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PREFACE
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ABSTRACT

Among the many issues surrounding motor vehicle size and weights,
specifically an increase in truck size and weights, is the concern of the
impact any change would have on the operational characteristics of rural
highways. Today's highway network in any given area is the result of an
evolutionary process representing among other things a mix of geometric design
principles and practices. Any significant change in the vehicular operating
characteristics should require an assessment of the geometric design practices
and the impact on the existing highway system in terms of operational aspects
and safety. Also needed would be an estimate of the cost required to redesign
and modify the current network or segments of the network to accommodate the
larger vehicles.

This report represents one element of an ongoing study to assess the
various issues and effects of an increase in truck size and/or weights bn the
rural highways in Texas. The purpose of this report is to summarize a study
of the effects that an increase in legal truck limits would have on highway
geometric design elements, and the cost implications, should various segments
of the Texas highway system require redesign and modification to facilitate

their safe and efficient operation.

KEY WORDS: geometric design, truck/trailers, truck laws and regulations,

rural highways, upgrading, cost analysis
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SUMMARY

A set of issues surrounding the legal limits to sizes and weights of
motor vehicles has become a primary policy concern of government and the
affected industry. Such concern is reflected by current Federal initia-
tives (stemming from the Surface Transportation Act of 1978), related study
activities, and actions of several State transportation agencies.

This report contains an assessment of the range of implications that
increased truck size and weight changes would have on rural highways as it
relates to geometric design (and redesign) practices and principles. This
study represents one element of a broad set of issues surrounding the legal
size and weights of motor vehicles, principally trucks. It is intended
that this study coupled with other on-going studies in Texas and elsewhere
will assist in developing the necessary data on which future decisions can
be founded.

Four alternative scenarios were developed to provide a framework for
analyzing a significant change in truck dimensions and weight patterns.
Scenario A represents the current status and assumes that these weight and
dimension limits will remain the same over the twenty-year analysis period.
The other three scenarios represent an array of changes in gross vehicle

weights, single axle weights, tandem axle weights, lengths, and widths.

Six different vehicle combinations and two highway classification

schemes are considered in this phase of the continuing study of "Truck

.Use of Highways in Texas."

Assuming that either one of scenarios B, C, and D is implemented the
reasoning and assumptions made to establish the effect of these scenarios
on the design elements, cross section elements, and intersection design ele-
ments are reasonable, then expectations are cited regarding sight distances,
pavement widening on curves, critical lengths of grades, lane and shoulder
widths, and other related elements.

It was concluded that if any one of scenarios B, C, and D were imple-

mented, some alterations to the Texas Highway network may be necessary. An

vii
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estimated cost to modify or upgrade the current highway system for each of

the scenarios is provided.

l“.



IMPLEMENTATION STATEMENT

This report deals with one element (geometric design/redesign) of the
ongoing study to assess the various issues and effects of increased truck size
and/or weights on the rural highways in Texas. It should therefore be used in
concert with previous and/or subsequent reports as a guide in the considera-
tion of the realism of issues surrounding vehicle size and/or weight limits.
Although the upgrading costs for some road classes are substantial, there is
little difference between scenarios. The findings of this report will there-
fore assist with the final cost estimation should any one of the scenarios be
considered for implementation. It will also be a guide as to the practicality
of allowing vehicles of increased size and/or weights on the different road

classes and/or systems in Texas.

ix
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AASHTO

CTR

GVW
HP
HPMS
SDHPT

SQRT

DEFINITION OF TERMS AND ACRONYMS

The American Association of State Highway and Transportation
Officials (formerly the AASHO: the American Association of State
Highway Officials)

Center for Transportation Research

Farm-to-Market Roads

Gross vehicle weight

Horsepower

Highway Performance Monitoring System

The Texas State Department of Highways and Public Transportation

Square root
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CHAPTER 1. INTRODUCTION
1.1, BACKGROUND

Legislatures have the responsibility of continually reviewing and
revising as deemed appropriate the statutes pertaining to the legal limits of
motor vehicle weights and dimensions.

Changes in the legal limits will have an impact on such diverse activi-
ties and practices as vehicle design, highway design, highway usage, and the
economic vitality of the state. Therefore consideration must be given to all
aspects before a decision regarding legal limits can be reached.

The decision making process is made even more difficult for the legis-
latures because of the absence of a clear definition of the effects that their
decisions will havé on these activities.

The Legislature of the State of Texas through the State Department of
Highways and Public Transportation recognized the need for a clear definition
to assess the impact of its decisions on the design of highways, on the up-
grading of the roadway should changes be implemented, and on the management of
the state's road network. This work is part of a project entitled "Truck Use
of Highways in Texas' and is an ongoing research effort that assists the SDHPT
in this proceés. This project is being conducted at the Center for Transpor-
tation Research of The University of Texas at Austin in cooperation with the
Texas Transportation Institute of Texas A&M University and the Texas State
Department of Highways and Public Transportation.

This report documents research that was performed as a part of Project
241. 1In this effort emphasis was placed on the effects that an increase in
legal limits will have on geometric design elements, and the cost implications
should sections of the state's road network be geometrically upgraded to allow

for the operation of vehicles with increased dimensions.



1.2, OBJECTIVES

The objectives included the following:

(1) To critically review past and current research relating to the
consequences of a possible change in legal vehicle dimensions
and weights on the geometric design elements of rural roads.

(2) To identify the geometric elements that will be affected by a
change in legal vehicle dimensions and weights.

(3) To determine the effects of a change in legal vehicle dimen-
sions and weights on these elements for different operating
conditions,

(4) To derive a cost estimate on the upgrading of road sections.
This is to ensure that existing operating conditions be main-
tained should a change in legal vehicle dimensions and weights
be implemented.

1.3. SCOPE

Throughout the project four different vehicle combinations and two
highway class combinations were considered. The four vehicle scenarios are
diagrammatically represented in Figs 1 and 2., First, the three administra-
tive rural highway systems are considered in the analysis. This is the tradi-

tional classification of highway systems by route type:

(1) Interstate highway system,
(2) US and State highway system,

(3) Farm-to-Market road system.

Secondly, the following rural functional classes, or combination of
classes, are also considered in the analysis. This classification is based on

road usage:

(1) 1Interstate highway system,
(2) All principal arterials (including Interstate),

(3) "All systems" combination, which is a combination of all the
following classes: Interstate, other principal arterials,
minor arterials, major collectors and minor collectors ex-
cluding country roads that may be part of the above.

It was desirable to examine highway upgrading costs according to the

above rural systems as the usage, the design standards, and vehicle

composition differ.
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SCENARIO A
Max.Length =65 ft.
Max. Width =96 in.

Max. Single Axle =20,000
Moax. Tandem Axle =34,000
Max. GVW Axle =80,000
(Current Legal Limits)

SCENARIO B
Mox. Length =65 ft.
Max. Width =96 in
Max. Single Axle =26,000
Max. Tandem Axle =44,000
Max. GVW Axle =120,000

GVW = Gross Vehicle Weight
k(kips) =1,000 Ib

Type 2D
GVW =33,000 Ib
r@f

Dimensions: ?—— 32
Axle Weight: 3k 20k

Type 3A
GVW =47,000 Ib

Dimensions : {;‘:’28‘—1 = 4

Axle Weight: 13k 34k

Type 3-S2
GVW =80,000 Ib

a) | l
Dim. MM‘ 4

AW.: 12k 34k 34k
Type 2-S1-2
GVW =80,000 1b

| |
i ST

AW.:Bk I8k I8k I8k I8k

GVW =42000 Ib

32’
16k 26k

GVW = 60,000 Ib
- &
o __00 |,
28 |-4

16k 44 k:

GVW =104,000 Ib

0O 00 0T
1744—34" 4'
16k 44k 44k

GVW =120,000 ib

]

oS
r8r21~i0'+21
I6k 26k 26k 26k 26k

Fig 1. Vehicle configurations for scenarios A and B

{(Ref 5).



SCENARIO C SCENARIO D

Max.Length =105 ft. Max.Length = 105 f1,
Max. Width= 102 in. Mox . Width={02 in
Type 2D
GVW =33,000 Ib. F/E GVW =33,000 Ib. 7a)
O e O
Dimensions: 32— (f— 32'-1
Axle Weight: 13k 20k 13k 20k
Type 3A
GVW=47,000 1b GVW=4T7000 1D
I =
Dimensions: r—ze—’ t——4' ?—2 e dPt
Axle Weight: 13k 34k 13k 34k
Type 3-82
GVW=80,000 ib Gvw=80,000 Ib
= Ly :
lee] oﬂ foo ko o B
Dim.: r~|7—-|4r——34——| |——4 |7—-14r——34—-1 T——4
AW.: 12k 34k 34k 12k 34k 34k
Type 2-S1-2
Gvw=80,000 1b GVW=80,0001b
ﬁ -]
Dim: ¥ a 2l'—1—|0'—[——0 2['—?‘ ' re‘—rzn'_?.'lo'_]_czn'-?
AW.: 8k Bk Bk I8k 18k 8k I8k [(8k I8k :14
Type 3-S2-4
GVYW=105,5001b GVW=126,000 Ib

.
4574284044 27— |-4' r4514f~za-—?3: }-27--{ }—4

10k 2375k 2375k 23.75k 23.75k 12k 33k 27k 2Tk
Type 2-S1-2-2
GVW=105,5001b GVW=112,5001Ib

.

' oxel (9] @‘ﬁ ou OO0
ho‘-f— 20‘—1 o |~zo 5" ge it:ao 5‘-1 H 0‘—}— 20‘—1 E lrzo.s‘fg fzo.s‘-i

10.5k 15.8k 15.8k 15 158k 105k 17k 17Tk 7Tk 1Tk

Fig 2. Vehicle configurations for scenarios C and D
(Ref 5).
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Note that urban, county and local roads were excluded from the

analysis.

Four alternative scenarios were developed to provide a framework for

analyzing a significant change in truck dimensions and weight patterns.

Scenario A represents the current statutes and assumes that these weight and

dimensions limits will remain the same over the twenty-year analysis period.

The other three scenarios represent an array of changes in gross vehicle

weights, single axle weights, tandem axle weights, lengths, and widths.

The scenarios are hereafter referred to as scenario A, scenario B,

scenario C, and scenario D.

Scenario A (see Fig 1):

Maximum length
Maximum width
Maximum height
Maximum weight
Scenario B (see Fig
Maximum length
Maximum width
Maximum height
Maximum weight
Scenario C (see Fig
Maximum length
Maximum wid th
Maximum height
Maximum weight
Scenario D (see Fig
Maximum length
Maximum width
Maximum heignt

Maximum weight

They have the following characteristics:

65 feet

96 inches

13.5 feet

80,000 pounds (GVW)

65 feet

96 inches

13,5 feet

120,000 pounds (GVW)

105 feet

102 inches

13.5 feet

105,500 pounds (GVW)

105 feet

102 inches

13.5 feet

126,000 pounds (GVW)



1.4, ELEMENTS

The following design, cross section, and intersection elements may be

affected by a change in vehicle dimensions and weight,

Design elements

(1)
(2)
3)
(4)
(5)

Stopping sight distance
Passing sight distance
Pavement widening on curves
Critical lengths of grades

Rest areas

Cross section elements

(6)
(7)
(8)

Lane width
Width of shoulder

Guardrails

Intersection design elements

(9
(10)
1D
(12)
(13)

Minimum design for sharpest turns
Width for turning roadways

Sight distance at grade intersections
Median openings

Median lanes

Lald

o’



CHAPTER 2. DESIGN ELEMENTS

2.1, STOPPING SIGHT DISTANCE

(A) Design stopping sight distance is, according to AASHTO (Ref 3),
"The minimum distance required for a vehicle travelling near the design speed
to stop before reaching an object in its path."

The minimum stopping sight distance is calculated according to the

following formula (Ref 3):

SSD = 1.47%V*2.5 + V*V/30(f + or - g)
where
SSD = stopping sight distance,
V = wvehicle speed in miles per hour,
2.5 = wvalue assumed to represent the perception and
reaction times (sec.),
f = coefficient of friction between the tires and the
roadway surface, and
g = percent grade divided by 100,

The first part of the formula (1.47%V*2,5) gives the distance travelled
during perception-reaction time. The second part (V*V/30(f + or - g)) gives
the distance required to stop after brake application.

When measuring stopping sight distance the following assumptions are
made by AASHTO (Ref 3): first, that the height of the operator's eye is 3.75
feet above the road surface; and second, that the operator must detect an
object with a height of 6 inches in his path (Ref 3),

The above minimum stopping sight distance formula and measuring cri-
teria were derived for passenger car operation. But AASHTO (Ref 3) states

that although trucks require a longer stopping distance for a given speed the



additional braking distance is balanced by a higher truck operator eye
position. The U.S. DOT, FHWA "Motor Carrier Safety Regulations' specity
deceleration rates in feet per second for truck combinations of 14 ft/sec/sec,
and for passenger cars of 21 ft/sec/sec. This indicates that cars should stop

in two-thirds the distance required for trucks (Ref 15).

(B) The expected performance of trucks due to an increase in weight,
will be discussed under the design element '"Critical lengths of grades.'" From
this discussion it will be seen that due to superior transmissions and high
torque rise engines (Ref 24), the availability of big engines (Ref 6), and a
decreasing horsepower to weight ratio (Ref 24), the expected performance of
trucks in scenarios B, C, and D will be better than that of the national
representative truck of the past.

The coefficient of friction between the tires and the roadway f 1is
also dependent on the wheel load and vehicle momentum. The coefficient of
friction plays a critical role in the stopping sight distance as can be seen
from the aforementioned formula. Fullescale tests have been conducted by
California, Utah, and the Province of Alberta, Canada, on trucks with GVW of
up to 108,000 1b to assess the braking performance (Refs 15, 16, and 17).
Figure 3a shows the results obtained by the above agencies, while Fig 3b
shows the AASHTO and DOT requirements as well as the results obtained by Utah
on pavement with a dry ¢ = 0.92 and a wet u = 0.64 (Refs 3, 15, and 20). All

the dry pavement results in Fig 3b are well under the DOT curve. Stopping

sight distances are shown in Table 1.

A theoretical evaluation was performed by IIT Research Institute
(Ref 9) and their results, based on analytical studies, computer simulation,
and examination of experimental data, confirmed the results obtained by
California, Utah, and Alberta.

Maximum vehicle height remains the same for the four different scenar-
ios and no change in operator eye height is expected. This will therefore

have no changing effect on stopping sight distance.

(C) 1f any one of scenarios B, C, or D is implemented, no change in
desirable reaction and perception distance or braking distance is expected.

Therefore the desirable stopping sight distances as recommended by AASHTO

should remain the same.
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TABLE 1. AASHTO STOPPING SIGHT DISTANCES
(REFS 2, 3, AND 20)

Design speed, mph 30 40 50 60
Minimum SSD (ft ) 200 275 350 475
Desirable SSD (ft ) 200 300 450 650
Reac. + perc. time 2.5 2.5 2.5 2.5
Distance (ft ) 110 150 185 220
Minimum fric. coef. 0.36 0.33 0.31 0.30

Desirable friec. coef. 0.35 0.32 0.30 0.29

Minimum braking
distance (ft ) 75 130 210 300

Desirable braking
distance (ft ) 90 150 265 430

2.2. PASSING SIGHT DISTANCE

(A) AASHTO states that while most rural highways are two-lane highways,
vehicles must frequently use a lane regularly used by opposing vehicles in
order to overtake slower moving vehicles. Passing sight distance is the
length needed to safely complete this passing maneuver on two-lane highways

(Ref 3), with an overator eye height of 3.75 feet and an object height of 4.5

feet.
Passing sight distance = d(1) + d(2) + d(3) + d(4) (see Fig 4)
where
d(l) = 1initial maneuver distance (feet) and
d(1) = 1.47*%t(V - m + a*tl/Z) (Ref 3) where
t = initial maneuver time (seconds),
V = average speed of passing vehicle (mph),
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m = speed difference between the two vehicles (mph),
a = average acceleration (mph);
d(2) = distance travelled in the left lane (ft ) by the
passing vehicle -
d(2) = (Lf + Ls + 150)*V/Vi where
Lf = 1length of faster vehicle (ft ),
Ls = length of slower vehicle (ft ),
V = speed of faster vehicle (mph),
Vi = speed difference between vehicles (mph),
150 = additional distance between the two vehicles before

and after the passing maneuver (ft );

d(3) = distance between passing vehicle at the end of the
passing maneuver and an opposing vehicle (ft );

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

Tables 2a and 2b show observed values for some of the above elements

(Ref-S).

(B) While an increase in vehicle weight and width will have no effect
on the above elements, 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, Canada (Refs 15 and
16). For scenarios A and B the maximum vehicle length remains 65 feet while
for scenarios C and D it is increased to 105 feet.,

AASHTO and SDHPT design values (Refs 3 and 20) are based on require-
ments for passenger cars passing passenger cars. Since it is common practice
for cars to overtake trucks, additional length will be needed or more abortive
passing maneuvers will result when the truck length is increased. The
increase in abortive movements may have a detrimental effect on safety.

The following assumptions were made when calculating the extra passing

sight distances required because of increased truck length:

(1) Car length is equal to 19 feet (Ref 3).

(2) Truck length is equal to 65 feet for scenarios A and B.
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TABLE 2a. ELEMENTS OF SAFE PASSING SIGHT DISTANCE -

2-1ANE HIGHWAYS

Speed group, mph 30-40 40-50 50-60 60-70
Average passing speed, mph 34.9 43,8 52.6 62.0
Initial maneuver:
a = average acceleration mphps* 1.40 1.43 1.47 1.5

ty = time, seconds¥* 3.6 4.0 4.3 4.5

dl = distance traveled, feet 145 215 290 370
Occupation of left lane:

t2 = time, seconds¥* 9.3 10.0 10.7 11.3

d2 = distance traveled, feet 475 640 825 1030
Clearance length:

d3 = distance traveled, feet%* 100 180 250 300
Opposing vehicle:

d4 = distance traveled, feet 315 425 550 680
Total distance, d,+d,+d. +d feet 1035 1460 1915 2380

172 73 74

* For consistent speed relation, observed vialues adjusted slightly.

(Ref 3)
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TABLE 2b. ELEMENTS OF SAFE PASSING
SIGHT DISTANCE -
2-LANE HIGHWAYS

Design Assumed speeds

speed, Passed Passing
mph vehicle, mph vehicle, mph
30 26 36
40 34 44
50 41 51
60 47 57
65 50 60
70 54 64
75% 56 66
80% 59 69

¢« . s _# a2 2 a2 a2 a3 .2 .82 .2 -2

* Design speeds of 75 and 80 mph are applicable
only to highways with full control of access
or where such control is planned in the
future.

(Ref 3)

15
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(3) Truck length is equal to 105 feet for scenarios C and D.
(4) Speed difference between the two vehicles is 10 mph (Ref 12).

(5) Values for t and a are assumed according to observed
AASHTO values (Ref 3).

(6) Overtaken vehicles travel at a uniform speed throughout the
maneuvers.

(7) Passing vehicle slows down and trails the overtaken vehicle
upon entering the passing zone.

(8) Values for d(3) are in the suggested range of 100 feet to
300 feet (Ref 3).

(9) d4) = .666%d(2) .

