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PREFACE

This is the only report resulting from Research Study 1-8-66-101, *‘Utilizing Deflection
Measurements to Upgrade Pavement Structures.” As such, its purpose is two-fold. The
primary purpose is to present an overlay design method to pavement designers, specifically
to Texas Highway Department designers that are trained in the use of the Texas Highway
Department Flexible Pavement Design System. The second objective, that of research
documentation, has been done by placing most research discussion in Appendices A, B, and

C. For those readers primarily interested in the research method it is recommended that

they read this report in the following order: Chapter 1, Appendix A, Appendix B, and

Appendix C followed by the remainder in the order of presentation.

The authors wish to acknowledge the work done on Texas Research Project 32 by Frank

Scrivner and his associates; upon which this report is only a small amplification.



ABSTRACT

An asphaltic concrete overlay design subsystem for the Texas Highway Department Flexible
Pavement Design System is presented. This subsystem provides for generation of several
asphaltic concrete overlay strategies for existing flexible pavements. These strategies are
listed in order of ascending cost. Dynaflect deflections are used to characterize the existing
pavement structure and the asphaltic concrete overlay material. Uncertainty in the predicted
pavement life, as a result of the variability in the two materials characterized, is treated so

that the designer may select either a 95% or 99% confidence level.
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RECOMMENDED IMPLEMENTATION
The following steps are recommended for implementing the results of this research project:

1. The results of this work should be reviewed by the Principal Investigators of
The Texas Highway Department Research Project 123, “A Systems Analysis
of Pavement Design and Research Implementation”. After this review the
overlay subsystem should be incorporated into the overall Flexible
Pavement Design System and the “Supplement to the User's Manual”
(Appendix D) should be issued to all those that have been trained to use the

Flexible Pavement Design System.

2. The staff of Research Project 123 should examine the possibility of revising
the overlaying routine in the Flexible Pavement Design System to
incorporate some measure of uncertainty similar to that adopted for the
overlaying subsystem. It is recommended that, until a more sophisticated
stochastic approach can be developed, the approach developed in Appendix
C be applied in the overall Flexible Pavement System.

3. The Texas Highway Department designers that are utilizing the Flexible
Pavement System on a trial basis should be encouraged to also use the
overlaying subsystem on the same basis. They should also use the average

stiffness coefficient of 0.96 found for asphaltic concrete in FPS.

Stated more simply the overlaying subsystem should merely become an integral part of the
Flexible Pavement Design System and implementation should then continue as it is

currently being done with the overall system.
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LIST OF SYMBOLS

Wj = The deflection measured by the jth geophone in mils.

rj = Distance in inches from the point of application of either Dynaflect load to the jth geophone.
r12 =100 )2 =244

SCI = Surface Curvature Index is equal to the difference in W1 and W9. Recognition of symmetry shows
that SCI is proportional to curvature in the commonly used three point finite difference equation.

Dj = Thickness of the ith. pavement layer. The thickness of the bottom layer (subgrade) is assumed to
be infinite. The subscript, i, indicates which layer of pavement with i - 1 being the surfacing.

aj = Dynaflect Stiffness Coefficient

A =Fitting constant assumed to be a function of the overlay material properties and the thickness of
the overlay.

Cc =.891
Ci =45
Cy =6.25

Throughout the report a subscript, B, indicates that the symbol applies to data representing the before
overlaying condition. The subscript, A, represents after overlaying data. The subscript, O, indicates
overlay.

s.e.p = Standard error in fitting an equation to individual project data (root-mean-squared error)

s.e.t = Standard error in fitting an equation to all data combined

s = Standard deviation in SCI for a design section

S.E. =0Overall standard error in designing an overlay for a design section. -

vii



: CHAPTER 1
A SUMMARY OF TEXAS RESEARCH PROJECT 101,
“UTILIZING DEFLECTION MEASUREMENTS
TO UPGRADE PAVEMENT STRUCTURES”

The advancement of the state of the art in
measuring and utilizing deflection measure-
ments in pavement design prompted B. F.
McCullough* to propose the subject research
project to the Texas Highway Department
Research and Development Committee in early
1966. Notable among the developments which
led to this project were the publication of the
California State Highway Department’s overlay
design procedure utilizing deflections (Ref. 1).
Dehlen’s work in. considering deflections and
curvature measurements in South Africa (Ref.
2), and Scrivner’s attempt to translate the
AASHO Road Test results to Texas conditions
(Ref. 3).

Of equal importance to the Texas Research
and Development Committee and others
sponsoring the project was a recognition of the
growing need to upgrade many existing pave-
ment structures. This was discussed .informally
by the author at the 1966 meeting of the
Texas Section of the American Society of Civil
Engineers (Ref. 4).

The research project objectives from the
proposal (Ref. 5) are quoted below:

1. To further develop and modify a design
procedure that utilizes deflection mea-
surements to determine the improve-
ments required to up-grade an existing
pavement structure to handle future
traffic.

2. To establish the effect of various
overlay combinations in reducing
deflection to a satisfactory level.

3. To supply data and information accu-
mulated to Texas Research Project 123,

“A  System Analysis of Pavement
Design and Research Implementation”,
so that the principal investigators can
utilize it in designing long term perfor-
mance studies.

Implied in the original work plan, though not
stated explicitly, was the need to obtain a
pavement performance equation from other
research. That is, there were no plans made to
measure performance in this research study -
only plans to utilize deflections to characterize
the pavement structures and/or materials
before and after overlaying.

The research method consisted essentially of
the following -four steps:

(a) Measure deflections on pavements
both before and after overlaying (see
Appendix A for a detailed description
of data collection).

(b) Select various models to predict the
change due to the overlays.

(c) Select the most efficient models for
predicting the after conditions (see
Appendix B for data analysis).

(d) Combine the selected model with
other elements to form a design
system (Chapters 2, 3, and 4 describe
and discuss this design system. Appen-
dices C, D, and E, further describe it).

Figure 1-1 shows the location of the eleven
asphaltic concrete overlay construction projects
for which deflections were measured before
and after overlay construction. Figures 1-2 thru
1-6 summarizes the pavement data on each of
the eleven projects.

* Former Texas Highway Department Supervising Designing Research Engineer now Assistant
Professor of Civil Engineering, The University of Texas at Austin.
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LOCATION OF OVERLAY PROJECTS
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DISTRICT 2. US 67 EBL

/
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27 Before (07/02/67) and After (08/07/68) deflection
measurements taken approximately each 0.1 mi. on
the EBL only.

Overlay = 165#/sy Ty "D" Item 340-07]
Note : @ = point of measurement.

. DISTRICT 2. US 377 NBL

13-Q" ﬁ; 13'-0"

S S SSS LSS
Flex. Pavt.= 23"

L 6-5‘3".-‘,-5.; %Qﬁ?-‘%""fg?ﬁ T i e R0 00 B S
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21 Before (07/02/67) and After (08/07/68) deflection
measurements taken approximately each 0.1 mi. on
the NBL only.

Overlay = 125#/sy Ty “FFF" Item 350-041

Figure (-2 SUMMARY OF PAVEMENT DATA -
BEFORE AND AFTER SECTIONS



DISTRICT 5 US 62 WBL and EBL

268 Before (06/20/67) and After (08/20/68) deflection
measurements taken approximately each 0.1 mi. on
both roadbeds.

Overlay = 125#/sy Ty "D" Item 340 and 250#/sy Ty "A" Item 340

Note : @ = point of meaosurement.

DISTRICT 6 US 80 WBL and EBL

77 7 7.7
, Pavt. = 20 /
0 5 0. O 500 B0 Qs
5231957 %:0- 6,

v e ey 0 oty X IO
'%0:5'.'?:6:%%'Q RAFLISIN fe A A

144 Before (05/30/67) and After (08/21/68) deflection
measurements taken approximately each 0.1 mi. on
both roadbeds.

Overlay = 125#/sy Ty "D" Item 340-073
and 475#/sy Ty "A" Item 340-073

Figure 1-3 SUMMARY OF PAVEMENT DATA -
BEFORE AND AFTER SECTIONS



DISTRICT 18 — US 287 NBL

44 Before (07/24/67) and After (08/28/68) deflection
measurements taken approximately each 0.1 mi. on
NBL only

Overlay = 160#/sy Ty "D" Item 340

No're=@ = point of measurement.

DISTRICT I8 — US 80 WBL

12'-0" |12'- o"

@

S S S S SSS

_Pavt.= 23

11 Before (07/24/67) and After (08/28/68) deflection
measurements taken approximately each 0.1 mi. on
WBL only

Overlay = 130# Ty "D" Item 340.072

Figure 1-4 SUMMARY OF PAVEMENT DATA-
BEFORE AND AFTER SECTIONS



DISTRICT 19 - US 67 EBL and WBL

ol AR SR R ‘Flex

10" to 16"
359 Before (08/30/66) and After (07/17/68) deflection
measurements taken approximately each 500 feet on
both roadbeds.

Overlay = 330#/sy Ty "C" Item 340-035

Note =® = point of measurement

DISTRICT 21 - I.LH. 35 NBL and SBL
lzl _ O“ %_ |2l _ Oll | |2|_ O“ ﬁ: |2| - O“
I | |
//////////////////4/ //////////////////7
S YFlex. Pavt.,= 12" 24"/ UFlex. Pavt.s~ 12" 4",
. /. ////////////////
056052957 (K] Y02 QYL RS, Q:0.70:9075 8 0TI oO‘o g
o 0%e Q5000 25 R0 0T RS RGN N i R SR a0 OIS RS R S

164 Before (08/23/66) and After (07/09/68) deflection
measurements taken approximately every 500 feet on the
SBL only from Sta. 2005+00 to 1455+00, Sta. 1390+00 to
1445+00 and Sta. 1110400 to 1075+00

Overlay = 150#/sy Ty "D" Item 340

381 Before (08/23/66) and After (07/09/68) deflection
measurements taken approximately every 500 feet on
both roadbeds from Sta. 145+00 to Sta. 680+00 and NBL
only from Sta. 1075400 to Sta. 1995+00

Overlay = 100#/sy Ty "D" Item 340 and 500#/sy Ty "A"
Item 340

Figure 1-5 SUMMARY OF PAVEMENT DATA-
BEFORE AND AFTER SECTIONS



DISTRICT 14 IH 35 NBL and SBL
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62 Before (12/22/66) and After (08/15/68) deflection
measurements taken approximately each 0.1 mi. on
both roadbeds

Overlay = 1 /4" Ty "D" Item 340 and 3" Ty "B" Item 340

Nofe=@ = point of measurement.

DISTRICT 23 US 67 8 84 EBL and WBL

Var. 24-0" to 26-0" jQ; Var. 24-0" to 26-0"

64 Before (09/06/66) and After (08/06/68)
deflection taken approximately 0.1 mi. on
both roadbeds.

Overlay = 125# Ty "D" Item 340 and 375# Ty "B" Item 340

Figure 1[-6 SUMMARY OF PAVEMENT DATA-
BEFORE AND AFTER SECTIONS



CHAPTER 2
THE PAVEMENT OVERLAY DESIGN SUBSYSTEM

The design subsystem for overlays resulting
from the Research Project summarized in the
preceding chapter is essentially an addition to
the Texas Highway Department Flexible Pave-
ment Design System (FPS) currently being
implemented on a ftrial basis by the Depart-
ment. This chapter briefly summarizes the
system and the modifications made to it for
overlay design. It is not anticipated that
designers will use the Overlay Design Sub-
system unless they are also using the entire
Flexible Pavement Design System.

The Flexible Pavement Design System (FPS)
has been thoroughly described in References 6
through 10. Additionally, a User’s Manual has
been written for it (Ref. 11). Appendix D of
this report is a recommended addition to this
User’s Manual. Its purpose is to add the
overlay procedures to the overall design
system.

Briefly, the objective of FPS is to generate the
design strategy that will provide an acceptable
serviceability level for the road at a minimum
net present cost. Serviceability index or
performance within a performance period is
considered to be a function of a deflection
parameter, a temperature statistic, a traffic
parameter, and non-traffic-associated deteriora-
tion parameters. A performance period is
defined as the time period from initial
construction to an overlay or from an overlay
to the next overlay. An overlay is assumed to
restore serviceability index to a high level.

The models listed below are combined with
calculations for the cost of various actions in a
manner such that the net present cost of each
design strategy is calculated.

(a) the traffic equation
(b) the non-traffic deterioration equation
(c) the deflection equation

(d) the overlaying routine
(e) the performance equation

An optimizing routine generates all possible
design strategies and- their costs and then arrays
them in ascending order of cost. A set of the
more economical strategies is printed out for
the designer to make a final selection.

The overall design system is considered to
include the personnel, equipment, and organi-
zation required to collect the data and reduce
it to inputs for design computations, as well as
the computing program. In addition, the
selection of a design, the construction of it,
and the follow-up with maintenance and
reconstruction are also considered part of the
system. Also, verification of predictions made
during design must be done through follow-up
research.

The overlay design subsystem described herein
makes three relatively small changes in this
process. In data collection and reduction, there
is no longer a need to use information about
proposed pavement layers except the proposed
asphaltic concrete. There is a need to collect
information about the existing pavement. In
computation, it is not necessary to compute
the life of the initial construction proposed as
is done in FPS. Thirdly, it is now possible to
specify a confidence level on alternate design
strategies as a result of the follow-up research
done in Project 101. The deflection parameter,
surface curvature index or SCI, is used to
characterize the existing pavement. In addition
to an average SCI, the program uses the
standard deviation of the SCI for a particular
section of roadway. The recommended proce-
dure for measuring the SCI and reducing these
measurements to a design input is described in
Appendix D.

An average stiffness coefficient of 0.956 was



found for the overlay materials studied in
Project 101. This coefficient has been built
into the overlay design program, OVERLAY-1.
Figure 2-1 shows the prediction accuracy when
using this average stiffness coefficient. The
standard error, s.e.t, in SCI was + 0.095.

The program combines the two measures of
uncertainty, i.e. (a) the standard error due to

variation in the overlay material and (b) the
standard deviation for the existing pavement,
to obtain an overall measure of uncertainty in
SCI. Examination of the simulated design
results described in Chapter 3 led to the
selection of a high confidence level being
recommended to accomodate this uncertainty.
Appendix C discusses the development of the
stochastic concepts more fully.
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CHAPTER 3
SIMULATED OVERLAY DESIGN

Overlays were designed for seven projects using
the Overlay Design Subsystem-both to illustrate
the results a designer would receive and to
examine them for “reasonableness’. The seven
projects were selected from the before and
after projects listed in Chapter 1. Continuous
Dynaflect profiles were available for the before
overlay condition. This permitted a comparison
of actual construction with that recommended
by the overlay subsystem.

Table 3-1 is a list of the inputs that were held
fixed for all the simulated designs. Some of
these inputs have little or no effect on the
optimum overlay strategies. Three important
variables were held constant merely to make
comparisons easy. In reality, these variables
were not constant for the real design projects.
They are the swelling clay parameter (bi),
fixed at .01; the minimum time between
overlays, set at six years; and the minimum
overlay thickness, sct at one-half inch.

The seven projects, identified in Table 3-2,
varied in swelling clay conditions from the
moderately swelling condition in Districts 21
and 23, through an intermediate swelling
condition in District 19, to the essentially
non-swelling conditions in District 5 and 6. As
will be discussed later, the minimum time
between overlays and the minimum overlay
thickness are judgement inputs that should be
carefully considered by the designer for each
individual project. The effect of fixing these
three variables must be considered when
comparing the recommended designs from the
computations with the overlays that were
actually constructed in 1967.

Figure 3-1 shows the profile of SCI’s measured
in District 19. The computer program PRO-
FILE ANALYSIS was applied to this data as
instructed in Appendix D in order to verify the

11

various design sections. Six significantly differ-
ent design sections were found. These had
average SCI’s varying from 0.287 to 0.464 with
standard deviations varying from 0.064 to
0.112. Design sections were also isolated for
the other six projects listed in Table 3-2.
Design computations were not made for every
design section. They were made for those
values indicated in Table 3-2. These covered
the entire range of average SCI's on ecach
project and were enough sections so that
interpolation for the other sections could be
done easily. All computations were made for
50, 95, and 99% confidence levels as defined in
Appendix C.

The cost and traffic data were obtained from
project files and Planning Survey Division
projections, respectively. Detour inputs used
are shown in Table 3-3. Their effect was
practically negligible for the rural highways
being examined. The following sections discuss
the simulated designs for 99% confidence level
for the individual projects in more detail.

District 5, U. S. Highway 62 & 82

In Terry County of District 5, U. S. 62 and 82
was overlaid from the Hockley County Line to
Brownfield City Limits. Figure 1-3 summarizes
the pavement data before and after overlaying.
Application of the PROFILE ANALYSIS
program resulted in five design sections; the
shortest being 0.6 of a mile and the longest 9.7
miles. The total project length was over 14
miles. The design program OVERLAY-1 was
first run fixing the initial overlay at 3.4 inches
- the thickness actually placed in 1967.
Computer runs were also made permitting the
initial overlay to be as thin as one inch. These
runs were made with the SCI's indicated in
Table 3.2.



