CUT SECTION FILL SECTION
SPEED VOL. 31 {4 151161 |8:1 |10 10:118:1|6:1]5:114:1]3:|
800-
2000 18 18 18 18 18 18 18 19 17 22 22 24

40 MPH éggg’ 191 19 19| 19 19 19 19 20| 22| 23| 24] 25

6000+ | 20| 20 20| 20| 201 20} 20} 21| 23| 24| 251 27

800~
2000 22 25 26 26 26 26 26 26 29 32 39 69

S5OMPH | 23287 | es| 26| 27| 27| 27| 27| 27| 27| s0| 3| 40| 7

6000+ | o7 1 28| 29| 29| 29| 29 29| 29| 32| 36| 44| 7

800~ '
2000 26 | 32| 33| 35| 36| 38| 40| 42| 43| 48| 58| 80

60 MPH %888- 27| 34| 36| 37| 38| 40| 42| a4 | 45| 50| 62|13

6000+ |29 ) 37| 38| a0 | a1 | 43| a5 | a7 | 48| s4 | 66| 147
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CLEAR ZONE REQUIREMENTS

FOR DEGREE OF CURVE !

_—20
CUT SECTION FILL SECTION
SPEED VOL. |31 {40 {S:1 6] |81 {101 {Ho:18:1 {6:1{5:114:1]3']
800~
0000 | 22| 22| 22| 22| 22| 22| 22| 23] 25| 26| 28] 29
4OMPH | 2099 | 53| 23| 23| 23| 23| 23| 23| 26| 26| 28| 20|
6000+ | a5 | 25| 25| 25 | 25{ 25| 25| 27| 28| 30| 32| 33
800~
2000 27| 30| 32| 32| 32| 2| 32| 32| 35| 20| 48| 85
50MPH | 2999~ | s | 33| 35| a5 | 35| 35| 35| 5| 38| aa| 52| o3
6000+ | 25| 36| 38| 38| 38| 38| 38| 38| 42| a7 | 57 { 101
800~
2000 | 33| 1] a3 | aa | a5 | a7 | 51| 52| sa| 60| 73] 163
60MPH | 2330~ | 35 | s | as | as | so| s1| ss| ss| sa| es| 70|17
6000+ | 45| 49| 51{ 53| 55| s6 ) 60| 61| 63| 70| 84 182
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CLEAR ZONE REQUIREMENTS

FOR DEGREE OF CURVE !

30

CUT SECTION

FILL SECTION

SPEED VOL. {31 |4:1 |51 {6:1{8:1l0:1|lo:1}8:1 |6:1]5:1 |4:1]3:]
g&g)(?o“ 25 1 25 {25 | 25 | 25 | 25 | 25 | 27 | 28| 30| 32| 33
40 MPH 28_33“ 28 | 28 | 28 | 28 | 28 |28 | 28 | 30 | 32| 34 | 35| 37
6020+ | 35| 30 30| 30303 | 30323} 3| 3] 3
8(0-
200 32 | 3 | 38 ]38 |38 )38 | 38| 38| 42| a7 57|00
S50MPH | 45397 |36 | a0 | a2 | a2 | azfsz | a2 | a2 | 6| 52| ea|m2
6CO00+ | 4o | a5 | a7 | a7 | a7 a7 J a7 | a7 | 52| 59| 70|25
800 -
2000 38 | 48 | 50 | 52 | 54 |56 | 60 | 62 | 64 | 71 | 87 | 193
2000-
60MPH | 300 42 | 53 | 56 | 58 | 60 |62 | 66 | 68 | 70 | 79 | 96 | 213
000+ } 43 | 60| 63 | 65 | 67 |70 | 74 | 77 | 79| 89 | 108 | 240
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CLEAR ZONE REQUIREMENTS

FOR DEGREE OF CURVE :

CUT SECTION . FILL SECTION :
SPEED VOL. |31 {40 |S: |61 |81 {10:0]0:1)3:1|6:1]|51|4:1]3:
285)(90— 29| 29| 29| 29| 290029 | 20| | 33| 35} 37| 39
40 MPH %882‘ ) 3] 32 32| 32)3 | 32| 3a] 3| 38| a0 a3
6000+ | 35| 35| 35| 35| 35|35 | 35| 37| 40| 42| a4 @
280%%" 37| 42| a4 | aa | e8| a4 | 48| 44| 48| 550 66| 10
50 MPH %888" a2 | a7 ) a9} 49| 49} a3 | 49| a9 sa| 61| 73] 1
6000+ | 43| 53| 56| 56| 56 (56 | 56| 56| 62| 70| 84 149
oo L as| 57| sol e | ea|es | 70| 72| 75| saf 02| 2z
60 MPH ‘2888 “ | so) 62| 65| 67| 70|73 f 77| 0| 83| 92| 1m2] 250
6000+ | 56| 71| 74| 76| so {82 { 88| 90| 94| 105 127 283