Values obtained were tabulated and the comparative results are shown in
Tables 3 and 4. From these it can be seen that passing sight distance will
increase considerably due to an increase in vehicle length. But pavement
markings that prohibit passing maneuvers are warranted according to the
"Manual on Uniform Traffic Control Devices" (Ref 1) when passing sight
distance measured from a height 3.75 feet above the pavement to an object

3.75 feet is less than:

30 mph : 500 feet
40 mph : 600 feet
50 mph : 800 feet
60 mph : 1,000 feet
70 mph : 1,200 feet

(C) It must be borne in mind that the existing AASHTO procedure is
based upon the assumption that a passenger car overtakes a passenger car. If
the case where a car overtakes a truck is considered in any one of scenarios
A, B, C, or D, a considerable revision of the AASHTO standards for passing
sight distance can be expected. If the procedure for computing passing sight
is not altered, more abortive maneuvers will result. An increase in abortive
passing maneuvers may have serious safety implications, so the procedure to
calculate passing sight distance and the procedure that warrants restricted
pavement markings need further attention. But this falls outside the scope of

this subprogram of Project 241.
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TABIE 3. MINIMUM PASSING SIGHT DISTANCE FOR TWO-IANE HIGHWAYS

WITH A MAXIMUM VEHICLE LENGTH OF 65 FEET

(SCENARIOS A, B)
Design Assumed speeds.mph avg. a, t, Calc. AASHTO Extra
speed, mphps sec PSD, PSD., req.,
mph passed passing ft ft ft

vehicle vehicle

30 26 36 1.40 3.6 1700 1100 600
40 34 44 1.41 3.8 2100 1500 600
50 41 51 1.45 4.1 2500 1800 700
60 47 57 1.48 4.4 2800 2100 700
65 50 60 1.50 4.5 3000 2300 700
70 54 64 1.50 4.5 3200 2500 700
75 56 66 1.50 4.5 3300 2600 700
80 59 69 1.50 4.5 3400 2700 700




TABLE 4. MINIMUM PASSING SIGHT DISTANCE FOR TWO-LANE HIGHWAYS
WITH A MAXIMUM VEHICLE LENGTH OF 105 FEET
(SCENARIOS C, D)

Assumed Speeds, mph

Design Calc., AASHTO Extra
Speed, Passed Passing avg. a, t, PSD, PSD, Req.
mph Vehicle Vehicle mphps sec ft ft Ft
30 26 36 1.40 3.6 1900 1100 800
40 34 44 1.41 3.8 2400 1500 900
50 : 41 51 1.45 4.1 2800 1800 1000
60 47 57 1.48 4.4 3200 2100 1100
65 50 60 1.50 4.5 3400 2300 1100
70 54 64 1.50 4.5 3600 2500 1100
75 56 66 1.50 4.5 3700 2600 1100
80 59 69 1.50 4.5 3900 2700 1200

8T
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2.3. PAVEMENT WIDENING ON CURVES

(A) AASHTO (Ref 3) states that '"pavements on curves are sometimes
widened to make operating conditions on curves comparable to those on

tangents. The justifications are based on truck operating characteristics:

(1) The rear wheels track inside of the front wheels (this
tracking distance is called the "offtracking distance').
(2) It is difficult to steer the vehicle so that it holds the
center of the lane.
The following formula gives maximum offtracking values that were exper-
imentally found to be close to the real measured offtracking (Refs 15, 25,

and 26):

MOT = R(1l) -SQRT(R(L)*R(1l) -SUM(L*L))
where
MOT = maximum offtracking (feet),
R(1l) = turning radius of outside front wheel (feet),
SUM(L*L) = L{(L)*L(1) + L(2)*L(2) + etc.
and where
L(l1) = wheelbase of tractor (feet),
L(2) = wheelbase of first trailer (feet),
L(3) = distance between rear axle and articulation point
(feet),
L(4) = distance between articulation point and front

axle of next trailer (feet), and

L(5) wheelbase of next trailer (feet).

Extra width to compensate for the difficulty of driving on curves can

be computed from
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Z = V/SQRT(R) (Ref 3)

where

Z = extra width (feet),
V = design speed (mph), and

R = radius on center line (feet).

The width of the overhang can be computed as follows:

Fa = SQRT(R*R + A(2*%L + A)) - R (Ref 3)
where
Fa = width of overhang (feet),
R = radius of centerline (feet),
A = overhang (feet), and
1. = wheelbase of unit (feet).
The width of a two-lane pavement on a curve can then be computed from
Wi = 2*¥(U + C) + Fa+ 2
where
U = wvehicle track width (feet) and
C = lateral clearance per vehicle (2, 2.5, or 3 feet for

20, 22, or 24-foot pavement widths).

(B) From the above formulas it can be seen that vehicle configuration
and length will have an effect on pavement widening while vehicle weight and
height are not considered. The maximum vehicle width proposed for scenarios
C and D is 8.5 feet and this is the same as the maximum for the AASHTO

design vehicles but 6 inches wider than the Texas maximum. When using the

[
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formulas mentioned in (A) above, new widths for pavement widening on curves
were calculated for the 3-52-4 and 2-51-2-2 vehicle types.

The results obtained from these calculations are shown in Table 5. 1In
Table 6 the width of pavement to be added to existing pavements designed ac-
cording to current AASHTO standards is calculated. It was assumed when cal-
culating Table 6 that when the original pavement design was done values of
less than 2 feet were disregarded (Ref 3). This holds true when designing for
the new vehicle configuration.

In Table 7 the AASHTO values (Ref 3) are shown, while vehicle configu-

rations are shown in Table 8 (Ref 25).

(C) While both vehicle types, namely the 3-S2-4 and 2-S2-2-2, are
proposed in only scenarios C and D, no change is expected for scenario B. The
increased values shown in Table 5 will be used for new roads and the values
shown in Table 6 will be used for the reconstruction of existing inadequate

pavements when either scenario C or D is implemented.

2.4, CRITICAL LENGTHS OF GRADES

(A) According to AASHTO (Ref 3), climbing lanes should be provided on

the upgrade side of a two-lane rural highway when:

(1) The length of upgrade causes a speed reduction of 15 mph
or more.

(2) The added cost is justified by the volume of traffic and
percentage of trucks,

(3) 1t is further desirable to end the climbing lane at a
point beyond the crest where a truck could obtain a speed
of 30 mph. But this is sometimes impractical due to the
length, and the lane is ended when sufficient sight
distance is obtained. The SDHPT differs from the above
in that it requires that climbing lanes should be
provided when the length of upgrade causes a speed
reduction of 10 mph or more (Ref 20).

(B) It is worth noting that a greater speed reduction is associated
with a higher accident involvement rate (Refs 7 and 23). The ratios derived

are shown in Table 9.
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DIFFERENCE BETWEEN PRACTICAL AASHTO VALUES AND NEW CALCULATED VALUES
TAKING INTO ACCOUNT THAT VALUES OF LESS THAN 20 FEET ARE DISCARDED

TABLE 6.

Additional Widening, in Feet, for 2-Lane Pavewents Should 3-S2-4 or 2-51-2-2 Trucks be Introduced
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TABLE 7. CALCULATED AND DESIGN VALUES FOR PAVEMENT WIDENING ON OPEN HIGHWAY CURVES
(2-LANE PAVEMENTS, ONE-WAY OR TWO-WAY)

we

Widening, in feet, for 2-lane pavements on curves for width of pavement on tangent of:

Degree 24 feet 22 feet 20 feet
of

curve Design speed, mph Design speed, mph Design speed, mph

30 40 50 60 70 80 30 40 50 60 70 30 40 50 60

1 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 1.0 1.0 1.5 1.5 i.5 2.0
2 0.0 0.0 0.0 0.5 0.5 0.5 1.0 1.0 1.0 1.5 1.5 2.0 2.0 2.0 2.5
3 0.0 0.0 0.5 0.5 1.0 1.0 1.0 1.0 1.5 1.5 2.0 2.0 2.0 2.5 2.5
4 0.0 0.5 0.5 1.0 1.0 1.0 1.5 1.5 2.0 2.0 2.0 2.5 2.5 3.0
5 0.5 0.5 1.0 1.0 1.5 1.5 2.0 2.0 2.5 2.5 3.0 3.0
6 0.5 1.0 1.0 1.5 1.5 2.0 2.0 2.5 2.5 3.0 3.0 3.5
7 0.5 1.0 1.5 1.5 2.0 2.5 2.5 3.0 3.5
8 1.0 1.0 1.5 2.0 2.0 2.5 3.0 3.0 3.5
9 1.0 1.5 2.0 2.0 2.5 3.0 3.0 3.5 4.0

10-11 1.0 1.5 2.0 2.5 3.0 3.5

12-14.5 1.5 2.0 2.5 3.0 3.5 4.0

15-18 2.0 3.0 4.0

19-21 2.5 3.5 4.5

22-25 3.0 4.0 5.0

26-26.5 3.5 4.5 5.5

NOTE: Values less than 2.0 may be disregarded.
3-lane pavements: multiply above values by 1.5.
4-lane pavements: multiply above values by 2.
Where semitrailers are significant, increase tabular values of widening by 0.5 for curves of 10
to 16 degrees, and by 1.0 for curves 17 degrees and sharper.

(Ref 3)
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TABLE 8. MAXIMUM OFFTRACKING (WESTERN HIGHWAY INSTITUTE)

Vehicle Maximum Offtracking (ft)

