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satisfy all of "the hypotheses must be obtained first
as a standard of reference.
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Effect of Increased Truck Size and Weight on Rural
Highway Geometric Design (and Redesign)

Principles and Practices

OGILVIE F. GERICKE AND C. MICHAEL WALTON

A summary is presented of a study of the effects that an increase in legal
truck limits would have on h ic d I ts and of the
cost implications should vanous segments of the Texas highway system
require redesign and modification to facilitate their safe and efficient opera-
tion. The paper includes (a) a review of past and current research concerning
the effects of a possible change in legal vehicle di and weights on the
geometric design elements of rural roads, {b) an identification of those geo-
metric elements most affected by a change in truck dimension and weight,

(c) an assessment of the effee1s a change in legal truck size and weight will
have on these g ric d I for a variety of operating conditions,
and (d) an estlmate of the cost required to redesign and modify the highway
section.

A set of issues surrounding the 1legal 1limits on
sizes and weights of motor vehicles has become a
primary policy concern of government and the truck-
ing industry. Such concern is reflected by current
federal initiatives (stemming from the Surface
Transportation Act of 1978), related study activi-
ties, and actions of several state transportation
agencies.

Fuel shortages and rapidly increasing fuel prices
have provided an impetus for resolving many of the
problems assaciated with vehicle sizes and weights.
The underlying notion is frequently reflected in the
following simple relation: Large vehicles can carry
more freight per unit of fuel. However, although
fuel conservation is important, it is only one of
many measures that may be used in an analysis of
size and weight issues.

Today's highway network is the result of an evo-
lutionary process that represents, among other
things, a mix of geometric design principles and
practices. Any significant change in vehicle oper-
ating characteristics should require an assessment
of geometric design practices and the impact on the
existing highway system in terms of operational as-

pects and safety. Also needed would be an estimate
of the cost required to redesign and modify the cur-
rent network or segments of the network to accom-
modate the larger vehicles.

In Texas, a study is under way to evaluate some
of the effects of operating larger and heavier vehi-
cles on the highway system. Initial results, deter-
mined by using a study technique modified from the
National Cooperative Highway Research Program
(NCHRP) (1), showed estimated pavement costs, bridge
costs, truck operating cost savings, and fuel sav-
ings that would result from increases in limits on
axle weight and gross vehicle weight (GVW) coupled
with corresponding changes in vehicle unit length
and width. No change in the height of vehicles or
trailers is considered in this study. The work re-
ported in this paper focuses on the costs of the
geometric design and redesign requirements associ-
ated with increases in vehicle size (length and
width) as well as weight.

SCOPE OF THE RESEARCH

As an initial assumption, four different vehicle
combinations (2) and two highway classification
schemes (cases 1 and 2) are considered. The four
vehicle scenarios are shown in Figures 1 and 2.

In case 1, the three functional rural highway
systems are considered in the analysis: (a) the In-
terstate highway system, (b) the U.S. and state
highway system, and (c¢) the farm-to-market (FM) road
system. Case 1 represents a traditional approach
that fits the Texas highway network of about 60 000

miles.
Case 2 differentiates on the basis of road use.

In case 2, the following rural functional classes,
or combination of classes, are also considered in
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Figure 1. Vehicle configurations for scenarios A and B.
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Figure 2, Vehicle configurations for scenarios C and D.

SCENARIO C
Max. Length =105 ft.
Max. Width =102 in.
Type 20D
GVW =33,000 1b

Dimensions: [~32"]
Axle Weight: 13k 20k
Type 3A
GVW =47000 Ib

Dimensions: |-284 |- 4'
Axle Weight: 13k 34k
Type 3-S2
GVW =80,000 Ib
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SCENARIO D
Max. Length =105f1
Max. Width =102 in.
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the analysis: (a) the Interstate highway system,
(b) principal arterial systems (including Inter-
state), and (c¢) a combination of "all classes™ (In-
terstate, other principal arterials, minor arteri-
als, and major and minor collectors, excluding
county roads that may be part of the roadway types
mentioned above).

It was desirable to examine highway upgrading
costs for these rural systems according to differ-
ences in their use, design standards, and vehicle
composition. Four alternative scenarios were de-
veloped to provide a framework for analyzing a sig-
nificant change in truck dimensions and weight pat-
terns. Scenario A represents the current statutes
and assumes that these weight and dimension limits
will remain the same over the 20-year analysis pe-
riod. The other three scenarios represent an array
of changes in GVW, single- and tandem-axle weights,
and vehicle length and width.

