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ABSTRACT

This study verified earlier oil field traffic characteristics and docu-
mented a procedure for assessing current and future effects of oil field
truck traffic on surface-treated pavements. Specific information regarding
daily traffic characteristics was photographically obtained at three oil
well drilling sites. Associated truck traffic was converted to 18-kip
equivalent single axle load repetitions.

A computer program was developed to analyze the effects of additional
truck axle loadings. The program calculates several types of pavement dis-
tress and serviceability parameters to evaluate pavement performance under
combined axle loads of intended-use and oil field traffic.

A detailed discussion is presented on the program's development and an
example given of its utility. Comparison of the results illustrated that
additional axle load repetitions cause a reduction in pavement service life

and increase the severity of many types of pavement distress.
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SUMMARY

The principal objectives of this study were to verify oil well traffic
characteristics of Phase I and to develop and document a procedure for pre-
dicting the reduction in pavement life due to oil field truck traffic.

0i1 field traffic at three well sites in Brazos County was monitored
using a Super 8-mm camera to photograph vehicles as they entered or left the
sites. Analysis of the filmed observations yielded an average total of 1365
trucks during a 60-day drilling period, followed by production traffic esti-
mated at 150 (3-S2 type) per montﬁ. Conversations with a petroleum consul-
tant and a local oil well investment firm indicated that production rates
tend to follow a "half-1ife" behavior, that is, an annual production rate
decrease of 50 percent per year per well in the observed oil field region.
These data served as the basis for the development of the "0il Field Damage
Program”.

This program computes the service life of thin surface-treated pave-
ments impacted by oil field traffic. Because predictions of pavement ser-
viceability based on the AASHO Road Test Equations did not appear to agree
with the observed performance of thin surface-treated roadways in Texas, the
Department has established a Flexible Pavement Data Base in an attempt to
monitor the performance of different types of pavement sections. Of the 400
sections in the Data Base, 132 are thin surface-treated pavements. A step-
wise regression analysis of the information supplied by periodic site in-
spections of these 132 sections led to the development of individual dis-
tress equations for rutting, raveling, flushing, alligator cracking, patch-

ing, longitudinal and transverse cracking, and failures (potholes). These



distress equations, along with an equation for Present Serviceability Index,
provide predictions of pavement performance which tend to conform to ob-
served field conditions.

The 0i1 Field Damage Program is a FORTRAN 77 computer program which
uses data describing intended-use traffic, oil field traffic, pavement
structure, and site-specific environmental conditions to compute the reduc-
tion in service life due to a specified level of oil field development. The
program aids in planning rehabilitation strategies by indicating which dis-
tress types cause a reduction in service life. Because it accepts oil fie}d
development information at any time during the life of a pavement, the pro-
gram allows for the practical consideration of pavement performance for

highways with pavement sections of various ages along a designated route.
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IMPLEMENTATION STATEMENT

Phase I of this research demonstrated the potential impact of oil field
development on rural highways. The load-intensive traffic associated with
0il field development can result in a dramatic reduction in pavement service
life. This additional traffic demand accelerates maintenance and recon-
struction schedules and creates a financial burden for the Department.

The 0i1 Field Damage Program developed in this study phase offers two
methods of analyzing the effects of oil field development. As an assessment
tool, the program estimates the current condition of pavements impacted by
oil field truck traffic. As a planning tool, the program predicts the
future performance of a pavement impacted by projected levels of develop-
ment. The versatility of the program provides a means of anticipating early
pavement failures due to increased axle load repetitions. In its current
form, the program also provides the basic framework for computing the ef-

fects of other "special-use" truck traffic demands.

DISCLAIMER

The views, interpretations, analysis, and conclusions expressed or im-
plied in this report are those of the authors. They are not necessarily

those of the Texas State Department of Highways and Public Transportation.
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INTRODUCTION

During the late 1970's and early 80's, several Texas counties witnessed
a rapid expansion of o0il field exploration and development work. The major-
ity of the pavements in these rural areas are surface-treated pavements
which typically have a 6-inch flexible base. These pavements were not de-
signed to carry the high intensity of loads associated with oil field traf-
fic, and subsequently, many severe pavement failures occurred. Road prob-
lems associated with oil field exploration and development are not unique;
they are similar in many respects4to other load-intensive commercial hauls,
such as coal, timber, and grain.

The Texas State Department of Highways and Public Transportation found
that it was incurring considerable additional expense to keep these highways
open to traffic, and then to rebuild many of them once the oil field work
had moved elsewhere. These additional expenses created a greater demand for
the State's maintenance and rehabilitation funds. This problem led to the
funding of a project between the Texas State Department of Highways and Pub-
lic Transportation and the Texas Transbortation Institute. The project's
main objective is to provide a means of predicting the reddced pavement life
from oil field development.

The project has been segregated into several phases. Phase 1 dealt
with quantifying the effect of oil field traffic on rural highways by deter-
mining the traffic levels and axle loadings associated with the drilling and
production of one 0il well. The current work, Phase II, involves defining a
procedure by which reductions in pavement life can be calculated. Future
efforts are underway to expand the analytic procedures to reflect statewide

oil field activity.



Phase 1 Results

The first phase of this study estimated the effects of oil field truck
traffic on light-duty pavements (1). This "special-use" industry can con-
servatively reduce the expected “intended-use" service life of a thin pave-
ment by approximately 50 percent or more (Figure 1). Although the success-
ful ventures of oil production efforts have resulted in the benefits of
economic growth, the adverse effect of this intense, concentrated activity
has caused the physical destruction of the pavement surface on the highways

serving the entire oil producing area.