CLEAR ZONE REQUIREMENTS

FOR DEGREE OF CURVE !

v9

50
CUT SECTION FILL SECTION
SPEED VOL. 31 (41 |S:h el 81 1ol {lo:1]8:1|6:1 151 |41 |31
800~
g Q00 32 32 32 32 32 32 32 34 36 38 40 43
00~
40 MPH %OQQ?L 36 36 36 36 36 36 36 38 41 43 45 48
€0CI+ 40 40 40 40 40 | 40 40 43 48 48 50 53
_280%;. 42 47 49 49 49 | 49 49 49 54 61 731 131

CO~-
SO0 MPH ”%gcg 48 | 53| s6| 56| 56|56 [ 56 56| 621 70| 84| 149

60CO+ | o4 | 61| 64| 6a| 60|68 | 64| 6a| 70| a0 96| 17
80( -~
20C0 511 eal| 671 69| 721 75 | 79| 82| 85| 95] n15| 257

20C0-
60 MPH 6000 s7| n| 75| 771 e {83 | 8| 91| 95| 106 | 129 | 286

6000+ | 66| 87| 8| 89| 93| 96 | 102 | 105 109 | 122| 148 330
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CLEAR ZONE REQUIREMENTS
FOR DEGREE OF CURVE .

60

CUT SECTION

FiLL SECTION

SPEED VOL. |31 {41 |51 {618 1{l0:1}10:18:1{6:1 ]3] |4:1]3:]
800~ ‘
2000 36| 36| 36| 36| 36] 36 | 36| 38| a1] 43| 45| 48
000~
4OMPH | 2982~ | 4| a0 | ao| 0| aof a0 | aof a3| 45| 48| so| s3 4
6000+ | 45| 45| 45| 45| as| a5 | as| a8| s1| s4| s57] 60
800-
2000 47| s2| 55| ss| s5]ss | ss| ss| eo| 69| 82| 147
2000~
SOMPH | &000 5a| 61| 64| 64| 64)64 | 64 64| 70| s0| 96| 11
6000+ | 62| 69| 73| 73| 73|73 | 73| 73| 80| o1{ 109} 195
800"' ‘4"*‘4‘0‘p*A‘0 ‘¢’+ f‘v* ,“’,+,‘,,1¢'+’ “0.’ ’*”**"“”"
2000 kst | A 75| ] ' e3 | e9 | 91| 96| 106 | 129 | 286
2000~ 7 ‘
60 MPH 6000 L+6a| 81| 84| 87| 91|94 | 100 103] 107 119 ] 145 | 3231
6000+ |55 | 9| o8] 102 | 106|110 | 116 | 120 | 120 | 139 | 169 | 376

¢ ¢+ 9+ L 2 *

LI I S R R + 4 + ¢+ + o+ 4 + & & LI 2 2 2 2

LA I A N A 4 4+
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CLEAR ZONE REQUIREMENTS

FOR DEGREE OF CURVE .

'}0
CUT SECTION FILL SECTION
SPEED VOL. 3114151161 |8:110:1l10:118:116:115:]1(4:1]3:1
800~
2000 391 394 39! 39| 39] 39 39 42| a4 471 49| 82
2000~
40 MPH 6000 aa | 44| a4 44| a4| 44 | 44| 4a7{ 50| s3] 56| 59
6000+ | 50| so| sol so} sol so | s0)] s3| 57| 60| 63| 67
800~
2000 s2| s8f{ 61| 61| 61| 61 611 61 67] 76| 91| 163
2000~
S0 MPH 6000 0| e67{ n1| n| n| n | ni{ 78| 81| 106| 19
6000+ | .01 78] e2| s2| 82| 82 | 82| e2| 90l 102] 123} 219
800" y‘*“‘-’#"#‘v’#‘#rdn‘%*}'4*'0}0'0*}»’4’0‘ 4’0'f’*’0 0’0’ *1'”'0 0*0‘
2000 b 64| 80| 33| 8 | 90f 93 [ ‘99| 102 106] 118 144] 320]
2000- [, ]
60 MPH 6000 t 71l ool 9al 97 { 10vfr0s { | nis| 19| 133 162| 360
6000+ ., g5 105 | 110f 13| 118)122 { 130 134 139] 155} 189] 420

