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ABSTRACT 

This study identifies oil field traffic and provides an estimate 

of annual cost associated with a reduced pavement serviceability. 

Identification of o.il field traffic through site specific observation 

provides the basis for the ·investigation. The study includes a de

scription of traffic duringthe development of an oil well, an estimate 

of reduced pavement service under these operating conditions, and an 

estimate of increased annual pavement cost due to oil well traffic. 

The evolution of an oil. well was photographically documented. 

This film documentation ·provided both a count of the number of axles 

and an identification of the physical characteristics of the vehicle. 

Axle weights were estimated using standard IIW-Tables ll for Texas rural 

highways. These estimates were converted to equivalent 18 kip single 

axle (18KSA) load repetitions. 

Three main components of the analysis procedure include a pavement 

analysis, traffic analysis, and an estimate of traffic generated by an 

oil well. A resur·facing interval for a low volume bituminous surface 

treated p·avement was determined by comparing the estimated cumulative 

traffic demand with the terminal pavement serviceability of the pave

ment section. 

Comparison of the resurfacing intervals resulted in a reduced 

pavement life; a· further comparison was made of the respective annual 

cost per mile of roadway. The difference between the estimated annual 

costs constituted a unit capital loss due to increased oil field traf

fi c. 
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SUMMARY 

The principal objectives of this study were to identify the pri

mary phases of development of an oil well, describe the vehicle-mix 

du ri ng the development, and est imate an annual cost associ ated wi th a 

reduced pavement life. Five general activities comprise the sequential 

development. The activities include site preparation, rigging up, 

drilling, completion, and production. These primary stages are typical 

operations associated with the development of any oil well. 

Traffic generated by the drilling of an oil well was recorded 

using photographic equipment. A total of 22,923 single axle repeti

tions were recorded by a 8mm movie camera. Peak volumes of up to 350 

vehicle per day occurred during the rigging stages. Approximately 200 

Vehicles per day were present during the drilling phase. An average 

dai ly traffi c of 150 vehi cl es per day was observed over the 73 day 

filming period. The aver.age daily traffic is estimated at 50 vehicles 

per day once the production phase stabil i zes. 

Truck combi nat ions made up 14 percent of the tra ffi c mix. du ri ng 

the filming period. Seven (7) percent of the total traffic mix con

sisted of the 3-S2 (tractor-semitrailer) type. Since actual axle 

weight measurements were not possible in this study, the observed truck 

counts were distributed across the axle load ranges complied by the 

State and listed in the axle load distribution tables ("W-Tab1es ll
). 

When converted to 18 kip single axle repetitions, 945 equivalent load 

repetitions were estimated in the design lane at the oil well site for 

the first year. 
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When the oi 1 well tra ffi c repet it ions (945) are added to the i n

tended use 18KSA load repetitions (445), 1390-18KSA load, repetitions 

result after one year of service. The concept of pavement serviceabil

ity developed at the AASHO Road Test was then used to determine a re

duction, in pavement service life due to this increased traffic demand. 

An increased annual cost of $12,500 per mile was estimated for a 

low volume (250 ADT), light duty (1/2 inch bituminous surface treatment 

on a 6 inch foundation base course)' pavement section. This cost con

sidered only a capital investment for a surface treated pavement and 

the cost to resurface the pavement for the intended use conditi~n. The 

initial pavement placement cost was estimated at $61,000/ffiile and 

$8,600/ mi le for a future seal coat surface treatment. It was' further 

assumed that oil production would last at least 3 years. Final pave

ment design may actually necessitate the reconstruction of a higher 

type pavement to cost-effectively serve the increased traffi c demand 

gen~rated by u It i mate oil fi e 1 d development. 

Oil field traffic occurring simultaneously with a growing intended 

use traffic demand dramatically reduces the expected service life of 

low volume F.M. roadways. While the range of impact will vary among 

roadway locations, the increase in annual costs is a "separab1e cos,t" 

that can be attributed to oil field related traffic. 
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IMPLEMENTATION STATEMENT 

Previous investigations of roadway pavement deterioration have address

ed state-wide needs. None of the past research has considered the impact of 

localized oil field traffic. The basic problem is that existing methods 

u sed to exami ne roadway rehabil itat i on needs are defi ci ent in assess i ng 

regi on~ 1 impacts created by speci ali zed development. Thi s study provi des 

site specific information to help fill that void. 

The results of this analysis serve as a prediction of roadway damage 

under similar conditions. Collected data are helpful to the engineer 

responsible for the maintenance and rehabilitation of the roadway. This 

study also provides the basis for estimating the effects of oil field truck 

traffic on a low volume farm-to-market (F.M.) roadways in other oil produc

ing counties in Texas. This estimation demonstrates the need to anticipate 

the costs of rehabilitation, restoration, and resurfacing on rural highways 

carrying vehicles associated with the continual operation of oil fields. 

DISCLAIMER 

The views, interpretations, analysis, and conclusions expressed or 

implied 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 

The Problem' 

The oil embargo of the early 1970s dramatized the dependence of the 

United States on foreign oil production. Curtailment of crude shipments 

demonstrated that oil produci ng nati ons are a primary source of economi c 

control. The unfavorable consequences of import reliance encouraged our 

country to strive for energy self-sufficiency. In an attempt to realize 

this independence, oil exploration is being accelerated, dormant wells 

rejuvenated, and trapped deposits reclaimed. Thes'e successful ventures 

have increased domestic production throughout the oil pool area of the 

Gulf States. The efforts have resulted in the enjoyment of the benefits 

of economic growth. An adverse effect of this intense activity, how

ever, has been the physical destruction of the pavement surface on the 

highways serving the productive oil fields. 

The hi ghways and farm roads in the oil produci ng counties of Texas 

were not initially constructed to endure the impact of intense oil field 

truck traffic. A condition of persistent rehabilitation was not antici

pated under norma 1 operat i ng situat ions, and a restoration cost was not 

normally accounted for in the planning of maintenance. Since typical 

traffic characteristics and usual vehicle distributions are not applica

ble to roadways carrying oil field traffic, there is a need to determine 

the definitive elements of the oil field traffic demand. 

Traffic volume and vehicle weight are important contributing vari

ables in the design of a roadway pavement. Once the types and number of 

trucks are established, various traditional methods may be used to de

termine an adequate and economic pavement thickness. Because the traf

fic on rural roads serving the oil fields is atypical, it is necessary 
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to identify the characteristics of oil fieid equipment operating on the 

rural highway system. Identification of the vehicle mix and the associ

ated pavement damage can be documented and ultimately used to assess the 

degradation of service~ 

Objecthes 

The goal of this research was to examine the effects of oil field 

traffic on Texas highways. In working toward this goal, several sepa

rate investigations are envisioned. Objectives of this particular study 

phase include: 

1. Identification of the primary stages in the evolution of an 

oil well. 

2. Description of the vehicle-mix during the development of an oil 

well. 

3. Estimation of increased annual cost associated with reduced 

pavement serviceability on a low volume roadway. 

State-of-the-Art 

An extensive literature search, consisting primarily of a TRIS-ON

LINE (Transportation Research Information Service) computer search and a 

physical search of the literature published by the Transportation Re

search Board, federal, and state highway research agencies, did not re

veal research that examined the specific effects of petroleum production 

on low volume roadways. There are, however, numerous studies that 

address other influencing and associated factors. Those related to this 

investigation fall into the following major categories: 
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• Vehicle Size and Weight Limitations 

• Pavement Rehabilitation Analysis 

• Pavement Man'agement 

Existing literature has addressed pavement damage costs on a gener

alized basis, usually relating statewide needs to a representative sam

ple of traffic demands. The consensus of each report has been the need 

to collect and analyze'data on a site specific level. If the recommend

ed strategi es 'and i nnovati ve computer model s are to become more 

effective in predicting future conditions, future research must consider 

the influence of unique traffic demands. The findings of this research 

begin to satisfy these needs by examining the effects of oil field 

'traffic on low volume roadways. 
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STUDY PROCEDURE 

Identification of oil field traffic through site specific observa

tion provided the basis for the overall analysis. The study procedure 

included a description of traffic during the development of an oil well, 

an estimation of reduction ·in pavement life under these operating 

conditions, an estimate of an increase in annual cost due to a reduced 

pavement serviceability. The investigation addressed the following 

basic considerations: 

• Evolution of an Oil Well 

• Description of Traffic Characteristics 

• Pavement Serviceability/Annual Cost Analysis 

Evo1~t1on of an Oil Well 

The transportation related activity occurri.ng during the evolution 

of an oil well is established through a process of continuous monitor

ing. Monitoring included daily site visits to talk with servicing com

panies and the .field representative. The evolution of the well was 

documented with traffic counts of vehicles entering and leaving the 

site. Specific information was provided using a super 8-mm camera to 

photograph vehicles as they entered or left the site. The camera, 

actuated by a pneumatic tube, signaled individual frame exposures. This 

procedure provided a count of the number of axles and an identification 

of vehicle characteristics. A historical evolution of the oil well site 

is reported based ~on conversations held at the site with field 

representat ives and on the $UPP 1 emental photographs taken du ri ng the 

duration of the project. 
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Texas Railroad Commission. Ultimate development of an oil field 

is regulated by the Texas Railroad Commission and basically consists of 

a series of individual production wells. Optimum production of the re- . 

sources, consistent with the geological structure of the reservoi r, is 

. also controlled by the Commission OJ. The control ;'s primarily enforc-

ed through spacing requirements for wells. The rule, identified as 

IIRule 37. Statewide Sp'acing Rule,1I is partially cited as follows (.£): 

(A) (1) No well for oil, gas or geothermal resource shall 
hereafter be d~il1ed nearer than twelve hundred (1200) feet 
to any we'll completed in or drilling to the same horizon on 
the same tract or farm, and no well shall be drilled nearer 
than four hundred sixty-seven (467) feet to any property 
lease line, or subdivision line; provided that the Commis~ 
sion, in order to prevent waste or to prevent the confisca:" 
t i on of property, may grant except ions to permi t dri 11 i ng 
within shorter distances than above prescribed when the Com
mission shall determine that such exceptions are necessary 
either to prevent waste or to prevent the confi scat i on of 
property. 

Exceptions to the rule can be filed with proper justification. The 

a forement i oned di stances are cons i dered mi nimum di stances to provi de 

standard development on a pattern of one (I) well to each forty (40) 

acres in areas where proration units have not been established (.£). 

Pooling ·of two or more small tracts to form a drill site in connection 

wi th a program of uniform we ll-spaci ng can also be authori zed by the 

Commission. This method is used to prevent waste, protect correlative 

rights, and to avoid unnecessary wells (1). 

The Commission also determines the allowable production of oil for 

each month. Each field in the state is given a IIMaximum Efficient Rate ll 

(MER) of production (1). The primary effort of the Commission is to 

conserve and allocate the amount of oil produced. Avoiding rapid 

depletion or oversupply of crude assures the state of maximum benefits 

that can be derived through reasonable regulation. 
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Operational Stages. Fi ve genera 1 act i vi ties comp ri se the sequen-

tial development of a production well. These include: 

1. Site Preparation 
2. Ri ggi ng-Up 
3. Drill i ng 
4. Riggfng-Down/Completion 
5. Product ion 

Stage 1 through 4 wi 11 exi st whether the well is abandoned or' conti nues 

into production. As such, the impact of any drilling operation will 

place additional traffic on the surrounding roadways. 