TABLE 3-1 COMMON INPUTS TO THE DESIGN PROJECTS

THE COMPOSITE THICKNESS OF THE CURRENT PAVEMENT (INCHES) . ... .ovvvteeine.. 0.0
THE IN-PLACE PRESENT VALUE OF THE EXISTING PAVEMENT (DOLLARS/CY) .. ......... 0.0
SALVAGE VALUE OF PRESENT STRUCTURE AT END OF ANALYSIS PERIOD (PERCENT) ... 0.0
SALVAGE VALUE OF PROPOSED ACP AT END OF ANALYSIS PERIOD (PERCENT) .. ....... 20.0
NUMBER OF OUTPUT PAGES DESIRED (8 DESIGNS/PAGE) .. ..o\ttt 3
LENGTH OF THE ANALYSIS PERIOD (YEARS) & . oottt ettt e e e e e e 20.0
WIDTH OF EACH LANE (FEET) ..ttt e e e e e e e e e e e 12.0
SERVICEABILITY INDEX P1 AFTER AN OVERLAY . ..ottt e e 42
MINIMUM SERVICEABILITY INDEX P2 .. ..ttt et e e e et 3.0
SWELLING CLAY PARAMETERS ~P2PRIME . . ...ttt e e e 1.50
’ 133 e 0.0100

MINIMUM TIME BETWEEN OVERLAYS (YEARS) .. oottt e 6.0
TIME TO FIRST SEAL COAT AFTER INITIAL OR OVERLAY CONST. (YEARS) ............. 21.0
TIME BETWEEN SEAL COATS (YEARS) .. ..o .. e 21.0
THE LEVEL-UP REQUIRED FOR THE FIRST OVERLAY (INCHES) ...t 0.5
MINIMUM OVERLAY THICKNESS (INCHES) . .+ e e e e e e e e 0.5
ACCUMULATED MAXIMUM DEPTH OF ALL OVERLAYS (INCHES) (EXCLUDING LEVEL-UP) . 9.0
ASPHALTIC CONCRETE PRODUCTION RATE (TONS/HOUR) . ... ooeo et 80.0
ASPHALTIC CONCRETE COMPACTED DENSITY (TONS/C.Y.) .+ttt 1.80
DETOUR DISTANCE AROUND THE OVERLAY ZONE (MILES) ... 'oroee e 0.0
OVERLAY CONSTRUCTION TIME (HOURS/DAY) . .. oot e et e e e 10.0
NUMBER OF OPEN LANES IN RESTRICTED ZONE IN O.D. ..ottt e 1
NUMBER OF OPEN LANES IN RESTRICTED ZONE INN.OD. .« @ittt et 1
PROPORTION OF VEHICLES STOPPED BY ROAD EQUIPMENT IN O.D. (PERCENT) ......... 0.0
PROPORTION OF VEHICLES STOPPED BY ROAD EQUIPMENT IN N.O.D. (PERCENT) . ....... 0.0
AVERAGE TIME STOPPED BY ROAD EQUIPMENT IN O.D. (HOURS) . .« e'vvveeeeeeen.. 0.0
AVERAGE TIME STOPPED BY ROAD EQUIPMENT IN N.O.D. (HOURS) ... ..veeaenn... 0.0
AVERAGE APPROACH SPEED TO THE OVERLAY ZONE (MPH) ... ..., 60.0
TRAFFIC MODEL USED IN THE ANALYSIS . .ottt e e e e e e 4
FIRST YEAR COST OF ROUTINE MAINTENANCE (DOLLARS/LANE MILE) ................ 50.00
INCREMENTAL INCREASE IN MAINT. COST PER YEAR (DOLLARS/LANE MILE) ........ ... 20.00
COST OF A SEAL COAT (DOLLARS/LANE MILE) ... vvoe ettt 00
INTEREST RATE OR TIME VALUE OF MONEY (PERCENT) . .. oo\ ot ettt e 5.0
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TABLE 3-2 VARIABLE INPUTS TO THE DESIGN PROJECTS

Project Average Std. Cost  Alpha* Begin End 18 KSA
SCI Dev., ‘s’ ACP ADT ADT
Dist 5 0.610 0.086 11.45 16.0 1950 3400 964,000
US 62-82 0452 0.063
' 0.436 0.086
Dist 6 0.647 0.109 10.85 23.0 5450 9350 1,806,000
US 80 0.540 0.115
0.485 0.089
0.471 0.052
Dist 19 0.462 0.112 14.29 25.0 2825 2250 1,012,000
Us 67 0.378 0.083
0.287 0.064
Dist 21 1.216 .205 9.79 38.0 905 2950 837,000
IH 35 SBL 1.182 .138
Encinal .881 .058
to US 83 791 223
566 132
451 .101
Dist 21 1.277 .199
TH35NBL 1.111 172
US 83 to 971 113
Encinal .650 .099
403 156
Dist 21 .982 211 1480 4500 1,182,000
IH 35 NBL .901 172
and SBL 672 .058
Laredo 452 141
to US 83
Dist 23 420 179 13.82 25.0 2050 3300 867,000
US 67-84 322 126
.195 126
195 .096
130 .031

*A temperature statistic related to performance. See Ref. 8 for a complete explanation.
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TABLE 3-3 MORE VARIJABLE INPUTS TO THE DESIGN PROJECTS

Project Percent Rural or Funds Distance Slowed Speed Thru Zone

ADT/HR Urban Avail./ (miles)

Sy. 0.D. N.O.D. 0.D. N.O.D.

Dist 5,
US 62-82 6.5 R * 2.0 2.0 30.0 30.0
Dist 6,
US 80 6.5 U * 2.0 2.0 30.0 30.0
Dist 19
US 67 6.0 R * 1.0 1.0 30.0 30.0
Dist. 21
IH 35 SBL 6.5 R 45 5.0 5.0 40.0 40.0
Encinal
to US 83
IH 35 NBL
US 83 to
Encinal — — * — — — —
IH 35 NBL
and SBL
Laredo
to US 83 6.0 — - — — — » -
Dist 23,
US 67-84 6.5 R * 3.5 3.5 30.0 30.0

*FUNDS AVAILABLE FOR THESE PROJECTS WERE NON RESTRICTED

15



Optimal solutions were now available for each
design section. However, they were sub-optimal
for the project as a whole. The author believes
that the following criteria should be applied
when selecting the overall project strategy from
the available section strategies:

While thickness of overlay may vary along
a project length, some minimum thickness
must be placed throughout the entire
project. Additionally, for any future over-
lays a minimum thickness must be placed
throughout the entire length.

In other words, if the optimum solution for
one section calls for an overlay after six years
and in another section after eight years, the
overlay must be placed at six years; not some
at six and some at eight.

Figure 3.2 shows the overall project design
strategy using a 3.4 inch overlay initially and
the strategy using a variable initial overlay both
for a 99% confidence level. The band width on
the present serviceability index curve results
from the variable SCI design sections. Costs
were weighted according to the length of the
various design sections and are also shown on
Figure 3.2. An approximate 30% saving in net
present cost is indicated if the “Design”
strategy had been selected instead of the 3.4
inch overlay throughout. Most of this savings
comes from placing a thinner initial overlay
over much of the project. Note that three
inches of overlay was required to satisfy the
arbitrarily selected six year minimum time
between overlays and that the 3.4 inch overlay
resulted in a minimum time between overlays
exceeding eight years.

District 6, U. S. Highway 80
Botween Midland and Odessa in District 6, U.

S. Highway 80 was overlaid with approxi-
mately 5.5 inches of Types A and D. The
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deflection measurement and pavement data is
summarized in Figure 1-3. Application of the
PROFILE ANALYSIS program resulted in five
design sections varying from 0.6 of a mile to
3.4 miles in length. The design sections totaled
over 9 miles. As was true with all of the
simulated project designs, OVERLAY-1 was
run with the initial overlay fixed at the actual
construction thickness and then the program
was rerun permitting the initial overlay to be
as thin as one inch. Again the runs were made
with the SCI’s indicated in Table 3.2. Figure
3-3 shows three overall project design
strategies; the first, using the actually con-
structed thickness of 5.5 inches as initial
overlay, and two more neaﬂy optimal design
strategies using lesser amounts of initial
overlay. The more economical three-overlay
strategy indicated a 13% savings in net present
cost and the other design strategy a 6% savings
over that actually constructed. The most
economical strategy had a six year minimum
time between overlays. For the actual con-
struction 12 vyears between overlays was
indicated. The savings for the most economical
design resulted primarily from discounting
future construction costs since the material
required during the twenty years was about the
same. The savings for the intermediate strategy
resulted from saving one inch of asphaltic
concrete for some sections of the road.

District 19, U. S. Highway 67

In District 19, U. S. Highway 67 was overlaid
with 3 inches of asphaltic concrete between
Mount Pleasant and Naples. Figure 1-5
summarizes the existing pavement, overlay, and
measurement data. Using PROFILE ANALY-
SIS on the data, six design sections were
isolated. They ranged in length from 0.6 of a
mile to 4 miles. The measurements represented
a total length of over 18 miles. Figure 34
shows three overall project design strategies.
The indicated most ecomical strategy resulted
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from 3 minimum thickness overlays. A 24%
savings in net present cost would result from
using this instead of that actually constructed.
An alternate two-overlay scheme would result
in a 13% indicated savinigs. The savings in the
two-overlay scheme are a result of reducing the
thickness in portions of the job from the 3
inches in the first overlay. The savings from
the three-overlay scheme are the result of
discounting future construction costs. The
three-overlay design strategy had a minimum
time between overlays of six years while both
of the two-overlay schemes had a minimum
time between overlays exceeding ten years.

It should be noted that on this project, the
discussion and design strategies are based on
the assumption that the flexible pavement on
the outer lanes controlled the design. In reality
this was not true; a minimum thickness
asphaltic concrete was required for the old
concrete pavement in the center portion of the
road.

District 21, Interstate Highway 35

From Encinal south to the junction of U. S.
Highway 83, Interstate Highway 35 was
overlaid with 1.5 inches ACP in the south-
bound-lane and approximately 5.5 inches in
the north-bound-lane. From the junction of U.
S. Highway 83 south to near Laredo, both
lanes were overlaid with 5.5 inches of asphaltic
concrete. Further discussion of these simulated
designs will be limited to that portion from U.
S. Highway 83 south; except to point out that
the 1.5 inch overlay was not predicted to last
the specified minimum 6 years with a 99%
confidence. The section from Laredo to U. S.
83 illustrates all the other salient points for
this discussion. Five design sections varying in
length from 0.8 of a mile to 4.6 miles for the
total project length of slightly over 10 miles
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were isolated with PROFILE ANALYSIS.

Figure 1-5 summarizes the pavement and .
measurement data for these sections. Figure
3-5 shows three overall project design strategies
including the one actually constructed. Both of
the other design strategies would have resulted
in approximately 25% savings in net present
cost. Most of the savings come from placing a
lesser initial overlay for some sections of the
road. The minimum time between overlays for
the three-overlay strategy was about 7 years
and exceeded 12 years for the two-overlay
design strategy. The program indicated nearly
18 years should elapse before another overlay
would be required.

District 23, U. S. Highway 67-84

Roughly three miles of a 4.5 inch ACP Overlay
on U. S. Highway 67-84 in District 23 was
examined. For this project only, the SCI
profile for each side of the roadway was
treated as a separate profile. On other projects,
the SCI’s for opposite side of the roadway
were averaged.

The rough terrain and obvious difference in
SCI’s for some sections dictated that opposite
sides of the roadway be designed separately.
Seven design sections ranging from 0.4 of a
mile to 2.1 miles in length were isolated using
PROFILE ANALYSIS. Figure 3-6 shows three
overall design strategies-the first using the
actual construction thickness of 4.5 inches as
an initial overlay with the other two design
strategies using lesser amounts of initial
overlay. An approximate 40% savings was
indicated from either of the strategies using
thinner overlays initially. FEighteen years
between overlays was predicted for the actual
construction strategy as opposed to about six
years between overlays for the other two
strategies.
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Summary

In summary, two major differences between
the actual construction selected by Highway
Department overlay designers and that sug-
gested by the design system are apparent. First,
the designers selected a constant thickness
from end to end for all of the overlay projects
studied. The design procedure suggests that the
road can be broken into sections using variable
overlay thicknesses at a comnsiderable savings in
cost. Secondly, the designers placed thicker
initial overlays than the design procedure
selects for optimum cost even when using a
99% confidence level. Another way to think of
this difference is to say that the designers
desired longer than six years life for the initial
overlay.

Although none of the results are shown, the
same series of simulated designs where run at
50% and 95% confidence levels. In general
these merely required thinner and fewer
overlays. There was an even larger disparity
between what the designers actually placed as
initial overlays and that which was recom-
mended by the program.

The remaining discussion in this chapter is
placed here because it is felt that it might be
helpful to others trying to use the program. If
the following conditions exist, the optimum
design strategy computed from OVERLAY-1
will be a series of minimum thickness overlays:

1. Average daily traffic must not approach
capacity any time during the design
period. If it does approach capacity,
the program will avoid overlaying
during that time by placing thicker
overlays earlier. In a rare case where
traffic might be declining from a
capacity situation, it would try to
postpone overlaying until that time
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when traffic had declined.

2. Higher interest rates favor postponing
overlay construction to later times by
the placement of a series of thin
overlays.

3. The higher the swelling clay parameter,
b1 the more the program prefers to
delay overlay placement.

Several opposite influences tend to make the
program place a thicker overlay initially
followed with a series of thinner overlays.
They are as follows:

1. The fact that material placed initially is
used throughout the analysis period
with no reduction in strength causes
the program to generally place the
thickest overlay first.

2. The safety factor introduced through
the confidence level as explained in
Appendix C has a component that is
placed with each overlay. That is, three
overlays require some amount of as-
phaltic concrete to be used for safety
that is basically three times as large as
that required by a one-overlay scheme.
This tends to cause the program to
place fewer, thicker overlays.

3. The program will tend to place more of
the needed material when ADT is light.
In rural traffic situations this generally
is negligible; however, the effect can be
quite large as capacity is approached.

4. Finally, the two arbitrary restraints,
minimum thickness for each overlay
and minimum time between overlays;
can cause fewer and thicker overlays to
be used.



CHAPTER 4
STRENGTHS AND WEAKNESSES OF THE OVERLAY DESIGN SUBSYSTEM

This chapter basically represents the senior
author's opinions as to the strengths and
weaknesses of the overlay subsystem. It is not
intended to be an exhaustive discussion. The
enumerated strengths and weaknesses are the
more obvious ones that have occurred to him
while using the subsystem.

The ability of the Dynaflect to detect
variations in pavement structures, both along a
roadway of the same pavement design and
when comparing roadways of different design,
is one of the most important strengths of this
design procedure. A corollary to this character-
ization of in-place pavements is the fact that
enough measurements can be made economi-
cally, to not only characterize the average
in-place materials, but also to measure the
dispersion about this average.

The fact that the design procedure attempts to
treat uncertainty, albeit in a crude manner, is
one of the strengths of the method. It seems
most certain to the author that the wide
variations in pavement response measured along
roadways of “uniform subgrade and the same
design” are being treated intuitively by design-
ers that select pavements based upon their
experience. In fact, they are frequently using a
very high confidence level in their design
selections. Therefore, it is imperative that
researchers attempt to quantify variability and
treat it in the design procedures that are to
supplement this experience.

Another strength in the approach lies in the
ease in which followup research and verifica-
tion of designs can be made. It is relatively
simple to test the predicted deflections versus
the actual deflections. (It might also appear
easy to follow the performance of the roads
after overlaying. However, Scrivner (Ref. 8) has
shown that with the accuracy of readily
available serviceability index measuring equip-
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ment, trends are rather difficult to measure
over short time periods.) Other strengths have
been discussed elsewhere when describing the
overall design system. (Ref. 9).

The most glaring weaknesses in the overlay
subsystem must be in the performance equa-
tion and the assumption that succeeding
level-ups will permit continuous re-use of the
pavement with no deterioration in its strength.
The performance equation itself was derived
from AASHO Road Test data and has all the
limitations often expressed when trying to
extrapolate from this one experiment.
Additionally, an equation that relates perfor-
mance to a displacement parameter, rather
than to the ratio of stress to ultimate stress or
strain to ultimate strain, must be considered
incomplete. This is not to say that a better
performance equation is available or will be
available anytime in the forseeable future. It
merely points out that theory, experiment, and
measurement in this important area have lagged
behind other aspects of pavement design.

Another important weakness is the fact that
the subsystem does not consider uncertainty in
most inputs and models. Additionally, the
confidence level that is computed on each
performance period is not really the confidence
level of interest to the designer. He is more
interested in the confidence that a particular
total design strategy will last the entire analysis
period, rather than the confidence that each
overlay will last its performance period.

Additional weaknesses include dependence on
engineering judgment to determine minimum
overlay thickness, minimum time between
overlays, and to answer the question “Is an
ACP overlay a proper action?” However,
dependence upon good engineering judgment
for some design considerations is not unique.
All useable design procedures require it.
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APPENDIX A. DATA COLLECTION

The Dynaflect (Ref. 12, 13, 14) was used to
take before and after deflection measurements
on 11 sections located in eight Districts
throughout the State.

The “before” deflection data for this study
was collected during the summers of 1966 and
1967. The data was recorded on a specially
designed data sheet labeled “FLEXIBLE
PAVEMENT - DEFLECTION STUDY DATA
SHEET DYNAFLECT” (See Figure A-1).

This data sheet made provision for recording
project identification information and deflec-
tion measurements. The project identification
section of the code sheet included: control,
section, county, district number, date, highway
number, and any remarks concerning the
section under consideration. It also made
provision for writing the initials of the person
recording the information.

For each deflection measurement, the follow-
ing information was recorded: station or
mileage where the measurements were taken,
distance right or left from €, the Dynaflect
readings for sensors 1 thru 5 (geophones) with
their respective multipliers, temperature of the
pavement, time and remarks. After a few runs,
recording of the pavement temperature was
discarded. The accuracy of the available
thermometers was suspect plus the time
required for them to reach equilibrium would
have greatly slowed the data collection.

On nine of the eleven sections deflection
measurements were taken every 0.100 mile.
The procedure employed was as follows:

A road Inventory Map was obtained from
Planning Survey Division (D-10). This map,
among other things, shows the following:
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a) Center Line Bearing

b) Mile post mileage at the beginning and
ending of major structures, at the ¢
intersection of minor structures, and at
the € of highway intersections

¢) Control and section numbers

With the aid of these maps, a fixed
reference point was chosen as the starting
point (or Zero Mile), for a given section.
After calibration of the Dynaflect (Ref. 14),
the load wheels were set at the starting
point and a reading was taken. Readings
were then taken every 0.100 of a mile.

The 0.100 mile was measured with an A. E.
Sheehan Survey Meter, Model 100-P,
installed in the towing vehicle; a 1966 Ford
Sedan especially equipped with heavy duty
shock absorbers and a specially mounted
trailer hitch. From the zero mile or starting
point, the distances indicated by the Survey
Meter were checked against the mile post
distances shown on the Road Inventory
Map.

Checks were made at the beginning of
culverts, bridges, or at intersections. If
discrepancies were found between the dis-
tances measured by the Survey Meter and
the mile post readings, the Survey Meter
was reset to match the mile post readings.

In two sections, one located on IH 35 (District
21) and the other on US 67 (District 19),
stakes were set every 500 feet along the right
of way line by District personnel. The load
wheels of the Dynaflect trailer were set
approximately in line with the stakes and
measurements were taken at these points. It is
the writer’s opinion that having a survey crew
set stakes to locate points for the before and
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after measurements results in better accuracy
with less overall effort.

The after deflection data was taken approxi-
mately one year after the road had been
overlayed. The procedure employed in taking
these measurements was the same as that for
the before data. All of the after measurements
are estimated to be within 50 feet of the
corresponding before measurements; with most
measurements falling within 10 feet.

All Dynaflect measurements were taken in the
outside wheel path. No measurements were
taken on culverts, approach slabs, or bridges.
Calibration of the Dynaflect took approxi-
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mately 20 minutes, and it was done twice a
day before the morning and afternoon runs.
The average time to take a before deflection
measurement was approximately 4 minutes,
and the after measurements the average time
was about 2 minutes. The difference in time
required was because the Dynaflect could
travel faster over the smooth overlays.

In addition to the personnel used for traffic
protection, two people were needed in the
operation of the Dynaflect system. The driver
of the towing vehicle also operated the
Dynaflect control box. The recorder of the
data aligned the Dynaflect load wheels with
the stakes in those two projects having stakes.
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APPENDIX B. DATA ANALYSIS

The primary data for analysis in this research
project consisted of the before and after
Dynaflect deflection measurements taken on
the overlay projects as summarized in Figures
1.2 thru 1.6. At each measurement location,
five deflection readings were taken with the
Dynaflect using the standard geophone con-
figuration (Ref. 13). The before measurements
were used to characterize the existing roadway
structure. The after measurements were used to
characterize the total structure after overlaying.
The difference in the two measurements,
therefore should reflect the effect of the
asphaltic concrete overlays.

The remaining available data consisted of the
thickness of the asphaltic concrete overlays.
This thickness was “plan quantity” thickness;
not a thickness measured at each of the
specific points of deflection measurements.

Possible deflection parameters for the charac-
terization described above included Wi, SCI,
and other measures of curvature. SCI is
obtained by taking the difference between W{
and W2. Other finite difference equations that
utilize more than two geophone readings could
have been used to obtain more accurate
measures of curvature. A cursory examination
of the data indicated that such finesse was not
warranted.