ELEMENTS AFFECTED BY SIZE AND WEIGHT CHANGES

From an evaluation of present geometric design prin-
ciples and practices, the following elements were
identified as those that may be affected by a change
in vehicle dimension and weight:

1. Design elements--(a) Stopping sight distance,
(b) passing sight distance, (c¢) pavement widening on
curves, and (d) critical lengths of grades;

2. Cross-section elements--(a) Lane width and
{b) width of shoulder; and

3. Intersection design elements--(a) Minimum de-
sign for sharpest turns, (b) widths for turning
roadways, (c) sight distance at at-grade intersec-
tions, and (d) median openings.

Stopping Sight Distance

Design stopping sight distance is, according to the
American Association of State Highway and Transpor-
tation Officials (AASHTO) (3,4), "the minimum dis-
tance required for a vehicle traveling near the de-
sign speed to stop before reaching an object in its
path.”

The minimum stopping sight distance is calculated
according to the following formula (3,4):

SSD=147xVx25+VxV/30(fzg) 1)
where

SSD = stopping sight distance,
V = vehicle speed (miles/h),
2.5 = value assumed to represent perception and
reaction times (s),
f = coefficient of friction between the tires
and the roadway surface, and
g = percentage grade divided by 100.

The first part of the formula (1.47 x V x 2.5)
gives the distance traveled during perception-
reaction time. The second part [V x V/30 (f * g)]
gives the distance required to stop after brake ap-
plication.

In measuring stopping sight distance, the follow-
ing assumptions are made by AASHTO (4): (a) that
the height of the operator's eye is 3.50 ft above
the road surface and (b) that the operator must be
able to detect an object 6 in high in his or her
path.

The above formula and measuring criteria for min-
imum stopping sight distance were derived for pas-
senger car operations. But AASHTO (4) states that,
although trucks require a longer stopping distance

from a given speed, the additicnal braking distance
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is balanced by the higher eye position of the truck
operator. The Federal Highway Administration (FHWA)
Motor Carrier Safety Regulations specify a decelera-
tion rate of 14 ft/s/s for truck combinations and 21
ft/s/s for passenger cars. This indicates that cars
should stop in two-thirds the distance required for
trucks (5).

Full-scale tests have been conducted by the
transportation departments of California, Utah, and
the province of Alberta, Canada, to assess the brak-
ing performance of trucks (5-7). Figure 3 shows the
results obtained by these agencies. All of the dry-
pavement results are well under the FHWA curve. A
theoretical evaluation was performed by the Illinois
Institute of Technology (8), and their results,
based on analytic studies, computer simulation, and
examination of experimental data, confirmed the re-~
sults obtained in California, Utah, and Alberta.

Maximum vehicle height remains the same for the
four scenarios, and no change in operator eye height
is expected. This will therefore effect no change
in stopping sight distance.

Passing Sight Distance

AASHTO states that, although most rural highways are
two-lane highways, vehicles must frequently use a
lane that is regularly used by opposing vehicles in
order to overtake slower-moving vehicles. Passing
sight distance is the length needed to safely com-
plete this passing maneuver on two-lane highways (4)
with an operator eye height of 3.50 ft and an object
height of 4.25 ft:

PSD =d(1) + d(2) + d(3) + d(4) 93
where
PSD = passing sight distance;
d(l) = initial maneuver distance (ft)
=1.47 x t(V-m+ a x t/2) (3,4), vwhere
t = initial maneuver time (s),
V = average speed of passing vehicle (miles/h),
m = speed difference between the two vehicles
(miles/h), and
a = average acceleration (miles/h/s);
d(2) = distance traveled in the left lane by the
passing vehicle (ft)
= (Lf + Ls + 150)V/Vi, where
Lf = length of faster vehicle (ft),
Ls = length of slower vehicle (ft),
V = gpeed of faster vehicle (miles/h),
Vi = speed difference between the vehicles

(miles/h), and

150 = additional distance between the two vehi-
cles before and after the passing maneuver
(ft);

d(3) = distance at the end of the passing maneu-
ver between the passing vehicle and an op-
posing vehicle (ft); and

d(4) = distance traversed by an opposing vehicle
(ft).