No. Type 0 2 4 6 8

! . 4

g 53

3 30
q

5

| g r—

6

T ” 2

8 | oy

9 | gy pumy
10 3

I Z 45
2 82

7

~~~~4  Obtained with scenario C and D vehicle configurations

Obtained with Western Highway Institute
vehicle configurations

(Ref 25)
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TABLE 9. ACCIDENT RATE VERSUS SPEED REDUCTION

Accident Rate Ratio
Involvement Related to O
Reduction Rate Speed Reduction
0 247 1.00
5 481 1.95
10 913 3.70
15 2,193 8.90
20 3,825 15.90

(Refs 7 and 23)

The size, power, gradability, and entrance speed of the truck con-
tribute towards the performance of trucks on a grade. Their combined effect
will lead to the maximum allowable speed reduction of 10 or 15 mph (Refs 3
and 20).

AASHTO (Ref 3) uses the nationally representative truck with a GVW

(pounds) to net hp ratio of 400:1 to evaluate the performance (acceleration

and deceleration) of trucks on a grade.

The average weight to power is declining (Refs 3 and 24) and the
Western Highway Institute states that '"vehicles with a ratio of 325:1 will
have a performance that is acceptable to most operators, while a vehicle with
a 454:1 ratio will have a performance that would probably be unacceptable"
(Ref 24).

| It seems reasonable to assume that vehicles with a GVW of up to 126,000
pounds will have a ratio lower than 400:1 (Ref 24). The present availability
of engines big enough to provide the 400:1 ratio underlines this assumption.
Table 10 provides the range of diesel engines currently available (Ref 6).

Today's high torque rise engines and transmissions are superior to
those of the old national representative truck, and therefore the gradability
and entrance speed of today's truck is higher than that of the national
representative truck (Refs 17, 22, and 24). Increased entrance speeds and
transmissions of trucks essentially offset the detrimental effects of in-
creased weight, with a net result of gradability performance regressing to

the approximate level of AASHTO's (Ref 3) representative 1950's truck.
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TABLE 10. DIESEL ENGINE HP RANGE
70-205 210-290 300-600

Cat 210 3208 Cat 300 3406

DDA 210 6-71 DDA 304 8v-71
Perkins 70 4.165 I-H 210 DT-466 Cat 305 3406
Perkins 98 6.247 Mack 210 ETZ 477 DDA 305 8V-71TTA
Deutz 100 F5L912 Perkins 215 V8.640 DDA 305 B8V-71TTAC
Mercedes 120 O0OM352 Cummins 225 VT-225 Mack 315 ETAZ 673A
Perkins 126 6.354 Cummins 230 Formula 230 Cummins 320 VT-903
Mercedes 145 0M352A Cummins 230 NTC-230 Cat 325 3406
I-H 150 D-150 DDA 230 6-71 DDA 335 6V-92TAC
Perkins 155 T6.354 DDA 230 6-71TT Cat 340 3406
Cat 160 3208 Volvo 230 TD70F Cat 350 3406
Deutz 160 BF6L913 Mack 237 ENDT 675 Cummins 350 Formula 350
Magirus 160 Fiat 8360.05 Cat 245 3306 Cummins 350 NTC-350
DDA 170 4-53T Cat 250 3306 Cummins 350 VI-350
I-H 170 Dp~170 Cummins 250 Formula 250 DDA 350 8V-71TAC
Volvo 170 TD-60 Cummins 250 NTC-250 DDA 365 8V-92TTA
Cat 175 3208 Perkins 250 TV8.640 DDA 370 8V-92TTAC
I-H 180 DT-466 Mack 260 ET 673 DDA 370 8V-71TA
Mercedes 180 OM355/5 Cat 270 3306 Cat 375 3406
Perkins 180 VB8.540 DDA 270 6V-92TTA Cat 400 3408
Cat 185 3208 DDA 270 6V-92TTAC Cummins 400 NTC=400
I-H 190 D-190 DDA 275 6-71T DbA 430 8V92TAC
I-H 190 DT-466 Cat 280 3406 DDA 435 B8VI92TA
Cat 200 3208 Mack 285 ENDT 676 Cat 450 3408
DDA 200 6v-71 Cat 290 3406 Cummins 450 KT-450
Mack 200 ETG73E Cummins 290 Formula 290 Cummings 525 Formula 525
Magrius 200 Fiat 8220.02 Cummins 290 NTC-290 Cummins 525 KTa-525
Volvo 205 TDJ0E Cummins 290 Formula 903 Cummins 600 KTA-600
(Ref 6)
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Trucks further reduce traffic volume because of the difference between
the average running speed of cars and trucks and because they occupy more
space. A, Werner and John F, Marshall suggest that speed difference is the
only criterion for calculating passenger car equivalency for trucks on grades,
while the space they occupy influences only the equivalent factor for trucks
operating on flat surfaces (Ref 23). Increased length will therefore have no
influence on climbing lane criteria.

Because of increased passing sight distance requirements, the practical
length of climbing lanes may be influenced by the longer truck lengths of
scenarios C and D. The passing sight distance requirements are listed in
Table 11.

TABLE 11. PASSING SIGHT DISTANCE (FEET)

Scenarios A , B Scenarios C , D
Design Speed, mph Truck Length = 65 Truck Length = 105
30 1700 (1100) 1900
40 2100 (1500) 2400
50 2500 (1800) 2800
60 2800 (2100) 3200
65 3000 (2300) 3400
70 3200 (2500) 3600
75 3300 (2600) 3700
80 3400 (2700) 3500

Values in parentheses are the AASHTO (Ref 3) minimum values while the
other values were calculated for truck lengths of 65 feet and 105 feet.
Should scenarios C or D be implemented, allowance for the increase in passing
sight distance due to the increased 40 feet truck length should be made. This
will vary from 200 feet to 500 feet depending on the design speed of the road.

(C) Due to the changed performance of today's trucks in comparison to

that of the old national representative truck, speed reduction curves based on
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more recent data can be expected. In Fig 5 (Ref 3) the current AASHTO
deceleration curves based on observations made prior to 1955 are shown.
Figure 6 (Ref 20) shows deceleration curves based on observations made during
1973, while those shown in Fig 7 (Ref 18) are based on observations made
during 1977 to 1979. This upward trend will be more representative of what to
use in the future. The only other expected change may be due to an increase
in passing sight distance requirements and the climbing lanes may be ended

when the new passing sight distances are met for scenarios C or D.
2.5, REST AREAS

(A) Rest areas are to be provided on highways as a safety measure with
provision for emergency stopping and resting by motorists for short periods
(Ref 4). The spacing should be such that in combination with other stopping
opportunity (e.g., service facilities) there will preferably be a stopping
facility for every half hour of driving (Refs 4 and 20). When a number.-of
truck-trailer combinations are expected to use the area, angle parking should
be considered. The WB50 should be used according to current AASHTO policy as
the design vehicle (Ref 4). A typical SDHPT layout is shown in Fig 8 (Réf 20).

(B) According to AASHTO policy (Ref 4), the parking areas are to be
designed with the WB50 as the design vehicle. Should scenarios B, C, or D be
introduced, vehicles longer than the WB50 should be considered. By using the
same formulas as in '"Pavement Widening on Curves,'" Table 12 (the maximum
expected offtracking) was computed. Table 13 shows the extra pavement width
needed for two-lane operation should the design truck be increased from the

WB50 to the 3-82-4 or the 2-S1-2-2.
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TABLE 12. MAXIMUM OFFTRACKING (FEET)

R (ft) WB50 3-82-4 2-51-2-2
200 3.5 6.5 3.5
180 4.0 7.0 4.0
160 4.5 8.0 4.5
140 5.0 9.0 5.5
120 6.0 11.0 6.5
100 7.0 13.0 7.5

80 9.0 17.0 9.5
60 12.5 26.5 13.0

TABLE 13. EXTRA PAVEMENT WIDTH WHEN DESIGN TRUCK
IS 3-S2-4 OR 2-S81-2-2

3-82-4 3-52-4 2-51-2-2 2-81-2-2
R (ft) 10 mph 20 mph 10 mph 20 mph
200 6.0 6.0 0 0
180 6.0 6.0 0 0
160 7.0 7.0 0 0
140 8.0 8.0 1.0 1.0
120 10.0 10.0 1.0 1.0
100 12.0 --- 1.0 -——-
80 16.0 --- 1.0 ---
60 28.0 -—- 1.0 -—-

Note: The above are extra over that for WB5O0.

When designing facilities to accommodate scenarios C or D it must be
ensured that the combined lane widths and radii are big enough to accommodate

the expected maximum offtracking.

ol
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(C) While the vehicles proposed under scenarios C and D have different
characteristics (i.e., offtracking and length) from the WB50 wvehicle, the

following changes are expected should scenarios C or D be implemented:

(1) Larger parking bays where these vehicles are expected.
(2) Wider lanes where offtracking necessitates it.

(3) Additional safety rest areas if existing non-departmental
facilities are too small to accommodate the larger
vehicles.
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CHAPTER 3. CROSS SECTION ELEMENTS
3.1. LANE WIDTH

(A) AASHTO states (Ref 3) that on rural two-way highways hazardous
conditions exist on pavements less than 22 feet wide when even a moderate
volume of mixed traffic is present due to inadequate body clearance.

Body and edge clearance for meeting or passing vehicles were identified
as critical factors in judging the adequacy of pavement width (Ref 26). In
the experiments conducted in the earlier days of highway construction, two
important observations were made (Ref 19).

(1) Only on 24 feet pavements were drivers apparently satisfied

with both edge and body clearance; and

(2) Drivers of passenger cars prefer a body clearance of about 5
feet when meeting other passenger cars. This cannot be ob-
tained on pavements of a width less than 22 feet.

(B) From the above it is clear that only vehicle width will have an
impact on lane width. The following AASHTO design vehicles all have a present
width of 8.5 feet, namely the SU, WB40, WB50, WB60, and the BUS. While no
change in vehicle width is proposed in scenarios B, C, or D from the existing
AASHTO standards, it will differ from the allowable legal limit in Texas of
8.0 feet (Refs 3 and 26). Should the Legislature adopt a wider vehicle
width, the following should be borne in mind.

Although a 10-foot lane width may be an acceptable minimum on arterials
carrying a few commercial vehicles (Refs 3 and 19), it is difficult to control
the number and movement of commercial vehicles. Although substantial lane
flow is accommodated, driving on such lanes is accomplished only by undesir-
able tension and strain on the part of the drivers, especially at other than
low speed (Ref 3).

The average body clearance of 2.6 and 3.5 feet for passenger cars

meeting commercial vehicles on 18 and 20-foot pavements respectively, appeared

37
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to be inadequate for safety (Ref 19). Figures 9 and 10 show the body and edge
clearances on 20-foot and 22-foot pavements (Ref 11).

A study was conducted by the Bureau of Public Roads in the 1960's on
the "Perceptual and field relationship between vehicle width and lateral lane
placement' (Ref 12). The study observed that small changes in vehicle width
caused large changes in frequency and magnitude of lateral lane placement.
Pavement markings did not significantly alter lateral placement of vehicles.
The study also established relationships between speed and later separation,
and speed and lane width. See Figures 11 and 12.

Based on relationships in Figs 11 and 12 and clearance data, minimum
required speeds that will not cause disturbances to traffic flow can be
obtained for 96-inch and 102-inch trucks. Table 14 gives the minimum speed of

a 96-inch truck or a 102-inch truck that will have no influence on approaching

vehicles as estimated from analysis of observed data in other studies (Ref 12).

TABLE 14. MINIMUM SPEEDS TO AVOID DISTURBANCES

Lane Width. Truck Width. Minimum Speed.
feet inches mph
10 96 72
10 102 88
11 96 53
11 102 63
12 96 43
12 102 45
13 96 33
13 102 35 -

The relationships from the tables indicate that for a truck of 102-in.
width to have no influence on traffic flow when travelling on two-lane
highways 22 feet wide, it has to be driven at a speed above the 55 mph speed
limit. If the 102-in. truck keeps within the 55 mph speed limit, it will

o
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create disturbances in the flow of oncoming traffic. It will also create

strain and tension on drivers. This is in direct conflict with the function
of lane width which is to provide safety and comfort.

The question of minimum lane width for safe operation of 102-in.-wide
trucks is a difficult one, especially for multilane highways. According to
Hansen (Ref 8), there is no evidence to indicate that an increase in width of
6 inches would result in an increased number of accidents. It seems practical
to allow for a gradual modification of lane width to 12 feet for the operation
of 102-in.-wide trucks. AASHTO (Ref 3) did not specifically address this
issue; however, the lane width that it recommends is from 11 to 13 feet.
During an initial period, the operation of 102-in. trucks could for instance
be allowed on multilane divided highways with 1ll-foot lanes. These lanes
should gradually be widened to allow for the safe and tension-free operation

of 102-in. trucks.

(C) Although no change from the AASHTO policy is expected, adherence
to the existing SDHPT policy of 12 feet lane width will be necessitated if

scenarios C or D is implemented. Table 15 shows the current AASHTO

‘standards for two-lane rural highways, while the SDHPT values are shown in

Tables 17 and 18.

For multilane highways the question of minimum lane width when the
operation of 102-in. vehicles is allowed is difficult, but past research
indicated that there should be a gradual modification of lane width to 12
feet, should 102-in. vehicles be allowed to operate on these highways. This
will be in line with the fact that operators will not switch overnight to

102-in. vehicles from their existing 96-in. vehicles.
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TABLE 15. MINIMUM WIDTHS OF SURFACING FOR 2-LANE HIGHWAYS

Minimum widths of surfacing, in feet, for design volumes of *

Current ADT Current ADT Current ADT
. 50-250 250-400 400-750

Design - -

Speed, DHV DHV DHV 400
mph 100-200 200-400 and over
30 20 20 20 22 24
40 20 20 22 22 24
50 20 20 22 24 24
60 20 22 22 24 24
70 20 22 24 24 24
75 24 24 24 24 24
80 24 24 24 24 24

*For design speeds of 30, 40, and 50 mph, surfacing widths that are two feet narrower
may be used on minor roads with few trucks.

(Ref 3)
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3.2. WIDTH OF SHOULDERS

(A) Shoulders are mainly provided (Ref 3) to accommodate stopped
vehicles, for emergency use, and for lateral support of the base and surface

courses.

(B) In order to accommodate stopped vehicles, AASHTO recommends that
the vehicles should clear the pavement edge by at least a foot and that a
two-foot working space be provided (Ref 3). Widths of the standard AASHTO
vehicles vary from 7.0 feet to 8.5 feet (Refs 2 and 3). By using the standard
widths and clearances required, AASHTO recommends that for heavily travelled
and high-speed highways the usable shoulder width should at least be 10 feet
but preferably 12 feet wide (Ref 3).

Since the maximum width of vehicles proposed for scenarios A, B, C,
or D is less than or equal to 8.5 feet, no change in AASHTO policy is
expected.

The following relationships between shoulder width and accident
frequency have been found (Ref 10): -

(1) On multilane divided highways the accident rate increases as

the left shoulder width increases.

(2) On multilane undivided and divided highways, right shoulders
that will not accommodate a parked vehicle off the travelled
way, increase the accident rate.

(3) On tangents, as the right shoulder width increases beyond the
width necessary to accommodate a parked vehicle, the safety
benefits become insignificant.

(4) As the right shoulder width increases on curves, the accident
rate decreases.

(5) Paved right shoulders produce fewer accidents than unpaved
right shoulders.

The capacity of a highway is reduced if there are restrictive lateral
clearances (Ref 3). For obstructions further than 6 feet away from the
pavement edge, no reduction in capacity is experienced (Ref 3). By consider-
ing capacities, accident costs, construction costs and other relevant costs
for various shoulder types and widths, a cost beneficial design can be
obtained.

General tables for shoulder width versus traffic volume are provided by

AASHTO and the SDHPT (Refs 3 and 20). See Tables 16, 17, and 18.
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(C) As the maximum vehicle width proposed in all four scenarios is
less than or equal to the standard vehicle width used by AASHTO, no change in
AASHTO policy is expected. The general shoulder widths as proposed by AASHTO

will be the same as before but more emphasis may be placed on a cost benefit

design.

TABLE 16. WIDTHS OF SHOULDERS FOR 2-IANE RURAL HIGHWAYS

Design volume Usable shoulder width, feet

Current ADT DHV Minimum Desirable
50-250 -——— 4 6
250-400 -——- 4 8
400-750 100-200 6 10
- 200-400 8 10
-—- 400 and over 10 12

(Ref 3)

3.3. GUARDRAILS (OR GUARDFENCES)

(A) Guardfences are installed to protect errant vehicles from entering
or reaching hazards (Refs 3, 13, and 14). But according to Refs 13 and 14,
the designer should first strive to eliminate all traffic barriers, because
longitudinal barriers afford only a relative degree of protection to vehicle
occupants. The installation of traffic barriers may increase the frequency of
accidents.

Guardfences protect the vehicles by containing and redirecting the
vehicle on impact with some damage to the vehicle and some damage to the rail.
However, the vehicle may straddle the rail and crush it to the ground, with

the deceleration action of the posts bringing the vehicle to a stop with

L%
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TABLE 17. STANDARDS OF DESIGN FOR TWO-LANE RURAL HIGHWAYS

HIGHWAY CLASS HIGH VOLUME MODERATE VOLUME LOW VOLUME (LV)
; (1v) MV)
Design Year ADT (wvpd) 4400 - 7500 2200 - 4400 Less than 2200
Design Year DHV (pcph) 750 - 1400 475 - 750 400 or less
