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PREFACE 

This is the final report issued under Research Study 2-18-71-151, 

"Maintenance Quality, Methods and Ratings". This report presents a 

review of maintenance management tools developed in this study and 

suggested for use by the Texas State Department of Highways and Public 

Transportation. Research efforts sponsored by the Federal Highway 

Administration and the National Cooperative Highway Research Program 

contributed information useful in the development of the maintenance 

rating system. 
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DISCLAIMER 

The contents of this report reflect the views of the authors 

who are responsible for the facts and the accuracy of the data 

presented herein. The contents do not necessarily reflect the 

official views or policies of the Federal Highway Administration. 

This report does not constitute a standard, specification or regulation. 
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ABSTRACT 

Close cooperation among Texas State Department of Highways and 

Public Transportation district maintenance operational personnel, 

central office representatives and the Texas Transportation Institute 

study team together with a review of the literature provided the 

necessary information to develop selected maintenance management tools. 

These management tools consist of maintenance performance standards, 

cost codes and a maintenance rating system which has been implemented 

in part by the Texas State Department of Highways and Public Trans­

portation. 

Key Words: Maintenance methods, cost codes, maintenance rating, 

management, equipment, materials. 
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SUMHARY 

The basic elements of a maintenance management system have been 

recognized and defined. These elements include maintenance standards, 

inventory of maintainable facilities, maintenance work load, budgeting, 

planning and scheduling and management information systems. This 

report delineates the development of maintenance standards cost codes 

and a maintenance rating system by establishing panels consisting of 

Texas State Department of Highways and Public Transportation district 

maintenance personnel, central office personnel and members of the 

Texas Transportation Institute. 

The literature reviewed as part of this and associated studies has 

been instrumental in the development of the management tools developed 

in this study. Flexible management tools capable of satisfying a large 

number of needs yet capable of accepting anticipated necessary changes 

have been developed and are offered for general use by Texas as well 

as other states. 
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IMPLEMENTATION STATEMENT 

The maintenance management tools developed as part of this study 

and reported herein are either being implemented or scheduled for 

implementation. 

Implementation of the standardized maintenance methods are wide­

spread, as the methods developed are employed in on-going activities. 

Implementation of these methods and cost codes are expected to improve 

efficiency and provide for more uniform maintenance activities through­

out the state. 

The maintenance rating method has been introduced into all 25 

districts and has been utilized in its entirety by one district for a 

three-year period. Other districts have implemented the visual rating 

portion of the rating system. 

The establishment of permanent review panels composed of district 

maintenance operational personnel and the establishment of a section 

within the maintenance operations division (D-18) may be necessary to 

successfully carry out the task of continued review of the methods, 

codes and rating system. 
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INTRODUCTION 

Funding for highway maintenance operations in Texas as well as most 

states comprises a significant and continually increasing portion of the 

total highway budget. The increasing public demand for high levels of 

service constantly widens the gap between funds available for mainte­

nance operations and the funds required to provide the desired level of 

service. The existence of this situation makes it imperative to develop 

a system that will assist engineers in short and long range maintenance 

and rehabilitation planning. Such systems, hereafter referred to as 

maintenance management systems, have been developed or are being 

developeft in thirty-three states (1) and several cities and counties. 

Research Study 2-18-71-151, "Maintenance Quality, Methods and 

Ratings", a cooperative study between the Texas State Department of 

Highways and Public Transportation and the Texas Transportation 

Institute responded to this need in Texas by developing selected manage­

ment tools as outlined by the study objectives given below. 

1. Develop a system by which all highway maintenance operations 

can be coded and placed into functional groups, 

2. Develop maintenance quality standards and maintenance methods 

for various highway classes, 

3. Develop a maintenance rating system that can be used as a basis 

to schedule highway maintenance operations and 

4. Implement on a trial basis the maintenance rating system and 

assess the established quality standards and maintenance methods. 