Whereas an increase in vehicle weight and width
will have no effect on the elements defined above,
an increase in vehicle length will have a pronounced
effect on d(2) and d(4). This was confirmed by
tests in Utah and Alberta (5,6).

Design values of AASHTO and the Texas State De-
partment of Highways and Public Transportation
(TSDHPT) (3,9) are based on requirements for a pas-
senger car passing a passenger car. Since it is
common practice for cars to overtake trucks, addi-
tional length will be needed or more abortive pass-
ing maneuvers will result when the truck length is
increased. This does not include consideration of
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the relative change in engine power associated with
today's vehicles. The increase in abortive move-
ments may have a detrimental effect on safety.

The following assumptions were made in calculat-

ing the extra passing sight distances required be-
cause of increased truck length:

l. Car length = 19 ft (3).

2. Truck length = 65 ft for scenarios A and B
and 105 ft for scenarios C and D.

3. The speed difference between the two vehicles
is 10 miles/h (3,4).

4. values for t and a are assumed according to
observed ARSHTO values (3,4).

5. Overtaken vehicles travel at a uniform speed.

6. The passing vehicle slows down and trails the
overtaken vehicle on entering the passing zone.

7. Values for d(3) are in the suggested range of
100-300 £t (3,4).

8. d(4) = 0.666 x d(2).

The values obtained are given in Table 1. It can be
seen that passing sight distance will increase con-
siderably with an increase in vehicle length. Pave-
ment markings that prohibit passing maneuvers are
warranted according to the Manual on Uniform Traffic
Control Devices (MUTCD) (10). These values are also
given in Table 1.

Pavement Widening on Curves

AASHTO (3,4) states that “pavements on curves are
sometimes widened to make operating conditions on
curves comparable to those on tangents." The justi-
fications are based on truck operating characteris-
tics: (a) that the rear wheels track inside of the
front wheels (offf-tracking) and (b) the difficulty
of steering the vehicle.

The following formula gives maximum off-tracking
values that were experimentally found to be close to
the real, measured off-tracking (4,11):

MOT = R(1) - SQRT[R(1) x R(1) - SUM(L x L)] 3)
where

MOT = maximum off-tracking (ft),

R(l) = turning radius of outside
wheel (ft),

SQRT = square root (here and as shown in
other formulas), and

SUM(L x L) = L{1) x L(l) + L(2) x L{2) + ...,
where

L(l) = wheelbase of tractor (ft),

L(2) = wheelbase of first trailer (ft),

L(3) = distance between rear axle and ar-
ticulation point (ft),

L(4) = distance between articulation point
and front axle of next trailer (ft),
and

L(5) = wheelbase of next trailer (ft).

front

Extra width to compensate for the difficulty of
driving on curves can be computed from the following
(21&) :

Z =V/SQRT(R) @)
where

Z = extra width (ft),

V = design speed (miles/h), and

R = radius of centerline (ft).

The width of the overhang can be computed as follows
(212) H
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Figure 3. Braking distance.
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Table 1. Minimum passing . . .
sight distance for two-lane (Ajs:trfnimz Speed Passing Sight Distance (ft)
highways for scenarios A-D. .. - b e S Calculated
Speed Passed Passing Avga —_— AASHTO MUTCD
(miles/h) Vehicle Vehicle (miles/h/s) t (s) L=65 ft L=105 ft (i) ( 1_0_)
30 26 36 1.40 3.6 1700 1900 1100 500
40 34 44 1.41 3.8 2100 2400 1500 600
50 41 51 1.45 4.1 2500 2800 1800 800
60 47 57 1.48 4.4 2800 3200 2100 1000
65 50 60 1.50 45 3000 3400 2300 -
70 54 64 1.50 4.5 3200 3600 2500 1200
75 56 66 1.50 4.5 3300 3700 2600 -
80 59 69 1.50 4.5 3400 3900 2700 -

Note: L = maximum vehicle length,

Table 2. Calculated values for pavement widening on two-lane pavements. The width of a two-lane pavement on a curve can then
be computed from

Widening by Width of Pavement (ft)