s g PR ——
LA A A A A S I B R R 2 2R R R R IR 2R TR R R JEEE DR R I I R

P T
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CLEAR ZONE REQUIREMENTS

FOR DEGREE OF CURVE:-,

R0
CUT SECTION FILL SECTION
SPEED VOL. |31 {4 |5 |61 81101 {o:1]8:][6:1|5:1|4:1|3:1]
28336)0' 43| 43| 43| 43| 43| 43 | 43| 46| 49| s52| 54| 57§
40 MPH 2888‘ 49| 49| ao| 49| 49| a9 | a9 s2| ss| s9| 62| 65
6000+ | 55| 55| 55| 65| s5( 55 | s5| s0| 62| 66| 69
BOO" :‘0* >‘¢’ ’0‘¢‘+*++ 44’0. ¢‘¢‘4»o’o‘r‘;+“‘¢ f’.‘l’:.’ _+‘0*t‘0’f
2000 |'+s7] 64| 67| 61| 67067 | 67 670 74| sal 100
000~ |+
SOMPH | 2239 fies| 74| 78| 78| 7a| 78 | 78| 78| 6| 97| 17
6000+ b ,56{ 5| 90| 90| 90f{ 90 | 90| s0f 99| n2| 13
800~ | ~
2000 [+69| 87| 91| 94| 98{102 | 108] 2| 16 129 157
2000~ }*
6OMPH | 6000 [+79| 99| 103 | 107 | n2 115 | 123 | 126 | 131| 146 | 178
A §
8000+ F.gp | 115 121 125 | 130135 | 143 ] ja8] 53] 1n | 208




CLEAR ZONE REQUIREMENTS
FOR DEGREE OF CURVE

89

CUT SECTION FILL SECTION |
SPEED VOL. {3:1 |41 |5:1 |61 80 Io:Lio:1]8:1 |6:0 |5 |41 ]3]
800-
2000 46 46 46 46 46 46 46 49 52 55 58 61

40 MPH gggg“ 531 53| s3] 53| 53| 53} 53| 57| 60| 68| 67| 7

6000+ |60 60| 60| 60| 60| 60 | 60 | 64

i q: I's r*t ' o+ v'p*v ]+ + r - Q'Q,O A
280%% Joertted | set|TeE 2|t | vttt
2000~ 7 )
50 MPH 6000 f'72 | 81| 85 | 85 | 85 | 85 | 85 | 85
6000+ g4 | 94| 99| 99 | 99 | 99 | 99 | 99
800"“ _';r
2000 {75 | 95 ] 99 |103 {107 {110 18 |12

.

60 MPH ___jéggg' [ 85 (107 [ 112 {116 |11 Jaes {13

|

6000+ :t‘wl 126 {132 L7 1 1e3 Ly fist {oe



CLEAR ZONE REQUIREMENTS
FOR DEGREE OF CURVE .

69

100
CUT SECTION FILL SECTION
SPEED VOL. 314 5016|8110 o181 |6:1 |50 |4:1]3:1 !
2800(?0- 50 { 50| s0| 50| 50| 50| s0| 53| 57| 60| 63| 67
40 MPH 2888‘ 571 57 57| 571 571 570 s7| e | 64| 68| 72| 76
6000+ | 65| 65| 65| 65| 65| 651 65| 69| 73| 78| 82| 86
800"’ $y+'t’&*4’4++*+* +’+‘w¥—:‘+»0‘0‘}‘+)0 44’4»’#’.0# 0‘+*L§4‘0 O'OF
o000 ‘| es| 74| 78| 7a | 78| 8] 78| 78] 8 | 97 [ 117.] 208.}
2000~ f
SO MPH 6000 ‘|78 87 ] 92| 92| 92| s2| 92| o2 | 100 | 115 | 138 | 246.}
8000+ +f 91 | 102 | 107 | 107 | 107 | 107 | 107 {107 | 118 | 143 | 160 | 286.}
800~ } f
2000 ‘b8 1101|106 {110 {118 | 118 | 126 | 130 | 13¢ | 150 | 183 | 406,
2000~ } .
60 MPH 6000 ‘b 92 | 115|121 {125 {130 {135 | 143 | 148 {153 {171 | 208 | 463.}
6000+ +f 105 | 136 143 | 148 | 154 ] 159 | 169 | 174 | 180 | 202 | 246 | s46.f

—— ey - . L qumaen 4

[ 2K SRR NEE N R 2T TR I IR T B S R 2 K TEE T 2 S 2R K K SR R SRR R I R
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CLEAR ZONE REQUIREMENTS

FOR DEGREE OF CURVE :

120
CUT SECTION FiLL SECTION

SPEED VOL. |31 141 S 61 8:110:1[10:118:1 [6:1 |5 {413
2800(90- {5656 | 56| s | 56 "5’5'*'*5'6’1"s’ow*’a'a"’fs’;'"7’1"'.7'5‘3
40 MPH (25888- 65 | 65 | 65 | 65 | 65| 65 | 65| 69 | 73| 78 | 82 86:;
6000+ L' 74 | 74| 2a{ 74 { 7a{ 74| 2a | 79| 84| 89| 93 98:f
A0 76 | s | 89 | 89| 85 | s9 | 8o | 89 | 98 |11 {133 | 23a}
S0 MPH %88%’;:__;? 89 | 100 | 105 | 105 | 105 | 105 | 105 | 105 | 116 {131 | 157 | 28 :r
6000 + ::105 17 {123 | 123 | 123 | 123 {123 |1e3 {135 | vse | 184 | 329}
___385&,- * 92 {115 | 121 [ 125 {130 | vas | 1a3 | ras |83 | | 208 [ 4s3 )
60 MPH %882))- :r]OS 132 | 138 | 143 | a9 [ 15e | 16e {169 | 175 | 196 | 238 | 530 |-
6000+ +f124 | 156 | 163 | 169 {177 | 182 | 194 | 199 | 207 | 231 | 282 | 626 ‘:,
- & 4 ¢ ¢ + & & ¢+ 0 ¢
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CLEAR ZONE REQUIREMENTS
FOR DEGREE OF CURVE .

