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PREFACE 

This is an interim report on Research Project 3-8-78-241, "Truck Use of 

Highways in Texas." This report represents one element of an ongoing study to 

assess the various issues and effects of an increase in truck size and/or 

weig'b.ts on the rural highways in Texas. A joint interim report, 231-

Interim, ''Effects of Heavy Trucks on Texas Highways," was pub 1ished in 

September 1978. 

Several persons contributed to the preparation of the study reported 

herein. The authors would like to express appreciation to the following for 

their assistance: Ben Barton, Farold D. Cooper, Robert L. Miku1in, Gerald B. 

Peck, and Dan Williams of SDHPT; Dock Burke of TTl; and Paul Ng, J. Wesley 

Smite, and Chien-Pei Yu of CTR. 

Additionally, the authors would like to acknowledge the guidance, 

direction, and support given to the study by the Size and Weights Committee of 

SDHPT. Tnat committee is composed of the following members: 

Chairman - Byron C. Blaschke, Chief Engineer of Maintenance 

August 1980 

and Operations 

R. L. Lewis, Chief Engineer of Highway Design 

Wayne Henneberger, Bridge Engineer 

Phillip L. Wilson, State Planning Engineer for Transportation 

Robert W. Townsley, Director, Motor Vehicle 
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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':3 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 on 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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SUNMARY 

A set of issues surrounding the legal limits to sizes and weights of 

motor vehic~_es 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 ll1eights of motor vehicles, princina11y 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 ~idening on curves, critical lengths of grades, lane and shoulder 

widths, and other related elements. 

It was concluded that if anyone of scenarios B, C, and D were imple

mented, some alterations to the Texas Highway network may be necessary. An 
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estimated cost to modify or upgrade the current highway system for each of 

the scenarios is provided. 
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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 anyone of the scenarios be 

considered for implementation. It will also be a guide as to the practicality 

of allow~ng vehicles of increased size and/or weights on the different road 

classes and/or systems in Texas. 
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AASHTO 

CTR 

FM 

GVW 

HP 

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 

HPMS Highway Performance Monitoring System 

SDHPT The Texas State Department of Highways and Public Transportation 

SQRT Square root 
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CHAPTER l. 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 have 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 procEss. 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. In 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 oper.3 tion 0 f veh ic les wi th increased d imens ions. 
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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. SC:)PE 

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) F arm- to-Marke t road sys tem. 

Secondly, the following rural functional classes, or combination of 

classes, are also considered in the analysis. This classification is based on 

road usage: 

(1) Interstate 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. 5 ing'e Axle =20,000 
Max. Tandem Axle =34,000 
MOIL GVW Axle = 80,000 
l Current Legal Limits) 

SCENARIO B 
Max. Length = 65 ft. 
Max. Wid t h = 96 in 
Max. Single Axle =26,000 
Max. Tandem Axle =44.000 
Mox. GVW Axle =120,000 

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

Type 2D 
GVW I: 33,000 I b 

Dimensions: ~ 
Axle Weight: 13k 20k 

Type 3A 
GVW = 47,000 I b 

Dimensions: 128' ~~ 4' 
Axle Weight: 13k 34 k 

Type 3-52 
GVW I: 80,000 Ib 

Dim. ~1 ~""'----~-3 4·i-----' 4' 
A.W.: 12k 34k 34k 

Type 2- S I - 2 

GVW = So.OOO Ib 
,....--...., 

GVW = 42,000 Ib 

~ 
16k 26k 

GVW I: 60.000 I b 

~...--o---.o I 
r-2S'-1 r 4· 

16k 44k;, 

GVW I: 104,000 I b 

~11~r---: -34:w----.4 1 

16k 44k 44k 

GVW I: 120,000 Ib 

fdlO t1~r----~ I 
r8'+2111(0'+21 ~ 

16k 26k 26k 26k 26k 

F~g 1. Vehicle configurations for scenarios A and B 
(Ref 5). 
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SCENA RIO C 
Max.Lenoth = 105 ft. 
Moll.. Width = 102 in. 

Type 20 
GVW =33,000 lb. 

01 mensions: 

Axle Weig ht: 

Type 3A 

GVW= 47,000 I b 

Dimensions: 

Axle Weig ht: 

Type 3-S2 

GVW=80,000 Ib 

o t- 32'---j 
13k 20k 

~ 1 

~28~r-41 
13k 34k 

~ ""'-1 -----'1 
Dim 117'--j~r-34'--jfu'14 
A.W.: 12k 34 k 34k 

Type 2-$1-2 

GVW = 80,000 I b 

Dim.: 

A.W.: 
Type 3-52-4 

GVW= 105,500 I b 

~4.5'14 28'--14~10"4'r-27~1 t--4' 
10k 23.75k 23.75k 23.75k 23.75k 

Type 2-$1- 2-2 

GVW= 105,500 I b 

~ I ~ 5J-!O: t1l 
~Ol2d-r~~2o.5~r~ ~20.5'1 

10.5k 15.8k 15.8k 15.8k 15.8k 

SCENARIO D 
Mox. Len9th = 105 ft. 
Mox. Width =102 In. 

GVW =33,000 lb. 

f.2'~ I 
13k 20k 

GVW=47,000 10 

GVW= 80,000 I b 

GVW=80,OOO Ib 

(S] t---I ----"1 I I 
'de,tS 21''O\~ 21' 'd 
iTiTI 
ek 18k 18k 18k 18k 

GVW=112,500 I b 

Fig 2. Vehicle configurations for scenarios C and D 
(Ref 5). 

.' 

... 

-
.JI 

... 

•• 

... 

., 

. .. 



1 , 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
• , 
1 ...... , 
1 
1 , 

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 w~ights, tandem axle weights, lengths, and widths. 

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

scenario C, and scenario D. They have the following characteristics: 

Scenario A (see Fig 1): 

Maximum 1eng th = 65 feet 

Maximum width = 96 inches 

Maximum heigh t = 13 .5 feet 

Maximum we igh t = 80,000 pounds (GVW) 

Scenario B (see Fig 1) : 

Maximum 1eng th 65 feet 

Max imum wid th = 96 inches 

Maximum height 13 .5 feet 

Maximum we igh t 120,000 pounds (GVW) 

Scenario C (see Fig 2) : 

Maximum length 105 feet 

Maximum wid th = 102 inches 

Maximum height = 13 .5 feet 

Maximum weigh t = 105,500 pounds (GVW) 

Scenario D (see Fig 2): 

Maximum 1eng th 105 feet 

Maximum width = 102 inches 

Maximum height 13 .5 feet 

Maximum weight 126,000 pounds (GVW) 
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1.4. ELEMENTS 

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

affected by a change i.n vehicle dimensions and weight. 

Design elements 

(1) Stopping sight distance 

(2) Passing sight distance 

(3) Pavement widening on curves 

(4) Critical lengths of grades 

(5) Res t areas 

Cross section elements 

(6) Lane width 

(7) Wid th of shoulder 

(8) Guardraih: 

Intersection design elements 

(9) Minimum design for 

(10) Width for turning 

sharpest 

roadways 

turns 

(11) Sight distance at grade intersections 

(12) Median openings 

(13 ) Median lanes 
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CHAPTER 2. DESIGN ELEMENTS 

2.1. STOPPING SIGHT DISTANCE 

(A) Design stopping sight distance is, according to AASHTO (Ref 3), 

liThe minimum distance required for a vehicle travelling near the des ign 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 = vehicle sp<2ed in miles per hour, 

2.5 = value 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 

7 
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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 is 

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. Full-scale tests have been conducted by 

California, Utah, and the Province of Alberta, Canada, on trucks with GVW of 

up to 108,000 lb to assess the braking performance (Refs 15, 16, and 17). 

Figure 3a shows the results obtained by the above agencies, Hhile 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 ~ 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 lIT 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) If anyone 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 

Des irab le 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 fric. 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 

PASSING SIGHT DISTANCE 

11 

(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 o~erator eye height of 3.75 feet and an object height of 4.5 

feet. 

Passing sight distance d(l) + d(2) + d(3) + d(4) (see Fig 4) 

where 

d (1) = initial maneuver distance ( feet) and 

d (1) = 1.47*t(V - m + a*tl /2) (Ref 3) where 

tl initial maneuver time (seconds) , 

V average speed of passing vehicle (mph) , 
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m = 

a 

d(2) = 

d(2) = 

Lf = 

Ls = 

v 

speed difference between the two vehicles (mph), 

average acceleration (mph); 

distance travelled in the left lane (ft ) by the 
passing vehicle -

(Lf + Ls + 150)*V/Vi where 

length of faster vehicle (ft ), 

length of slower vehicle (ft ), 

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 3). 
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(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-lANE HIGHWAYS 

Speed group, mph 
Average passing speed, mph 

Initial maneuver: 

a = average acceleration mphps* 
tl = time, seconds* 
dl = distance traveled, feet 

Occupation of left lane: 

t2 = time, seconds* 
d2 = distance traveled, feet 

Clearance length: 

d
3 

= distance traveled, feet* 

Opposing vehicle: 

d4 = distance traveled, feet 

30-40 
34.9 

1.40 
3.6 

145 

9.3 
475 

100 

315 

1035 

40-50 
43.8 

1.43 
4.0 

215 

10.0 
640 

180 

425 

1460 

50-60 
52.6 

1. 47 
4.3 

290 

10. 7 
825 

250 

550 

1915 

* For consistent speed relation, observed values adjusted slightly. 

(Ref 3) 

60-70 
62.0 

1.50 
4.5 

370 

11.3 
1030 

300 

680 

2380 
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TABLE 2b. ELEMENTS OF SAFE PASSING 
SIGHT DISTANCE -
2-LANE HIGHWAYS 

Design Assumed s12eeds 
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 

* 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) 
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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) d(4) = .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 

'~anual 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 anyone 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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Design 
speed~ 
mph 

30 
40 
50 
60 
65 
70 
75 
80 

TABIE 3. MINIMUM PASSING SIGHT DISTANCE FOR lWO-lANE HIGHWAYS 
WITH A MAXIMUM VEHICIE LENGTH OF 65 FEET 
(SCENARIOS A, B) 

Assumed speeds.mph avg. a, t ~ Calc. AASHTO 
mphps sec PSD, PSD, 

passed passing ft ft 
vehicle vehicle 

26 36 1. 40 3.6 1700 1100 
34 44 1. 41 3.8 2100 1500 
41 51 1. 45 4.1 2500 1800 
47 57 1. 48 4.4 2800 2100 
50 60 1. 50 4.5 3000 2300 
54 64 1. 50 4.5 3200 2500 
56 66 1.50 4.5 3300 2600 
59 69 1.50 4.5 3400 2700 
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Extra 
req .• 
ft 

600 
600 
700 
700 
700 
700 
700 
700 



Design 
Speed, 

mph 

30 
40 
50 
60 
65 
70 
75 
80 

.. .. '- \ 

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

Assumed Speeds, mph 
Calc. AASHTO 

Passed Passing avg. a, t, PSD, PSD, 
Vehicle Vehicle mphps sec ft ft 

26 36 1.40 3.6 1900 1100 
34 44 1.41- 3.8 2400 1500 
41 51 1.45 4.1 2800 1800 ... 
47 57 1.48 4.4 3200 2100 
50 60 1.50 4.5 3400 2300 
54 64 1.50 4.5 3600 2500 
56 66 1.50 4.5 3700 2600 
59 69 1.50 4.5 3900 2700 

" \. f '- .. \. -. .. .. \. '- '-

Extra 
Req. 

Ft 

800 
900 

1000 
1100 
1100 
1100 
1100 
1200 

a ". '. • 
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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 "off tracking distance"). 

(2) It is difficult to steer the vehicle so that it holds the 
center of the lane. 
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The following formula gives maximum off tracking values that were exper

imentally found to be close to the real measured off tracking (Refs 15, 25, 

and 26): 

MOT = R(l) -SQRT(R(l)*R(l) -SUM(U~L)) 

where 

MOT = maximum off tracking (feet), 

R(l) = turning radius of outside front wheel (feet), 

SUM(L*L) = L(l)*L(l) + L(2)*L(2) + etc. 

and where 

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

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

L(3) = dis tance 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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where 

where 

where 

z = V/SQRT(R) (Ref 3) 

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) 

Fa ; width of overhang (feet), 

R = radius of centerline (feet). 

A = overhang (feet). and 

L = wheelbase of unit (feet). 

The width of a two-lane pavement on a curve can then be computed from 

Wl = 2*(U + C) + Fa + Z 

U = vehicle 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 ~nd 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-S2-4 and 2-S1-2-2 vehicle types. 

21 

The results obtained from these calculations are shown in Table 5. In 

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) It 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. 



Vehicle 
Ty~e 

3--S1-4 
2-51-2-2 

J-S:'!-4 
2-51-2-2 

.3-52-4 
1-S1-2-2 

3-52-4 
2-51-2-2 

3-52-.. 
2-51-2-2 

3-5:-4 
>Sl-~-2 

3-5:2-':' 
2-51-2-2 

3-51-4 
2-51-::-2 

>-52-':' 
2-S1-2-2 

3-52-4 
2-S1-1-2 

3-52-4 
2-51-2-2 

3-S2.-4 
2-51-2-2 

1-S2-4 
:-51-2-2 

j-S2-4 
2-S1-2-2 

3-S2-4 
2-~1-2-2 

\. ... ~ '-

TABLE 5. CALCULATED VALUES FOR PAVEMENT WIDENING ON 2-LANE PAVEMENTS 

----_._-
~idening. in Feet, for 2-lane Pavements on Curves for Width of Pavement on Tangent of 

Degree 24 Feet 22 Feet 20 Feet 
of For Design Speed in mph of 

Curve 30 40 50 60 70 80 30 40 50 60 70 3J 40 50 60 

1 
0.0 0.0 0.5 0.5 1'.5 1.0 1.0 1.0 1.5 1.5 1.5 2.0 2.0 2.5 2.5 
0.0 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 
0.3 1.0 1.5 1.5 2.0 2.0 1.5 2.0 2.5 2.5 3.0 2.5 3.0 3.5 3.5 
0.5 0.5 1.0 1.0 1.5 1.5 1.5 1.5 2.0 2.0 2.5 2.5 2.5 3.0 3.0 

3 1.5 1.5 2.0 2.5 2.5 ].0 2.5 2.5 3.a 3.5 3.5 3.5 3.5 4.0 4.5 
1.0 1.0 1.5 2.0 2.0 2.5 2.0 2.0 2.5 3.0 3.0 3.0 3 .. 0 3.5 4.0 

4 2.0 2.5 2.5 ].0 3.5 ].0 3.5 3.5 4.0 4.5 4.0 4.5 4.5 5.0 
1.0 1.5 2.0 2.5 3.0 2.0 2.5 3.0 3.5 4.0 3.0 3.5 4.0 4.5 

5 2.5 3.0 3.5 4.0 3.5 4.0 4.5 5.0 4.5 5.0 5.5 6.0 
1.5 2.0 2.5 3.0 2.5 3.0 3.5 4.0 3.5 4.0 4.5 5.0 

6 3.0 3.5 4.0 4.5 4.0 4.5 5.0 5.5 5.0 5.5 6.0 6.5 
1.0 1.5 3.0 3.5 3.0 3.5 4.0 4.5 4.0 4.5 5.0 5.5 

3.5 4.0 4.5 4.5 5.0 5.5 5.5 6.0 6.5 
2.5 3.0 3.5 3.5 4.0 4.5 4.5 5.0 5.5 

5 
4.0 3.0 5.5 5.0 6.0 6.5 6.0 i.O 7.5 
2.5 3.5 4.0 3.5 4.5 5.0 4.5 5.5 6.0 

9 5.0 5.5 6.0 6.0 6.5 7.0 7.0 7.5 8.0 
3.0 ].5 :.~5 4.0 4.5 5.5 5.0 5.5 6.5 

10-11 6.0 6.5 7.0 7.5 8.0 8.5 
4.0 4.5 5.0 5.5 6.0 6.5 

12-14.5 
7.5 8.5 8.5 9.5 9.5 10.5 
5.0 6.0 6.0 7.0 7.0 8.0 

15-18 9.5 10.5 11.5 
6.0 7.0 8.0 

r ., 11.0 12.0 11.0 
.,-.&..", 

7.0 8.0 9.0 

22-25 13.0 14.0 15.0 
8.5 9.5 10.5 

26-26.5 
14.0 15.0 16.0 
9.0 10.0 11.0 

'- '- ~ '- \. 1,. 1- '!II- ~- " -- " -- " -
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TABLE 6. DIFFERENCE BElWEEN PRACTICAL AASHTO VALUES AND NEW CALCULATED VALUES 