When the data analysis was actually under-
taken, it had become apparent that Scrivner’s
model for predicting pavement deflections
(Ref. 7) was going to be used in a new
pavement design system for the Texas Highway
Department. In addition, his performance
equation (Ref. 8); which utilized SCI, would
be the basis for predicting performance in the
design system. Therefore, it was almost essen-
tial that the selected deflection model be one
that would predict SCI after an overlay and
preferably it would be Scrivner’s deflection
model.
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The first attempt at using Scrivner’s deflection
model was not successful. The pavements, prior
to overlaying, were assumed to be two-layer
structures as is done in the THD design system
(Ref. 6, 7, 11). Stiffness coefficients for the
pavement and subgrade were then computed
using the before data as inputs along with an
average pavement thickness for each project.
For the after data it was assumed that no
change had occured in the stiffness coefficient
for the existing pavement and that a three-
layer pavement structure (overlay, pavement,
and subgrade) now existed. Using the after
data, it was attempted to compute the two
unknown stiffness coefficients, Unrealistic
answers were frequently obtained.

Further examination of Scrivner's model
showed that while it predicts deflections
reasonably well for a several layered pavement
when stiffness coefficients are known; the
reverse process will not work for more than
two layers. Occasionally, several sets of
stiffness coefficients can be found that will
predict the same deflection. Cogill examined in
detail the computation of materials parameters
from the Dynaflect deflections and drew
similar conclusions (Ref. 15)

The following use of Scrivner’s model yielded
reasonable answers which are the basis for the
design subsystem of this report. First, the
pavement structure before an overlay was
simulated as a one-layer structure of infinite
thickness. Equation (1) is Scrivner’s model for
deflection at geophone 1 for such a structure.
Equation (2) is for the deflection at geophone
2 for such a structure. The other symbols are
as defined in the List of Symbols.

0w ()

(2) w2=% (~=)



Substracting W2 from W] yields the SCI for
the before structure.

(3) sci

"

=
|

=
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n
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Equation (3) was solved for AB using the
average before SCI for each of the eleven
projects.

The after pavement structure was simulated as
a two layer pavement using Scrivner’s model.
Equation (4) is the two layer model for the
deflection at geophone 1 and equation (5) is
the model for the deflection at geophone 2.

-.C /1 _ |
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C |
* agi ( re +C2(O|D|)2)
C | |
5 = % (= -
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o (o oo
agl \rs+c, (0, D)

The SCI for such a structure was obtained by
substracing W1 from W».

(6) SCI=W, ~Wp=(4)-(5)

Substituting the subscript O for overlay, B for
before, and A for after data yields the
equation for the SCI after an overlay. Equation
(6A) is written with the familiar stiffness
coefficient terms. Solving equation (3) for
stiffness coefficients before overlay in terms of
SCI and substituting this value in equation
(6A) yields equation (6B), an equation for SCI
after an overlay as a function of SCI before an
overlay.
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Using the average data point on each individual
project, the only unknown in equation (6B) is
the stiffness coefficient for the overlay. That
is; the average SCI before and after an overlay
for each project and the average thickness of
overlay were known. An iterative procedure
was used to solve for the stiffness coefficient
for the average data point for each of the
eleven projects. The procedure is as follows:

1. Set the stiffness coefficient of the
overlay equal to the stiffness coeffi-
cient for the before pavement structure
and compute a SCI.

2. Is this SCI equal to the SCI measured
after overlaying, plus or minus 1%? If
the answer is “Yes”, stop and consider
the solution completed.

3. If “No”, set the overlay stiffness
coefficient equal to that used in Step 1
minus 1% of the error in computing
SCI times the stiffness coefficient tried.



4. Repeat steps 2 and 3 until a SCI equal
to the measured SCI plus or minus 1%

occurs or until 10,000 trials have
occured.
As stated above the stiffness coefficients

through the average data point for each of the
eleven projects was computed in this manner.

Plots of the SCI before and after overlaying are
shown in Figures B-1 thru B-11. Equation (3)
using the individual project stiffness coeffi-
cients is plotted as a dashed line on each
graph. The project average stiffness coefficients
range from 0.67 in District 19 to 1.57 for the
thin overlay in District 21.

An overall weighted average stiffness coeffi-
cient was obtained by (1) multiplying the
project average times the number of points in a
project, (2) summing these products, and (3)
dividing by the total number of points used.
This overall average stiffness coefficient of
0.956 is considered to be the best number
available for designers to use on asphaltic
concrete. It has been inserted in the overlay
design subsystem as the stiffness coefficient for
overlay ACP. Equation (3) has been plotted on
Figures B-1 thru B-11, as a solid line, using this
stiffness coefficient. After examination of
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Figures B-1 through B-11 it was thought that a
nonlinear equation might fit the data a little
better; especially the thicker overlays of
District 6, 19 and 21. If Scrivner's complex
model was not going to be used; a simple one
relating SCIB, thickness of overlay, and the
overlay material property to SCIA; was desir-
able. Equation (7) is the model tried.

(7) - SClp=SClg —A(SCIg)N

Where A is a constant related to the
overlay stiffness and thickness. The
exponent, N, determines the amount of
nonlinearity in the model.

It was felt that N should be selected such that
the slope of the equation was positive over the
range of SCIB data available. The largest N
(most curvature) that could be used and meet
this condition for the average data point of the
thick overlay of District 21 was 1.25. (A slight
blunder was made in thinking this project
controlled as far as the requirement that a
negative slope not be used. The District 6
project actually controlled). From a few hand
calculations varying N through the average data
point for some of the projects; it appeared that
N = 5/4 would give a good fit.
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Using N = 5/4, the constant A was determined
for the average point for each of the eleven
projects. The resulting equation is plotted as a
dashed line for the before and after data on
each project on Figures B-12, through B-22.

Figure B-23 shows the calculated A’s plotted
versus overlay thickness and a regression line
forced through the orgin. This regression was
weighted by the number of measurements
available from each specific project. On Figures
B-12 through B-22, the equation resulting from
using the overall materials coefficients, 0.153,
is plotted as a solid line.

Figure B-25 compares the computed SCI with
the measured SCI using the direct solution
model. Figure 3.1 is the same type plot using
Scrivner’s model.

To better compare the goodness of fit of the
two models the root-mean-squared error or
standard error was computed. An error was
defined as illustrated in Figure B-24 as being
the difference between the measured SCI after
overlaying and that predicted by the equation.
Root-mean-squared errors were obtained by
taking the square root of the sum of the errors
squared divided by the number of points minus
one.

Table B-1 summarizes the stiffness coefficient
from the Scrivner model, the material coeffi-
cients from the direct solution model, and the
standard errors. Note that there is a negligible
difference in the overall standard error between
the two models. Combining this fact with the
need to use the same model in the overlay
subsystem as is being used in the overall
pavement design system; it seemed logical to
select the Scrivner model with its stiffness
coefficient for the overlay subsystem.
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The reader is invited to note the following
points about the scatter in the data shown in
Figures B-1 through B-22, B-25 and 3-1.
1. For the average data point, each
overlay gave some reduction in SCI.

2. The scatter in the data was of the same
order of magnitude for stiff existing
pavement structures as it was for those
with larger SCI’s. In other words, the
scatter was independent of the stiffness
of the existing pavement.

3. The scatter was roughly the same size
on all projects except the thin ACP
overlay in District 21.

4. The scatter on all of the thin overlays
(less than 1% inches) was so large that
the overall aVerage stiffness coefficient
fit the data nearly as well as’ the
individual project average coefficient.
For the thicker overlays, three inches
or thicker, the overall project average
was quite close to the individual
project average coefficient.

5. In all cases the thin overlay in District
21 contributed the most scatter, (see
Table B-1). As was stated earlier, the
thickness wused in calculating these
constants was the plan quantity thick-
ness. In District 21, considerable level-
up (highly varying thickness) was used.
This probably caused the large amount
of scatter shown for the thin overlay.

6. More sophisticated data fitting
(minimizing errors, etc.) could be used
with the data. It is the author’s opinion
that little would be gained with such
sophistication.
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> S »2_|33&= 23 | 3g8 29 |228 241328 25
B < ~ <27 | amo < ~ /B3O < - 830 <w“ l SIS <"’ﬁ
= = Qa » qﬁm =Z m a< I §ZE A< = M A < < X[ A <
& = 28 g% | 2k Z 0 = z0O | zB=  ZO | BBz ZzQ
e O Z & D=9 | g=d x| H B <2 | g5 2o | dbg 3
a = Z 2 OREE | 25O SZ | 358 & | &30 BZ | 358 52
2 US.377 21 114 | 1197 +06 | 0.956 +06 | 504  +06 | .153  +.06
18 US.80 1 118 | 132 +05 | 0956 +06 | 203  +05 | 153  +.06
21 IH.35 164 136 | 157 +13 | 0956 +18 | 241 12 | 153 +14
2 US.67 27 145 | 073 +.09 { 0.956 409 | 086 409 | 153  +.09
18 US.287 44 145 | 135 07 | 0956 k08 | 271 %07 | 153 +08
19  US.67 359 300 | 067 +08 | 0956 +09 | 112 %07 | 153 +07
5 US.62&82 268 341 | 098 +06 | 0956 +07 | 189  +.06 : 153 +.08
14  LH.35 62 425 | 1.03 +03 | 0956 +03 | 214 403 | 153 407
23 US.67 &84 64 455 | 080 +07 | 0956 +07 | 170 +05 } 153 +.06
21 IH.35 381 545 | 0.84 +08 | 0956 $09 | 138 07 53 £12
6  US.80 144 546 | 093 +.04 } 0.956 +04 | 165 +03 | 153 +.04
ALL PROJECTS 1545 | 0956 +.095 | 153 +.094
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APPENDIX C. TREATMENT OF UNCERTAINTY
IN THE OVERLAY DESIGN SUBSYSTEM

An overlay designer is faced with many
uncertainties with his design predictions. He
has inexact knowledge about all inputs to the
design equations coupled with imperfect equa-
tions in most cases. Structural engineers treat
uncertainty with a safety factor. Such a safety
factor has especially been used when lives are
endangered if a structural failure occurs. The
engineer usually has a high confidence that his
design will not fail structurally when safety
factors are used.

When life is not endangered, as in pavement
design, a simple safety factor against structural
failure is frequently inappropriate. Minimiza-
tion of costs, while satisfying certain perfor-
mance restraints, is the objective of the overlay
design subsystem. The use of a structural
safety factor may be in direct conflict with
this objective and may result in selection of a
design strategy that does not minimize cost.

However, the designer that does not treat
uncertainty has only a 50% chance that he will
satisfy the aforementioned performance
requirements.

A third consideration in the dilemma of how
to treat uncertainty is the fact that for most
variability, the designer has Ilittle or no
quantitative information about its magnitude.

With the preceeding thoughts in mind, the
following procedure has been adopted and is
recommended for use in the overlay design
subsystem. First, two types of variability are
treated quantitatively in the program. They are
treated quantitatively because they have a large
effect on the answers and because quantitative
information is available about them. They are
variability of the existing pavement structure
along the roadway and the variability in
overlay materials that will be used throughout
the design analysis period for the roadway.
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The variation in the existing pavement struc-
ture at the time of overlay is treated in two
ways. First, large and consistent changes in SCI
along the roadway are handled by breaking the
project into design sections as described in
Chapter 3 and Appendix D. There is always
remaining random variation in SCI within each
of these design sections. A measure of this
variation, the standard deviation, s, is com-
puted by the program PROFILE ANALYSIS.

Equation (6B) of Appendix B gives an average
SCIA when the average SCIB is used. The
variation in the design section prior to overlay
should reflect as some variation after over-
laying. Equation (6B) which is wused in
Overlay-1 is written as below:

(8) SCly =a+ b (SClg)

Where a and b are functions of the
thickness and stiffness of the overlay
material only.

Figure C-1 shows the relationship assumed for
computing: the component of variation of SCI
after an overlay due to the variation along the
roadway before an overlay. The variation in
overlay material itself also causes or introduces
a component of variation in SCI predicted
after overlaying.

It is believed that these two components of
variation are independent. That is, the prob-
ability of getting a weak batch of overlay
material to fall in a weak place is remote.

This component of variation in SCI after an
overlay is therefore combined with the overall
standard error found in computing the average
stiffness coefficient for overlay materials (See
Table B-1). The commonly used formula for



1 SCly, =atb (SCig)

SCIA'—’

Sp = bXSB

SClg —

Figure C-1 = Diagram lilustrating Computation
of Standard Deviation in SCl, as a Result of

Standard Deviation in SClg



combining variances (Equation (10) as shown
below) is used in the program to compute an
overall standard error in estimating SCI after
each overlay.

(10) s.E. = i\/(s.e.T)2+(s)a

Again, assuming a normal distribution for this
overall standard error, S.E., 1.645 times S.E. is
added to the computed SCI after overlays if a
designer specifies a 95% confidence level and
2.33 times S.E. is added for a 99% confidence
level. (Ref. 16 contains a “Table for Areas,
Ordinates, and Derivatives of the Normal Curve
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of Error.””)

The specification of a “95% confidence level”
should assure a designer of having a SCI after
each and every overlay equal to or less than
that computed 19 out of 20 times. Likewise a
“99% confidence leével” should assure him a
SCI less than that computed 99 out of a 100
times.

It is suggested that a designer handle all other
uncertainties in the only way available to him
at this time, that is, by selecting a final design
strategy that to him appears correct after
having considered all the information available
to him.



APPENDIX D

SUPPLEMENT TO THE PAVEMENT
DESIGN SYSTEM USER’S MANUAL

65



APPENDIX D. SUPPLEMENT TO THE PAVEMENT
DESIGN SYSTEM USER’S MANUAL

This supplement contains instructions so that
the pavement designer may use the THD
Pavement Design System to design asphaltic
concrete overlays for existing flexible pavement
roadways.

Such overlays may be made for a variety of
reasons. They include to correct slipperiness,
bad appearance, roughness, leaking surfaces,
and to strengthen the pavement structure by
adding additional thickness of high quality
material. Prior to deciding to use the overlay
design subsystem described herein, the Pave-
ment Designer should determine why he is
placing an overlay. The design system does not
consider the skid resistance, appearance, or
sealing function of overlays. If these are a
consideration, they must be handled indepen-
dently by the designer in making final design
selections. The design subsystem for overlays
does attempt to handle or design for the
leveling and strengthening functions of over-
lays. Some of the inputs to the design
subsystem are used fo design for one problem
and some for the other. It is imperative that
the designer anticipate which type of problem
or combination of the two he is trying to
overcome so that he may correctly select some
of the key inputs.

The roughness problem exhibits itseif in the
following ways throughout the state. In areas
with swelling clays, pavements are almost
continually being leveled; either with heavy
maintenance patches or asphaltic concrete
overlays. In other areas, particularly those with
high water tables along the Coast or in river
flood plains, combinations of both swell and
settlement create levelup problems. In some
places these conditions are compounded by
extremely non-uniform conditions that lead to
traffic compaction following construction. All
of these conditions are handled in the program
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with the “‘swelling clay” parameter, by,
discussed on pages 3.8 through 3.11 of the
User’s Manual. The same recommendations for
selection of b] to use in the overlay routine
are applicable with the following exception:
the overlays designed with this program are
usually being placed on an existing roadway
where some stabilization or equalization of
movement and moisture should have occured.
Therefore, it is recommended that for the
heavy swell conditions, bj = .06, be used; for
moderate swell conditions, b} = .02, be used;
and for light swell conditions, b1 = 0, be used.
The designer should remember that, in general,
the larger the bj the more frequently the
program will recommend overlaying. Addition-
ally, the more frequently the overlays are
placed, the thinner they can be.

In addition to by, the designer must input the
amount of asphaltic concrete to be used for
levelup on the initial overlay. On future
overlays one inch is placed by the program for
level-up. In both cases, this level-up is given no
structural value because of its variable
thickness.

Strengthening overlays are placed to combat
cracking. This cracking may result from
fatigue; shrinkage due to drying, temperature
changes, or chemical changes; and combina-
tions of these. The cracks themselves are
seldom directly the cause of loss of service of
the pavement. Frequently, however, intrusion
of moisture through them results either in loss
of support by weakening of the underlying
materials or pumping of the underlying
materials. In some locations with some pave-
ment structures, cracks have not resulted in
deterioration of the pavement structure.

Cracks frequently reflect through ACP over-
lays. If the designer desires to try to prevent




reflective cracking, he must select a minimum
thickness overlay which he thinks will prevent
reflective cracking on the particular roadway in
question.

A second key input concerned primarily with
the strengthening function of an asphaltic
concrete overlay is the confidence level the
designer selects. Selection of this confidence
level can be thought of as selection of a safety
factor against traffic deterioration of the
overlaid pavement. Though not exactly correct,
the designer may also think of the selection of
a 95% confidence level as permitting roughly
five percent of the roadway to deteriorate
below the design minimum serviceability index
~ during each performance period. Likewise,
selection of a 99% confidence level would
permit one percent to deteriorate below this
minimum level. Obviously, the designer should
choose a higher confidence level for higher
type roads.

The third important input is the minimum
time between overlays. This judgement input
can have considerable effect on the optimum
design strategy indicated by the program. Two
different situations can occur. First, if there is
no swelling clay present (by = 0) and if the
designer permits thin overlays, the program
generally will recommend a series of these thin
overlays - only thick enough to last the
minimum time between overlays. If the
designer gets an output that recommends many
thin overlays placed too frequently, he should
re-submit the problem using a longer minimum
time between overlays.

The second condition exists where a relatively
large swelling clay parameter is input. If the
designer has also input too long a minimum
time between overlays, the program will either
not be able to find an answer or will find
overlays that aré unreasonably thick. (The
program needed to place overlays more
frequently in order to combat the swell
problem.) If the designer gets an output that

indicates either :‘no solutions possible or
unreasonably thick solutions, he should re-
input the problem relaxing his restriction on
minimum time between overlays.

Occasionally a designer may be tempted to use
an overlay to solvé problems of instability in
an existing roadway. This instability, resulting
either from too thin a pavement structure on a
weak subgrade or weak layers of pavement,
rarely can be cured with an economical
asphaltic concrete overlay. Such problems
should be cured by reconstruction of the
pavement structure.

In summary, before using this subroutine, the
designer should determine (1) that an asphaltic
concrete overlay is a solution to his problem,
(2) the type of problem or problems that he is
trying to solve and (3) carefully select the key
inputs to fit the particular problem at hand.

The Dynaflect is used to make a deflection
profile along the roadway. The measurements
are recorded on the STIFFNESS COEFFI-
CIENTS Code Sheets. The deflection param-
eter, SURFACE CURVATURE INDEX (SCI
for short), is used to characterize the existing
pavement.

From the recorded deflection measurements
the SCI may be computed directly by
substracting the deflection at Geophone 2 from
the deflection at Gebphone 1, or the Stiffness
Coefficients Code Sheets may be submitted to
the Computer Center for processing. The
profile of SCI’s is then analyzed using the
PROFILE ANALYSIS PROGRAM as described
below:

The engineer should plot the SCI profile
on graph paper and select sections that
appear to- have a significant difference in
SCI. The point where the section changes
is referred to as a “break point”. The
number of sections selected, the break



points, and the SCI’s are coded on a
PROFILE ANALYSIS Code Sheet for
submission to the Computer Center as is
done with the subgrade stiffness coeffi-
cients for. routine pavement design. The
PROFILE ANALYSIS Program makes the
necessary calculations to statistically verify
the engineer’s selection of SCI design
section. Each statistically - different SCI
section is now designed using
OVERLAY-1.