Phase I1 Objectives

The goal of the ongoing research is to examine the effects of oil field
traffic on Texas highways. In working toward this goal, several phases of
study were envisioned. The objectives of this particular phase are as fol-
lows:

1. Verify the oil well traffic characteristics found in Phase 1.

2. Develop and document a procedure to predict the reduction in pave-

ment life due to oil field truck traffic.

3. Develop a method for estimating the amount and type of oil field

traffic on a particular roadway.

4. Use the Texas Pavement Distress Equations to assess the condition

of a pavement due to past oil field traffic.

5. Use the Texas Pavement Distress Equations to predict the condition

of a pavement under future levels of oil field development.
This report covers the first two objectives of Phase II. A subsequent

report, Report 299-3, addresses the remaining three objectives.
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ANALYSIS PROCEDURE

The main work in Phase II of this research project involves defining a
procedure by which reductions in pavement life can be calculated. This re-
port, Research Report 299-2, will Qescribe the development of this proce-
dure, while another report, Research Report 299-3, to be published concur-
rently, will illustrate the procedure. In Report 299-3, the procedure will
be used to evaluate the current and future performance of surface-treated
pavements impacted by oil field traffic. Together, these two reports will
describe the final Phase II reseafch procedure, as illustrated by Figure 2.

The procedure developed in this report is a computer program, thg "011
Field Damage Program", which analyzes surface-treated pavements according to
the flow chart shown in Figure 3. Both intended-use and oil field-use traf-
fic characteristics are converted into 18-kip equivalent single axle load
repetitions (18-k ESAL) and placed upon a pavement of known structural capa-
bi]iiy. The program calculates several types of pavement distress and ser-
viceability parameters to evaluate a pavement's performance under the com-

bined axle loads of intended-use and oil field traffic.
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TRAFFIC CHARACTERISTICS

0il Field Traffic

Continuous photographic monitoring recorded transportation related ac-
tivity during the evolution of an oil well. Monitoring also included daily
site visits to talk with servicing companies and field representatives., A
Super-8-mm camera photographing all vehicles entering or leaving the dril-
ling site was used to record traffic counts and vehicle characteristics.
Conversations with field representatives at the site supplemented this in-
formation, thus providing the historical evolution of an oil well site.

Five general activities were found to comprise the sequential develop-
ment of an o0il well. These include: site preparation, rigging-up, drill-
ing, completion (rigging-down), and production. Each fundamental stage of
0i1 well activity developed unique traffic characteristics. Specifically,
the yehicle mix included a disproportionate frequency of Tlarge vehicles as
compared to the vehicle mix of many typical farm-to-market (F.M.) roads.

Description of Traffic Characteristics. In Phase I, as previously men-

tioned, oil field traffic characteristics were determined by monitoring
activity at one o0il well site. The results obtained in Phase I indicated a
measurable increase in traffic demand. Additional site observations were
conducted to verify the magnitude of additional traffic. Filmed observa-
tions made at two additional oil well sites further documented vehicle traf-
fic during the development of an oil well. The data was collected using a

Timelapse 3410, Super-8-mm camera equipped with a remote control, single



frame adaptor. As each axle passed over the pneumatic tube, a frame was
exposed, making a valid count of axles possible. In this way, all vehicle
travel was recorded daily.

The vehicles observed entering and leaving the site were classified ac-
cording to axle combination. Table 1 lists the vehicles defined according
to axle combination and corresponding vehicle type code. The vehicle type
code was used to assign vehicle load weights to the various axle configura-
tions. Coding of the vehicle type generally follows the AASHTO classifica-
tion for axle combinations.

Based on the filmed data and on conversations with oil field represent-
atives and the state agencies regulating the production rates, a distribu-
tion of truck types was developed. Table 2 lists the final results of the
well site observations during the construction of the access roads and dril-
1ing phases of the three observed oil well sites. Further review verified
an average time period of 60 days for site preparation and drilling. Given
allowable production rates set by the Texas Railroad Commission, production
truck traffic (35-2 type) was estimated at 150 trucks per month. For the
0il field examined in this study, production traffic is assumed to decrease
at a rate of 50 percent per year. Based on conversations with local oil
field developers, this decrease is considered to be representative of the

actual crude oil production rates in Brazos County.



Table 1. Vehicles Defined According to Axle Combination
and Corresponding Vehicle Type Code.

Vehicle Type

Axle Combinations Code For Axle
Combination

Single-Unit Vehicles

Passenger car . PC

2-Axle, 4 Tires (Pickup Truck) PU-1
2-Axle, 6 Tires (Pickup Truck) PU-2
2-Axle, 6 Tires SU-1
3-Axle SU-2

Multi-Unit Vehicles

2-Axle Tractor, 1-Axle Semitrailer 2-S1
2-Axle Tractor, 2-Axle Semitrailer 2-S2
3-Axle Tractor, 1-Axle Semitrailer 3-51
3-Axle Tractor, 2-Axle Semitrailer ' 3-S2
2-Axle Tractor, 3-Axle Semitrailer 2-S3
3-Axle Tractor, 3-Axle Semitrailer 3-S3
2-Axle Truck, 1-Axle Balance Trailer - 2-1
2-Axle Truck, 2-Axle Full Trailer 2-2
2-Axle Truck, 3-Axle Full Trailer 2-3
3-Axle Truck, 2-Axle Full Trailer 3-2
3-Axle Truck, 3-Axle Full Trailer 3-3
3-Axle Truck, 1-Axle Balance Trailer 3-1
" 2-Axle Tractor, 1-Axle Semitrailer,

2-Axle Full Trailer 2-5S1-2

3-Axle Full Trailer, 1-Axle Semitrailer,

2-Axle Full Trailer 3-S1-2




Table 2. Truck Type Distribution Per Well.