TAKING INTO ACCOUNT TIlAT VALUES OF LESS TIlAN 2.0 FEET ARE DISCARDED 

Additional Widening, in Feet, for 2-Lane Pavements 5hou1d 3-52-4 or 2-51-2-2 Trucks be lntroduced 

Degree 24 Feet 22 Feet 20 Feet 
Vehicle of For Design 5peed in mph of 

3-52-4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2-51-2-2 1 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
----

3-52-4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2-51-2-2 2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o.a 0.0 0.0 

3-52-4 0.0 0.0 0.0 2.0 0.0 2.0 0.0 0.0 0.0 2.0 0.0 0.0 0.0 0.0 2.0 
::>-51-2-2 3 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

3-52-4 
4 2.0 2.0 2.0 2.0 2.5 2.0 2.0 2.0 2.0 2.5 2.0 2.0 2.0 2.0 

2-S1-2-2 0.0 0.0 0.0 0.0 2.0 0.0 0.0 0.0 0.0 2.0 0.0 0.0 0.0 0.0 

3-52-4 
5 2.0 2.5 2.5 3.0 2.0 2.5 2.5 3.0 2.0 2.5 2.5 3.0 

2-51-2-2 0.0 G.O 0.0 2.0 0.0 0.0 0.0 2.0 0.0 0.0 0.0 2.0 

3-S2-4 6 2.5 2~~ 1.0 3.0 2.5 2.5 3.0 1.0 2.5 2.5 3.0 3.0 
2-51-2-2 0.0 0.0 2.0 2.0 0.0 0.0 2.0 2.0 0.0 0.0 2.0 2.0 

3-S2-4 
7 3.0 3.0 3.0 1.0 3.0 3.0 3.0 3.0 3.0 

2-S1-2-2 0.0 2.0 2.0 0.0 2.0 2.0 0.0 2.0 2.0 

3-52-4 
8 

3.0 4.0 4.0 3.0 4.0 4.0 3.0 4.0 4.0 
2-51-2-2 0.0 2.5 2.5 0.0 2.5 2.5 0.0 2.5 2.5 

3-52-4 
9 

4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
2-51-2-2 2.0 2.0 2.5 2.0 2.0 2.5 2.0 2.0 2.5 

3-52-4 10-11 5.0 5.0 5.0 5.0 5.0 5.0 
2-f>1-2-2 3.0 3.0 3,,0 3.0 3.0 J.O 

3-S2-4 12-14.5 6.0 6.5 6.0 6.5 6.0 6.5 
2-S1-2-2 3.5 4.0 3.5 4.0 3.5 4.0 

3-52-4 
15-18 7.5 7.5 7.5 

2-51-2-2 4.0 4.0 4.0 

3-52-4 19-21 8.5 8.5 8.5 
2-51-2-2 4.5 1,.5 4.5 

3-52-4 22-25 
10.0 10.0 10.0 

2-S1-2-2 5.5 5.5 5.5 

3-S2-4 26-26.5 10.5 10.5 10.5 
2-S1-2-2 5.5 5.5 5.5 

N 
I.AJ 



Degree 
of 

curve 

1 
2 
3 

4 
5 
6 

7 
8 
9 

10-11 
12-14.5 
15-18 

19-21 
22-25 
26-26.5 

TABLE 7. CALCULATED AND DESIGN VALUES FOR PAVEMENT WIDENING ON OPEN HIGHWAY CURVES 
(2-LANE PAVEMENTS, ONE-WAY OR 'IWO-WAY) 

Widening, in feet, for 2-lane pavements on curves for width of pavement on tangent of: 
24 feet 22 feet 20 feet 

Design speed, mph Design speed, mph Design speed, mph 
30 40 SO 60 70 80 30 40 SO 60 70 30 40 SO 60 

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 1.5 2.0 
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 
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 

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 
0.5 0.5 1.0 1.0 1.5 1.5 2.0 2.0 2.5 2.5 3.0 3.0 
0.5 1.0 1.0 1.5 1.5 2.0 2.0 2.5 2.5 3.0 3.0 3.5 

0.5 1.0 1.5 1.5 2.0 2.5 2.5 3.0 3.5 
1.0 1.0 1.5 2.0 2.0 2.5 3.0 3.0 3.5 
1.0 1.5 2.0 2.0 2.5 3.0 3.0 3.5 4.0 

1.0 1.5 2.0 2.5 3.0 3.5 
1.5 2.0 2.5 3.0 3.5 4.0 
2.0 3.0 4.0 

2.5 3.5 4.5 
3.0 4.0 5.0 
3.5 4.5 5.5 

NOTE: Values less than 2.0 may be disregarded. 

(Ref 3) 

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. 
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TABLE 8. MAXIMUM OFFTRACKING (WESTERN HIGHWAY INSTITUTE) 

Vehicle Maximum Offtrackino (ft) 

No. Type 2 4 6 8 

8 

9 

10 

I I 

12 82 

~ 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 0 

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, gradabi1ity, 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 gradabi1ity 

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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Perkins 
Perkins 
Deutz 
Mercedes 
Perkins 
Mercedes 
I-H 
Perkins 
Cat 
Deutz 
Magirus 
DDA 
I-H 
Volvo 
Cat 
I-H 
Mercedes 
Perkins 
Cat 
I-H 
I-H 
Cat 
DDA 
Mack 
Magrius 
Volvo 

(Ref 6) 

27 

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 

70 4.165 I-H 210 DT-466 Cat 305 3406 
98 6.247 Mack 210 ETZ 477 DDA 305 8V-71TTA 

100 F5L912 Perkins 215 V8.640 DDA 305 8V-71TTAC 
120 OM352 Cummins 225 VT-225 Mack 315 ETAZ 673A 
124 6.354 Cummins 230 Formula 230 Cummins 320 VT-903 
145 OM352A Cummins 230 NTC-230 Cat 325 3406 
150 D-150 DDA 230 6-71 DDA 335 6V-92TAC 
155 T6.354 DDA 230 6-71TT Cat 340 3406 
160 3208 Volvo 230 TD70F Cat 350 3406 
160 BF6L913 Mack 237 ENDT 675 Cummins 350 Formula 350 
160 Fiat 8360.05 Cat 245 3306 Cummins 350 NTC-350 
170 4-53T Cat 250 3306 Cummins 350 VT-350 
170 D-170 Cummips 250 Formula 250 DDA 350 8V-71TAC 
170 TD-60 Cummins 250 NTC-250 DDA 365 8V-92TTA 
175 3208 Perkins 250 Tv8.640 DDA 370 8V-92TTAC 
180 DT··466 Mack 260 ET 673 DDA 370 8V-71TA 
180 OM355/5 Cat 270 3306 Cat 375 3406 
180 V8.540 DDA 270 6V-92TTA Cat 400 3408 
185 3208 DDA 270 6V-92TTAC Cummins 400 NTC':'400 
190 D-190 DDA 275 6-71T DDA 430 8V92TAC 
190 DT-466 Cat 280 3406 DDA 435 8V92TA 
200 3208 Mack 285 ENDT 676 Cat 450 3408 
200 6V-71 Cat 290 3406 Cummins 450 KT-450 
200 ETG73E Cummins 290 Formula 290 Cummins 525 Formula 525 
200 Fiat 8220.02 Cummins 290 NTC-290 Cummins 525 KTA-525 
205 TD70E Cummins 290 Formula 903 Cummins 600 KTA-600 
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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 Scenario's C , D 
Design Speed, mph Truck Length = 65 Truck Length = 105 

30 1700 (1l00) 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) 3900 

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 (Ref 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 off tracking) 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-S2-4 or the 2-S1-2-2. 
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TABLE 12. MAXIMUM OFF TRACKING (FEET) 

R (ft) WBSO 3-82-4 2-81-2-2 

200 3.S 6.S 3.S 

180 4.0 7.0 4.0 

160 4.S 8.0 4.S 

140 S.O 9.0 S.S 

120 6.0 11.0 6.S 

100 7.0 13.0 7.S 

80 9.0 17.0 9.S 

60 12 .S 26.S 13 .0 

TABLE 13. EXTRA PAVEMENT WIDTH WHEN DE8IGN TRUCK 
18 3-82-4 OR 2-S1-2-2 

3-82-4 3-82-4 2-81-2-2 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 WBSO. 

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 off tracking. 
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(c) While the vehicles proposed under scenarios C and D have different 

characteristics (i.e., off tracking and length) from the WB50 vehicle, 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 off tracking 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 S 
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.S feet, namely the SU, WB40, WBSO, 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.S feet for passenger cars 

meeting commercial vehicles on 18 and 20-foot pavements respectively, appeared 
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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 IIPerceptua1 and field relationship between vehicle width and lateral lane 

p1acement ll (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~ 
Jeet 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 
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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 11-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. Ta1le 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 • 



1. , 

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 

Design 50-250 250-400 400-750 

Speed, DHV DHV DHV 400 
mph 100-200 200-400 and over 

30 20 20 20 22 24 

40 20 20 22 22 24 

SO 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.S 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 capacitj 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 wid th, 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 

acc iden ts. 

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 
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TABLE 17. STANDARDS OF DESIGN FOR mO-LANE RURAL HIGHWAYS 

HIGHWAY CLASS HIGH VOLUME MODERATE VOLUME LOW VOLUME (LV) 
(HV) (MV) 

Design Year ADT (vpd) 
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. rUn. 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 C1. (ft ) 30 30 16 16 16 

Right-of-Way For minimum right-of-way requirements, see Figures 4-31 and 4-32 

(Ref 20) 
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TABLE 18. STANDARDS OF DESIGN FOR MULTI-LANE RURAL HIGHWAYS 
(NON-CONTROLLED ACCESS) 

HIGHWAY CLASS CLASS 6L CLASS 4L 

Average Daily Traffic (ADT 20,000 or more 5000 to 20,000 

Design Hourly Volume (DHV) 1600 to 2400 400 to 1600 

Design Speed Des. Min. Des. Min. 

Flat 80 60 80 60 

Rolling 70 60 70 60 

Mountainous (Use AASHO 
Standards) 

Lane Width, Ft 12 

Narrow 16 4 16 4 
Median Width. Ft 

Depressed 76 48 76 48 

Shoulder Outside, Ft 10 8 10 8 

Shoulder Inside~ Ft 4 2 4 2 

Narrow Med. 108 92 84 68 
Bridge Width. Ft Depressed 

Med. 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 guard fence 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) 

(2 ) 

(3 ) 

Weight of vehicle = 4500 pounds, 

Impact speed 60 mph, 

Impac tangle = 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). 

If 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 DES IGN 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-Sl-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 IItracttrix integrator ll (Ref 25), and the vehicle 

configurations as shown in Figs 1 and 2. Due to the increased off tracking 

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) If 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-S2-4 45 T-140-T 7.0 

WB50 90 180- 60 -180 6.0 120- 40 -200 2.0; 

10.0 

3-S2-4 90 240- 60 -240 14.0 

WB50 135 160- 35 -160 9.0 130- 30 -160 3.0 ; 

14.0 

3-S2-4 135 240- 45 -240 14.0 

WB50 180 130- 25 -130 9.5 100- 25 -180 6.0 ; 

13 .0 

3-S2-4 180 120- 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+z = 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 = 2U + Fa + Fb + 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 + Z = 2U + Fa + Fb + 10 

See Fig 18 (Ref 3). In the above 

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

Fa = wid th of front overhang, ft 

Fb = width of rear overhang, ft , 

C = total lateral clearance per vehicle, ft and , 

Z = extra width allowance due to d ifficu 1 ty 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 C 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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Radius 

50 

75 

100 

150 

200 

300 

400 

500 

Tangent 

TABLE 20. DERIVED PAVEMENT WIDTHS FOR TURNING ROADWAYS 
FOR DIFFERENT DESIGN VEHICLES 

Case 1 Case 2 Case 4 

1 

26 

22 

21 

19 

17 

17 

16 

16 

15 

2 

* 
34 

29 

24 

21 

19 

18 

17 

15 

3 

32 

25 

21 

19 

17 

17 

16 

16 

15 

1 

44 

36 

34 

29 

27 

25 

24 

24 

21 

2 

* 
61 

50 

40 

35 

31 

28 

27 

21 

3 

57 

43 

37 

32 

29 

27 

25 

25 

21 

1 

50 

42 

40 

35 

33 

31 

30 

30 

27 

2 

* 
67 

56 

46 

41 

37 

34 

33 

27 

Note: 1 = WB50, 2 = 3-82-4, and 3 = 2-81-2-2 

*The 3-S2-4 cannot theoretically negotiate a 50-ft radius. 

3 

63 

49 

43 

38 

35 

33 

31 

31 

27 

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-Sl-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 

where 

where 

(B) 

d = 1.47V (J + Ta) 

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 

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

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

L overall vehicle length. 

From the above it can be seen that only Case 3 will be influenced 

by vehicle length and 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-Sl-2-2 vehicles will be at least the same as that of the WBSO (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-Sl-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. MED IAN 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 

off tracking characteristics of the design vehicle at slow speeds (see '~inimum 

design for sharpest curves" for a discussion on the expected wheel paths of 

the 3-S2-4 and 2-Sl-2-2 vehicles). 

(B) By using the off tracking characteristics obtained in '~inimum 

design for the sharpest curves," Fig 23 was obtained. Here the minimum median 

opening is shown for various widths of the median. An 8S-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 openings can be expected due to the increased off tracking character

istics of the 3-S2-4 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 LENGTH (FEET) 
(REFS 3 AND 20) 

Turning Vehic les Storage Leng th, 
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 

. vehic les should be used if their numbers jus tify 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) Inters ta te; 

(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 system, 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 
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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 longer trucks, the 

pavement markings will not be influenced by an increase in truck length or 

weigh t, accord ing to the exis ting ''Manual on Uniform Traffic Contro 1 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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Interstate 
System 

U.S. and 
State System 

Farm to Market 
System 

TOTAL OF 
ABOVE THREE 

Interstate 
System 

All 
Principal 
Arterials 

All Systems 

-I t_--I ..,.a • ..,.a ~ --- - - - -'- -'- -I 

TABLE 22. COST ESTIMATES TO WIDEN PAVEMENTS ON RESTRICTED CURVES 
(IN 1979 DOLLARS) 

Length of Additional Length of Additional Area Scenario 
Section in Area Sg. Yd. System in For System Sg. Yd. C 
Miles Scenario Scenario Miles Scenario Scenario 

2-S1-2-2 3-S2-4 2-S1-2-2 3-S2-4 

1157.97 1,763 4,146 2,214 4,000 8,000 $ 297,000 

4372.93 21,263 52,687 22,070 154,000 362,000 $ 5,409,000 

985.98 83,917 157,149 38,169 3,249,000 6,084,000 $28,471,000 

6516.88 106,943 213,982 62,453 3,407,000 6,454,000 $34,177,000 

1157.97 1,763 4,146 2,214 3,400 8,000 $ 297,000 

4004.98 8,295 23,179 10,317.23 22,000 62,000 $ 1,979,000 

6516.88 106,943 213,982 62,453 3,407,000 6,454,000 $34,177 ,000 

Scenario 
D 

$ 297,000 

$ 5,409,000 

$ 2 8 , 4 71 , 000 

$34,177,000 

$ 297,000 

$ 1,979,000 

$34,177 ,000 

-I 

-....J 
t-' 

-I 



72 

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, 

off tracking 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 l2-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) Identification of sections with restrictive widths and the 
1eng th thereo f . 

(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 

If 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 
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TABLE 24. ADDITIONAL COST TO UPGRADE LANE WIDTH TO 12 FEET 
FOR ALL U ,S. AND STATE HIGHWAY SYSTEMS (IN 1979 
DOLLARS) 

Lane Width ~ Number of Length of Additional Scenario Scenario 
Feet Sections Sections Area ~ B C 

in Miles Sq. Yd. 