Study Site. Each fundamental stage of oil well activity develops 

unique traffic characteristics. Specifically, the vehicle mix comprises 

a disproportionate frequency of large vehicles, as compared to typical 

operating conditions on many farm-to-market roads. In order to identify 

the types of vehicles serving an oil field area, a potential oil well 

site was sought. 

Following several conversations, permission was granted by a pri-

vate,investor to monitor,theactivHy at an oil well site. The oil well 

site is located on the Kurten Field Annex, Bryan, Texas. Fortunately, 

the entrance to the secured site occurs at the termi nus of an' exi sti ng 

roadway, where there is no through traffic, and the site cannot be 

accessed from any other poi nt in the surroundi ng area. As such, the 

study site was virtually access controlled.' A location map is shown in 

Figure 1 and schematic plan of the study site is depicted in Figure 2. 

Two servicing'companies occupy the properties adjacent to the imme

diate terminus of the existing roadway. Occasional vehicles traverse 

the termi nus of the roadway to access their respective properties. 

These trips are minimal and were "adjusted out" in the analysis proce

dure. 
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Fi gure 1. Location Map for Oil Well Site. 
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· The well site is situated in a rural area on open pasture land. 

After removing overburden and topsoil, a 6-inch limestone base was 

placed and compacted to serve as the access road. Thi s crushed stone 

access road abuts the terminus of an existing bituminous surface road

way. 

Site observations began on April 13, 1981 with the clearing and 

grubbing operation. A "Super8 mm" camera was installed on April 20, 

1981 with the arrival of the first limest~ne gravel haul truck.Natu

ral production began on May 28, 1981 with a final depth of hole at 

approximately 8500 feet. Filming continued for a total period of 

73 days •. The entire photographic record was supplemented by continuous 

site visits by the researchers. 

Description of Traffic Characteristics 

Description of vehicle traffic during the development of an oil 

well was provided through site specific observations. The basic intent 

of this task was to answer the following questions: 

1. What types of vehicles are used at an oil well site? 

2. What is the frequency of travel? 

3. When are these vehicles used? 

4. What are the axle confi gu rat ions of the trucks serving the 

well site? 

Monitoring Equipment. The data collection equipment i.s port-

able, easily assembled, weatherproof, reuseableand required a rela

tively low initial investment. Approximately $500.00 was expended to 

purchase all items. The individual components include: 



1. Camera 

2. Power Source 

3. Housing Unit 

4. Pneumatic Tube/Air Switch 

5. Pneumatic Tube/Traffic Counter 

Daily Site Vhits. The study site was visited on a daily basis 

to confirm security and the operation of the equipment. A site 

observation form was used to maintain consistency in reporting 

developmental changes. This form is 

Photographic color slides were taken 

included in the Appendix. 

of the various stages of 

. development.· Vehicles, equipment and accessories, and site conditions 

were also photographed. If the situation permitted, conversations were 

held with the drilling supervisor and field service representatives. 

In many instances, the ·working environment was not conducive to casual 

conversati on. 

Intervi ews. Several attendant servi ci ng compani es were subse-

quently interviewed. These meetings provided supplemental information 

regarding type of service, frequency of travel, vehicle characteristics 

and materi al transported. A prepared questi onnai re was used to record 

responses and general comments. The questi onnai re is included in the 

Appendix. In most cases, the answers to the various questions resulted 

in mere approximations and estimates. The interviews primarily aided 

in distinguishing the stages of operations and the purpose of the ser

vice company. 

Data Reduction.. The data collected at the oil well site were 

compiled using a Timelapse 3410 Super 8 projector equipped with a 

remote control Single frame adaptor. On each visit to the site, the 

observer signaled the camera and recorded the date and· time of day. 
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Since the camera operated 24 hours a day, each new day (approximately 

6: 00· a.m.) was obvi ous to the film observer. Although the site en

trance was not illuminated, the configuration of vehicles entering at 

night was distinguishable. Headlight, sidelight, and taillight posi

tion provided enough evidence to establish a general vehicle classlfi

cation. Since a frame is exposed upon each axle application, a valid 

count of axles was possible and daily record of vehicle travel was 

established. 

The various vehicle classifications were tabulated on a standard 

form. This form is included in the Appendix. A "self-check" was 

created by noting whether the vehicle was entering (1) or leaving the 

site (0). Each day's tabulation was summarized and checked for logical 

completion, i.e., any vehicle entering the site must eventually leave, 

either the same day or later. Finally, the various stages of develop

ment were determined based on the daily log~ 

Vehicle Classification. The vehicles observed entering and 

leaving the site were classified according to axle combination. Table·· 

1 lists the vehicle$ defined according to axle combination· andcorre

sponding vehicle type code. The vehicle type. code is used on the film 

reduction tabulation and eventually for assigning vehicle load weights 

to the various axle configurations. Coding of the vehicle type gener

ally follows ·the AASHTO classification for axle combinations; however, 

for additional segregation and specialized cases, the PU-l and PU-2 

coding was developed. 

Reliability of Filmed Observations. A "total count II traffic 

counter was installed at the site as a means to check the operation of 

the camera. The traffic count values were used to "rough" check the 
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reduced film counts. Nine rolls of film were used to monitor the traf

fic. A detailed check was made of the seventh roll of collected data. 

This fi 1m recorded 0; 1 well traffic from May' 30, 1981 to June 12, 1981. 

The reduce~ film data indicated 3,431 axle repetitions and the traffic 

counter recorded 3,544 axle repetitions. The counter record exceeded 

the camera count by 3.29 percent. While minor camera failure may have 

occurred during this time period, the difference between the counts was 

negligible and therefore recording capability of the camera was consid

ered acceptable. 

Frequency of Travel During Observation Period. Because minor 

descrepancies may exist with the collected data, only the axle repeti

tions actually verified by the developed film were used in the ana1y-. 

sis. Any vehicles not associated with the oil well were excluded from 

the record. The study site was vi rtual1y access controlled and there

fore non-oil well related traffic was minimal. 

A total of 22,923 total single axle repetitions were recorded by 

the camera. Axle repetitions were highest during both the rigging up 

and rigging down phase of the oil well development. Cumulative percent 

of axle repetitions increased rather uniformly during the first 50 days 

of development; the rate of accumulation decreased during the produc

tion stage~ 

A total of 10,353 vehicles were recorded by the camera. The aver-

age daily traffic over the 73 days of camera data was approximately 150 

vehicles' per day. Specific information on the daily traffic pattern is 

shown in Figure 3. Peaking characteristics of 300-350 vehicles per day 

occurred in the rigging up and rigging down stages. During the actual 
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Table 1. Vehicles Defined According to Axle Combination 
and Corresponding Vehicle Type Code. 

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

Axle Combinations 

Single-Unit Vehicles 
Passenger car 
2 Axle-4 Tires (Pickup Truck) 
2-Axle-6 Tires (Pickup Truck) 
2-Axle, 6 Tires 

3-Axle 

Multi-Unit Vehicles 
2-Axle Tractor, I-Axle Semitra il er 

2-Axle Tractor, 2-Axle Semitra il er 

3-Axle Tractor, I-Axle Semit ra il e r 

3-Axle Tractor, 2-Axle Semitrailer 
, 

2-Axle Tractor, 3-Axle Semitra il er 

3-Axle Tractor, 3-Axle Semitra il er 

2-Axle Truck, I-Axle Balance Trailer 

2-Axl e Truck, 2-Axle Full Tra il er 

2-Axle Truck, 3-Axle Full Trail er 

3-Axl e Truck, 2-Axle Full Tra il er 

3-Axle Truck, 3-Axle Full Trai 1 er 

3-Axl e Truck , I-Axle Balance Trailer 

2-Axle Tractor, I-Axle Semitrailer, 
2-Axle Full Trailer 

3-Axle Full Trailer, I-Axle Semitrailer 
2-Axle Full Trailer 

13 

Vehicl e Type 
Code For Axl e 
Combination 

PC 
PU-l 
PU-2 
SU-l 
SU-2 

2-S1 
2-S2 
3-S1 
3-S2 
2-S3 
3-S3 
2-1 
2-2 
2-3 
3-2 
3-3 
3-1 

2-S1-2 

3-S1-2 



drilling process volumes of up to 200 vehicles per day were recorded. 

It should be noted that this magnitude of volume is generally consider

ed as the typical average daily traffic on a low ·volume F.M. roadway 

serving only its intended use trafficl 

A review of the calendar days indicated that Saturdays generally 

followed the same trend as weekday traffic. On Sundays, the traffic 

decreased to approximately 100 vehicles per day. During the production 

stages, weekend traffic appears minimal. 
I 

Figure 4 provides a frequency distributibn of vehicles per day 

with a central tendency between 100 and 200 vehi cl es per day. The 

cumulative percent of vehicles (Figure 5) depic~s a rather uniform rate 

of traffic activity between the rigging up stage and completion phase. 

A slower uniform rate is experienced in the production stage. 

Distribution of vehicles by code type classification is shown. in 

Figure 6. Passenger cars and pick-up trucks co~prised approximately 86 

percent of the total vehicles mix; truck cqmbi~ations approximately 14 
I 

percent, with almost 7 percent including the 3~S2 (semi-trailer) type. 

This total truck percentage js almost three times the anticipated truck 

percentage on low volume farm-to-market roadways. 

Percent of trucks classified by vehicle type code is illustrated 

in Figure 7. Multi-unit vehicles made up 68 percent of the truck com

bination with the semi-trailer combination (3-S2 or » comprising 

almost half of the truck population. These axle combinations contrib-

uted to the majority of the axle load repetitions. The number of 

trucks is further catgorized by commodity in Figure 8, and the percent 
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distribution of each descriptive type is shown in Figure 9. These 

trucks are basically of the 3-52 type and were approximately evenly dis

tributed. The specialized truck combinations comprised 6 percent of the 

multi-unit vehicles. 

The aforementioned observations must be cautiously viewed as being 

a conservative estimate of well drilling traffic.· The well site moni

tored in this study was developed with no special drilling problems. No 

intense IIfracturing ll , lIacidizingll, or IIreworkingll was necessary as is 

required 'of some wells. This hole was considered a II cl ean find ll and. 

resulted in a textbook drilling sequence. The findings of this study 

should be viewed with these considerations in mind. 

Traffic Characteristics Beyond Observation Period. In order to 

collect other data, the camera and road tubes were moved to a new loca

tion. Traffic beyond the 73 day observation period consisted mainly of 

"tankers (3-52 type). Conversations with the fuel hauler and lease 'own

ers indicated that 1 or 2 trips per day are anticipated during the pro

. duction phase. 