Truck Type = Number of Trucks (60 Day Period) Percent
Su-1 300 22
su-2 150 11
2-S1 ‘ 45 3
3-S2 655 48
2-1 90 7

3-2 or greater 125 9

S 1365 100

18-kip Equivalent Single-Axle Load Repetitions

The study procedure requires the computation of 18-kip equivalent sin-
gle axle load (18-k ESAL) repetitions be applied to a pavement section serv-
ing both its intended-use and the additional oil field traffic. An estimate
of the number of 18-k ESAL repetitions was determined based on Department
loadometer data. Briefly, the total number of trucks in the intended-use
condition were distributed by truck type classification and assigned an ap-
propriate axle load as reported in the 1980 Texas rural highway weight ta-
bles. Each axle load range was converted into 18-kip equivalents, using
equivalency factors for flexible pavements.

The vehicles observed entering and leaving an oil well site were cate-
gorized by axle combination and were distributed across axle load ranges.
To maintain consistency in the analysis, the final distribution was also
based on bepartment axle weight data. This approach prevented biasing the
0oil truck traffic, éince actual axle weights were not possible. The method
was considered "conservative" because it assumed the axle weight distribu-

tion of oil trucks was similar to all other truck combinations. However,

10



many 0il field vehicles must secure overweight permits. Review of the film
data further collaborated the conservative nature of the study. Many of the

axle loads may actually have exceeded the allowable legal limits.

11






DEVELOPMENT OF THE OIL FIELD DAMAGE PROGRAM

AASHO Road Test Equations

The AASHO Road Test conducted in Ottawa, I1linois, in 1960 has been a
major source of pavement performance data. Numerous inferences have been
drawn from this test, including the interim guide equations (2) for the de-
sign of flexible and rigid pavements. This design equation relates the num-
ber of 18-kip equivalent single axle load repetitions required to reach a
predetermined terminal serviceability level for any given pavement struc-
ture, climatic condition, and subgrade soil.

Damage was defined at the AASHO Road Test to be a normalized score
between 0 and 1; when the pavement reaches a terminal condition, the damage
is 1. A "damage function" is an equation which describes how the damage
proceeds from its initial value to jts terminal value and beyond. In the

AASHO Road Test (3), the damage function was assumed to be of the form

| o= 8 (1)
where g = the damage;
N = the number of 18-kip equivalent single axle loads;
p = a constant Which equals the number of 18-kip equiva]éntysing1e
axle loads when g = 1; and
g = a power which dictates the curvature of the damage function.

In the AASHO Road Test, damage was defined as
Pi-P

= — 2
-y (2)

12



where P; = initial serviceability index;
Pt = terminal serviceability index; and
P = present serviceability index.

Values of and .- were found for each pavement section by regressing
the logarithm of damage against the logarithm of 18-kip equivalent single
axle Tloads. Further regression analysis determined how p and B depended
upon the thickness and stiffness of each pavement layer.

This analysis led to the development of the AASHTO flexible pavement
design system, first published as an Interim Design Guide in 1961 and issued
as a revised edition in 1972 (2). A design equation similar to the AASHO
equation-was required for this study in order to predict reductions in pave-
ment life caused by the oil field traffic. However, the AASHTO design
equation is recommended for flexible pavements with a minimum asphalt sur-
facing thickness of 2 inches (3). As such, the researchers expected that
the AASHO equation might not yield satisfactory estimates of pavement life
for the thin surface-treated pavements under investigation in this study.
With a structural number of approximately 1 to 1.5, the AASHO equation pre-
dicts a l1ife for Texas pavements of less than 5000 18-kip equivalent single
" axle loads. However, this is considerably less than has been observed on
"jn-service" thin pavements in the state. For these reasons, it was decided

to develop new performance equations for thin flexible pavements in Texas.

Texas Flexible Pavement Data Base

As the AASHO Road Test drew to a close, one of the strongest recom-

mendations made by the Test Staff was that "satellite" studies should be

13



made in other parts of the country in order to determine, with some objec-
tivity, the real effects of subgrade and climate.

Texas participated in these studies with the establishment of a Flexi-
ble Pavement Data Base (4) containing detailed data on over 400 sections of
pavement. The sections were chosen by a stratified random selection process
which gave a reasonably uniform distribution of pavement type, age, materi-
als, layer thickness, soil types, and climate. Of these 400 sections, 132
were on thin surface-treated pavements on farm-to-market type routes. These
thin pavement sections were chosen for analysis in this study. They typi-
cally carry between 100 and 750 vehicles per day and were constructed with
granular base courses ranging in thickness from 4 to 10 inches. All of
these sections originially had a single or double seal surfacing, and many
have received additional seal coat treatments.