9 R 1 2.86 10,067.19 $ 313,000 $ 313,000 

9 F 4 58.49 228,926.47 $ 3,074,000 $ 2,770,000 

10 R 1 4.20 9,855.99 $ 306,000 $ 306,000 

10 F 34 226.01 579,667.02 $ 7,785,000 $ 7,014,000 

llR 0 0 ° 0 0 

11 F 55 506.52 785,889.74 $ 10,554,000 $ 9,510,000 

12 418 3574.85 0 0 ° 
Section 
Total 513 4372.93 1,614,406.40 $ 22,032,000 $ 19,913,000 

State 
22,070 10,419,000 $142,042,000 $128,355,000 

Total 

Number of Number of Sectional State Additional Scenario B Scenario C 
Bridges on Bridges on Additional Area Sq. Yd. State Total State Total 
Sections System Area Sq. Yd. 

1832 9678 14,550 76,900 41,526,000 41,526,000 

GRAND TOTAL $183,568,000 $169,881,000 

'- '- ... ... 'I.a '- r ~ ... '- "'- '- '- ,-P1.. 

Scenario 
D 

$ 313,000 

$ 2,770,000 

$ 306,000 

$ 7,014,000 

0 

$ 9,510,000 

° 
$ 19,913,000 

$128,355,000 

Scenario D 
State Total 

41,526,000 

$169,881,000 

1.. ~ "- \. .. --
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TABLE 25. ADDITIONAL COST TO UPGRADE LANE WIDTH TO 12 FEET 
FOR ALL FARM TO MARKET ROADS (IN 1979 DOLLARS) 

Lane Width, Number of 
Feet Sections 

9 R 

9 F 

10 R 

lOF 

11R 

llF 

12 

Section 
Total 

State 
Total 

Number of 
Bridges on 
Section 

189 

GRAND TOTAL 

1 

37 

1 

105 

o 

7 

24 

175 

Number of 
Bridges on 
System 

8158 

R Rigid Pavement 
F Flexible Pavement 

Length of 
Sections in 
Miles 

4.00 

220.58 

5.27 

605.89 

o 

33.01 

117.23 

985.98 

38,169 

Sectional 
Additional 
Area Sq. Yd. 

8,425 

Additional 
Area, 
Sq. Yd 

14,079.98 

780,598.06 

12,366.92 

1,421,805.71 

o 

38,731. 29 

o 

2,267,581. 97 

87,782.000 

State AJJitional 
Area Sq. Yd. 

363,600 

Scenario 
B 

Scenario 
C 

Scenario 
D 

$ 437,000 $ 437,000 $ 437,000 

$ 3,653,000 $ 3,653,000 $ 3,653,000 

$ 384,000 $ 384,000 $ 384,000 

$ 6,654,000 $ 6,654,000 $ 6,654,000 

o o o 

$ 181,000 $ 181,000 $ 181,000 

000 

$ 11,309,000 $ 11,309,000 $ 11,309,000 

$437,791,000 $437,791,000 $437,791,000 

Scenario B 
State Total 

$183,255,000 

Scenario C 
State Total 

$183,255,000 

Scenario D 
State Total 

$183,255.000 

$621,046,000 $621,046,000 $621,046,000 

.... 

'-J 
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TABLE 26. ADDITIONAL COST TO UPGRADE IANE WIDTH TO 12 FEET -..J 

FOR ALL PRINCIPAL ARTERIALS (IN ]979 DOLLARS) J' 

Lane Width, Number of Length of Additional Scenario Scenario SCl:!nario 
Feet Sections Sections Area •. B C D 

in Hiles Sq. Yd. 

9 R 0 0 0 0 0 0 

9 F 3 36.63 151,980.14 $ 2,041,000 $ 1,839,000 $ 1,839,000 

10 R 1 4.20 Q,855.99 S 306,000 $ 306,000 $ 306,000 

10 F 2 16.48 58,501. 74 $ 786,1)00 $ i08,000 $ 708,000 

llR 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 !~.OO"'. 89 691,566.6:, $ 9,481,000 $ 8,575,000 S 8,:375,000 

State 
Total 10,317.23 1,962,000 $ 26,880,000 $ 24,309,000 S 24,309,000 

Number or :-lumber of Sectional State :.J,;itional Scenario B Scenario C Scenario D 
Bridges on on Additional Al">a Sq. Yd. State Total State Total State Total 
Sections System Area Sl' Yd. 

2873 6676 6,435 19,300 c 1 C' , !! 2'" , 000 $ 10,422,000 $ 10,422,000 

GRAND TOTAL $ 37,302,000 $ 34,731,000 $ 34,731,000 

R Rigid Pavement 
F Flexible Pavements 

'- 11_ 1 1.. 1-'\, '- ,_ " 'L 1- 'L ~ 'L 'L 'L '- 1.. .. 
"- "1_ 
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TABLE 27. ADDITIONAL COST TO UPGRADE LANE WIDTH TO 12 FEET 

FOR THE "ALL SYSTEMS" COMBlNATLON (IN 1979 DOLLARS) 

Lane Width" Number of Length of Additional Scenario Scenario 
Feet Sections Sections Area. B C 

in Miles Sq. Yd. 

9 R 2 6.86 24,147.17 $ 750,000 $ 750.00n 

9 F 41 279.07 1,009,524.53 $ 6,727,000 $ 6,423,000 

10 R 2 9.47 22,222.91 $ 690,000 $ 690,000 

10 F 139 831. 90 2,001,472.73 $ 14,439,000 $ 13,668,000 
---------------

11 R 0 0 0 0 0 

-------
11 F 63 540.81 826,122.88 $ 10,775,000 $ 9,729,000 

12 579 4,848.77 ° 0 0 

Section 
Total 326 6,516.88 3,883,490.22 $ 33, 381. 000 $ 31,260,000 

State 
Total 62,453 98,20!',OOO $579,910,000 $566,219,000 

-----------"---
Number of Number of Sectional Stdt"! .\ddttional Scenario B Scenario C 
Bridges on on Additional ,\rl'~i ')cj • Yd. State Total State Total 
Sections System Are;>, Sq. Yd. 

3610 20660 23,017 440,580 $224,'324,000 $224,824,000 

GRAND TOTAL $804,734,000 $791,043,000 

R Rigid Pavement 
F Flexible Pavement 

Scenario 
D 

S 750,000 

$ 6,423,000 

$ 690,000 

$ 13,668,000 

° 
$ 9,729,000 

() 

$ 31,250,000 

$566,219,000 

Scenario D 
State Total 

$224,824,000 

$791,043,000 

...I .... 
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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 
selec ted. 

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

(a) Inters tate with Interstate routes, 

(b) Interstate with US or State routes, 

(c) 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 
Width ft Sections Sections Area ~ B C 
Feet in ~liles Sq. Yd. 

4 F 0 0 0 0 0 

6 R 0 0 0 0 0 

6 F 0 0 0 0 0 

8 R 0 0 0 0 0 

8 F 0 0 0 0 0 

10 R 0 0 0 0 0 

10 F 0 0 0 0 0 

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

._-----_. 

Divided 
F 1 4.07 9,550.66 $253,000 $240,000 

Section 
Total 138 1157.97 :,. j s" $358,000 $345,000 

State 
Total 2214 24,000 $684,000 $660,000 

Number of Number of Section's State's Additional Scenario B Scenario C 
Bridges on Bridges on Additional Area Sq. Yd. State Total State Total 
Sections System Area Sq. Yd. 

1589 2824 125 250 $135.000 $135,000 

GRAND TOTAL $819,000 $819,000 

R ~ Rigid Pavement F Flexible Pavement 

.... ... 

Scenario 
D 

0 

0 

0 

0 

0 

0 

0 

$105,000 

$240,000 

$345,000 

$660,000 

Scenario D 
State Total 

$135.000 

$819,000 

.... --

---J 
\0 

--
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TABLE 29, ADDITIONAL COST TO UPGRADE SHOULDER WIDTH TO EXISTING 
SDHPT POLICY FOR ALL U.S, AND STATE ROADS 

================-==-==-==-==-==-====-==============<-= .. ==-~-------<-------
Shoulder 
Width, 
Feet 

Number of 
Sections 

Length of 
Sections 
in Miles 

Additional 
Area. 
Sq. Yd, 

::.cenario 
B 

Scenario 
c 

Scenario 
D 

-------------------------------------------------------------------------

'-

4 F 

6 R 

6 F 

8 R 

8 F 

]0 R 

10 F 

Divided 
R 

Divided 
F 

Section 
Total 

State 
Total 

Number of 
Bridges on 
Sections 

1832 

GRAND TOTAL 

,- '-

12 81.32 75,292.58 $ 1,011,000 $ 911,000 $ 911,000 

o o o o ° ° --------<--------------------<---_. 
8 

1 

25 

4 

258 

3 

9 

513 

Number of 
Bridges on 
System 

9678 

... 

65.04 175,119.5 

4.20 4,927.86 

190.46 960,382.34 

16.21 122,633.32 
----------.. ---

2,296.72 

11.13 

57.76 

4,372.93 

22,070 

Section's 
Additional 
Area Sq. Yd. 

70,455 

7,853,718.20 

21,752 .91 

198,616.23 

9,H2,442.94 

!I q . It ~ 3 , 000 

State's Additional 
Area Sq. Yd. 

375,950 

.... rl- 1--1- 1.. 

$ 2,352,000 $ 2,119,000 S 2,119,000 

$ 153,000 $ 153,000 $ 153,000 

$ 12,398,000 $ 12,652,000 $ 12,652,000 

$ 3,808,000 $ 3,808,000 $ 3,8GS,00n 

$105.475,000 $ 95.0jJ.0UU S 95.JJU,00~ 

$ 676,000 $ 676,000 $ 676,000 

$ 2,667,000 $ 2,403,000 $ 2,403,OG~ 

$129,040,000 $117,752,000 7,752,000 

$681,631,000 $626,555,000 $626,555,000 

Scenario B 
State Total 

$203,013,000 

Scenario C 
State Total 

$203,013,000 

Scenario D 
State Total 

$203,013,000 

$884,644.000 $829,568,000 $829,568,000 

1- ~ "- 1.. 1.. 1.. ~ 1.. 

00 
a 

'-
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TABLE 30. ADDITIONAL COST TO UPGRADE SHOULDER WIDTH TO EXISTING 
SDHPT POLICY FOR TIm FARM TO MARKET SYSTEH 

Shoulder Number of Length of Additional Scenario Scenario Scenario 
Width, Sections Sections Area~ B C D 
Feet in Hiles Sq. Yd. 

4 F 89 486.32 1,080.271.2 $ 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 $ 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 $ 768,000 S 768,000 

10 F 19 55.49 364,485.65 <' ., ''',f;. noo $ 1,706,000 $ 1,706,000 

Divided 
R 0 0 0 0 0 0 

Divided 
F 0 0 0 0 0 0 

Section 
Total 175 985.98 3,221,085.97 $ 15,728,000 $ 15,728,000 $ 15,728,000 

State 
Total 38,169 1:!4,694,000 $608,858,000 $608,858,000 $608,858,000 

Number of Number of Section's State's Additional Scenario B Scenario C Scenario 0 
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 

GRA.ND TOTAL $1,170,516,000 $1,170,516,000 $1,170,516,000 

R = Rigid Pavement 00 
F = Flexible Pavement t--' 
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TABLE 31. ADDITIONAL COST TO UPGRADE SHOULDER HIDTH TO EXISTING 

Shoulder 
Width, 
Feet 

4 F 

6 R 

6 F 

8 R 

8 F 

10 R 

10 F 

Divided 
R 

Divided 
F 

Section 
Total 

State 
Total 

Number of 
Bridges on 
Sections 

2873 

GRAND TOTAL 

Number of 
Sections 

o 

o 

o 

1 

6 

2 

171 

3 

9 

464 

Number of 
Bridges on 
System 

6676 

R = Rigid Pavement 
F = Flexible Pavement 

.. '- 1w. 

SDHPT POLICY FOR ALL PRINCIPAL ARTERIALS 

Length of 
Sections 
In Miles 

o 

o 

o 

4.20 

42.64 

5.06 

1,590.90 

9.82 

44.77 

4,004.89 

10,317.23 

Section's 
Additional 
Area Sq. Yd. 

40,625 

... r ... 

Additional 
Area, 
Sq. Yd. 

o 

o 

o 

4,92 7.86 

362,429.90 

40,666.58 

5,270,158.54 

20,216.48 

128,100.89 

5,826,500.25 

16, ') 7:3,000 

State's Additional 
Area Sq. Yd. 

121,750 

1.. " ... 

Scenario 
B 

o 

o 

o 

Scenario 
C 

o 

o 

o 

Scenario· 
D 

o 

o 

o 

$ 153,000 S 153,000 $ 153,000 

$ 4,867,000 S 4,385,000 S 4,385,000 

$ 1,263,000 S 1,263,000 S 1,263,000 

$ 70,778,000 $ 63,769,000 $ 63,769,000 

S 645,000 $ 645,000 $ 645,000 

$ 1,845,000 $ 1,674,000 $ 1,674,000 

$ 79,551,000 

$226,092,000 

Scenario B 
State Total 

$ 65,745,000 

$291,837,000 

..... ,. 

$ 71,889,000 

$204,297,000 

Scenario C 
State Total 

$ 65,745,000 

$270,042,000 

~ 
,.. 

$ 71,889,000 

$204,297,000 

Scenario D 
State Total 

$ 65,745,000 

$270,042,000 

,. • 
~- \. -'. 
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Shoulder 
Width ., 
Feet 

4 F 

6 R 

6 F 

8 R 

8 F 

- ....... - ...... - ~ - - _ r- ...... 

TABLE 32. ADDITIONAL COST TO UPGRADE SHOULDER WIDTH TO EXISTING 
SDHPT POLICY FOR THE "ALL SYSTEMS" COMBINATION 

Number of Length of Additional Scenario Sr.enario 
Sections Sections Area, B C 

In Miles Sq. Yd. 

101 567.64 1,155,565.78 $ 6,067,000 $ 5,967,000 

0 0 0 0 0 

34 251. 53 1,161.139.10 $ 6,967,000 $ 6,734,000 

1 4.20 4,927.86 $ 153,000 $ 1:;3,000 

43 305.77 1,725,956.70 $ 16,481,000 $ 16,235,000 

--- ...... 

Scena ["io 
D 

$ 5,967,000 

0 

$ 6, ;'34,000 

$ 153,000 

$ 16,235,000 
--------

10 R 5 21. 48 147,366.48 $ 4,576,000 $ 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 S 2,643,000 

Section 
Total 826 6,516.88 12,645,907.30 $ 145,126,000 $ 133,825,000 $ 133,825,000 

State 
Total 62,453 174,201,000 $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 

----

R = Rigid Pavement 
F = Flexible Pavement 

...I - -

CD 
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(f) FM with PM 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) 

(b) 

(c) 

(d) 

Using average cost data (Appendix). 
) 

New design values as suggested in Chapter 4, 

"As built" plans obtained according to (1) and (2) above, 

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 - a )% confidence interval is equal to 

x + ta/2 n-l x S 

-Fn 
where 

X computed mean for the sample, 

a/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 

I 
i=l 

(Oi..., Ei) 
Ei 

for all i 

•• 1 

,J 

,J 

,J 

,J 

•• 
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where 

Oi 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 

sampled 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 intersections. 