References 2 and 3 describe the development of the maintenance 
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operation codes, quality standards and maintenance methods. These codes 

and methods are scheduled for implementation by the Texas State 

Department of Highways and Public Transportation. Reference 4 des­

cribes the maintenance rating system. Implementation of the maintenance 

rating system together with the establishment of refinements in the 

system ··were developed in Research Study 2-18-75-199. This one-year 

research study was a cooperative study between the Texas State Department 

of Highways and Public Transportation and the Texas Transportation 

Institute. The primary work items in this study were as follows: 

1. Implement the Maintenance Rating System developed in Research 

Study 2-18-71-151, 

2. Conduct a statewide survey on 250 randomly selected roadway 

sections, 

3. Re-evaluate the assigned weighting factors of the various 

types of observed distress and roadway conditions and 

4. Develop an urban visual rating system. 

Statewide survey data were collec~ed on the randomly selected 

roadway sections. The survey consisted of Mays Ride Meter roughness 

data and visually obtained maintenance rating scores. These data will 

furnish background comparisons with data of future reports scheduled 

for Research Study 2-8-75-207. 

Weighting factors assigned to the various types of observed distress 

and roadway conditions were based primarily on experience gained in 

Districts 7 and 21 together with information published in the literature. 

Sufficient data from other districts representing other geographical 

areas were not available prior to the termination of this project to make 

rational adjustments in the proposed weighting or deduct factors. 
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Implementation of the Maintenance Rating System and development 

of an urban rating system which are items 1 and 4 of Research Study 

2-18-75-199 work plan are discussed in detail in reference 5. 

Texas Transportation Institute staff participation in other research 

efforts during the conduct of Research Studies 2-18-71-151 and 2-18-75-199 

and a research project titled "Pavement Evaluation" sponsored by the 

Federal Highway Administration afforded the opportunity for Texas Trans­

portation Institute personnel to review 34 pavement rating systems 

presently utilized by state, county and city agencies (6). This study 

also utilized data collected under Research Study 2-18-71-151 in Districts 

7 and 21 to determine those types of pavement distress which contribute 

most heavily to the maintenance urgency rating of pavements. 

An evaluation of the Transportation Research Board organized and 

Federal Highway Administration sponsored Workshop on Pavement Rehabili­

tation was prepared by B. F. McCullough and J. A. Epps (7). This 

evaluation summarized the four-day meeting attended by representatives 

from agencies throughout the United States and Canada. The overall 

objectives of the workshop were to establish a better understanding of 

pavement rehabilitation concepts, operations and needs so that the frame­

work for a rational pavement rehabilitation design procedure could be 

formulated and used as a guide for future research and development 

studies. This workshop was instrumental in defining the needed inter­

action between maintenance management pavement information and informa­

tion required for p~vement rehabilitation purposes. 

C. V. Wootan and J. A. Epps participated in a three-day workshop 

to develop national highway maintenance research needs (8). The product 

of this workshop sponsored by the Federal Highway Administration and 
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organized by the Transportation Research Board was a priority listing 

of 28 maintenance research study outlines. This conference was in­

strumental in identifying national and state needs in the area of 

maintenance research for Texas Transportation Institute personnel. 

These research project listings have been considered by the Texas 

State Department of Highways and Public Transportation Area II research 

committees. 

C. V. Wootan and J. A. Epps participated in the development of a 

National Cooperative Highway Research Program Synthesis titled 

"Recording and Reporting Methods for Highway Maintenance Expenditures" 

(9). This synthesis was developed under NCHRP Project 20-5, Topic 

7-04 and afforded Texas Transportation Institute personnel the 

opportunity to obtain detailed information from 11 states concerning 

their present maintenance recording and reporting systems. 

The close cooperation between the Texas State Department of High­

ways and Public Transportation and the Texas Transportation Institute, 

considered necessary for successful completion of the study and 

referred to above, was obtained by three means of formal contact. 

1. A study contact man representing the maintenance operations 

division of the Texas State Department of Highways and Public Trans­

portation was appointed to devote approximately one-half time to the 

study. The same person has served in this capacity for the duration 

of the project. He has maintained contact with both the study super­

visors at the Texas Transportation Institute and district personnel of 

the Texas State Department of Highways and Public Transportation. 

2. Study panels were established to identify maintenance acti­

vities, develop maintenance methods, and to define the type of 
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information that would be useful for maintenance management purposes. 

These panels were comprised of district supervisory maintenance 

personnel from each of the twenty-five districts. 

3. An advisory group was formed consisting of representatives 

of the Texas State Department of Highways and Public Transportation 

concerned with design, materials and tests, research and maintenance, 
•. 

representatives of the Federal Highway Administration and representa-

tives of the Texas Transportation Institute. The purpose of this 

gro.up was to furnish overall guidance to the project. 