Data collection of these sections started in 1972 when each section's
full construction, maintenance, and traffic history was compiled. Riding
quality (PSI), distress, and skid surveys have been made periodicaliy on all
sections since 1973. In most cases, five or six separate observations have
been made on each section since the survey began. |

During the distress survey, the following eight types of distress were
observed: alligator cracking, transverse cracking, longitudinal cracking,
rutting, raveling, flushing (or bleeding), failures (potholes), and patch-
ing. Each of these were rated for its area and severity of distress accord-

ing to the distress identification manual prepared for the State of Texas

(5)-

14



Texas Pavement Distress Equations

In this study, a different form of damage function was assumed which
produces a sigmoidal (S-shaped) curve, a shape that appears to reproduce
long term pavement distress and performance better than does the assumed
form of the AASHO Road Test damage function (6, 7, 8). The assumed form of

the damage function for Texas flexible pavements is

P B
g =exp - (=
N)
where g = the normalized damage;
N = the number of 18-kip equivalent single axles; and

0s B are constants for each pavement section,

Space does not permit a full description of the analysis undertaken to
produce the pavement performance equations used in this study. However, the
procedure and typical equations have been published elsewhere (9). An over-
view of the proéedure is as follows:

1. For ea;h pavement section, the observed distress and serviceability

index histories were'ana]yzed to determine the values of p and B.
2. Regression analysis, using SAS (10) stepﬁise regression, was then

performed to explain the variations between sections of the same

pavement type. The final regression equations are as shown:

o = f(climate, base thickness, subgrade properties, etc.)

An example equation is given below for rutting area:

p = [-0.1035 + 0.00549 (AVT) 0.00670 (D) - 0.0015 (LL)

+ 0.00162 (PI) + 0.00077 (FTC)] x 106 with RZ = 0.38

15



where AVT = average district temperature °F = 50°F;
D = thickness of flexible base course;
LL = liquid limit of subgrade soil;
PI = plasticity index of subgrade soil; and
FTC = average number of annual air freeze-thaw cycles.

Equations such as the above have been generated for each of the seven dis-
tress types and for present serviceability index. The correlation coeffi-
cients, R2, of these equations, fn general, range from 0.30 to 0.60. For
a few distress types, particularly raveling and flushing, no acceptable
models were found. In these instances, the mean values of p and/or B were
~used for predictive purposes.

Several runs were made to test the validity of predicting pavement per-
formance with these regression equations. Such a prediction using the PSI
equation is shown in Figure 4 for Texas F.M. 556 in District 19, which is a
section in the earlier described TTI flexible pavement data base. This sec-
tion was reconstructed in 1969, and PSI measurements were made in 1974 thru_
1977.

As can be seen from Figure 4, the Texas regression equations fit the
observed data very well. However, the AASHO Road Test Equation does not do
a good job of predicting actual performance. The pavement depicted in Fig-
ure 4 has a Structural Number of approximately 1.0. The AASHO equation pre-
dicted a life until PSI = 1.5 of 5000 18-k ESALs. Under actual traffic
levels, these axle repetitions would be achieved in the first six months of

service.
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Pavement Score. In the AASHO Road Test, damage was defined in terms of

reduction in present serviceability index (PSI). In this study, damage was
made more general by applying it to distress as well as to a loss of ser-
viceability index. Pavement‘condition (damage) was expressed in terms of a
composite index which combines distress with loss in serviceability to pro-
duce a Pavement Score. Several states and agencies, including Arizona,
Florida, Utah, and the U.S. Air Force, are using such a composite index
(11). In general, these indices are used to determine which bavement sec-
tions are most in need of rehabi]%tation, the section with the lowest score
being the one most in need of repair.

Texas also uses this pavement score approach (12). A pavement utility
score {(range 0-1) is calculated using the following equation. The final

pavement score is equal to this utility score x 100:

. Pavement Utility Score = Uprpe @1 X Uprgr 35

Where Upipe = the riding quality utility score of range 0-1;

UDIST = the visual distress utility score of range 0-1; and

a;, a, are weighting factors on each utility score.
The visual distress utility score is further defined as
- b b b b
UDIST (Urut) 1 (Urave]) 2 (Uf1ush) 3 (Ufailures)
b b b
(Ua11ig°) 5 (U1ong.) 6 (Utrans.)

18



Where each Uj value is determined from the visual inspection data and has
a range of 0 to 1, the by are weightfng factors.

Using the Texas definition of pavement score, if any single utility
value becomes 1ow,_the Pavement Utility score will be low. For instance, if
the highway's ride value falls to a critical level, then the pavement score
will drop to a failure 1eve1f Alternatively, a pavement score may reach
failure by a combination of distress types while still maintaining a high
PSI. In Texas, new pavements have a pavement score of 100, and for surface-
treated pavements, failure level is defined to be a pavement score of 35.

With the Texas Pavement Evaluation System (13), this pavement score is
used to determine which strategy should be used to rehabilitate those pave-
ments below minimum score. This is done by examining what are the principal
causes of a Tow pa&ement score. For surface type distresses, (e.g., trans-
verse cracking, raveling, or flushing), a seal coat would be recommended.
For other load associated distress types, (e.g., severe rutting, alligator
cracking, failures or loss in PSI), a sectional or full reconstruction would
be recommended.

0il Field Damage Program. A computer program was written to incorpor-

ate the Texas Pavement Distress Equations and pavement score concepts dis-
cussed above. The input required to make predictions of pavement perfor-
mance are as follows:

o Average daily traffic.

e Percentage of trucks.

e Flexible base thickness.

e Subgrade Atterberg limits (PI, LL), obtained from construction

records or county soil reports.
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e Section maximum dynaflect deflection, obtained from a field obser-
vation or elastic layered analysis.

e Texas county number. For each of the 254 Texas counties, the pro-
gram has stored the relevant climatic data, such as rainfall and
average temperatures.