¥4

140
- CUT SECTION FILL SECTION

SPEED VOL. (31141 |51 (el 8110 jjo:{8:1 je:1 {351 |41 |3
- + id + + 4 + 4 + 1+ + 1 + + + + b + + + ¢ 4 + + + + + + +

2800(?0 63| 63 [ B3| "e63 | 63 (63| 3|67 o | de 79| Ba

000~ -f

4OMPH | 23907 "L 53| 73| 23| n| 1| 13| 13| 78| 83| e8| 92| or°
6000+ 'L g3 | g3 | 83| 83| 83| 83 (.83 89| 94| 100 | 105 | 10°f

800- o+ N

2000 . 85| 95{ 100 | 100 | 100 | 100 | 100 | 100 | 110 | 125 | 150 | 267
50MPH | 2999~ | L
6000 100 |12 me e |ne | s {ns sz || ne}
6000+ 115 | 132 | 130 | 139 | 139 | 139 | 139 | 139 | 153| 174 | 208 | 3727}
800~ 4 Ay
2000 4104 | 130 | 136 | 141 | 147 | 152 | 162 | 167 | 173 | 193 | 235 | 523}
2000- 4, '
60 MPH 6000 > ['118 | 148 | 155 | 160 | 167 | 173 | 183 [ 189 | 196 | 219 | 267 | 593
€000+ 39 | 174 | 183 | 189 | 197 | 204 { 216 | 223 | 231 | 258 | 315 | 609 }:

<+ L 4 + + + + + * ¢ + + + + * + + 4+ + + + L 4 + + + + + ¢+ 2 + ¢



CLEAR ZONE REQUIREMENTS
FOR DEGREE OF CURVE :

¢l

16°
CUT SECTION FILL SECTION |
SPEED VOL. 31140150160 18110 o18:116:1 1511411 3:1
800"" r’t*v*v’o'++t‘¢*v*0't*++¢’+'+*r*f¢frv*+'r++’rr ’d‘. ’9‘ka*+?‘
5000 |+69| 69 69| 69| 69| 69| 69 74| 7a{ B3| 87 92
40 MPH 288%“ 1 s so| 80 80| so| 80} 80| 86| 90| 96| 101 106 |
4
6000*{92 02| 92| 92| 92| 92| 92| 98| 108 | 10| 116} 122
800~ 1

2000 - 93] 104 110 | 110 | 110 | 110 | 110 | 170 | 121 | 137 | 165 | 294
SO MPH %888" Teonv fovea | 13 | st | a3 | a3 | 13t | 13 | 14e | 1ea | 196 | 350

AR L L SR L R O T O T S

6000+ Feyay | 146 150 [ 156 | 154 | 154 | 150 | 158 | 169 | 192 | 231 | 412
800—
2000 114 143 | 150 | 155 | 161 | 167 | 177 | 183 | 180 | 212 | 258 | 573
200C~- 4

60 MPH 6000 130 | 163 | 170 | 176 | 184 | 190 | 202 | 208 | 216 | 241 | 294 | €53
8000+ 1oy | 19| 201 | 208 | 217 | 224 | 238 | 245 | 254 | 284 | 346 | 769 ;
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CLEAR ZONE REQUIREMENTS
FOR DEGREE OF CURVE !

€L

180
CUT SECTION FILL SECTION
SPEED VOL. (31 (41 |51 |61 8 1[Io:]]io:1)8:1 [6:1 3] |4:1}3]
800.. ‘..“0*-7"*!‘.f’**r‘*—"‘*"!"0“?*&?"‘% ““’-‘“g*Q.***Q“‘*‘*’
2000 1.7 | 76| 76| 76| 76| 76| 76| 81 { 8 | 91| 96 [ 100
40 MPH gggg' A ce| 88| ss| ss| 88| 88| 83| 94| 99 106 | 111 | 117
€000+ 101 | 101 { 101 | 101 | 107 | 101 | 107 | 108 | 118 | 121 | 127 | 134
800~ '} | *
2000 ‘1102 { 114 | 120 | 120 | 120 | 120 | 120 | 120 | 132 | 150 | 180 | 321
50 MPH %888" o[ 122 | 136 | 143 | 143 | 143 | 143 | 143 | 143 | 157 | 179 | 214 | 383 ]
1“ .
6000+ [ 143 | 160 | 168 | 168 | 168 | 168 | 168 | 168 | 185 | 210 | 252 | 450 ]
28&?0" {123 | 154 | 162 | 167 | 175 | 180 | 192 | 197 | 205 | 229 | 279 | 619
2000~ }
6OMPH | &000  fiar | 177 | 185 192 | 200 | 207 | 219 | 226 | 234 | 262 | 319 709 ]
6000+ 165 | 208 | 217 | 225 | 235 | 242 | 258 | 265 | 275 | 308 | 375 | 833 ]