TABLE 33. ADDITIONAL COST ESTIMATE TO UPGRADE INTERSECTIONS 

Average Number of Length of Total Length Additional 
Area (Sq. Yd.) Intersections HPMS Sections of System Area for 

on HPMS (mi. ) (mi.) System (Sq. Yd.) 
Sections 

Interstate IH 3050.0 2 1157.97 2,214 12.200 System 

US and 
IH 1824.0 137 State 
US 910.0 407 

4372.93 22,070 3,130,000 
System 

FM 
IH 1876.0 158 
US 574.8 771 985.98 38,169 30,845,000 

System 
FM 364.4 157 

Interstate IH 3050 
System 

2 1157.97 2,214 12,200 

All IH 3050 2 
Principal US 1824 122 4004.89 10,317.23 1,446,000 
Arterials TIl 910 309 

"All Systems" 1632 6516.88 62,453 33,987,200 

1- L 1- 1- 1- '- f 1- 1- '- 1- '- '- '-

Additional 
Cost 
Scenario C 

$ 700,000 

S 68,869,000 

$144,35~,000 

$ 700,000 

$ 29,823,000 

$213,924,000 

'- 1-

Additional 
Cost 
Scenario [) 

$ 700,000 

$ 68,869,000 

$144,355,000 

$ 700,000 

$ 29,823,000 

$213,924,000 

1.. '- . -

co 
0' 

~ 
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Pavement Area (sq yd) 

2600 

3500 

Average = 3050 

Structural Area (sq yd) 

Average 

65 

400 

= 232.5 
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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: 

X 1824.0 

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 4 

1656-1992 3 

1992-2384 8 

2384- in£. 5 

From the above the chi-square statistic is 

( (5_5)2 + (5_4)2 + (5_3)2 + (5_8)2 + (5_5)2 ) /5 ::: 2.80 

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 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, 

465O, 2050, 1800, 1l00, 2200, 

180O, 2400, 2500, 1700, 3200, 

1250, 1050, 2750, 1350, 2400. 

For the above: 

x = 1876.0 

S ::: 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 
Interval Observations 

0-1104 6 

1104-1644 4 

1644-2108 5 

2108-2648 7 

2648-inf. 3 

From this the chi-square statistic is 

22222 C (5-6) + (5-4) + (5-5) + (5-7) + (5-3) 1/5 = 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 
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For the 25 sampled intersections, the additional area (sq yd) required 

to upgrade the intersec tions 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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x 910.0 

s = 441.23 

The 90 percent confidence interval for the above mean is 

= 910.0 + or - 1.7ll*44l.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- BOO 6 

B01-1025 5 

1026-l2BO 2 

l2Bl-inf. 7 

From this the chi-square statistic is 

( (5_5)2 + (5_6)2 + (5_5)2 + (5_2)2 + (5-7)2 ) /5 2.BO 

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 S tate Intersecting wi th 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: 
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1900, 500, 650, 250, 45O, 

720, 360, 650, 500, 480, 

360, 300, 1100, 200, 800, 

200, 450, 65O, 250, 1300, 

450, 700, 450, 250, 450. 

From the above 

X = 574.80 

S = 383.28 

The 90 percent confidence interval for the above mean is 

= 574.8 + or - 1.7ll*338.28/SQRT(25) 

= ( 4 5 9 . 04; 690. 56) . 

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

observations falling into each interval are 

Number of 
Interval Observa tions 

0- 252 5 

252- 478 8 

478- 672 6 

672- 897 3 

897- info 3 

From this the chi-square statistic is 

[ (5_5)2 + (5-8? + (5_6)2 + (5_3)2 + (5_3)2 1/5 = 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. 
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to 

FM Intersecting with a FM Road 

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

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

450, 450, 450, 260, 180, 

450, 260, 15O, 180, 450, 

350, 300, 590, 200, 300, 

450, 450, 250, 500, 590, 

320, 450, 180, 500, 390. 

For the above 

x = 364.40 

S = 132.10 

The 90 percent confidence interval for the above mean is 

= 364.40 + or - 1.318*l32.1/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 

[ (5_6)2 + (5_5)2 + (5_2)2 + (5_8)2 + (5_4)2 1/5 = 4.0 
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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-S1-2-2 and 3-S2-4 combinations to stop within the AASHTO braking 

distances. 

(2) Passing sight distance 

Although the implementation of anyone 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-S2-4 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. If these combinations are allowed, a large sign 
indicating the truck length should be mounted on the 
rear trailer. 

(c) That the 2-S1-2-2 and the 3-S2-4 combinations be allowed 
to operate 24 hours a day including weekends and 
holidays on divided highways. 
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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 off tracking characteristics of the 3-S2-4, 

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-Sl-2-2, and 3-S2 is at least 

350: 1. 

(5) Res t 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 implemented. Should parallel parking prove impractical for the 

3-82-4 or2-Sl-2-2 vehicles, due to difficult back-up operation, pull-in angle 

parking might be provided at additional cost. 

(6) Lane width 

Although no change in the 8DHPT policy is expected, a 6-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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Item 

To Widen 
Restricted 
Curves 

To Widen 
Lane Hidth 
To 12 Feet 

To Widen 
Shoulders 
To Desirable 
Width 

To Widen 
Bridges 
To 12 Feet 
Lane Width 

To Widen 
Bridges to 
Desirable 
Shoulder Width 

To Upgrade 
Intersections 

Total 

TARLE 34. SUMMARY OF ADDITIONAL COST TO ALL0W FOR THE IMPLEMENTATION 
OF SCENARIO B (IN THOUSANDS OF DOLLARS) 

Interstate U.S. and State Farm.to-Market Interstate All Principal 
Highways Highways Highways Highways Arterials 

0 0 0 0 0 

77 142,042 437,791 77 
26,880 

684 681,631 608,858 684 226,092 

43 41,526 183,255 43 10,422 

135 203,013 561,658 135 65,745 

0 0 0 0 0 

939 1,068,212 1,791,562 939 329,139 

"All Systems" 

0 

579,910 

1,291,173 

224,824 

764,806 

0 

2,860,713 

- ... 

'-C' 
'-.I 



Item 

To Widen 
Restricted 
Curves 

To Widen 
Lane Width 
To 12 Feet 

To Widen 
Shoulders 
To Desirable 
Width 

To Widen 
Bridges 
To 12 Feet 
Lane tVidth 

To Widen 
Bridges to 
Desirable 
Shoulder Width 

To Upgrade 
Intersections 

Total 

'L 
,. -- '-'-

TABLE 35. SUMMARY OF ADDITIONAL COST TO ALLOW FOR THE IMPLEMENTATION 
OF SCENARIO C (IN THOUSANDS OF DOLLARS) 

Interstate U.S. and State Farm-to-Market Interstate All Principal 
Highways Highways Highways Highways Arterials 

297 5,409 28,471 297 1,979 

73 128,355 437,791 73 24,309 

660 626,555 608,858 660 204,297 

43 41,526 183,255 43 10,422 

135 203,013 561,658 135 65.74.5 

700 68,869 144,355 700 29,829 

1,908 1,073,727 1,964,388 1,908 336,581 

'- '- , '-' '- ... '- 1.. 1.. '- 1.. 

"All Systems" 

34,177 

566,219 

1,236,073 

224,824 

764,806 

213,924 

3,040,023 

1.. 1.. 1.. '-

-0 
co 
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Item 

To Widen 
Restricted 
Curves 

To Widen 
Lane Width 
To 12 Feet 

To Widen 
Shoulders 
To Desirable 
Width 

To Widen 
Bridges 
To 12 Feet 
Lane Width 

To Widen 
Bridges to 
Desirable 
Shoulder Width 

To Upgrade 
Intersections 

Total 

TABLE 36. SUMMARY OF ADDITIONAL COSTS TO ALLOW FOR THE IMPLEMENTATION 
OF SCENARIO D (IN THOUSANDS OF DOLLARS) 

Interstate U.S. and State Farm-to-Market Interstate All Principal 
Highways Highways Highways Highways Arterials 

297 5,409 28,471 297 1,979 

73 128,355 437,791 73 24,309 

660 626,555 608,858 660 204,297 

43 41,526 183,255 43 10,422 

135 203,013 561,658 135 65,745 

700 68,869 144,355 700 29,829 

1,908 1,073,727 1,964,388 1,908 336,581 

.. ~ .. -

"All Systems" 

34,177 

566,219 

1,236,073 

224,824 

764,806 

213,924 

3,040,023 

'0 
\D 
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(7) Width of shoulder 

Here as for "Lane wid th," no change in the current SDHPT po !icy 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 off tracking characteristics and decreasing 

turning ability, especially for the 3-S2-4, 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-S2-4 vehicle if either one of 

scenarios C or D is implemented. The combined cost estimates are shown in 

Tables 34 to 36. 

(11) Sight distance for at-grade intersections 

Additional sight distance will be needed because of the increase 

in truck length, and the additional time required to cross an intersection. 

No cost estimate was made to allow for 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 off tracking characteristics of the vehicle 

combinations in scenarios C and D, additional pavement area will be needed to 

accommodate the 3-S2-4 and 2-Sl-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. In the future more emphasis should be placed on traffic composi

tion when designing these facilities. 

CONCLUSION 

(A) Regarding the Efforts of This Report 

If anyone 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 



Item 

Scenario 
B 

Scenario 
C 

Scenario 
D 

'- '- '-

TABLE 37. SUHHARY OF ADT)ITIONAL COSTS TO ALLOW FOR SCENARIO B, C, OR D 
(IN THOUSANDS 0F T)OLLARS) 

Case 1 Case 2 

Interstate U.S. and State Farm to Market I Interstate All Principal 
Highways Highways Highways Highways Arterials 

939 1,068,212 1,791,562 939 329,139 

1,908 1,073,727 1,964,388 1,908 336,581 

1,908 1,073,727 1,964,388 1,908 336,581 

'- ~- '- r._ .- '- '- , 1 .. 1 

"All Systems" 

2,860,713 

3,040,02) 

3,040,023 

~ 1 .. . ': 
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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) In 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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TABLE Al.l. SUMMARY OF NEW PAVEMENT COSTS 
FOR THE GEOMETRIC PHASE OF 
THE TEXAS TRUCK STUDY 

(INTERSTATE HIGHWAY) 

Scenarios 
Pavement 

Type A B C 

Flexible $ 26.84 $ 27.66 $ 25.62 

Rigid $ 37.36 $ 37.36 $ 37.36 

Flexible $ 25.33 $ 26.51 $ 25.09 

Rigid $ 37.08 $ 37.08 $ 37.08 

$ 

$ 

$ 

$ 

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

(2) Indicated costs are applicable to main1anes, shoulders, 
and paved medians. 

(3) Costs are for pavement structures only . 
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Urban 

Rural 

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 

Flexible $ 11.91 $ 13.11 $ 11.91 

Rigid $ 31.35 $ 31.35 $ 31.35 

Flexible $ 12.10 $ 13 .43 $ 12.10 

Rigid $ 31.05 $ 31.05 $ 31.05 

$ 

$ 

$ 

$ 

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

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

(3) Costs are for pavement structures only. 
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TABLE A1.3. SUMMARY OF NEW PAVEMENT COSTS 
FOR THE GEOMETRIC PHASE OF 
TIlE TEXAS TRUCK STUDY 

(FARM-TO-MARKET HIGHWAYS) 

Scenarios 
Pavement 

Type A B C 

Flexible $ 4.68 $ 4.68 $ 4.68 

Rigid NA NA NA 

Flexible $ 4.68 $ 4.68 $ 4.68 

Rigid NA NA NA 

$ 

$ 

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

(2) Indicated costs are applicable to main1anes, shoulders, 
and paved medians. 

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

(4) Costs are for pavement structures only. 
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APPENDIX 2 

COMPUTER PROGRAMS, INDEX TO THE HPMS DATA, 

AND ROAD STATISTICS 
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C PAO!;RAM 1 
C FOA INTERSTATf. HIGHwAVS 
C 
C Tn eALCULAT~ ADDITIONAL PAV!MFNT TO WIDEN LANFS Tn 12 FE~T 
C t.U'HUN/RURAL CODE, N=HI.(iHW4V CIlDE, I(=#OF LANFS 
C MCLANE WIDTH, Kt~SURFACF TVPE. LcSECTtON lENGTH_l~~ 
C ~lEN.TOT~ L~NGTH ALL SECTIONS 
C NO-NUMBER OF ARIDGES nN SECTION 
C BNS.TOTAL RRInGFS FDA ALL SFCTInNS 
C Rq=EXTRA BRtDGE wTOTH R~QUY~En TO W!OFN TO 12 FT 
C BI0,811c,8 ABOVF FO~ jeFT AND 11FT LANES 
C XlqF,R.TOT.~E~GTH q FEET SECTTONS (R=RIGto,F=FE~IALf) 
C XLI0F,RcAS ABnvE FOR 1~ FEET SECTtnNs 
C XLllF,Rc"SABnVF 
C XLI2.TOT LENGiH ALL S!CTIONS WIOTH>l2 FEET 
C NUMc TOT~ •• SFCTlnNS,N9. jf ~Ee. ;LE~ q FEfT 
C Nt"at; .£(;1. fA FFET,N1t=~E'Q. t1 F~ET, 12=\\:.EQ.12 FFET 
C AREAR/FcEXTRA SQ~ yn~tTnT'L' WITH RAND F AS AR~VE 
C AR9R,FcEXTRA FOR q FEET PAVFMENTS~AR1~R,F.FOR t~ FEF-T 
C ARltA,F.FOR l1FF£T 
C 
C 

PAOGRA~ MA INC I NPtJT ; OUTPUT, T A PE~. INPUT, T APf&.OUTPIJT, T APF.7' 
NUM~NqR.NqF.Nl@R.Nt~F.N'lR.N'IF.N12=0 
XLEN.XLQR.XL9FzXLt0R=XL1AF.XL'lR.XL!lF=XLt~:~ 
AREA.AR9RcAPqF.AR'AR.AR1AF.ARtlR.'RtlF.~ 
rt=I2·U=tl.l=0 
IN1=TN2·IN~·IN4·tTOT.~ 
Aq.B10=Rl~.Rl~=AA.RNB.~ 
WRtTE(O~lR\ , 

115 

FORMATrtMt,~x,-LANE.wIDT~.,~X,.~O.OF SEC.-, 
25X,-LENGTH MI._,t0X,.Ann. AREA.,SX,-COST.", 
READ(5,10;ENO.12B'I;N~L;K~M~K1,It,r2,I3,1~~NO 
FORMAT(tt;2QX,I2,UX;Ia,~x.I?,T2;1?X,I?,7X;t2,t?,r?,T?~41x;t2\ 
IF (I;ED.~' GO TD U~ 

SA 

GO T9 2, . 
IF(N.EQ.1' r,o To 50 
GO TO 2111 
xlEN - XLFN + L'I~A: 
Nil'" II NU~ + 1 
RNS-BN8 + Nn 
INI-INt +tt 
I N2-r N2 +!2 
IN1=IN3 +t1 
fNtI-tNti +TLI • IF(M.LT.l?' GO TO b~ 
N12 II N12 + 1 
xLt2 • XL12 + L/IA0: 
Gt) TO 20 
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7P1 

t t CI' 

1~ (M:GT.q~ GO TO ~~ 
t~ rKl.Lc:b~) r,n TO 7~ 

• • 
APq~ = A~qR + K.(12 •• M'_L*S.R~h~c 
NQ~ = Naq + 1 
xlqp = ~LQR + L/l~0: 
I1Q=Rq + Nn.K 
(;('1 TO 2C1 
APqF • ARQF tK*(1~:~~'*l*~.8~~~ 
NqF = NqF + 1 
~lqF = VLqF + l/lnD: 
~q=~q + "m_I( 

(;0 Tn ;>~~ 

IF tM .~T; 10' r,n Tn 'PI~ 
IF (Kl.~~.bA' Gn Tn q~ 
AP\~P = A~t~R + 1C*(12:.~l*L*S:B~hbb 
NHH? = "'1~R +1 
XLIPP =~L1a~ + L/t0~. 
R 1t~.R' ~ + Nn.1( 
r;o TO 2~ 

AP1~F = A~I~F + ~*('i:.~'*L.~:8~b6 
~11.1"=~ll~F + 1 
)( L 1 ~ F = x t 1 !'lI F + L I trH~ : 
~1P.=qt~ + 1\lr1.1( 
Gn TO 2A 
J.F(K1~l.E..~~1' GO Tn lltll 
AP11R =4R"P +1C*(12:-~'*l*5:A~~b 
N 1 1 p = 1\11 1 r.( + 1 
XLt1R .)(L'P~ + 111Wl'''I. 
~,,=RU + NI"I*K 
GI"I Tt') 201 

• • 
AP1'F=A~1'F + ~.(12.-M'*L*5.e~b~ 
"dtF=Nl1f + 1 
XlUF.I(ll'F + L/tf"~< 
~ It.R 1 1 + NnJfH( 
r;n TO 201 
AP~A = APaR + APqF +AP'~P +AP1MF +ARlt~ tAPtlF 
JTOT=tN1+TN;>+TN~+TN~ 

RA=pq + 81~ + 811 
C1 = -q F1 Rl(;t~-
C2 = _a FT FL£X;t 

C3 = -t~ PIGIn-
Ctl • Itl~ FLE)c-
C; = ;t11 PIGI~~ 
C6 = JIlt, Fl~XJll 
C7 • -1~ FT PAV. 
C8 I: Jl!TOTALJIl 
WqtTErb.l'~'C1,Nq~,VLqR;ARqR 

• 1ft..." 
F M~'" A T t ~ )( • A 1 ~, I 1 5, F 1 5.2 •. F 1 6. ? , 

.. 