A review of the film during the early stages of production, site 

visits, and interviews indicates the approximately 52 tan.kers visited 

the site over 34 days. Therefore, an estimate of 1.5 (3-S2) trucks per 

day is used to project the remaining 292 days of a full year. This 

results in an estimated 876 trucks entering and leaving the well site 

beyond the observation period. 

Pavement Serviceability/Annual Cost Analysis. 

The axle repetitions of the heavy vehicles occurring during the de

velopment of an oil well' were used to estimate a reduction in pavement 

service. Since traffic volume and vehicle weight are impQrtant contrib-
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uting variables in the life of a roadway pavement, the analysis of pave

mentservi ceabil ity was used to assess the degradat i on of servi ce due 

pavement failure. 

A concept of "separab1e costs" was then used to estimate an annual 

expenditure due to oil field traffic. The attempt was to segregate ~osts 

directly attributable to the use of the roadway by a special group of 

vehicles. It is assumed that these costs would not be fncurred if those 

vehicles did not use the roadway. 

Since. the time intervals between resurf.acing varies considerably 

among pavement structures, a comparison of cost is difficult unless the 

costs can be compared to an identical time base. A common and tradi

tional base of comparison in the highway field is the calculation of an 

equivalent uniform annual cost. The annual cost so found, if charged at 

the end of each year for the assumed life span, will repay the initial 

investment with interest. 

The result of the' annual cost comparison is an estimate of a sepa

r~ble cost above an intended expediture. Basical1y~ the Department 

accepts, and would anticipate, an annual cost associated with the roadway 

serving. its intended purpose. The difference between an anticipated 

annual cost, and the cost due to increased traffic. demand, is the one 

attributable to oil field traffic. 

An extension of the fi ndi ngs of thi s invest i gat ion is the abil ity 

to demonstrate the potential impact of additional wells drilled in an 

oil field area. The documentation and identification of the unique vehi

cle demands serve as a prediction of roadway degradation under similar 

conditions. Anticipation of the impacts may justify alternative design 

and maintenance procedures used in an oil field area. 
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ANALYSIS 

The effect of oil field traffic on a low volume roadway was evalu

ated based on pavement servi ceabil ity. Havi ng determi ned the traffi c 

characteristics associated with an oil well, a comparison of annual 

costs to provide a "suitable" pavement surface was made. The compari

son was between the intended design traffic, volume, and the atypical 

oil field demand volume. 

Three main components of the procedure included a pavement analy

sis, traffic analysis, and an estimate of traffic generated by an oil 

well~ The conceptual fr~mework is shown in Figure 10. The structural 

capabilities of a bituminous surface treated pavement were determined 

for an intended use situation. Similarly, the projected traffic demand 

was estimated for a typical low volume F.M. roadway. Respective 18 kip 

Single axle (l8KSA) repetitions were calculated for each analysis. The 

rehabil i tat ion i nterva 1 for a bitumi nous surface treated pavement was 

then determined. This was done by comparing the estimated cumulative 

traffic demand with the terminal pavement serviceability of the intend

ed use pavement section. 

The traffic characteristics of a Single oil well served as the 

basis for defining the anticipated traffic attracted to a new ,well. 

These characteristics were used to estimate the associated axle load 

repetitions. The number of 18 kip single axle repetitions were calcu-

1 ated for an oi 1 well. A cumu 1 at i ve 18KSA value was estab 1 i shed for 

the well served by the F.M. road over the analysis period. Since a 
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F.M. road would continue to serve both the intended use traffic and the 

attracted oi 1 field traffic, the 18KSA intended use repetitions were 

combined with the 18KSA oil field traffic to represent the total 18KSA 

app 1 i cat ions over a study sect i on. The general servi ceabi 1 ity of the 

existing pavement, under this combined impact, was examined over the 

same analysis period as the intended use condition. 

Comparison of the resurfacing intervals over the design period for 

the two 18KSA repetitions (intended use and intended use plus oil field 

traffic) indicated a reduction in pavement . life; therefore, a further 

comparison was made of the respective total annual .costs. The 

difference between the estimated total annual costs constituted a unit 

capital loss due to increased traffic, namely, oil field truck traffic. 

This loss of value represents a consumption, or expenditure of capital, 

that must be borne by the Department and the general publ i c. These 

costs consider only the cost of an initial pavement structure and seal 

coat resurfacing, and do not include costs associated with a complete 

pavement reconstruction, vehicle damage, or accidents. 

The basic considerations of the analytic procedure included the 

following: 

• Pavement Analysis - Intended Use 

• Traffic Analysis - Intended Use 

• Oil Well Traffic Analysis 

• Pavement Serviceability 

• Reduction in Service Life 

• Annual. Cost Comparison 
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Data collected at the study site and conversations with Department 

personnel were used in the development of this procedure.· Occasional 

assumpt ions and estimates were necessary i nl i eu of specifi c i nforma

t ion. 

Pavement Analysis - Intended Use 

Farm-to-market roads in Texas are built for an intended use char

ac.terized by low traffic volumes and light weight vehicles. These F.M. 

roads are typically constructed as a bituminous surface treated pave

ment. As such, this analysis assumed a 1/2-inch crushed stone bitumj·

nous surface· course (seal coat), over a 6-inch foundation base course 

(local run), representative of an initial pavement structur~. A second 

1/2-inch seal coat then served as the intended rehabilitation. 

Pavement Serviceability. The objective of the pavement analysis 

was to determine the 18KSA repetitions sustained over the intended use 

period. One traditional procedure for defining a pavement's ability to 

serve traffic is the calculation of a Serviceability Index (~). The 

serviceability-performance concept is the basic philosophy of the 

AASHTO Guide for the design of pavement structures, and is used a~ the· 

basis for this analysis. Pavements are designed for the level of ser

viceability desired at the end of the selected traffic analysis period, 

or after exposure to a specific total traffic volume. 
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Selection of the terminal serviceability index (Pt) is based on 

the lowest index that will be tolerated before resurfacing or recon

struction becomes necessary (~) •. The specific values for Pt vary 

with the type (class) of· roadway. A terminal serviceability index of 

2.5· is suggested as a gu·ide. for design of major highways, and 2.0 for 

highways with lesser traffic volumes (~). A lower terminal service

ability value of 1.5 was chosen at the AASHO Road Test for the bitumi-

nous surface treatments. In this analysis, a standard value of 4.2 is 

assumed as the initial serviceability, and 1.5 as the terminal service-

ability index for a F.M. roadway surface. 

Structural Capability. The flexible pavement design equation 

deve loped at the AASHO Road Test was used in thi sana 1ys is. The 

pavement design expression follows: 

10g[(p-Pt)/(p-1.5)] 
log Wt = 9.36 log (SN+1) - 0.20 + + 

18 0.40 + [1094/(SN+1)5.19] 

1 
log - + 0.372(Si-3.O) 

·R (1 ) 

The assumed input values for the various structural parameters 

represent generalized site conditions. It was beyond the intended 

scope of this study to take physical measurements on the basic factors. 

However, the assumed values were based on sound engineering judgement. 

Se 1 ect i on of the specifi c values was made in such a manner so as to 

not bias the capabilities of a particular pavement structure. In each 
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case, the magnitude of the value conforms to the intended. use of a 

typical F.M. roadway. 

Determination of 18KSA Repetitions • . The flexible pavement design 

equation (1) was used to express the number of 18KSA load repetitions 

required to reach a predefined terminal serviceability level (Pt). 

Assumed input values for both the initial pavement structure and the 

overlay seal coat are shown in Table 2. In this analysis, the pavement 

cross secti'on was consi dered the gi ven; therefore, the pavement struc

ture was analyzed to estimate sustained 18KSA repetitions. Following 

this determination, a comparison was made between the sustained 18KSA 

repetitions and the anticipated traffic volumes. 

Using the AASHTO equation (1), 1420 - 18KSA load repetitions were 

determined for the initial pavement structure. An additional 2180 -

18KSA load repetitions were calculated considering a seal coat rehabili

tation. An estimated total 3600 - 18KSAload repetitions was considered 

the anticipated capacity of a typical F.M. road under intended use con

ditions. 

Traffic Analysis - Intended Use 

The pavement analysi s was based on a constructed typi cal pavement 

section; the traffic analysis assumed a low traffic volume condition • 

. In each proced~re, the level of analysis corresponded to an anticipated 

intent of an F.M. roadway. 
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a 
b 

Table 2. Assumed In'put Values for Initial and Seal Coat 
Pavements. 

Variable Initial Structure Seal Coat 

ala 0.20 0.20 
a2b 0.14 0.14 
a3 
°1 0.5 1.0 
°2 6.0 6.0 
03 
SN 0.94 1.04 
P 4.2 4.2 
Pt 1.5 1.5 
R 1.25 1.25 
Si 5.0 5.0 

Low stabil ity - surface course. 
Crushed stone. 
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Traffic Conditions. An ADT of 250 was selected and considered 

representative of a low volume farm-to-market traffic condition. 

Additional assumptions of traffic conditions follow: 

o Percent Heavy Trucks: 1%, 

o Annual Traffic Growth: 3% per year, and 

o Traffic Split: 50/50 on design laneS. 

Determination of 18KSA Repetitions. . The following calculations 

demonstrate the procedure used in estimating the annual 18KSA 

repetitions on the assumed F.M. roadway. 

Number of Trucks = 250 vehicles/day x .50 (vehicles in the 

design lane) x 365 days/year x .01 (percent 

trucks) 

= 456 trucks in the design·lane per year. 

In order to talculate the annual 18KSA repetitions on a low volume 

F.M. roadway, some. estimate of the distribution of axle loads must be 

assumed. One technique followed in the structural design of a roadway 

pavement is to rely on Department loadometer data. Thes~ data are com

plied on an annual basis at various loadometer locations throughout the 

state. The results are tabulated as "W-Tables" (See Appendix). 

The percent distribution of various truck types is shown in Table 

3. These values are derived from the 1980 W-5 tables for all rural 

roads in Texas. Table 4 lists the estimated number of trucks in each 

truck type classification for the intended use traffic analysis. These 
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Tab 1 e 3. Percentages of Trucks for 1980 on Rural Texas 
Hi ghways. 

Truck Types 

Si ng1 e-Unit 

Total Trucks Weigheda 

2 Axle, 6 Tires 
3 Axle or More 

Tractor-Semi-Trai1er 
3 Axle 
4 Axle 
5 Axle or More 

Semi-Trai1er-Trai1er 
5 Axle 
6 Axle or More 

Truck and Trai1erb 
3 Axle 
4 Axle 
5 Ax1 e or More 

Total Vehicles Weighed 

aFrom W-5 Tables for 1980 

bprobab1e number combinations 

32 

535 
139 

43 
191 

2646 

88 
8 

79 . 
79 
79 

3887 

Percent 
(Rounded) 

14 
4 

1 
5 

68 

2 

2 
2 
2 

100 



Table 4. 'Determination of Number of Trucks in Each Class 
for Intended Use Traffi cAnalysi s. 

