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Development and Implementation of Alberta’s
Pavement Information and Needs System

M.A. KARAN, T.J. CHRISTISON, A. CHEETHAM, AND G. BERDAHL

Alberta Transportation initiated a project in November 1980 to develop and
implement a pavement management system (PMS) for the province of Alberta,
Canada. A comprehensive project plan was developed in the first phase of the
project, which commenced in November 1980 and was completed in January
1981. Carried out as a preplanning project, the first phase identified six suc-
cessive stages for the overall total PMS development and implementation proj-
ect. Stage 1 of the project, the development and implementation of a pave-
ment information and needs system (PINS), was initiated in May 1981 and
scheduled to be completed in September 1982. A major element of PINS
is a set of models that predict performance and various data processing and
analysis components that take the individual field meansurements; calculate
the performance measures in terms of pavement quality index, riding com-
fort index, structural adequacy index, and visual condition index; apply the
performance prediction modeis; and identify both current and future needs.
The major features of the PINS system and how the system fits into Alberta’s
Il PMS develop and impler ion are described. Specific atten-
tion is given to the details of performance prediction modeling and develop-
ment of a pavement quality index concept.

Alberta Transportation is responsible for the man-
agement of a large network of provincial highways
that consists of approximately 7,000 miles of paved
primary highways and about 2,000 miles of paved
secondary roads. In addition, approximately 200
miles of new pavement are added to the highway sys-
tem annually. This represents a substantial invest-
ment of many millions of dollars. To preserve this
investment and maintain an acceptable level of ser-
viceability for the total highway network, an addi-
tional investment of approximately $50 million is
required annually for the maintenance and rehabili-
tation of deteriorating highway sections.

The department's engineers and administrators are
concerned that the rehabilitation and maintenance
programs make the best possible use of available
funds on an overall basis as well as ensure an equi-
table allocation between the regions in the prov-~

ince. To establish an objectively based rehabilita-
tion program several questions must be answered:

1. What is the current status of the network?

2. What are the expected needs during the pro-
gramming period?

3. What rehabilitation alternatives can be con-
sidered for sections that require action within the
programming period?

4. What are the performance and cost implica-
tions associated with the possible rehabilitation
alternatives?

5. What is the effect of delaying or advancing a
rehabilitation project within the programming period?

6. What are the effects of maintenance on tHe
rehabilitation alternative selection?

7. What is the optimum total program of work for
each year in the programming period based on the
previous questions for a given level of funding?

8. What are the effects of the funding level
used on the network as a whole?

9., What level of funding is required to maintain
or increase the average serviceability of the net-
work during the programming period?

-

Pavement management is the process by which an-
swers to these questions can be obtained; Alberta
Transportation initiated a project in November 1980
to develop and implement a pavement management sys-—
tem (PMS) for the province of Alberta.

A comprehensive plan was developed in the first
phase of the project, which started in November 1980
and was completed in January 1981 (l). Carried out
as a preplanning project, the first phase identified
six successive stages for the overall total PMS
development and implementation project. These
stages, which are briefly summarized in Figure 1,
were designed specifically for BAlberta Transporta-
tion's needs and requirements considering its goals
and objectives, organizational structure, current



Figure 1. Proposed stages of project.

STAGE 1

Develop and implement Initial Pavement
Information and Needs System (PINS)

STAGE 2

Develop and implement Initial Rehabilitation
Information and Priority Programming System

(RIPPS)
¥

STAGE 3

Develop and implement Project Level Analyses
and Overlay Design System

____________ b

FUTURE (ONSIDERATIONS

STAGE &4

Develop and implement New Highway Pavement
Design and Life-Cycle Costing System

L]

STAGE 5

Develop and implement Demand-Based Routine
Maintenance Programming System

f

Develop and implement Operational Deficiency
and Improvement Analysis System

STAGE 6

practices, staff and equipment resources, and finan-
cial constraints.

“ Stage 1 of the project, the development and im-
plementation of a pavement information and needs
system (PINS), was initiated in May 1981 and sched-
uled to be completed in September 1982. The main
objective of this paper is to summarize the develop-
ment of the PINS system with specific attention to
the details of performance prediction modeling and
development of a pavement quality index (PQI) con-
cept.