e
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CLEAR ZONE REQUIREMENTS
FOR DEGREE OF CURVE .

1A

200

CUT SECTION FILL SECTION
SPEED VOL. 31140150161 8110 [lo:118:1|6:1 15 {4:1]3:|
B 800-— , '*f’b'4*§"}’*’ ’v*f'r**v’r—’v*vrf*" ”*‘0’0’ '3’613‘+‘ﬂ‘6’6
5000 |82’ “ed | w| s2| 2| a2 | s2| s8] "93| 98] 103/ 1091
O - *' 4
40 MPH %808 v 95| 95| 95| 95| 95| 95| 95| 102 | 107| 14| 120 126

6000+ TLyo { 10| 1o f 10} 10| 10| 10| 118 | 124 | 132 | 139 | W,

+

800- + ’
2000 710 | 1231130 ) 130 | 130 ] 130} 130 | 130 | 143 | 162 | 195 | 348,

VYT"'."

+

2000~
SOMPH | G000 131 | 16| 154 | 154 | 154 | 154 | 154 | 154 | 169 | 192 | 231 | ar2,

5

+ ’f
€000 + 1’154 1721 181 | 181 | 181 | 181} 181 | 181 | 199 | 226 | 271 | 484.f
80()’ ‘: . ft
2000 J7132 1 166 1 174 | 180 | 188 | 194 ] 206 | 212 | 220 | 246 | 300 | 666.

2000 - .
6OMPH | €000 4151 [ 189 | 198 | 205 | 214 | 221 | 235 | 242 | 251 | 281 | 243 | 759,

+

*1
6000+ . ']]6 221 | 231 | 239 | 250 | 258 § 274 | 282 | 293 | 327 | 399 | 886+
PP R R N ,v; ,v,', .',';‘;v' ’f'tff;rf r v .
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GUIDELINES FOR DETERMINING GUARDRAIL NEED, LOCATION AND STANDARDS
Source: State of Georgia

CONTENTS

GUARDRAIL WARRANTY FOR FILL EMBANKMENT

GUARDRAIL WARRANTY FOR ROADSIDE OBSTACLES

1. Nontraversable Hazards

2. Fixed Objects

3. Clear Zone Width

LFNCTU NE NEED

GUARDRAIL LOCATION

1. Guardrail Located On the Graded Shoulder
Guardrail Located Back of the Graded Shoulder
Roadside Obstacles

Bridge Approaches
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Guardrail Located Back of Curb
CHART FOR SELECTED GUARDRAIL STANDARDS

11-9-77 - RMU

9-25-78- RMU

11-8-79 - RMU

2-14-80 - RMU NOTE: This material is provided
for the readers use only.
It does not constitute a
policy of the Federal
Highway Administration.
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SLOPE

I. GUARDRAIL WARRANTY FOR FILL EMBANKMENT

Height and slope of roadway embankment are basic factors in determining
guardrail need. In Figure 1 (A) below, an extrapolation of fill height and
slope which falls above or to the right of the curve indicates an embankment
hazard of a greater severity than the quardrail. A slope and height combi-
nation which falls below the curve indicates an embankment which is less
severe than the guardrail. Guardrail should not be used for embankment
protection if the slope height extrapolation falls on or below the curve,
however other conditions such as fixed hazards, length of advancement, etc.
may warrant guardrail.

WHERE FEASIBLE, THE FLATTENING OF WARRANTING SLOPES IS PREFERRABLE TO REQUIRING
GUARDRAIL.

The warranty criteria shown in Figure 1 (A) is intended primarily for
higher traffic volume and higher speed design rural type roads. In general,
it is not cost-effective to require guardrail on the lower traffic volume

(continued on Page -2-)

— *\\"\"""“‘-~£§1513ff‘§§~\5\“ Hlight
[ ///////////

2:1 EMBANKMENT GREATER SEVERITY THAN

GUARDRAIL
(GUARDRAIL WARRANTED) a
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/ £

3:1

EMBANKMENT LESS SEVERITY THAN GUARDRAIL (GUARDRAIL NOT
4:1 4+—— WARRANTED BY EMBANKMENT) -+

i

|
o' 10" 20° 30" ad 50° 60"

(X1 o o YR 4
QISP RVINE]

FIGURE NO. 1(A) 76



SLOPE

roads at every location where the embankment is of greater severity than the
guardrail. Figures 1 (B), 1 (C), 1 (D), 1 (E) and 1 (F) were derived from the
procedure described in Chapter VII of the AASHTO Guide for Selecting, Locating,
and Designing Traffic Barriers and may be used for determining guardrail need
on a cost-effective basis.