Formal meetings, together with informal contacts made while 

traveling and after meetings, established lines of personal communication 

between the study supervisors, maintenance operations division contact 

representative and the district maintenance personnel. Understanding 

and acceptance of the information developed in the project was thus 

greatly enhanced. 

Study panels, as will be discussed below, formed the working element 

of these research studies. These panels were responsible for identifying 

the types of maintenance activities currently performed by the Texas 

State Department of Highways and Public Transportation for preparing 

the maintenance methods and for guidance in selecting the appropriate 

approach to the maintenance evaluation portion of the project. 

The report that follows is intended to summarize the maintenance 

management tools developed by the Texas Transportation Institute and the 

Texas State Department of Highways and Public Transportation personnel 

during the conduct of Research Studies 2-18-71-151 and 2-18-75-199. 

The basic structure of a maintenance management system will be intra-

duced and utilized to provide the framework for the report. 
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COMPONENTS OF A MAINTENANCE MANAGEMENT SYSTEM 

As indicated above, more than thirty-three state, county and 

city agencies have operating or are developing maintenance management 

systems. As may be anticipated, the needs of these states, counties 

and cities vary. A review of Table 1 indicates the magnitude of the 

maintenance budget, lane miles of highway to maintain, population, 

climates, etc., for eleven states (9) and points out the wide variation 

in requirements among states. Thus, no two systems are identical; but, 

most of the systems have key elements or components which can be 

recognized. In general, the basic components of these maintenance 

management systems include the following: 

1. Maintenance standards, 

2. Inventory of maintainable facilities, 

3. Maintenance work load, 

4. Budgeting, 

5. Planning and scheduling and 

6. Management information systems (10). 

Maintenance standards are developed to formally establish criteria 

for determining the need for work, the required quality of work and 

the resources necessary to achieve that quality and expected produc­

tivity rate. Maintenance standards are developed for those maintenance 

activities which consume a large portion of the maintenance budget. 

Usually at least 95 percent of maintenance expenditures can be defined 

by maintenance standards (11). 

Three types of maintenance standards can be identified; quality 

standards, quantity standards and performance standards. Quality 
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TABLE 1. General Information for Eleven States 

Range of 
Annual Lane Maintenance Area c;>f Annual Temper :ure 

State Maintenance Miles Approximate People Cost Per State, Average Ext rem >, Range in 
Budget of Cost Per Motor Per Vehicle Square Moisture, Ave rag Cold Elevation 
(Dollars) Highway Lane Mile Population Vehicles Vehicle ($/year) Miles Inches and Ho Month, OF Feet 

-282 
California 153,000,000 45,000 3,400 20,601,000 ~3,413,000 1.5 11.40 158,693 4-96 8- l6 to 

14,494 

Hawaii 10,000,000 2,200 4,550 832,000 477.780 1.7 20.90 6,450 10-450 63- 0 
to 

13.796 

Illinois 79,000,000 38,000 2,100 11,236,000 5,952,000 1.8 13.30 56,400 32-48 14- ) 279 
to 

1,235 

Louisiana 86,000,000 36,225 2,400 3,764,000 2,057,000 1.8 41.80 48,523 48-64 36- f -5 
to 
536 

Minnesota 53,000,000 29,000 1,800 3,897,000 2,452,616 1.5 21.60 84,068 20-32 -8-, I 602 
to 

2,301 

Nevada 15,500,000 11,794 1,300 548,000 437,000 1.2 35.50 110,540 4-28 4-.. 0 470 
to 

13,143 

North Dakota 14,350,000 15,160 950 640,000 490,000 1.3 29.30 70,655 14-20 -10-: 750 
to 

3,505 

Pennsylvania 201,000,000 75,569 2,650 11,794,000 6,800,000 1.7 29.50 45,333 36-52 14-1 0 
to 

3,213 

Tennessee 38,485,000 23,500 1,600 4,126,000 2,467,000 1.6 15.40 42,244 40-76 22- 1 182 
to 

6,643 

Washington 40,000,000 17,000 2,400 3,429,000 2,370,000 1.4 16.90 68,192 8-120 8-' 0 
to 

14,410 

Wyoming 17,000,000 14,620 1,160 353,000 294,000 1.2 51.00 97,914 8-56 -8-! 3,100 
to 

13,804 

after reference 9. 



standards describe the results to be achieved in terms of the resulting 

conditions of the highway or in terms of a specific frequency of 

performance. They may also be expressed in terms of the specific 

amount of work to be done per unit of highway or the thresholds at 

which certain maintenance activities should be carried out. Quality 

standards should represent policy decisions by top management regarding 

the "level of service" to be provided by the highway system. Quality 

standards are generally thought of as subjective measures; although many, 

such as mowing height or shoulder drop off standards, are object"ive in 

nature. 