... 

... 

... 

.' 
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14~ 

15~ 

'b~ 

17A 

tA0 

W~ITE(b.1'0'C?,~QF.VLOF.AQ9F 
~RITErb;110'C!,N10R.XllA~,A~'~R 
w~ITE(b,']0'CU.Nt~F.XL1~F.AQ'~F 
~RrTE(b,11~'C~,Nt,~,XL"P.AQ1'~ 

w~ITE(b,1,~'rb,NttF.~l1'F.A~11F 
WQITErb~I'~'C7,N12,XL'?, 
w~tTEfb.t4~'C~,NUM,WLF~,A~EA 
FO~MATr~X~.'M.I15,F15:2,F16:?II' 
~RrTErb,l~~' 
FOQMAT(~x;tTNTftHAN~~_,~X,.GR!OE SIG •• ,~X, 

?_GRAOE ~Tnp.,~x,.UNSIGN.L-,~X.~TOT4L-'I) 
~RITE(b.tb~'lN1,IN2.IN3.IN~.ITOT 
FnpMAT(5~,IS,'AX,tS,1~X;I~,1~X,T5,8.,I5) 
~RITf.(b,l~~' .' 
FnRMAT(~X •• NO ~R!nGFS •• ~X,~Q FT. j~EA.,5x,.1~FT AREA. 

?'~~'.'t FT 4RFA_,5X,~TnTAI 4RFA_111 
wRITE(b;lA~'BNR,B9,Pl~,~lt,RA 
FnR~AT(~X.F'0.~,5X,F1~.?,~X,F1~:2. 

~§~,F1A.2,~X.Ft~:2' 
STnp 
END 
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C PROGRAM 2 
C FO~ PRINCIPAL ART£RIALS EXCLU~ING INTERSTATF 
C 
C TO CALCULATE ADDtTIONAL PAVF.MENT TO WTDEN LANES Tn 12 FE!T 
t IaUR8AN/RURAL C~OF, NaHTGHWAY .COOF., K=~ OF LANfS 
C MaLAN! WIDTH, 10 =SURFACE' TVPE. L=5ECTION LENGTH*tA0 
C XL!N.TOT~ LFNGT~ ALL ~ECTIONS 
C NO.NUMBER OF RRTOGfS ~N S~CTlnN 
C BNe.TOTAL BRIDGE'S '~R ALL SFCTION~ 
C B'.EXTRA BRIDGE WIDTH RFQUIREn TO WrD~N TO 12 FT 
C Rta,BttaAS ABnVE FOR 10FT AND ttFT LANES 
C XL9F,R.TOT.~ENGTH q FEET SEeTtO~s (R=RIGln,F.FF~I8LE' 
C XLtAF,R.AS ABnyr FOR lB FF.~T SECTIONS 
C XLttF,R=A8 AB"YF 
C XLt2aTOT LENGTH ALL SFCTIONS W10rH>l2 FEET 
C NlIM. TOT •• SECTIONS,N9. ~ SEC •• lE, 9 FEET 
C ~110a-=~EQ~ to FEET,Nll .... F:Q: t1 FFET,12=t:fi.EQ.,t' FEET 
C AR£AR/F=EXTRA SQ: V~.rTnTAl' wITH RAND F AS ARnvF. 
C AR9R,F.EXTRA FOR q FE!T PAVFM~NT8,AR1~R,F.'nR tA F~ET 
C ARltR,F.FOR tlFFET 
C 
C 

PROGRAM MAIN tINPUT.OIITPUT,TAPE5.INPUT,TA.F6.~U'PUT,TAP~T' 
NUM.",QR.",qF.N!0RaN1AF.NtlRcNl1'.N12·0 
XlEN.XLQRckL9F.~LtAR=XL10'·~L1tR.XLtlF.Xlt?=~ 
AREA.4RQR=ARqFcARt0R.ARi~'.ARttR.ARttF.~ 
IlaI2-r'.YO.0 
INt·tN2.1N3·INGaITOT.A . 
RQ.e10.Rtt.~t2.AAaBN8.A 
WRrTEtfJ~lA) 

• & • '" 

FORMAT(1Ht,~X,_lA"'E.~IOT~.,~x,_~o.n' SEC.-. 
?5X,_l£NGTH MI._,18X~_ADn. AREA_,5X,-COST-II' 
READ(5,10~!NO.120'I;N~L;K;~;K',Tl,IZ,13,1~~NO 
FORMAT(!t,2QX,I~,IX~IQ,~X~I~.I2;I?X,I2,'X;T~,I2,12,rZ,a'x,TZ' 
IF tt~EQ.2) Gn TO a~ 
Gn TO 2Ql . . 
IFtN.!Q.2' GO Tn ~0 
Gf') TO 2" 
XLEN • XLFN + l/100: 
NUM • NUM + t 
BNS.BNS + Nn 
lNI-rNI +It 
1N2=IN2 +t2 . 
IN3aIIIJ3 +T'3 
INGclNa +14 
I'tM.LT:l?) GO TO bA 
N12 • "'12 + t , 
XLt2 • ~l12 + L/10A. 
GO TO 2A 
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IF (M.GT.ol Gn TO M~ 

IF (Kl.Ll;.:bPll GO TO 1~ 
APQR II ARoP + K*('2:~~1*l*5:~bbb~ 
~JOR II NQR + 1 

• ~lQR :; ~LqR + L/lnp. 
eo=eq • I\In*1( 
Gn Tn 2~ 

ARqF = ARqF .K*C12.-M'., *~.Ab66 
NQF :; I\JqF + 1 
~lqF ~ ~LqF • L/IA~: 
Aq:;AQ + Nn*K 

Gn TO ~~~ 

8~ IF ("1 .tn; un r.o Tn 1~~ 
t F t K 1 • LE. b (II ) G n T 0 q ~ . " AR1~R II ARIAR + K*(12._Ml*L*S.8bb&& 
N1"R = Nl"'R +1 
kLt~R =Xl1(11R + l/'~~ • 
R 1 (A = B 1 A + N n * Ie 
Gn TO 2(1 

q~ AR1~F. AR1(llF + K*(12:-~1*L*5:abb6 
N1~F:;N1P1F + t 
lCLtli'lF = XI l~F + l/l~~: 
A1A=8h'! + ~m*1( 
GO TO 201 

1~~ IFCK1:L&.6~' GO Tn , 1~ 
ARltR =A~'tR +K.(12:-~'*L*5:~bb~ 
N1tR.NltR .. 1 
)(LltR =~L11R .. I/H~(it. 

81 I=At, .. Nn*K 
Gn HI 2C11 

22~ ARttF=API'F + K*(!2:-~l*l*5:8b&6 
"Il1FIINttF + 1 
~Ll1F=Xll'F + L/t~~: 
R , 'liB" + NO*I( 
GO Tn 2111 

22~ AREA. APOP + ApqF .ARtO!R +AR10F +ARltR +AR11F 
ITOTIIINt+J"I?+TN1+1NQ 
BA.Aq + A1~ • B11 
C1 = .q FT RIGI~. 

C2 • IIfq ·FT FlfX,e 
C3 • zlC11 RIGIn. 
CI.I = '\01 FlF)(' 
Cs • 1If1t RIr,I~. 

Cb = 1t1t FLFX. 
C7 • 'It? FT RAV. 
ee I: .TnTAL_ 
WRITEC6;110'C1,N9R,XL,R;A;Q, 

\3~ FnRMATC1X.A'0,I'~.F'5.?,F'b.2l 
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~~ITECb.l'~'C?,~qF,~lQF,ARqF 

wPITE(6.1~~'C,,~1~R;Xlt~R,A~'~P 
WRITE(b.1J0'CU,~1~~;XL1~F,A~t~F 
WPITE(b.l'~'C~,NltR,XLt1R,ARt1R 
ill r:l I T E ( b , t , A \ C b , ~J 1 1 ~ : 'I( I 1 t F , A ~ t 1 F 
WRITE(~~lJ~'r7,Nl?,~L12~ 
wPTTE(b,ta~'tA,~UM,XLFN;AREA 