Degree of Design of W1=2(U+C)+Fa+Z ; ©6)
Curve Vehicle 30 ft 40ft 50ft 60ft 70ft 80 ft
1 3.82-4 0.0 0.0 05 0.5 05 1.0 where U is the vehicle track width (in feet) and C
2-§1-22 0.0 0.0 0.0 0:5 0.5 1.0 is the lateral clearance per vehicle (2, 2.5, or 3
2 3-82-4 0.5 1.0 1.5 15 2.0 2.0 ft for 20-~, 22-, or 24-ft pavement widths, respec-
2-81-22 0.5 0.5 1.0 1.0 15 1.5 tively).
3 gg%;z }g 1(5) f(S) %(5) %(5) ;2 From the above formulas, it can be seen that ve-
4 3.82-4 2.0 25 25 3.0 35 hicle configuration and length will have an effect
2-81-2-2 1.0 1.5 2.0 2.5 3.0 on pavement widening. The maximum vehicle width
5 3-52-4 2.5 3.0 3.5 4.0 proposed for scenarios B, C, and D is 8.5 ft, which
. 3‘35'2'2 ég §(5) ig ‘312 is the same as the maximum for the AASHTO design ve-
28122 2.0 25 30 35 hicles but 6 in wider than the TSDHPT maximum. - New
7 3.82-4 3.5 4.0 45 widths for pavement widening on curves were calcu-
2-81-2-2 2.5 3.0 3.5 lated for vehicle types 3-S2-4 and 2-S1-2-2. Some
8 3-82-4 4.0 5.0 3.5 of the results obtained are given in Table 2.
2-81-2-2 2.5 3:5 4.0
9 ;g%_;_z gg gg 2(5) Critical Lengths of Grades
10-11 3-82-4 6.0 6.5
25122 4.0 45 According to AASHTO (4), climbing lanes should be
12-14.5 3-82-4 7.5 R.5 provided on the upgrade side of a two-lane rural
2-81-2-2 5.0 6.0

highway when

1. The length of upgrade causes a speed reduc-
tion of 10 miles/h or more or

Fa=SQRT[RxR+A(2xL+A)]-R 5) 2. The added cost is justified by the volume of
traffic and the percentage of trucks.

where i
The size, power, gradeability, and entrance speed
¥$a = width of pyerhang R of trucks contribute to the performance of trucks on
A = overhang (ft), and : a grade. Their combined effect then will lead to
= - & R
L wheelbaze OF ufitt [EE). he maximum allowable speed reduction of 10 miles/h

(4,9).
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AASHTO (4) uses the nationally representative
truck with a ratio of GVW (pounds) to net horsepower
of 300:1 to evaluate the performance (acceleration
and deceleration) of trucks on grade. It seems
reasonable to assume that vehicles with a GVW of as
much as 126 000 1lb will have a ratio of 300:1
(4,12). The current availability of engines big
enough to provide the 300:1 ratio underlines this
assumption (12).

Lane Width

AASHTO states (3,4) that, on rural two-way highways,
hazardous conditions exist on pavements that are
less than 22 ft wide when even a moderate volume of
mixed traffic is present because of inadequate body
clearance.

Body and edge clearances for meeting or passing
vehicles were identified as critical factors in
judging the adequacy of pavement width (l). In ex-
periments conducted in the earlier days of highway
construction, two important observations were made
(13) s

1. Only on 24-ft pavements were drivers ap-
parently satisfied with both edge and body clearance.

2. Drivers of passenger cars prefer a body
clearance of about 5 ft when meeting other passenger
cars. This cannot be attained on pavements that are
less than 22 ft wide.

These observations make it clear that only vehi-
cle width will have an impact on lane width. The
following AASHTO design vehicles all have a current
width of 8.5 ft: the SU, the WB40, the WB50, the
WB60, and the BUS. No change in vehicle width from
the existing AASHTO standards is proposed in scenar-
ios B, C, and D, but the proposed width will differ
from the allowable TSDHPT standard of 8.0 ft (4,9).
Should Texas or other states adopt a wider vehicle
width, the following should be borne in mind.

Although a 10-ft lane width may be an acceptable
minimum on arterials that carry a few commercial ve-
hicles (4,13), it is difficult to control the number
and movement of commercial vehicles. Although sub-
stantial lane flow is accommodated, driving on such
lanes causes undesirable tension and strain for
drivers, especially at other than low speeds (3).

The average body clearances of 2.6 and 3.5 ft for
passenger cars meeting commercial vehicles on 18-
and 20-ft pavements, respectively, appear to be in-
adequate for safety (13).