Quantity standards, sometimes called frequency standards or work 

load rates, identify by activity the amount of work set as a standard 

for a given class of highway or type of pavement in· order to sustain 

the facility at a particular level. Quality standards, when stated in 

terms of work to be performed, become quantity standards. Quantity 

standards ususally reflect annual resource requirements needed to attain 

quality standards. These standards are usually set by policy, judgement 

based on past experience, historical data ora combination of these factors. 

Performance standards usually outline methods of performing mainte­

nance activities and the rate at which work is to be accomplished. 

These standards describe work methods to be used in performing the 

activity; the optimum crew configuration in terms of the numbers and 

classification of labor; the types and numbers of equipment units; the 

amounts of material required per unit of work accomplishment; the unit 

of measurement to define accomplishment and a standard average produc­

tivity rate for the maintenance activity described. 

Highway agencies need information to formulate and evaluate policies, 
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to plan and design highways and to administer the construction, 

maintenance and operation of the highway facility. Roadway inventories 

are part of the basic information that is required to accomplish these 

tasks. Lane miles of highway pavement by type, bridges, drainage 

facilities, roadside maintenance features, rest stops, buildings, etc., 

are types of information that are collected. Inventory data should be 

collected with the end use of the data in mind. One of these end uses 

is formulation of the maintenance work l0ad. 

Work load is determined by the·quantity and criticality of main­

tenance needs and the desired service level to be maintained. Examples 

of work load values include quantity of paving material to be placed 

per lane mile of highway and mowing frequency. 

The maintenance budget should accurately reflect the proposed main­

tenance program. A program-oriented or performance b,udget is expressed 

in units of work to be accomplished by the various maintenance activities 

being programmed. The budget is achieved by developing a program of 

work units to be accomplished by the desired maintenance administrative 

sub-division and applying the appropriate unit costs to the work unit. 

Costs are determined from work units by use of performance standards 

together with standard labor usage rates, standard equipment rental rates, 

material unit costs and standard production rates. The budget must also 

include all items to be performed by outside contract as well as those 

being performed by the maintenance force itself. 

The basic tools used in planning and scheduling include the following: 

1. Seasonal-schedule of maintenance activities which provides a 

general planning framework, 

2. A yearly schedule of maintenance activities often prepared 

during budget preparation and 
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3. Weekly, biweekly and/or monthly crew scheduling performed by 

the crew leader or foreman, or a maintenance section supervisor. 

The establishment of a maintenance information system which pro­

vides the basic information required by operating managers for routine 

decisions and by top management for program control and improvement is 

a vital element of the maintenance management system. Accurate infor­

mation must be recorded and assembled for easy and timely interpretation. 

The basic information required must be recorded at the field level with 

the individual workman or crew leader usually performing this function. 

Reports can be quickly assembled and analyzed through the use of data 

processing equipment. The types of reports generated should fit the 

end use of the report at a particular management level. 

MAINTENANCE STANDARDS 

The major accomplishment in the area of maintenance standards 

performed as a part of Research Study 2-18-71-151 was the development 

of maintenance performance standards (2). Initial work on this phase 

of the study identified methods to classify maintenance activities. A 

review of the literature resulted in Table 2 being developed and re­

ported in reference 2. Subsequent review of eleven state maintenance 

management systems documented in Appendix A of this report add to this 

body of information. 

Based on Table 2 and discussions with Texas State Department of 

Highways and Public Transportation Maintenance Operations Division 

personnel, five major areas were identified for the purpose of estab­

lishing study panels. These panels were formed during the first 6 

months of the project and were composed of district personnel, repre-
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TABLE 2. Classification of Maintenance Operation• 

Present THD Proposed THD AASHO (8) THD (Proposed) NC!UU' Report Arizona (11) California Florida (13) Proposed Proposed Iowa 
Method (6) (7) District 2 42 (10) (12) Idaho (14) (15) 

(9) 

Base & Sub grade Routine Road General Sec- Routine Road- Routine General Bridges Traffic Overhead Opera-
Surface way tion Expense way Surface Surface Maintenance Services tiona 