The overall objective of stage 1 was to produce a
computerized system for determining the status of
the highway network as well as pavement rehabilita-
tion needs: PINS. The preplanning project produced
a work plan for stage 1 using a series of tasks and
subtasks. The end product of each task was also
identified. The major tasks and their interrelation-
ships are shown in Figure 2; the subtasks involved
in stage 1 are shown in Figure 3.

TASK 1: REVIEW EXISTING MODELS AND INVENTORY
DATA BASE

The first task undertaken in stage 1 was (a) to
review Alberta Transportation's existing methodolo-
gies, information, and hardware and (b) to assess
these in terms of the requirements of the overall
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Figure 2. Major tasks in stage 1.
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system. The overall objective of this task was to
make the best possible use of the province's exist-
ing data, hardware, and methods.

The review process revealed the following.

1. Some significant work had been done toward
the development of performance prediction models.
Although these models are not directly applicable to
PINS, some valuable concepts were available.

2. The pavement management methodology that
exists in Alberta Transportation is based on a com-
prehensive pavement sectional system, which provides
structural, geometric, and performance data that are
relatively detailed for use at the project level of
pavement management (i.e., design).

3. A serious need exists for an objective, sys-
tematic, and computerized method for determining and
pProgramming pavement rehabilitation projects.

4, Alberta Transportation's computer facilities
are suitable for the software packages that will be
developed in the project.

5. The primary highway network of the province
has been the subject of one of the most extensive
(in terms of both time and information content)
pavement inventories in North America. Historical
field data are, therefore, available in a computer-
ized data bank format to develop prediction models
for various pavement parameters.

6. Alberta Transportation currently uses six
Benkelman beams and one Dynaflect for measuring
deflection, usually at a rate of 10 tests/mile,
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Figure 3. Tasks and subtasks in stage 1.
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TASK 1 Review Existing Models and Inventory Data Base
1.1 Review Existing Models, Software, Hardware
a) Review Existing Models for performance prediction,
b) Review Existing Pavement Management methods and soft-
ware used in the department, and
c) Review the Department's Hardware.
1.2 Review the Inventory Procedures and Data Base Structure
a) Review the Inventory Procedures, and
b) Review the Data Base Structure.
1.3 Provide Comprehensive Detailed Planning for the Total Project
a) Determine the needs, and
h% Provide Detailed Planning.

1.4 Provide Report on Task 1

R

TASK 2 Develop Performance Models and Pavement Quality Index (PQI)
2.1 RCI prediction models for Granular Base Sections
a) Determine the form of models, and
b) Perform regression analyst to develop models.
2.2 Provide report on Task 2.1
2.3 RCI prediction models for soil-cement in full-depth
2.4 Deflection prediction models
2.5 VCR prediction models
2.6 PQI model
2.7 Evaluate models for Overlay Performance Prediction

2.8 Provide Report on Task 2

TASK 3 Develope an Initial PINS Program
3.1 Design and tailor PINS
3.2 Develop PINS
3.3 Evaluate by test application

3.4 Provide report on Task 3

:

TASK 4 Apply PINS to the Primary Highway Network

TASK 5 Prepare detail plan for Stage 2 and for Network Inventory
Updating

5.1 Prepare detailed plan for Stage 2

5.2 Prepare detailed plan for inventory updating

:

TASK 6 Prepare Reports on Stage 1 and Conduct Training Courses

although this is increased to 26 tests/mile for
sections that approach the terminal level. The
department also uses two Portland Cement Association
(PCA) car roadmeters for measuring roughness. Since
1976 the visual condition rating (VCR) procedures
have been used by department personnel.

7. The department has an effective method of
sectioning the highway system, which involves con-
trol sections defined by major intersections along a
highway and these, in turn, are composed of homoge-
neous subsections. A total of 3,014 subsections are
currently in the primary highway network.