The warranting criteria given in Figure Nos. 1 (B), 1 (C), 1 (D), 1 (E), and
1 (F) are based on probably collision frequencies. Since adverse road conditions
of particular sites may affect these frequencies, a higher level of protection
than that suggested in the Figures would sometimes be justified. Such adverse
road conditions may include horizontal and/or vertical alignment, route discon-
tinuity, narrow lanes, narrow shoulders, inadequate superelevation on curves,
long grades, lane drops, skid resistance, etc.

Where guardrail is required for warranting embankments, it should be extended
the full Tength of need plus a length of advancement to prevent vehicle pene-
tration .behind the nnardrail intn the protected area. See the Standard Details
and Section III and Figure No. 3 of these guidelines.

777777

2:1 EMBANKMENT WARRANTS GUARDRAIL

X

4:1

o' 10° 20' 30' 40’ 50' 60'

FIGURE NO. 1 (B) ---- For 1500% to 3000 V.P.D.
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SLOPE

SLOPE

. \\Z//j:;////r /////:////f ///f::////* //:
EMBANKMENT WARRANTS GUARDRAIL
2:1 —
255:1 ‘// l//;;
3:1
4:1
o' 10! 20' 30 40' 50' 60’
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FIGURE NO. 1 (C) --- For 1000+ to 1500 V.P.D.
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EMBANKMENT WARRANTS GUARDRAIL //4
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FIGURE NO. 1 (D) --- For 700+ to 1000 V.P.D.
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SLOPE

SLOPE

Ts:1

2:1

13:1

2:1

7/ T 777 T 777
I~ <:i;<f/’ EMBANKMENT WARRANTS GUARDRAIL
1 ] i 3
0 20" 40’ 60' 80" 100" 120°
HEIGHT
FIGURE NO. 1 (E) --- For 400+ to 700 V.P.D.
\// ST T T T T 7
T~ © EMBANKMENT WARRANTS GUARDRAIL
\4 / |
0 20" 40" 60" 80" 100" 120
HEIGHT

FIGURE NO. 1 (F) --- For 400 V.P.D. or Less
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II. GUARDRAIL WARRANTY FOR ROADSIDE OBSTACLES

Roadside obstacles may be classified as nontraversable hazards or fixed
objects. Obstacles located within the Clear Zone (see below) should be
removed, relocated or made breakaway. If this is not feasible then guardrail
should be considered, provided that the guardrail offers the least hazard
potential.

1. Nontraversable Hazards.
Examples of nontraversable hazards which may warrant gaurdrail are:

a) rough rock cuts

b) 1large boulders

c) permanent bodies of water over 2 ft. in depth

d) 1lines of large (over 6" diameter)trees

e) drop-off with slope steeper than 1:1 and depth greater than 2 ft.

Because of the extended length of the hazard along the roadway, the
probability of errant vehicles striking the nontraversable hazard is
greater than that of a vehicle hitting a fixed object. Barrier need for
rough rock cuts and large boulders is a matter of judgement.

2. Fixed Objects
Examples of fixed objects which may warrant guardrail are:

a) bridge piers and abutments at underpasses

b; retaining walls and culverts -

c¢)  fixed sign bridge supports

d) trees with diameter over 6"

e) wood poles or post with area greater than 50 in. 2

o~ .

3. Clear Zone Width

Clear zone is defined as the roadside border area, starting at the
edge of the traveled way, available for safe use by errant vehicles.
Previously, 30 ft. was considered to be the standard clear zone, but
current guidelines shown in Figure No. 2 give clear values greater or
lesser than 30 ft., depending on the roadside slopes, operating speed
and traffic volume.

The procedure for use of Figure No. 2 is as follows:

a) Begin with appropriate roadside slope on chart. This will be the
slope back of the shoulder. Where different slopes are encountered,
an average "weighted" slope must be determined. The top portion
of the chart represents slopes sloping toward the obstacles while
the bottom portion represents slopes sloping away from the obstacle.
Typical cases are depicted.

b) Project from left to right until appropriate operating speed curve
is intersected.

80
(continued on Page 7) (5)
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CLEAR ZONE WIDTH.

FIGURE NO. 2 - CLEAR ZONE WIDTH CRITERIA
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c¢) Project down from this point to the traffic volume to read off
the Clear Zone Width.

d) If the distance from edge of travel lane to face of obstacle is
greater than the Clear Zone Width, guardrail is not warranted.
If the distance from edge of travel lane to face of obstacle is
less than the Clear Zone Width, guardrail (or other type barrier)
may be warranted, provided the obstacle cannot be removed, relocated
or made break-away and guardrail is less of a hazard than the obstacle.