The program uses the input traffic data to calculate the expected 18-
kip loading for the analysis period (10 years). It then uses the distress
equations to predict pavement condition and hence pavement score for each
year in the analysis period. Whén the pavement score reaches the failure
level (35), the number of months to failure is calculated. Once failure has
occurred, it is then possible to determine which distress types have caused
the reduction in pavement 1life (Figure 5) and, consequently, which
rehabilitation strategy would be most appropriate.

The three curves illustrate the predicted change in pavement score for
paveﬁénts with three different granular base thicknesses. The important
points from this figure are (1) as expected, the thinner pavements require
rehabilitation much earlier, and (2) the most significant distresses on the
thin 4-inch pavements are rutting and loss of PSI, which would indicate that
costly pavement strengthening is required. However, the 8-inch pavement only
requires a seal coat.

The above described work has concentrated on the development of a pre-
dictive procedure to calculate distress values for any level of 18-kip

equivalent single axle loads. The developed computer program has been

20



*3lWL| SNSABA 400§ Judwared G dunbi4

ainjie} Jo asned palodIpaid.

30IAHIS NI SHV3A

6 8 L 9 s ¥ € T L O
~_ 40¢

(svx3l) .mu%_.dw._r%no._ ISd ONILLNY «

JHYO0OS -~~~ —,

wawinn 7

- - = llll....!l..l.lllll.ll.lllluo.v
ONIHSNA .P—_m

utg

« ASNVYHL “DNO1

SHONYL %S
ooV - 1av

409
ut

408

.
F40IS
IN3JN3IAVd

21



extended to permit analysis of what impact oil field development and servic-
ing work will have on pavement performance. A case study describing this

work is presented in the next section.
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STUDY EXAMPLE

As previously discussed, considerable progress has been made since Re-
port 299-1, "The Effects of Oil Field Development on Rural Highways," in
calculating reductions in pavement life associated with oil-related traffic.
It is thought that the following case study is an appropriate method of

demonstrating the potential of the proposed approach.

Site Conditions

An oil field impacted area in Brazos County, Texas, was chosen for this
example. Average climatic data for this county, found by refering to the

States' computerized weather data files, are tabulated below:

Mean Annual Temperature °F 67.7
Thornthwaite Index 4,59
Mean Annual Air Freeze-Thaw Cycles 24.84

Typical subgrade properties are:

Liquid Limit I 41.63

Plasticity Index I 12

23



The range of pavement structural variables (thickness of granular base and
dynaflect maximum deflection) were selected to represent the range of strong
to weak pavements found in Brazos County.

For the purpose of this analysis, the highway was assumed to carry an
intended-use ADT of 500 vehicles/day, 5 percent of which were trucks; its

growth rate was also assumed to be 5 percent per year.

Traffic Analysis

The first phase of the analysis included a calculation of the intended-
use traffic levels over a 10-year analysis period. 0il field traffic levels
were calculated assuming that the highway under investigation began serving
0il field development traffic 1 month after reconstruction; In this ex-
ample, three levels of drilling activity were investigated: 1 well/month, 3
wells/month, and 6 wells/month. A sample of the traffic level predictions
is shown in Table 3.

Table 3. Cumulative ADT and 18-k ESAL Repetitions

for Intended-Use and Intended-Use + 1 0il Well/Month
(Starting in Month 1).

Intended +
Pavement Age __Intended-Use Analysis_ 1 0il Well/Month

Months KD1 18-k ESAL AD1 18-k ESAL

1 7,500 376 12,000 645

12 92,091 4,622 278,091 14,566

36 290,648 14,588 1,292,272 64,742

60 510,040 25,600 2,525,568 124,988

120 1,164,589 658,452 3,843,217 188,093
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Pavement Performance

The traffic levels presented in Table 3 were used with the previously
described regression equations to predict the pavement's present service-
ability index and distress levels under both the intended and intended-plus-
oil-field traffic.

The relationship of predicted present serviceability index (PSI) versus
cumulative 18-k ESAL repetitions for the assumed site conditions is shown in
Figure 6. Two typical base thicknesses (6-inch and 10-inch) for surface-
treated pavements were ca]cu]ated; The resulting "design curves" generally
follow an expected trend of rapid PSI decline on very thin pavements and ex-
tended service on thicker bases.

The reduction in Present Serviceability Index caused by the oil field
traffic is shown in Figure 7. This thin surface-treated pavement with a
6-inch granular base was impacted with oil field traffic 1 month after
reconstruction.

As described earlier, the pavement's life in this étudy had been de-
fined in terms of pavement score, which is a composite index including both
PSI and distress levels. Figure 8 presents the pavement's performance in
terms of reduced pavehent score. The time to failure under each level of
0il field activity is listed in Table 4. |

Table 4. Predicted Time to Failure for 6" Pavement Under Various
Traffic Levels (Drilling Starting in Month 1),

Traffic Level Time to Failure Reduction in Life
(Months) (Months)

Intended + 0 Well/Month 97 0

Intended + 1 Well/Month 29 68

Intended + 3 Wells/Month 17 80

Intended + 6 Wells/Month | - 10 87

25
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As would be expected, the increasing oil field traffic drastically re-
duces time to failure of these thin pavements. Under oil field traffic as-
sociated with a development rate of 1 well/month, the highway life was re-
duced from 97 to 29 months. When the oil field traffic was impacted in
month 1, the newly-reconstructed highway still had a perfect score of 100.
In less than three years, this score had been reduced to the failure level
at which point the highway required total reconstruction.