ta~ FnRMAT(5X~At~,115,F15:2~F1b:211' 
"JRtTf(b,'C;~\ 

15~ FORMAT(~X •• TNTECHAN~E~,~X,~GR~n~ SlG •• ,~X. 
~~~RADF ~Tn~_,~X,_UN~I~NAl_,~X,_TnTAL_II) 

wRITE(b.tb~'tNl,IN2~IN~;r~4,ITOT 
1~~ FnRMAT(~X;I~,'~X,r5~1~X~I~,'~Y,T5,8X,T5) 

io'IRITEr6,1"~' 
17~ ~nRMAT(5X;_Nn ARlnGFs.,~X,~q ~T: AREA.,~X._l~FT AREA_ 

?,&X,_tt FT ~RfA-,5X,_TOTAl A~FAtll' 
W~lTE(n.tA0'BN~,Rq,Rl~,Rlt,~A 

t80 FORMAT(5X;F10:~,5X,Fl~.~,5X;F1~:2, 
?5X,Fl~.2,~x,Ft~:2~ 

STOP 
FNO 
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P~Or.RiM :5 
AtL SVSTE'MS 

TO CALCULATE ADDITIONAL P'V~~FNT Tn wIDEN LAN~S Tn 12 FEET 
I-URBAN/RURAL CnOE, N.HYGHwAV CODE, K=.OF lAN'$ 
MCLANE' WIDTH, ~t.8URF'CF TYPE, L=AECTTON LENGT~*lA0 
XLENaTOT: LtNGTH ALL SEeTToNS 
N~.~UMBFA OF ARIOGES ON SEC~InN 
ANa-TOTAL BRI~GF.S F"R ALL S£CTIONS 
BQaEXTRA 13RYOGE WYDTH RFr~"tREO TO WTDEIIJ TO '2 FT 
~10,B'1.AS ABoYF. FOR tAFT AND ItFT l~NES 
~LQF,~.TOT.~ENGTH 9 ~EET S~~TTO~S tR=RIGID,F.~EXIRLE' 
XllAF,RaAS ABnVE FaA 1~ FFFT SECTIONS 
XL1'F,fUAS AB{'lVF.' 
XL12.TOT LENGTH ALL SECTIO~8 wInTH~12 FEET 
NUM. TOT:.* SP!:CTIONS,Nq .... ~EC. :LE: Q FE~T 
N10=~ ,FO. \0 FFET,Nlt=~.FQ. 11 FEE'T,12.~.EQ.t? FEET 
AAEAA/F.EXT~A S~~ YD,(TnTil' WITH; AND F AS AROYE 
AAQA,FaEXTRA FOR Q FEFT PAY'MFNTS,AR\0R,F.FnR 1~ FEET 
AAltA,F=FDR tiFE'ET 

10 

PROGRAM M A I N tl NPtIT, O"TPIJT, T APFC;a t NPUT, TAPFn=OUTPfJT, TAPE" 
NUM=NQR.NqF-NfAR-Nl~F.Ni1R_NlfF.N'2-e 
XLEN.XLQR.)(LqFaXL10R-ltL'0F.~LtlR.XLttF.l(L1~=~ 
AREA.ARqR.ARQfaAR'~R.4R'~F=A~11R.AR'lF.~ 

It=t2=I3=tUae 
IN1=IN2.IN3.INU=tTOT.~ 
8q=B10.~1'=~12.BA.BN8.~ 
WRI'Et6,1~). . • 
FORMAT(tH,,~X"LANE.wtDT~"~X,_NO.OF SEC.~, 
25X"LENGT~ MI.',UXtllf~n~. ,A~e.A.,5x,.cnST.II' 

121 

REAO(5,30~ENO~120'I~N,L'~f.M.~t,~1,I2,t3,1~,NO . 
FORMATCTt,24X,I2,4X.I4,~x,t~,T?.12X,I2,7X.r2,r2,I~,r2,47)(,,2, 
IF tI:E~.~) GO TO U~ 

50 

GO '9 2~ 
IF(N.LE.8\ GO Tn ~0 

GO TO 2Pl 
XLEN • xLFN + L/t~~: 
NUM II NUM + t 
8Ne=eN8 + I'm 
INt=tNt +T1 
I N2-IN2 +12 
IN3=IN] +t3 
IN4=IN4.+!4 
tF(M.LT.12] GO TO b~ 

N12 • Nt2 + 1 • 
XL12 = Yl12 + L/I~0. 
GO To 291 
IF (M:GT:q, GO TO 8~ 
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8P 

TF (I(1.ti:6~1 GO TO 70 
A~qR I: ARqR + K*(1?:.~1*L*5:8~6~b 
NqR = NqR • 1 
XLQR I: ~LqR + L/IP0: 
Aq=Sq + NO*K 
GO TO 2,11 
ARqF I: lRCF +lu(12.-M'*L*'S.Ab&b 
NqF = NOF + 1 
XLqF I: ~LqF • l/lPe: 
pql:Rq + Nt'htd< 

r.n TO i'0 

.. 
IF tM .GT. to, (;0 Tn 11A'" 
TF tKt.l..e;.:bCq GO TO q~ 
A~I~R = A~lPR + K*t'2:_M)*L*5:8~b&b 
N'0~ : N1P1R ., 
~L10R .~L10R + L/t~~. 
At~=Bt0 + Nn.1f 
GO TO ~~ 

ARt"'F = AR1~F + ~.CI2:-~1*L*5:8~bb 
N1~F=Nl~F + 1 
xl10F I: XL1~F + L/t~0: 
RIA:FH0 + Nn.1( 
GO T·O 2t'! 
IF(Kt:~.b~' GO TO 11~ 
AR11R =ARtiR +K*(12:-~)*l*5:86b& 
N1\R=Nl1R.l 
letUR I:XU fR + l/10P. 
8tl=e11 ... NO.K 
Gn TO 201 .. . 
AR1tF=ARt1F ... K*(12 •• ~1*l*5.A6b~ 
N'lF=NltF + 1 
xLt1F=XLt1F + L/l~A: 
R1I=Btl + /I.Jn*1( 

Gn Tn 2!'1 
AREA = ARO~ + ARqF +ARt!'lR +ARt0F +ARI1R +ARltF 
ITnT=tN1+TN?TN1+tNn 
RA=Rq + Rt0 + Rl1 
ct I: -q FT Rlr;IO-
C2 I: -q F1 FLF.)(~ 

Cl = .1~ RtGT~t 
C4 I: -1" FLFX. 
CSi = .1 t RIG!n-
Cfol • ;et, FLfX. 
(7 :I -1::! FT PAV. 
eA I: -TOTAL_ 
WPITEtb;13alC"NQR,XLQR;APQp 
FORMAT(1X,A'0,I15,Ft5:2~Ftb:21 
WRITECb,1'~'~2,NqF,~LqF,ARqF 
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w~ITE(b.l~a'C],~l~R.XL 1~R,A~1~R 

~RITE(&.1~0'ca,N1AF(XL'~F,AR1~F 
WRITE(b,13~'C~,Nl1R~XLt'~.AR11R 
WRJTErb.l~~"Cb,~i\tF.X' t1F.A~'!F 
WRtTE(b~\'~'C1,Nt2,~l'2; 
wRtTE(b.l~0'CA,~U~,XL~N.AREA 
FORMAT('X~At~,!tS.F'5:2;Ftb:211' 
wRITE(b. tCj~' 
F"RMAT(~X;'INTECHANGft,~~,tGRADF SIG •• ,5X. 

2tGRADE STnp',5X"UNSIG~AL~,~~,_TOTAL'II' 
w~ITE(b.l~~'INt,IN2;I~3;tN4,ITOT 
FORMAT(,X;I~,'0X,TS~1~X;I5"~X,T5,8X,I5' 
wRtTftb~11tn 

., .... 
~nRMAT(Cj~.'NO BRIOGfSt,~X,tq FT. AREA.,~x.t1eFT AREA_ 
2,b~"11 FT AR~A.,5~;'TOTAL ARfA.II) 
wRtTE(b,lR~'8N8,Rq,A1P,Rl1,~A 

~ r .'. 
FORMAT(~X,F1~.~,S~,~1~.?,'X,F,n.2, 

?5X.Fl~.2,CjX,Ft~:2' 
STI1P 
nm 
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C PROGRAII4 1.1 

C CC'Ut..lTY ROAOS 
C 
C TO CALCULATE AOOITIONAL PAV~MFNT Tn wIDEN LANES Tn 12 
C I.URRAN/RURAL cnOF, N~HIGH~AY ,cnD~, K.~ OF LANES 
C M.LANE WIDTH, K1.SURFACE TYPE, L.Sf~TION LENGTH*l~~ 
C XLEN.TOT. LFN~TH ALL SEr.TIO~S 
C NO.NUMB!R OF RRtDGES ON SECTlnN 
C BNS.'OTAL BRInGFS FnR ALL SFCTIn~s 
C aq:F.XTRA Bruor.E wIDTH R~QIJIRF.n TO wTnEN Tn 12 FT 
C 810,811.U A8nvF FOR 1"'FT AND 11FT I.ANES 
C XLqF,R:TOT.~ENGTH q FEET SE~TTnNS tRcRIGln,F.FEXIRLE) 
C XLtAF,R.AS 4~nvF FOR 10 FEET SECTIONS 
C XLlt"R.AS AsnVF 
C XL1?TOT LENGTH ALL S~CTtON~ WI~TH.J2 F!ET 
C Nil .... TOT~ tf SFCTIONS,Nq. 1t SE~. :1 E~ ~ F!fT 
C NUI.1f" ~E~: 1~ FFET,Nll c •• FQ: 11 FF.ET,ti.tf.EQ.1? FF.ET 
C AREAR/F.EXTAA SD~ YD~(TnTAL' wITH,R AND F AS A~n.VE 
C ARqR,FaEXTRA FOR q FE~T PAVFII4FNTS.AR1AR,F.FnR ,~ FEET 
C ARltR,F.FOR 11FFeT 
C Nt. JURtSOICTIONAl RESPONSI~JLITY 
C 
C 

FEET 

PROGRA~ MAIN fINPUT,OUTPUT,TAPE~.rNPUT,TAP~b.OUTPUT~TAPf7' 
NUM.NqR.NQF.N10R.Nl~F.N11R.N1tF_Nti·0 

XLEN.XL~R.XLqF:XLt0R.XL'0F.XL"R.XLllF.XL'?=~ 
AREA.ARqRcARqF_AR'~A.AR'~FaARt'R.AR'lFa~ 

11.r2-n=T4=0 
IN1·IN2·I~3·INl.lcITOTC~ 
AQ.Bl~.~11.~1?DAA.BNB.A 
~RITEfb~1~) , 

10 FnRMAT(1Ht,~x,-LANE wIDT~.,~x,.~n:OF 8EC._. 
~5X,.LENGTH MI •• ,10X,.Aon. A~eA.,5x,.cnST.II' 

2119 READfl5"~,END.12"H~N;Nt,t ,K,"4,K1 ,It,T2,I'!;T~,NO 
]" FnRMAT(tl;24X,I~,3X,I1,T4;5x,T?;I~,t2x,I2;7x,r~.IZ,T2,12.47X!t2' 

IF fI:ED.?) GO TO 4~ 
Gn TO 2~ 

A~ I'(N~LE:8' GO Tn 50 
GO TO 2A 

50 IFfNl:GT.?) GO TO 5~ 
GO TO 2" 

55 ~LEN.XL~N + L/1~0: 
NUM • NUM + 1 
ANS.8N8 + Nn 
INt-INl +Tl 
I N2·IN2 +T2 
IN3-IN3 +'3 
ING.INI.I +Ttl 
IFfM.LT:12) GO TO &~ 
N12 • Nt2 + 1 

•• 1 

,~I 
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XLI? • XL'? + L/l~0: 
GO TO 2~ 
IF rM:GT.9) GO TO A~ 
IF (Kl.LE:b~) Gn TO 7~ 

fI " AR9R • ARQR + K.Ct2 •• M)*L*5.8bb~b 
NQR • IIlQR + 1 

" XLQR = XLOR + L/l~0. 
~Q.R9 + NO*I( 
r;n TO Z~ 

ARQF • ARQF +k.(t2 •• M).l.S.~bb& 
NOF = NoF + t 

.. 
XLQF = XLQF + L/lA0. 
ROaAQ + Nn ... k 

GO Tn 20 
IF (M .tT; t~' GO Tn 1~~ 
IF tk!.Lb.b0' GO Tn QA 
A~10R = 4~1~~ + K*CtZ:.M)*l*S:Aebbb 
N10~ = NtGliR +1 
XLI AR =XL'~R + l/1~A. 
81A=810 + Nn.1( 
(;0 TO 2'" 

• ., < 

A~t0F = AR1AF + k*C12 •• ~)*L*5.8 •• b 
N10F=N1P1F + 1 
~lt0F = XL1~F + L/1A0: 
R 10=R HiJ + NO.1( 
r,o to 2A 
IF(l(l~La •• ~\ GO Tn 11A 
ARtlR =ARit~ +K*(t2:.M'*L*5:~b66 
t~ 11 RaN 11 R _ + 1 
XL1,R =xL1tR + L/t0~. 
Fl1t=Rtt + Nn*1( 
Gn TO 2(')1 

fI • 

ARttF=ARt.F + K*Ct2.-M)*L*S.8bbb 
~j 1 1 F = N 1 t F + 1 - . 
XLI1F=XLIIF + L/l~A. 
811=att + NO*I( 
GO Tn 2~ 

AREA = ARqR + 4RQF +ARtAR +lR1~F +ARllR +'R11F 
ITOT=rNt+~N2+TN3+IN4 
RA=SO + R'A + 8tl 
Cl = _0 FT Rlr.IO-
C2 = .0 FT FLEX. 
C3 • -IA RIGln;t 
CQ a -tA FLEX-
C~ = -11 RIGln_ 
C6 • ;tIt FLEX-
C7 • ;ttt' FT PAV'I 
C~ • ;tTnTAL_ 
W~ITE(&;t'0\C"NOR,~LQR;AR9~ 
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170 

FnR~AT(~X~A10,I1S,Ft5:2~F1b:2' 
WRITECb,\10'C2,NqF,XL~F,ARqF 

wRrTftb;1~0'Cl,Nl~R~XL1~~,ARt~R 
WRITfCb~110'C4,Nl~F .. XLt~F(ARtAF 
WRITE(b.t~~'C5,Nl!R,XLI1R,AR1tR 
wRITErb~11~'Cb,Nt1F~XlI1F~Un 1F 
WPtTE(b,t'0'CT,N12,XL12; 
WRITECb;'~~'C~,NU~,~L~N~ARE~ 
FO~MAT(5X,A10,It5,F1S.2,F16.211' 
It4RITE(6;tr;0' 
Fn~~AT(~X;.rNTE~HANGE.,~X,.GR'OF STG •• ,5X~ 

2_GIU DE' S Tf'lPII, 5X, .IINS II';NAL-, ~X, .TOT AL III n 
wRTTEC6;le0'INl,I N2,IN3:INU;Y T OT 
FOR~AT(~X,r5,'0X,'S~10X;t~,t~~,t5,8X,I5' 
~RITEC6;lT0' • FORMAT(5X,IINO BRIOG~S.,5X,.Q FT. AREA.,SX,.10FT 

2,bK,.tl FT ARE'A.,5X~.TO~AL AR~A.'ll 
wRITE(6;lA0'BNB,eq,AIA,Alt,~A 

•• .• II' 

FOR~AT(~X,F10.0,5X,F'~.~.5X.FtA.2, 
25X,F10.~,5X,Ft0.2' 

STOP 
ENO 
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PROGRAM 5 
FU~M Tn MARkET 

Tn rALCULAT~ ADnITIQ~AL PlVfMENT Tn WIDEN LANES TO 12 FFfT 
I=UQAAN/RURAL CnoE, N=~tG~wAY CODE, K.~ OF LAN~S 
M=LANE W!~T~, K1.~URF'CF TVPf. l=SECTtON LENGTH*l~~ 
XLEN=T()T. LFNGTI1 A 1...1 fiEtTTONS 
Nn:NUM~fR OF ~RtD~E~ n~ SECTION 
9N8=T"TAL BRIDGES FnR ALL SFCTlnNS 
RQ=EXTIH 8RTOGE WTOTH "FCHlIRED Tn WTOEN TO 12 FT 
81 "',R, 1=AS ABnYF FOR 1 ~FT A~IO 11 FT LANES 
XLQF,R=ToT.LENGTH Q '''1:.T ~Er.TTnNS (~=RrGI",F=Ff)(IF4LF) 
XllAF,R=AS 6BnVF FOR 10 FEET SECTTONS 
XLttF,R:AS ABnVE 
XL12=TOT LENGT~ ALL SFCTIONS WlnTH>12 FEET 
NUM= TOT •.• SFCTlnNs,N9= ~ ~EC •• If: Q FE~T 
Nt·0=~ .fQ. H! FEET,N~ 1=ft.F'(~. tl r:Fl-T,t2~EQ.t? FE:fT 
ARfAR/F=EXTRA SQ. VO.'TnTAL' ~ITI1 P AND F AS AROVE 
ARq~,F=FXTRA FOR Q FEFT PAVFMFNTS,AR1~R,F=FOR tA FErT 
ARltR,F:FnR l1FEET 

127 

PROGR AM MA I NO NPljT t ~ HJPIIT ~, nliTPIIT, T APE5=1 NPI.IT 1 , T APE4= t NI'lIT? 

HJ 

20 
30 

2,rAPEb:nUTPUT,TAPr', 
NllMIINqRaNqF:N 1 0!;1=N 1 r .. FaN 1 t R=N t 1 F=N t 2=0 
XlEN=XLQQ.XLqF=XLt0R.XL'~F:)(L11Ra~Ll1F.Xl12=~ 
APEA=.~qR.ARqF=AR10R=1~10F.AR11R.AR11F=~ 

11:1i?=I'1:T4.", 
IN1=IN2.tN3·IN4=ITOT=~ 
Bq.Rl~=~lt=RA=BNAa~ 

WQITE re~ 11'" 
FnRMAT(1H1,~X~.LANE ~TDTH~,~x,.Nn:OF SEC •• ; 

?'5X,~LENGTH Mt:~,l~X,.AD~~ 6REA.;SX,.COST.li~ 
REAOC5"~;END.ti?0'!;IX.X3;D;N~L;K;M,Kl.Jl'T2,T].I4,NO 
FORMAT(T1;5X,I3,At~~A2,4~;I~,a~;14,SX,t2 
2,I2,12X~I~,7X,I?,12,I?,T2~47x,t?) 

IF tI~E~.i?) Go TO 4~. 
r;o TO 201 ... ... 
IF(N.GT.2.AND.N.LF.Rl G~ TO at 
Gn TO·2c-1 
qEAn(a,a2~END~5~)TX',XU.~~ 
FORMATtt3,A10,A2) 
tFtIx1.EQ.I)() Gn TO 43 
GO TO IH 
IFCX4.EQ.x3' GO TO 44 
GI"I TO (.11 
IFeX2:EQ.n) Gn TO 51 
Gn TO 41 
RfwINO II 
GO TO 2~ 



128 

51 REwIND IJ 

XI ENIIl(lEt>.I + L/tVlIt!I: 
NlJ~ = Nil'" + 1 
BtJ~=aN8 + Nn 
tNt-tNt +Tl 
IN211PJZ +12 
IN3=tN3 +t3 
INQI:IN4 +TO 
IFCM.LT:12) GO TO b~ 
Ntt! II N12 + t 
~ll? II ~Lt2 + L/1A~: 

GO TO 2" 