It is recognized that the suggested clear zone criterion represents a
significant change in previous guidelines. Strict adherence to this
criterion may be impractical in many situations due to limited right-of
way or other restricted conditions. The clear zone criterion shown in
this figure does, however, represent the state of knowledge and under-
lines the fact that flat unobstructed roadsides are highly desirable.

It should also be noted that the Clear Zone Width Criterion in the
Figure No. 2 may represent hazards which are located such that guard-
rail cannot be located on the embankment slope and locating guardrail
on the shoulder may offer limited protection because of the relatively
large distance between the obstacle and the guardrail. Such conditions,
may be given individual consideration and an engineering judgement made
as to the justification of guardrail provided the obstacle cannot be
eliminated.

IIT. LENGTH OF NEED

Length of need is equal to the length of guardrail needed for the hazard or
hazardous area plus a length of advancement of guardrail. The length of
advancement is the length needed to prevent vehicle penetration behind the
rail into the hazard or hazardous area.

Where slopes back of the graded shoulder are flat enough (see the following
Section IV-2) the guardrail approach should be flared or the guardrail instal-
lation located back of the graded shoulder in order to minimize this length of
advancement. In the more common instances, where slopes are steeper, the
guardrail will run along the shoulder. Figure No. 3 depicts both cases. The
minimum Tengths in advance of "Hazardous Area" shown on the Standard Details
will take care of most installations. Where greater icuyeuis ui advancement

are desired, the formulas shown in Figure No. 3 may be used or a sketch of

the location may be drawn to scale and the length of advancement measured.

Note that where Type 9 Anchorages are used, the length of advancement does
not include break-away posts.

IV. GUARDRAIL LOCATION

1. Guardrail Located on the Graded Shoulder

Guardrail required for fill embankment or other hazardous areas will
usually be located on the graded shoulder with a 2 ft. offset between
the face of the rail and the edge of shoulder. See Figure No. 4.
Shoulders should be graded 2 ft. wider than normal to accommodate guard-
rail, except where the normal shoulder width is 14 ft. in which case no
additional widening will be required for guardrail Tocation.
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(8)

£8

OPERATING RUNOUT LENGTH (R.L.) IN FEET FLARE
SPEED RATE*
(mph) OVER 6000 2000 - 6000 800 - 2000 250 ~ 800 UNDER 250 b/a
V.P.D. V.P.D. vV.P.D. V. P. D. v.pP.D.
70 480 440 400 360 330 1/15
60 400 360 2330 300 270 1/13
50 320 290 260 240 210 1/1
40 240 220 200 180 160 1/9
NOTE: Sketch shown below is only typical and does *If Applicable (See III)
represent any particular standard.
Errant
Vehicte . RUNOUT LENGTH (R. 1.) o
Trajectory
X :-!
S —— — < x] ——’1
' HAZARD T
L  a==2Th T — Point of
L 1 1 9 “i_t‘fl | R | 1 la l [ 1 | . | Y i [ % 2 Y N |>'\’D N Departure
£ Face of Guardrail —_—
l Y 4 . r T
- Edge of Travel Lane
STANDARD INSTALLATION: FLARED APPROACH:
- by, .
X =Rl x —p o - o8 - 1)

WHERE: (—2‘) + (EDT)

D = Distance (ft.) from edge of travel lane to back of hazard or clear Zone Width whichever is lesser.

d = Distance (ft.) from edge of travel lane to guardrail terminal

FIGURE NO. 3 LENGTH OF ADVANCEMENT




ROADWAY ] WIDTH OF GRADED

- SHOULDER

2 FT. DESIRABLE

—
NFT MINIMUM
(modified)

FIGURE NO. 4 - GUARDRAIL LOCATED ON THE GRADED SHOULDER

SLOPES IN FRONT
OF GUARDRAIL FT
MEETING REQUIREMENTS
OF IV (2) DESIRABLE
il0TE: This criteria is for
semi-rigid barriers and
greater clearance will be
required for flexible

barriers.

Y ROADS | DE
~ OBSTACLE
T
_l/\/J__ B

FIGURE NO. 5 - GUARDRA!L LOCATED IN FRONT OF ROADSIDE OBSTACLE
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2. Guardrail Located Back of the Graded Shoulder

Where it is desirable to locate guardrail back of the graded shoulder
(Fixed Objects, etc.) or where guardrail on the shoulder flares back

of the shoulder edge (Type 9 Anchorages, etc.), negative slopes in front
of the guardrail shall be 10:1 or flatter. Also, the algebraic
difference between the shoulder slope and the slope in front of the
guardrail should not be greater than 0.10.