Current Year ADT (vpd) - - 750 - 1500 400 - 1100 400 or less
Current Year DHV (pcph) - - 200 - 400 100 - 200 100 or less
Design Speed (mph) Des. Min. Des. * Min. Des. Min. Des. Min. Des. Min.
Flat 80 60 80 60 80 50 80 50 80 50
Rolling 70 60 70 50 70 40 70 40 70 40
Structure Widths (ft.) 44 30 44 30 40 30 36 30 34 30
Lane Widths (ft ) 12 12 12 12 12 12 12 12 12 12
Usable Shoulder Width (ft ) 10 8 10 8 8 8 6 6 4 4
Usual Surf. Shoulder Wd. (ft ) 10 8 10 8 4 4 4 4 4 4
Usual Min. Roadside Cl. (ft ) 30 30 16 16 16
Right-of-Way For minimum right-of-way requirements, see Figures 4-31 and 4-32
(Ref 20)

LY



TABLE 18. STANDARDS OF DESIGN FOR MULTI-LANE RURAL HIGHWAYS
(NON-CONTROLLED ACCESS)

8Y

CLASS 4L
HIGHWAY CLASS CLASS 6L CLASS 4L UNDIVIDED
Average Dally Traffic (ADT 20,000 or more 5000 to 20,000 Up to 7500
Design Hourly Volume (DHV) 1600 to 2400 400 to 1600 Up to 600
Design Speed Des. Min. Des. Min. Des. Min.
Flat ‘ 80 60 80 60 80 60
Rolling 70 60 70 60 70 60
Mountainous (Use AASHO
Standards)
Lane Width, Ft 12
Narrow 16 4 16 4
Median Width, Ft : 0
Depressed 76 48 76 48
Shoulder Outside. Ft 10 8 10 8 10 8
Not
Shoulder Inside. Ft 4 2 4 2 Applicable
Narrow Med. 108 92 84 68
Bridge Width. Ft Door q 68 64
P en 50 42 38 30

(Ref 20)
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considerable damage to both vehicle and rail, but with passengers and driver
uninjured (Ref 13).

Data indicate that the area within 30 feet of the travelled way is
critical for an out-of-control vehicle leaving the road. This in combination
with an indication that the vehicle may travel 400 feet along the roadway
after leaving the road is used to determine the position of the guardfence
(Refs 13 and 14). Guardfences should be a maximum distance from the edge of
the pavement (Ref 13), and shoulders should normally be 2 feet wider where

guardfences are used (Ref 3).

(B) The guardfence must protect, on impact, the vehicle from hazardous
features. Vehicle characteristics used to evaluate the performance of guard-

fences are as follows (Ref 13):

(1) Weight of vehicle = 4500 pounds,
(2) Impact speed = 60 mph,
(3) 1Impact angle = 25 degrees.

Vehicles of up to 31,000 pounds with an impact speed of 47 mph have
been used for the testing of guardfences. But guardfences are in general
designed to protect passenger cars, and the protection they give to trucks is
of marginal benefit (Refs 13 and 14).

I1f heavier trucks are allowed, their impact momentum will increase, and
guardfences designed for passenger cars will expectedly provide even less

protection for these trucks.

(C) While passenger car characteristics are used for the design of
guardfences, scenarios A, B, C, and D should have no effect on the existing

design policy,
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CHAPTER 4. INTERSECTION DESIGN ELEMENTS

4.1. MINIMUM DESIGN FOR THE SHARPEST TURNS

(A) According to AASHTO (Ref 3), it is sometimes necessary to provide
for the turning of vehicles within minimum space, such as at unchannelized
intersections. Then minimum turning paths of the design vehicle become highly
significant. It is assumed that the vehicle is positioned 2 feet from the
pavement edge at the beginning and end of the turn. The inner wheel should at

no point be closer than 9 inches from the pavement edge during the turn.

(B) The expected paths that the 2-§1-2-2, 3-S2, and 3-S2-4 will follow
are shown in Fig 13. This was obtained by the use of a model built according
to the description of the "tracttrix integrator'" (Ref 25), and the vehicle
configurations as shown in Figs 1 and 2. Due to the increased offtracking
characteristics of particularly the 3-S2-4 vehicle, additional pavement width
will be needed to negotiate the turning path with minimum radius.

Numerous combinations of curves, spirals or tangents can be used to
form the pavement edge to allow for the 3-S2-4 as design vehicle for different
angles of turn. In Figs 14, 15, 16, and 17, some curve and tangent combina-
tions that may be used for the pavement edge design are shown. These are com-

pared with the existing AASHTO combinations (Ref 3) in Table 19.

(C) 1If either scenario C or scenario D is implemented, the minimum
design for the sharpest turns should be such that the 3-S2-4 vehicle will be
accommodated. Therefore a revision of the existing AASHTO standards can be

expected.

4.,2. WIDTH FOR TURNING ROADWAYS

(A) The widths required for turning roadways are classified according

to the following type of operation (Ref 3).
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TABLE 19. MINIMUM EDGE OF PAVEMENT DESIGN FOR
TURNS AT INTERSECTIONS
Compound Curve Compound Curve
Design Angle Symmetric Asymmetric
Vehicle of Turn Radii Offset Radii Offset
WB50 45 200-100-200 3.0
3-82-4 45 T-140-T 7.0
WB50 90 180- 60 -180 6.0 120- 40 -200 2,0;
10.0
3-52-4 90 240- 60 -240 14.0
WB50 135 160- 35 -160 9.0 130- 30 -160 3.0;
14.0
3-82-4 135 240- 45 =240 14.0
WB50 180 130- 25 -130 9.5 100- 25 ~-180 6.0;
13.0
3-82-4 180 120- 40 -240 10.0;
20.0

Note that T

Tangent section.
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Case 1. One-lane, one~way operation with no provision for

passing. The formula used to compute the width for Case 1 is

W = U+C+2 = U+ 6

Case 2. One-lane, one-way operation with provision for passing.
The formula used to compute the width for Case 2 is

W = 2 (U+C)+Fa+Fb = 20+ Fa+TFb+ 4

Case 3. Two-lane operation, either one-way or two-way. The
formula used to compute the width for Case 3 is

W = 2 (U+C)+Fa+Fb+2Z = 2U+Fa+ Fb+ 10

See Fig 18 (Ref 3). 1In the above

U = track width of vehicle (out to out tires), ft.,
Fa = width of front overhang, ft ,
Fb = width of rear overhang, ft ,
C = total lateral clearance per vehicle, ft , and
Z = extra width allowance due to difficulty of driving on

curves, ft.

To compute U, Fa and C the same formulas used in '"pavement widening

on curves' were used (Ref 3).

(B) From the above formulas it can be seen that the vehicle configura-

tion and length will have an effect on the roadway width while weight and
height do not. The maximum vehicle width proposed for scenarios € or D

is 8.5 feet, and this is the same as the maximum width used for some of the
AASHTO design vehicles but is 6 inches wider than permitted by Texas motor
vehicle law. When using the above formulas, new widths were calculated for
the 3-S2-4 and 2-S1-2-2 vehicles.

The results obtained from these calculations are shown in Table 20,

while the expected paths obtained with the model are shown in Figs 19 and 20,
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TABLE 20. DERIVED PAVEMENT WIDTHS FOR TURNING ROADWAYS
FOR DIFFERENT DESIGN VEHICLES

Case 1 Cagse 2 Case 4
Radius 1 2 3 1 2 3 1 2 3
50 26 * 32 A * 57 50 * 63
75 22 34 25 36 61 43 42 67 49
100 21 29 21 34 50 37 40 56 43
150 19 24 19 29 40 32 35 46 38
200 17 21 17 27 35 29 33 41 35
300 17 19 17 25 31 27 31 37 33
400 16 18 16 24 28 25 30 34 31
500 16 17 16 24 27 25 30 33 31
Tangent 15 15 15 21 21 21 27 27 27

Note: 1 = WB50, 2 = 3-S82-4, and 3 = 2-§1-2-2
*The 3-82-4 cannot theoretically negotiate a 50-ft radius.

It should be borne in mind that wide pavements (say, over 30 ft) pre-
sent traffic control problems (e.g. pavement markings and sign placement) and

therefore radii less than 300 ft may not be a practical solution.

(C) While both vehicle types (i.e., the 3-82-4 and 2-81-2-2) are
proposed in only scenarios C and D, no change is expected from the existing
AASHTO standards for scenario B, while the values shown in Table 20 should be

used if either scenario C or D is implemented.
4.3 SIGHT DISTANCE AT GRADE INTERSECTIONS

(A) AASHTO (Ref 3) considers three general cases of required sight
distance at intersections, and the designer must ensure that for the different
assumptions there will be unobstructed view along both roads. The three cases

are:

Case 1. Enabling vehicles to adjust speed. Here only reaction +

perception time and one additional second for acute braking is considered.

Case 2. Enabling vehicles to stop. Here the safe stopping

sight distance plays a role.
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Case 3. Enabling stopped vehicle to cross a major highway. The

formula used to obtain the required sight distance is

d = 1.47v (J + Ta)

where

d = minimum sight distance along the major highway, ft ,

V = design speed of the major highway, mph,

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

Ta = time required to accelerate and traverse the distance S
required to clear the major roadway (seconds). Ta is
obtained by using Fig 21 and the distance S that the
crossing vehicle must travel to clear the pavement, but

S = D+W+ L

where

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

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

1. = overall vehicle length.

(B) From the above it can be seen that only Case 3 will be influenced
by vehicle length and acceleration ability, while it has previously been shown
that the stopping sight distance will not be adversely affected by scenarios
B, C, or D. If it is assumed that the acceleration ability of the 3-S2-4 and
2-581-2-2 vehicles will be at least the same as that of the WB50 (Fig 21), then
longer sight distance will be needed due to the increase in vehicle length.
This assumption is affirmed by truck acceleration tests made by the Western
Highway Institute (Ref 24). 'For scenarios C and D using the 3-S2-4 and
2-51-2-2 vehicle, additional sight distance along the major highway will be
needed, and this is shown in Fig 22.

(C) Should scenarios C or D be implemented, additional sight distance
along the major highway will be required for Case 3 to compensate for

increased vehicle length.
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4.4. MEDIAN OPENINGS

(A) The design of median openings depends upon the type of turning
vehicle and the traffic volumes (Ref 3). The opening must accommodate the
offtracking characteristics of the design vehicle at slow speeds (see '"Minimum
design for sharpest curves" for a discussion on the expected wheel paths of

the 3-82-4 and 2-S1-2-2 vehicles).

(B) By using the offtracking characteristics obtained in '"Minimum
design for the sharpest curves,'" Fig 23 was obtained. Here the minimum median
opening is shown for various widths of the median. An 85-ft control radius
was used as this fits the path of the turning vehicle without undue encroach-
ment 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-S2-4 vehicle
will encroach on the adjacent lane about 4 ft, but this can be minimized by

swinging wide at the beginning of the turn.

(C) Should scenario C or D be introduced, a change in the design of
median opénings can be expected due to the increased offtracking character-

istics of the 3-52-4 vehicle.
4.5, MEDIAN IANES

(A) Median lanes are provided as deceleration and storage lanes for
vehicles making left turns from a divided highway (Refs 3 and 20). The length
of the lane should be sufficient to store the expected number of left-turn
vehicles during a one-minute interval. AASHTO (Ref 3) further assumes that
only 25 ft be allowed per turning vehicle and when doubling the arrivals per
minute obtained the following required storage length as shown in Table 21.

The SDHPT has the same standard.
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TABLE 21. LEFT TURN STORAGE 1ENGTH (FEET)
(REFS 3 AND 20)

Turning Vehicles Storage Length,
Per Hour feet
30 25
60 50
100 100
200 175
300 250

Since trucks are not considered by AASHTO in designing the storage
length, an increase in truck dimensions should have no influence on the design
of median storage lanes. For the above storage lengths and a 65-~ft vehicle,
storage space would have been provided for the 65-ft truck when the number of
left-turning vehicles is equal to or greater than 100 per hour. If scenario C
or D is implemented, the maximum truck length will be 105 ft., and this truck
can also be accommodated in the storage space required when the number of
turning vehicles is equal to or greater than 100 per hour. This can be accom-
plished by taking the taper into account; however, the length available for

passenger vehicles will be reduced.

(B) Since the design vehicle is the passenger car, no change in AASHTO
policy is expected should scenario C or D be implemented. But the composition
of traffic should be considered when designing storage space and larger design

"vehicles should be used if their numbers justify it.
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CHAPTER 5. 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
representative group of each road functional or system class. This informa-
tion was obtained either by collecting data manually from "as built" plans and
doing a statistical test on the confidence interval obtained from the sample,
or by using information provided by the SDHPT.

The Federal Highway Administration required a diversity of information
from the SDHPT concerning the following rural functional road classes (Ref

21):

(1) Interstate;

(2) Principal arterials: other;
(3) Minor arterials;

(4) Major collectors; and

(5) Minor collectors.

The sample sizes required for the HPMS were based on "a 90-5 precision
level for the volume groups of the principal arterial s&stem, 90-10 for the
minor arterial system, and on an 80-10 precision level for the collector
system" (Ref 21).

This information was made available for the use in this study and
proved to be invaluable. Whenever use of this information (hereafter referred
to as the HPMS information), or the extended form, is made to derive a cost
estimate, no statistical testing on the sample size adequacy will be done.
This was done by the Texas State Department of Highways and Public Transpor-
tation prior to the collecting of the required information. For all other
estimates statistical testing will be done to ensure an adequate sample size.

As it was necessary to distinguish between the following road systems,

a manual identification of the HPMS section identities was performed for

(1) Interstate,

(2) US and State routes, and

69
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(3) Farm to Market roads.

Note that only the following items were taken into account when the

cost estimates were made:

(1) Widening of the existing pavement with the exclusion of such
items as grading, median barriers, curbs, guardrails, sign
relocation, earth works, additional right of way, culvert
extension, or pavement markings. (See Appendix.)

(2) Widening of existing bridges.
5.1. STOPPING SIGHT DISTANCE

To increase the truck size or weight should have no cost effect on the

above design element.
5.2. PASSING SIGHT DISTANCE

Although more distance will be needed to overtake 1ohger trucks, the
pavement markings will not be influenced by an increase in truck length or
weight, according to the existing '"Manual on Uniform Traffic Control Devices"

(Ref 1). Therefore no cost estimate is involved here.

5.3. PAVEMENT WIDENING ON CURVES

Should scenarios B, C, or D be implemented, additional pavement widths

must be added on restrictive curves for scenarios C or D. As the HPMS did not

require the lengths of restrictive curves, these were manually obtained for all

the HPMS's rural sections. This was added to the HPMS data, and will be
referred to as the extended HPMS information.

Table 6, average cost figures obtained from the Texas State Department
of Highways and Public Transportation (see Appendix), and the extended HPMS

information were used to derive the cost estimates shown in Table 22.

5.4, CRITICAL LENGTHS OF GRADES

To increase the size or weight of trucks should have no effect on the

above design element. Therefore no cost estimate is involved here.
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TABLE 22. COST ESTIMATES TO WIDEN PAVEMENTS ON RESTRICTED CURVES
(IN 1979 DOLLARS)

Length of Additional Length of Additional Area Scenario Scenario

Section in Area Sq. Yd. System in For System Sq. Yd. c D

Miles Scenario Scenario Miles Scenario Scenario

2-81-2-2 3-S2-4 2-51-2-2 3-82-4
Interstate
System 1157.97 1,763 4,146 2,214 4,000 8,000 $ 297,000 $ 297,000
U.S. and ,
4372.93 21,263 52,687 22,070 154,000 362,000 $ 5,409,000 $ 5,409,000

State System
Farm to Market
System 985.98 83,917 157,149 38,169 3,249,000 6,084,000 $28,471,000 $28,471,000
TOTAL OF
ABOVE THREE 6516.88 106,943 213,982 62,453 3,407,000 6,454,000 $34,177,000 $34,177,000
Interstate
System 1157.97 1,763 4,146 2,214 3,400 8,000 $ 297,000 $ 297,000
All
Principal 4004.98 8,295 23,179 10,317.23 22,000 62,000 $ 1,979,000 $ 1,979,000
Arterials
All Systems 6516.88 106,943 213,982 62,453 3,407,000 6,454,000 $34,177,000 $34,177,000

|4
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5.5. REST AREAS

Due to the standard layout with parallel parking, no expansion or
modification of the existing facilities is anticipated. In future designs,
offtracking characteristics of the 3-S2-4 should be borne in mind. To
increase the size or weight of trucks will only reduce the capacity of

existing rest areas and therefore no cost estimate is involved here.

5.6. LANE WIDTH

Should scenarios B, C, or D be implemented and the current SDHPT policy
of a 12-ft minimum lane width be implemented, additional pavement width must
be added. The extended HPMS information and average cost figures (Appendix 1)
were used to obtain the estimates shown in Tables 23 through 27. Only bridges
less than 1,000 ft were used to calculate the average length on the different