The designer must select from the various

possible overlay strategies, output from OVER-
LAY-1, those which he considers the best for
the overall project. He should consider very
carefully the fact that if two overlays must be
made in the future for some sections of the
road, at least two will probably have to be
made on all sections. That is, he should select
design strategies that have similar future work
to be done on each SCI section. This is
discussed further on page 19 in Chapter 3 of
Texas Highway Department Research Report
101-1F, An Asphaltic Concrete Overlay Design
Subsystem.
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OVERLAY-1. CODING INSTRUCTIONS

The input for this program is accomplished
with the aid of five code sheets. Code sheets 1
thru 4 of the FPS-7 PROGRAM should be
used for coding problems for OVERLAY-1 (see
pp 4.21 thru 4.36 of FLEXIBLE PAVEMENT
DESIGNER’S MANUAL) and should be filled
in the same way as in FPS-7, with the
following exceptions:

Code Sheet 1 delete variable 2.2 NUMBER
OF MATERIALS

Code Sheet 2 delete variable 3.2 INITIAL
SERVICEABILITY INDEX
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Code Sheet 3 delete variables 5.1 MINIMUM
TIME TO FIRST OVERLAY
and change variable 5.6 to
read THE LEVEL-UP RE-
QUIRED ON THE FIRST
OVERLAY

Code Sheets 1 thru 4, strike out FPS-7 and
write OVERLAY-1

Code Sheet 5 of OVERLAY-1 contains a set of
new inputs for this program grouped under the
heading OVERLAY AND EXISTING PAVE-
MENT - CARD NO. 9. The coding instructions
for this code sheet, as well as examples of all
the code sheets for OVERLAY-1 are included
in this Supplement.



OVERLAY-1
(EXPLANATION OF DATA CODING)

OVERLAY AND EXISTING PAVEMENT-CARD NO.9

(Columns 6-10)

9.1 IN PLACE COST/COMP.-C.Y. OF PROPOSED ACP

The cost per compacted cubic yard of the proposed ACP is to be inserted in
these columns, provision has been made to write up to two decimal places.

(Columns 16-18 of Card #9)

9.2 PROPOSED ACP’s SALVAGE VALUE AS % OF ORIGINAL COST

16{17

The estimated salvage value of the material (at the end of the analysis
period), as a % of the original cost is to be inserted in these columns to the
right side (right justified). Only numbers are to be used. '

(Columns 26-30 of Card #9)

9.3 IN-PLACE, VALUE OF EXISTING PAVEMENT/ COMP.CY. _

26127|28[29

The estimated cost per compacted cubic yard of the existing pavement
structure is to be inserted in these columns, provision has been made to
write-up to two decimal places.

(Columns 36-38 of Card #9)

9.4 EXISTING PAVEMENT’S SALVAGE VALUE AS % OF PRESENT VALUE

3637

The estimated salvage value of the existing pavement structure (at the end of
the analysis period), as a % of the present value is to be inserted in these
columns to the right side (right justified). Only numbers are to be used.
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9.5

9.6

9.7

9.8

(Columns 46-50 of Card #9)

THE COMPOSITE THICKNESS OF THE EXISTING PAVEMENT (INCHES)

The composite thickness of the existing pavement structure is to be inserted
in these columns. Provision has been made to write up to two decimal places.

(Columns 56-60 of Card #9)

AVERAGE SCI OF THE EXISTING PAVEMENT

46|47

48

49

The average Surface Curvature Index of the pavement is to be inserted in
these columns. Provision has been made to write up to three decimal places.

(Columns 66-70 of Card #9)

STANDARD DEVIATION OF SCI

56

57

59

The standard deviation associated with the average SCI (VARIABLE 9.6), is
inserted in these columns. Provision has been made to write up to three
decimal places.

(Columns 78-79 of Card #9)

DESIGN CONFIDENCE LEVEL (Use either 95 or 99 Percent)

66

68

69

The desired design confidence level is to be inserted in these columns. (Either

‘95 or 99 Percent)
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FLEXIBLE PAVEMENT DESIGN SYSTEM
OVERLAY-1

9.1 IN PLACE COST/COMP.-C.Y. OF PROPOSED ACP

9.2 PROPOSED ACP’S SALVAGE VALUE AS % OF ORIGINAL COST

9.3 IN-PLACE, VALUE OF EXISTING PAVEMENT/COMP. C.Y.

7

I8

9.4 EXISTING PAVEMENT’S SALVAGE VALUE AS % OF PRESENT VALUE

9.5 THE COMPOSITE THICKNESS OF THE EXISTING PAVEMENT (INCHES)

9.6 AVERAGE SCI OF THE EXISTING PAVEMENT

26

27

28

36

39

46

47

49

50|

9.7 STANDARD DEVIATION OF SCI

56

57

58

59

60

9.8 DESIGN CONFIDENCE LEVEL (USE EITHER 95 OR 99 PERCENT)

66

67

68

69

70

72

78
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APPENDIX E. PROGRAM LISTINGS
AND FLOW CHARTS FOR PROFILE ANALYSIS
AND OVERLAY-1

PROFILE ANALYSIS PROGRAM

The computer program “PROFILE ANALY-
SIS consists of a main program and two
subroutines.

The main program has the following functions.
a) Reads and writes the input data

b) Organizes the data to be used by
subroutine ANOVAR
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¢) Compares the F value calculated by
subroutine ANOVAR versus a table
value supplied by subroutine FTAB

d) Calculates averages and standard devia-
tions

e) Prints results in a tabulated form

Subroutine ANOVAR performs a statistical
analysis of variance on the data supplied by
main and calculates F values.

Subroutine FTAB contains a tablg of F values
at the 95% confidence level.



READ AND

WRITE
INPUT
DATA

T

START

IS THERE

NO MORE THAN

———
STATISTICS

ONE SECTION?

START
WITH THE
FIRST TWO
SECTIONS
(A AND B)

IS

A SIG-
COMBINE A
g B o gAY
A NEW B
SECTION FROM B?
(ANOVAR)

ARE
THERE ANY STORE
MORE SEC- BREAK
POINT

TIONS?

YES

THE B SECTION
IS SHIFTED
TO A AND THE
NEXT SECTION
108

HAVE

ANY SECTIONS
BEEN COMBINED
THIS TIME?

CALCULATE
SUMMARY

PRINT { sTop

RESULTS

Figure E-1 SUMMARY FLOW CHART FOR
PROGRAM PROFILE ANALYSIS
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OO0

MAIN DATE = 70225

REAL#*8 STA
DIMENSION STA{500) 4X1{500) ,NN(21) ,KOUNT{21) IXDATE{2)
COMMON X{25042) ,NUNML2)
800 READ(5,14END=829) IDISTCO01,C02+C03+C04ICONT 4 ISECT,1JOBsHAY Ly HAY2
¥y DATE1+DATE2,NOSE
1 FORMAT(3Xe12¢3A44A241442124A44A392A4,12)
PRINT 100
100 FORMATY (1HL1,///)
PRINT 22
22 FORMAT(33X,'TEXAS HIGHWAY DEPARTMENT?,/)
PRINT 33, IDIST ‘
33 FIRMAT{31X,"BISTRICTY *,I2,% — DESIGN SECTION'*,/)
CALL DATE{IXDATE)
PRINT 34, IXDATE
34 FORMAT{30X,*THIS PROGRAM WAS RUN - *,2A4,/)
PRINT 364HWY1,HUWY2
36 FIRMAT(30X,* PROFILE ANALYSIS FOR 1,44,A3,/7)
PRINT 29
29 FORMAT{7X,*DIST. COUNTY CONT,. SECT. JOB HIGHWAY 0
1ATE N3. OF SECT. ")
PRINT 57,IDIST,C01,002,C003,004ICONT,ISECT »1J0B,HWY1,HWY2,DATEL,DA
¥TE2,NJSE
5T FORMAT B8X,12,5Xs3A49A2+2X914+4Xs1294Xy1252X9A%3A3,3X42484,6X412+/)

NT - NUMBER OF DATA POINTS IN PROJECT
X1(1) — LIST OF DATA POINTS AS RECORDED OGN PROJELT

NS 0
KN 1
KOUNT(L1) = 1
NN{1Y = 1
K = NOSE + 1
READ 99, (NN{I)y I = 2,K}
99 FORMAT{2013)
N = NN{K)
D) 10 I = 1,N
10 READ 35 STA(I),X1{I)
3 FORMAT{A7,F5.3)
NT=NN{K)
PRINT 102
102 FIRMAT{31X,'REFERENCE S5TA. INPUT ',/ 4
1 31Xy ' POINTS DATA' +/ 1}
NLINE = O
DO 190 I = 14NT
PRINT 1014 19STA{I) X101}
101 FORMATIA3Xy13,7XyA742X,F10.3)
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OO0

MAIN DATE = 70225

NLINE = NLINRE + 1
[F {NLINE.LT. 40) GO T4 190
PRINT 100
PRINT 33,1IDIST
PRINT 36y HWYL,HWY2
PRINT 102
NLINE = 0
190 CONTINUE
PRINT LO7,{NN{T1},1I=1,K)
107 FORMAT{/+:8X, *INPUT BREAK PTS. AT ,13{1X,13),/428X4811X,13))
IF { N5.EQ.Q0) GD 10 193
191 CONTINUE
PRINT 100
PRINT 22
PRINT 33,1D157
PRINT 36, HWYl,HWY2
CALL DATE{IXDATE)}
PRINT 34, IXDATE
PRINT 29
PRINT 57,IDIST,CO1,C02,003,C04,ICONT,ISECT,,1J0BsHHWY1,HAY2,DATEL, DA
*1E2,NOSE
PRINT 103
103 FIRMATIL//,21X, *AVERAGE AND STANDARD DEVIATION FOR DATA DIVIDED',/,
1 21Xy ' INTO GROUPS OF SIGNIFICANT DIFFERENCE *y /7/ )
PRINT 104 (NN{I)y I = 1,K)
104 FORMAT( 8X,'BREAK POINTS AT *,13(1X413)4/+24X,8{1X+13),/)
PRINT 105
105 FORMAT{ 14X, *REF. POINTS AVERAGE STANDARD F
1 F¥Pe /316X, LIMITS oF DEV IAT 10N
2 CALC. TABLE® /414X, *0F SECTIONS SECTIONS GF S
3ECTIONS VALUE®, /)

193 CONTINUE
I =20
I =1 +1
NI =1
N2 NN(2)
GO T0 76
75 N1 = NNI{1I) + 1
73 N2=NN{I+1)
76 CONTINUE

CALCULATE AVERAGE AND STANDARD DEVIATIGN

SUM - SUM OF GROUP IN ARRAY X1{1)

AK - NUMBER OF VARIABLES IN GROUPP (X1 (NL TO N2)
SO - STANDARD DEVIATION OF GROUP X1{Nl TO N2)

SUM = 0.



OO0

MAIN DATE

if

70225

IF (N1 .EQ. N2) GO TU 86
D3 80 J = N1,N2
80 SUM = SUM + X1(J)
AK = N2 - N1 + 1
AYR = SuUM /J AKX
SD = Q.
DO 85 J= N1,N2
IF { AVR - X1{J) .tQ. 0.) GO TO 85
SD = S50 + {AVR —-X1{Jd))*%x2
85 CONTINUE
if { SD .EQ. 0.) GO TO 90

SD =  SQRT(SD /{AK -1))
IFIN2.EQ.NT) GO TO 93
GO 1D 90
B6 AVR = X1I{N2)
S = 0

90 CONTINUE

UBTAIN F(CALCULATED ) AND FL{TABLE VALUE) FUR ANALYSIS
OF VARIANCE FOR X1(N1-N2) COMPARED @WITH X1({N3-N4%)

L =0
Dl 91 J = Nly N2
L = L+]
91 X{Ly1) = X1{J4)
N3 = N2 + 1
IF IN3 .GT. NN{K} ) 50 TO 93
N4 = NN{I +2)

LL = O
DO 92 J = N3, N4
LL = 1L + 1

92 X{LLy2) = X1{J)

NUM{1) = L

NUM{2) = LL

CALL FTAB (F1l)

CALL ANODVAR {F)
93 F = 0.

Fl1 = 0.

94 CONTINUE

IFIN5.EQ.0) 50 10 95

PRINT 106, N1o N2s AVR, 5D, F, Fil
106 FORMATIL4X,13,% TO *31343XyF1l0.348X9yFLl0+395XsF743+96X,F7.3)
96 CONTINUE

KN = KN + 1
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95

200

201

829

MAIN
KOUNT{KN}) = N2

CONTINUE

IF IN2.EQ.NT) GO YO 200
I =1 +1

IF{F1.GT.F) GO TO 73

GO TO 75

CONTINUE

NN{1} = KOUNT{1)

D3 201 J = 2,KN

NN{J) = KOUNTTJ)

KN1 = KN

IF { N5.EQ.1) GO TG 800
IFIKNL.EQ.K) N5=1

K = KN

NOSE = KN- 1

KN = 1
IF{NS)B29,193,191
CONTINUE

5TOP

END

DATE

70225



15
20
25
30
35
40
45
50
55

60
65

TS w N -

FTAB DATE = 70225

SUBRUUTINE FTAB (F1)
COMMON X(250,2) 4yNUM(2)
DIMENSIUN FTI(30)

DATA FT /7161.0,1845410.147.7140.061
9e¢99454599543215.124%.95,
4084940754467 94.6044.54,
H4e8F34.4594.4144238,446.35,
4032944309428 9422644.24,
4417+14.0894.00,3.92+3.84/

ID = NUM(1)

A = 1ID
IF (1D
IF {1ID
IF (ID
[F (ID
Ir (1D

GO T3 65

25)
3Q)
40)
60)

-120)
Fl1 = FT{29)

F1 = FT{1D)

GO T3J 65

F1 = FT{25)

GO TO 65

F1 = FT{26)

GO T3 65

Fl = FT(27)

G3 10 65

Fl1 = FT(28)

CONTINUE

RETURN
END

+ NUM{2} — 2

40,
45y
50,
55,
&0

+( (A
FLA
+{{A

+((A

40, 15
454 20

50, 25 -

55y 30
60, 35

=250 /5.)1% IFT(26) — FT125))
~30.)1/10.0% (FTL27) — FT{26))
—40.)/720.)% (£FT7{28) - FT{27))

-60.)/60.)% (FT(29) - FT(28))
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99

100

200

201
202

ANGVAR

SUBRJUTINE ANQVARIF)
COMMON X{25042) +NUM(2)
K =20

M=0
SUM=0.,
$51=0.
SST1=0.

DD 200 J=1,2
SUM1=0.0 ’
N=0

LL = NUMLJ)

DO 100 I=1,LL
IFIX{1,J).EQ.0) GO TO 99
SuMi= SuMl + X{I.,J)

SS1 = SS1 + X{I,J)¥%x2

N=N+1

M=M+1

CONTINUE

K=K+1

IF ( SUM1 .EQ. 0.) GO TQ 200
SST1=SSTL+{{SUMLI%x*2}/N)
SUM=SuUM+SuUM1l

CONTINUE

IF {(SUM <EQ. 0.3 GO TO 201
C={SUM%%2) /M

55=551-C

§S8T=5571-C

SSE=S55-5ST _
IF { SS5T.EQ.0.D ) GO 71O 201
IF ( SSE.EQ.0.0 ) GO TO 201
ITDF=M-1

IDFBM=K~1

IDFWS=M-K
F=[SST*IDFWS) /I SSE*IDFBM)

IF (F .GT. 0.) GG TO 202

F = 0.

CIONTINUE

RETURN

END

DATE

70225



OVERLAY-1 PROGRAM

The computer program “OVERLAY-1" con-
sists of the main program and 8 subroutines.
Basically, “OVERLAY-1" follows the logic of
FPS-7, except an initial design is not calcu-
lated. The program begins by placing an
overlay on the in-place pavement.

The main program reads the input data, checks
the input for coding errors and writes out a
summary table of the cheapest overlay schemes
in order of increasing total cost.

The subroutine OUTPUT writes out a complete
listing of the input data. The subroutine
OVERLAY calculates the SCI's, the overlay
schemes, and the overlay costs.

The subroutine CHECK eliminates all overlay
schemes that are not true alternates.

The subroutine STORE sorts the cheapest
overlay schemes into ascending order and saves
a set of the cheapest schemes. This set of
cheapest schemes will be printed by the main
program at the end of the calculations.
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The subroutine TIME is an iterative process
which uses the serviceability loss equation and
the traffic equation to determine the number
of equivalent 18-kip applications and the
length of time (in years) before the service-
ability index has been reduced to its minimum
acceptable value.

The subroutine USER determines the user cost
during construction of an overlay by using one
of five possible detour models and three of the
following tables (depending on whether the
structure is rural or urban).

a) Cost of slowing down in a rural area
b) Cost of slowing down in an urban area
c) Cost of operating at a reduced speed
d) Cost of delay

The subroutine PWRM determines the present
worth per square yard of routine maintenance
(increases linearly) which is performed during
the ith overlay period.

The subroutine SEAL determines the present
worth per square yard of all seal coats which
will be performed during the analysis period.
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MAIN CATE = 70329

COMMON COSTY COST24FLULTT(20) 4ALPHA,PL4P24XNC,RQyRCy CL,NM,P2P,BAONE
1,CMAX,DOVER{5) +XTBOsACPR,ACCD,PROP 4+ PC,4ITYPE,RAT E, OVMIN, OVMAX,PPO2
29PPN24DDG2 »DDN2 yAA S+ASOsASNCL 9C2 yMCDEL+X LSOy XLSNe XLW+SCCyTTSC,
3TBSC yCM1,CM2,SC,SCIBL+PSVGEL y PSVGE2 yNLFCsNLRN, ITESTyNMB,y AN1(32),
4DATE(2) 4DISToyHWY(3) yCONTSSECT W FIESCCM(6)+SCIB(20)4DIPy ITIKy XL SDy
SSIGMAB(2C) T2, SIGMBI
DIMENSION IDUMMY(24) 4STAR(33) ,CCMMTS (203, POLILCY (50, 24)
DATA BLANK/1H / 0CC013CO
DATA STAR/32#4H*%%¥%k2H %%/ CCCOo1l4cCC
C
ChFdekfkdkdoh kb ket dhhokxkeokF b Fohb g5 dobok kb &%k oodesfokdodkodeok dkdok okokk ek kA ek kkXx Q0CC15CC
Ckdededkok kg ek ke Fokoh dokokohadhok ool o o % ok b b ob o o ol vdeale 3 e o dfeake sl ool e sk e sk s e e 3k 3 e e e o sk sk ol ok ok ok
C READ IN THE PROGRAM AND PROBLEM IDENTIFICATICN (CARD NO. 1).
C
14 READ(5,78C,END=872) (DATE(I) I=1,2),DIST(HWNY{(I),1=1,3),CONT,SECT,TFD 18CC
IPIE{COM(I}.I=1,5)
TEC FORMAT(2A4 9A2 42A4 A3 4A4 ¢A2 4 A4 46 A4 )
C Skl s sk oo e sk ook Ak e sk sk ook ok sk o ol ok of 3 of 3k 3k o ol s 3 o ol e sk ook ook sk ok e ook sk ok skosk ko sk R kookk
C READ MISCELLANEQUS INPLTS (CARD NCe 2}

c
READ(547SC) NMB,CLyXLW

750 FORMAT(I10,10X+2F10.2)
C NMB-THE NUMBER OF OUTPUT PAGES FOR THE SUMMARY TABLE(8 DESIGNS/PAGE)}.000022CC
C CL-THE LENGTH OF THE ANALYSIS PERICD IN YEARS, 0C0024CC
C XLW-THE WIDTH OF EACH LANE(FEET). 06C025CC
(C ¥ 3 3k e e A 3o ik e o A 3§ A e o e S skl kol ek ook ok ek ko sk ok of ook ok o f A skl ek ok e koo Akl ke ek ko ke kkk xx X kk 0 0028CC
C READ IN THE PERFORMANCE VARIABLES (CARD AC. 3).