Number of 
Truck Types 1980 Percentages Trucks 

Si ngl e-Unit . 
2 Axle, 6 Tires 14 64 
3 Axl e or More 4 . 18 

Tractor-Semi-Trailer 
3 Axle 1 5 
4 Axle 5 23 
5 Ax 1 e or Mo re 68 310 

Semi-Trailer-Trailer 
5 Axle 2 9 
6 Axle or More 

Truck and Trailer 
3 Axle 2 9 
4 Axle 2 9 
5 Axle or More 2 9 

Total 100 456a 

a Total number of trucks in the design lane per year. 
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trucks were di stri buted across appropri ate axl e load ranges by thei r 

respective percentage distribution. The percent distributions' are 

found in the W-4 Tables (See Appendix). The number of trucks in Tabl. 

4 were mutliplied by the respective precentage in each weight class 

for each truck combination. A summary of the distribution of single 

and tandem axle loads for the intended use analysis can be found in 

the Appendix. The result of this calculation was the number of axle 

repet it ions for each wei ght category. The factors to convert the 

various weight classes into 18KSA equivalents are also listed in the 

Appendix. The calculation of 18KSA loads for the intended use is 

demonstrated in Table 5. This total represents the estimated 18KSA 

repetitions during the first year of intended use service. 

An estimate of the projected 18KSA repetitions is determined· 

assumi ng an annual traffi c growth rate of 3 percent. The projected 

repetitions are presented in Table 6. 

Evaluation of Pavement Analysis and Traffic Analysis - Intended 

Use. The pavement serviceability was calculated independent of the 

intended traffi c demand. Results of the pavement ana lys is i ndi cated 

that 1420-18KSA load repetitions should be sustained by the initial. 

pavement structure; an additional 2180-18KSA load repetitions are 

possible after the first seal coat rehabilitation. An estimated total 

3600-18KSA load repetitions was considered the a~ticipatedcapacity of . 

a typical F.M. road under the intended use condition. 

The traffic analysis .computations indicated that an estimated 445 

_ 18KSA load repetitions can be assumed during the first year of ser

vice. Cumulative 18KSA repetitions for an 8 year period are shown in 
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Table 5. Determination of 18KSA Loads--Intended Use Analysis. 

Axle Loads 
In Pounds 

Representative 
Axle Load (5) 

Equivalency 
Factor a 

No. of 
Axles b 

Equivalent 
18KSA 

-------------- --- ~--------~-----J-- ----------.J------- 1----------

Single Axle 
Under 3,000 
3,000 - 6,999 
7,000 - 7,999 
8,000 - 11,999 

12,000 - 15,999 
16,000 - 18,000 
18,001 - 18,500 
18 , 501 - 20, 000 
20,001 - 21,999 
22,000 - 23,999 
24,000 - 25,999 
26,000 - 29,999 
30,000 or Over 

Tandem Axle 

Under 6,000 

6,000 - 11,999 

12,000 - 17,999 

18,000 - 23,999 

24,000 - 29,999 

30,000 - 32,000 

32,001 - 32,500 

32,501 - 33,999 

34,000- 35,999 

36,000 - 37,999 

38,000 - 39,999 

40,000 - 41,999 

42,000 - 43,999 

44,000 - 45,999 

46,000 - 49,999 

50,000 or Over 

2,000 
5,000 
7,500 

10,000 
14,000 
17,000 
18,000 
19,000 
21,000 
23,000 
25,000 
27,000 

4,000 

9,000 

15,000 

21,000 

27,000 

31,000 

32,000 

33,00-0 

35,000 

37,000 

39,000 

41,000 

43,000 

45,000 

48,000 

0.005 
0.025 
0.070 
0.320 
0.795 
1.000 
1.285 
1.980 -
2.670 
3.710 
6.085 . 

SUBTOTAL 

0.008 

0.030 

0.110 

0.360 

0.670 

0.760 

0.870 

1.140 

1.470 

1.875 

2.435 

3.120 

3.860 

5.130 

SUBTOTAL 

TOTAL 

aPt = 1. 5 , Fie x I b I ePa ve men t ( ~) 
b From dlstrl.butlon table for Intended use analysis 

35 

8 
114 

55 
356 -

49 
16 

3 
8 
4 
3 
o 
o 
o 

616 

o 
81 

120 

91 

141 

63 

20 

44 

58 

32 

20 

12 

6 

o 
o 
o 

688 

1304 

SAY 

0.6 
1.4 

24.9 
15.7 
12.7 
3.0 

10.3 
7.9 
8.0 

o 
o 
o 

84.5 

o 
0.6 

3.6 

10.0 

50.8 

42.2 

15.2 

38.3 

66.1 

47.0 

37.5 

29.2 

18.7 

o 
o 
o 

359.2 

443.7 

445 



End of Year,n 

1 
2 
3 

4 
5 
6 
7 

8 

a i =.03 

Table 6. Cumulative 18KSA Repetitions -
Intended Use Analysis. 

Growth Factora 

(1+i)n-1 

1 
1.03 

1.06 
1.09 
1.13 
1.16 
1.19 . 
1.23 

36 

Annua 1 18KSA 
Repetiti ons, 
Design Lane 

445 
458 ; 

472 
485' 

503 

516 
530 
547 

Cumulative 
18KSA 

Repetit ions 

445 
903 

1375 
1860 
2363 
2879 
3409 
3956 



Table 6. These cumulative values are plotted in Figure 11. Given the 

assumptions of the traffic analysis, a load of 1420-18KSA is accumulat

ed after approximately 3.2 years, and a load of 3600-18KSA is accumu

latedafter approximately 7.5 years. These values represent the re

spective initial life and first seal coat life of a typical F.M. road-

way for its intended use condition. 

Conversations with the Department indicate a practical verifica

tion of the pavement life estimated by this analysis. A 2 to 4 year 

period is generally considered the anticipated life for the initial 

pavement section of a low volume F.M. roadway. The first seal coat can 

extend the pavement life to approximately 8 years before additional 

rehabilitation is necessary. Since the prediction of pavement life is 

not finite, the results of the analysis appear to be in suitable agree

ment for the intended use con~ition. 

Oil Well Traffic Analysis 

Traffic characteristics of a single oil well served as the basis 

for defining the anticipated traffic generated by a new well. The num

ber of 18 kip single axle repetitions was calculated using the reduced 

film data plus an estimate of activity during the production phase. A 

cumulative 18KSA value was established for one Year (365 days). Since 

a typical F.M. road must serve both an intended use traffic and the 

added oil field traffic, the combined effect of both conditions was 
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used to determine the annual 18KSA load repetitions applied to the F.M. 

road pavement section. An estimate of the resulting pavement service

ability was then calculated •. The following demon.strates the computa

tional procedure. 

Determination of 18KSA Repetitions. A summary of the number of 

trucks in each vehicle class is provided in Table 7. One immediate 

observation is that the one well attracted 1102 trucks in the design 

lane. This is approximately 2.4 times the estimated 456 trucks in the 

design lane per year assumed in the intended use condition. 

The observed truck counts were distributed across the axle load 

ranges by their respective percentage distribution. To maintain con

sistency in the analysis, the percent distribution again corresponded 

to the values found in the W-4 Tables (see Appendix). This approach 

prevented biasing the oil truck traffic, since actual axle weights were 

not taken. The method was considered "conservative" because it assumed 

the axle weight distribution of oil trucks was typical of all other 

truck combi nat ions ope rat i ng on the Texas hi ghway syst~m. Compari son 

and interpretation· of the findings are on the same basis, and therefore 

protected. Further, the axle weight method is conservative because 

many oil field vehicles mu~t secure overweight permits to legally oper

ate on the hi ghway. It is suspected that many of the axl e loads actu

ally exceed the allowable legal load limits. 

A summary of the distributions of single and tandem axle loads for 

the 73 day observation period and 292 day projection of the oil well 

traffic are found in the Appendix. The 292 day truck projection is 

b·ased on the 1.5 trip/day average prev·iously described. The total 

single and tandem axle load distributions are listed in Table 8. These 

axle loads were converted into 18KSA equivalents. The determination of 
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Table 7. Summary of Truck Counts for 
Each Vehicle Classification. 

Number of Trucks 
___ ~Days) ---

Vehicle Type Vehicle Code Number of 
Axles 73 Days 292 Days 

Observation Estimate 

Single Unit 

SU-1 2 259 0 

SU-2 >3 166 0 

Tractor + Semitrailer 

2-S1 3 11 0 

2-S2 4 71 0 

>3-S2 >5 647 876 

Semitrailer + Trailer 

2-S1-2 5 0 0 

3-S1-2 >6 0 0 

Truck + Tra il er 

2-1 3 10 0 

2-2 4 145 0 

>3-2 >5 18 0 
1327 876a 

TOTAL NUMBER OF TRUCKS OBSERVED AND ESTIMATED = 2203/1102 In Design 

Lane 

a 1.5(trips/day) x 2(Enter + Exit Site) x 292 days = 876 
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Table 8. Total Number of Axles in Each Road Class for 365 Days. 

I I--_AX_I 6S_. L_oad--,-S _( PO_Un_d) ---+-l ____ Nu_mb_er _Of_AX_1 e_s ------JI > 

Single Axle 

Unde.r 3,000 
·3,000 - 6,999 

7,000 - 7,999 
8,000 - 11,999 

12,000 15,999 
16,000 - 18,000 
18,001 - 18,500 
18,501 - 20,000 
20,00·1 - 21,999 
22,000 - 23,999 
24,000 - 25,999 
26,000 - 29,999 
30,000 or Over 

Tandem Axie 

Under 6,000 
6,000 - 11 ,999 

12,000 - 17,999 
18,000 - 23,999 
24,000 - 29,999 
30,000 - 32,000 
32,001 - 32,500 
32,501 - 33,999 
34,000 - 35,999 
36,000 - 37,999 
36,000 - 39,999 
40,000 - 41,999 
42,000 - 43,999 
44,000 45,999 
46,000 - 49,999 
50,000 or Over 

73 Day Distribution 

31 
469 
191 
917 
163 

33 
8 

15 
10 

7 
0 
0 
0 

0 
196 
327 
214 
396 
136 

45 
95 

133 
73 
44 
30 
16 
3 
2 
0 
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292 Day Distribution 365 Days 

0 31 
438 907 

O. 191 
438 1355 

0 163 
0 33 
0 8 
0 15 
0 10 
0 7 
0 0 
0 0 
0 0 

0 0 
876 1072 

0 327 
0 214 
0 396 
0 136 
0 45 

876 971 
0 133 
0 73 
0 44 
0 30 
0 16 
0 3 
0 ~ 

0 0 



18KSA loads for the oil well traffic is shown in Table 9. This total 

represents the estimated 18KSA repetitions during 365 days of activity 

at the oil well site. 

Evaluation of Oil Well Traffic Analysis. The 945 design lane 

equivalent 18KSA applications demonstrates the impact one oil well can 

have on a low ~olume rural roadway. Based on the assumptions used so 

far in this analysis, one oil well attracts 2.12 times more 18KSA 

repetitions than anticipated in the intended use condition. 