I' (M~GT.Q' Gn TO 8~ 
IF tKt.I..e;,,:&IlI) Gn TO '" 
ARqR • AROP + K*C.2:.M'*L*S:86&&& 
NQR = NQR + 1 
XlqR = vLoR + L/l~A: 
eo=eq + ~m.1< 
GO TO 2A 
ARqF I: ARQF +IU'1c.-""".'.*5.Akbb 
NQF = NqF + 1 
XLoF = vLoF + L/1"~: 
BOllJilq + NO.": 

GO Tn 20 
IF (M .GT; tic" ~O TO t 01l! 
IF rKt.(..E .bA) Gn TO qQl .. . 
ARtAR = AR1AR + K*('2 •• ~'*L.~.8&&&b 
N10R II N''''R +1 
_llll!R =XLtAR + l/10~. 
91"1:1310 + Nn.K 
GO TO 2A 
ARtAF = ARt~F + 1(*(lZ:.~'*L*5:8~bb 
N'0F=NICIIF + t 
)(Li0F • )(Llti'F + L/H:'~: 
81('11:8t0 + NO.1( 
GO Tn 2'" 
IFC~l:~.b~' GO Tn 110 . .. 
ARltR -'RltR .K*('2._M)*L.5.A~&~ 
Nt\R=Nl1R + 1 
XLtlR -xLt1R + L/I~QI. 
Fl!l=Atl + f.,IO'ld< 
GO TO 2f~ 

• • ARI1F-AR1'F + K*C12.- M'*L*S.8b6b 
t-J11FIINI1F" + 1 
XI 11 Fill( L 11 F + L 11 ~ 0 : 
R111191,. + NO*I< 
GO TO 2~ 
AREA II ARoR + APqF .AP1~R +APIRF +ARt1R +ARI1F 

"..I 
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TTOT=tN'+tN2+TNJ+t~a 
AAaRq + 8t~ + B11 
C1 :II -9 FT IHGInal 
C~ a II&q FT FLFlt-
(3 = .1~ RJr.I~~ 
ell = .t~ FLEx-
C5 = 11&11 RIGID. 
Cb = -11 FLF:xtt 
C7 = -12 FT PAV-
es ~ -TnTAUt 

WRtTE(&,1'~'C1,N9R,XLq~;A~q~ .. . ".. . 
FnRMATC5X,At~,J'5,F'5.2."b.2' 
wRtTErb~11~'C2,N9F,VLqF;ARqF 
~PTTErb~ l'HnCJ,NUHI', Xl t~R. ARl~R 
w~lTEf&,t'A'Cll,~l~F,)(llAF,ARt~~ 
wRITE(b;1~0'C~,Nl'R~)(ll'R;AR1tR 
wRtTE(b;t'~'Cb.Nl'F.xLt1F,AP11F 
WPITEtb,'lA'C7,Nl?,~Lt2; 
WRITE(6~ t Ih't'C8,NIIM, )(LFN~ AREA 
FnRMAT(~X;AtA~It5,F15:?;F'b:2/" 
wRITE(b,lI;~' 
FORMAT(~X,.INTECHAN~E_,~X •• ~~ADf SI~.-,5)(; 

?GRAOE STnp.,5x,.UNSIGN1L.,~X,.TOTAL.'" 
~RITE(b~1~~'INl,IN?:IN3;INlI;ITOT 
FnRMAT(~~~t5,'0X,T5;1~X;I~,10~,T5,ex,tS' 

wRITE(b, t 7 lin 
, . 

~nRMAT(~X,.NO BPlnGFS.,5.,.q FT. AREA-,5X,~1~FT 
2,hX,.11 FT AR~A_,~X.~TnTAl ARFA.", 
WRITE(b.1AAlBN8,8q,plP,Bt,,~A 

FORMAT(~X;FtA:0.5x,F10.~,~X;F1~:2, 
?SX,Flm.',~X,Ft0:2l 

STOP 
fNI) 
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P~OGIHM 6 

F~~ INTER8TATF ~IG~WA¥S 

Tn CALCULAT~ ADDITIONAL PAV'-M~NT AND 8RtDGE AR~A 
Tn WIDE~ SMOU~O~RS TO IDMTP POLltV: 

I=URB'N/RUR4L"CODF, N-HtGHII/,Y COD!, L-S!CTION Lr;NGTH 
~'~~Ir,~T IH~ULO!R WIDTH. M2~L!~! SHOULDER WIDTH, 
K=JURISDICTtONAL RESPONSI8tLtTY, ~1_SURF,eE TVp!, 
IT=20A0 ADT; NO_NUMBER ~~ BRIOG~S O~ SECTtO~~ 

n 

. ", 

-", 

PROGRA~ MiINCINPUT,nUTPtlT~TAP!5-INPUT,TAP!".OUTPUT' 
N4R·N4~.N'~.N"-N!R.N8'.Nt0R.NI~'·0 
NSR.NS'~N~R.N~F.N~.~.B 
XGR.~4F_~"R.~",.xeR_~8'_0 
xt0R=Xl~'.~R.~'_XRT_X'T_XlEN_~ 
,GR.A4'=A"R.A6F.A8R.'8F.e 
At0R.AI~'.AXR.AV'_AR-AF_e 
NA=84-86=RS.Ble=BS.8TOT.e 
WRITEC&~.H". . . '. • 
FOR~'TC1~J,~X,.SHO. WTDTM.,5X,fNO. OF I[C.,§X,.LENGTM MI:. 

~,t~~,.AnD. AR,.'.II'. . • .. • 
READ(§,]0~E~D~15e'I\N,~,L~Mt,~2,~I,tT,NO. . 
FORMATCYl,2GX,I2,!X,It,T4,15X,I~,I2,2X,I2,~"X,I6,I2' 
IFtI~!Q:2; ~O TO 15 
GO TO 2~ . 
IF(K.L!.2' GO TO as 
Gr'I TO 2, ._ 
I'tN.!Q.S' ~O TO 50 
GI'l TO 2'-" 
N)(-N)(+t 
XL~N.XL!N + L/SA0: 
NB~Na + NO 
IFCM2:GT.A, GO TO lJe 
IF ttT.~T:5~0; GO TO '0 
IF(Ml:GT:O, GO TO 20 
B4=90 + CO:.Mt'*2: 
IFt~l:L~~.e' ~O TO .e 
NOR=NOR + 1 
,OR.AOR + C4~.Mt'*L*ll:;3J3 
X4R.XOR + Lisee: 
GO TO 20 
N4F=NOF + I . . . 
,OF=.4, + (G.-MJ'*L*lt.'333 
x4F-xOF + L/lee. 
GO TO 20 
IFCIT:GT:ilA0' GO Tn ~0 
IF(MI:G!:" GQ TO.2~ 
8"=86 + (,.-Mt'.2. 
IF(kl:L~:'0' GO TO 80 
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ISA 

NbRII~6R + 1 
AbQII'6A + tb •• Ml)*L*1!.'333 
X&R.X6R + LileS: 
GC TO 20 
NbFcN6F + 1 . _ . _ 
.~F.A~' + Cb •• Ml'*L.lt.'3~3 
x&F.~eF + L/10B: 
Gn TO 29 
tF(IT~G".~2~0' GO T~ 110 

IF(Mt:GE:8:' GO TO ~B 
• < " 

aR.~8 • (~.-Mt)*2. 
IF(~l:L!~'B' GO TO t0B 
N8RcNeR + 1 
ABA.,eR + (8 •• Mt'*L*li~~3~ 
leAR.x8R + L/UJ": 
GCI TO 2'" 
NAF.N8F + 1 
A~F.'8F + C8~~Ml)*L*tt~'111 - . 
xAFIIX8F + L/le0. 
GO TO 201 
IFtMl:G~:i,,' no TO ~S 
81011Bt0 + (!0:.Ml'*~. 
tF(Kl:L!.6S' GO TO 120 
N!0RIINtAR + 1 . "-. AtIllR.AtIllR + CI0 •• Ml'*L*tt.T~] 

, , 
Xt0R.XtAR + Lites. 
G" TO 2~ 
11110'.NI0' + t. _. < ... 

Al",'cAl~F + C'B.-~t'*l*11.Tl] 
x10F.~lA' + L/t0S. 
GO TO 20 
X.~H • 1042 - .. . 
IF(X.GE.14,' ao TO !S 
BS.BS + 10 •• x 
IF(Kt:L!.6S' GO TO 140 
NSRcNSR + 1 
'XRIIlXR +.CI4;-X)*L*ti:;313 
xRc~R + L/tPl9. 
G~ TO 2('1 
NSFeNSF + 1 
'XFe'X, +.(14;- X)*L*tt:Tl1 
XF='(F + L/ll'JS. 
G" Tel 29 
BTOT:Bo + Bb + 88 + BtB + 8S 
AR.AOR + leR + 'eR + ASBR + AXR 
,Fe'4' • A&F + ASF • A10F + AX' 
NXRel\lOR + NbR + NeR + N;S. + NSR 
NXF.NOF + N6' + NA' + NtB' + NS; 
lCRTeX4R + XeR + X8R + XIS. + XR 
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XFT.~4F + ~6F + XIF + XiI' + WF 
Ct.llfO FT RI!UD. 
c2a'4 FT 'L!X. 
C'J." FT RIGID • • coa., Fr 'Lr::X.' 
CC;.'8 FT Rlf';JO. 
c, •• e FT ~L~)(:' 
C'.'t0FT RIGID' 
c~ •• te FT FLEX. 
CO •• 'RER wr"T~' 
Ct0."R!' W!DTIot. 
C t t •• TO;'. IUCnD' 
Ct2.'TOT~ "LE)(~' 
Ct3a'TOTAL' 
WRIT[C&;t6A'Ct,NOR,X4R,AOR 

t&~ FORMATC~)(;At0;§w,lte,!x;"ie:2;sx"t0.!' 
WRITE(&,t60'C2,NQ"xO',A4F 
WRIT!C&;t&0'CJ,N&R,X&R,'&R 
WRITEt&;t6e'C4,N&"Xo"i&, 
WRIT!t6;t6e'C~,NIR,X8R,A8R 
WRITEt&~t60'C6,N8,,~8F,i8' 
WRITE(6,t6,'C"NtIR,xtS.,AtAR 

WRITEt&tt&0'C8,Nte"xts"AteF 
WRIT!C&,t6g'CO,NSR,xR,AXR 
WRIT!t&~t6e'C1.e,NS'~X"t)(' 
WRITEt&~t'0'CSt,N)(R,.RT(A~ 
WRITEt&,t6e'Ct2,NX',x'T,A' 
WRIT!C&~t~e'Ctl,N)('XL!N 
WRITEf&,tTBlNB,!TDT 

t'~ FORMAT(~x;tte;Sx,Ft~.2Ii' 
STOP 
END 
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e PRnG~AM 7 
C 
C FtJ~ f'IHNCIPAl A~TfRTALS E::XCUlnING INTERSTATE 
C 
e TO rAlCULATE ~DDtTTnNAL PAVEMENT A~D BRIDGf AR!A 
C Tn 114InE'N SHOUt DER5 TO SDHTP POLICY. 
r 
c t=URAAN/RURAl cnDF, N=HIGH~AV CODE, L=SfCTION LENGT~ 
C HillRIGHT SHnuj'nfR WTOTH, M2=LEFT SIoIOULDER IolTDTH, 
C ~IIJUR1SD!CTTO~Al RESPO~SIBILITV, K1=~URFAC[ TVPF, 
C tTII'A~e AnT, ~O=NUMRER OF BRIDGES ON SECTION, 
C 
C 

PROGRA~ ~iINtINPUT,OUTPUT,TAPE5=rNPuT,TAPEb=OUTPUT' 
NOR=NQF=N~R.N~F=N8R=NAF=N1~R=N,aF=~ 
NSR.NSF=N~R.NWF=N~=~=0 
~aR=X~F=~~R=XbF=~8R=~8F=~ 
X10R.X1~F~XR=XFIIXRT=~FT=XLEN=A 
AQR=AQF=A~R=A6FaA8R=AeF.~ 
At~R=A1AF;AXR=AXF=AR=AF=0 
NB=Ra=86=RR=~1A.~S=RTnT=~ 

WIHTFto"CI!) 
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lA ~ORMAT(tHi,~x,.SHD~ WIOTH.,5X,.NO~ OF SFC_,SX,~LENGTH MI._ 
2,tex,.ADD, AREA.,') . 

35 

RfAnt5,3A,FND=1~A't,N,K,L,~1,M~,K1,tT,NO 
FORMATrI1.~aX,T2,3x,Jt,Ia,15X,!2,I2,2X,J2,56X,Ib,!2' 
tFlt.EQ.2' GO TO ~~ 
GO TO 213 
IF(~.lf~2i GO Tn 00 
Gn TO 20 
IFC~.FQ:2' GO TO 5e 
GO TO 20 
~)(=NX.' 
XIEN=XLEN • l/1AA~ 
N~=NB + N~ 
IFtM2:GT~~' G~ TO 130 
I' tIT.GT#5~~) GO TO 70 

• • I> 

IJ(Ml.GT.a' ~O TO 20 
~a=RQ + ta •• M1'.2~ 
IF(Kl:LE:~0~ GO TO b0 
N4R=NLlR • t 
Aa~.AU~ • ~a.-~1)*L*11.'333 
~aR.XijR + L/t00: 
GO TO 20 
N4F=N4F + t 
AaF=AuF • (LI •• ~')*L*1t.7333 
XUF=X4F + L/100. 
Gn TO Cl0 
tF(rT;GT;rt~0' GO TO 90 
IF(M1.GE.+, G~ TO.20 
B6=Ab + (~ •• Mt)*2. 
IF('<t:tF:~i<n Gn TO f'0 
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1\0 

1?0 

14" 

NeR:Ne R + 1 
A~R.AeR • ~e,.Mt'.l*11,1333 
XbR.X"R + L/lfi1A: 
GC 'TO 20 
tJ6F=NbF + 1 
AeF=AeF + (~,.Ml'*L*11,7333 
)C~F=)(&F ... L/10f'. 
Gn TO if! 
IFtYT:GF~;2~0' GO Tn it0 

IFtMl:r.F:~~' GO TO 2~ 
BAaas ... tA:.Ml'*2~ 
IFrKl:lf:~A' GO TO 1fi10 
NARaNAR + 1 
AAR.AAU ... (A.-M!)*L*11,7]3 
XAR.XAR ... L/t00: 
Gn TO 221 
NRF.N~f + i 
AAF.ASF • (A~.Ml).L*tt,'~33 
XAFIIX"F ... l/1"'0. 
Gn TO 2k'1 
IFt~1:Gf:10' Go TO 20 
AUI.Bl'~ ~,(tA,_MO.2, 
IFtKl.L£.~A' Gn TO 12e 
N111lRaNH1R ... 1 
A10RaA10R + (10:_Mt'*l*tt~7]3 
X10R.~t0R • LilA": 
Gf" TO ?~ 

Nt0F.Nl"'F • 1 
A10~.AtmF ... tt0:_Ml'*L*tl~733 
X10F8)C1~F + L/tR0~ 
GrI Tn 2~ 

X:Ml • M2 
IFtX.Gf:,n., GO TO 221 
BS-SS ... 1ii. • )( 
rFtKl:LF:~0' GO TO 14" 
NSR.NSR ... 1 
AXR=AXR ... t1U,.X)*L*11.1333 
XRaxR ... liUHlJ. 
Go TO 20 
NSF.NSF ... 1 
Ax'.Ax~ ... tt4~- X'*L*t'~133 
xF 8 xF ... Lit0A: 
Gn TO 20 
BTOT8sa ... BD + 88 ... 910 • 89 
AR8'4R + AbR • A8R ... At0R + AXR 
AFa,4F ... a" • ASF • A10' + AXF 
NXA=N4R • N,R ... N8R • N1AR • NSR 
NX'aN4F • NDF • NeF • NtAF • NSF 

" I 
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,J 
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~~T.XCP + X6R • xa~ + Xl~R + )~ 
XFT=~~F + X6F + XBF • Xl~F + XF 
Ctll.1L1 FT pIGIDJ! 
C2 •• fl~ FT ~LEX. 
C]:1I16 FT I:Itr;YOIit 
CtlilUe FT ~LE)(,-
CI3 •• 8 FT ~Ir,IO. 
Ce •• e FT ~LF)(~II 
C7:_U .. ,.T ~JG!"'. 

Ce •• H~ FT FLEX. 
c:q •• F~ER \I.I,,.,,.t-I. 
C10:u'FRfF 1/,11nTIoi. 
clt=.TnT~ RTGTr;)J1 
eti=IItTnT. FLEX,IIt 
C1311'TnTA,'1It 
W~!TE(b,'~~'C1,N4R,)(UR,AUR 
FORMAT(SX.A,~,S)(,r10,S)(,F10.2.5)(,F10,2) 
WRITEre,t~0'C2,N4F,)(UF,A4F 
wRITEr&"~~'C!,N&R,)(bR,AeR 
wRtTEt6,1~~'CU,NbF,)(bF,AeF 
W~ITEth,t~~'C5,Ne~,XAR,AeR 
WRITEt6,'~0'Ce,N8F,)(8F,ABF 
WRITEte,t~~'C7,N1ep,)(t~R,A10P 

WRtTEt&,'~0'C~,N!0F,X10F,A10F 
WRtTEte,1~0'CQ,NSR,XR,AXR 
WRITE(b,1~0'C10~NSF,XF,AXF 
W~ITEte,t~0'C'1,NXR,)(RT,AR 
wRITErb,1~~'Ct2,NXF,XFT,AF 
wRITEt&,16 0 'Cl],NX,XLEN 
W~ITEte,t'~'NB,~TnT 

110 FORMAT(~X:~1~,sx,Ft0.211' 
SlOP 
END 

135 
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C PROGRAM 8 
C 
C FOR ALL SYSTEMS EXCLUDING cnUNTv RO'DS 
C 
C TO CALCUlAT~ 'DOITION'L P1V~M!NT ANO BRIOGE l~£l 
C Tn WI~!N S~nULDF-RS TO SOHTP POLlev. 
c 
C I aUR8 lN/RUIUL ,COO!, N."'tGIoIW' Y CODE, L.S!CT I ON L~NGTIoI 
C Mt.RIG~T S~~ULD!R WIDT"'. MZ.L!FT S~OULO!R WIOT,",. 
C KaJURISOtCTtON1~ RESPONSI8I~tTY; Kl.SURF1CE TV'!, 
C IT.Z00e lOT; ~OaNUMeER OF BRIOG!S ON SECTION. 
C 
C 

1~ 

- .. 
PROGR1M M't~ttNPUT,OUTPUT~T'P!5.INPUT,T1P~~aOUT'UT) 
NOR.NOF.N.R.N,FaN8R.N8'.Nt0R.N10,.e 
NSR.NS'.NXR.NX'.NX.X.0 
XOR.X4Fa.~ •• ~" •• 8Ra.A'.B 
~lBR·~1~'.~R.X'.XRT.XFT.XLEN.0 
lOR.,OF.'.R.l,F.1SR.l8'.B 
A10R.lla'.1XR.1XF.l'.l,.e 
NB.eQ.B~a88.B10.BS.8TOT.0 

WRtTEt'~l~'. ...• .' 