road classes. With the aid of the computer, the following was obtained.

(1) 1Identification of sections with restrictive widths and the

length thereof.
(2) Total additional area required.

(3) Number of bridges to be widened.

A distinction between flexible or rigid pavements and the class of road
were made in order to derive the cost estimates.

Note that while the current SDHPT policy was used to obtain these cost
estimates, they also apply to scenario A. The average cost figures for
scenario A are more or less equal to those of scenario C and therefore the
total cost to upgrade the existing highway system to current policy, will be

the same as that for scenario C.
5.7. WIDTH OF SHOULDERS

I1f any of scenarios B, C, or D are implemented, the existing SDHPT
policy of desirable shoulder widths used, additional pavement width must be

added.

The extended HPMS information, average cost figures, and the existing



TABLE 23. ADDITIONAL COST TO UPGRADE IANE WIDTH
TO 12 FEET FOR THE INTERSTATE SYSTEM

(IN 1979 DOLLARS)

Lane Width, Number of Length of Additional Scenario Scenario Scenario
Feet Sections Sections Area, B c D
in Miles Sq. Yd.
9 R 0 0 0 0 0 0
9 F 0 0 0 0 0 0
10 R 0 0 0 0 0 0
10 F 0 0 0 0 0 0
11 R 0 0 0 0 0 0
11 F 1 1.28 1501.85 $ 39,800 $ 37,700 $ 37,700
12 137 1156.69 0 0 0 0
Section
Total 138 1157.97 1501.85 $ 39,800 $ 37,700 $ 37,700
State
Total 2214 2900 $ 77,000 $ 73,000 $ 73, 000
Number of Number of Sectional State Additional Scenario B Scenario C Scenario D
Bridges on Bridges on  Additional Area S5q. Yd. State Total State Total State Total
Sections System Area Sq. Yd.
1589 2824 42 80 43,000 43,000 43,000
GRAND TOTAL $120,000 $116,000 $116,000

€L



TABLE 24.

ADDITIONAL COST TO UPGRADE IANE WIDTH TO 12 FEET

FOR ALL U.S, AND STATE HIGHWAY SYSTEMS (IN 1979

DOLLARS)
Lane Width, Number of Length of Additional Scenario Scenario Scenario
Feet Sections Sections Area , B C D
in Miles 8q. Yd.
2R 1 2.86 10,067.19 $ 313,000 $ 313,000 § 313,000
9 F 4 58,49 28,926.47 $ 3,074,000 $ 2,770,000 $ 2,770,000
10 R 1 4.20 9,855.99 $ 306,000 $ 306,000 $ 306,000
10 F S 34 226.01 579,667.02 $ 7,785,000 $ 7,014,000 $ 7,014,000
11 R .0 0 0 0 0 Y
11 F 55 506.52 785,889.74 $ 10,554,000 $ 9,510,000 $§ 9,510,000
12 418 3574.85 0 0 0 0
é
Section
Total 513 4372,93 1,614,406.40 $ 22,032,000 $ 19,913,000 $ 19,913,000
it::i 22,070 10,419,000 $142,062,000  $128,355,000  §128,355,000
o
Number of Number of Sectional State Additional Scenario B Scenario C Scenario D
Bridges on Bridges on  Additional Area Sq. Yd. State Total State Total State Total
Sections System Area Sq. Yd.
1832 9678 14,550 76,900 41,526,000 41,526,000 41,526,000
GRAND TOTAL $183,568,000  $169,881,000 $169,881, 000
L Y T %a f Ya L LY L "SRR N TR - W



TABLE 25. ADDITIONAL COST TO UPGRADE TANE WIDTH TO 12 FEET
FOR ALL FARM TO MARKET ROADS (IN 1979 DOLLARS)
Lane Width, Number of Length of Additional Scenarilo Scenario Scenario
Feet Sections Sections in Area, B C D
Miles Sq. Yd
9 R 1 4.00 14,079.98 $ 437,000 $ 437,000 5 437,000
9 F 37 220.58 780,598.06 $§ 3,653,000 $ 3,653,000 $ 3,653,000
10 R 1 5.27 12,366.92 $ 384,000 § 384,000 $ 384,000
10 F 105 605.89 1,421,805.71 $ 6,654,000 § 6,654,000 § 6,654,000
11 R 0 0 0 0 0 0
11 F 7 33.01 38,731.29 $ 181,000 § 181,000 $ 181,000
12 24 117.23 0 0 0 0
Section
Total 175 985.98 2,267,581.97 $ 11,309,000 § 11,309,000 § 11,309,000
State
Total 38,169 87,782,000 $437,791,000  $437,791,000  $437,791,000
Number of Number of Sectional State Additional Scenario B Scenario C Scenario D
Bridges on Bridges on  Additional Area Sq. Yd. State Total State Total State Total
Section System Area Sq. Yd.
189 8158 8,425 363,600 $183,255,000 $183,255,000 $183,255,000
GRAND TOTAL $621,046,000 $621,046,000 $621,046,000

R
F

[

Rigid Pavement
Flexible Pavement
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TABLE 26.

ADDITIONAL COST TO UPGRADE IANE WIDTH TO 12 FEET
(IN 1979 DOLLARS)

FOR ALL PRINCIPAL ARTERIALS

Lane Width, Number of Length of Additional Scenario Scenario Scenario
Feet Sections Sections Area . B C D
in Miles Sq. Yd.
9 R 0 0 0 0 0 0
9F 3 36.63 151,980.14 $ 2,041,000 $ 1,839,000 5 1,839,000
10 R 1 4.20 9,855.99 ] 306,000 § 306,000 § 306,000
10 F 2 16.48 58,501.74 $ 786,000 ) 708,000 5 708,000
11 R 0 0 0 0 0 0
11 F 29 287.68 471,228.78 $ 6,348,000 $ 5,722,000 $ 5,722,000
12 429 3,659.90 0 0 0 0
Section
Total 464 4,00%. 89 691,566, 64 5 9,481,000 § 8,575,000 S 8,375,000
State
Total 10,317.23 1,962,000 $ 26,880,000 $ 24,309,000 $ 24,309,000
Number or Numher of Sectional State ..Jditional Scenario B Scenario C Scenario D
Bridges on Bridges on  Additional Area Sq. Yd. State Total State Total State Total
Sections System Area Sg. Yd.
2873 6676 6,435 19,300 ¢ 10,422,000 $ 10,422,000 $ 10,422,000
GRAND TOTAL $ 37,302,000 $ 34,731,000 $ 34,731,000
R = Rigid Pavement
F = Flexible Pavements
L PR % - f . I U 5 L O L " A w
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TABLE 27. ADDITIONAL COST TO UPGRADE IANE WIDTH TO 12 FEET

FOR THE "ALL SYSTEMS' COMBINATLON (IN 1979 DOLLARS)

Lane Width, Number of Length of Additional Scenario Scenario Scenario
Feet Sections Sections Area . B C D
in Miles 5q. Yd.
9 R 2 6.86 24,167.17 $ 750,000  § 750,000  § 750,000
9 F 41 279.07 1,009,5324.53 S 6,727,000 § 6,423,000 $ 6,423,000
10 R 2 9.47 22,222.91 $ 690,000 $ 690,000 ] 690,000
10 F 139 831.90 2,001,472.73 $ 14,439,000 $ 13,668,000 $ 13,668,000
11 R 0 0 0 0 0 0
11 F 63 540. 81 826,122.88 $ 10,775,000 $ 9,729,000 $ 9,729,000
12 579 4,848.77 0 0 9] Y
Section
Total 326 6,516. 88 3,883,490.22 $ 33,381,000 § 31,260,000 $ 31,250,000
State
Total 62,453 98,204,000 $579,910,000 $566,219,000 $566,219,000
Number of Number of Sectional State Additional Scenario B Scenario € Scenario D
Bridges on Bridges on  Additional Area Sg. Yd. State Total State Total State Total
Sections System Area Sg. Yd.
3610 20660 23,017 440,580 $224,324,000 $224,824,000 $224,824,000
GRAND TOTAL $804,734,000 $791,0643,000 $791,043,000

R = Rigid Pavement
= Flexible Pavement

F
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SDHPT policy on shoulder width were used to obtain the estimates shown in

Tables 28 through 32. The computer was used to identify

(1) Sections with restrictive width and the lengths.
(2) Total additional area required.

(3) Number of bridges to be widened.

A distinction between flexible and rigid pavements, and the class of
road were made in order to derive the cost estimate.

Note that here as for "Lane width'" the current SDHPT policy was used to
obtain cost estimates for scenarios B, C, and D. Therefore to upgrade the
existing road network to current SDHPT policy (scenario A), additional cost

equivalent to that of scenario C will be needed.

5.8.  GUARDRAILS

An increase in truck size or weight should not have any effect on the
design of guardrails since passenger vehicle characteristics are used rather

than characteristics of trucks.
5.9. INTERSECTION DESIGN ELEMENTS

Because of the close relationship of the five design elements, no
separate cost estimates will be made for individual elements. The five will
be treated in their entirety. As information on the intersections had to be
manually retrieved, the following methodology was envisaged to eliminate bias
and reduce the variance.

(1) Sections of road and the included intersections were randomly

selected.

(2) Due to the expected big variance between different inter-
section types, the intersections were divided in the following
classes:

(a) Interstate with Interstate routes,
(b) Interstate with US or State routes,
(¢) Interstate with FM routes,

(d) US or State with US or State routes,
(e) US or State with FM routes, and
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TABLE 28. ADDITIONAL COST TO UPGRADE SHOULDER WIDTH TO EXISTING
SDHPT POLICY FOR THE INTERSTATE SYSTEM (IN 1979
DOLLARS) . :

Shoulder Number of Length of Additional Scenario Scenario Scenario
Widthy Sections Sections Area o B C D
Feet in Miles Sq. Yd.

4 F 0 0 0 0 0 0

6 R 0 0 0 0 0 0

6 F 0 0 0 0 0 0

8 R 0 0 0 0 0 0

8 F 0 0 0 0 0 0

10 R 0 0 0 0 0 0
10 F 0 0 0 0 0 0

Divided

R 1 2.41 2,827.73 $105,000 $105, 000 $105,000
Divided

F 1 4.07 9,550.66 $253,000 $240,000 $240,000
Section
Total 138 1157.97 i 39 $358,000 $345,000 $345,000
State
Total 2214 24,000 $684,000 $660,000 $660,000
Number of Number of Section's State's Additional Scenario B Scenario C Scenario D
Bridges on Bridges on  Additional Area Sq. Yd. State Total State Total State Total
Sections System Area Sq. Yd.
1589 2824 125 250 $135,000 $135.000 $135,000
GRAND TOTAL $819,000 $819,000 $819,000

R

= Rigid Pavement

F

= Flexible Pavement
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TABLE 29. ADDITIONAL COST TO UPGRADE SHOULDER WIDTH TO EXISTING
SDHPT POLICY FOR ALL U.S. AND STATE ROADS

Shoulder Number of Length of Additional scenario Scenario Scenario
Width, Sections Sectiouns Area . B ¢ D
Feet in Miles Sq. Yd.

4 F 12 81.32 75,292.58 $ 1,011,000 $§ 911,000 $§ 911,000

6 R 0 0 0 0 0 0

6 F 8 65.04 175,119.5 $ 2,352,000 $ 2,119,000 § 2,119,000

8 R 1 4.20 4,927.86 $ 153,000 $ 153,000 & 153,000

8 F 25 190. 46 960,382, 34 $ 12,898,000 $ 12,652,000 $ 12,652,000

10 R 4 16.21 122,633.32 $ 3,808,000 $ 3,808,000 $ 3,8C8,000

10 F 258 2,296.72 7,853,718.20 $105,475,000 $ 95,630,000 S 95,930,000
D”I‘;de‘j 3 11.13 21,752 .91 $ 676,000 $ 676,000 5 675,000
Divided

F 9 57.76 198,616.23 $ 2,667,000 S 2,303,000 $ 2,403,000

Section
Total 513 4,372.93 9.412,442.94 $129,040,000 $117,752,000  $117,752,000
State
Total 22,070 49 .48%,000 $681,631,000  $626,555,000  $626,555,000
Number of Number of Section's State's Additional Scenarioc B Scenario C Scenario D
Bridges on Bridges on  Additional Area Sq. Yd. State Total State Total State Total
Sections System Area Sq. Yd.
1832 9678 70,455 375,950 $203,013,000  5203,013,000  $203,013,000
GRAND TOTAL $884,644,000  $829,568,000  $829,568,000

08
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TARLE 30. ADDITIONAL COST TO UPGRADE SHOULDER WIDTH TO EXISTING
SDHPT POLICY FOR THE FARM TO MARKET SYSTEM
Shoulder Number of Length of Additional Scenrario Scenario Scenario
Width, Sections Sections Areay B C D
Feet in Miles Sq. Yd.
4 F 89 486.32 1,080.273.2 $ 5,056,000 $ 5,056,000 $ 5,056,000
6 R 0 0 0 0 0 0
6 F 26 186.49 986,019.6 $ 4,615,000 $ 4,615,000 S 4,615,000
8 R 0 0 0 0 0 0
8 F 18 115.31 765,574. 36 $ 3,583,000 $ 3,583,000 $ 3,583,000
10 R 1 5.27 24,733.16 $ 768,000 3 768,000 S 768,000
10 F 19 55.49 364,485.65 ¢ % U"AR.N00 $ 1,706,000 $ 1,706,000
Divided
R 0 0 0 0 0 0
Divided
F 0 0 0 0 0 0
Secti
rosal 175 985.98 3,221,085.97 § 15,728,000 § 15,728,000 § 15,728,000
State
Total 38,169 124,694,000 $608,858,000 $608,858,000 $608,858,000

Number of

Number of

Section's

State's Additional

Scenario B

Scenario C

Scenario D

Bridges on Bridges on Additional Area Sq. Yd. State Total State Total State Total
Sections System Area Sq. Yd.

189 8158 25,820 1,114,400 $561,658,000 $561,658,000 $561,658,000
GRAND TOTAL $1,170,516,000 $l,170,516;000 $1,170,516,000

)
L

= Rigid Pavement
Flexible Pavement
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TABLE 31. ADDITIONAL COST TO UPGRADE SHOULDER WIDTH TO EXISTING
SDHPT POLICY FOR ALL PRINCIPAL ARTERIALS

Shoulder Number of Length of Additional Scenario Scenario Scenario-
Width, Sections Sections Area, B C D
Feet In Miles Sq. Yd.

4 F 0 0 0 0 0 0

6 R 0 0 0 0 0 0

6 F 0 0 0 0 0 0

8 R 1 4.20 4,927.86 $ 153,000 $ 153,000 $ 153,000

8 F 6 42.64 362,429,.90 $ 4,867,000 $ 4,385,000 $ 4,385,000
10 R 2 5.06 40,666.58 $ 1,263,000 $ 1,263,000 $ 1,263,000
10 F 171 1,590.90 5,270,158.54 $ 70,778,000 $ 63,769,000 $ 63,769,000
Divided

R 3 9.82 20,216.48 $ 645,000 § 645,000 $ 645,000
Divided
F 9 44.77 128,100.89 $ 1,845,000 $ 1,674,000 $ 1,674,000
Section
Total 464 4,004.89 5,826,500.25 $ 79,551,000 $ 71,889,000 $ 71,889,000
State
Total 10,317.23 16,573,000 $226,092,000 $204,297,000 $204,297,000
Number of Number of Section's State's Additional Scenario B Scenario C Scenario D
Bridges on Bridges on  Additional Area Sq. Yd. State Total State Total State Total
Sections System Area Sq. Yd.
2873 6676 40,625 121,750 $ 65,745,000 $ 65,745,000 $ 65,745,000
GRAND TOTAL $291,837,000 $270,042,000 $270,042,000
R = Rigid Pavement
F = Flexible Pavement
% *» Ya W f L T b u W W tm L S
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TABLE 32. ADDITIONAL COST TO UPGRADE SHOULDER WIDTH TO EXISTING
SDHPT POLICY FOR THE "ALL SYSTEMS'" COMBINATION
Shoulder Number of Length of Additicnal Scenario Srenario Scenario
Width , Sections Sections Areaq B C D
Feet In Miles Sq. Yd.
4 F 101 567.64 1,155,565.78 $ 6,067,000 $ 5,967,000 $ 5,967,000
6 R 0 0 0 0 0 0
6 F 34 251.53 1,161,139.10 S 6,967,000 $ 6,734,000 $ 6,734,000
8 R 1 4.20 4,927.86 $ 153,000 $ 153,000 $ 153,000
8 F 43 305.77 1,725,956.70 $ 16,481,000 $ 16,235,000 $ 16,235,000
10 R 5 21.48 147,366.48 $ 4,576,000 S 4,576,000 $ 4,576,000
10 F 277 2,352.21 8.218,203.85 $ 107,181,000 $ 96,736,000 $ 96,736,000
Divided
R 4 13.54 24,580.64 $ 781,000 $ 781,000 $ 781,000
Divided
F 10 61.83 208,166.89 $ 2,920,000 $ 2,643,000 ] 2,643,000
Section
Total 826 6,516.88 12,645,907.30 $ 145,126,000 $ 133,825,000 $ 133,825,000
State
Total 62,453 174,291,000 $1,291,173,000 $1,236,073,000 $ 1,236,073,000

Number of

Number of

Section's

State's Additional

Scenario B

Scenario C

Scenario D

Bridges on Bridges on Additional Area Sq. Yd. State Total State Total State Total
Sections System Area Sq. Yd.

3610 20,660 96,400 1,490,600 $ 764,806,000 $ 764,806,000 $ 764,806,000
GRAND TOTAL $2,055,979,000 $2,000,879,000 $2,000,879,000

Rigid Pavement
Flexible Pavement

£8
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(f) FM with FM routes.

(3) The number of intersections were manually counted (according
to the above classes) on the HPMS sections.

(4) The cost figures were obtained by
(a) Using average cost data (Appendix);
(b) New design values as suggested in Chapter 4,
(c) "As built" plans obtained according to (1) and (2) above,

(d) Expanding the sample to allow for the States road network
as a whole.

(5) The confidence level of the mean estimator was computed with
the use of the t statistic.

(6) The assumption of a normally distributed mean area (additional)
to allow for the operation of scenarios C or D was tested with
a chi-square goodness of fit test.
To obtain a confidence interval for the mean of a normal distribution
when the standard deviation is unknown, the following statistic was used
(Ref 5):

The 100(1 - o )% confidence interval is equal to

X + ta/2; n-1x S

n

where
X = computed mean for the sample,
0./2 = probability that the man will be greater or less than
the computed mean,
S = standard deviation computed for the sample,
n = number of observations in the sample, and
t = the t statistic.

The chi-square goodness of fit test is used as described by A. H.
Bowker and G. J. Lieberman (Ref 5). The chi-square statistic is computed by

the following formula:

k

Z (01 = Bi) el o914
Ei

i=1
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where

01 observed frequency and

Ei theoretical frequency.
The theoretical expected number of observations falling into an
interval must be at least 5. To have 2 degrees of freedom, 5 intervals are

necessary because estimators are used for the mean and variance. Therefore 25

observations are needed., The 5 intervals all have an expectancy of 0.20. The

computed statistic is then tested against the chi-square distribution.

" Due to incomplete intersection details (e.g., missing dimensions) on
the sampled plans, a large percentage (40 to 50 percent) of the randomly
éampled intersections had to be disregarded. Additional plans containing more
detailed information were studied, and this may lead to a biased sample.
Except for the random sampling, additional samples were treated according to
the methodology described above.

For scenario A it is assumed that all intersections are presently
designed to allow for operation of all vehicle types without undue encroach-
ment on the adjacent lanes. This is of course not true, particularly for the
FM road system., The estimate shown in Table 33 reflects therefore a true
picture to upgrade the existing intersections to allow for scenarios C or D,
but should the intersections also be designed to allow for scenarios A or B
without undue encroachment, a considerable amount of money will be needed.

This cost estimate was unfortunately not made.

Interstate Intersecting with an Interstate Highway

There are only two of these intersections on the HPMS sections. To
allow for the operation of either scenarios C or D, the following additional

areas are required to upgrade the two intersectionms.



TABLE 33. ADDITIONAL COST ESTIMATE TO UPGRADE INTERSECTIONS
Average Number of Length of Total Length Additional Additional Additional
Area (Sq. Yd.) Intersections HPMS Sections of System Area for Cost Cost
on HPMS (mi.) (mi.) System (Sq. Yd.) Scenario C Scenario D
Sections
Interstate 1K 3050.0 2 1157.97 2,214 12,200 $ 700,000 $ 700,000
System
US and
IH 1824.0 137 o
State Us 916.0 407 4372.93 22,070 3,130,000 $ 68,869,000 $ 68,869,000
System
™ IH 1876.0 158
X us 574.8 771 985.98 38,169 30,845,000 $144,355,000 $144,355,000
System ™ 364.4 157
Interstate IH 3050 2 1157.97 2,214 12,200 $ 700,000 $ 700,000
System
All IH 3050 2
Principal us 1824 122 4004.89 10,317.23 1,446,000 $ 29,823,000 $ 29,823,000
Arterials M 910 309
"All Systems' 1632 6£516.88 62,453 33,987,200 $213,924,000 $213,924,000
L I L L f - L L S T L ™ Y L 5N Y k. 5N
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Pavement Area (sq yd) Structural Area (sq yd)