READ(5,793) ALPHA,P1,P2,P2P,BCNE
793 FORMAT(F1Ce2410Xy3F10.2,4F10.4)

C ALPHA-THE DISTRICT OR REGICNAL TEMPERATURE CCNSTANT. 00002ZCC
C P1-THE BEGINNING SERVICEABILITY INDEX CF THE PAVEMENT 0CCC24CC
c AFTER AN OVERLAY, ooco35cCcC
C P2-THE MINIMUM ALLOWED VALLE CF THE SERVICEABILITY INDEX €00036CC
C (POINT AT WHICH AN QGVERLAY MUST BE APPLIED). 0CCO37CC
C PZP-NON-TRAFFIC DETERIORATICN PARAMETER-THE LOWER BOUND ON THE 00CC38CC
c SERVICEABILITY INDEX WHICH wOULLC Bt ACHIEVED IN INFINITE 00003scC
C TIME WITH NO TRAFFIC. Qcgo4cCC
C BOUONE-NON-TRAFFIC DETERICRATICN PARAMETER-THE CUNSTANT WHICH C0C0041CC
c DETERMINES THE EFFECT THAT SWELLING CLAY WILL HAVE UPON THE gQQ042cCC
c SERVICEABILITY LOSS CGF THE PAVEMENT CURING A FINITE C00043CC
C TIME INTERVAL. ; 06C0440C
C 3k e 3 3o ok 3k s o e e koo dheodlesfe e oot ook o o ol o ks ok b 3k b ok R 3 3 ok 3k sk sk skokoslofok ook ok dedk ke ko ok Aok k% k% 00004 5CC
C READ IN THE TRAFFIC VARIABLES (CARC NC, 41}
C .
READ(5,765). RC,LRC,XNC ,PROF,ITYFE €GC0047CC
765 FORMAT(3F1C.C,F10.2,110) c00048CC

C RO-THE ONE~-DIRECTION AVERAGE DAILY TRAFFIC AT ThE BEGINNING OF TEHE 00€04S5CC
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OO0

OO0 OOO00

OO0 0Mn0

C
C
C

MAIN CATE = 70329
ANALYSIS PERIOD.
RC-THE ONE-DIRECTION AVERAGE DAILY TRAFFIC AT THE END OF ThE
ANALYSIS PERIOD.
XNC—THE ONE-DIRECTION ACCUMULATED NUMBER CF EQUIVALENT 18-KIP AXLES
DURING THE ANALYSIS PERIOD.
PROP—-THE PERCENT OF ADT WHICH WILL FASS THROUGH THE OVERLAY ZONE
DURING EACH HOUR WHILE OVERLAYING TAKES PLACEINORMALLY ABOUT
6 PERCENT FOR RURAL AREAS AND 5.5 PERCENT FCR URBAN AREAS).
ITYPE-IS A CCDE FOR THE TYPE CF RCAD UNDER CONS IDERATION.
ITYPE=1 DESIGNATES A RURAL ROAD AND ITYPE=2 DESIGNATES AN
URBAN ROAD.
READ IN THE VALUES OF THE RESTRICTICN VARIABLES {(CARD NO. 51}.
READ({ 54 7SEB)LXTBC s TTSC 4 TBSC yCHMAX sFLUSCVNMIN, CVMAX
768 FORMATI1CX,3F1C.1 ,4F10.2)
XTBO~THE MINIMUM ALLOWED TIME BETWEEN CVERLAYS FERMITTEC.
T1SC—~THE MINIMUM TIME TC THE FIRST SEAL CCAT AFTER INITIAL
OR OVERLAY CONSTRUCTICN,
TBSC~THE MINIMUM TIME BETWEEN SEAL CCATS.
CMAX~THE MAXIMUM FUNDS AVAILABLE PER SGe. YD. FOR FIRST OVERLAY
FLU-THE LEVEL UP FOR THE FIRST GVERLAY{INCHES).
OVMIN-THE MINIMUM THICKNESS OFf AN INDIVILUAL CVERLAY.
OVMA X—THE ACCUMULATED MAXIMUM THICKNESS CF ALL CVERLAYS.

000050¢CC
0CC051CC
Qcco052CC
0gQooe2CC
£000840¢
CCO055CC
0000656CC
000057CC
cCce58CC
€00CEsCC
0000£0CC

dede ook dokok ook o ok ko dokok fok ok ok ko ok A A b B o) b b o s dAckakkkdokdok kg ok ok kkkkkkxxkE 000061CC

COCOEELC
COCO67CC
G0006ECC
COCC66CC

000073CC
€0g074cCC

3 sk e e aje 3k 3k o s o A s ol e e ks ol ok koo ok ook o ko sk o ok sk o o o s dolokokokaokk ok ook Rk R ok ek k Rk %% 00Q00075CC

READ IN OVERLAY PARAMETERS ASSCCIATED WITH OVERLAY
AND ROAD GEOMETRICS [CARD NGC. 6).

READ(54ECC) ACPRJACCD 4XLSU¢XLShyXLSD,HPDyNLREC,y, NLRN
8CC FORMAT(EF1C.242110)
ACPR—ASPHALTIC CONCRETE PRCODUCTICN RATEITCNS PER HOUR)
ACCO-ASPHALTIC CONCRETE CCNPACTED DENSITY {TONS/CCOMPACTED CY)
XLSO-THE DISTANCE yMEASURED ALCNG THE CelesOVER WHICH TRAFFIC IS
SLOWED IN THE COVERLAY OIRECTICN.
XLSN—THE DISTANCE +MEASURED ALCNG THE CelLe+CVER WHICH TRAFFIC IS
SLOWED IN THE NON-OVERLAY CIRECTICN.
XLSD—-THE DISTANCE

00C076CC

006078CC
00607sCC
$0cg8iCcC
0¢cCoslcc
goccsacc
c0cc83cc
gcoosgace
000085¢CC

+MEASURED ALCNG THE DETCUR,ARCUND THE OVERLAY ZONE.COCOBECC

HPD-THE NUMBER CF HQURS PER DAY THAT CVERLAY CCNSTRUCT ION TAKES PLACEQCCOETCC

THE PRODULCT OF PROP*HPD SHOULD NGT BE GREATER THAN 1. IF THE STRIP

IS UNDER CONSTRUCTICON FOR 24 HGURS EACH CAY, PRCP¥HPD = 1.

NLRO~-THE NUMBER OF OPEN LANES IN THE QOVERLAY DIRECTION IN THE
RESTRICTED ZONE.

NLRN-THE NUMBER OF QOPEN LANES IN THE NCN-CVERLAY DIRECTION IN THE
RESTRICTED ZOCONE.

READ IN OTHER QOVERLAY PARANETERS ASSOCIATED WITH TRAFFIC
SPEEDS AND DELAYS (CARD NO. 7).

ccoogece
¢oggesce
gocesccec
gocgalcc
g0CCs2CC
00CC93(CC

3 e 3k e e sk ok e e ok deoodofe oo b ok shoolookodk ook b sk o o o o ook b ok b ks ok skololok skl e stek e kool ko ke ok R ko Aok %k x QG CCSBCC

QCCCSSCC



MAIN DATE = 70329

READ{.54805) PPC24PPN2+DDC2 +LDN2 4 2AS»ASCyASN, MODEL
BCS FORMATI2F1Ce2+2F10444+3F10.2,110)
PPO2-THE PERCENT OF VEHICLES THAT WILL BE STOPPED IN THE OVERLAY
DIRECTION BECAUSE OF MOVEMENT CF PERSCNNEL CR EQUIPMENT.
PPN2-THE PERCENT GOF VEHICLES THAT WILL BE STOPPED IN THE
NON-OVERLAY DIRECTICN BECAUSE CF FERSCNNEL CR EQUIPMENT.
DDOZ2-THE AVERAGE DELAY PER VEHICLE STCFPPEC IN T+E GOVERLAY CIRECTICN
BECAUSE OF MOVEMENT OF CVERLAY PERSCNMBEL AND EQUIPMENT IN THE
RESTRICTED ZCNE.
DDN2-THE AVERAGE DELAY PER VEHICLE STCPPEC IN THE NON-QOVERL AY
DIRECTION BECAUSE OF MOVEMENT CF PERSCNNEL CGR EQUIPMENT.
AAS-THE AVERAGE APPROACH SPEED TG THE CVERLAY AREA,ASSUMED TO BE
THE SAME £0OR BOTH DIRECTICNS.

ASO-THE AVERAGE SPEED THRQOUGH THE CVERLAY AREA, IN THE OVERLAY
DIRECTIGN.

A SN-THE AVERAGE SPEED THRCUGH THE OVERLAY AREA, IN'THE
NON-OVERLAY DIRECTICN.

MODEL—-THE MODEL NUMBER WHICH DESCRIBES THE TRAFFIC SITUATION.

OO OO0 OOOOOOO0

0C0l01CC
caclozcc

C00104CC
QC010eCC

€0¢108CC
0CC1lCsCC

0C0liico
gooliz2cc
0CCl12cCC
000114CC
cocgl1scCcC
GCCl160C
gcclr17cc
oool18CcC

C 23 sk s ook o koo dfealeosks o o oo sk ok ol okl o ok e o ol o b o ob ok A s o ok b b sk s sk e sl ke ol e eak sk ke e S skl ok ok kR ok k% 0001 160C

C READ COST CONSIDERATICNS (CARD ND. 8).
c
READ{5,EC7) CM1,CM2,SC,RATE
8C7 FORMAT(4F10.2)
CM1-ANNUAL ROUTINE MAINTENANCE COST PER LANE MILE FOR THE FIRST YEAR
AFTER CONSTRUCTICN OR AN CVERLAY.
CM2-ANNUAL INCREMENTAL INCREASE IN ROUTINE MAINTENANCE COST PER
LANE MILE.
SC —THE COST OF ‘A SEAL COAT PER LANE PMILE.
RATE-THE INTEREST RATE OR TIME VALUE CF MCNEY (PERCENT}.
e 3 e 3k 3¢ 3 ok ek 3k oo e s sk ok 3k e e ol oo e sl ook ok ool S okook 3 S ool ok ook sk ke dfedkeadedde ks ok ke ke ok ook ek ks ek ok Rk
READ MATERIAL PARAMETERS (CARD NCe 91,

OOOHOOOOO0O

READ(5,503) COST1,4PSVGEL ,,CCST2,PSVGE2,CIP,5CIBL1,SIGMBLy CLEVEL

903 FORMAT{5F10.24+2F10.3,F10.1)

COSTI1-THE COST OF THE PRCPCSED ACF.

PSVGE1-SALVAGE VALUE CF PRCPCSEC ACP AT EM OF ANALYSIS PERIOLC.
COST2-THE IN-PLACE PRESENT VALUE CF EXISTING PAVEMENT (DOLL ARS/CY).
PSVGE 2- SALVAGE VALUE OF PRESENT STRUCTURE AT ENC OF ANALYSIS PERIOC,
DIP-THE COMPOSITE THICKNESS OF THE CURRENT PAVEMENT .

SCIB1-THE AVERAGE SCI OF THE FRESENT PAVEPMENT.

SIGMBI-THE STANDARD DEVIATICN CF SCI.

CLEVEL-THE DESIGN CCNFIDENCE LEVEL (USE EITEER 85 0OR ©9%).

OO OOOOO0

e 3k s ot e e o oo 3 o s e o ok o e dhesk e e ode o koo o ol ok ok ok A sk ok % b ok 2k o e ook sk ok kol 3k ke el e e e 3k e e ek e ok e R ¥R K Rk
C 3% e 3 30 3 o s o o 3 s o e o o e o o e e ok o ek o e o kool ook oo o o o of 3k ¥ ok S sk ol e ok ok 3k ek e 3k sde ke ke e e ok ok ek 3k kR

00Cl12100
0001220¢C
0CCl23C¢C
coQ0lz4cCc
gac12ecc
0COl126CC
Qgo0rz7cc
€CC128CC

IFU U PROP*HPD} .GT. 100.) WRITE(6,803) 00CC94CC
803 FORMATI1H1 45X, 13H*%kKARNI NG#*3*%/10X 44THAS INPUT,THE PRODUCT OF HPD 0000950¢C
1AND PROP IS GREATER/10X,39HTHAN 100.0 FPERCENT -— PROGRAM CONTINUES0QCQS&00

36



C

MAIN CATE = 70329
Z)

72=0,.

IF{CLEVEL.EQ.S95.) T2=1.645

IF{CLEVEL.EQ.GS.} T2=2.33

IF{TZ2.EQeCe) CLEVEL=50.

CALL OUTPUT{CLEVEL)

CALL ERRORSINLRN,MODEL ¢NLRC,ANVMB4XLW,ITYPE,AASyASOy ASN,TBSC,CL,

1 XTBU+sROJRC yALPHA,PL 4P2 4P2F +XNC,IERRCR, OATEy DISTy HWY, CONT,
2 SECTPIE ,COM,ACPR,PRCP,HPC)

IF{IERROR.EQ.1) GO TO 14

KNTOL = @

Cl =CM1#%5.0/(528Ca * XLWK )

C2 =CM2%5.C/15280e * XLW )

SCC = SC *6.0/15280.
DO 732 IK=1,50

DO 721 JK=1,24
POLICY(IK+JK)=0.0
CONTINUE

CONTINUE

NMBEST = NMB * 8
DOVER(1)=C.
DOVER(2)=DIP

RATE = RATE/10C.
COST1=C0ST1/3%.
COST2=C0ST2/36.
CALL OVRLAY({SS+KNTGL,PCLICY, NMBEST,LLL+ERRCR2)

* XLwi

Ckddok pskkkfokdeskdk fohob ke ko ok ahok Fokob % o4 4 3 o b kodekok geskok ook ook ook ko kok ko ok kokk
C 33 e e e Ak e o o dfe sk % o sk ok ofe o o ool ook o o ol ode 3 s 3 ode ok o o ok o ok ekl e sk e kol sk e ok o e o oede ook ok o e ok ok

C
C

THE REMAINDER OF THIS PROGRAM WRITES CUT THE SUMMARY TABLE.

ZGg L =1
Lt = &€
NMBT = 20
DO 207 JJ =1, KMB
IF{ L «GTs KNTOL ) GO TGO 207
IFL LL GTe KNTOL 3 LL = KNTCL

WRITE{ 64553)
FORMAT( 1IH1 4///33X,16HOVERLAY~-1 CUTFUT)
WRITEL646C4) SCIB1,CLEVEL
SC4 FORMAT(/12X,13HAVERAGE SCI
1HZ)
WRITE(6,55()
95C FORMAT(/6X,£4HDATE DIST.
1 COMMENTS 13X, THI——TRI M)
WRITE(648175)
*M{I),E=1,6)
875 FORMAT 4 X3284+43XsA2 94X 42A% 4A3 92X 284 34X 9 A293Xy Ady 66Xy 6A%)

9¢73

=yF643 418X y18HCCNFIDENCE LEVEL =,F5.1y1

HIGHWAY CCNT. SECT. IPE

CCCCsCC

CCCl72CC
ogecl2scc
0Ggl3ccc
0cgl21ccC

gocC217¢cC

oco57zcCC

g0G27&CC

GQ0C277CC
00C278CC
000279CC

-Q0cc28cCC

ccc281CC
goo282CC
€00283C(C

(DATE(I) 41=1,42) 4DIST,(HWY (I)yI=143)+CONT,SECT,PIE, (CO



83C FORMAT(/25X+35HSUMMARY CF THE BEST CVERLAY SCHEMES/ 26X,

127 WRITE (6,€31)

821

832

832

836

838

840

842

844

846

1

MAILN CATE =

WRITE (64830C) (I, 1 = LyLL)

70329

33HIN CRDER OF INCREASING TCTAL CCST/7/21X.817)

{ STAR(I) , I=1,NMBT)
FORMAT(2X:32A44A2)
WRITE(&4832)IPOLICY(104+1) 4I=L,LL)

FORMATU2Xs1EHINITIAL OVERLAY/5X 1 THCCNSTRUCT IOCN COST, 1Xe 8F7.21

WRITE{64+833)IPOLICY{2,I) ,I=L,LL)
FORMAT(5X,SHUSER COST,9X,8F7.2)
WRITE (64836) [(POLICY(3,I), I = LylLL)

FORMAT{2X,1 THF UTURE OVERLAY{S)/5X 1THCCNSTRUCT ICN COST,y1X,8BF7.2)

WRITE {(€+€3E8) (POLICY{4,I), I = L,LL)
FORMAT{5X,9HUSER COST,9X,8F7.2)

WRITE (64840) (POLICY(5,I), I = L, LL)
FORMAT(2X,14HSEAL COAT COST,7X48F7.2)
WRITE (&,842) (POLICYI(6,1), I = LsLL)
FORMAT(2Xy21 HROUTINE MAINT. COST ,2X,8F7.2)
WRITE (6+€44) (PCLICY(7,I)s I = L,LL)
FORMAT(2Xs13HSALVAGE VALUE,8X,8F7.2)
WRITE (6,831) (STAR(I) , I=1,NNMBT)
WRITE (64€831) (STAR(I) , I=1,KMBT)
WRITE (6+4846) (POLICY(8,4,I)y I = L, LL)
FORMAT(2X,1CHTCTAL COST,11X,8F7.2)

WRITE (€,€31) (STAR(I) » I=1,NMBT)
WRITE (£,€31) (STAR(I) , I=1,NMBT)

DO 135 1 = L,LL

IDUMMY(I) = POLICY{(20,I)

WRITE {(6,€52) (IDUMMY(I), 1I=L,LL)
FORMAT(2X,18HNC. OF PERF.PERIDDS 41X ,817)
WRITE {64831) (STAR(I), I= 1,KMBT)
WRITE( 6,853)

FORMAT( 2X,184PERF. TIME {(YEARS) )

00 150 I=1,10
NKOUNT = €

DO 145 K = L,LL

IF( IDUMMY{K) .GE. I )
POLICY(I+2C,K) = 0.0
GO TO 145

NKOUNT = NKCUNT + 1
CONTINUE

IF( NKOUNT .EQ. 0 ) 6O TC 155

WRITE (64854) Iy (POLICY(I#+20, J)s» J= L,LL)
FORMAT{ 7TXs2HTL 411 ,2H) +10X,8F7.1)

CONTINUE

WRITE (6,€31) {(STAR(I) o I=1,NMBT)
WRITE(6,848){POLICY(S,]1) »I=L,LL)
FORMAT{2X»2CH1 ST LEVEL—UP(INCHES) 48F7.1)
WRITE(6+84S)(POLICY(1 1) 41=LyLL)