TASK 2: DEVELOP PERFORMANCE MODELS AND PQI

Task 2 was directed toward the development of the
pavement performance models required by the proposed
PMS. Originally it was thought that approximately
27 performance models would be required. These
models included three dependent variables [riding
comfort index (RCI); deflection, and VCR] for each
of three pavement types (granular base, soil-cement,
and full-depth) in each of three climatic zones
(southern, central, and northern). A PQI model was
also needed as a means of combining RCI, deflection,
and VCR into a single index for comparison of high-
way sections.

Performance Prediction Models

The performance models were expected to be recursive
(i.e., the future RCI is a function of the present
RCI), with terms that relate to age, traffic, soil

type, and structural thickness used as independent
or explanatory variables. The starting point for
the model development was the department's perfor-
mance data base, which had previously been computer-
ized by the Alberta Research Council. This data
base includes (for every section in the primary
network) periodic measurements of RCI, Benkelman
beam rebounds, VCR, and structural composition,
traffic, soils, and rehabilitation data (see Figure
4). For some sections the data base dates as far
back as the 1950s.

Separate models were thought to be necessary for
different types of pavement structure; therefore,
the first step involved extraction of the RCI, de-
flection, and VCRs and all relevant data [e.g., soil
type, layer thicknesses, cumulative equivalent sin-
gle axle load (ESAL)/day, and year] for each type of
structure from the historical data base. ‘During
this process certain conversions were performed to
make the data compatible with the types of models
required. For example, years were converted to
ages, with an age of zero corresponding to the year
of surfacing, and cumulative ESAL/day for the age of
zero were also set to zero. The resulting data
files were then screened to eliminate extremely
short sections (0.5 mile or less) and sections for
which all data points are similar.

To analyze the possible effects of soil type, the
soil types given in the data base were divided into
three classes (good, fair, and poor). Two ‘indicator
variables were then defined--soil Dl and soil D2,
Similarly, to test for possible effects of climate,
two indicator variables (climate D1 and climate D2)
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Figure 4. Sample of historical data base.
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ware defined. The 15 districts in the province were 2. Regression analyses showed that the traffic,

separated into three approximate c¢limatic zones
{south, central, and north), and the indicator vari-

ables were assigned values that corresponded to the
climatic zones and districts.

To compare the effects of structural layer thick-
nesses within structure types, the variable Equiva-
lent Granular Thickness (EGT) was defined by using
granular equivalency factors in the Roads and Trans-
portation Association of Canada Pavement Management
Guide (2).

RCI Prediction Models

Separate analyses were conducted for different pave-
ment types by using explanatory variables related to
age, traffic, 1layer thicknesses, soil type, and
climate. As many as nine modeis (one for each com-
bination of three climatic zones and three pavement
types) were thought *“> be required. However, the
results of the analyses indicated that only two
models were required to predict RCI performance
adequately for evaluation purposes under the condi-
tions that exist in Alberta. The two models include
one for granular base sections and one for the other
structure types (full depth, soil cement, and cement
stabilized). Both models are recursive in nature
(i.e., RCI now is a function of the previous RCI).
The analyses also showed that age was the major
influence on RCI performance.

The major findings of the development analyses of
the RCI model are summarized as follows.

1l. Reliable RCI predictions cannot be obtained
without the use of a recursive model in which the
RCI at time t is a function of a previous RCI at
time t - 1.

structural thickness, and soil type do not affect
RCI performance significantly.

3. Climate has an effect on RCI performance only
when a full-depth section 1is constructed in the
northern climatic 2zone, in which case performance
decreases significantly.

4. Although these parameters (traffic, soil,
structural thickness, and climate) do not play a
major role in affecting RCI performance, this does
not mean that they have no effect on overall pave-
ment performance.

5. The granular base sections perform signifi-
cantly better (with respect to RCI) than the other
structure types.

6. Two RCI prediction models were developed for
use in the PINS system that require only A AGE and
a starting value of RCI. The accuracy of the predic-
tions are therefore dependent on the accuracy of the
starting value. These two models include one for
granular base sections and another for all other
structure types. The value for A AGE that should
be used in both models is 4 years. For predictions
between the 4-year intervals linear interpolation
should be used.