Operations 

Shoulders, Base Special Road- Regular Road- Special Road Shoulders & Major Slides Tunnels Traveled Routine 
Side Ap- way Surface way way Surface Sides & Storm Roadway Surface 
preaches, Operations Drainage 
Roadside Repair 
Drainage & 
Structures 

Guide Mark- Surface Shoulders Emergency Shoulders Roadside & Restoration & Ferries Shoulders, Special 
ings, Mark- & Side Ap- Traffic Drainage Traffic Ser- Side Ap- Surface 
ers, Signs, preaches Services vices preaches & 
Signals, & Sidewalks 
Lighting 

Parks & Concrete Drainage Traffic Opera Roadside & Structures Maintenance Surface & Drainage Shoulder & 
Plants Pavement tiona Un- Drainage Performed by Base System Approach 

distributable Cities 

Row Mainte- Shoulders Roadside & Traffic Structures Snow, Ice & Roadside Roadsides Bridges & Roadside & 
nance (Ex- Landscape Directions Sand Control Rests Structures Drainage 
cept Mowing) 

Assistance Bridgea Structures Traffic Snow, Ice and Traffic Buildinga & Drainage Roadside Snow & Ice 
to Traffic, Protection Drift Sand Services Grounds 
Emergency,., 
Snow & Ice 
Removal 

Mowing Row Culverts Snow & Ice Beautificatio Traffic Con- Emergency Landscaping Signa Buildings & Traffic 
Control & Comfort trol & Ser- Maintenance & Functional Yards Service 

vice Facilit- Planting 
iea 

Rest Areas Pipe Traffic Con- Special Other Ser- General Centerline & Disaster Other 
with Comfort trol & Motor- Maintenance vices Functions Pavement Mark Repairs 
Stations ists Services ings 

Channel & Row Mainte- Litter Pick- Unusual or Traffic Administrat-
Embankment nance up Disaster Signals ive & Miscel-

laneous 
Operations 

Substructure Signa and River Turnouts, 
Safety Crossings Driveways & 

Crossovers 

Superstruct- Pavement Other Services Beautificat-
ure (Deck) Markinga ion 

Superstruct- Erosion Unusual or Recreation 
ure (Sup- Control Disaster Facilities 
porting 
Members) 

Rail ina Emergency General Super Plaques &: 
Services vision Historical 

Markers 

faintifj J\et~.t Ana'< -·· ~~·~_nc1:~ 
Except ~•c<ii.tott 
Railing Stations 

Special Miscellaneous 
Jolla 
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TABLE 2. Classification of Maintenance Operations (Continued) 

Louisiana Study Louisiana (17) Minnesota (18) Mississippi Oklahoma (20) Oregon (21) Utah Study Virginia Maint. Washington (23) 
(16) (19) (Jorgensen) 5 Study (22) 
(J or gens en) (Jorgensen) 

Bituminous Surface Roadway Routine Road- General High- Safety & Hard Surface Surface Roadway 
Surface Surfaces way Surface way Mainte- Traffic Con- & Hard . Operations nance trol Shoulder 

Concrete Shoulders, Ap- Shoulders, Ap- Shoulders, Emergency Drainage Non nara Shoulders Shoulders & 
Surface pro aches, preaches, Side Ap- Actions Surface Road Ap-

Roadside, Sidewalks preaches, & 
~ 

preaches 
Drainage Sidewalks 

Gravel or Structures Roadsides Drainage & Roadway Roadway Gravel Drainage Roadside 
Shell Surface Beautification Surfaces Shoulder 

Shoulder ~ Traffic Drainage Traffic P.C.C. Sur Shoulders Vegetation Roadside Drainage 
Approach Services Facilities Service faces Control 

Roadside & Mis cellaneoua Bridges & Snow, Ice & Bituminous Roadsides Roadside Traffic Major 
Drainage Tunnels Sand Control Surface a Services Structures 

Structural Safety & Structures Asphaltic Snow & Ice Drainage & Snow & Ice Snow & Ice 
Traffic Con- Repairs Major Control Control 
trol Devices Structure 

Traffic Snow Removal, Extraordinary Earth & Bridges Traffic Structures Traffic 
Service Ice Control, Maintenance Gravel Services 