The question of minimum lane width for safe oper-
ation of 102-in-wide trucks is a difficult one, es-
pecially for multilane highways. According to R.J.
Hansen Associates (14), there is no evidence to in-
dicate that an increase in width of 6 in would re-
sult in an increased number of accidents. It seems
practical to allow for a gradual modification of
lane width to 12 ft for the operation of 102-in-wide
trucks. AASHTO (4) did not specifically address
this issue; however, the lane width that it recom-
mends is 11-13 ft. During an initial period, the
operation of 102-in-wide trucks could, for instance,
be allowed on multilane divided highways that have
11-ft-wide lanes. These lanes should gradually be
widened to allow for the safe and tension-free oper-
ation of 102-in-wide trucks.

Width of Shoulders

Shoulders are mainly provided to accommodate stopped
vehicles, for emergency use, and for lateral support
of the pavement base and surface courses (3,4).

In order to accommodate stopped vehicles, AASHTO
recommends that vehicles should clear the pavement
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edge by at least 1 ft and that a 2-ft working space
should be provided (3,4). Widths of the standard
AASHTO vehicles vary from 7.0 to 8.5 ft (4). By us-~
ing the standard widths and clearances required,
AASHTO recommends that, for heavily traveled and
high-speed highways, the usable shoulder width
should be at least 10 ft but preferably 12 ft (4).

The following relations between shoulder width
and accident frequency have been found (15):

1. On tangents, as the right-shoulder width in-
creases beyond the width necessary to accommodate a
parked vehicle, the safety benefits become insignif-
icant.

2. As the right-shoulder width increases on
curves, the accident rate decreases.

3. Paved right shoulders produce fewer accidents
than unpaved right shoulders.

The capacity of a highway is reduced if there are
restrictive lateral clearances (4). For obstruc-
tions farther than 6 ft away from the pavement edge,
no reduction in capacity is experienced (4). By
considering capacities, accident costs, construction
costs, and other relevant costs for various shoulder
types and widths, a cost-effective design can be ob-
tained.

Minimum Design for the Sharpest Turns

According to AASHTO (4), it is sometimes necessary
to provide for the turning of vehicles within mini-
mum space, such as at unchannelized intersections.
Then minimum turning paths of the design vehicle be-
come highly significant. It is assumed that the ve-
hicle is positioned 2 ft from the pavement edge at
the beginning and the end of the turn. The inner
wheel should at no point be closer than 9 in to the
pavement edge during the turn.

The paths that the 2-S1-2-2, 3-52, and 3-S2-4 ve-
hicles are expected to follow are shown in Figure
4. These paths were obtained by using a model built
according to the description of the "tractrix inte-
grator” (11) and the vehicle configurations shown in
Figures 1 and 2.

Width for Turning Roadways

The widths required for turning roadways are classi-
fied according to three types of operation (4). The
three cases are

1. One-lane, one-way operation with no provision
for passing;

2. One-lane, one-way operation with provision
for passing; and

3. Two-lane operation, either one-way or two-way.

The formulas used to compute the width for cases
1-3, respectively, are as follows:

W=U+C+Z=U+6 )
W=2(U+C)+Fa+Fb=2U+Fa+Fb+4 ()
W=2(U+C)+Fa+Fb+Z=2U+Fa+Fb+10 (€)]
where

U = track width of vehicle (out-to-out tires)
(ft),

Fb = width of rear overhang (ft),

C = total lateral clearance per vehicle (ft), and

X = extra width allowance due to difficulty of
driving on curves (ft).
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To compute U, Fa, and C, the same formulas used
earlier in the discussion of pavement widening on
curves were used (4).

It can be seen from these formulas that vehicle
width, configuration, and length will have an effect
on roadway width while weight and height do not.
The maximum vehicle width proposed for scenarios B,
C, and D is 8.5 ft, which is the same as the maximum
width used for some of the AASHTO design vehicles
but is 6 in wider than the TSDHPT standard. When
the above formulas were used, new widths were calcu-
lated for the 3-S2-4 and 2-S1-2-2 vehicles. The re-
sults obtained from these calculations are given in
Table 3.