,ORM1TttHI,5X.-8",O. W!DTH-,5X._NO. OF S[C-.~X._LENGTH MY:_ 
~.10~,-100, lR!l.II) • .•. _ • 
R!AOC5,Je~END~150'ItN,K.L~Mt,~~.Kl,tT.NO 
'ORM~T(11t20X,I2,3X.lt.TO.l~X.I~,t2.2X'T2;~.X~I&,t2' 
IF(l.~Q.~' GO TO 35 
GO TO 2~ . -
I'(K.LE.2' GO TO A0 
GO TO 2C!1 . -
I'tN.LE.8' GO TO 50 
GO TO ~~ 
NV.N~.l 

" . 
XL!N.XLfN • L/100. 
N~.NB + Nn 
I'(M2~GT~0) GO TO lJ0 • I' (IT.GT.5~0' r,0 Tn '0 
I'(Ml:GT:4) GO TO 20 
80.~Q • (a:-Mt'*2: 
I'(Kl~L£.'0' GO TO ~0 
NOR.NGR + 1 
AOR.'4R • (0~-MI)*L*lt~;333 
XOR.X4R + L/lP1B: 
GO TO 2'" 
",OF.NOF • 1 .' __ 
,0,.,0, + (Q.-Ml)*L*lt.'331 
)(O,.)(OF + L/1~EI: 
GO TO 2PJ 
I'(fT;GT:i100) GO TO '0 
r'rMl.G!.~, GO TO.20 
8'.Be + t&.-Mt)*2. 
I'(kl:L!~'0' GO TO ~0 

,.1 

J 

J 

"I. 
... 
... 
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lUI 

13Q1 

UH!I 

150 

N6Ra"',,. + 
A6R-'6R • 
X6R.X'R + 
GO TO 2a 
N6F·fII" + 
16'.'" • 
X6'.X6, + 
GO TO 20 
t'(tT~G!.~ZAe, GO TO ItA 

IF(Ml:G~:~;' ~O T9 ~e 
88 a 88 + (~.-Ml'*2. 
J'(Kl:L!~'B' GO TO ie9 
NeRafllA,. + 1 
I~R.'8R + (~:-~i'*L*11~133 
X8R.X8R + L/lA0: 
GO TO Z0 
~e,aN8' + 1 . _ ._ 
18,a'8F + (~.-MJ'*L*II.'133 
Xe,ax8F + L/lAI. 
CO TO ze 
tF(Ml:G!:ie, GO TO ~e • 810.8JB + Ct0.-Ml'*~. 
t'(Kl.L!.61' GO TO til 
N10RaNUIR + 1 . ..,., - . 
lt0~a'leR + (11._Ml'*L*tt.1'3 · . Xt0RaX10R + L/l~l. 
CO TO 20 
Nte,wNUI' + t _. . .. _ , 
lte,allg, + tle.-Ml'*L*tl.1J3 · . XllFaXle, + L/l01. 
GO TO ZA 
xaMl + M2 . ~ 

r'(X.GE.10,' ~O TO !0 
8Saes • 111. - X 
tF(Kl:L!~60' GO TO tOg 
NaR.NSR + 1 . . -
lXR.lXR ._C1G,.X)*L*11.'3J 
XR.XR + L/lBI. 
GO TO 2'" 
NSF.NSF + 1 ..• 
,X'.lXF ._(t4;- X'*l*11.131 
x'.xF + L/lAI. 
CO TO 2'" 
8TOT.~G ,+.8' + 88 + .B10 + BS 
,,..'OR + 'eR + '8R + liAR. AXR 
".'0' •• ,; + A8F • '1" + AX' 
NXR.NOR • N6R + NeR + NtlR • fIISR 
NX'.N4F + N" + NS' • Nil' • filS; 
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W~T.~4~ • XaR + X8R + X!0~ • XR 
X'T.X4, • X~' + X~' + Xt0' + X, 
C1.-" 'T ~tGIO-
c2.-4 FT 'LEX-
C3."6 11" ~I(.HO-
CO.-6 ,T ~L£X:" 
cl!5.-e 'T RIGID. 

• < • 

C6 •• 8 F! 'LEX •• 
C' •• 10F, RIGIn. 
C~ •• 10 ,T II'LEW. 
C' •• II'R!R WIOT~" 
CtQJ •• 'R~' WIDTIo4-
Ctt._TOT~ IUGtD-
Cll.-TOT. 'LEX •• 
C11 •• TotAL. 
WRITE(6;16e~ct,N4R,)(4R,'QR 

t&0 'ORMAT(~X;At0;!)(,tl~,!X;'t0:2;SX"le.2' 
WRIT!(6~16B'C2,N411',X"',iQ' 
WRITE(6,1~e~CS,N6R,)(6R"6R 
WRITEt6~16e~CQ,N6',)(6,,'6' 
WRITE(b,1~0'C~,N8R,X8R"8R 
WRITEtb~1,e'C6,N8,,~8,,'8' 
WRITE(6,16B'C"N10R,X10R,A10R 

WRIT!t6;160'C8,N10';Xle;,A10' 
wRITEr';1~0'C"NSR,XR,'XR 
WRIT!Cb~16B'cieI.N8'~)(;'~X' 
WRIT!t&~16e'C11~N)(R~X~T,A~ 
WRITE(6,160'CtZ,NX',X'T.A' 
WRITE(6;160'C11;NX,XL!N 
WRITEt6;1'0;NA,eT~T 

1'0 FOR~AT(~X;It0;5)("te.2Ii, 
STOP 
ENO 
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C PROGRA~ q 
C 
C FOR FARM TO ~ARWET SYSTfM 
C 
C TO CALCULATE AOOITln~AL PAVEMErJT A~D ARlnGE AREA 
C Tn IiItl'lEN SIoiOU, DERS TO SOHTP POLICY. 
C 
C I-UPBAN/RURAL CoDE, N=HIGHWAV CODE, l=SECTION LE~GTI-I 
C M1=AIGHT SHOUj'O[R wrOTH, M2=LEFT SHOULOE"R WIDTH, 
C k=JURTSDtCT!ONAL RESPONSI8IlITV, K1=SURFACE TY~E, 
C TT=20~m ADT, ~O=NUMefR nF BRIDGfS nN SECTIoN. 
C 
C 
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PROGRAM ~;INrTNPUT1,lNPU'2,nUTPUT,TAPES=INPUT1,TAPE~=INPUT2 

10 

2'" 
3A 

35 

50 
51 

2"APEb=OU;'PIIT) 
N4R=NaF=N~R=N6F=NBR=NaF=N10R=Nt~F=~ 
NSR.NSF=N~R=N~F.N~=W=~ 
xaR=xaF.Y~R=X6F=X8R=xeF=A 
x10R=Y1~F=YR=XF=XRT=XFT.XLEN=0 
A4R=AaF=A~R=A6F.AAP=A8F.~ 
A!ep=At0F=A~R=A~F=AR=AF.0 
N~=R".A6.~8=R10=BS=R.T01.P, 
\IIJ:lITErb,11'l1) 
FORMAT(1Hi,5X,-SHO~ \IIIDTH-,5x,_Nn~ OF SfC.,5~"LENGTH MI._ 

2,t0X,.Ann AREA'II, , 
READ(S,3P,END=1~0'J,Ot,D?,N,K'L,Ml,M2,K1,lT,NO 
FQRMATC!1,5V,A10,A5,ax 
?,T2,3x,It&Ia,15~,12,I2,2x,I2,56x,I6,r2' 

tFCI.EQ.2, GO Tn 35 
GO TO 20 
IFC~.lE~?; GO Tn QA 
GO TO 20 
IFCN.GT:2~ANO~N:lE:8' GO TO 50 
GO TO 2~ 
J:lEAOCU,S1!£NoaS?)Ol,04 
FORMA1CA'0'~~'. . < 

rFtnl.fQ.~3.ANO.D2.FQ.04' GO To 53 
r.0 TO 50 
QE1ItItNO t.& 

GO TO 20 
REWhJD tI 
NXaNX + 1 
~LENaXLEN + L/t~0: 
Ne=NA + N~ 
IFt M2:GT:V' GO TO 130 
IF (IT~GT'5q0' GO TO 10 
IFtM1:GT:o' Gn TO 20 
84=84 • t~ •• M1'*2: 
tFCKt:LE:~0' Go Tn &0 
N~R."UIR + 1 
AUR=6UR + ta:-M1'*L*11.733' 



140 

70 

Xaj:h:)U.lR + lIn"": 
GO TO 2~ 
NaFaNtiF + 1 
AUF-AUF + rU.-M"-L-tt.7333 
X4FIIXtiF + L/t0A: 
GO TO 2~ 

IF(IT~GT~T100' GO TO qe 
IF(Ml.Gf.~' GO TO ~0 
S&IIR. + r~ •• Mt)*2~ 
IFt~l:LF~~~' Go Tn e0 

N&RIIN&R + 1 
A&RaA&R + t~.-M"*L*lt.7331 
)(eRax&~ + L/100: 
GO TO 2~ 

BP N&F.N&F. J 
A&'.A&F + i ••• Mt)-L*t1.7333 
X&'aX&' • LI1091: 
GO TO 2l'1 

~p, IFCrT,GE~;?~~) GO TO tl~ 
tFt Ml.Gf._.' GO TO 20 
B~=R8.+ r~ •• M!'*2~ 
!Fikt.LE.~0' GO TO t00 
N8R.N8R .. t 
A8RIIA8R + fA._Ml)*L*11.711 
~8R.X8R + L/UH'I: 
GO TO 2PJ 

1910 N8F.t..IAF + t 
A8F=A8F + tA •• Mt'*L*11.7333 
)l8FII)(8F .. L/100: 
GI.1 TO 2P' 

110 rF(Mt~GE:t~' Gn TO 20 
910=810 • (t0~_Mt'-2. 
IFtKt:lF~~0' Gn TO 120 
N10R=N10R + 1 
AleR.AIAR + (1PJ:.Ml)*l.tl~733 
x10R=x10R + L/'00~ 
GO TO 20 

120 ~i0F=NleF + 1 
Ate'IIA10F + ft~:.Mt'*l*tl.733 
Xt0F=X10F + L/100. 
GO TO 20 

130 X=Mt + M2 
tFfX.GE:t~~' Gn TO 20 
BSlleS + 111 • • x 
!'fkl:lf:~0' GO TO 140 
NSR.NSR + 1 
A)(R.AxR +w(t4~.)()*L*11.733 
XR=XR • l/tP0. 
Gn Tn ,GI 
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1'50 

1'0 

NSF.NSF + 1 
AXF.AXF + (tU~. ~)*L*11.733 
XF=XF + Li100. 
GO TO l~ 
8TOT=AU + 86 • ~8 + 810 • 85 
ARaAUR + AbR + ASP + Al~R + A~R 
AF=AUF + A6F + ASF + A10F + AXF 
NXR.NUR + N6R • N8R + N10R • NSR 
NXF.NUF + N6F + NSF + Nl~F • NSF 
XRTaX4R + ~6R + Xep + xlep + X~ 
XFTaxaF + XbF • XAr + Xl~F + XF 
Ct • .-U FT ~JGIn_ 
C2 •• a FT ~LEX-
Cl=.6 FT ~rGIDIf 
Ca=.-6 FT ;:LEX~. 
CSa.-e FT~IGtDIf 
C6 •• e FT ~L~X •• 
C1=lftQlFT DIGIO. 
C8=.U! 'T Fl EX. 
CQa'-'PER i.iI"'T~1I! 
C10 •• FREF wlnT~_ 

ttt.'-TOT~ RlGIf'l1I! 
r.12 •• TOr: FI EX~. 

t11=IIITOTA". 
WRITE(6,!~0'C1,NUR,X~R,AaR 
FORMAT(5)(rA1A,5X,I10,5X,F1m.2,5X,F10.2~ 
wRITEt6,'~0'C2,NuF,~aF,AuF 
W~ITE'6,1~0'C!,NbR,X6R,A6R 
~RITEf6,1~0'CU,NbF,X6F,A6F 
wRITEr6,1~~'C5,N~R,XeR,A8R 
WRJTEt6,1~0'Cb,N8F,xeF,AeF 
WRIT!t6,1~~'C"Nl~R,X10R,A10R 
WRITEt6,t~0'rB,N10F,Xl~F,A10F 
WRITE(6,1~~'Cq,NSR,XR,AXR 
WRITEt6,t~0'C1~,NSF,XF,AXF 
~RITErb,!~0'Cl1,NXR,XRT,AR 
WRITE(~,1~~'C12,NXF,XFT,AF 
WRITEC6,160'C 13,NX,XLfN 
wRITEr6,110'N~,~TnT 
rORMATt5X.I10,Sx,F1 0 .211' 
STOP 
END 
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... ' 
HPMS Record Format 

Part I: All Sections "",I 

Rural Urban 
Position Item Length ~ 2.!:!lL • ..1 

1 57 1 *Rural/Urban Code 
2-3 1 2 Year 
4-5 2 2 State Code -I ,.. 

6 3 1 Type of Section ID 
7-9 6 3 County Code (FIPS County Code) 

10-21 4 12 Section ID 
,..1 22 5 1 Segment (Precoded: 0) 

23-25 7 3 Urban Area Code 
26-27 8 2 Functional Class 
28-29 46 2 Volume Group Identifier 

""I 30 9 1 Federal-Aid System 
31 10 1 Jurisdictional Responsibility 

32-35 11 4 (xx. xx) Section Length 
36-39 47 4 (xx. xx) Expansion Factor "I 
40 12 1 Access Control 

41-42 13 2 Number of Through Lanes 
43-44 14 2 Lane Width 

,.1 45-47 15 3 Approach Width I 
48-49 16 2 Hedian Width 

50 17 1 Median Type 
51-54 l8A&B 4 Shoulder Width (Right A, Left B) ,,' 55 19 1 Shoulder Type 

56 20 1 Drainage Adequacy 
57-58 21 , 2 Surface Type 

59 22 1 Pavement Section ,.1 
60-61 23 2 Structural Number 
62-63 24 2 (x.x) Pavement Condition 
64-65 25 2 Skid Resistance "J 66-67 26 2 Number Grade-Separated Interchanges 
68-69 27A 2 At-Grade Intersections: Signals 
70-71 27B 2 Stop Signs 
72-73 27C 2 Other or None "J 

74 28 1 Prevailing Type of Signalization I 
75-76 29 2 % Green Time I '" 
77-78 30 2 Number Entrances/Exits 

"J 79 31 1 Type of Development 
80 32 1 Urban Location 
81 33 1 Terrain 

82-84 34 3 Existing Right-of-Way ; 
85 35 1 Is Widening Feasible? 

86-91 36 6 1978ADT 
92-93 37A 2 % Trucks: Peak 
94-95 37B 2 Off-Peak ,,) 
96-97 38 2 K-Factor 
98-:-:100 39 3 Directional Factor 

,..1 

*Colurnn 79 Card 1 on worksheets I-Urban; 2-Rural 

",,' 
(continued) 
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Position Item Length 

101-102 40 2 *Type of Operation 
103 41A 1 Parking: Peak 
104 41B 1 Off-Peak 

10S-109 42A S Capacity: Peak 
110-114 42B 5 Off-Peak 
l1S-120 43 6 2000 ADT 
121-122 44 2 Number Structures 
123-124 4S 2 Number of At-Grade R.R. Crossings 
12S-126 48 2 Speed Limit 
127-129 49 3 PSD > lS00 

130 SO 1 Horizontal Alignment 
131 Sl 1 Vertical Alignment 

132-133 S2 2 Average Highway Speed 
134-139 6 Continuation Code for Optional Data 

(6'positions coded zero; No optional 
data) 

*~ 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 2,2l4 870 ° 
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 ° FARM OR 
RANCH TO FAM 1,132 196 885 20 

MARKET 
AND FAS 24,525 23,246 958 ° RECREATIONAL 
ROADS NON-FA 15,615 14,636 439 1 

Total 41,386 38,169 2,305 21 

,..1 
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Miles on Highway System for Rural Roads* 

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 

,) 

Bridge 
Func-C1ass Count ,J 

184 

01 2,824 ,J 
02 3,852 

03 2,496 ,I 
04 7,584 

05 3,720 

11 23 ,I 

12 12 

13 78 " 14 35 

15 11 ,I 
21 5 

23 11 ,J 
24 6 

25 4 

41 147 
,J 

42 88 
•. , 

43 101 ,A 

44 65 

45 52 

Total 2,298 
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COUNT ON BRIDGE LENGTH 
BY TYPE OF HIGHWAY 

(Excluding Bridges Greater Than 1000 Feet) 

Total Length, Average Length.., 
Type Number ft it 

Interstate 6542 1,223,478 187.02 

US and State 6647 1)052 )667 157.37 

F arm to Marke t 124 14,551 117.35 
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