2600 65
3500 400
Average = 3050 Average = 232.5

While only two intersections are involved, no statistical testing can
be done, but as these are the only ones on the HPMS sections, the precision

level should be the same as that for the HPMS sample.

Interstate Intersecting with a US or State Highway

For the 25 sampled intersections, the additional area (sq yd) required

to upgrade the intersections to allow for scenarios C or D are the following:

1250, 1050, 2700, 3200, 2250,
1600, 1800, 2300, 1450, 2000,
1800, 2500, 2750, 2150, 2500,
600, 2200, 1050, 900, 1800,
1200, 2050, 2150, 1300, 1050.

For the above:

1824.0

X

S 664.91

The 90 percent confidence interval for the above mean is

1824.0 + or - 1.711%664.91/SQRT(25)

(1596.47; 2051.47)

To test the normality hypothesis, the intervals and the number of

observations falling into each interval are
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Number of
Interval Observations
0-1264 5
1264~-1656 [
1656-1992 3
1992-2384 8
2384~1inf. 5

From the above the chi-square statistic is
2 2 2
( (5-5)° + (5-0)° + (5-3)% + (5-8)2 + (5-5)% ) /5 = 2.80
For a 5 percent level of significance, the tablevalue of the chi-square
distribution corresponding to 2 degrees of freedom, is 5.991, and the hypothe-

sis that the additional areas are normally distributed is accepted.

Interstate Intersecting with a FM Road

For the 25 sampled intersections, the additional area (sq yd) required

to upgrade the intersections to allow for scenarios C or D are the following:

1550, 1400, 2400, 2250, 2500,
500, 450, 1800, 950, 900,
4650, 2050, 1800, 1100, 2200,
1800, 2400, 2500, 1700, 3200,
1250, 1050, 2750, 1350, 2400.

For the above:

1876.0

»d
]

w
]

916.53

The 90 percent confidence interval for the above mean is
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1876.0 + or - 1.711%916.53/SQRT(25)

(1562.36; 2189.64)

To test the normality hypothesis, the intervals and the number of

observations falling into each interval are

Number of
EEEEEXEE. Observations
0-1104 6
1104-1644 4
1644-2108 5
2108-2648 7
2648~1inf. 3

From this the chi-square statistic is
2 2 2 2
 (5-6)" + (5-4)" + (5-5)" + (5-7)" + (5-3)2 /5 = 2.0
For a 5 percent level of significance, the table value of the chi-
square distribution corresponding to 2 degrees of freedom, is 5.991, and the

hypothesis that the additional areas are normally distributed is accepted.

US or State Intersecting with a US or State Road

For the 25 sampled intersections, the additional area (sq yd) required

to upgrade the intersections to allow for scenarios C or D are the following:

110, 450, 900, 1300, 920,
150, 800, 800, 600, 300,
1400, 1300, 950, 1800, 700,
1400, 800, 1050, 900, 1200.

From the above:
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910.0

il
I

w
i}

441,23

The 90 percent confidence interval for the above mean is

910.0 + or - 1.711%441.23/SQRT(25)

(759.01; 1060.99)

To test the normality hypothesis, the intervals and the number of

observations falling into each interval are

Number of
Interval Observations
0- 540 5
540~ 800 6
801-1025 5
1026-1280 2
1281-inf. 7

From this the chi-square statistic is
2 2
C 5-5)2 + 5-6)2 + 5-5)%2 + (5-2)% + 5-1)% ) /5 = 2.80
For a 10 percent level of significance, the table value of the chi=-
square distribution corresponding to 2 degrees of freedom, is 4.605, and the

hypothesis that the additional areas are normally distributed is accepted.

US or State Intersecting with an FMRoad

For the 25 sampled intersections, the additional areas (sq yd) required

to upgrade the intersections to allow for scenarios C and D are the following:

”

ol
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1900, 500, 650, 250, 450,
720, 360, 650, 500, 480,
360, 300, 1100, 200, 800,
200, 450, 650, 250, 1300,
450, 700, 450, 250, 450.

From the above

>
]

574.80

383.28

w
n

The 90 percent confidence interval for the above mean is

574.8 + or - 1.711%338.28/SQRT(25)

(459.04; 690.56) .

To test the normality hypothesis, the intervals and the number of

observations falling into each interval are

Number of
Interval Observations
0~ 252 5
252~ 478 8
478- 672 6
672- 897 3
897-inf. 3

From this the chi-square statistic is
[ (5-5)° + (5-8)% + (5-6)% + (5-3)% + (5-3)> A/5 = 3.60

For a 10 percent level of significance, the table value of the chi-
square distribution corresponding to 2 degrees of freedom, is 4.605, and the

hypothesis that the additional areas are normally distributed is accepted.



92

FM Intersecting with a FM Road

For the 25 sampled intersections, the additional areas (sq yd) required

to upgrade the intersections to allow for scenarios C or D are the following:

450, 450, 450, 260, 180,
450, 260, 150, 180, 450,
350, 300, 590, 200, 300,
450, 450, 250, 500, 590,
320, 450, 180, 500, 390.

For the above

X 364.40

132,10

S

The 90 percent confidence interval for the above mean is

364.40 + or - 1.318+%132.,1/SQRT(25)

(329.58; 399.22)

To test the normality hypothesis, the intervals and the number of

observations falling into each interval are

Number of
Interval Observations
0- 253 6
254~ 331 5
332- 398 2
399- 476 8
476=-inf. 4

From this the chi-square statistic is

L G-6)2 + (5-5)2 + (5-2)%2 + 5-8)2 + (5-0)2 V1 /5 = 4.0

L
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For a 10 percent level of significance, the table value of the chi-
square distribution corresponding to 2 degrees of freedom, is 4.605, and the

hypothesis that the additional areas are normally distributed is accepted.
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CHAPTER 6. SUMMARY

Assuming that either one of scenarios B, C, or D is implemented, and
the reasoning and assumptions made to establish the effect of these scenarios
on the design elements, cross section elements, and intersection design
elements are reasonable, then the following changes regarding these elements

can be expected:
(1) Stopping sight distance

No change from the current policy is foreseen due to the ability
of the 2-51-2-2 and 3-S2-4 combinations to stop within the AASHTO braking

distances.
(2) Passing sight distance

Although the implementation of any one of scenarios B, C, or D
will require additional sight distance, the current pavement marking policy
remains unaffected and no upgrading costs are required.

This element is only applicable to two-lane, two-way operations,
and if the current pavement marking practice is maintained, an adverse effect
on safety can be expected. This will be due to increased abortive passing
maneuvers. To overcome this problem for two-lane rural roads, several recom-
mendations have been made in the past (Ref 15), and some of them are:

(a) That the 2-S1-2-2 and 3-82-4 combinations only be
allowed on divided highways.

(b) That the 2-S1-2-2 and the 3-S2-4 combinations not be
allowed on any two-lane rural road with the exception of
terminal connectors, unless a careful route evaluation
is first made. Matters to be considered are composition
of traffic, road alignment and grade, and pavement
width. 1If these combinations are allowed, a large sign
indicating the truck length should be mounted on the
rear trailer.

(c) That the 2-51-2-2 and the 3-52-4 combinations be allowed
to operate 24 hours a day including weekends and
holidays on divided highways.

95
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{(d) That consideration be given to increase the minimum
horsepower ratio for them to be at least 350:1, to
ensure that a higher minimum speed be maintained.

(3) Pavement widening on curves

Due to the increased offtracking characteristics of the 3-82-4,
additional pavement width will be needed if scenarios C or D is implemented.
To upgrade the different road classes will involve pavement widening and

estimates as shown in Tables 34 to 36.
(4) Critical lengths of grades

While the performance of today's trucks is superior to that of the
AASHTO national representative truck, no adverse effect on the climbing
ability of trucks is expected should either one of scenarios B, C, or D be
implemented. This statement will be even more valid if, as suggested above,
the minimum horsepower ratio for the 3-82-4, 2-81-2~2, and 3-S2 is at least
350:1.

(5) Rest areas

While the standard layout of safety rest areas utilizes parallel
parking, scenarios B, C, or D will decrease the capacity of the rest areas if
either is iﬁplemented. Should parallel parking prove impractical for the
3-52-4 or 2-§1-2-2 vehicles, due to difficult back-up operation, pull-in angle
parking might be provided at additional cost.

(6) Llane width

Although no change in the SDHPT policy is expected, a é~inch
increase in vehicle width will necessitate that the current desirable
standards be strictly adhered to. This will have a pronounced cost effect for
either scenarios B, C, or D. Cost estimates are shown in Tables 34 to 36 to
allow for the upgrading of the different road classes, should one of the
scenarios be implemented. While this is the existing policy being strictly
adhered to, the cost estimates should not be considered as over and above that
for scenario A because the same costs will be necessary if the State's road

network is upgraded to the current policy.

”
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TABLE 34. SUMMARY OF ADDITIONAL COST TO ALLOW FOR THE IMPLEMENTATION
OF SCENARIO B (IN THOUSANDS OF DOLLARS)

All Principal "All Systems"

Arterials

Interstate
Highways

Farm-to-Market
Highways

Item Interstate U.S. and State
Highways Highways

To Widen
Restricted 0
Curves

To Widen
Lane Width 77
To 12 Feet

142,042

437,791

77

26,880

579,910

To Widen
Shoulders

To Desirable
Width

684

681,631

608,858

684

226,092

1,291,173

To Widen

Bridges 43
To 12 Feet

Lane Width

41,526

183,255

43

10,422

224,824

To Widen

Bridges to 135
Desirable

Shoulder Width

203,013

561,658

135

65,745

764,806

To Upgrade 0
Intersections

Total 939

1,068,212

1,791,562

939

329,139

2,860,713

L6



TABLE 35. SUMMARY OF ADDITIONAL COST TO ALLOW FOR THE IMPLEMENTATION
OF SCENARIO C (1IN THOUSANDS OF DOLLARS)
Item Interstate U.S. and State Farm.to-Market Interstate All Principal "All Systems"
Highways Highways Highways Highways Arterials
To Widen
.Restricted 297 5,409 28,471 297 1,979 34,177
Curves
To Widen
Lane Width 73 128, 355 437,791 73 24,309 566,219
To 12 Feet
To Widen
Shoulders 660 626,555 608, 858 660 204,297 1,236,073
To Desirable
Width
To Widen
Bridges 43
To 12 Feet 43 41,526 183,255 10,422 224,824
Lane Width
To Widen
Bridges to 135 203,013 561,658 135 65,745 764,806
Desirable
Shoulder Width
To Upgrade 200 68,869 144,355 700 29,829 213,924
Intersections
Total 1,908 1,073,727 1,964,388 1,908 336,581 3,040,023
L LN L | SO A L L . Y. Yo ot Y Y
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TABLE 36. SUMMARY OF ADDITIONAL COSTS TO ALLOW FOR THE IMPLEMENTATION
OF SCENARIO D (IN THOUSANDS OF DOLLARS)

Item Interstate U.S. and State Farm-to-Market Interstate All Principal "All Systems'
Highways Highways Highways Highways Arterials

To Widen
Restricted 297 5,409 28,471 297 1,979 34,177

Curves

To Widen :
Lane Width 73 128,355 437,791 73 24,309 566,219

To 12 Feet

To Widen
Shoulders

To Desirable
Width

660 626,555 608,858 . 660 204,297 1,236,073

To Widen

Bridges ) )
To 12 Feet 43 41,526 183,255 43 10,422 224,824

Lane Width

To Widen
Bridges to
Desirable
Shoulder Width

135 203,013 561,658 135 65,745 764,806

To Upgrade 700 68,869 144,355 700 29,829 213,924
Intersections
Total 1,908 1,073,727 1,964,388 1,908 336,581 3,040,023
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(7) Width of shoulder

Here as for "Lane width," no change in the current SDHPT policy is
expected, but a strict adherence to this policy is recommended. This will be
very costly for some of the road classes (see Tables 34 to 36). This cost
should not be considered as '"over and above' that for scenario A for the same

reason given in '"Lane width" above,
(8) Guardrails

Since guardrails are designed according to passenger car charac-

teristics, no change is expected.
(9) Minimum design for the sharpest turns

Due to the increased offtracking characteristics and decreasing
turning ability, especially for the 3-52-4, additional pavement width will be
needed in confined spaces to allow for the implementation of scenarios C or D.
While it is assumed that the existing intersections on all the road classes
are designed to allow for the operation of scenario A, this is not so,
especially for the Farm to Market roads. Estimates of changes required to
allow for the operation of scenarios C or D are shown in Tables 34 to 36.
Estimates for all five of the intersection design elements are included

because of the close relationships.
(10) Width for turning roadways

As for '"Minimum design for sharpest turns,'” additional pavement
width will be needed to accommodate the 3~52-4 vehicle if either one of
scenarios C or D is implemented. The combined cost estimates are shown in

Tables 34 to 36.
(11) sSight 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 scenarios C or D due to insufficient
information available on the existing sight distances or the restriction on

sight distance at intersections.
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(12) Median openings

Due to the increased offtracking characteristics of the vehicle
combinations in scenarios C and D, additional pavement area will be needed to
accommodate the 3-52-4 and 2-S1-2-2 without undue encroachment on adjacent
lanes., Estimates were made to allow for their operation, and the combined

costs are shown in Tables 34 to 36,
(13) Median lanes

While both AASHTO and the SDHPT consider only passenger car char-
acteristics when designing median lanes, no cost is involved but the storage
capacity of existing median lanes will be reduced if scenarios C or D is
implemented. 1In the future more emphasis should be placed on traffic composi-

tion when designing these facilities.

CONCLUSION

(A) Regarding the Efforts of This Report

If any one of scenarios B, C, or D is implemented, some altera-
tions to the State's road network will be necessary. Table 37 shows the total
cost needed for the different road classes. From this it can be seen that
there is no significant difference in cost to allow for the implementation of
either scenarios B, C, or D. This is mainly due to the fact that lane and
shoulder widths are currently below the desirable minimum. To add additional
pavement for scenario B is also more expensive per square yard than for any
one of scenarios C or D. (See Appendix 1.)

While there is so little difference in cost between the implemen-
tation of scenarios B, C, or D, considerations other than geometric design
should be used to decide on which scenario will best serve the prosperity and

vitality of the State.
(B) Regarding the Need for Future Research
The following has been pointed out in Chapters 2 through &4:

(1) That the existing procedure used by AASHTO to calculate the
required passing sight distance is only considering the case of a passenger

car overtaking a passenger car. In future research the relationship between



TABLE 37. SUMMARY OF ADDITIONAL COSTS TO ALLOW FOR SCENARIO B, C, OR D
(IN THOUSANDS OF DOLLARS)
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Case 1 Case 2
Item Interstate U.S. and State Farm to Market l Interstate All Principal "All Systems"
Highways Highways Highways Highways Arterials

Scenario

B 9339 1,068,212 1,791,562 939 329,139 2,860,713
Scenario .

c 1,908 1,073,727 1,964,388 1,908 336,581 3,040,023
Scenario

D 1,908 1,073,727 1,964,388 1,908 336,581 3,040,023

) LI 1 1 r 1 ) . L) A 3 1 X A | 3 3
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passing sight distance and the passing maneuvers which involve trucks and
truck lengths needs more attention because of the serious safety implications.

(2) 1In future research the performance of trucks on grades
(acceleration and deceleration) needs attention because the current AASHTO
standards are based on old data.

(3) The question of lane width, safety and vehicle width also
needs additional attention in order to arrive at a conclusive answer as to the
desirable lane width standards. Lane width can be an expensive item in the
construction and maintenance of roads. A move towards a cost benefit design
can be accomplished only if additional safety implications are known and a
cost is attached to safety versus lane width.

(4) As for lane width, a more conclusive study of shoulder width,
safety and vehicle width is needed. This will lead to a cost benefit

decision.
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TABIE Al.l. SUMMARY OF NEW PAVEMENT COSTS
FOR THE GEOMETRIC PHASE OF
THE TEXAS TRUCK STUDY
(INTERSTATE HIGHWAY)
Scenarios
Pavement
Type A B c D
Flexible $ 26.84 $ 27.66 $ 25.62 $ 25.62
Urban
Rigid $ 37.36 $ 37.36 $ 37.36 $ 37.36
Flexible $ 25.33 $ 26.51 $ 25,09 $ 25,09
Rural
Rigid $ 37.08 $ 37.08 $ 37.08 § 37.08

Notes: (1) All costs are in $/S.Y. .

(2) 1Indicated costs are applicable to mainlanes, shoulders,
and paved medians.

(3) Costs are for pavement structures only.
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TABLE A1.2. SUMMARY OF NEW PAVEMENT COSTS
FOR THE GEOMETRIC PHASE OF
THE TEXAS TRUCK STUDY
(OTHER U.S. AND STATE HIGHWAYS)
Scenarios
Pavement
Type A B C D
Flexible $ 11.91 $ 13.11 $ 11.91 $ 11.91
Urban
Rigid $ 31.35 $ 31.35 $ 31.35 $ 31.35
Flexible $ 12.10 $ 13.43 $12.10 $ 12.10
Rural
Rigid $ 31.05 $ 31.05 8 31.05 $ 31.05

Note: (1) All costs are im $/S.Y.

(2) 1Indicated costs are‘applicable to mainlanes, shoulders,