Figure 12 shows the historical distribution of total 18KSA repeti

tions at the oil site during the observation period. Three distinct 

peaks occurred, fi rst duri ng the constructi on of the access road, then 

during rigging up, and also at rigging down stage. These three stages 

comprised 34.6% of theperiod's total 18KSA repetitions. Table 10 

·shows the percent 18KSA repet it ions du ri ng each stage of development; 

daily application rates are also calculated. The daily rates for the 

access road construction, rigging up, and rigging down indicated mark

edly high application rates. Total cumulative. 18KSA repetitions over 

the duration of the observation is depicted in Figure 13. 

The data presented in Figure 13 is helpful in analyzing cumulative 

18KSA repetitions for oil wells at various stages of their development. 

If a roadway section adjacent to a similar type well is to be evaluated 

for effects oil well traffic, and its stage of development can be iden

tified, the cumulative 18KSA repetitions up to that point in time can 

be estimated. Subtracting.this cumulative value from an estimated 

total cumulative value (prior to the production stage) would provide an 

estimate of future anticipated repetitions. 
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Table 9. Determination of 18KSA Loads--Oll Well Traffic. 

Representative Equivalency No. of
b 

Equivalent 
s Ax I e Load ( 5) Factor a Axles 18KSA Axle Loads In Pound 

Single Axle 

Under 3,000 2,000 31 0.0 

3,000 - 6,999 5,000 0.005 907 4.5 

7,000 - 7,999 7,500 0.025 191 4.8 

8,000 - 11,999 10,000 0.070 1355 94.9 

12,000 - 15,999 14,000 0.320 163 52.2 

16,000 - 18,000 17,000 0.795 33 26.2 

18,001 - 18,500 18,000 1.000 8 8.0 

18,501 - 20,000 19,000 1.285 15 19.3 

20,001 - 21,999 21,000 1.980 10 19.8 

22,000 - 23,999 23,000 2.670 7 18.7 

24,000 - 25,999 25,000 3.710 0 0.0 

26,000 29,999 27,000 6.085 0 0.0 

'30,000 or Over 0 0.0 

SUBTOTAL 248.4 

Tandem Axle 

Under 6,000 4,000 0 0.0 

6,000 - 11,999 9,000 0.008 1072 8.6 

12,000 - 17,999 15,000 0.030 327 9.8 

18,000 23,999 21 ,000 0.110 214 23.5 

24,000 - 29,999 27,000 0.360 396 142.6 

30,000 .,. 32,000 31,000 0.670 138 92.5 

32,001 - 32,500 32,000 0.760 45 34.2 

32,501 -33,999 33,000 0.870 971 844.8 

34,000 - 35,999 35,000 1.140 133 151.6 

36,000 - 37,999 37,000 1.470 73 107.3 

38,000 - 39,999 39,000 1.875 44 82.5 

40,000 - 4.1,999 41,000 2.435 30 73.1 

42,000 - 43,999 43,000 3.120 16 49.9 

44,000 - 45,999 45,000 3.860 3 11 .6 

46,000,- 49,999 48,000 5.130 2 10.3 

50,000 or Over 0 0.0 

SUBTOTAL 1642.3 
TOTAL 1890.7 

DESIGN LANE 945.4 = 945 

a Pt = 1.5, Flexible Pavement ( 6) 
b From distribution table for Intended use analysis 
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. Table 10. . 18KSA Repetitions at Oil Well Site. 

Stage o( Development 18KSA Percent Average Daily 
. Repet iti ons 18KSA 

Access Road 149 13.7· 49.67 

Rigging Up 161 14.8 40.25 

Drilling 236 21.7 . 11.80 
,j::>. 

U1 
Rigging Down 66 6.1 66.00 

Completion 88 8.1 17.60 

Production 388 35.6 11.41 

TOTAL 1088 100.0 
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Pavement Serviceability 

18KSA R~petitions for First Year. Since a typical F.M. road 

must serve both an intended use traffic and the attraCted oil well 

traffic, the 18KSA intended use repetitions were added to the 18KSA oil 

well repetitions to represent the total 18KSA application.s over a study 

section. If the position taken is to examine the least effects of oil 

well traffic, it can be assumed that the development of the well occurs 

during the first year of pavement life. This assumes full structural 

benefit from the roadway pavement. Further, only one we.ll is assumed 

to be developed during the 7.5 years of service. The combined 18KSA 

repetitions during the first year equals 445 + 945 = 1390 - 18KSA 

applications. 

18KSARepetitions for Production Beyond the First Year. Calcula

tion--365 Days/year x (1.5 visits/day x 2 (for round trip) = 1096 

trucks/year. 

It was assumed that half (548 trucks) will not be loaded upon 

entry to the site, therefore there will be 548 single axles· in the 

3,000 to 6,999 pound range and 1096 (2 x 548) tandem axles in the 

6,000 to 11,999 pound range. These axl e wei ghts were based on a 

Department IS estimate of unloaded vehicle weight. Likewise, it was 

assumed that the remaining tracks will be partially to fully.loaded 

when leaving the site. This will place 548 single axles in the 8,000 

to 11,999 pound range and 1096 tandem axles in the 32,501- 33,999 

pound range. These axle weights were based on maximum legal axle 

weights of 12,000 and 34,000 pounds respectively. 

47 



If the praduct lve phase extended beyand the fi rst year, the· ex

pected 18KSA repetitians in the design lane wau1d be increased by 502-

18KSA per year far one well. The value af 502-18KSA repetitions per 

year assumes that the tankers (3-S2) will cantinue to visit the well 

site at an average of 1.5 trips per day. 

Reduct 1 on 1 n Servi ce Li fe 

If the intended use 18KSA 1aad repetitians (445) are added to. the 

ail well traffic repetitians (945), 1390 - 18KSA 1aad repetitians 

result in the first year. The cumulative effect af intended use traf

fic plus cumulative .ai1 well traffic is depicted in Table 11. If no. 

additiana1 wells are drilled during the expected service life (7.5 

years), the net effect of the drilling and praducing af ane well is a 

reduced .service life af 4.2 years. In anather manner, the first reha

bilitatian is required in year 1.0, rather than year 3.2; the secand 

rehabilitatian is needed in year 3.3 versus year 7.5. Figure 14 graph

ically depicts the last in pavement utilizatian. 
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Table 11. Cumulative 18KSA Repetitions. 

Cumu 1 at i ve- Cumulative Cumulative 
Year Intended18KSA Oil Well 18KSA Oil Well + Intended Use 18KSA 

1 445 945 1390 
(1. 03) (1420)a 
2 903 1447 2350 

3 1375 1949 3334 
(3.3) (3600)a 
4 1860 2451 4311 

5 2363 

a Initial pavement capability 1420 - 18KSA 
Seal coat capability 2180 - 18KSA 

3600 - 18KSA 

Annua-l Cost Compari son 

The effect of" a reduction_ in service life was _ examined by estimat

ing the annual cost of providing a suitable pavement surface. - This cost 

considers only the investment cost of the roadway pavement structure, and 

does not include costs associated with vehicle wear, accidents, or other 

related adverse consequences of a vehicle operating on an unsuitable 

pavement surface. 

The annual cost compari son was performed by convert i-ng the costs of 

capital improvements (initial pavement cost) and resurfacing, into equiv

alent uniform annual costs using a capital _ recovery factor (CRF). The 

single payment cost for resurfacing, at some specific year in the 

future, was also considered in the- calculation. This is done by lJIeans 

of the single payment present worth factor (PWf). 
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The annual cost formula for analyzing pavement service life CD is given 
as: 

(2) 

where C = annual cost for pavement per mile, 

n = analysis period (time between initial construction and second 

resurfacing) in years, 

CRF = uniform capital recovery factor = 

I = initial cost of pavement per mile, 

R1 = first resurfacing cost per mile, 

i (1 + i )n 

(1 + i)n_1 
(3) 

n1 = number of years between initial construction and first 

resurfacing, 

1 PWF = si ng1 e payment present worth factor = ---n
1 

i = interest rate = 12%. 

n 
(l+i)l 

(4) 

Intended Use Conditi on. The annual cost for a 250 ADT F .M. roadway is 

calculated assuming the following: 

n = analysis period = 7.5 years 

CRF = i (1 + i}n 

(1 + i)n_1 -

I = $61, 100/mil es 

Rl = $8,600/mi1e 

n1 = 3.2 years 

= .12(1.12)7.5 = 

(1.12)7.5_1 

0.2096 

PWF = 1 = 1 ---"'--- = 0.6958 

(1 + i)n1 (1.12)3.2 

C = CRFn [I +(R 1 x PWF n1 )] 

= 0.2096 [$61,100 +($8,600 x 0.6958)] 

= $14,OOO/mile 
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Oil Well Traffic Condition. The annual cost for a 250 AOT F.M. 

roadway also serving one (1) oil well is calculated assuming the follow-

i ng: 

n = 3.3 years 

CRF = i (1 + i)n 

(l+i)n-1 
= 

.12(1.12)3.3 

(1.12)3.3 -1 
= 0.3846 

I = $61,100/mile 

R1 = $8,600/mil e 

n1 = 1.0 years 

PWF = 0.8929 

C = CRFn[ I +(R1 x PWF n1 )] 

= 0.3846[$61,lUO +($8,600 x 0.8929)] 

= $26,500/mile 

Oifference 1n Annual Cost. 

$14,000/mile 

$26,500/mile 

Intended Use Condition 

Oil Well Traffic Condition 

$12,500/mile Increased Annual Cost 

This increase in annual pavement cost reflects the impact of one oil 

well on a low volume, light duty F.M. pavement section. 

Although this. increase in annual cost demonstrates the effect of 

one oil well, the practical impact must also be addressed. It is unre-

alistic to consider restoring a pavement to its intended use condition. 

Once a "find" is made., a field is vigorously developed and the demand 

traffic volumes simultaneously increase as ultimate development is 

pursued. If the axle repetitions are simply considered multiplicative, 
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the end result is a losing battle using minimal maintenance tech

niques. 

In reality, there exists a need to determine what pavement struc

ture is necessary for a design condition that will provide an accept

able level of service for future demand. The future demand must con

sider both the growth in intended use traffic as well as ultimate de

velopment of a particular field. These considerations are the primary 

objectives of the future research effort. 
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CONCLUSIONS AND RECOMMENDATIONS 

As the countryl's need for petroleum continues, efforts to produce 

and reclaim additional crude oil will also continue. This desire for 

energy self-sufficiency encourages the development of new oil fields. 

These ventures have resulted in the enjoyment of the benefits of eco

nomi c growth. The people, a.nd the technology they have developed are 

commended for their achievements. However, there is an associated cost 

that needs to be recogni zed. The rehabil itati on of the roadways pro

viding service to the oil wells is a cost that has not been accounted 

in the cost of petroleum production. 

Roadway networks ·throughout the state of Texas carry numerous 

types of commercial vehicle traffic. Each commodity shares in the cost 

of provi di ng an acceptable roadway pavement. The design, or intended 

use, of a particular facility will serve its original intent for some 

period of time. The system can fail due to numerous envi romental 

changes, but it is in serious jeopardy when subjected toa traffic con

dition well beyond its intended purpose. 