The two models discussed in detail by Cheetham
and Christison (3) are described below:

RCI = -5.998 75 + 6.870 09 x LOG, (RClp) - 0.162 42 x LOG, (AGE? + 1)
+0.184 98 x AGE - 0,084 27 x AGE x LOG, (RClg)
-0.092 60 x AAGE m

with R?
0.38.

= 0.838 and a standard error of estimate =
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For soil-cement,
lized pavements:

full-depth, and cement-stabi-

RCI = -4.288 + 5.802 x LOG, (RCIp) - 0.1744 x AAGE

-0.1846 x FDN )
with R? = 0.845 and a standard error of estimate =
0.29
where

RCIg = previous RCI,

AGE = present age of pavement,

A AGE = 4 years, and
FDN = 1 for full-depth sections in the northern

climatic zone
0 otherwise.

Deflection Prediction Models

Similar analysis conducted for predicting average
pavement deflection as measured by Benkelman beam
resulted in three models for the three major types
of pavement in Alberta. Unlike the RCI models, it
was found that separate models were needed for pre-
dicting average deflection for soil-cement, cement-—
stabilized, and full-depth pavements. However, as
with RCI models, the effect of climatic zones was
not significant and, therefore one model for each
major pavement type was sufficient for predicting
average deflection in the context of PINS.

The models for the different pavement structure
types are as follows:

For granular base pavements,

LOG, d =0.428 47 + 0.916 46 x LOG, dg + 0.041 04
xSDy ... with R? =0.87 3)

where dy is the previous mean deflection and SDy is
the soil district parameter.
For soil-cement and cement-stabilized pavements,

LOG, d =[0.688 4 +0.926 38 x LOG, dp + 0.115 44 x (AGE + 1)]

+ [(AGEg + 1) + 0,025 14 x LOG,

x cumulative daily ESALS ...] with R? =0.86 )
where AGE is the present age of pavement and AGEg
is the previous age of pavement.

For full-depth pavements,

d=1.72841+120973xdg ... withR?=086 ®)

After the development of deflection-prediction
models, a structural adequacy index (SAI) concept
was necessary to convert deflections into a more
meaningful engineering measure that would indicate
directly the ability of the pavement structure to
withstand the traffic 1loadings. The SAI concept
provides a means of converting the deflection (mea-
sured or predicted) to a scale of 0 to 10 (with 10
being perfect) and thus enables one to know the
structural condition from a single number.

The SAI models were derived from the measured
pavement deflection and an empirical relationship
involving a maximum tolerable deflection (MTD) and
the traffic volumes.

The SAI models developed are as follows:

For granular base pavements,

Log SAI = 1222 51 +0.003 2 (SAL + 1.65)!-3° - 0.012538 d
-0.000 157 d (SAL + 1.10)1-44 ©6)

When @ < 18, set SAI = 10.
For full-depth pavements,

Log SAI =1.269 62 + 0.000 267 (SAL + 7.6)%:°86 _0.011 885 d
-9.88* 107 d(SAL + 7.6)>-'* (7)

15

When d < 13.5, set SAI = 10.

where

d = mean fall rebound as measured by Benkelman
beam x 10°,

cumulative ESAL/10°, and

deflection at 1980 cumulated ESALs that cor-
respond to SAI = 3.0 for each of the three
types of pavement.

SAL
MTD

.

VCR Prediction Models

The performance of a pavement in terms of its sur-
face distress was modeled and predicted by using a
visual condition index (VCI) concept, which is cal-
culated from VCR and is based on a scale of 0 to 100
by dividing by 10. This was done to make the
surface condition scores compatible with the RCI and
SAIs, which are based on a scale of 0 to 10.

Extensive regression analysis conducted by using
the VCR data in the data bank revealed no need to
develop nine models (combinations of three pavement
types and three climatic zones) as originally ex-
pected. One model for each pavement type was suffi-
cient for predicting VCIs in the context of PINS
evaluation.

The VCI prediction models developed are as fol-
lows: :

For granular base pavements,

VCI=1/10x (8.959 66 + 0.875 1 x VCRp - 3.046 95 x CD,

-292135xLOG, (AGE+1)... withR2=0.74 ®)
where
VCRy = previous visual condition rating,
CD, = climatic district indicator, and
AGE = present age of the, pavement.