Sight Distance at At-Grade Intersections

ARSHTO (4) considers three general cases of required
sight distance at intersections, and the designer
must ensure that for the different assumptions there
will be an unobstructed view along both roads. The
three cases are

1. Enabling vehicies to adjust speed, in which
case only reaction plus perception time and one ad-
ditional second for acute braking is considered;

2. Enabling vehicles to stop, in which case safe
stopping sight distance plays a role; and

Figure 4. Off-tracking for a 65-ft radius.
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3. Enabling the stopped vehicle to cross a major
highway, in which case the formula used to obtain
the required sight distance is

d=1.47V (J + Ta) (10)
where

d = minimum sight distance along the major high-
way (ft),

V = design speed of the major highway (miles/h),

J = sum of perception time and time required to
shift to first gear or actuate an automatic
shift (s),

Ta = time required to accelerate and traverse the
distance S required to clear the major road-
way (s), and

S =D+ W+ L, where

D = distance from the near edge of the pavement
to the front of the stopped vehicle,

W = width of pavement along the path of the
crossing vehicle, and

L = overall vehicle length.

From the above, it can be seen that only case 3
will be influenced by vehicle length and accelera-
tion capability. If it is assumed that the acceler-
ation capability of the 3-S2-4 and 2-S1-2-2 vehicles
will be at least the same as that of the WB50 vehi-
cle, then longer sight distances will be needed due
to the increase in vehicle length. This assumption
is affirmed by truck acceleration tests made by the
Western Highway Institute (l12). For scenarios C and
D, additional sight distance along the major highway
will be needed for the 3-S2-4 and 2-S1-2-2 vehicles
(see Figure 5).

Median Openings

The design of median openings depends on the type of
turning vehicle and the traffic volumes (4). The
opening must accommodate the off-tracking character-
istics of the design vehicle at slow speeds. The
previous discussion of minimum design for the sharp-
est turns deals with the expected wheel paths of the
3-52-4 and 2-S1-2-2 vehicles. Figure 6 was obtained
by using the off-tracking characteristics obtained
in that section of this paper. Figure 6 shows the
minimum median opening for various widths of the me-~
dian. An 85-ft control radius was used, since this
fits the path of the turning vehicle without undue
encroachment of the vehicle on the adjacent lane. A
left turn from the major divided highway can be made
without any encroachment.

While entering the divided highway from a left
turn, the 3-52-4 vehicle will encroach on the adja-
cent lane about 4 ft, but this can be minimized by
swinging wide at the beginning of the turn.

Table 3. Derived pavement widths for turning roadways
for various design vehicles,

Case 1

Case 2 Case 3

Radius (ft)  WB50

3-82-4 2-81-2-2 WBSO0 3-824 2-81-2-2 WBS0O 3-52-4 2-S1-2-2

50 26
75 22
100 21
150 19
200 17
300 17
400 16
500 16

Tangent 15

=2 32 44 -2 57 50 - 63
34 25 36 61 43 42 67 49
29 21 34 50 37 40 56 43
24 19 29 40 32 35 46 38
21 17 27 35 29 33 41 35
19 17 25 31 27 31 a7 33
18 16 24 28 25 30 34 31
17 16 24 27 25 30 33 31
1s 15 21 21 21 27 27 21
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Figure 5. Required sight distance along major highways.
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Figure 6, Minimum median openings.
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COST ESTIMATES

In order to derive cost estimates for the various
elements with an acceptable interval of confidence,
it was necessary to obtain information on a repre-
sentative group of each road functional or system
class. This information was obtained either by col-
lecting data manually from "as-built" plans and do-
ing a statistical test on the confidence interval
obtained from the sample or by using information
provided by TSDHPT.

FHWA, through the Highway Performance Monitoring
System (HPMS), required a diversity of information
from TSDHPT concerning the following rural func-
tional road classes (16): Interstate highways;
principal arterials; other, minor arterials; major
collectors; and minor collectors. The sample sizes
required for the HPMS were based on "a 90-5 preci-
sion level for the volume groups of the principal
arterial system, 90-10 for the minor arterial sys-
tem, and on an 80-10 precision 1level for the col-
lector system” (16).

This information was made available for use in
this study and proved to be invaluable. Whenever
use was made of this information (hereafter referred
to as the HPMS information) or of the extended form
to derive a cost estimate, no statistical testing on
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Figure 7. Additional cost to allow for implementation of scenario C.
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the adequacy of the sample size was done (this had
been done by TSDHPT prior to the collecting of the
required information). For all other estimates,
statistical testing was done to ensure an adequate
sample size.