Unfortunately, the burden of the associated costs has fallen on a 

state agency al ready obl i gated with a host of mai ntenance responsi bil i

ties. Any attempts at predicting and anticipating needed financial 

resources and expenditures can aid in the planning and distribution of 

allocated funds. The estimates developed in this. study provide site 

specific information to assess the impact of oil field traffic on low 

volume roadways. 
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Recommendations for Implementation 

The findings of this study can be used in existing computer models 
1 

that calculate the effects of trucks on Texas highways. Researchers 

responsible for the modification of these prediction models need site 

specific data· to improve the capabil ities of existing computer pro

grams. The supplemental information collected in this research identi-

fies and describes the unique traffic characteristics of oil field 

related traffic. These traffic volumes and' axle configurations are 

required input variables in the NULOAD and REHAB computer models. 

Although ·t.he synthesized version of the two programs is currently in 

progress, it is anticipated that it will have the potential to analyze 

site specific probl ems. As such, the particul ars of oil well traffic 

should prove beneficial in efforts aimed at improving the simulation 

capabilities of the model. 

The analysis prQcedure developed in this research can be used to 

assist in anticipating roadway damage under similar conditions. Prac-

tical application of the results of this research is possible at the 

district level of the Department. Generally, the impact of reduction 

in service to the motoring public is felt initially at the local level. 

Administrative, maintenance, and design engineers at a district office 

can use the findings reported in this research to anticipate a measure 

of increased traffic demand along low volume roadways serving an oil 

field area. 
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While a reduction in pavement life is inevitable, the effects of 

increased cost should not be ignored. In a time of financial auster

ity, justification for additional allocations is mandatory. If ratio-

nal analysis is coupled with convincing evidence, the Department will 

be able to adequately respond to the needs of a District. 

Phase II Considerations 

This Interim Report summarizes the findings of the initial Phase 

of the research. The goal of Phase I was to begin to identify and 

describe oil field traffic through site specific observation. Addi-

tionally, a preliminary estimate of the reduction in pavement service 

life was developed. The primary purpose of these reported findings is 

to document the impact that one oil well can have on a low volume, 

surface treated pavement •. 

Because the collected data are 1 imited, efforts to improve the 

comprehensiveness. of the data are the main objectives of the current 

Phase II considerations. The following briefly summarizes the objec

tives recommended by the Technical Advisory Committee: 

1. Monitor additional well sites to provide an improved data 
base. 

2. Examine the results of the initial findings using the Texas 
Distress Equations. 

3. Further cost analysis should consider the following alterna
tives: 
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1. Do IInothi ngll but provi de mi nimum mai ntenance. 

II. Restore pavement to lIintended use ll condition. 

I II. Provide a pavement structure to accommodate the newly 
developed traffic -- consider a 10 year projected life of 
oil development. 

IV. Provide a pavement structure in anticipation of a 20 year 
potential demand. 

4. In cooperation with the Texas Railroad Commission, pursue the 

collection of pertinent information that can benefit. the 

Department. This is to be accomplished by identifying activi-

ty centers, reviewing permitting procedures, and development 

of IIreasonablell traffic projections. 

Interpretation 

The interpretation of the results of the initial phase must con

sider the inherent assumptions of the analytic procedures. Although 

the study is limited in scope, the conceptual argument is considered 

sound. The added utility of the research findings may be demonstrated 

using the Texas Distress Equations. Additional pavement sections, at 

various lIages ll , with different intended use situations, can then be 

evaluated. 

Recommendations for Future Research 

Future research needs relative to the investigation undertaken in 

this study may be categorized into three types as follows: 

1. Actual axle weight measurements. 

2. Pavement service life. 

3. Other unique traffic demands. 

57 



• 

Actual Axle Weight Measurements. The use of loadometer data is 

typical in the design of roadway pavement structures. However, if the 

concept of "separable costs" is pursued, qualified axle weights and 

repetitions must be representative of the va.rious vehicles used in each 

special category. 

Pavement Service Life. While research is presently addressing 

the distribution of pavement service life on existing roadways, road

ways carrying oil field traffic need to be identified. Data on these 

roads can be used to calibrate the models to better represent the ef

fects of oil field traffic. 

Other Unique Traffic Demands. Oi 1 field traffic is not the only 

commodity that impacts on the'highway system. Special activities with 

unique traffi c characteri sti cs must be assessed to determi ne the ef

fects their operations have on existing or intended use roadways; The 

timber industry, lignite mining, gravel haulers, etc., each develop 

unique traffic demands. These activities must be identified, their 

developmental operation defined, resulting traffic characteristics 

described, and the consequences analyzed on a equivalent basis with all 

other roadway users • 
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Site Observation Fonn - Kurten Field Annex 

By: ---------,-. Date: 

Time: 

Weather: 

STAGE OF OPERATION:· 

CONTRACTOR NAME: 

ADDRESS: 

FIELD REPRESENTATIVE: 

(List others as applicable): 

DESCRIPTION OF EQUIPMENT/MATERIALS USED OR DELIVERED (TRADE NAME): 

61 



VEHICLES USED TO TRANSPORT EQUIPMENT/MATERIALS (TRADE NAME): 

Number of Axles: 
Height: 
Width: 
Length: 

NUMBER OF TRIPS (FREQUENCY OF VEHICLES): 

APPROXIMATE WEIGHT (LOADED & UNLOADED): 

SPECIAL NOTES: 

CHECK SITE EQUIPMENT: 
Counter Reading _________ _ 

Fi 1m in Camera 

Security of System 
Condition of System -------
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INTERVIEW QUESTIONNAIRE BY: 
DATE: _____ _ 

Company. Name: Representative: 

Address: How Long at this Locaton: ----
Type of Service: _______ _ 

Phone: 

1. At what phase(s) in the development of a well is your service 

provided? 

2. How many trips do you usually make to an oil well during its 

development? 

3.. What is H,e length of time of your service per trip? (Average) 

4. What type of equipment do you use? 

5. How do you transport it to the site? 
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6. How many and what type (make and manufacturer) of trucks are 
needed to transport your equipment and personnel? (Average) 

7. What are the trucks dimensions? (Average) 
Truck # I II III IV V (if different) 
Ht: 
Wt (Loaded): 
Wt (Unloaded): 
Length (Loaded): 
Length (Unloaded): 
Width (Loaded): 
Width (Unloaded): 

8. What is the general range of your servicing costs? 

9. What is your travel range for your service? 

10. Are. your materials, supplies, and equipment kept locally or 
regularly shipped in? Which ones and from where? 

11. Do you have any literature or brochure on your servicing 
operations? 

12. Do you have any vehicle specifications that may be of use to us? 
May we take some pictures of your servicing units? 

13. What are any problems you have encountered in the transportation 
system and what would you recommend as a solution to these 
problems? 
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SHEET NO. 

FILM I NG [}II. TES DATE REDUCED 
REEL 1/ _______ _ _ ____ to ____ _ 

By: _______ _ 

STAGE Of OPERATION: -.-----. ------------~------

SPECIAL NOTES/COMMENTS: 

VEHCILE CLASSIFICATION 

:: Entering Site 0:: Leaving Site 

NO. PC PU-l PU-2 SU-l SU-2 2-S2 3-S2 3-S3 2-2 3-2 COMMENTS/MISC. 
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,------------------------------------------------------------------------------

W-3 Teble for 1980. 

Texas, All Functlonel Clesses, All Stations 

Vehicle Type 

SINGLE UNIT TRUCKS 

Panel and Pickup 

2-AxJ:e, 4 Tire 

2-Axle,· 6 Tire 

3-Axle, or More 

COMBINATIONS 

Tractor + Semitrailer 

2 Axle Tractor 

3 Axle Tractor 

Truck + Ful I Trailer 

2 Axle Tractor 

3 Axle Tractor 

Tractor + Semltral lor + Ful I Treller 

2 Axle Tractor 

3 Axle Tractor 

66 

TOTAL VEHICLES 

Number 
Counted 

8,265 

64 

1,399 

214 

498 

6,806 

28 

231 

204 

27 

Average Gross 
wt. (Ibs.) 

12,817 

32,961 

40,750 

59,987 

50,000 

65,855 

73,875 



W-4 Table for 1980. 

State of Texa s, A II Rural, Includes 5 Stations 

Single-Unit Trucks 
Axle Loads In Pounds 

2 Axle, 6 Tire 3 Ax Ie or More 

Single Single 
Axle Percent Axle Percent 

Under 3,000 62 6 0 

3,000 - 6,999 690 64 27 20 

7,000 - 7,999 92 9 9 6 

8,000 - 11,999 121 11 85 61 

12,000 - 15,999 45 4 16 12 

16,000 - 18,000 29 3 2 1 

18,'001 - 18.500 7 0 

18,501 -.20,000 13 0 

20,001 21,999 6 0 

22,000 - 23,999 3 0 

24,000 - 25,999 2 0 

26,000 - 29,999 0 0 

30,000 or Over 0 0 

Total .Slngle Axles Weighed 1070 100 139 100 

Tandem Ax I e Groups 

Under 6,000 0 0 

6,000 - 11,999 0 25 18 

12,000 - 17,999 0 29 21 

18,000 - 23,999 0 21 15 

24,000 - 29,999 0 17 12 

30,000 - 32,000 0 7 5 

32,001 - 32,500 0 4 3 

32,501 - 33,999 0 

34,000 - 35,999 0 13 10 

36,000 - 37,999 0 7 5 

38,000 - 39,999 0 4 3 

40,000 - 41,999 0 3 2 

42,000 - 43,999 0 3 2 

44,000 - 45,999 0 3 2 

46,000 - 49,999 0 2 

50,000 or Over 0 0 

Total Tandem Axles Weighed 0 139 100 
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W-4 Table for 1980cont. 

Axle Load~ln Pounds Tractor Semi-Trailer 

Single Axle Grou~s 
5 Ax I e 

3 Axle Percent 4 Axle Percent or More Percent 

Under 3,000 0 0 
3,000 - 6,999 17 13 35 9 45 2 
7,000 7,999 13 10 30 8 193 7 
8,000. - 11,999 46 36 176 46 2353 88 

12,000 - 15,999 30 23 52 14 69 3 
16,000 - 18,000 15 12 30 8 5 
18,001 18,500 0 7 2 0 
18,501 - 20,000 3 2 22 6 
20,001 - 21,999 2 2 13 3 0 
22,000 - 23,999 3 2 14 4 0 
24,000 - 25,999 0 1 0 
26,000 - 29,999 0 2 0 
30,000 or Over 0 0 0 

Total. Single 
Axles Weighed 129 100 382 100 2667 100 

Tandem Axle Grou~s 

Under 6,000 0 0 3 
6,000 - 11,999 0 31 16 616 12 

12,000 - 17,999 0 67 35 841 16 
18,000 - 23,999 0 58 30 695 13 
24,000 - 29,999 0 26 13 1041 19 
30,000 - 32,000 0 2 ·511 10 
32,001 - 32,500 0 139 3 
32,501 - 33,999 0 5 3 373 7 
34,000 - 35,999 0 0 453. 9 
36,000 - 37,999 0 0 286 5 
38,000 - 39,999 0 0 185 3 
40,000 - 41,999 0 1 90 2 
42,000 - 43,999 0 0 34 
.44,000 - 45,999 0 0 11 
46,000 - 49,.999 0 0 a 
50,000 or Ov.er 0 0 2 

Total Tandem 
Axles Weighed 0 191 100 5288 100 
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W-4 Table for 1980 cont. 