The analysis of present serviceability index levels and distress levels
at failure indicates that under fntended-use traffic, the primary causes of
the pavement score reaching failure level are surface distress types (trans-
verse cracking, raveling, and flushing). However, under the oil field traf-
fic with its high intensity of heavy traffic, load associated distresses
(rutting and alligatoring) become the primary cause of pavement failure.

These results are not surprising. It is common to find many thin pave-
ments which only require regular reseals to prolong their lives. However,
when these pavements carry much heavier than anticipated traffic, rapid
pavement deterioration can result. The implication of this is that failure
under intended-use traffic will typically require only a seal coat to pro-
long pavement life, whereas failure under intense oil field traffic will
require earlier full reconstruction.

Pavement Age. The study example demonstrated the effects of oil field

truck traffic on a newly reconstructed roadway. The computer program can
also be applied to the effect of oil field traffic on a road at any time in
the pavement's life. This feature allows for the practical consideration of
pavement performance for highways with varying ages of pavement life.

Figure 9 depicts pavement performance over time for a pavement impacted by

29
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the same rate of oil development, but at different points in time. Although
no specific conclusions can be drawn, the program was shown to be useful for

analyzing pavement sections of various ages along a designated route.
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CONCLUSIONS AND RECOMMENDATIONS

This report describes the development of a computer program to be used
in estimating the service life of thin surface-treatment pavement impacted
by oil field truck traffic. The program uses site-specific environmental,
pavement, and traffic data to compare the service life of a light-duty rural
roadway impacted by intended-use and oil field traffic.

Service life of a roadway is usually described by its Present Service-
ability Index (PSI), which is a measure of ride quality. The program com-
putes PSI, but it also computes area and severity ratings for many types of
pavement distress, using distress equations developed from site inspections
of in-service, 1ight-duty rural roadways. These area and severity ratings,
combine with PSI into a single index--pavement score--which acts as a more

complete predictor of pavement condition,

Recommendations for Implementation

The 0il1 Field Damage Program has both assessment and predictive appli-
cations. As an assessment tool, the program can aid officials in allocating
current funds to those roads which are in particular need of maintenance or
reconstruction. Because it describes pavement distress as well as ride
quality, the program can also aid in determining reconstruction stratégies
for impacted roadways.

Predictive applications of the 0i1 Field Damage Program make it suit-

able for determining long-range maintenance and reconstruction needs for
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roadways to be impacted by future oil field development. The versatility of
the program not only would allow a highway agency to predict where work will

be needed, but also the type of work required and when it should be done.

Recommendations for Future Research

In its current form, the 0i1 Field Damage Program determines the impact
of current and future oil field traffic upon light-duty rural highways.
Future research should involve making modifications to the existing program,
enab]ing it to compute the effects of other types of load-intensive,
special-use traffic.

Such a modified program should be "user-friendly" so that persons of
varying technical backgrounds could use it. Its ver§ati1ity and simp]icity
would make it attractive to highway agencies not only within the oil field
regions of Texas but also to those agencies within other specfa]-use truck
traffic development areas. The 0il Field Damage Program in its current form
provides the basic framework for computing the effects of "special-use"

traffic on light-duty roadways.

33



10.

REFERENCES

Mason, J.M., Metyko, M.J., and Rowan, N.J., "The Effects of 0i1 Field
Development on Rural Highways -- Phase I -- Identification of Traffic
Characteristics, Pavement Serviceability and Annual Cost Comparison,"
Research Report 299-1, Texas Transportation Institute, Texas A3M

University, College Station, Texas, February 1982.

AASHTO, “AASHTO Interim Guide for Design of Pavement Structures-1972,"
Washington, D.C., 1972.

Appendix G, "The AASHO Road Test," Report 5, Highway Research Board
Special Report 61E, Publication No. 954, National Academy of Science-
National Research Council, Washington, D.C., 1962, pp. 307-322.

Mahoney, J. P. and Lytton, R. L., "Measurements of Pavement Performance
Using Statistical Sampling Techniques," Research Report 207-2, Texas
Transportation Institute, Texas A&M University, College Station, Texas,
March 1978.

Epps, J. A., Meyer, A. H., Larriemore, 1. E., and Jones, H. L., "Road-
way Maintenance Evaluation User's Manual,” Research Report 151-2, Texas
Transportation Institute, Texas A&M University, College Station, Texas,
September 1974.

Sharma, M. G., Kenis, W. J., Larson, T. D., and Gramling, W. L., "Eval-
uation of Flexible Pavement Design Methodology Based Upon Field Obser-

_vations at PSU Test Track," Proceedings, Vol. 1, Fourth International

Conference on Structural Design of Asphalt Pavements, Ann Arbor,
Michigan, 1977, p. 158.

Darter, M. I., Snyder, M., B., and Smith, R. E., "Development of a
Nationwide Concrete Pavement Evaluation System," Final Report, National
Cooperative Highway Research Program Project 1-19, University of
I11inois, Urbana, I1linois, 1980.

Lytton, R. L., and Garcia-Diaz, A., "Evaluation of AASHO Road Test
Satellite and Environmental Studies," Final Report, National Coopera-
tive Highway Research Program Project 20-7, Task 17, Texas Transporta-
tion Institute, Texas A&M University, College Station, Texas, May
1981.