A manual identification of the HPMS section iden-
tities was performed for the following road systems

because it was necessary to distinguish between
them: Interstates, U.S. and state routes, and M
roads.

Only the following items were taken into account
when the cost estimates were made:

1. Widening of the existing pavement
such items as grading, median barriers, curbs,
guardrails, sign relocation, earthworks, additional
right-of-way, culvert extension, or pavement mark-
ings) and

2. Widening of existing bridges.

(excluding

Figure 7 shows a breakdown of the different ele-
ment upgrading costs. Although the variation be-
tween the three scenarios is small, Figqure 7 is ap-
proximately representative of all three scenarios.

SUMMARY

Assuming that one of scenarios B, C, and D is imple-
mented, and assuming that the reasoning and assump-
tions made to establish the effect of these scenar-
ios on design elements, cross-section elements, and
intersection design elements are reasonable, then
the following can be expected.

Stopping Sight Distance

No change from the current policy on stopping sight
distance is foreseen due to the ability of the 2-S1-
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2-2 and 3-S2-4 vehicle combinations to stop within
the FHWA braking distances.

Passing Sight Distance

Although the implementation of any one of scenarios
B, C, and D will require additional sight distance,
the current pavement marking policy remains unaf-
fected and no upgrading costs are required. This
element is only applicable to two-lane, two-way op-
erations and, if the current pavement marking prac-
tice is maintained, an adverse effect on safety can
be expected.

Pavement Widening on Curves

Due to the increased off-tracking characteristics of
the 3-S2-4 vehicle, additional pavement width will
be needed if scenario C or D is implemented.

Critical Lengths of Grades

No adverse effect on the climbing ability of trucks
is expected should scenario B; C; or D be imple-

mented.
Lane Width

Although no change in the TSDHPT policy on lane
width is expected, a 6-in increase in vehicle width
will necessitate strict adherence to the current de-
sirable standards. This will have a pronounced cost
effect for either scenario B, C, or D. Although
this is the existing policy and is being strictly
adhered to, the cost estimates should not be con-
sidered as "over and above" that for scenario A be-
cause the same costs will be necessary if the TSDHPT
road network is upgraded to the current policy.

Width of Shoulder

For shoulder width, as for lane width, no change in
the current TSDHPT policy is expected, but a strict
adherence to that policy is recommended. This will
be very costly for some of the road classes. This
cost should not be considered as over and above that
for scenario A, for the same reason as that given
for lane width.

Minimum Design for the Sharpest Turns

Due to increased off-tracking characteristics and
decreasing turning ability, especially for the 3-S2-
4 vehicle, additional pavement width will be needed
in confined spaces to allow for the implementation
of scenario C or D. Although it is assumed that the
existing intersections on all road classes are de-
signed to allow for the operation of scenario A,
this is not so, especially for the FM roads. Esti-
mates for all four of the intersection design ele-
ments are included because of their close relation.

Width for Turning Roadways

For width for turning roadways, as for minimum de-
sign for the sharpest turns, additional pavement
width will be needed to accommodate the 3-52-4 vehi-
cle if either scenario C or D is implemented.

Sight Distance for At-Grade Intersections

Additional sight distance will be needed because of
the increase in truck length and the additional time
required to cross an intersection. No cost estimate
was made to allow for scenario C or D due to the
fact that insufficient information was available on

Transportation Research Record 806

the existing sight distances or the restriction on
sight distance at intersections.

Median Openings

Due to the increased off-tracking characteristics of
the vehicle combinations in scenarios C and D, addi-
tional pavement area will be needed to accommodate
the 3-S2-4 and 2-S1-2-2 vehicles without undue en-
croachment on adjacent lanes.

CONCLUSIONS
Results of the Study

It can be concluded that, if any one of scenarios B,
C, and D is implemented, some alterations to the
Texas highway network may be necessary. There is
little difference in the cost of modifying the geo-
metrics of the highway system under these three sce-
narios, but other considerations, such as pavement
and bridge effects, will have a bearing on the eval-
uation of changes in the legal size and weight of
motor vehicles.

Need for Future Research

The existing procedure used by AASHTO to calculate
required passing sight distance considers only the
case of a passenger car overtaking a passenger car.
Because of the serious safety implications, future
research involving the relation between passing
sight distance and passing maneuvers that involve
trucks and truck lengths needs more attention.