For soil-cement and cement-stabilized pavements,

VCI = 1/10 x (33.094 + 0.006 67 x VCR} - 1252 8
xLOG, (AGE? +1)... withR*>=08 ©)

For full-depth pavements,
VCI = 1/10 x exp{-0.645 84 + 1.122 23 x LOG, VCRp
-0.05973xCD,}... withR* =0.73 (10)

Development of POI

The three performance prediction models just de-
scribed aid in determining future needs for re-
habilitation in terms of the individual parameters.
Needs are thus determined for RCI that relate to the
roughness of the pavement as it affects the highway
user, for VCI in terms of the amount and severity of
surface distress, and for SAI as the structural
ability to withstand the expected traffic loadings.

The individual prediction of each of the preced-
ing performance parameters discussed allows the
determination of rehabilitation needs based on each
parameter; however, the ability to determine needs
based on the overall quality is also necessary. The
use of PQI allows RCI, VCI, and SAI to be combined
into a single number that represents the overall
quality of the pavement. PQOI encompasses all of
these aspects of the pavement performance and pro-
vides a single index for comparing the performance
of pavement sections and their relative rehabilita-
tion needs.

The PQI model was developed considering the over-
all performances of different pavement sections for
which RCI, SAI, and VCI were known. The overall
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performance was defined by a subjective panel rating
procedure. Forty pavement sections were selected
for the PQI rating sessions. The sections were
selected to cover a wide range of the three basic
performance parameters (RCI, VCI, and SAI) for each
of the three major pavement types (granular base,
full depth, and soil cement).

Two station wagons of similar ride and size (a
1978 Plymouth and a 1977 Ford) were used in October
1981 to carry two panels of four raters each on a
visual inspection and ride on 5 of the 40 sections.
During the following 2 days the remainder of the
sections were rated but only by six raters. On the

i e sec—

last day replicate ratings were made on fiv
tions by five raters.

The panel members were trained before the rating
sessions. The purpose of the project was explained
and the pavement quality concept discussed. A sample
rater's guide used in the training can be found
elsewhere (4). Pavement quality rating forms were
provided for each section, a sample of which is
shown in Figure 5. These forms also contained infor-
mation on traffic and deflection magnitudes as well
as RCI, VCI, and SAI.

PQI rating data were first analyzed to check for
systematic errors. Leniency error, halo effects,
and central tendency effects, which are the most
common types of systematic errors in rating proce-
dures, were found to be insignificant. Therefore,
no adjustment of the data was necessary, and the raw
data were used in subsequent analyses.

Analysis of variance (ANOVA) techniques were then
used to test for sources of variation in the data.

Figure 5. Sample PQI rating form.
SECTION NUMBER:
LOCATION: 21:22 MP 5.36 (8.63 km) to MP 6.36 (10.23 k)
MILEAGE TIE: MP 0.0 = Jct. 53
PAVEMENT TYPE:  GB

LAYER THICKNESS: 4 AC, 2 ABB, 6 BASE

Age: 18 DTF: 4.8 ESAL (x10°%): 2.4
d: 0.039 MTD: 0.056 RCI: 5.5

veI: 6.5 SAT: 5.2

P

A Excellent (Pavement Like New)

v

E

M Good (Many years of service life)

E

e

Fair (Close to or needing rehabilitation)

Q
u
A Poor (Should have been rehabilitated in the
last couple of years)
L
1
T Extremely Poor (Should have been rehabilitated
¥ many years ago)
Is Pavement of Acceptable Quality? Yes
No
Undecided
COMMENTS :

Transportation Research Record 938

A panel comparison was made that tested between
panels and among each panel as sources of variation.
However, neither of these factors was found to be
significant as a source of variation. Next a loca-
tion comparison ANOVA was conducted on the data.
This ANOVA tested the effects of drivers versus
others and among others for location comparisons.
Again, these effects were found to be insignificant
as sources of variation.

In both the panel comparison and location com—
parison, the only truly significant source of varia-
tion was due to sections. The replicated sections
were then analyzed to determine the short-term re-
peatability of the PQI ratings. The teplication
ANOVA indicated that the raters could repeat their
ratings reasonably well. However, this should not
be taken as a generalization because the replica-
tions were done within a short time period (i.e., 2
days). The details of the preceding data analyses
are given by Cheetham and Raran (4).