Lytton, R. L., Michalak, C. H., and Scullion, T., "The Texas Flexible
Pavement Design System," Paper presented at the Fourth International
Conference on Structural Design of Asphalt Pavements, Netherlands,
August 1982.

"SAS User's Guide 1979 Edition," SAS Institute Inc., Box 8000, Cary,
North Carolina, 27511.

34



11.

12.

13.

"Collection and Use of Pavement Condition Data," NCHRP Synthesis of
Highway Practice 76, National Research Council, Washington, D.C., July
1981.

Lytton, R. L., et. al., "Rehabilitation and Maintenance System: State
Cost Estimating Program," Research Report 239-4, Texas Transportation
Institute, December 1980.

"Maintenance Management System: Pavement Evaluation System," Detailed
Design Document, Texas State Department of Highways and Public Trans-
portation, August 1979.

35



APPENDIX A

Page
Documentation of the Program. « « « « « o ¢ o o o o o o o o o o o o o o 37
Description of Case Study Example . « . « o ¢ ¢ v o o v v v 0 0 0 0 v 37
Fiow Chart of 0il1 Field Damage Program . « « « « « « o o o + + « + 38
Preparation of Input Data . . « « « « ¢ o ¢ o o o « e e e e e s e s . 40
FILEPL « v v o o o o o o o o o o s o o o s s s oo oooeeeoe 40
Extracts From FILEPl . . . . . . . e e e e e e e e e e e e

FILEPZ o o v v e e o e e e e e e e e e e e e e e s A2

User-Supplied Input File (FILE@2). . . . . . . . e e e e e e 42
Final Contents of FILEP2 . . . . . e e s e e e e e e e e e e e 46
Running the Program . . « . « « . . . e e e e e e e s e e e e e e e . 46
Program LiSting . « & v ¢ o o o ¢ o o o o e 0o e e e e e e e s e e e 48

Main Program o« o« o o o o o o o o o o o s s o o o o o o o o o o o .49
“Output for 1 Well/Month. « « « v v v v v v o o o o o o o oo o +80
Output for 3 Wells/Month . . . v v ¢ ¢ v o o o 0 o o o v o v o o . 84

Output for 6 we] ] S/Month . L . . L] . L4 L] L] L d L] L] L] L . . . L] * . * 88

36






A GUIDE TO RUNNING THE OIL FIELD DAMAGE PROGRAM

Documentation of the Program

This section describes the 0il Field Damage Program which has been de-
veloped under Project 299-2. A flow chart of the program is given in Figure
A-1, and a complete listing is presented at the end of this appendix. The
flow chart has been limited to describing the functions of the main sub-
routines and arrays used in the program. Description of the program vari-
ables is presented in the program comments.

In order to demonstrate how to run the program, a case study will be
presented whidh describes the preparation of the input data and the required
Job Control Language. The program was run on an Amdahl 470 V/6 machine at
Texas A&M University with the FORTRAN 77 compiler. This configuration is

compatible with the Texas Highway Department's requirements.

Description of Case Study Example

The program to be run demonstrates the effects of 0oil field traffic on
an F.M. route in Brazos County (county number 21). The highway currently
carries an intended use traffic of 500 vehicles/day, 5 percent of which are
trucks. A 5 percent growth in ADT is estimated to be appropriate for this
section. The highway structure consists of a 6-inch flexible base layer on
top of a sandy/clay subgrade with a Liquid Limit of 41.63 and a Plasticity

Index of 12.0.
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Figure A-1. Flow Chart of 0i1 Field Damage Program,

( START )

Y

INITIALIZE

Set Program Switches

Read each county's environmental
data from FILEQL

Read each section's input data
from FILE@2

Y

Build TRAF(120,4)
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1 accum. ADT intended-use
2 accum. ADT intended + oil field
j=3 accum. N18 intended-use
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I on o~

(4

TRAFIC calculates the N18
associated with current ADT
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4

EXTRACT TR(NYR,4)

At the months inputted into MON(NYR),
the TR{NYR,4) array is extracted
from TRAF(120,4)
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Figure A-1. Flow Chart of 0i1 Field Damage Program (cont.).

CALCULATE DAMAGE AND PAVEMENT SCORE

Do for Intended-Use and Intended + 0il Field Traffic

Do for NYR months

DAMAGE returns in DIS(15) array the pavement PSI and distress
levels at each month chosen (MON(1) to MON(NYR))

When severity levels exceed 10 percent, the area ratings are
loaded into the RX array to be used in pavement score
calculation

UTLTY1 calculates the Adjusted Visual Distress Utility Score
UTLTY2 calculates the Serviceability Utility Score

UTLTY4 calculates the Maintenance Cost Utility Score
(a function of the predicted area of patching)

Calculate pavement score, PESC

If PSCE < minimum score (MINSCR)
Y ‘ N

Calculate month of failure

Write out results

END
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The highway is to be impacted with the following oil field traffic:

Month 0il Field Number of
Development Starts Wells Drilled

e o v P WN
e 8 e e e

=]

At the beginning of the analysis period, the highway is presumed to be in
perfect condition, with zero distresses present and a present serviceability

index of 4.20.

Preparation of Input Data

‘The program reads input data from the following two files:
FILEPL (FTPIFPPL, fixed file NOT user supplied)
This file contains the required environmental data for each of the
254 counties in Texas, one county per record. Table A-1 below shows the
first five and last five records from this file, which are the required

environmental data for counties 1 through 5 and 250 through 254.
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Table A-1. Extracts From FILEOL.