The performance of trucks on grades (acceleration
and deceleration) needs attention because the pro-
posed AASHTO standards are based on a 300:1 weight-
to-power ratio. If larger trucks are introduced,
there may be a shift back toward the 400:1 ratio,
and this will need future monitoring.

The questions of lane width, safety, and vehicle
width also need additional attention so that a de-
finitive standard for 1lane width can be estab-
lished. A move toward a cost-effective design can
be accomplished only if additional safety implica-
tions are known and a cost assessment is made in re-
lation to the trade-offs of safety and lane width.

As for lane width, a more conclusive study of
shoulder width, safety, and vehicle width is needed.

This study represents one element of a broad set
of issues surrounding the legal size and weight of
motor vehicles, principally trucks. One concern has
been the cost of redesign or required modifications
to the existing highway network to accommodate a
range of possible vehicle types, sizes, and configu-
rations. It is intended that this study, coupled
with other ongoing studies in Texas and elsewhere,
will assist in developing the necessary data on
which future decisions can be based.
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Simulation of Highway Traffic on Two-Lane, Two-Way

Rural Highways

SHIE-SHIN WU AND CLINTON L. HEIMBACH

A summary is presented of research undertaken to develop a rural two-lane,
two-way computer simulation model that could be used by the highway design
practitioner to measure and evaluate traffic-flow consequences for various
alternatives considered during the roadway design process. To this end, a
microscopic computer simulation model written in FORTRAN was developed.
For the simulation roadway, the model can incorporate vertical grades, inter-
secting side roads, climbing lanes, and no-passing zones. Traffic and speed
data used by the model include driver desired speeds, overall posted speed for
the highway, localized speed restrictions, individual main-road traffic lane
volumes, side-road traffic vol , vehicl position in five gories, and
vehicle acceleration and deceleration characteristics. Throughput statistics
for use in design evaluation include distributions of space mean speed and
speed change and a traffic-flow quality index. Effects on traffic flow of spot
improvements in roadway geometry or traffic control can be obtained by
placing windows in the program at specified locations. Output data are
summarized and reported at user-specified time intervals. By using a
FORTRAN level H compiler, the simulation model has been run on an IBM
370/165 computer. For an 8000-m {4.9-mile) long roadway and a real-time
simulation of 3600 s, as two-way traffic volume varied from 400 to 800
vehicles/h, the actual computer time varied from 28.3 to 62.3 s. Model vali-
dation tests were performed and the results were found to be consistent with
actual traffic-flow patterns. In addition, the model was applied to an actual
field site, where the base condition and three redesign alternatives were
simulated.

Highway engineers normally develop a number of pre-
liminary design alternatives. These alternatives
are then evaluated on the basis of environmental im-
pact, cost, and traffic operation. The impact of an
alternative on the environment is analyzed by com-
paring the “"before highway location" situation with
the "after highway location" situation. The cost
study is a general economic analysis and involves an
estimation of construction costs and vehicle operat-
ing costs. Traffic operation studies for prelimi-

nary design alternatives include estimation of traf-
fic performance resulting from vehicle-roadway
interactions. Due to its complexity and its often
random nature, traffic flow on highways cannot be
characterized in a straightforward manner. The
highway engineer resorts to empirical relations
based on real-world observations. Even though these
relations provide a general idea of the nature of
traffic operations, they are not sensitive enough to
detect either roadway traffic-flow interactions for
any individual design alternative or the differences
in these interactions between two or more alterna-
tive designs.

Since the development of large-scale, high-speed
computers, engineers have had available a technique
for simulating those systems that require empirical
study. In 1954, the first traffic simulation model
in the United States was processed on a digital com-
puter. Since then, many computer simulation models
have been developed to describe traffic flow at
either the macro or micro level. None of the models
developed in the past, however, is able to simulate
traffic flow on a rural two-lane roadway without ma-
jor restrictions on the input roadway.

The object of the research reported in this paper
was to develop a computer model for microsimulation
of traffic flow on two-lane, two-way highways for
the roadway and traffic volumes that are normally
found on this class of highway. The following func-
tional capabilities were deemed to be desirable in
the computer model:

1. The model should be able to vary the direc-
tional distribution of traffic volumes and to accom-