GO TO 140

88

00C28¢&CC

00C30zCC
000304cCC

000315¢CC
000317cCC
0CcC319cCcC
00032100
000323¢C¢

0CG225CC
00032ecCC
0003227CC

00c¢329cCC
00C3306CC
0CC329CC
000340CC
0003423Q¢C

000345C0
C0G34c6CC
000347CC
CC0348CC
0CC349CC
0C0350¢C
00G3510¢C
0C0352CcC
0003£320¢
0003£40¢
0C035:0C
00G356C0
0CC357CC

00035sCC
0Ge3s6CLC



MAIN CATE = 70329

84S FORMAT(2X,18HFUTURE LEVEL—UP(S) 42X ,8F7.1)
WRITE{ 64831){ STAR{I) oI=1 +NMBT)
WRITE(&,€56) _
£56 FORMAT{2Xs20HOVERLAY PCLICY{INCH)/2X 420H{INCLUDING LEVEL—UP))
DO 170 1=1,10
NKOUNT = C
DO 165 K = L,yLL
IF(IDUMMY({K).GE.I) GO TC 160
POLICY({I+3CsK) = 0.0
GO TO 165
160 NKOUNT = NKOUNT + 1
C ADD LEVEL-UP TO THE OVERLAYS
IF(I1.EQ.1) GO TGO 87
POLICY(I+3CaK)=POLICY{I+30,K)+1.0
GO TO 1¢é5
87 POLICY{I+3C,K)=POLICY(I+30,K)+FLU
165 CONTINUE
IF{NKOUNT.£Q.0) GO TO 175
WRITE {64658 I, (POLICY(I+30,J), 4= L,LL)
€58 FORMAT{ 7X+2HO( 411 42H) 410X ,8F7.1)
17C COGNTINUE
175 D0 180 I = L,iLL
180 IDUMMY(I) = POLICY(40,I)
WRITE{ 6,831) ( STAR{I) sI=1 4NNMBT)
WRITE (&,€60) (IDUMMY(I), I = L,LL)
860 FORMAT{2X,20HNUMBER OF SEAL CCATS ¢3X,13,7{4X,13})
WRITE (64831) (STARII) , I=1,ANMBT)
WRITE(6,E€2)
862 FORMAT{ 2X418HSEAL COAT SCHEDULE/5X, THIYEARS) )
DG 155 I=1,8
NKOUNT = ¢
DO 190 K = LaLL
IF( IDUMMY{K} .GE. I ) GC TO 185
POLICY(I+40,K) = 0.0
60 T3 160
185 NKOUNT = NKOQUNT + 1
190 CONTINUE
IFL NKOUNT .EQ. G ) GO TC 200
WRITE {64864) I, (POLICY(I+40+J), J=LoLL)
864 FORMATI5Xs23HSC{ +I1¢2H) 411X ,8F7.1)
155 CONTINUE
200 CONTINUE
WRITE (6,831) (STAR(I) , I=1,ANBT)
L =1L + 8
LL = LL + §
207 CONTINUE
IF(LLL.EQs 1. AND. KNTOL.EQ.O) WRITE(6,904) SCIBL,CLEVEL
IF(ITIK.EQel.AND. KNTOL.EC.0) WRITE{6,904) SCIB1, CLEVEL

00C361CC
0CC3€4CC
0C03¢e50¢C
000367CC

0CC368CC
C0C3¢esCC

00037¢CC
00027200
0C0374CC
000375¢CC
000376CC

0603278CC

'6CC38CCC

0C0381CC
0¢o382¢C
£oc3832¢cC
0Cc0384CC
0Cc0385CC
000386CC
CCC3E7CC
0cg3eecCcC
00C388CC
000390cCC
00C3910¢C
€C03920¢0

00C394CC
000395CC
00035¢CC
0CG3570C
00C3s88C0
€0C398CC



MAIN CATE = 70329

WRITEL6+8€€) KNTGL €Go40CCC
866 FORMAT(//10X,5SHTHE TOTAL NUMBER OF FEASIBLE OVERLAY SCHEMES CONSI
1DERED WA S»I10Q/})
KNTOL2=KNTOL+1
IF(ITIKeEQels ANDe KNTOLeEGeQ) WRITEIL6,777) KNTOLZ
777 FORMATL /3X,55HTHE COST GF THE FIRST OVERLAY FOR OVERLAY SCHEME NUM
1BERvI 2,200 IS GREATER THAN THE/4X +34HFUNDS AVAILABLE FOR A 1ST OVE
2RLAY,)
IF(LLLEQe 1. AND«KNTOL.ECL.O) WRITE(6,77T9) KNTLL2
779 FORMATU/3X,6THTHE ACCUMULATED THICKNESS OF ALL OVERLAYS FOR OVERLA
1y SCHEME NUMBER,I3,3H IS/4X,67HGREATER THAN THE MAXIMUM ALLOWABLE
2THICKNESS FOR AN OVERLAY SCHEME.)

GO TO 14 0CC4CECC
g72 STGP : 0004C9CC
END CCC4l1CCC
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SUBROUTINE QOUTPUTICLEVEL]
CCOMMON COST1,COST2 FLUSTT(20) yALPHAP14P29XNCy ROy RCy CLyNM,P2P,BONE

1,CMAX,DOVER(5) XTBO,ACPR,ACCD4PRCPHPLC,ITYPE, RAT E, GVMIN,OVMAX,PPD2 -

2+PPN2,0D02 4DDN2 4AAS,ASOsASN4C1l 4C2 4 MCDELyXLSOyXLSNy XL W4 SCC, TTSC,
atesC .CM1,CM2,SC,SCIB1,PSVGEL 4PSVGEZ yNLRO, NLRN, ITEST,NMB, AN1(22),
4DATEL2) 4DISTHHWY(3) 4CCNT,SECT,,PIELCCM(6),SCIE(20),DIP,I11IKy XL SCy
SSIGMAB( 20) 572 4 SIGMBL
C sk sk siodie oo s e o o s o o S o o a0l ok ok ok o o ok b ok ookosh o b of ok ok ok b sk ook dokodoksk ookl e e R kol kR sk gk ook Rk
C THIS SUBROUTINE WRITES CUT A LISTING CF TRE INPUT DATA.
% %k 5% ok % o ok sk e o o ool ok sl sk gk o ol o g ol o o o ol ook o oh o ok o o b bk s koo etk ke ok ok ok ok sk ok ok ok kR sk Rk
C .
WRITE(£,5%4)
954 FORMAT(1H1,//31X,20HOVERLAY-1 INPUT CATA)
WRITE{ 6,<5(C) :
S50 FORMAT{ /6X,64HDATE DIST. HIGHWAY CCNT. SECT. 1IPE
1 COMMENTS,13 X, 7THI ——TRI M)
WRITE(6+875) (DATE(I) s1=1,2) sDIST »(HWY(I),I=1,3),CONT,SECT,PIE,(CO
*M{ I)vl=116)
875 FORMAT [ 4X o2A4 ¢3X3A2 34X 92A4 9 A3 42X 984 34X 4 A243X Aty 6Xy 6A4)
WRITE{6,4901) SCIB1,SIGMB1 ,DIPsCCST2,PSVGE2
9C1 FORMAT (/4Xx43S9HTHE AVERAGE SCI CF THE FRESENT PAVEMENT, 28X, F843/4X
%y 23HTHE STANDARD DEVIATICN OF THE SCI 34X, FB43/4X,
156HTHE COMPOSITE THICKNESS OF THE CURRENT PAVEMENT {INCHES), 15X,
2F 44 1/74X4 63HTHE IN~PLACE PRESENTY VALUE CF THE EXISTING PAVEMENT(DOL
BLARS/CY) 4 3XyF9.2/4X469HSALVAGE VALUE CF PRESENT STRUCTURE AT END O
4F ANALYSIS PERIOD(PERCENT) 42X sF4el)
WRITE(6+5C2) COSTL 4PSVGEL
902 FORMAT(/74X+28HTHE COST LF THE FRCPCSEL ACP,38XyF9.274X, 65HSALVAGE
IVALUE OF PROPQOSED ACP AT END OF ANALYSIS PERIOD (PERCENT)y 66Xy F4.1)
WRITE(&,S1S) NMBCLyXLW
915 FORMAT( /74X ,46HNUMBER OF CUTPUT FACGCES DESIREDI{8 DESIGNS/PAGE), 24X,
2 I5/74X,3THLENGTH OF THE ANALYSIS PERILD (YEARS)+33X:sF5.1/74X,
3 25HWIDTH OF EACH LANE (FEET) 445X 4+F5.1)
WRITE(&,S24)ALPHA+P1,P2 +P2F,BCNE
924 FORMAT{. /4X,29HDISTRICT TEMPERATURE CCANSTANT41X,F5.1/ 4X,
2 A4OHSERVICEABILITY INDEX Fl AFTER AN CVERLAY,30XysF5.1/ 4X,

ooGscec(C
0ceC510CC
00C511CC

00G65120C
€G0C515CC

3 31HMINIMUM SERVICEABILITY INDEX FZ2,439X+F5.1/ 4Xe36HSWELLING CLAYOD0CS51&CC
4 PARAMETERS — P2 PRIME 33X 4F6e2/ 32X +12HBL1 238X, F7e4) 0CC517CC
WRITE(64527) ROHRCHCL+XNC PROP C0051¢&ECC
927 FORMAT{ /4X+64HONE-DIRECTICN ADT AT BECGINNING OF ANALYSIS PERICD (000519CC
LVEHICLES/DAY) s 3XeF 8.0/ 4#X,5S8HCNE-DIRECTION ADT AT END OFf ANALYSISC005200C
2 PERIOD (VEHICLES/DAY) sy 9XsF840/4X 913 HCNE-DIRECT ION,y F4.0y46H~-YR ACO005Z1C(
3CUMULATED NO. OF EQUIVALENT 18-KIP AXLES, 2X,F10.0/4X,62FPROPORTIC000522CC

4N OF ADT ARRIVING EACH HCUR OF CONSTRUCTICN (PERCENT }y8XyF541} 0C0522¢CC
IF( ITYPE EQe 2 ) GO TG 37 0005240¢C
WRITE{ 6,93 ¢E) ' 000525CC

S38 FORMAT( 4X,28HTHE ROAD IS IN A RURAL AREA.) 00C526CC
G0 TO 3¢9 0C05270¢
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37 WRITE(£,936) ’ ) 000528CC
S29 FORMAT( 4X,2SHTHE ROAD IS IN AN URBAN AREA.) 00¢652sCC
29 CONTINUE 000520¢CC

WRITE(€&,53C) XTBC,TTSC,TBSC
920 FORMATL /74X, :
1 37HMINIMUM TIME BETWEEN CVERLAYS (YEARS)33XsF5.1/ 4Xy62HTIME TOOCC523CC
2 FIRST SEAL CODAT AFTER INITIAL OR LVERLAY CONST.{YEARS),8X, QC0534C¢
2 F5.1/ 4X,31HTIME BETWEEN SEAL CCATS (YEARS),39X,F5.1) 00C532E0C
WRITE(6,83Y) CMAX,FLUyCVMIN,CVMAX ,CLEVEL
921 FORMAT{4X,58HMAX FUNDS AVAILABLE PER SC.YD. FOR FIRST OVERLAY (DOL
ILARS) +s12X9F 542 /4 X452HTHE LEVEL-UP REQUIRED FCR THE FIRST OVERLAY (
2INCHES) 919X 4F4e1/4Xy34HMINIMUM CVERLAY THICKNESS (INCHES)y36X,F5.1
3/4X, 6SHACCUMULATED MAXIMUM DEPTH CF ALL OVERLAYS{INCHES)UEXCLUDING
4 LEVEL-UPY F6e1/46X,32HDESIGN CCNFICENCE LEVEL(PERCENT )y 38Xy F5.1)
WRITE(6452C) ACPR,JACCD ¢XLSOWXLSN 000542¢CC
920 FORMAT(/4X,46HASPHALTIC CCNCRETE PRCDUCT ICN RATE (TONS/HOUR), 24X, 00C543CC
1 F5.1/4X,48HASPHALTIC CCNCRETE CCMFACTED DENSITY (TONS/C.Y.),22X,0C0544CC
2 F542/ 4X462HC.Le DISTANCE OVER WHICH TRAFFIC IS SLOWED IN THE 0.000545CC
30 (MILES), B8XyF542/ 4X,64HCsLse DISTANCE OVER WHICH TRAFFIC IS SLOOGCQO54¢CC

4WED IN THE NeOoeDe (MILES) 4y 6X4F5.2) 0C0c47CC
WRITE(64533) XLSDLHPD ¢00548CC

G332 FORMATI 4X,47THDETOUR DISTANCE ARCUND THE CVERLAY Z0NE (MILES]), 6GC5490¢C
1 23XyF5.2/4X+3THOVERLAY CCNSTRUCTICN TIME (HOURS/DAY),33X,F5.1) 00055CCC
WRITE(6+932) NLROJNLRN €QG551cC

922 FORMAT{ 4X,47HNUMBER OF OPEN LANES IN RESTRICTED ZONE IN O.Dey»23X,00C552CC
1 I5/74X,4SHNUMBER OF OPEN LANES IN RESTRICTED ZONE IN NeOeCos £oc552ccC

2 21X,I5) 000554CC
WRITE(£&,543) PP0O2,PPN2,DDC2 ,DON2 000555G¢C

943 FORMAT( /4X,66HPROPORTICN CF VEHICLES STOPPEL BY ROAD EQUIPMENT INQOGS556CC
1 O.De [PERCENT)y 4XyF5.2/ 4X68HFRCPUGRTICN OF VEHICLES STOPPED BY 0CC557CC
2ROAD EQUIPMENT IN NoO«.Dse {(PERCENT)$2X,F5.2/ 4X,54HAVERAGE TIME STO0CO0558CC
3PPED BY ROAD EQUIPMENT IN CeDe (HCURS) ¢15XyF€e3/ 44Xy 56HAVERACE TIMOCCS555CC

4E STOPPED BY ROAD EQUIPMENT IN NeGeDe (HOURS)y13X,F6.3) 0C0560CC
WRITE(E+544) AAS,ASO,ASN,MCDEL 0aCs561cCC

944 FORMATI(4X,48HAVERAGE APPRCACH SPEEC TO THE OVERLAY ZONE (MPH), 22X, 000562CC
1 F5.1/4X+48HAVERAGE SPEED THRCUGH CVERLAY ZUNE IN O<Ce. (MPHI), 0C0562CC

2 22X+FE541/4X,50HAVERAGE SPEED THRCUGH OVERLAY ZONE IN N.O.D. (MPHOOO0S5€4CC

2) s 20XeF 5.1 /4 X434HTRAFFIC MGCDEL USEL IN THE ANALYSIS, 38X, 13) 000565C¢C
WRITE(64S48) CML,CM2,SC,RATE £QQ0566CC

S48 FORMAT{ /4X+58HFIRST YEAR CCST CGF RCUTINE MAINT ENANCE (DOLLARS/LANOQOOS567CC
1E MILE)+1CXsF 702/ 4X64HINCREMENTAL INCREASE IN MAINT. COST PER YECQ00568CC
2AR (DOLLARS/LANE MILE), 4X,F7.,2/ 4X,39HCCST CF A SEAL COAT (COLLARGOOS5¢ésC(C
3S/LANE MILE) +29XsF742/7 4X46HINTEREST RATE OR TIME VALUE OF MONEY 000570CC
4(PERCENTI) 424X,F5.1) 0Ccg571CC

RETURN
END
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70329

SUBROUTINE ERRORS{NLRN,MODEL«ALROWANFB,XLW, ITYPE, AAS, ASO, ASN, TBSC,
1 CLsXTBOsRO+RC +ALPHA,P1 4sP2 yP2P 4XNCy IERROR, DATE, DISTyHWY,

2 CONT4SECTPIECOM,ACPR,ZPRLP,HFD)

C o sl 3 oo e oleoode e oo e ol o sk ok o ook e e ok o o ok s sk e o ook 3 3 o % o 3 o3 ok ok sk ok ke sk ok ok ok Rk kokok R Rk xRk kR k

C THIS SUBROUTINE CHECKS THE INPUT CATA FCR CODING ERRORS.
Coded etk dokoob R fotokokok b d ok bbbk % %% 3 o ok ok ok ot el 3 et dodok sodokokok ok koo ook Sokok

C

N

DIMENSIGN ERROR(100) ,IX{15}) CATEL(2}) HRY(3),LCMI6)

DOUBLE PRECISION ERROR

DATA ERROR/'VARIABLE'*y"' 2,1
% " 'VARTABLE *y' 2.3
' 6T 0. ', *VARIABLE',* 3.1 ¥US*,'T BE GT 1,
*1 "y 'VARIABLE 'y 3.3
¥t 'y*VARIABLE 'y 4.1 AND'»* 4.2 CAN',* NOT BOT®
% 'y "VARIABLE 'y "' 4.5
%1 'y 'VARIABLE 'y ' 641 AND',' 6.6 MUS','T BE GT *
%1 "3 'VARIABLE 'y ' 6.7 AND',' 6.8 MUS',
*1 4, Yy 'VARIABLE 7y ? 7u54746"4"3AND 7,7,
*1 "y 'VARIABLE*y' To8 MUST,IT = 1,24,
0 v,

IERRGR=C

DO & J=1,15

IX(J)=0

IF{NMBeLTe1leOR.NMB.GTs3) IX(1l)=1
IFICLJLE.Ce} IX(2)=1

IF(PROP,LE.Oe) IX(2)=1
IF(XTBO.LE.Qe} IX{2)=1
IFLTBSC.LE.Cs) IX(2)=1
IF{ALPHALLT.9. 0a OR.ALPHALGTL38.) IX(3)=1
IF(P1l.GTeSe) IX(4)=1

IF(P24GTe5e) IX{4)=1
IF(ROeLEeCoe e ANDeRCeLEL. D} IX(5)=1
IFIITYPE.LE.CoOR. I TYPELGTL2) IX(6)=1
IFLACPR.LE.D.) IXIT7) =1
IFINLRD«LTo1eORe NLROsGTe3) IX{8)=1
IF(NLRNeL Tola GReNLRNeGTe3) IX{(8)=1
IF(AAS.LE. 0. C) IX(9)=1
IF{ASOLE. CoC) IX{9)=1
IF{ASN.LE. Co.C) IX(9)=1
IF(MODEL.LT.1.CReMODEL.GT«5) IX(10)=1
KK=0

J=1

L=0

DO 10 K=1,10

J=J+L

IF(IX(K)«EQ.0) GO TO 9

MUS','T BE 1,2'4*,0R 3. ,!
124 3" yh ot 9542% sy AND 5.4,

'8 AND LT®,?

ANDY4* 3.4 MUS','T BE LT ','OR EQ 5.
+'H BE O.
MUS*,*'T BE 1 O',*R 2. !
1 ' 0.
'T BE GT *y'Q AND LT?