1 12.5 3.57 4.82 0.900 76.7 65.4
2 -39.3  1.14 8.48 0.637 77.8 63.3
3 11.7 3.60 3.81 0.430 78.1 66.7
4 -10.3 3.10 0.610 0.167 78.0 70.6
5 -16.2 2.35 5.83 0.854 76.3 63.9
250 9.81 2.59 9.73 1.16 73.4 60.0
251 -25.5 1.41 10.5 0.715 74.1 58.7
252 -14.9 - 2.48 ~ 8.77 0.800 76.9 63.7
253  -40.1 1.63 0.886 0.182 84.6 72.9
254  -30.2 1.87 1.61 0.117 82.7 71.0

The format of this record is as follows:

1. County Number . Columns 2-4

2. Thornthwaite Index Columns 8-12
3. Rainfall Per Month Columns 18-22
4. Freeze-Thaw Cycles Per Month Columns 28-32

5. Wet-Freeze-Thaw Cycles Per Month Columns 38-42

6. Mean Maximum Temperature Columns 48-52

7. Mean Average Temperature Columns 58-62
Note that the program reads only the following from this file: the
Thornthwaite Index, the rainfall per month, the freeze-thaw cycles per

month, and the mean average monthly temperature.
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FILEP2 (FTP2F@P1, user-supplied)

This file, which is supplied by the user, contains all information
relating to the section under analysis. The complete file for the pavement

section described above is shown below in Table A-2.

Table A-2. User-Supplied Input File (FILEP2).

35

1.5 50. 30. 80. 30. 80. 30. 50. 50. 70. 30. 70. 30.
PSI RUTTING RAVELINGFLUSHINGALGR+PATLONG CRKTRNS CRK

21 6.00 1.55 12.0 41.63

1 6 12 24 36 60 72 84 96 108 120
OILFIELD TRAFFIC MODEL -- SURFACE TREATED PAVEMENT .

500. 5.0 5.0 50.0

060

001 001

002 001

003 001

004 001

005 001

* *

*»
%*

* ¥ *
* % *

060 001
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The individual card-images are defined as follows:
CARD 1 MINSCR 12

This is the minimum score permissible for the section under analysis.
This is normally fixed at 35 as defined in the Department's Pavement Evalu-

ation System for this type of pavement.

CARD 2 DISLIM (16) 16F5.0 |

These values are limits for each of the distress types. Initially they
were to be used to specify possible pavement failures as well as to deter-
mine the minimum pavement score. For instance, using these limits, it would
be possible to set a maximum value for the amount of rutting allowed on a
pavement before failure is defined to occur, or it would be possible to pre-
dict minimum values of PSI. Note that this option is not used in the cur-
rent program. Pavement failure is defined solely in terms of pavement

score. This card should not be changed when running the current program.

CARD 3 FAIL (7) 7A8
This card gives the names of the distress limits set on Card 2. This

information is not used in the current version of the program.

CARD 4

This card contains the following pavement-specific information:
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L Name - ~ Code ] Columns Format
County Number CTY 1-3 I3
Thickness of Flexible Base Layer FLEXL 4-13 F10.2

(inches)
Dynaflect Mean Deflection (mils) DMD 14-23 | F10.2
Subgrade Plasticity Index PI 24-33 | F10.2
Subgrade Liquid Limit LL 34-43 F10.2

Suggested values for the Dynaflect mean deflection are 1listed below; the

mean pavement deflection was 1.55 mils with a standard deviation of 0.49

mils:
Weak Pavement (N+ o) =2.04 mils
Medium Pavement (N) = 1.55 mils
Strong Pavement (N - g) = 1.06 mils

. The subgrade soils information can readily be obtained from county soil

survey maps.

CARD 5 MON(I) 1615

These are the months at which the pavement damage and score are to be
calculated. The value of NYR, which is hardwired into the program, defines
the number of months to be read in. Currently, NYR is set to 11, and

MON(1) = 1, ..., MON(11) = 120.
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CARD 6 HEAD(T) 10A8

This is the heading to be printed for this particular run.

CARD 7

This card contains the following intended use traffic data:

VR R _
Name Code Columns Format
Average Daily Traffic ADT 1-8 F8.0
Percentage Trucks PCTTRK 9-13 F5.1
Growth Rate Per Year GROWTH 14-18 F5.1
Percentage of ADT in Design Lane § PCTLNE . 19-23 F5.1

| -

CARD 8 NDATES I3

NDATES is the number of dates in which oil field activity started.
Note ‘that there are NDATES cards which follow this card, each giving month

number and number of wells started that month.
CARDS 9-68 IDATE, NWELLS, (I3, 1X, I3)

There are NDATES of these cards, in this example NDATES = 60. Hence,

there are 60 cards each containing:
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IDATE month number in which oil field development activity starts;

]}

NWELLS = the number of oil wells started in that month.

Table A-3 contains the final contents of FILE@Z.

Running the Program

The following job control language has been used to run the program on

the Amdahl at the Texas A&M University Computer Center.

//BRAZOS JOB (W250,505A,55,2,BS),'OILFIELD'
//EXEC FORTVCLG,FVREGN=1024K

//FORT.SYSIN DD *

C

C

C

(program goes here)
END
//GO.FTO1F001 DD DSN=USR.W250.BS.FILEO1 ,DISP=SHR
//GO.FT02F001 DD DSN=USR.W250.BS.FILEO2 ,DISP=SHR
/*END ' : ‘ :
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