& Drift Pre- Surfaces 
vent ion 

Structures General Drainage Highway Snow & Ice ~ 
Expenses Structures 

Supervision Shoulders & Traffic Extraordinary 
Approaches Services 

Major Roadside General 
Structures Recreational 

Areas 

Minor & Crusher & 

Miscellaneous StockpHins 
Structure• 

Roadside 

Traffic 
Service 

Snow & Ice 
Control & 
Removal 

Special 
Maintenance 

lla 



sentatives of the maintenance division and the Texas Transportation 

Institute. The panels and their respective areas of responsibility 

were: 

PAl~EL A - Base and Subgrade, 

PANEL B - Bituminous Surfaces and Shoulders 
and Approaches, 

PANEL C - Portland Cement Concrete Surfaces, 

PANEL D - Roadside Maintenance and 

PANEL E - Structures. 

The original members of the panels are shown in Table 3. These 

panels have remained active during the projects although the composition 

of the panels have changed due to retirements and promotions. 

As noted in Table 3 each district was represented. Meetings were 

held as required at the various district offices located throughout 

the state. The first round of panel meetings was held to describe the 

objectives of the study, to identify existing maintenance operations 

and to assign responsibility for development of the maintenance methods. 

Subsequent meetings were held to review the developed methods, assign 

responsibility for developing additional methods and to initiate action 

on the development of the maintenance evaluation techniques. A total 

of 5 rounds of panel meetings have been held to develop in excess of 

200 maintenance activities currently performed by Texas Highway Depart-

ment maintenance forces. 

Maintenance Method 

A typical example of maintenance method developed by the panel is 

shown in Figure 1. The major information provided in the method is 

described below. 

12 



TABLE 3. Original Pan~l Members 1972 

PANEL NAME M MBERS 
A BASE AND SUBGRADE J. M. McDow 11, Chairman~ Dist. l 

L. s. Thomp on, Dist. lO 
J. N. Domin y, Dist. ll 
J. O'Connel , Dist. l? 
R. P. Hudso , Dist. l9 

B BITUMINOUS SURFACES AND SHOULDERS s. G. CoX', · r., Chair>man~ Dist. 2l AND APPROACHES J. L. Wilde , Jr., Dist. l4 w. B. Coll ;, r, Dist. l5 
W. F. Adams Dist. 22 
R. s. Marti1 , Jr., Dist. 23 

c PORTLAND CEMENT CONCRETE SURFACES v. F. Matusj <, Chair>man~ Dist. l3 ....... 
B. E. Davis Dist. 2 w 

G. G. Cleve· ind, Dist. 9 
J. H. Doss, 1ist. l2 
C. H. Brown Dist. 20 

D ROADSIDE MAINTENANCE A. L. McKee Char>iman_, Dist. 8 
F. L. Raq1ar l, Dist. 3 
R. c. Li 1 es, Dist. 4 
J. w. Kinq, )ist. 5 
J. H. Swarir Jen, Dist. 25 

E STRUCTURES J. R. Evansl Chairman_, Dist. 7 
R. S. Nea 1 , )ist. 6 
H. Schneemar , Jr. , Dist. l6 
G. Green, Di :t. ZB 
J. L. Lawrer :e, Dist. 24 

after reference 2. 



TABLE 4. Maintenance Quality Standards 

Group Code Quality Standard 

Bit. Surface Level up ruts 1/2'' to 1" allowed before repair 

Bit. Surface Leve 1 up waves 1" per 10 ft. section - 50%of roadway 

Bit. Surface 

Bit. Surfa.ce 

Bit. Surface 

Leve 1 up corru 
gat i ens 

Pot holes 

Bleeding 

~25% of any 100 foot section 

1" in depth - 1 ft. in diameter 

excess of 20 ft. in length 

Bit. Surface Cracks 1/4" in width 

P.c.c. Surface Raveling, pop-
outs, scaling 25% of any 100 ft. section 

P.C.C. Surface Spalling 

P.C.C. Surface Blowups 

P.C.C. Surface Faulting & 
Settlement 

P.C.C. Surface Cracks 

Shoulders Pot Holes 

Shoulders Blade 

Roadside 

Roadside 

Structures 

Structures 

Traffic Ser­
vices 

Traffic Con­
tro 1 

Mowing 

Brush Control 

Decks 

Paint Rai 1 i ngs 
stringers 

Repair Signs 

Traffic 
Buttons 

after reference 12. 