No systematic errors were found; therefore, the
raw data were used in regression analyses to develop
a PQI model. Several transformations of the data
were evaluated; however, the final model that re-
sulted from the analyses is

PQI =1.1607 + 0.0596 - RCI - VCI + 0.5264 - RCI - log; ¢ SAI an

This model has a standard error of estimate of 0.79
(R2 = 0.76) .

The regression analyses that result in this model
are discussed elsewhere (4).

Figure 6. General structure of PINS.
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An analysis of the acceptance of the pavement
quality was also conducted based on the acceptable-
unacceptable responses of the rater for each sec-
tion. This analysis showed that, based on the raters
involved, a minimum acceptable level of PQI is about
4.7. This is not to be taken as an absolute level
but is an indication of the rater's responses. The
details of the minimum acceptable PQI analysis are
also given elsewhere (4).

TASK 3: DEVELOP INITIAL PINS

The main function of the PINS program is to process
pavement management data (i.e., deflection, RCI,
VCR, and traffic) from the pavement data base and to
generate for immediate and future use of department
personnel the following:

1. Current status of the network in terms of PQI
and its components of structural adequacy, SAI, ride
quality, RCI, and visual condition, VCI;

2., Remaining service 1life (in structural and
serviceability terms) of each section in the net-

work, based on the performance prediction models
developed;
3. Pavement improvement needs ranked with re-

spect to PQI and the individual components of RCI,
SAI, and VCI; and

4. Summary statistics (in tabular and graphical
forms) of the current status of the highway network
and improvement needs for each region in Alberta.
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section in terms of its RCI, SAI, VCI, and PQI pa-
rameters (see Figure 6). These analyses can be
conducted for every section in the network, in a
region, or on a highway. Once the analyses are
completed for every section the program produces
detailed output for every section as well as a
status report for the network, region, or highway.
The next step in the analyses is to predict per-
formance for each performance parameter (i.e., RCI,
SAI, VCI, and PQI). As with analysis of the current
status, performance prediction and needs analyses
can be conducted for every section in the network,
in a region, or on a highway. The program produces
graphical outputs (i.e., performance curves) for
every section as well as the year in which a param-
eter will reach its minimum acceptable level. A
sample output of this type is shown in Figure 7.
Needs analysis can be conducted over a predeter-
mined programming period, which can be 5, 10, 20, or
30 years. Thus, pavement improvement needs (based
on RCI, SAI, VCI, or RQI) are established for each
year in 5-, 10-, 20-, or 30-year programming periods.
Although PINS does not establish a true priority
program (this requires economic analysis and optimi-
zation), it does have the capability of ranking the
sections in the order of their improvement needs and
in terms of each performance parameter. This con-
stitutes the network summary information that is
produced by PINS. Figures 8 and 9 show sample rank-
ing lists based on RCI and PQI, respectively. Simi-
larly, a three-dimensional histogram similar to the
one shown in Figure 10 is also produced so that

The PINS programs developed for Alberta has the comparisons can be made of regions, districts, or

capability of determining the current status of a highways in Alberta.
Figure 7. Sample sectional PINS output.
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Figure 8. Sample RCI ranking list produced by PINS.
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Figure 9. Sample PQI ranking list produced by PINS.
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i.Figure 10. Sample three-dimensional histogram produced by PINS.
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Figure 11. Sample needs list produced by PINS.
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Needs tables are also produced for each perfor- sults, which are described in detail by Kerr and

mance parameter and for each year in the programming

period. Figure 11 shows a sample needs table.
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Karan (5), included the predicted performance over a
30-year period

(1982 to 2012)

for each inventory

In summary,

30 years.
graphical format for every section,

cal formats.