' MUST BEY,!*
"3,440R 541,

)

MUST BE?*,

39. LN

GT 0O.0.°

“ 4 @ % 9@ e .
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IF(KKsEQel) GO TO 13
WRITEL £,51C)
910 FORMAT{1HY,///30X,22H0VERLAY~-1 INPUT EKRCRS/)
WRITE(6,S50)
G5C FORMAT{ /6X,64HDATE DIST. HIGHNWAY CCNT., SECT. IPE
1 COMMENTS,13 X, 7THI——TRI M)
WRITE( 64 €E75) (DATELIL) 41 =1+2) yOIST o {HWY(I),1=1,3), CONT,SECT,PIE,{COM
1( I)v[zlvé’
€75 FORMAT(4Xe2A4 43 X3A2 ¢4 X924 3A3 92X 9 A4 34X 9A2 93X 9 A4y 6Xy 6A4/ )
12 M=J+5
WRITEL 649CCILERRORIN) yN=J,M)
900 FORMAT{ 8X,6A8)
IERROR=1
KK=1
S L=¢
10 CONTINUE
RETURN
END
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C
C

CVRLAY CATE = 70329

SUBROUTINE OVRLAY{SS,.KNTCL,PCLICY MVBEST,LLLyERROR2) ‘

COMMON COST1,COST2,FLU,TT120) JALPHA,P1,P2,XNCyROyRCy CLyNM,P 2P, BONE
1,CMAX,DO0VER(5) yXTBO,ACPR,yACCD,PRCP4HPD,ITYPE,RATE, OVMIN, OVMAX,PPO2
2,PPN2,+DD02 +DDON2 yAAS4sASOASNyCL 4C2 ¢ MCDELyXLSO9XLSNy XLW,SCC,TTSC,
37TBSC +LM1,CM2,5C,SCIB1,PSVGEL +PSVGE2NLRC,NLRN, ITEST, NMByAN1(22),
4DATE(2) DISTyHWY(3) yCCNT-»SECTFIE,CCM(6),SCIE(20),DIPyITIKy XLSCy
S5SIGMAB(20) ,T2 ,SIGMBL

DIMENSICN DADDI(20) ,TN(20) »XB811{20) yDEXT (20),USERCT (20),RM(20),
10CCT(20)+8TT(2C) 4+BDEXT(20) ,TSC(20) ,BTSC(20), POLICY (50, 24)

Caok ok dokgok g dokok d baokskokokok ok odobk %ok b koo Aok b ok dkalokaiok ok ook ook R ok ok ek okl ok dokkkok
THIS SUBROUTINE CALCULATES THE OVERLAY SCHEMES AND THE OVERLAY SCHEME

CONSTRUCTION COST.

(€ s e ok ok ook e e o ok o o o o oo sl o o ok ot ol ol ok kol o o ok o) o ok o o6 sk b ok ool o ok e o o o i o ol oo ok ok Ao e ok

C

[aXe)

LLL=C
I11K=0
BIP=BONE
TPRIM = 0.C
XNPRIM = C.0
AMINCT = 1(.C¥%8
NOK = 0
USERCT(1) = C.C
0CCT(1) = <.
DADD{1} = 0.0
BI = BONE
D0 2 I=1,2¢C
SCIB(I)=0.
SIGMAB{I)=C.

z CONTINUE

sCIB{1)=SCiB1
SIGMAB{1)=CSIGMB1

THE REMAINDER OF THE OVERLAY CFTIMIZATICN FRESEMBLES A **TREE''. [T
IS NECESSARY TUO SELECT THE OVERLAY PCLICY WITH THE LEAST COST.
ABDD = C.C
ABDD IS THE ACCUMULATED DEPTH CF ALL PREVICUS OV ERLAYS.
I=1
g8 DELD = OVMIN

10 DOVER{1)=ABDD+DELD
IF{ABDD+DELD«GTo GVMAX)
IF( (ABDD + DELD} .GT.

LLL=1

CvMAX ) GC TO 34

CALCULATE SCIA AS A FUNCTICN CF SCIB.

Y1=0.8S1/(+S56) %%4,5
Y2=1e/(1CCa+6025%(e956%%2,4 ) ¥(DELD*%2,)}
Y4=14/0 244.46.25%(,9506%%2, ) % (DELD*%2.))
C=165.444%(Y2-Y4)
ERRORZ2=T2*SQRT({C*SIGMAB(]1)) **2,+0,011236)

0C@g86sCC

ocos71ccC
cccavr2cc
0C0873CC
00C874CC
gco8750cC
00087&CC
00c817cCC
0008178CC

00085€CC
0coss7cce
occesacd
0o08ssC(

0CC905CC

06C905CC
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SS=Y1%(+Cl-Y2) +Y3%Y2-Y1*(14/2444-Y4)=Y3%Y4+ERROR2

DETERMINE HOW LONG THIS CVERLAYED PAVEMENT WILL LAST. QCC9lZcce
P=P1
CALL TIME(I+7ySSeXNyTPRIM,XNPRIM,ISW,BI,BIP,F) 0C0914CC
IFl ISW .€EQ. 0 ) GO TO 15 000915CC
DELD = DELD + C.5 €G0916CC
GO TO 10 CCGs17cCC
15 DEXT(I) = DELD ocoslacc
ADT = RGC + ((RC-RO)/CL)}* TPRIM ¢gCcolscc
DETERMINE THE PRESENT WORTH OF USER COST DURING THE I TH PERFORMANCE 00092C(C
PERIOD (DURING THE {I-1) OVERLAY). ¢CCsz1cC¢
FLU1=1.

IF(I.EQsl) FLUL=FLU
CALL USER(ADT+T,TPRIM,PWTSY,ITIME,CELD,FLUL)

USERCT(I) = PWTSY 0cc923aQC
DETERMINE THE PRESENT WORTH OF OVERLAY CCNSTRUCT ION CGOST CURING THE I €0Q0924CC
PERFORMANCE PERIOD. 0C0928CC

OCCT(I)={COSTL*DEXT(I)+COSTL*FLUL)}/ (1, +RATE)**IT IME
[F(I.GT.1) GO TO 9 ’
IF(OCCT{1).GT.CMAX) GO TG 58

DETERMINE THE PRESENT WORTH CF RCUTINE MAINTENANCE DURING TEHE cccszice
I TH PERF. PERIOD. 000928¢CC
S CALL PWRM{RMAINTHRATE,T,TPRI M,C1,C2,CL)
RM{I) = RMAINT 00092C0¢
DADD(I) = DELD 0cCa31cc
THI) =T 0Ccco22CC
INLI) = XN 0cc922¢C
XBI(I) = BIP 0C0924CC
THE PREVIODUS DOVERLAY WAS NOT SUFFICIENT TC LAST THROUGH THE ANALYSIS (4CG93t:CC
PERIOD IF T IS LESS THAN CL. 0CC93€0¢C
IF{ T «GE« CL ) GO 71O 23 000937CC
IF{ABDD+DELDLGE.OVMAX) LLL=1
IF{ (ABDD + DELD) .GE. OVMAX ) GC TO 34 00Q0G38CC
I =1+1 000939CC

IF{I .EQ.1C) WRITE(6+302)
302 FORMAT(1HL+////3X+44HTHE NUMBER CF CVERLAYS IS GREATER THAN NINE.)

ABDD = ABOD + DADD({I-1) 0CC343CC
TPRIM = 7 0CQ094CCC
XNPRIM = XN 0CC941CC
BI = BIP CC0942CC

DETERMINE NEW SCIB.
SCIBLI)=SS~ERROR2
SIGMAB(I)=C*SIGMAB(I-1)

GO T0 8 0CC944CC
DETERMINE THE PRESENT WORTH COF ALL SEAL CCATS THAT WILL BE REQUIRED 000945CC
DURING THIS ALTERNATIVE CVERLAY PCLICY. 000946CC

22 CALL SEALCTTSC,TBSCsTT+SCC+I 4CL,RATE,FWSCCyNSC,TSC) Q0Q0947CC

DETERMINE THE PRESENT WORTH OF THE SALVAGE VALUE CF THE PAVEMENT. THIS000948CC
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C WILL BE THE CCST OF REBUILDING THE PAVEMENT AT THE END OF THE
C ANALYSIS PERIOD.

SALVGE = C.
SALVGE=—(DCVER(1)*COST1 *PSVGE1+LCOVER (2 )*CCST 2%PSVGE2)/100
SALVGE = SALVGE/Ul1l.0+RATE) **CL

POCCT = 0.
PRM = C.C

PRM=PRM+RM{1)
IF(I.LT.2) GO TO 33

DO 27 J=2,1

POCCT = POCCT + 0OCCTLY)
PRM=PRM+RM{ J}

27 PTUC = PTUC + USERCT(J)

EVALUATE THE COST GOF THE ALTERNATIVE CVERLAY PROCEDURE ANC COMPARE
TO THE CHEAPEST COST SO FAR.
TC-THE SUM OF ALL PRESENT WCRTHS Of QOVERLAY COSTS.

33 TC=POCCT+PTUC+PRM+PWSCC+SALVGE+CCCT {1)+USERCT (1)
CALL CHECK(DEXT POGLICY I +KNTCL,»JJL,AMBEST)
IF(JJl.NE.1) GO T0 34
CALL STORE(KNTOL,NMBEST,PCCCT,PTUC,FRM,PWSCC,SALVGE,TCy I

INSC,TSCHTT,DEXT.DOVER,PCLICY ,#FLUCCCT ,US ERCT,

2SCIB5»SIGMAB)
SELECT A DIFFERENT OVERLAY PCLICY(ANCTHER BRANCH OF THE TREE) AND
GO BACK TO STATEMENT 10 TO DETERMINE THE CVERLAY COSTS.

34 IF(l.LE.Y) GO TO 60
I=1-1
DELD = DADDII) + 0.5
IFl1.EQ.Y) GO TO 111
IM=1-1
ABDD = 0.C
DO 35 K=1,IM

25 ABDD = ABOD + DADD(K)

TPRIM = TT(IM)
XNPRIM = TNIIM)
BI = XBI{IM)
GC TO 10
111 ABDD=C. 0
TPRIM=C. O
XNPRIM=0.C
B I=BONE
G0 70 10
€ TI1K=1
£€C RETURN
END

0CCa49CC
0C0S5CCC
CC0951¢C

0009540C
¢ccgs5¢CC
C0095¢€CC
0CO9ETICC

00095sCC

00C961¢CC
Qocge2CC
00CSE63CC
0CC9864CC

ccose4cc
0C0g985CC

ocogsscce

ggcoggccC
0cossocc
0C0991CC
0cgsszcc
000993200
0CC994CC
0008s5CC
0C09gecCC

0C0ss8CC
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SUBROUTINE CHECK(DEXT+PCLICY oI yKNTCLyJJL,NMBEST)
DIMENSION DEXT{(20) »POLICY (50 424} ,KK31{24)
C %ok Ao ook sk sk oo ok o o ook stk ok o ok e ofe sk ok o ode b sk b o skl o sl ek ok kol e ek 3k e el ek ok sl e ok ok ok ok ke
C THIS SUBROUTINE ELIMINATES ALL OVERLAY SCHEMES THAT ARE NOT
c ALTERNATES.
C 3k e e e e eofe ok e e e ok ook st kol e ak A e ofeolk ol ook o 3 o %k sk 3k A s ok skl kool sk ool s ok kel ke ek ok sk ok ol Rkl ok kR
c
KK1=0
KK2=0
JJ1=0
DO 100 K=1,NMBEST
KK3{K)=0
100 CONTINUE
[F(KNTOL.EQ.C) GO TO 360
DO 340 NN=1,NMBEST
IPOL=PDLICY{20,NN)
IF{IPOL.LT.1) GO TO 350
IFLIPOL.NELI) GO TO 340
DO 330 J=1,1
IF(DEXT({J)-POLICY(J+30,NN)) 10,330,20
10 KK1=-1
GO TOo 330
20 KK2=1
320 CONTINUE
KK3(NN)=KK1+KK2
KK1=0
KK2=0
34C CONTINUE
350 DO 355 K=1 ,NMBEST ‘
IF{KK3{(K).NE.C} GO TG 370
355 CONTINUE
260 JJl=1
370 RETURN
END
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SUBROUTINE STORE (KNTCL (NMBEST,BFCCCT,BPTUC, BPRM, BPWS CC,
1B SAL JAMINCToIBT,NBSC +BTSC,BTT ,BCEXT 4 DOVER, POLICY , FLU, OCCT,USERCT,
2SCIB,SIGMAB)
DIMENSION BTSC(20) ,BTT(20) ,BOEXT{20),FCLICY (50,24), DOVER(5 ),
10CC T(20) yUSERCTL20) 4SCIB(20) ,SIGNMAB(20)
C
3 3 o % s o ok o o 3 ok o o o X i ok ok e e o o o sk ook o ok o ok o ook o o A s 3k o o ok ol ek ok e ek =k ol 3 e 3 3k e o 2 o 2o e Ak ek e ek
C THIS SUBROUTINE SORTS THE CHEAPEST OVERLAY SCHEMES INTO ASCENDING
C ORDER AND SAVES A SET OF THE CHEAFEST SCHEMES.
C % e s oot o ook ook oo o o o oo ol ok b ool ok o o ok ok o ok o 08 o8 o o ok o skl ookl ok ok ok i ok ik ok ok ok
c

KNTOL = KNTGOL + 1 cggel3CC
IF(KNTOL .NE. 1) GO TQ 205 CCCelsCC

NEW =1 0Cos20CC

GO TD 2¢5 0C062z1CC

205 INUM=NMBEST ‘ 000622CC
IF(KNTOL .GT. INUM ) GO TC 210 00C62300
INUM = KNTOL - 1 0006240C

21C IF (AMINCT LTe. PQLICYI(8,INUM)) GC TO 215 0C0625CC
If (INUM «EQ. NMBEST) GO TC 300 00C62¢CC

NEW = INUM + 1 C0g627CC

GO TO 2¢5 000628C0

212 NEW =1 00C629CC
220 IF (AMINCT .LT. POLICY (B+NEW)) GC TC 225 00063CCC
NEW = NEW + 1 0CC631GC

60 Ta 22¢C 000622CQ

225 IF (NEW EQ. NMBEST) GO TO 265 0006332CC
I] = INUM-NEW + 1 00063400

IF {INUM .BQ. NMBEST) II=INUM-NEW 00C635¢Ca

DO 260 Jd=1,II 00G636CC
JJ=INUM-J+1 000637¢CC
IFLINUM JEGe NMBEST) JJ = INUM-J 000638CC
C--THE COST OF THE CURRENT DESIGN UNDER CCNSIDERAT ICN IS AMONG THE 00063sCC

C--BEST NMBEST SO FAR., THIS DESIGN GCES IN THE NEW TH COLUMN AND ALL OTO0CO064CCC

C--DESIGNS ARE SHIFTED DOWN CNE(FRCM THE J TH TO THE (J+1) ST COLUMN). 00064100
DO 230 K=1,16 _

230 POLICY {KedJd+l} = POLICY (KyJdJ) 00064300

C POLICY (20,JJ)CONTAINS THE NUMBER CF PERFCRMANCE PERIOD FOR THE DESIGNOCGES0CC

€ COLUMN JJICAN NOT BE MORE THAN 10). 000651CC

POLICY (2CyJJ+1) = PCLICY {20,JJ) 00065200

NP = POLICY (20,44} + 20 00C653¢C¢C

IF( NP .GT. 30 ) NP = 30 0C0£54CC

DO 240 1 = 21,.NP 0C0655CC

240 PAOLICY(fJdJ+l) = POLICYI(I »JJ) 0006560¢C
KK=POLICY{(20,JJ+1)+30

IF (KK +EQe 30 ) GO TO 250 0006590G

IF{ KK «GTe 35 ) KK = 39 0CCoeCCC

DO 245 [= 31.,KK 0C00661CC
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245 POLICY (14JdJ4+1}) = POLICY (1.4} 000662CC

C POLICY (40,dJ) CONTAINS THE NUMBER CF SEAL COATS FOR THE DESIGN IN 0C06e3CC
C COLUMN JJICAN NOT BE MORE THAN 101}. ggCeeacc
250 POLICY {4C,JJ+1) = POLICY (40,44) 000€€e5CC
LL= POLICY (40,JJ) +40 Q006€6€CC

C IF LL=40 THERE ARE NO SEALS COATS IN THE CESIGN IN COLUMN JJ 0C0&667CO
IF (LL .EQ. 40 ) GO TO 260 000&68ECC

IFC LL .GT. 5C ) LL = 50 0CC665CC

DO 255 I=41l, LL cCCs7CCC

255 POLICY (I,43+1) = POLICY(I,.JU) QCQC671CC
2€C CONTINUE 000672CC
C--NOW INSERT THE CURRENT DESIGN IN COLUNMN MEW CF THE ARRAY POLICY. 00C6720¢C

265 POLICY{1,NEW) =1.0
POLICY(2,NEW)=USERCT(1)

POLICY (3,NEW) = BPOCCT _ CQCo7€6CC
" POLICY {4,NEW) = BPTLC 000677CC
POLICY (5.NEW) = BPWSCC ocoe78cCcC
POLICY {&6,NEW) = BPRM 00067sCC
POLICY {7.,NEW) = BSAL €C0680CC
POLICY (8yNEW) AMINCT aecses8lcc

POLICY{SyNEW =FLU
POLICY{10,NEW)=0CCT(]1)
POLICY(1ll,NEW)=DCVERI(2)

POLICY{2C+NEW) = IBTY 006s&7C0O
KK = IB8T 00C688CC
IF( KK «GT. 10 ) KK =10 ccg68sCC
DO 275 I=1,KK 0CC69CCC

275 POLICY(I+2CyNEW)=BTT(I) 000631CC
IBTM=IBT

DO 283 I=1,IBTM
280 POLICY(I+3CyNEW)=BDEXTI(I)
283 CONTINUE

285 POLICY(4CsNEW) = NBSC 0CCegelC
IF (NBSC .EQ. C) GO TO 300 00G6sS7CC
KK = NBSC CO0Q6SECC
IFl KK GT. 8 ) KK =8 6cceSSCC
DO 2SCI=1,.KK 0ccr700ccC
POLICY (I+40,NEW) = BTSCI(I) ago70lcc
CONTINUE Goo702CC
RETURN 000856CC
END 000857cCC



LSER CATE = 70329

SUBROUTINE LSER(ADT+ToTPRIM,PWTSY ,ITINE,DELD,FLU1}
COMMON COSTL1 sCUOST2 4FLUTT(20) yALPHAPLP2¢XNCyRO,RCy CLyNM,P2P,BONE
1,CMAX,DOVER(5) XTBOyACPRyACCD +PRCP y=PCHITYPE,RATEy OVMIN, OVMAX,PPO2
2+PPN2,DDD2 sDDN2 yAAS,ASCoASN4CLl yC2 yFCDEL+XLSO9XLSNy XLW+SCC,TTSC,
3TBSCCM1,CM2,SC4SCIBLl yPSVGEL 4PSVGE2 4 NLRC,NLRN, ITEST,NMB,y AN1(32),
4DATE(2) 4DISToHWY(3) yCONTHSECT 4PIESCCM{6),SCIB{20)}4DIP,IIIKyXLSD,
ESIGMAB(2C) ,T2,SIGMBI
DIMENSION CCSR{64+7) ¢ CCSU(E47T) sy CURS(6492)y CCD(1,2)y TRAFIO(4,3)
C
Coesk e de ook el A b ook ohoslode ook b o o o o o o o o o o o o e s e skl e e e e e e o e e e koo e ook ok
C THIS SUBROUTINE DETERMINES THE USER CGST CURING CCNSTRUCTION OF AN
C OVERLAY,
(C 3k 3 3 ofe e 3 ¥ e o 3 ok o ok o ofoofe e e el e s ol o o e o o ke sk ol o el b 3 3 3k sl ol e e ek ek 3k dkosde gk ofe ae s ke ok e e sl e ek sk e ok e ik
C
C THE FOLLOWING ARE TABLES CCNTAINING THE USER COSTS.
C COST OF SLOWING DOWN IN A RURAL AREA :
DATA CCSR/Ee4T73918¢2931e55350636177e9329120e546404+4%4412,21.491,
1l 39.6059866¢23345106097922%006 y11e63544284422153e91T719244824 3%0 oy
2 157954354541 y766022 94%04 9226612 356¢40595%0+932:48546%04/
C COST GF SLOWING DOWN IN AN URBAN AREA
DATA CCSU/5.86Sy 11.76Gy 195y 3003y 45.002y 67868y Doy 54602+
1 12.857y 224933, 3T7e338,y 58.992y 2%0 4y 64501y 15,976y 29.61,
2 49114y 3%Cey Be6074y 21.448,y 4042429 4%0sy 11.856, 29.36,
3 5%Qey 16.432,6%0e/ ‘
C COST OF OPERATING AT A REDUCED SPEED
DATA CURS/3S3.47,4 214.53, 156,05, 129.03,y 115.51,110.16, 362.43,
1 197.06&y 142.57y 116484,y 103244y 96.73/
C COST OF DELAY
DATA COD/34S9.76,3263.11/
DATA TRAFIG/1350. 430006 91400430004 927004945004928004947004,
1 435C.462CCe v4500C. +6400./