and paved medianms.

(3) Costs are for pavement structures only.
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TABLE Al.3. SUMMARY OF NEW PAVEMENT COSTS
FOR THE GEOMETRIC PHASE OF
THE TEXAS TRUCK STUDY

(FARM-TO-MARKET HIGHWAYS)

Pavement
Type A B C D

Scenarios

Flexible S 4.68 $ 4.68 $ 4.68 $ 4.68

Urban

Rigid NA NA NA NA

Flexible S 4.68 $ 4.68 $ 4.68 S 4.68

Rural

Rigid NA NA NA NA

Notes: (1)
(2)

(3

(4)

All costs are in $/S5.Y.

Indicated costs are applicable to mainlanes, shoulders,
and paved medians.

Rigid pavements are not considered as a replacement for
FM highways.

Costs are for pavement structures only.
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PROGRAM |
FOR INTERSTATE HIGHWAYS

TO CALCULATE ADDITIONAL PAVEMENT TO WIDEN LANES YO 12 FEET
IRURBAN/RURAL CODE, N=HIGHWAY CODE, K=(kOF LANFS
MB_ANE WIDTH, x12SURFACF TYPE, L=SECTION | ENGTHH#IB4
XLENETOT, LENGTH ALL SECTIONS

NORNUMBER OF RRIDGES AN SECTION

BNB2TOTAL RRINGFS FOR ALL SECTINNS

BROREXTRA BRIDGE WIDTH REQUIRED TO WINDEN TO 12 FTY
B1P,B11=AS ABAVF FOR 1BFT AND {1FT LAMES
XL9F,R3TOT,LENGTH 9 FEET SECTIONS (RSRIGID,FRFEXIRLE)
XL19F,R=AS ABNVE FOR 1¢ FEET SECTINNS
!LlinRRQS‘ABnVF

XL123TOT LENGTH ALL SECTIONS WIDTH>}2 FEET

NUMz TOT, s SFCTINNS,N9s §k SEC, ,LE, 9 FEET

N1oad ,EQ, 10 FFET,N11=HaEQ. 11 FEET,12=4%.FQ,12 FFET
AREAR/F:E!THA SA, YR, CTNTALY WITH R AND F AS ARDVE
AROR ,FREXTRA FOR 9 FEFT PAV?MENTs,AnlﬂR,F:FOR 18 FEET
AR}!Q;F'FOR 1{FFET

PROGRAM MAIN (INPUT,OUTPUT,TAPESHINPUY, TAPFASNUTPIT, TAPET)
NUMINSRENQFEN{ARIN{AF RN IRENT IFaN1230
XLENBXLOReEXLOFEXL1BR=X| 1aFsX| {1ReXL1iFeXL 1220
AREABARQREARIFRARIARBARIAFSAR1IREARIIF D
TimI2213274=0
INIBTN22INZSINUEITDNT=O
ROxR102R{1mR{2SRARBNBEA
wnxrgtb,ias
ip FORMAT(T1HY,SX, ®#| ANE NIDTHinSXo‘NO 0F SEC 2,
2SX, 2LENGTH MI.:.iex IADD AREAx.Sx tcosv:;;&
2n READ(5:SW.ENnalPG)I N L KoM oK1,11,72,13,14,N0
Ia FORMAT(II 2ux, 12, 4x,14,5x, 12,12,12%,12,7%X, 12,12, I?.I?.ﬂ?x.t?a
IF (I.EN, 2) ch TO 4p
GO TD 29
4a IF(N.ER.LY GO To S92
G0 T0 29
5a  XLEN ® XLEN + L/100,
NIIM 8 NUM ¢
BNBEBRNB ¢ NN
INIEING 411
INZEIN2 +12
INIZSINT 413
ING4aINg +14
IF(M, LT 12Y GO 70 &2
N12 8 N12 + 1 .
XL12 8 XL12 ¢ L/182B,
GO TD 26
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60

7

B0

9a

teao

2@

130

IF (M,6T,9) 60 TO &0
1F (K1,LE.A0) [N T0 72
ARYR = ARGR + Kw(12. -M\.L*S Rhbhb
NOR = NQR 4 |
XLOR = Y[ OR ¢ L/100
ROSR9 4+ NNeKk
6N To 20
LROF 3 AROF 4Kx (12 ,«M)2| 5, Bhkh
NGF = NOF 4 1
XLOF = XL 9F ¢ L/100.
RYZRY ¢ NNwK
GO 1IN 21

IF (M AT, 123 GO Yo 100

IF (K1,LE.6P) GN TN 90

ARIOR = ARIAR ¢ Kw(12.aM)xL 4S.8AnbS
NI2R 2 NIOR +f

XL1OR =YLI1AR &+ /100,

B1ABB{A ¢ ND=K

GO TO 20

ARIOF = ARYOF + Ka(12, «MYaL 45, 84666
NIUWFsMIPF «

XL1AF = XL 17F « L/108,

R{Z=81¢ ¢ NORK

Gh TO 2m

IF(K1, e, A#Y GO TN 110

ARIIR ZARIIR #Kw (12, =M)4]| 45, aaab
NTIRSMIIR & 1

XL1IIR sxXL11IR ¢ /182,

A11=R11 + NOwK

Gh TO 29

ARJIFZARIIF & Ku(12 aM)IxL 5. 8066
NIIFENIIF « | .

XLIMFSX) (1F 4 L /178,

RI1SR1| 4 NNaK

60 TO 20 ‘

AREA = AROGR 4 APGF 4AR1UAR $ARIPAF «ARLIR ¢ARYIF
ITOTSINISTNPINT 4T NY

RASRG ¢ RIQ ¢ BRI

£1 = 29 FY RIGIN=
2 = 29 FY FLFX¥®
£y = 219 RIGINE
g4 = =14 FLEX=®
CS = #11% RIGINZ
£Lh = 211 Fi.Fx=
C7 = %12 FT PavVa
C8 & 2TNTAL®

WRITEC(6,132YC1,NIR, XL9R, Anon
FNRMATIGX ,A1Q, ItSaFls -3 F16 e

L4

-
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140

154

160

17

188

117

WRITF(O, 1AV P, NOF,XLOF ,AROF
WRITEC6,130YC3, NIAR, XL 1AF, ARTIR
WRITE(H,130CH,NLAF , X 10F ,AR1AF

WRITE(SH, 1TUICS,NIIR, XL11F,ACLIR
wnITE(b,1xﬂvra.N1iF X[ {1F ,ARYIF

WRITE(S, 13MCT,N12,XL12,
WRITE(O,1umYCA,NUM, XLFN.APtA
FORMAT(SX,A14,115,F15,2,F16.2//

WRITE (6,50
FORMATI(SX,2TNTFECHANGER,SX,XGRANDF S16G,%#,5X,
PZGRADE 9TNPR,SX, #UNSIGNAL2,5X,2TNTAL2//)
WRITEC(H,16AYINL, IN2,IN3,ING,ITOTY
FORPMAT(SX,15, 1ax 15,1u4X,18,1%%,15,8%,15)
WRITE(G,17AY .

FNRMAT (5%, 2NN BRINGFS®,8X, 29 FT_ AREA®,5X,»210FT AREAx
2o6X, 211 FT ARFAR,SX,®¥TNTAL ARFAR//)
WRITECb,1BMWIRNR,R9,R14,R11,RA
FORMAT(BX,Fi0, ﬁ.BY.Fiﬁ ?,5%,F14.2,
PHN,FIA,2,5X,F14,2)

sSTNP

END
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PROGRAM 2
FOR PRINCIPAL ARTERTALS EXCLUDING INTERSTATF

TO CALCULATE ADDITIONAL PAVEMENT TD WIDEN LANES TD 12 FEET
ImURBAN/RURAL CNDF, NaMIGHWAY CONE, K=¥ OF L ANES
ME_ANE WIDTH, k1=SURFACE TYPE, L=SECTION LENGTHX]NAP
XLENSTOT, LENGTHM ALL SECTIONS

NOBNUMBER OF BRTIDGES NN SECTINN

BNBsTYOTAL BRIDGFS FOR ALL SFCTIONS

BOREXTRA BRIDGE WIDTH RFQUIRED TD WYDEN T0 12 FT
R12,B1{8A8 ABNVE FOR 1BFT AND 11FY LANES

XLOF ,ReTOT,LENGTH O FEEYT SECTIONS (R=RIGID,FuFFYXIBLF)
XL1OF,R2A8 ABOVE FOR 1@ FEEY SECTYNNS

XL11F,R=A8 ARDVF

XL128T0T LENGTH ALL SECTIONS WIDTH>12 FEEY

NUME TOT, { SECTIONS,N9= j SEC, ,LE, 9 FEET
u:a-ﬁ:.sa. 19 FEET,Ni11%a,F0, 11 FFET,125W3E0, 12 FEET
AREAR/FREXTRA 8QM, YD, (TATALY WITH R AND F A8 ARNVF
ARGR,FREXTRA FOR 9 FEET PAVFMENTS, AR{OR,FE2FNR (0 FEET
AR{1R,FRFOR {{FFET

PROGRAM MAIN C(INPUT,0lITPUT,TAPESSINPUT, TAPFABOUTPUT, TAPET)
NUMBNORENGFENIBRBNIAFRN] IRENI1FRN] 2RO
XLENSXLSReXLOFzx_ 1BRaX, 10FaY  11ReXL 11Fax12=0
AREABARIRBARIFZARIOREARI OFEART 1REART {Fafn
1131231 %nTin@
INT®IN2mINYBING2ITDTED
R9=B10=R|{=R12zsRAEANBEA
WRITEL6,1@)
19 FORMAT(1HY, SX ' #L ANE WIDTHR, Sx.an oF sgc,g
25X, ¢LENGTH MI.nciﬂx.iADD. AREA’,SX,’COSTS//}
a0 RE‘D(S’SGIEND'IEQ}I!N LpK M K1.?1312 13.141 NQ
LY FDRMAT(!!.?“X 17,8%,14, 5!.!? IP.I?!;I?,?X.!? 12,112,712, 47x,1 2y
IF (1,ED,2) GN TO 4n
GN Yo 24
ap IFIN.EQ.2Y 6O Tn S©@
GN TN 2a
Sn XLEN = YXLFN # L/lﬂﬂ
NUM =& NUUM ¢
BNBuBNR ¢ NO
INIRINT 411
IN2EINZ <12
INZIRINE 4T3
INGEING +14
IF (M, L? 12) GO T0 &4
NiZ2 = N12 + 1
XLi2 = ¥XL12 + L/!Gﬂ
G0 Y0 2@

Ll

L
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12 IF (M.GT,.9Y 6N TO kA
IF (Ki,tc.eR) GO TD 70 )
ARGR = AROR + Kx(12.=M)I#Lx5 R6646
MOR = NQR 4
XLOR = XLO9R + L/1%,
ROZRG + NNxK
60 T0 2@
74 AROF = AROQF +Kx (12, =MYal 25 _Rehb
NOF = NOF 4 1
XLOF & XLoF + L/180,
B9=R9 & NNwK
GN TO 24

BR  IF (M AT, (@) GO Tn ton
IF (K1,LE.6) GN TO 9 ]
ARIBR = AR1AR ¢ Kx(12,«M)x| %5 ,B6666
NTAR 2 NIUR +
XLle EXLIAR ¢ | /1382,

1A2R13 & NO#»K

Gn TO 29

Cid ARIWF 2 ARIOF + Kw(12. -M)*L*S Akbh
NIAFENIAF & 1 .
XLICF = X| 1AF + L7123,
RIAZRIA 4 NDwK
GO To 20

10 IF(KI,Le,68) GO TN 110

: AR1IR ZARYIIR 4K (12 =M)u| 25  Rbbh

NI1RSNIIR ¢ 1
XLIIR =X (1P ¢ | 71,
BitsRitl 4 NNDO*K
G0 Tn 20 . ,

119 AR{{FSARIIF + Ke(12_ =M 4S5 8666
NIIFBNIIF ¢ |
XLITFEXLItF + /109,
R11ERI1 + NO=xK
GO TN 2@

120 AREA = AROR ¢+ ARIF +ARIAR +ARIAF +ARIIR ¢Ap{{F
ITOT=INIAIN2+THI4ING
RAZRY ¢ R1¢G + BR1Y

C{ = %29 FT RIGIDZ
£2 = %9 FY FLEX® |
c3 = #*in RIGIN=
ca = #2i0 FLFX#
£ = %it RIGINs
£H = =14 FLFX=2
£7 = %212 FY PAVE
ca = STnTALt

WRITE(6,138YC1,NIR, XL IR (ARIR
137 FORMAT(SX,A10, 195,F15, 2,F16 2)
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140

150

160

170

18@

WRITE(0,13UYC2,N9F , XL 9F , ARSF
WRITE(6,1T2YCY,N1@AR,X| {AR, AR AR
WRITE(6,13RYCU,NIAF, X {OF, AR OF

WRITEC(S, 11zvrs NllR.Xll1R.A911?

WRITE (s, 11n\cb,N11F XL {11F,AR|IF

WRITE (b, 132V07,M12,¥L12,

WRYTE (6,14 CA, MM, XLEN, ARE A
FNRMAT(SX,A1¢,115,F15,2,F16.2//)

FORMAT (SX,2TNTECHANGE®,SX, #GRANE §1G,#,5YX,
P2GRADE STNPR,5X, #UNSIGNAL2,SX,2T0TAL2//)
WRITEC(G, 164YINL,IM2, INT, ING,ITOY
FORMAT(SX,15,97X,75,10X,15,10%,15,68X%,15)
WRITE(6,172) .
FORMAT (5% ,2#ND RRINGESY,S5X,*9 FT_ AREA%,SX,2{0FT ARFA=
PrbX,#11 FT ARFA®,SX,%2TOTAL ARFAX//)

WRITE (A, 1A#YBNR,B9,R{7A,R11,RA
FORMAT(SX,F1@,9, $SX,F10,2,5%,F10.2,
2SX,F1¥,2,5x%,F10,2)

STOP

FND
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PROGRAM 3
ALL SYSTEMS

TO CALCULATE ADDITIONAL PAVEMENT TN WIDEN LLANFS TN 12 FEET
IZURBAN/RURAL CNADE, NsMIGHWAY CNDE, K=f OF LANES

Me| ANE WInTH, KI=8URFACF TYPE, L=SRECTTON LENGTH®IAD
XLENaTOT, LENGTH ALL SECTTUNS

NOsNUMBER OF RRIDGES ON SECTINN

BNBRTOTAL BRINGES FOR ALL SECTIONS

BY92EXTRA BRRIDGE WIDTH REQUIRED YO HIDEN TD 12 FT
R10,B115AS ABOVE FOR {AFT AND 11FT LANES
XL9F,R=TOT, | ENGTH 9 FEET SECTIONS (RsSRIGID,FEFEXIALE)
XL1AF,R=A8 ABNVE FOR 1@ FFFT SECTIONS

XL11F,RRAS ABQOVF

XL128T0T LENGYH ALL SECTIONS WINTH»12 FEET

NUMz TOT, $ SECTIONS,N9s 4 SEC, LLE. o FEE?Y

Nigzg , Fo. 108 FEET,N11%a,FQ,. 11 FEET, 1228, EQ0, 17 FEET
aaEAR/F=EXTaA SR, YD, (TNTALY WITH R AND F AS AROVF
AR9R,FREXTRA FNR 9 FEFT PAVFMENTS,AR10R,FeFOR (@ FEET
AR{1R,F=FOR {(FFET

PROGRAM MATIN fINPUT.OUTEUT'TA°FSaI~PUT;TAPF&EOUTPH?,TAPE?’
NUM'NQR:NQFIN!BRlNluFahiihtNi!FaNla:ﬁ
xtEN:XLQR=XL9F=XL1ﬂRtkLian!Ll1R:¥L11F:xL1? 4
aREA:AQQRlARQFaAR1ﬂﬂzAR1ﬂF=AQ?19:&911?!?
11=125]13=1430 _
INISINZ=INIBINUSITOTRAN
B9=B12=R11=R12EBARANBAD
WRITE(H,10)
ie FORHAT(&H!.WX SLANE NIDTHI.WX-tNO oF S8EC, %,
25X, #LENGTH “I.t.lGX!!ADD AREAZ,SX, :cnsygffx
r-§] RE&D(S,SB,ENDIiaa)I Nel o X, ™ Ki,?l.IE;IS In ND
LT PORHATtIt 2nx.xe 4x, Iﬂ GX.I? 12, 12!-I?o7chEoT2913 120ﬂ72;725
1F (1.EQ.2) GO TO um
GO T0 2
49 IF(N.LE.BY GD TN 52
gD TD 2¢
-1 XLEN & YL FN ¢ L/Iaﬂ
NUM = NiM ¢ 1 :
BNBRBNB & NN
INI®INL &T%
IN2RINZ +12
INIRINT +13%
IN4BING 74
IF(M.LTL12) GO TO oM
N12 = N12 ¢ 1
XL12 = xL12 + L/190.
G0 Y0 20
ae IF (M,G6T.9) GO YD An
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73

Bp

S0

100

110

120

134

TF (K1,lE.60) GO TD 70
AROR = AROR 4 K#(12.eM)s| #5_Bhbhb
NOR = NOR ¢ 1 ]
XL9R = XL OR + L/100@.
RO=EB9 + NOwK
6N TO 29
ARIGF = AROF $K# ({12 ,=MVwl »5_Rphsh
NQF =2 NaF & 1
XLOF = YLOF + L/10@&.,
RO=RY 4+ NfaK
6N TN 20

IF (M 6T, 18) 6O TN fun

TF (Ki,le.67) GD TN 90

ARIOR 2 ARIPR + Ka(12 M)l x5_BAbbs
N12R 2 N{OAR +1

XLIPAR =X 10R ¢ L/i722,

RIAZRBI? + NOw#K

GO TO 29 ] )
ARLIPAF = ARIOF 4 Ku(12 «MInl a5 _Rahb
N1AFZNIAF + 1§

XLIOF = XL {aF + L/1P0.

RIBERI1P + NN=K

G0 Tn Zﬁ

IF(Kl LE,64Y GO YO 11“

ARTIR ZARIIR +XK#(12.=MInl 5. RbbA
NIIR=ENTIR ¢ |

XULIR =XL1IR + | /100,

Bi1=2R11 ¢ NDO#K

GO TO 2a

ARYIFZARIIF + Kw(12_ eM)e| 25 Rhbk
NILIFENLIF + 1

XULIIFSXL1IF ¢ /7190,

Ri1=B11 + NNxK

GO To 2¢

AREA 3 AROR + AROF 4ARIOR +AR10OF ¢AR11R +ARYIF
ITAT=INT4 TN+ TMNTILTING

RA=RY 4+ R1O + Ri{

1 = 29 FY RIGIN=
C2 = 9 FT FLEX®
CY = #2113 RIGIDZ
c4 = 219 FLFxs
CS = #{1 RIGINE
Ch & 211 FLEX®
C7 = %12 FT PaAVE

CA = ‘TﬁTAL‘
WRITEf6,138)CH,NIR,XLIR, ARQR
FnRMATcsx,Ain 115, F15.? F16.2)
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14

1814

160

170

iao

WRITE(6,132YCY,N1MR, XL AR, ARIAR
WRITEC(H, 130YC4,N1AF (XL {AF , AR AF
WRITE(6,1TAICS,NIIR, XL11R,ARLIR
WRITEf6,130C6,MN11F, Xt {1{F,AR11F
WRITE (6, 132107, N12,¥XL12,
WRITE(6,142)C8, MUM, XLEN, ARE A
FORMAT(SX,A18,115,F15.2,F16.2//)
WRITE(&, 150"
FnRMAqux;tlnTErHANGFz 5%, ZGRADF
P2GRADE STNP2,5X,#UNSIGNAL®,SX,2T
WRITE(6,1ARYINY, IN2, y IN3, IN4,TITOT
FnRMAT(qx 15,10%,15,14%,1S,10%,7Y
WRITE(H,178) ] .
FORMAT(SX,2NO BRIDGESZ,5X,29 FT_
2,6X,211 FT ARFA2,5X,2ZTOTAL ARFA%
WRITE(6,1R2YBNS, a°.n1¢ Rif1,RA
FORMAT(SX,F10, B,S5X,F10,2,5%,F10
25X ,F1P,2,5%X,F19,2)

STHP

END

SIG.*,5X,
OTAL%//)

5,8%,15)

AREA®,SX,210FT AREAx
/7))

L2,

123
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PROGRAM 4
COUNTY RNADS

TO CALCULATE ADDITIONAL PAVEMENT TO WIDEN LANFS T0 12 FEET
ISURRAN/RURAL CODE, NEHIGHWAY CNDE, Kalk DF LANES
MBLANE WIDTH, K1ZSURFACF TYPE, L3SECTION LENGYHX1?®
XLENSTOT, LENGTH ALL SECTIONS

NOSNUMBEFR OF RRIDGES NN SECTINN

BNBITOTAL BRINGFS FAR ALL SFCTIONS

BO@EXTRA BRIDGE WIDTH REQUIRED TO WYNEN TN 12 FT
B19,B8118AS ABNVF FOR 18FT AND I11FT | ANES

XL9F ,R2TOT,| ENGTH 9 FEEY SECTTONS (RERIGIN,FsFEXIRLE)
XL1@F,R8AS ARNVF FOR 1@ FEET SECTIONS

XL11F,REAS ABNVFE

XL12870T LENGTH ALL SECTIONS WINTH»42 FEET

Ntivs TOT, H SFCTIONS,N92 # SEn, LIE. 9 FEETY

N12sfF ,EQ, 1@ FFET,N11E§FO. 11 rra‘r 1284F,EQ, 12 FEEY
AREAR/FEEXTRA S0, YDL,(TATALY WITH R AND F AS AROVE
AROR,F=EXTRA FDR 9 FEET PAVEMENTS ,AR1AR,FBFNR 1A FEET
ARY{1R,FBFOR {{FFET

Nis JURISDICTIONAL RESPONSIRILITY

PROGRAM MAIN (INPUT.OUTPUT'TAPESIINPUT,TADEthUTPUT‘TAPE?)
NUMBNOREBNGFENIQORaNIOAFENt {REN|{1FaNl2E2
xLENIKLQR.XLQF:XL!@RIYL{UFIXL11R=!LIIFUXL1?=9
AREABAROREARGFEARIARBARIAFEARI 1REAR) |F (P
I1=212213=1420
IN{SIN2BINIRINUESITOTER
HQlBlﬂinillnl?lnAlBNB:G
WRITE(6,10)
10 FORMAT (1ML, Sx,atANE NTDTHI,QX ¢N0 OF SEC.!,
PSX, 2 LENGTH MI.’,!EX.‘ADD AREAS, sSY, !COSTI//!
2n READ(S, 1”-END‘129‘1 N, N1,L,K, M Kln!l 12, 13 T4,N0

In FORMAT(T1,24x,12,3X, Il T4,5x%, T? 12,12¥%,12, 1! 12.12,12,12,47%.12)

IF (1,EQ.,2) GO TD 4a

Gb YD 2@

4 IF(N,LE.BY GO TD S0
GO YO 20

Se IF(N1,6T,?) GO TO SS
GO Y0 2nm

85 XLENZXLEN ¢ L/180)

NUM = NUM ¢ 1
RNBEBNB 4 NN

INIBIN] o171

IN2EIN2 ¢12

INIRINS +T13

INAIING +74 -

1F (M, LT 12) GO TO 69
Ni2 = N12 ¢+ |

L
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XL12 B XL 12 + Lz10@,
G0 Tn_2a

6@  IF tM,GT,9) GN TO AN
IF (K1 ,LE.6PY GN TO 77 ,
AROR 2 AROGR + Kw(12.=wM)ul»5_.Bho6be
NOR ® NQR 4 1
XLOR = XL_OR + L/10@.
ROZRAG + NPwK
6N TO 2m _

1o ARGF B AROF +Ka(12,eMIn|L %S ,Akb6
N9F = NOF ¢ 1

XLSF = XLOF + L7122,
ROZRG 4 NO&K
Go 10 29
8F IF (M ,GT, 18) GO Tn fan
IF tx1,16.68) GO Tn 9@ .
AR{OR = ARIAR + Ku(12 =M)2L %5 Rbb6hbé
NIAR = NIOR +1%
XL{PAR =XL10R ¢ L7120,
BiazR1iR + NOxK
GO T0 2@ . A
98  ARINF = AR{AF + Kw(12.=MINL*5_Bs66
NIBFSNIOAF 4 | .
XL1OF = XL1OF + /130,
R{d=R1IZ ¢ NO=uK
GO T0 20
1@ IF(K{,LE,64) GO YO {10 .
AR1IR SAR{IR +K*(12.=MIw #S.R646
NIIREN1IR « |
XL1IR =XL11R ¢ L/10e,
R112R1] ¢ NNwK
Gh TO 27 ,
1180 ARUIFSARIIF + Kw(12.=M)al w5 8666
MYIFEN{LF + 1
XL11FSXL11F + L/1Aa,
Bi1=B11{ + NOxK
GO T0 24 ‘
122 AREA = AROR 4 AROF ¢ARIOR +ARIAF 4ARIIR +AR{IF
ITOTSINL{+IN2¢TNILINY
RAZRY ¢ RIB ¢+ BYt
C1 = %29 FT RIGINZ

(2 = 29 FT FLEX?
C3 ® %{¢  RIGIN=
Ca = #2138  FLEX®
£8 = %11 RIGINDE
6 & 211 FLEX#
€T ® 2{2 FT PaAVH

CR = 2TNTALS .
WRITE(6,13B8YC1,NIR, ¥ L9R, AR9R
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130

140

154

1604

170

180

FORMAT (X, A10,115,F15,2,F16,2)
WRITE(6,132YC2,N9F,XLIF,aR9F

WRITEC(S,  132YC3,N1AR, y XL10R, AR AR
wnxrgte.iszwca.uxnr xLawF,Anzar
WRITE(H,13AICS,NLIR,XLI1R,ART IR

WRITE (4, 13W\C6;N11F x111= ARYIF
wpITE(b.tteicT.Nla ¥L12.
WRITE(6,148)CH8,NUM, XLFN,AREA
rnRMATtsx.Aia 115,F15. a.r1s 247
NPITE(e.lsas
FORMAT(SX,2INTECHANGE®,SX,2GRADF ST1G,®,5X%,
22GRADE qrnpi.Sx.:nNsIGNALc.sx,a?aTaLafxa
wRITE(6,16BYINY,IN2, INS, IN4;170?
FUR"AYCSX.I§a19¥r7S 10%,15,10%,15,8%,15)
WRITE(SH,17)

FORMAT(SX,uND BRINGES®,5¥,29 FT. AREA®,S5X,210FT AREAZ
2,6X,211 FT AREAZ,SX,2TOTAL ARFa%//)
WRITE(6,1RAYBNB,B9,B10,R11,RA
FORMAT(SY,F10.0 1SX,F12,2,5X, Fin.2,
25X%, F19.:,5x.an.za

sToP

END
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PROGRAM §
FARM T0O MARKET

TO CALCULATE ADDITIONAL PAVFMENT TO WIDEN LANES TO 12 FFFT
I2URRAN/RURAL CNDE, NzHIGHWAY CODE, Kxfe OF LANFSR

ME| ANE WIDTH, kK1aSURFACE TYPE, L=SELTION [ENGTH¥ICR
XLENETOT, LENGTH ALl SELTIONS

NOESNIUIMRER OF BRIDGES OV SECTINN

BNBeTNTAL BRINGES FNR AL SKFCTINNS

ROZEXTRA BRINGE WTNTH (¢FQUIREDN TN WIDEN TO (2 pT
BIR,R11=A8 ABDVF FOR 1 °'FT AND 11FT LANES
XLOF,ReTOT, L ENGTH O FFEYT SECTIONS (RERIGIN,FeFpXIRLF)
XL1A@F,R2A8 ABNVF FOR 13 FFET SECTTONS

XLU1F,R=AS8 ABNVE

XL12=TOT LENGTH ALL SFCTIDNS WINTH>12 FEEY

NilM= YQOT, arSFCTIﬂN%;N9= &rSEC. lE. 9 FEEY

N1O=W LFQ. 14 FEET,N1 1=, FQ. 11 FFFT,125M EQ, 12 FEET
ARFAR/FZEXTRA SR, YD fTNTALY WITH 7 AND F AS AROVE
AR9R,F=FXTRA FNR © FEFY PAVFMFNTS,ARIAR,FEFNR 1@ FEEY
AR{{R,FBFNR 1{{FFET

19

20
30

an

41
42

43

44

50

PROGRAM MATNCINPLUTI,INPUT2,NUTPIIT, TAPESINPUITY, TAPE4=INPT?
2, TAPESENUTPUT, TAPETY

NUMENGRENOFENTIJRENIAFEN] {RENT1IF=N1 22D
XLENSXLOReX SF=X| {ORBY] {AFBY 11ReX 1{FaX_1o=0
ARFAZARORSBARGFZARIUARZARIGF ARt IREARY (Fa@
111221 %=Y40=¢

INI=IN2=2INIZINGSTITOT=R

BOSRIAZRI 1 =PRASBNARD

WRITE(6, 10)

FORMAT (1H1,5X, %] ANE WIDTH2,SX, an OF SEC,.=,
?Sx,tLENGTH “T ,12X,#ADN, BREARX,5X, SCOST¢//)
Rsantspxw.swnst?awr , 1X,%x3,D, N.L.K.M K1,s11,7T2,73,14,ND
FORMAT(T1,5X,13,A1%,A2,4X,17,4x,14, SX.Ia
2,12,12X,12,7%,12,12,12,12,47%,12)

1IF (1.EN,2) G0N TO 4R

Gn To 22

IF(N.GT.2.ANDLNLLF.B) GN TO u1

Gn T0.24

READ(4,42,ENDESA) TX1,X4,X2

PnRMATtrs,a1a.A8)

IFCIXIEQLINY GO YO 43

G0 TO 44

IFCX4,ER,x3Y GO YO 44

GN TO_ 4y

IF(X2.,EN.N) GN TO S1

GN TD 41

REWIND 4

G0 Tn 2a
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51

60

ke

an

9

1042

110

12@

REWNIND 4

X! ENSXLEN ¢ L/100.
NUM = NIfM & 1
BNARBMNR ¢+ NO

INIZINY 7

INZ22INZ2 4712

INIZINY 413

INAEBING +T14
IF(M,LT.12) GN TO 67
N12 = N12 ¢ | .
XL12 3 Y12 « /7109,

GO Y0 24
IF (M,GT,9) GO Tn 82
IF (K{,\E _6AY GN YO 74
ARGR B ARGR ¢ K#(12.sMYal%5_ 86666
NOR = NOR ¢ |
XLOR = YLOR ¢ L/179,
RG=R9 + NNxK
6N T 24 _
ARGF B AROF «Kxf12.aMYxl #5,Rhbhb
NOF = N9F + | .
XLOF = XLOF 4 /100,
ROZRY + NN&K
GO TN 22
IF (M 6T, 10) GO Tn 1o
IF (Ki,(e,6@) GN TO 9@ .
ARIPR =2 ARIOR + Ka{12, wMi| %5 Bhhhd
N1I3R = NIOR +1
X{ {2R =XL({OR + /100,
RiA=R1A « NN#K
G0 TD 20 .
ARIAF 2 ARIOF + Ke(12.=M)al#5.Rkhab
NIAF=NINF ¢ 1 .
XL1OF = X1 10F ¢ L7100,
B1A2B1G 4+ ND#K
GO Tn 20
IF(K1, e, 6@0) GO TN 110 ]
ARTIR BARTIR SKa(12,=M)nl *5 _A4bA
NE{RSNIIR ¢ 1
XL11R BYL1IR ¢ L/100,
A112R1Y & NOWK
GO To 24 ,
ARTIFRBARIIF ¢ Kw(12.=M)aL*5.8666
NIiFENIIF + 1 .
XI {IF=XLI1F + L/100B,
R11eBlY ¢ NO=K
G0 YD 20

AREA 3 ARGR 4+ AROF ¢AR{NAR +ARIAF +ARIIR +ARIIF

LI
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132

140

150

169

17¢

1RA

129

TTOTZINT 3 TN24THI$TING
RARBY ¢ Ri®» + Bi
C1 = 29 FY RIGIN#

2 8 #9 FT FLFX®

€3 = ®#{0 RIGIN=
4 = ¥t FLEX*®

CS = #{14 RIGID=
cée = #11 FLEX®

C7T = 212 FT PAVH

CR B ETNTAL®

WRITE(6,138)C1,N9R, XLIK, nnan
FﬂRMAT(SX Atu,115, P15 2. F1b 2)
wp:reté.13ﬂ\c2,mor XL 9F , AROF

WRITE(6, 180T, N1LOR, XL 18R, ARLAR

wnzTgfa 13PYCa,NLAF , X1 AF, , AR OF
WRITECG6,130YC5,N11R,X{ 11R, AR R
NPITEfs.1?@1C¢.H11F.xL11F.A911F
WRITEL(S,13a3CT,M12,XL12,

WRITE s, 1uﬂ\C8.NHHaXLFN AREA
FNRMAT(SX,A10,115,F15.2,F16.2//"
wnsztb.zam\
FORMAT(SX,2INTECHANGE®,SX,2GRADF SIG,®,5X,
S2GRADE srnpt.sx.=UNs:r~aL¢,5x.zToTALx//\
WRITE(6,16MAYIN1,IN2,INS, zwa,:var
FARMAT(SX,15,12%,15,10X,IS5,19%,15,8%X,15)