Axle Loads In Pounds Semi-Trailer - Tra I I er 

._----

Single Axle Groups 

6 Ax Ie 
5 Axle Percent or More Percent 

Under 3,000 0 0 

3,000 - 6,999 38 8 0 

7,000 - 7,999 20 5 0 

8,000 - 11,999 138 31 14 44 

12,000 - 15,999 111 25 11 34 

16,000 - 18,000 54 12 5 16 

18,001 - 18,500 12 3 0 

18,501 - 20,000 34 8 2 6 

20,001 - 21,999 20 5 0 

22,000 - 23,999 7 2 0 

24,000 - 25,999 5 1 0 

26,000 - 29,999 1 0 

30,000 or Over 0 0 

Tota I Single 
Axles Weighed 440 100 32 100 

Tandem Axle Groups 

Under 6,000 0 a 
6,000 - 11,999 0 0 

12,000 - 17,999 0 2 25 

18,000 - 23,999 0 4 50 

24,000 - 29,999 a 2 25 

30,000 - 32,000 a 0 

32,001 32,500 0 0 

32,501. - 33,999 0 0 

34,000 35,999 0 0 

36,000 - Yi,999 0 0 

38,000 - 39,999 0 0 

40,000 - 41,999 0 0 

42,000 - 43,999 0 0 

44,000 - 45,999 0 0 

46,000 - 49,999 0 0 

50,000 or Over 0 0 

Total Tandem 
Axles Weighed 0 8 100 
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W-4 Table for' 1980 cant. 

A x Ie Loads In Pounds Truck and Traller a 

Single ,Axl e Groups 

5'Axle 
3 Axle Percent 4 Axle Percent or More Percent 

Under 3,000 0 0 0 
3,000 - 6,999 52 22 52 22 52 22 
7,000 - 7,999 53 22 53 22 53 22 
8,000 - 11,999 79 34 79 34 79 34 

12,000 - 15,999 53 22 53 22 53 22 
16,000 - 18,000 0 0 0 
18,001 - 18,500 0 0 0 
18,501 - 20,000 0 0 0 
20,001 - 21,999 0 0 0 
22,000 - 23,999 0 0 0 
24,000 - 25,999 0 0 0 
26,000 - 29,999 0 0 0 
30,000 or Over 0 0 0 

Total Single 
Axles Weighed 237 100 237 100 237 100 

Tandem Ax I e Groups 

Under, 6,000 0 0 0 
6,000 11,999 0 0 0 

12,000 - 17,999 0 26 33 52 33 
18,000 - 23,999 0 0 0 
24,000 29,999 0 53 67 106 67 
30,000 - 32,000 0 0 0 
32,001 32,500 0 0 0 
32,501 33,999 0 0 0 
34,000 - 35,999 0 0 0 
36,000 - 37,999 0 0 0 
38,000 - 39,999 0 0 0 
40,000 - 41,999 0 0 0 
42,000 - 43,999 0, 0 0 
44,000 - 45,999 0 0 0 
46,000 - 49,999 0 0 0 
50,000 or Over 0 0 0 

Total Tandem 
Axles Weighed 0 0 79 100 158 100 

aProbable number combinations used du e to lack of 1980 data. 
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W-5 Table for 1980. 

State of Texas, All Rural, Includes 5 Stations 

Number of Loaded and Empty Trucks and Truck Combinations of 
Each Type of Various Total Weights During 1980 

Gross Operating Single-Unit Trucks 
Weigh In Pounds 

Under 
4,000 -

10,000 -
13,500 -
20,000 -
22,000 -
24,000 -
26,000 -
28,000 -
30,000 -

. 32,000 
34,000 -
36,000-
38,000 -
40,000 -
45 .. 000 -
50,000 -
55,000 -
60,000 -
65,000 -
70,000 -
72,001 -
75,000 -
80,000 -
85,000 -

3,999 
9,999 

13,499 
19,999 
21,999 
23,999 
25,999 
27,999 
29,999 
31,999 
33,999 
35,999 
37,999 
39,999 
44,999 
49,999 
54,999 
59,999 
64,999 
69,999 
72,000 
74,999 
79,999 
84,999 
89,999 

90,000 - 94,999 
95,000 - 99,999 

100,000 - 104,999 
105,000 - 109,999 
110,000 or Over 

Total Ve~icles Weighed 

Panel 
And Pickup 

(Under 1. Ton) 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 

71 

2 Ax I e 
4 Tire 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 

2 Ax I e 
6 Tire 

o 
205 
150 
101 

13 
23 
19 
9 
9 
5 
o 
1 

o 
o 
o 
o . 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

535 

3 Axle 
Or More 

o 
o 
3 

24 
8 

12 
7 

4 
5 
7 
5 
5 
2 

6 
17 
23 

8 

3 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

139 



Gross Operating 
Weight In Pounds 

Under 3,999 
4,000 - 9,999 

10,000 13,499 
13,500 - 19,999 
20,000 21,999 
22,000 23,999 
24,000 - 25,999-
26,000 - 27,999 
28,000 - 29,999 
30,000 - 31,999 
32,000 - 33,999 
34,000 - 35,999 
36,000 - 37,999 
38,000 - 39,999 
40,000 - 44,999 
45,000 - 49,999 
50,000 - 54,999 
55,000 - 59,999 
60,000 - 64,999 
65,000 - 69,999 
70,000 - 72,000 
72,001 - 74,999 
75,000 - 79,999 
80,000-- 84,999 
85,000 - 89,999 
90,000 - 94,999. 
95,000 - 99,999 

100,000 - 104,999 
105,000 - 109,999 
110,000 or Over 

Total Vehicles Weighed 

W-5 Table for 1980 cont. 

Tractor Semi-Trailer 

5 Axl e 
3 Axle 4 Axle Or More 

0 0 0 
0 0 0 
0 0 0 

1 0 
4 ° 6 2 5 

1 6 12 
9 45 

4 8 74 
1 7 84 
5 15 107 
2 12 96 
7 12 76 
4 9 58 
5 31 147 
4 29 159 
1 14 159 
0 22 138 
0 7 210 
0 2 247 
0 1 137 

° ° 193 

° 0 337 

° 0 226 
0 0 99 

° ° 27 
0 ° 5 

° ° ° ° 0 0 3 

43 191 2646 
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W-5 Table tor 1980 cont. 

State of Texas, All Rural, Includes 5 Stations 

Gross Operating 
Weight In Pounds 

Under 
4,000 -

10,000 -
13,500 -
20,000 -
22,000 
24,000 -
26,000 -
28,000 -

·30,000-
32,000 -
34,000 -
36,000 -
38,000 
40,000 -
45,000 -
50,000 -
55,000 -
60,000 -
65,000 -
70,000 -
72,001 
75,000 -
80,000 -
85,000 -
90,000 -
95,000 -

100,000 -

3,999 
9,999 

13,499 
19,999 
21 ,999 
23,999 
25,999 
27,999 
29,999 
31,999 
33,999 
35,999 
37,999 
39,999 
44,999 
49,999 
54,999 
59,999 
64,999 
69,999 
72,000 
74,999 
79,999 
84,999 
89,999 
94,999 
99,999 

104,999 
105,000 - 109~999 

110,000 or Over 

Total. Vehicles Weighed 

73 

Semi-Trailer-Trailer 

6 Ax I e 
5 Axle or More 

0 0 
0 0 
0 0 
0 0 
0 0 

0 
0 

2 0 
3 0 
2 0 
0 0 
0 0 

0 
0 0 
2 0 
2 0 
5 0 
6 0 
8 0 

11 4 
3 0 
9 

16 2 
9 0 
4 
2 0 

0 
0 0 
O. 0 
0 0 

88 8 



W-5 Table for 1980 cont. 

Gross Operating 
Weight In Pounds Truck and Tra II era 

5 Ax I e 
3 Axle 4 Axle Or More 

Under 3,999 0 0 0 
4,000 - 9,999 0 0 0 

10,000 - 13,499 0 0 0 
13,500 - 19,999· 0 0 0 
20,000 - 21,999 0 0 0 
22,000 - 23,999 0 0 0 
24,000 - 25,999 0 0 0 
26,000 - 27,999 0 0 0 
28,000 .- 29,999 0 0 0 
30,000 - 31,999 0 0 0 
32,000 - 33,999 0 0 0 
34,000 - 35,999 0 0 0 
36,000 - 37,999 0 0 0 
38,000 - 39,999 27 27 27 
40,000 - 44,999 26 26 26 
45,000 - 49,999 0 0 0 
50,000 - 54,999 0 0 0 
55,000 - 59,999 26 26 26 
60,000 - ·64,999 0 0 0 
65,000 - .69,999 0 0 0 
70,000 72,000 0 0 0 
72,001 - 74,999 0 0 0 
7·5,000 - 79,999 0 0 0 
80,000 - 84,999 0 0 0 
85,000 - 89,999 0 0 0 
90,000 - 94,999 0 0 0 
95,000 - 99,999 0 0 0 

100,000 - 104,999 0 0 0 
105,000 - 109,999 0 0 0 
1 10,000 or Over. 0 0 0 

Total Vehicles Weighed 79 79 79 

aProbable number combinations used due to lack of 1980 data. 
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Distribution of Axle ,Loads for Int~nded Use. 

Sln9le- Tractor- Semi-Trailer Truck-
Vehicle Type Unit SelT I-Trailer TrailEr Trai ler 

Vehicle Code Tvpe SU-l SU-2 2-S1 2-S2 3-S2 2-S1-2 I3-S1-2 2-1 2-2 3-2 

Number of Axles 2 >3 3 4 >5 5 >6 3 4 >5 

Number of Trucksa 64 18 5 23 310 9 0 9 9 9 ~Iass Tota I 

Ax I e' Loads In Pounds b Single Axle Groups 

Under 3,000 8 0 0 0 0 0 0 0 0 0 8 

3,000 - 6,999 82 4 2 4 6 4 0 6 4 2 114 

7,000 - 7,999 12 2 4 22 2 0 6 4 2 55 
"'-J 
(J1 8,000 - 11,999 14 11 5 21 273 14 0 9 6 3 356 

12,000 - 15,999 5 2 4 6 9 11 0 6 4 2 49 

16,000 - 18,000 4 0 2 4 0 6 0 0 0 0 16 

18,001 - 18,500 1 0 0 1 0 0 0 0 0 3 

18,501 - 20,000 1 0 0 3 0 4 0 0 0 0 8 

20,001 - 21,999 1 0 0 0 2 0 0 0 0 4 

22,000 23,999 0 0 0 2 0 0 0 0 0 3 

24,000 -·25,999 0 0 0 0 0 0 0 0 0 0 0 

26,000 - 29,999 0 0 0 0 0 0 0 0 0 0 0 

30,000 or Over 0 0 0 0 0 0 0 0 0 0 0 

Total Single Axles 128 18 15 46 3]0 45 0 27 18 9 616 

a Number of trucks In each class for Intended use traffic analysis. 

b Rounded to whole numbers to ap prox Imate 1980 W-4 Table distributions. 