C FHPSY-PRODUCTION RATE IN HCURS PER SQ. YARC OF OVERLAY.
HP SY=ACCO*{DELD+FLUL1)/{36. *ACPR)
L0 =(AS0/1C.0) + 0.5
LN =(ASN/1C.0) + 0.5

K ={AAS/1C.C) + C,.5
IF( LG «GTe 6 1} L = 6
IF( LN «GTe 6 ) LN = 6
IFl K «6Te 6 ) K =6
TIPH = ADT * PROP / 100.
C
C MODEL 1
c
POl = Q.
PN1 = Q.
DOl = 0.
DNl = O.
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¢C10z9CC

¢C1030¢CC
0C10210¢C
001022¢CC
001033C¢C
0010324CC
061035¢CC
001036G0C
0C1037C¢C
0c1G38cCcC
0C6103sCC
0C104cCcCC
001041CC
601042CC
001043CC
001044CC
0010450¢C
001046CC
€01l047CC
001c48€0C

cClc50CC
0c1051ccC
golo052¢C
0010520¢
£C1c54C0
081055CC
00105¢&CC
001057CC
001058CC
001059CC
00106CCC
001061CC
001¢0é62C0
C010€3CG6



[aNeNal

OO0

[N aNel

LSER CATE

PG2 = PPO2/10CC. 001064CC
PN2 = PPN2/10C. 0010€e5CC
D02 = DDO2 » 0C1066CC
DN2 = DDN2 001067CC

D = 1. 7/ 12. 001068CC

GO TO (6C»20,30+40,50) 4MODEL 00106SCC
oclorccc

MODEL 2 0C1l071CC
0010720C¢C

20 AQ = XLSO* TIPH / ASO 001073200
POl = GCo5*{le — EXP(—-AQ) ) #**2 0C1074C0
PN1 = PO1 Q01075CC
D01 = (1. + EXP(2.%AQ) }*(EXP{(AQ) - AC — 1l. ) / 00107¢éc0C

1 (2.*TIPH*POL*{EXP{2.*AQ) — EXP{AQ) + 1. ) ) 001Q77CC
DN1 = DO1 00107&CC

GO TO 60 001079CC
0C108CCC

MODEL 3 oclog1lcece
ocicgzce

30 OUTRAT = TRAFIOG(Z2*ITYPE-1 ,NLRC) 0010830¢C
RECOVY = TRAFIO{2*ITYPE,NLRQ) 001084CC
IF( TIPH LE. CUTRAT )} GC TO 60 00l1085¢€CC
POl = HPD*{TIPH — OUTRAT)}/ (2.*TIPH*[) c0lo8ecCC
IF{ POl «GT. le ) PCl = 1. 061087¢C¢G
DOl = HPD*{TIPH — QUTRAT) * (RECOVY — CUTRAT) / 001088CC

1 {2.%TIPH*PQOL*(RECAVY — TIFH) ) €C108sCC
GO0 TO 6C €C1090CC
001091¢C

MODEL 4 001092C¢C
001093¢C0

40 OUTRAT = TRAFIGI2*ITYPE-1,NLRC) 001654CC
RECOVY = TRAFIO(2*I TYPE,NLRQ) 0C1095CC
IF( TIPH «LE. OUTRAT )} GO TO 44 0Q105€CC
P01 = HPD*(TIPH — OUTRAT)I/(2.*TIPH*D) 001057CC
IF{ PO1l .6T. 1. } PC1 =1, 0g10s8cCce
D01 = HPD*{TIPH -~ GUTRAT) ¥ (RECGOVY - CUTRAT) / 001G990¢C

1 {2.%TIPH*POL*(RECCVY — TIPH) ) 0C¢1llaCCc
44 DUTRAT = TRAFIO(2*ITYPE -1 ,NLRN) €C1l101GC
IF( TiPH <LE. OUTRAT )} GC TO 60 001102G¢C
PN1 = HPD*ITIPH — QUTRAT)/(2.*TIPH*D) 00110200
IF( PN1 GT. 1. )} PNl =1, 001104C¢C
DN1 = HPD*LTIPH — OUTRAT) * (RECCVY — CUTRAT) / 001105¢C

1 (2. *TIPH*PNL*(RECOVY — TIPH) ) 0C110éC0C
GO TO0 60 0011C7CC
co01l1C€8CC

MODEL 5 ‘ 001109CcC
00111C¢CC

50 OLTRAT = TRAFIC(2*ITYPE-1 NLRD) gollllcc
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RECOVY = TRAFIO(2*ITYPE NLRO)

IF{
PO1
IF{
DO1
1 {

TIPH «LE. CUTRAT ) GC 7O 60

= HPD#{TIPH — OQUTRAT)/({2.*TIPH*[D)

POl .6Te. 1. ) POl = 1.

= HPD*({TIPH — QUTRAT) * (RECOVY — CUTRAT) /
2*¥TIPH#*PQL*(RECCVY — TIPH) )

¢0 CONTINUE

NOW COLLECT ALL PERTINENT INFCRMATICN SC THAT THE USER cosT

FOR THE

OVERLAY CAN BE CCMPUTED.

GO TO (654+£8)+ITYPE

STOPPING FRCM APPRCACH SPEED IN & RURAL AREA.

COST OF
£€5 COl = CCSR({K,13/1000.
CN1 = CO1
COST OF SLOWING TO THRLU SPEED IN A RURZL AREA,
CO4 = CCSRIK,LO+1) /1000,
CN4 = CCSRIK,LN+1) /1000.
GG 10O 70
COST OF STOPPING FRCM APPRUOACH SPEED IN AN URBAN AREA.
68 CO1 = CCSULK,1) / 1000,
CN1 = CO1
COST OF SLOWING TO THRU SPEED IN AN UREAN AREA,
C04 = CCSU(K,LO+1) /1000,
CN4 = CCSULKsLN+11/1000.
COST OF DELAY DUE TO CCNGESTICN COUTSIGE THE RESTRICTED AREA,
70 CO2 = D01 #* COD{1,ITYPE) / 1000.
CN2 = DN1 * COD(1.,ITYPE) / 1000.
COST OF DRIVING AT A REDUCED SPEED.
IF { MODEL .EQ. 5 ) GO TQ 74
€03 = (CURSI{LO,ITYPE) — CURS(K,ITYFE) )*XLSO /7 1000.
CN3 = (CURS(LN.ITYPE) — CURSI{KyITYFE) )*XLSN / 1000,
G0 TO 77
74 CO03 = {CURS(LO+ITYPE) *XLSD-CURS(K,ITYPE)*XLSG) / 1000,
CN3 = [CURSILN,ITYPE) — CURS(K,ITYPE) ) * XLSN / 1000.

EXCESS COST OF STOPPING FRCM THRU SPEED + COST OF IDLE TIMEsALL

WITHIN THE RESTRICTED AREA,

77 GO TO (EC+SC) ITYPE _
80 CO5 = CCSR(LD+1)/71000. + DCZ2*CCL(1,ITYFE)/1000.
CN5 = CCSR{LN,1)/71000. + DN2*CCC(1,ITYPE)/1000.
GO TO 160
S0 CO5 = CCSU(LO,1)/71000. + DCZ2*CCC(1+ITYFPE}/1000.
CN5 = CCSU{LN,1)/1000. + DN2*CCC{1,ITYFE)}/1000.
1CO0 TUCH=TIPH*{ POL*{CCL+CC2+CC3) + (1.,-PC1)*(CO3+C04) + PO2*LA5 ) +

1

TIPH#*( PNL#{CNL+CNZ2+CN3) + (1.-FPN1)*{CN3+4CN#) + PN2%CNS5

TUCSY = HPSY % TUCH

ITIM
DETERMIN

E = TPRIM + C.5
E THE PRESENT WORTH OF THE USER CCLSTS,
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6011120¢
c01113¢C
0011140C
00111500
001116CC
00111706
001118¢CC
001115€0
00112600
00112160
0011220¢
00112300
0011240C
001125C0
001126CC
001127¢C
001128C¢C
0c1129¢C
001130¢C
001131€C
00113200
00113300
0011340¢
00113500
001136CC
0011270C
00113800
64113900
001140¢CC
00114100C
0011420C
00114200
00114400
00114500
001146CC
0011476C
001148¢CC
001149C0
00115000
00115100
0011520C
0C115200
00115400
c01155¢CC
0011560C
00115760
0011580C
001159CC



LSER CATE

= 70329
PWTSY = TuCSY/(1. + RATE ) ** ITINE 0Clle60cCe
RETURN 00lle1cCC
END

00lls2CcC
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SUBROUTINE TIME(I 9 TySSoXNsTPRIMXNFRIMyISW,BI,BIP,P) 001163CC
COMMON COST1,C0ST2 FLU,TT{20) yALPHA,P1,P24,XNCyROyRCy CLyNM,P 2P, BONE
1,CMAXsDOVER{5) ,XTBO,ACPR,ACCD yPROP yHPD+ITYPEy RAT E, OVMIN, OVMAX,PP(2
24PPN2+DD02 +DDNZ2 yAAS+ASDG¢ASN+CL 2C2 4 VCOCELoXLSOyXLSNy XLW+SCCyTTSC,
378sC,CM1,CM2,SC+SCIBLPSVGEL yPSVGE2 yNLRG,NLRN, ITEST,NMB, AN1{32),
4DATE{2) ,DIST HWY(3) ,CONT,SECT ,FIE,CCM(6),SCIE(20),01IP, [IIK, XLSD,
ESIGMAB(2C) , T2, SIGMBL
s 3k %k 3k o e sk 3 ke S e e oo s ol o ok e ol ook o ook ol ok ko b 3 ok o sk sk % sk stk kool ook ok e ok e sk sl sk ok ok ki
C FOR ANY SCI, THIS SUBROUTINE IS AN ITERATIVE PROCESS WHICH USES THE 0C1173CC
C SERVICEABILITY LOSS EQUATICN AND THE TRAFFIC EQUATICN YO DETERMINE 0011740C
C THE NUMBER OF EQUIVALENT 18-KIP APFLICATICAS AND THE LENGTH OF TIME 001175CC
C (IN YEARS) BEFORE THE SERVICEABILITY IMNDEX HAS BEEN REDUCED TO ITS 00117é6CC
C MINIMUM ACCEPTABLE VALUE CF P2. 001l177CC
C THE SWITCH ISk {S INCLUDED SC THAT THE ITERATICN PROCEDURE FGR 001178CC
C ODETERMINING TIME MAY BE TRUNCATED WHEN THE LIFE CF AN INITIAL 06117sCC
C CONSTRUCTION OR AN OVERLAY WILL BE LESS THAN MTTO OR MBTO, RESPECTIVELOC118CCC
C THESE DESIGNS ARE NOT ALLOWED AND WILL NCT BE CCNSIDERED. 0011810¢C
C 3 % e e s s o e e Seie e o okl o s o o o ok ok % k% o 3 o 3k s ok ok Skl sk ook ok ol o ik el dok s ok ko sk ok kR sk kakok ook
“ISw =1 c01182CC
TEST = 0.C5 ¢o11820¢C
TBOT = TPRIM £C11840¢C
DELT = XTIBG 001185CC
GO0 TO 3 gcl1i87cCce
2 T80T =7 001188C¢C
ISWw = 0 001189CC
2 ¥ = TBOT + DELT gcl1seccCcC
XN = (XNC/(CL % {(RC+RQO} )} * {24%ROX¥T + ((RC-ROI/CL) * T*%2) 0Cll91cCC
XN = XN / 10.*%6 0c1l192cCC
XXN = XN = XNPRIM 0C1l193CC
ERROR = —SQRT(5+40-P2) # SQRT(5.0-P ) + {53.6%XXN¥SS**x2)/ALPHA + 0011940C
1 { SQRT(5.-P2P)—SQART{(54-P ) }¥(1+~EXP({-BI*(T-TPRIM})) 0C1l1lSECC
IF{ ERROR ) 24 6¢ 5 Q011960C
4 XN = (XNC/(CL * (RC+RO} 1} #* (2.%RO*T + {(RC-RO)/CL) * T*%x2) C01167CC
XN = XN / 10.%%6 0Cll9ecc
XXN = XN — XNPRIM CCl1s9CC
ERROR = —SQRT(5.0-P2) # SQRT(5.0~P ) + (53,6%XXN*SS%k%2})/ALPHA + 0Ql2q00cCcC
1 {SQRT(5.-P2P)I-SQRT{5+~P 1)*{1~EXP{-BI* [T~-TPRIM})}) 0C1201CC
IF{ ABS{ERROR) .LT. 0.001 ) GC TC 6 GC120Z0¢C
IF{ ERROR } T4 6 4 5 £gl203ccC
5 IF{ ISKH .EQe 1 ) GO TO 6 001204CC
T10P = 7 ¢012¢5¢CC
DELT = DELT/2.0 0C1l20¢ccC
T = TY0P — DELT 0012Q07cCC
IFU DELT .LT. TEST ) GC TC & 0Cl12C8Ce
GO TO 4 0cla2csce
7 180T =7 0G1l210cCC
DELT = DELT/ 2.0 001211¢C0
T = T80T + DELT Qo1212¢CC
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IFl DELT «LTe. TEST ) GG TG 6 gclzlz3c0
60 T0O 4 001214CC
6 BIP= BI*EXP(-BI*{T-TPRIM) ) 601215¢CcC
RETURN 00121¢00
001217CC

END
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SUBROUTINE PWRM({RMAINT,RATE,T,TPRI¥,Cl,C2,CL) 0c12180¢C
C ok stk ookl dol ok ko koot ok ok b bk A b bk ok ok 3 3 % o ok ookl ok ok ook ook et ok ok ok R deolokokook
€ THIS SUBROUTINE DETERMINES THE PRESENT WORTH PER SCe YDe. OF ROUTINE 0¢1219cCC
C MAINTENANCE(WHICH INCREASES LINEARLY) WHICH IS PERFORMED DURING THE 0¢1220CC

C I TH OVERLAY PERIOD. gglzzice
C 3k e ae s s sie e o e o ofe sk 3 o 3 o ok ol e e e ke ok o oo ok sl sk o sk ol e e o o o o ok Sk sl e ek e sk e e oo i i ok o ok ekl ok ok ik dkok _
IT =T+ Ca5 001222¢C0

IFL T «6Te CL ) [IT =CL i 001222¢C0

ITIME = TPRIM + C.5 0012240C

N = IT - ITIME 00122500
RMAINT = C. 0012260C

IF{ N +EQe 0 ) GO T0O 20 001227CC

IFlL RATE «GT. 0. ) GO TO 15 001228¢CC

DO 10 J=1,N 0012290C¢C

16 RMAINT = RMAINT + C1 + (J-1) *C2 0cl220ccC

GO TG 2¢C 00123100

15 AN = N ' 0012220¢
RP1 = 1.0 + RATE 0g1233¢C
CONCT = Cl#(RP1*%N~1.,)/(RATE*RPL**(N-1) ) 0C1234CC

AINCT = C2%(RPL**N~RATE*AN-1.)/ (RATE*¥2%RPL*% (N-1) ) 0g12350¢C
RMAINT =(CCNCT + AINCT)/(l., + RATE)}**ITIME QCl23£CC

20 RETURN 001237CC
END 001238¢CC
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SUBROUTINE SEAL(TTSC,TBSC,TT,SCCHI1+CLyRATEyPWSCCHNSC,TSC) 001236C¢C
C ke ke ot e e e o ook ol s o ok o i st ook o o ok o 3 ok ook o ok ok e skl el ook ok ok ook e ok e dolok ok ok

C THIS SUBROUTINE DETERMINES THE PRESENT WCRTH PER SQe. YD. OF ALL SEAL 061240CC

C COATS WHICH WILL BE PERFCRMED DURING THE ANALYSIS PERIOD. 00124100
e ol o e o SR e o ok o ol o ok o % s e ook ol o o oo ok o o o o o o s oo o o oo o s e dde e e e sk ok ek o e e e ke ok e e ol ke ok ok ok
DIMENSION TT(2C) ,NUM{20},TSC(20) 0€124300
C NSC WILL BE THE NUMBER CF SEAL COATS FERFCRMED.
NSC = 0 0C1244CC
DO 2 K=1,I 0012450¢
2 NUMIK) = C . 00124¢€0C
J =1 '001247cCC
YEARS = TTI(1) 00124800
IF( YEARS .GTe CL ) YEARS = CL 001249CC
C A SEAL COAT WILL NOT BE APPLIED IF CVERLAY WILL TAKE PLACE WITHIN ONE 00125CCC
3 IF( (YEARS-TTSC) .LE. 0.0 ) GC TC 10 0012510¢C
REMAIN = YEARS - TT1SC 0012520¢C
C THE NUMBER OF SEAL COATS THAT WiLL BE AFPLIED DURING THE ITH OVERLAY P00O1253CC
NUM(J) = 1.0 + (REMAIN/TBSC) 0012£40CC
C THE 1 IN THE NEXT RELATIGNSHIF IS FOR THE SEAL COAT
C APPLIED AFTER TTSC YEARS.
XNUM = NUM(J) -1 001227CC
C AGAIN NO SEAL COAT WITHIN 1 YEAR PRICR TG GOVERLAY.
IF( (REMAIN-XNUM*TBSC) +LTe 0e0 ) NUMIII=NIMIJ)I-1 001255GC
10 IF( (TT(J) + TTSC) .GE. CL ) GC TC 15 0Cl26cCCC
J=J=+1 0Cl126100
YEARS = TT{J) — TT(J-1) : gc1262cC
IF{ TT{J) «GTe €L ) YEARS = CL-TT{J-1) 00126¢3CC
GO 10 3 0012¢&40C
C NOW DETERMINE THE PRESENT WORTH OF ALL SEAL COATS DURING THE ANALYSIS 00126500
15 PWSCC= 0.GC 0C126€00
PT = C.C 001267CC
DO 25 K=14J 0C12¢€CC
IF{ NUMIK) .EQ. O ) GG TO 25 001265060
POWER = TTSC + PT , 00127CCC
KK = NUM{K) 0012710C
DO 20 L=1,KK _ 0012720C
NSC = NSC + 1 0C1273CC

C TSC(NSC) CONTAINS THE TIME AT WHICH THE NSC TH SEAL COAT IS.APPLIED.
€C KK IS THE NUMBER OF SEAL CCATS IN THE K TH PERF. PERIOD.

TSC(NSC) = POWER 00127¢CC
IPT = POWER + Q.5 00127700C
PWSCC = PWSCC + SCC/(1.O0+RATE)**IPT 0glzrscce
POWER = POWER + TBSC 0C12739CC
20 CONTINUE 0cl128CCC
25 PT = TTK) ¢o12s81¢¢C
RETURN 001282CC
END c012830¢
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