TASK 4: APPLY PINS TO PRIMARY HIGHWAYS IN ALBERTA

PINS has been applied to all of the primary highways
These re-

in each of the six regions in Alberta.

the PINS program developed for Al-
berta analyzes the data base first to determine the
present status and second to predict performance and
establish needs for each performance parameter for
each year in the programming period of 5, 10, 20, or
The results are detailed in tabular and
Network summary
information is also produced in tabular and graphi-

section; the existing status of the primary highways
in each region in terms of PQI, RCI, SAI, and VCI:;
and the needs lists for selected periods of time,
again for each of the four evaluation indices.
Alberta Transportation's headquarters and re-
gional personnel have gone through the results in
detail and assessed their reasonableness. Extensive
field trips and discussions indicated that the re-
sults are reasonable and that they provided useful
information for pavement management purposes. A few
comments were made about program structure and for-
mats to make the overall program performance more
efficient and results more directly useful to the
department's engineers. In overall terms, however,
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the PINS was generally accepted as a valuable tool
within the department.

TASKS 5 AND 6: CONTINUING WORK PLAN

The following tasks were conducted to complete stage
1 by September 1982 and provide a good base for
stage 2:

1. Refine PINS program based on the feedback
received from Alberta Transportation in terms of
input and output formats,

2. Prepare model and system documentation,

3. Prepare user manual,

4. 1Install PINS program on Alberta Transporta-
tion's computer facilities,

5. Conduct training courses for the
PINS at Alberta Transportation,

6. Prepare a detailed work plan for stage 2, and

7. Carry out the actual work in stage 2 accord-
ing to the plan prepared in step 6 above and the
preplanning report.

users of
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Predicting Reductions in Service Life of
Surface-Treated Pavements under QOil Field Traffic

THOMAS SCULLION, JOHN M. MASON, JR., AND ROBERT L. LYTTON

One adverse effect of the recent oil field boom in Texas has been the
accelerated physical deterioration of many of the thin pavements that
service the oil fields. To study this problem the Texas State Department
of Highways and Public Transportation sponsored a research project the
ultimate aim of which is to quantify the additional costs to the highway
department associated with the drilling of a single well and the total costs
for any impacted area. One key phase of the study has been the devel-
opment of pavement distress and performance equations for thin pave-
ments that relate pavement damage to traffic loading. These equations
have been developed by regression analysis using pavement condition data
collected during a seven-year period on thin pavements in Texas, Initial
results demonstrate that these regression equations are better predictors
of long-term pavement performance than the AASHTO equation. A case
study is presented to outline how these predictions were used to calcu-
late reductions in pavement life and increases in life-cycle costs associated
with the oil field development. This study predicted that the oil field
develop duced the ining life of a typical thin pavement from -
46 to 16 months and increased the rehabilitation costs tenfold from
$0.50 to more than $5.00/ydZ

During the late 1970s and early 1980s, several Texas
counties experienced a rapid expansion of oil field
exploration and development work. A majority of the
pavements in these rural areas are surface-treated
pavements, which typically have a 6-in. flexible
base. These pavements were not designed to carry
the high intensity of loads associated with oil
field traffic, and subsequently many severe pavement
failures occurred. The Texas State Department of
Highways and Public Transportation (TSDHPT) found
that the oil-related activity caused considerable
additional demand for their maintenance and rehabil-

itation funds. This aroused an interest in providing
a means of accurately predicting the additional
life-cycle costs incurred. Questions such as the
following became the subject of a research project
(1) with the Texas Transportation Institute: What
traffic loads are associated with the development of
an o0il well? How much damage do they do? What
additional costs are associated with the drilling of
a single well? What are the total costs associated
with an impacted area? The long-term objectives of
this project are as follows.

1. Identify the type and duration of loads as-
sociated with the development of a single oil well.
Convert these loads into 80-kN (18-kip) equivalent
single-axle-loads (ESALs).

2. Develop a procedure to predict the reduction
in pavement 1life and increases in rehabilitation
costs associated with these oil-related loads.

3. Perform a life-cycle cost analysis to iden-
tify total additional costs associated with the
development of a single well and total costs for an
oil-impacted area.

The first objective has been met and is reported
elsewhere (1l). This paper concentrates on describing
the development of the predictive procedure used for
calculating the reductions in pavement 1life asso-
ciated with oil field traffic and presents the ini-
tial results of a life-cycle cost analysis.