Distribution of Axle Loads for Intended Use cont. 

Single- Tractor Semi-Trailer Truck 
Vehicle Type Unit Semi-Trailer Tra II er Trailer 

Vehicle Code Type SU-l SU-2 2-S1 2-S2 3-S2 2-S1-2 3-SI-2 2-1 2-2 3-2 

Number of Axles 2 >3 3 4 >5 5 >6 3 4 >5 

Number of Truc·ksa 64 18 5 23 310 9 0 9 9 9 Class Total 

Axle Loads In Pounds 
b Tandem Axle Grou~s 

Under 6.,000 0 0 () 0 0 0 0 0 0 0 0 
6,000 - 11,999 0 3 0 4 74 0 0 0 0 0 81 

12,000 - 17,999 0 4 0 8 99 0 0 0 3 6 120 

'-J 18,000 - 23,999 0 3 0 7 81 0 0 0 0 0 91 
en 24,000 - 29,999 0 2 0 3 118 0 0 0 6 12 141 

30,000 - 32,000 0 0 0 62 0 0 0 0 0 63 
32,001 - 32,500 0 0 0 19 0 0 0 0 0 20 
32,501 - 33,999 0 0 0 1 43 0 0 0 0 0 44 

34,000 - 35,999 0 2 0 0 56· 0 0 0 0 0 58 
36,000 - 37,999 0 1 0 0 31 0 0 0 0 0 32 
38,000 - 39,999 0 0 0 19 0 0 0 0 ·0 20 
40,000 - 41,999 0 0 0 0 12 0 0 0 0 0 1 i 
42,000 - 43,999 0 0 0 0 6 0 0 0 0 0 6 
44,000 .- 45,999 0 0 0 0 0 0 0 0 O. 0 0 
46,000 - 49,999 0 0 0 0 0 0 0 0 0 0 0 
50,000 or Over 0 0 0 0 0 0 0 0 0 0 0 

Total Tandem Axles 0 18 0 23 620 0 0 0 9 18 688 

a Number or trucks In each class for Intended use traffic ana.1 ys Is. 
b Rounded to whole numbers to approximate 1980 W-4 Table distributions. 
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c: 

Summary of Developed Equivalency Factors for Flexible 
Pavements for a Terminal Servlceabl'llty Index of 1.5. a 

Total Ax I e Single Tandem 
Load, Kips Axle Axle 

2 
4 .002 
6 .008 
8 .03 

10 .07 .006 
12 • 16 .91 
14 .32 .02 

16 .59 .04 

18 1.00 .05 

20 1.57 .09 
22 2.39 .13 
24 2.95 .21 

26 4.47 .30 
28 7.70 .42 

30 10.38 .58 
32 14.26 .76 
34 19.56 .98 

36 25.98 1.30 
38 33.54 1.64 
40 42.79 2.1 1 

42 2.76 

44 3.48 

46 4.24 
48 5.13 

50 

a . compiled from reference (6) page 120. 

77 



Distribution of Axle Loads for 01 I Wei I Traffic for the First 73 Days. 

Single- Tractor- S em I - T r a I I e r Truck-
Vehicle Type Unit Sell i-Tra I I er Tra II e Trailer 

Vehicle Code Type SU-l SU-2 2-S1 2-S2 3-S2 2-S1-2 3-S1-2 2-1 2-2 >3-2 

Number of Axles 2 >3 3 4 >5 5 >6 3 4 >5 

Number of Trucks 259 166 11 71 647 0 0 10 145 18 Class Total 

Axle Loads In Pounds 
Single Axle Grou~s 

Under 3,000 31 0 0 0 0 0 0 0 0 0 31 

3,000 - 6,999 331 33 4 13 13 0 0 7 64 4 469 
-...] .. 

7,000 - 7,999 47 10 3 11 45 0 0 7 64 4 191 co 
8,000 - 11,999 57 101 12 65 569 0 0 9 98 6 917 

12,000 - 15,999 21 20 7 20 20 0 0 7 64 4 163 

16,000 - 18,000 16 2 4 11 0 0 0 0 0 0 33 

18.001 - 18,500 5 0 0 3 0 0 0 0 0 0 8 

18,501 - 20,000 5 0 1 9 0 0 0 0 0 0 15 

20,001 - 21,999 5 0 1 4 0 0 0 0 0 0 10 

22,000 - 23,999 0 0 1 6 0 0 0 0 0 0 7 

24,000 - 25,999 0 0 0 0 0 0 0 0 0 0 0 

26,000 - 29,999 0 0 0 0 0 0 0 0 0 0 0 

30,000 or Over 0 0 0 0 0 0 0 0 0 0 0 

Total Single Axles 518 166 33 142 647 0 0 30 290 18 1844 

• .. ... 



Distribution of Axle Loads for 011 Well. Traffic for the First 73 Days cont. 

Single- Tractor Semi-Trailer. Truck 
Vehicle Tvpe Unit Semi-Trailer Trailer Trailer 

Vehicle Code Type SU-l SU-2 2-S 1 2-S2 3-S2 2-S1-2 ~-SI-2 2-1 2-2 >3-2 

Number of Axles 2 >3 3 4 >5· 5 >6 3 4 >5 

Number of Trucks 259 166 11 71 647 0 0 10 145 18 Class Total 

Axle Loads In Pounds 
Tandem Axle Groups 

Under 6,000 0 0 0 0 0 0 0 0 0 0 0 

6,000 - 11,999 0 30 0 11 155 0 0 0 0 0 196 
---l 
\D 12,000 - 17,999 0 35 0 25 207 0 0 0 48 12 327 

18,000 - 23,999 0 25 0 21 168 0 0 0 0 0 214 

24,000 - 29,999 0 20 0 9 246 0 0 0 97 24 396 

30,000 - 32,000 0 8 0 129 0 0 0 0 0 138 

32,001 - 32,500 0 5 0 1 39 0 0 0 0 0 45 

32,501 - 33,999 0 2 .0_ 2 91 0 0 0 0 0 95 

34,000 - 35,999 0 17 0 0 116 0 0 0 0 0 133 

36,000 - 37,999 0 8 0 0 65 0 0 0 0 0 73 

38,000 - 39,999 0 5 0 0 39 0 0 0 0 0 44 

40,000 - 41,999 0 3 0 1 26 0 0 0 0 0 30 

42,000 43,999 0 3 0 0 13 0 0 0 0 0 16 

44,000 - 45,999 0 3 0 0 0 0 0 0 0 0 3 

46,000 - 49,999 0 2 0 0 0 0 O· 0 0 0 2 

50,000 or Over 0 0 0 0 0 0 0 0 0 0 0 

Total Tandem Axles 0 166 0 71 1294 0 0 0 145 36 1712 



Dls,trlbutlon of Axle Loads for Oi I Well Traffic for the 292 Day Extension. 

Single- Tractor- Semi-Tra II er Truck-
Vehicle Type Unit Semi-Trailer Trailer Trailer 

Vehicle Code Type SU-l SU-2 2-S1 2-S2 3-S2 2-S1-2. ~-Sl-2 2-1 2-2 1>3-2 

Number of Axles 2 >3 3 4 >5 5 >6 ·3 4 >5 

Number of Trucks 0 0 0 0 676 0 0 0 0 0 Class Total 

Ax I e' Loads in Pounds 
Single Axle Groups 

Under 3,000 0 0 0 0 0 0 0 0 0 0 0 

3,000 - 6,999 0 0 0 0 436 0 0 0 0 0 436 
00 7,000 - 7,999 0 0 0 0 0 0 0 0 0 0 0 0 

6,000 - 11,999 0 0 0 0 436 0 0 0 0 0 438 

12,000 - 15,999 0 0 0 0 0 0 0 0 0 0 0 

16,000 - 16,000 0 0 0 0 0 0 0 0 0 0 0 

16.001 - 16,500 0 0 0 0 0 0 0 0 0 0 0 

16,501 - 20,000 0 0 0 0 0 0 0 0 0 0 0 

20,001 - 21,999 0 0 0 0 0 0 0 0 0 0 0 

22,000 - 23,999 0 0 0 0 0 0 0 0 0 0 0 

24,000 - 25,999 0 0 0 0 0 0 0 0 0 0 0 

26,000 - 29,999 0 o· 0 0 0 0 0 0 0 0 0 

.~ ..... , ..... 30,000 or Over 0 0 0 0 0 0 0 0 0 0 0 

Total Single Axles 0 0 0 0 676 0 0 0 0 0 676 
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Distribution of Axle Loads for Oi I Well Traffic for the 292 Day Extension cont~ 

Single- Tractor Semi-Trailer Truck 
Vehicle Type Unit Semi-Trailer Tr'a I I er Trai ler 

Vehicle Code Type SU-l SU-2 2-S1 2-S2 3-S2 2-S1-2 3-S1-2 2-1 2-2 >3-2 

Numbe'r of Axles 2 >3 3 4 >5 5 >6 3 4 >5 

Number of Trucks 0 0 0 0 876 0 0 0 0 0 Class Tota I 

Axle Loads In Pounds 
Tandem Axle Groups 

Under 6,000 0 0 0 0 0 0 0 0 0 0 0 

6,000 - 11,999 0 0 0 0 876 0 0 0 0 0 876 
00 
I-' 12,000 - 17,999 0 0 0 0 0 0 0 0 0 0 0 

18,000 - 23,999 0 0 0 0 0 0 0 0 0 0 0 

24,000 - 29,999 0 0 0 0 0 0 0 0 0 0 0 

30,000 - 32,000 0 0 0 0 0 0 0 0 0 0 0 

32,001 - 32,500 0 0 0 0 0 0 0 0 0 0 0 

32,501 - 33,999 0 0 0 0 876 0 0 0 0 0 876 

34,000 - 35,999 0 0 0 0 0 0 0 0 0 0 0 

36,000 - 37,999 0 0 0 0 0 0 0 0 0 0 0 

38,000 - 39,999 0 0 0 0 0 0 0 0 0 0 0 

40,000 - 41,999 0 0 0 0 0 0 0 0 0 0 0 

42,000 43,999 0 0 0 0 0 0 0 0 0 0 0 

44,000 - 45,999 0 0 0 0 0 0 0 0 0 0 0 

46,000 - 49,999 0 0 0 0 0 0 0 0 0 0 0 

50,000 or Over 0 0 0 0 0 0 0 0 0 0 0 

Total Tandem Axles 0 0 0 0 1152 0 0 0 0 0 1152 
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