WRITE(E, 172D , ‘
FORMAT (5X, #ND BRIDGFS®,5X,%#9 FT, AREA%,SX,21AFT ARFEA#
26%s21} FT AREA®,RX,2TOTAL ARFAx//)

wRITE(S, 18%18NB B9,Rr10M, Bi1,RA

FORMAT(SX,F1d, @,5%,F10,2,5X, Fl1o.2,
25%x,F14,2, %x.F!ﬂ b3

STOP

END
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PROGRAM 6
FOR INTERSTATF HIGHWAYS

TO CALCULATE ADDITIONAL PAVEMENT AND BRIDGE ARFA
TN WIDEN SHOULDERS TO SDHTP poLTeY,

I1SURBAN/RURAL CODE, NIHIGHuAY CODE, LmSECTION LENGTH
MISRIGHT SHOULDER WIDTH, M2sLEFT SHOULDER WIDTH,
KEJURISDICTTONAL RESPONSIBILITY, K{sSURFACE TYpE,
1Tz20A@ ADT, NOsNUMBER OF BRIDGES ON SECTION,

PROGRAM MAIN(CINPUT,OUTPUT, TAPESEINPUT, TAPEesOUTPUT)
NARINUFaN6GRENGFENERESNAFSNIARRNIAFBP
NSRENSFaNYRENXFaNXaXs0
X4RsX4FuXeResXoFuX8RuXBFr0
X1OReX{AFsXReXFueXRTaXFTaXLENRQ®
AGREBALFEALRBAGFEAARSAAFSD
A{PREA{AFuAXREBAXFRAREAFRQ
NR=B4mBo=R8sB10=RSERTOTED
WRITE(6,10) ) . . ,
ronMATc1H;.sx.¢sHo. WIDTHY,SX,sNO, OF SECH,SX,oLENGTH MY«
- 1GX.IADD ARFP AR/ /)Y
READ(SaIB , END8158)1, N.K, La Ni.MZ Kl 1T,NO
" FOPNAT(!! BGX.IZo!X 1t,148, 18%,12, !2.2!.!2.56! ,16,12)
1IF(I.EQ.2Y 6O YO 3%

=

GO TO 20

5 IF(K.LE.2) GO To 4@
GO 70 29 _

o IF(NJEG.1Y 60 TO S8
60 T0 2@

A NYBNYX+1 .
XLENSXLEN ¢ L7100,

NBaNB ¢+ NO
1F(M2.6GT,.@) GO TO 130
1IF (17, GT 590) GO TO 7@
IF(M1,6T.8) GO TO_20
RASRAG ¢ (a.eMy)e2,
IF(K1.LE.68) GO TO 68
NARSNGR « 1
AGREBAGR ¢ (8, .Mi)tLtli 7333
XaRSX4R ¢ L/lGG
G0 TO 2@

Y NAFENOF « .
AGFEALF & (O,=MI)w_wi], 7333
XGFmYdF « L/108@,

G0 Y0 2@ _

‘@ IFCIT,GT,11A8) GO TH 90
IF(M1,GE,6) GO TO 20
B6xB6 ¢ (6..M1)-2.
IF(KI.LF 62) G0 TO 80
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%

no

10

{2n

{30

iue

150

NGRENGR ¢ o
AGREALER ¢ (6, wMidelwil 7313
X6REX6R « L/108,

G0 I0 20

NOFBNOF & | .
AGFBALF ¢ (6,eM{)wlw]y, 7333
X6FBYX6F ¢ | /148,

GN 70 209

IF(IT GFE.2288Y) GO T 11u

IF(M1.GE.8,Y GO T0 28

RA=RE + (8, -M{)e2,

IF(Ki{.LE.68Y GO YO 100

NARENER ¢ {

ARPEABR + (8, -Hl)*Lill 713
XAREXBR + /100,

G0 TO 20

NEF3NBF ¢ § .

ARFZABF ¢ (8,=M{)wLw1],7333
XBFEXAF + /108,

G0 YO0 24

IF (M1 .GF.10) 60 YO 28

B103B1G + (10,=M1Y%2,
TF(K1.LE.6B) GO TO 129
N{BRsN{OR ¢

L10R3IAIBR + (10, .nlithll 733
X{1BREX{AR + L/108,

G0 TO 24

N1BFINIAF o |

A1OFZAIOF & (10, wM1Selwi] 733
X10FaxX{AF + L/10@,

G0 T0 22

XEMY & M2 ,
TF(X,GE.14,) 60 TO 28

BSaBS ¢ 14, = X

IF(X1.LE,62) GO TO 149

NSRBNSR ¢ { .
AXREAXR ¢ (14,«X)elw]], 7333

G0 YO 24

NSFBNSF ¢ { .
AXFEAXF ¢ (f4,= X)wLw11 733
xF=xF ¢+ L/1080,

6N T0 20 .

BTOTSB4 & B6& + B8 ¢+ B10 + BS
ARZAUR & AGR ¢ ABR & AI1OR ¢ AXR
AFBALGF & AGF + ABF & A10F ¢ AXF
NXRBNUR ¢ N6R ¢ NBR « N{@R & NSR
NXFPENGF ¢ N6F & NBF ¢ N{QF 4 NSF
XRTBX4R ¢ X6R & X8R 4 X{OR & XR

131
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.Y

179

XFTYEXAF ¢ y6F ¢ XAF & X{0F & XF
Ciaeyd FY RIGIDH

c23%4 FT FiEXn

Cizsp FT RIGIDw

Casmp FT FLEX,o

CSzul FY RIGIDN

Coan8 FT FLEX,®

CTs2{@FY RIGIDHE

CAxN1B FT FLEX®

COanFRER WIDTH#

C10nsFREF WIDTH®

C11{=aT0Y, RIGIDH

C12%2T0T, FLEX,®

C13=¢TOTAL¢

WRITE(6,1600CH, Nan.xan.tan
FORMAT(SX, Aiu.sx,llo.sx.rla.a.sx r12,2)
WRITEC6,16RYC2,NUF, X4F,AQF
wnzt;tb.laaacs.non.xen A6R
WRITE(H,16BYCA,N6F,X6F,A6F
NPI?Eté.ise\cs.NeR.xan ABR
WRITE(6,1681C6,N8F,X8F, Aar
HRITE!&:léﬁ?C?,NlGR X10R,A10R

WRITE(6,168YC8,N10F,X10F,A10F
WRITE(6,168YC9,N8R, XR, AXR
WRITE(6,168YC10,NSF XF,AXK
WRITE(6,160YC11,NXR XRT 4R
WRITE(6,1607C12,NXF,XFT, AF
WRITEC6,168YC13,NX,XLEN
WRITE(6,178YNB,BTOT
FORMAT(SX,118,5%,F10,2/7)
SToP

END

A PO .

-
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FOR PRINCIPA|

TO Cal CULATE

13URRAN/RURAL CODF,
Hi’RIGH? SHOUVDFR NIDTH' H?:LEFT SHOULDEQ N!DTHI
naJUGISDICTTOéAL RESPONSIBILITY, Kiz2SURFACFE YYPF,
112308 ADY, uO=NUMRFR OF RRIDGES ON SECTIDN,

PROGRAM 7

NEHIGHWAY CODE,

ARTEFRTIALS EXCLUDING INTYERSTATE

pnnITrnNaL PAVEMENT AND BRIDGE AREA
TO WINEN 8KOU; DERS TO SDHTP paLlcy,

L=SECTION LENGTH

PROGRAM HAIN(INQUT OUTPUT,TAPES=INPUT, TAPE6=0UTPUT)
NURINUFENLRENGF=NBRENAFENIPRENIBF 2R

NSRaNSFsNyRaNXFeNXsX=@
XURzXUF=X4RaX6F =XBREXAF =0

XiERtY!WFFXR=XFSXQT=XFT=XLEN§H

aaR:AaF=AbR=A6F=AB§=A6Flu
AlBR=AIAFAXRSAXFZAR=AF=2
NB=RU=RhzpR=Ri(xRS=RTOT=2
uRITF(b;!u)

133

FORM&?(iH;,%!.ISHD wzprua.sx,:uo; OF SFC#,5X,%LENGTH MI »

i@x,iADh AREA®//)

REABIS 1n'FND= 1SAYT,N,K,L,MT, M?,Kl IT,NO

FORMAT (1120, 12,3x.71,14,15%,12,12,2%,12,56X,16,12)

IF(1,EQ,2Y GO TO 3%

GO tT0 20 _

IF(k ,LE,2Yy GO T 40

GO YO 200

IF(N,FR,2Y GO TO S0

G0 TOD 2@

NXSNX+ .

X! ENSYLEN ¢ L/100,
NR2NB + Np

x:rualcT'a) GO Tn 1302
I1F tIT,sT 599) G0 YO 7@
IF(ML.GT .Y GO Y0 2@
B4Ry + fﬂ.'y1§*2a
IF(KILE aBY GO TO 6@
NYRZNUR ¢

AURBAUR ¢ tU, =M1)n| w1],7333
X4R=XUR 4 L7108,

GO TO 29

NUFENUF 4 |

AUFZAUF ¢ tu,eMyi)xLw11,7333
YAF2XU4F o L7107,

GN 10 2@

IF(IT,6T,7127) Go 10 9¢
IF(M1,GE, o) GO TO 280
Bb‘sé + fﬁ.'Ml’*zg
1F(K1 | F,6@) Go TO 8@
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NORZNGR ¢ |
AAREAGR & fh,wMi{)k| wi] 7333
X6REXAR 4 L7100,
GO Y0 24
8o NaF=N&F +
beF=heF + (h,=MiYuLwll, 7333
x4F=X6F + L/1€0,
GO 70 20 _
9 IFtIT,GF,>202) GO TO 1@

IF(M{ GF . n,) GO TO 20
BAZRB + (a_ =M1)u2,
IFtKY LE aP) GO TO 1PD
NARSNAR + |
ABREARKR + (8, -Mi)*Ltil 733
XRREXAR L/!ﬁa
G0 Y0 20
108 NAFSNBF &+ |
ARFRARF o (8, =My)#_#11,7333
XBFaXAF ¢ /7300,
60 10 20
118 IF(M1,GF, (8 Go 10O 20
R10sRIR 4 (1M, eM{)a2,
IFEKI, LE. @Y G0 TD 120
NIBREN1UR + | )
A1BRBAIAR + (10, mMi)xlw1,733
X1PReY1OR ¢ [ /108,
G0 YO 2@
129 Ni1BFaNifF
AfoFrxAloF
X10FRY{PF
GO T0O 20
138 X=M{ ¢ M
IFLY,GF, Iu Y GO YO 29
BSIBS + 1a. » X
IFCKI LE_AQY GO TO 1482
NSR:NSR + 1
AXR=AXR ¢ (4, ax)wiw]11,7333
XREXR ¢ L,taa.
Gn TO 21
140 NSF=NSF o+ | \
AXPRAXF ¢ (14, X)wlwi1,733
XFEXF + L7100,
Go To 20
15¢ BYOTERL o+ _B6 ¢ BB + B1O BS
AREBAUR + ;en + ABR ¢ A1@R ¢ AXR
AFBAUF & 36F o ABF ¢ A1OF ¢ AXF
NXRENYR ¢ NGR ¢ NBR ¢ NIPAR ¢ NSR
NXFBNOF ¢ N&6F « NBF ¢ NIOF ¢ NSF

H
(18, -Ni)*L*ll 733
L/laﬁ-

+ > 4
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-3 a2 _a _n=

-2 _=

160

179

XRY=X&R + Y6R ¢ YBR 4 X{UR + XR
XFY=X4F 4+ X&F « XBF +« XIPF ¢ XF

Ci==d
gacz2d
Clzxe
Cumsng
CsmxB
ConeB

FY
FY
Fr
FY
Fr
FY

CTIsz2i0FTY
CB=o{P FY FLEXS
CORRFRER INTH2

C!GziFREF WIDTHe

C11=2T0T,
cia—xrnT
c13=:rnTAV

WRITE(G,
FORMAY (SX

WRITE(6,14R CR,N1OF,X10F,AL1BF
WRITE(&,149YC9,NSR,XR,AXR
WRITE(6,14@0YC10,NSF, XF,AXF
WRITE(6,1429C11, an.xnw AR
WRITE (6, (42YC12,NXF ,XFT,AF

WRITEfS,!

ST0PR
END

pIGID2
FLEX®
glGIDt
FLEX,®
nIGIDy
FLEX, ¥
nlGINn:

RIGID=
FLEX,»

Qwsc:.uan ,XUR, A4R
*A10,5X%, !1e.sx F19,2.5%,F13,2)
WRITE(6,1,0YC2,N4F , XUF ,ALF
”"ITEfbn1&ﬂ1c3,NeR,X6R,A6R
WRITE 6, 14@YC4,N6F ,X6F, AGF
WRITEf6,147)C5,NBR, xan,Aan
WRITE(6,140YC6,NBF ,X8F ,ABF
NQITE(&;!AG\CT.NiGn xinn A1DP

168YC13,NX, XLEN
WRITE(6,17@NB,RTOT
FORMAT(5Y T10,5%,F18,2//)

135
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PROGRAM 8
FOR ALL SYSTEMS EXCLUDING COUNTY ROADS

TO CALCULATE ADDITIONAL PAVEMENT AND BRIDGE AREA
Tn WIDEN SHOULDERS TO SDHTP POLICY,

I=URRAN/RURAL CODE, NIHIGHNAY CODE, LSSECTION LENGTH
MIgRIGHY SHUULDER WIDTH, M2uLEFT SHOULDER WIDTM,
KEJURISDICTIONAL RESPONSIRILITY, KisSURFACE TYeE,
1T=220@ ADT, NO=NUMBER OF BRIDGES ON SECTION,

OOOMNMOOO0OOO0O000O00 0

PROGRAM MAINCINPUT,OUTPUT,TAPESSINPUT,TAPE,20UTPUT)
NGRENAFaNGRENGFENSRENAFSNIPRENI{OF D
NSRENSFsNXRENXFaNXsXs@
XaRuX4FxXoRuX6FuXAREXAFRE
X1ORuX1AFsXREXFEXRToXFTaYLENSO
AGREAGFuA4REA6FSABREASPRD
AlOREA1OFsAYREAXFEAREAFRQ
NBsB4uB4zBANR108R8ERTOTED
WRITE(6,10) ‘

10 rnnMATcing.sx.-sun. WIDTH®,SX,#NO, OF SECH,SX,#LENGTH MI.#

2,10%,#A0D, AREAR//)

2n R!AD[S.!B ENDIlSE\I N Ko L.Hi M2, Kl IT.NO

In FORMAT(]1,24X, zz.sx :1 14,18%X,12,12,2%,72,56X,16,12)
IF¢1.£6.2) GO 7O 35

GO Y0 29 _

35 IF(K . LE.2Y GO YO 4@
G0 YO za

aoa IF(N.LE.8) GO TO 59
G0 YO 2¢

5a NYENYX+] i .
XLENSXLEN ¢ L/1020,
NBsNB + NO
IF(M2,6T, @) GO0 Yo 1392
1r (1?.GT €92Y 60 YO 7@
IF(M1.67,.8) GO TO 20
BBIBQ + (a4, -Ml)*a.
IF(KL.LE, 601 GO TO 60
NOGRSNIR + 1
AGREALR ¢ (4, -Ml)tLtil 7333
X4REX4R ¢« /100,
GO YO 29

.Y NAFENOF + |
AGFmALF & (4, -Hl)*Ltll 7333
Xarsyx4fF «+ L/lﬂe.
GO YO 2o

70 IF(IT,GY 1100) 60 TO 990
IF(My1 ,GE,6) GO TO 20
B6sBH + (s.-Mi)tZ.
IF(K LE,.68) GO TO 80
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R@

9p

160

110

120

13@

149

{50

NGRENGR ¢

L6REABR o (6.-H1)tLt11 7333
X6RSX6R ¢ L/108,

GO Y0 20

NOFENGF + | .
AGFEASLF & (o, =MiIwl w11, 7333
X6FmX6F + | /7108,

GO0 TO 2a V
IF¢IT.GF,2200) GO TO (i@

1F (M1, GE, a Y GO TO 20

B8mBS + ts aMi)®2,
IF(K1.LE.68) GO TO {00
NBRENBR +

ABRNABR ¢ (R, -MlJtLtll 733
XBREXAR & /100,

GO0 TD 2@

NAFENBF 4 §

ARFEABF ¢ (8, -M;)tLtll.TSSS
XBFEXAF o Lllua

GO T0 20

IF(M1.GE,.1D) G0 710 20

Bi2mBid « (10, =M{)n2,
IF(KL.LE.608) GO TO 120
N{PREN{AR ¢ |

ALOQREAL{OR tle.-ﬂiitLtii 7%3
X12REX{OR + L/108,

GO TO 2¢
NiQFENIAF
A{BFsiinr
X1eF=aX{aF
c0 T0 28
XuMy ¢ ga A
IFEX,GE,18,% 60 YO 22

88388 + 14, = X _
tP(Ki . LE,6BY B0 YO (40

NSRENSR + { .

AXREAXR ¢ (14, eX)elwi1, 733

XREXR + L/100,

60 YO 2n

NSFENSF ¢ |

AXERAXFE o tin - X)nLwi1.733
YFuyFf « ngna.

G0 T0 20 )
BYOTERU ¢ B6 « B8 + B1O + BS
ARSAGR & AGR ¢ ABR & A1OR ¢ AXR
AFBAULF & A6F ¢ ABF 4 ALQF + AXP
NXRBNGR + NOR ¢ N8R « N{BR + NSR
NXFENUF & N6F 4 NBF ¢ N{QF + NSF

1
ST N -HIQ*Ltll 733
L/10@,

> o+ &

137
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160

170

XRTEX4R 4 X6R ¢ X8R ¢ X{BR + XR
XPTRYAF + x6F ¢+ XBF ¢ XI1OF ¢+ XF

Ciang FT RIGID®
C2s#4 FY FLEXS

Cimpg F°T RIGIDI

casse FT ® EX N

CSax8 FT RIGIDN

Conus FT FLEX.®

C7auiBFT RIGINN

cBamid FT FLEX®

COsuFRER WIDTHH

C1088FREF WIDTH®

Ci1saYOT, RIGID™

C12=uT0T, FLEX,®
Cl!lITOTALI
WRITE(6,1681C1,NUR, X4R, AGR

FORMAT(SX,A!G 5%, !lﬂoSX.Fiﬂ 2,5%,F18,2)

WRITE(S, lbﬂ’CEoNar X4F, AQF
NRITE(6 y 160ICS,NOR, X6R, ABR
WRITE(6, 1683Ca,N6F, X6F, AbF
NRITE(b » 168YCS )N8R, X8R, ABR
WRITE(S, . 1681C6,NBF, X8F,A8F
NRITE(b 160YC7,NIBR,X10R,AL1DR

WRITE(6,16PYC8,N10F,X10F,A1QF
WRITE(6,168YC9,N8R, XR,AXR
WRITE(6,168YC13,N8F, XF, AXF
WRITE (6 . ;1601C11,NXR,XRT (AR
WRITE(6,16@C12, er.xrr.ar
WRITEC6,1609C13,NX,XLEN
NRITE(6.17B1NB.BTUT
FORMAT(SX,110,5X,F18,2/7)
s§TOP

END
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PROGRAM ©
FOR FARM TO MARKET SYSTEM

TO CALCULATE ADDITIANAL PAVEMENT AND BRINGE AREA
TO WINEN SKOUIDERS TO SPHTP POLICY,

T2URBAN/RURAL CODE, NSHIGHWAY CODE, L=SECTION LENGTH
MIZRIGHMY SHGU;DFQ WIDTH, M2 EFY SHMOULDFR WIDTH,
KRJURISDIC?IQNAL RESPONSIRBILIYY, KisSURFACE TYPE,
1T=200@ ADT, nO=NUMBER 0OF BRIDGES nN SECTYION,

PROGRAM MAINCTNPUTY, INPUT2,0UTPUT, TAPES=INPUTY ,TAPEL=TINPUT?
2,TAPER=OYPUT)
NYURENUFENLReEN6FENBRaNBF SN BREN 1 UF D
NSRENSF=NyRs=NXFeNXzX=d
an:!d?ﬂxbkzlesX8R=XBF=B
X1PREY|IAF < YREXFaXRT2XFTaY| EN2Q
AUR=AUF=ALRzAGFEARR=ABFED
A1@R=AYAF 2 AXRZAXFEARZAFED
NRzRY=2R6&epR2R1PsRS=RTOT2R
WRITE(6,10) , )
e FURMAT(iH;.SX.¢SHD WIDTHZ,5X, 2N, OF SECZ,SX,2LENGTH M] =2
2.1e8x,2ann’ AREa®//)
20 READ(S, 3 ENDZ{1E0YT,01,02,N,K,L,M1,M2,K1,1T,NO
I FDRMAT(!1.5Y, Aaa,As,ax
IF(I EQ, 2\ GO T0 35
6o T0 20 .
15 IF(Kk, E,2Y GO Tn 4@
GO TO 20

up IF(N.GT. 2 AND,NLLE.B) 60 TO S@

GO T 3¢

5@ READ(4,51 EnDES2ID3,DU

St  FORMAY(A1g,45) =
IF(PL,EQ,n3 . AND.D2,ER,DUY GO Yo S3
G0 70 §0

52 QEWIND 4

60 T0 28

5%  REWTIND &
NXENX +
XLENaXLEN ¢ L7100,
NBENR ¢ Nn
IF (M2, 6T, 05 GO 10 13¢@
IF (17, 57 59a4) gnN TO 70
IF(MY, GT o) 60 D 20
RUZRU + ca.-Mia«a.
IF ekt LE.4BY GO TO 68
NY4ReNYR +
AURZAUR ¢ (U, =M1 w1],733%



140

&9

70

ap

9p

108

110

120

13@

X4ReXUR & L /100,

GO 70 2n

NUFENUF o+ |

AUF=AUF o (4, Miywlwil, 7333
XUF=yUfF L/iﬁﬂ

GO Yo 2¢

IF(IT,6T,1102) GO 10D 9@

IF (MY ,GF 1) GO YO 20

Rez=Ré + (b.-Ht)*a.

IF(KY LE ,&®Y GO TN BQ

NeRENAGR + |

AGRzAGR & (H,oM1)w %1 ,7333
X4REX6R + L7100,

60 10 29

NeFaNgF + |

AGFSALF o (p,mMi)w w11 ,733Y
X6FeX6F + L/100,

GO 7O 20

IF(1T,6E,3200) GO TO 110
IFtMy  GE n,n Go v0 2@

RR= BB + Iﬂ.-“l)*z.
IF(KY,LE APY GO YO {ea
NBRENAR + 1

ABRZABR + (R,mM1)w|wi], 733
XBREXBR + L/iaa

GD TD 20

NEFaNRF ¢

ABF=ZARF 4+ (B,mM{)#Lw1],7333
YBF=XRF + L /100,

GN TO 2¢

TFE(m1,GE,1@Y 60 TO 20
B18=B{0 + (10,=M1)%2,
IFtK1, LF,«0Y GO TO 128
NI@REN{BR 4 { ‘
A{ZREAIOR + (1P wMidIulx11,733
X{1GRSXI1PR « L7100,

G0 To 20

NIOFENIBF + |

A{CF2A(DF ¢ (10 eMI)nLwi] 733
X1PFeXIDF ¢ L/100,

GO 10 20

XEMy ¢ M2

IFtx,6E,13,) GP YO 20

BS3BS ¢+ 11, » X

IF(Ki LE,»@) GO TO 148
NSRENSR + |

AXRmAXR + (1d,wX)w| *11,733
XREXYR + L/lﬂﬂ.

A TN oR

Wiy

L .
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17@
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NSFENSF + 1

AXFBAXF tvflﬂ;- X)wlx11,733
xFexF ¢ | s10@,

GO TO 2¢

BYOTSRY ¢ Be ¢ BB +« B1Q + BS
ARZAUR ¢ AR + ABR ¢ A1C@R ¢+ AXR
AFEAUF ¢ 26F & ABF & ALOF ¢ AXF

NXREBNYR + NgR ¢ NBR + NIPR + NSR
NXFENUF + N6F ¢ NBF ¢ NI@F + NSF
XRY®X4R ¢ X6R ¢+ X8R + XIQR ¢ XR
XFYSXUF 4 X&F + XBF ¢ X10F ¢ XF

Cissd FY plGIDz
cosx4 FT plEX®

Cyz#e FY plIGIDx
cuzue FT pLEX, 2
CS2u8 FY plGID«
Co3%28 FT plLEX,®
C7=210FY nIGID=x
CB=x210 FT FLEX%
COzuFRER wINTHY
C1ORZFREF WIDNTH2
CiissTQT, RIGIN®
r12s2707T, FLEYX,«

C13=#T0Ta'2
wnITEta.1§a1c1.nan.xaR.AaR
FDRMAT(S!rAin,sx,Iiﬂ,sx.rlz.z,sx,r1a.a)
WRITE(6,1409C2,NUF,XUF ,AUF
WRITEf6,14RIC3,N6R,X6R,A6R
WRITE(6,14@C4,N6F, X6F ,AbF
WRITEf6,1,0YCS,NAR,XBR,ABR
WRITE(6,1409C6,NBF,X8BF,ARF
WRITE(6,1437CT,NIGR, X1PR,A10R
WRITE(6,140YCB,N1OF,X10F,ALGF
WRITE(6,14?2YC9,NSR, XR,AXR
WRITEC6,14@YC1A,NSF, XF,AXF
WRITE(6,1489C11,NXR,XRT, AR
NRITE(b.1ﬁ”1c12.NXFQXFYQAF
WRITE(6,14@C1T, NX,XLEN
WRITE(6,17@INB,RTOT
FORMAT(SX,11P,Sx,F1@,2//)
sTop

END
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Position Item Length
1 57 1
2-3 1 2
4-5 2 2
6 3 1
7-9 6 3
10-21 4 12
22 5 1
23-25 7 3
26=-27 8 2
28-29 46 2
30 9 1
31 10 1
32-35 11 4 (xx.x%x)
36-39 47 4 (xx.xx)
40 12 1
41-42 13 2
43-44 14 2
4547 15 3
48-49 16 2
50 17 1
51-54 18A&B 4
55 19 1
56 20 1
57-58 21 N2
59 22 1
60-61 23 2
62-63 24 2 (x.x)
64-65 25 2
66-67 26 2
68-69 274A 2
70-71 27B 2
72-73 27C 2
74 28 1
75-76 29 2
77-78 30 2
79 31 1
80 32 1
81 33 1
82-84 34 3
85 35 1
86-91 36 6
92-93 37A 2
94-95 37B 2
96-97 38 2
98-100 39 3

*Column 79 Card 1 on worksheets

HPMS Record Format

Part I: All Sections

*Rural/Urban Code

Year

State Code

Type of Section ID

County Code (FIPS County Code)
Section ID

Segment (Precoded: 0)

Urban Area Code

Functional Class

Volume Group Identifier
Federal-Aid System
Jurisdictional Responsibility
Section Length

Expansion Factor

Access Control

Number of Through Lanes

Lane Width

Approach Width

Median Width

Median Type

Shoulder Width (Right A, Left B)
Shoulder Type

Drainage Adequacy

Surface Type

Pavement Section

Structural Number

Pavement Condition

Skid Resistance

Number Grade-Separated Interchanges
At-Grade Intersections: Signals

Stop Signs
Other or None

Prevailing Type of Signalization
% Green Time

Number Entrances/Exits

Type of Development

Urban Location

Terrain

Existing Right-of-Way

Is Widening Feasible?

1978ADT

2 Trucks: Peak
Off-Peak

K-Factor

Directional Factor

1-Urban; 2-Rural

Rural Urban
Only Only

(continued)
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Position Item Length

101-102 40 2
103 41A 1
104 41B 1
105-109 42A 5
110-114 428 5
115-120 43 6
121-122 44 2
123-124 45 2
125-126 48 2
127-129 49 3
130 50 1
131 51 1
132-133 52 2
134-139 - 6

143

c-2

Rural Urban
Only Only

#Type of Operation
Parking: Peak
Of f-Peak
Capacity: Peak
Off-Peak

~NORNRX

2000 ADT

Number Structures

Number of At-Grade R.R. Crossings
Speed Limit

PSD > 1500

Horizontal Alignment

Vertical Alignment

Average Highway Speed

Continuation Code for Optional Data
(6 positions coded zero; No optional
data)

NN

*Type of Operation coded "0" is coded "10" on the tape record.

A State not submitting any of the optional data (cards 3-6) would submit
data in the above 139 character record format with position 134-139 always
coded "000000".
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STATE DEPARTMENT OF HIGHWAYS AND PUBLIC TRANSPORTATION

TEXAS ROAD MILEAGE SUMMARY

As of December 31, 1978

TYPE MILES STATE MAINTAINED CITY
HIGHWAY OF AID DESIGNATED MILEAGE MAINTAINED
SYSTEM SYSTEM AS OF THIS MILEAGE
DATE RURAL URBAN
INTERSTATE FAI 3,215 2,214 870 0
FAP 16,765 14,091 2,368 6
U.S. AND
FAM 1,617 123 1,345 118
STATE
FAS 8,270 7,544 651 0
HIGHWAYS
NON-FA 701 312 162 10
Total 27,353 22,070 4,526 134
FAP 114 91 23 0 .
FARM OR
RANCH TO FAM 1,132 : 196 885 20
MARKET
AND FAS 24,525 23,246 958 0
RECREATIONAL
ROADS NON-FA 15,615 14,636 439 1
Total 41,386 38,169 2,305 21




Miles on Highway System for Rural Roads*

¢ 3 f od i el el wd el w® ma =) = W

2 _3 3 A 2 .2

Group Interstate Other Minor Major Minor
Principal Arterials Collectors Collectors
Arterials
1 1174. 461 5639.690 4932.625 31752.909 14124.841
2 807.973 1998.231 1756.405 1623.116 208.564
3 198.674 267.761 277.228 489.759 49,165
4 23.249 87.901 19.391 85.505 16.970
5 19.858 76.584 0.0 1.361 5.972
6 10.672 9.496 0.0 0.0 5.931
7 0.0 0.999 0.0 0.0 0.0
8 0.0 1.717 0.0 0.0 0.0
9 0.0 0.0 0.0 0.0 0.0
Total 2234.887 8082.379 6985.649 33952.650 14411.443

* Federal Aid Rural (includes

mileage in cities < 5000 population).
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Bridges Outside Incorporated Cities

by

Functional Classification

Func-Class

01
02
03
04
05
11
12
13
14
15
21
23
24
25
41
42
43
44
45

Bridge

Count

184
2,824
3,852
2,496
7,584
3,720

23
12
78
35
11
5
11
6

4
147
88
101
65
52

Total 2,298



COUNT ON BRIDGE LENGTH
BY TYPE OF HIGHWAY

(Excluding Bridges Greater Than 1000 Feet)

Total Length, Average Length,

Type Number £t ft
Interstate 6542 1,223,478 187.02
US and State 6647 1,052,667 157.37
Farm to Market 124 14,551 117.35

147




	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	CHAPTER 1
. INTRODUCTION
	CHAPTER 2. DESIGN ELEMENTS
	CHAPTER 3. CROSS SECTION ELEMENTS
	CHAPTER 4. INTERSECTION DES IGN ELEMENTS
	CHAPTER 5. COST ESTIMATES
	CHAPTER 6. SUMMARY
	REFERENCES
	APPENDIX 1
	APPENDIX 2