Exceptions to this requirement are:

a) Guardrail may be located on slopes 6:1 or flatter provided
the shoulder is adequately rounded or the guardrail is placed
more than 12 ft. from the edge of the graded shoulder.

b) Where precurved (shop curved) sections of guardrail are used
with Type 1 Anchorages, a portion of the precurved section
not more than approximately 3 ft. in length may extend back
of the graded shoulder onto normal slopes.

Where Type 9 Anchorages flare back of the graded shoulder, the area
around the anchorage will be graded to 10:1 or flatter (See Stds.
4051 and 4052). The plans should show both the desired slopes and
the required locations so that grading operations will be completed
prior to the anchorage installation.

3. Roadside Obstacles

It is desirable that guardrail be located so ‘that a 5 ft. offset is
retained between the hazard and the face of guardrail, provided that
negative slopes in front of guardrail meet the requirements stated
above. See Figure No. 5.

4. Bridge Approaches

Guardrail will be Tocated at bridge approaches as shown on the
standards or constru¢tion details for a given class of road.

5. Guardrail Located Back of Curb.

Concrete curb and gutter, header curbs, or other rigid type curbs in
front of guardrail should be avoided whenever possible. When it is
absolutely necessary for curbs to be in front of guardrail, it is
desirable for the guardrail to be located as far back from the curb
as possible. (See Figure No. 6).

When it is necessary for the guardrail to be located closer (6' to 8‘)
to the curb, "T" beam guardrail which has a greater rail height may be
used to intercept the ramping trajectory caused by the curb. (See
Figure No. 7) Where "T" beam guardrail is connected to the bridge end
post, Standard 3054 should be used instead of Standard 3053.

85



8' Min. 10' or More. Des. "W" Beam Rail

- per Std.
Vehicle Bumper —_ / s
Trajectory ';2? _ —_ ‘~—--——8;_ - - !{i}/_

—]

FIGURE NO. 6 fe— PoSt per
S

| .
D |

Use "W" Beam where Guardrail is located 8' or more from face of curb.

(Preferred Location)

NOT RECOMMENDED PRACTICE
. 6' Min*_ , “T" Beam Rail
/ per Std.
Vehicle Bumper _ — T T ~< . __gvProjection
Trajectory "”;7 — §_~ ' -

]

|
|

: Post per Std.
FIGURE NO. 7 : l'

NOTE: Special case transition to Bridge L]
Structure with 6 to 8 ft side walk.

Use "T" Beam where guardrail is located 6' to 8' from curb.

*In-special conditions 6' min. may be reduced - if recommended by the Office
of Traffic and Safety. (Requires FHWA approval on Federal-aid projects.)
“W" Beam Rail unless
. specified otherwise.
Vehicle Bumper -
Trajectory -—*Z v - T T T T T~ p~Projection

-
T

FIGURE NO. 8

T

Use where face of rail is in 1i i ;

N ne with n» in frans L TRTON S S

if alternates above are not available.) FET T R (Use only
8



When auardrail must be located even closer to the curb, the face of
the rail should line up with gutter line.

V. CHART FOR SELECTING GUARDRAIL STANDARDS
(The chart below serves as a general guide and does not preclude the use of

Special Details, Construction Details, Modification of Standards, Plan Details,
etc., when needed) :
STANDARDS FOR STANDARDS FOR STANDARDS FOR BRIDGE END
ROAD LOCATION OF GUARDRAIL RAIL CONNECTIONS
GUARDRAIL ANCHORAGE TYPE & POST
END POST |ADD'L.POST
& END SHOH LOCATION
o Class 1 4051 & 4022-A 4050 & 4012-B- | 4010 & 4011_‘ 3053 4012-8B
(=1
ﬁ?g Class II rnen * aneEn 2 ANT2-B** | 40710 & 4011 3053 4012-8
-~ O
£ %l Class III, * -B**
S8 1voryv 4052 4050 & 4012-B 4010 & 4011 3053 4012-B
o (ROAD (a) 4280 4050 4270,427 3054 4012-B
S v |WITH 4010, 4011
'; S| CONC. (b) 4280 4050 4010 & 401 Type 5 Anchorage
e o | CURB
g&% (c) 4280 4050 4010 & 4011 3053 4012-B

*Standard 4022-A may also be used for Turn-outs.
**Two way traffic flow - Precurved rail section required with Type I Anchorage.

(a) Desirable width sidewalk across bridge (See Std. 4280 - Top detail)

(b) Narrow walk across bridge (See Std. 4280 - Middle Detail)

(c) Shoulder across bridge - Curb & Gutter (See Std. 4280 - Bottom Detail).

NOTE:

The fb]]owing voided Standards shouid not be used:

4012, 4012-A, 4020, 4020-A, 4021, 4021-A, 4022, 4023 and 4024.

*y.5, QOVEXMINT PRINTING OFFICE : 1980 O-628~-557/2648
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