6" in width, 2" in depth 

1/2" or greater 

1/4" or greater 

1/4" or greater 

3 inches in depth or greater 

blade once a year 

4" to 6" height allowed 

no trees larger than 4" diameter within 30 ft. 

1/2" deep spalling 

Rust pitting 1/8 inch in depth 

4 to 5 sq. inches 

50% of buttons missing in any one skip stripe 
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TABLE 5. Haintenance Quality Standards 

Group 

Bit. Surfaces 

Bit. Surfaces 

Bit. Surfaces 

Traffic 
Cant ro 1 

Shoulders 

Shoulders 

Roadside 

Roadside 

Drainage 

Structures 

Drainage 

Code 

Pot Holes 

Localized 

Bleeding 

Guide Lines 

Pot Holes 

Loca 1 i zed 

Mowing 

Litter 

Reshape 

Culverts 

Silt Removal 

after reference 13. 

Quality Standard 

2 inches depth, 24 sq. inches 

2 inches depth, 6 inches diameter 

One square yard 

6 1 ineal ft. missing 

2 inches depth, 12 inches diameter 

2 inch drop off, 6 lineal ft. 

Cut between 6 and 12 inches 

10 items of litter in 0.1 mile 

50% of cross section is obstructed 

2 inches in depth and 24 sq. inch area 

50% of cross section obstructed 
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--~-------r---------------------~ 
TEXAS HIGHWAY DEPARTMENT 

REPAIR OF POT HOLES 

Temporary 

DEFINITION I 

MAINTENANCE ACTIVITY 

Cost Code 
262 

The temporary repair of bowl-shaped holes of various sizes in an asphalt pavement. 

METHOD I 
Conditions Favoring Use 

The temporary method of repair should be used any time that the permanent method 
cannot be, such as· adverse weather conditions, traffic too heavy, etc. 

Procedure 

1. Provide adequate traffic control. 
2. Remove water and loose material from the hole. 
3. Backfill the hole with one of the following types of material: 

a. Base material or crushed gravel. 
b. Base material and an asphaltic concrete material. 
c. Asphaltic concrete material. 
d. In case of a submerged hole, asphaltic concrete material in burlap bag. 

4. Compact the patch as well as possible by hand operated equipment or truck wheel. 

Men Equipment 

3 Crewmen with capability of 
operating truck and placing 
asphaltic concrete material. 
Flagmen as needed. 

Small Tools 

Asphalt rake 
Broom 
Hand Tamp 

Truck 
Signs and Barricades as required 

Materials 

Base material 
Asphaltic concrete material 

Fi~ure 1. Ty1)ica1 Maint~_n@ce Hethod 
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PERFORMANCE DATA, QUANTITATIVE ----1--u-n-it--o-f_M_e--a-sure -- Cubic Yard 

~----------~--~------------~ 
Unit Cost Labor 
Unit Cost Preparation 
Unit Cost Travel 
Unit Cost Equipment 
Unit Cost Materials 

PERFORMANCE QUALITY STANDARD I 

Unit Cost Traffic Control 
Total Unit Cost 
Labor Required Hours/Unit (Net) 
Labor Required Hours/Unit (Gross) 
Approximate Accomplishment Per Day 

Provide a reasonably smooth and safe riding surface until permanent repairs can be 
completed. 

METHOD OF RATING j 
1. Test ride the repaired surface at designated speed limit to insure smoothness. 
2. Make a visual inspection to insure that a neat appearing surface which adequately 

prevents surface water from passing into the base or subgrade is produced. 

SCHEDULING j 
Temporary repairs may be performed at any time as needed. 

COMMENTS I 
1. During wet weather cement may be added to the asphalt patching material and 

around the exposed surfaces of pot holes to add stability to the patch. 
2. An infrared heater, butane burner, or other system may be used for drying the 

hole and patch. 
3. An "Ejecto" truck may be useful in this operation. 

CROSS REFERENCES I 

Figure 1. Typical Maintenance Method (Continued) 
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Activity Code No. Date ------------ --------------
Method Unit of Measure ---------------------------------------- ----~--
District Foreman No. County --- ----
Hif;hway No. Location 

------ ~(M~i~llr"e_p_o_s-:t:-,--.d:-:-i-s-:-t.-a-n-ce--f=-r-om-"":'i-n'"l"t_e_r_R_ec-t':""i:-o-n-,-e-:t-c-. ) 
PERSONNI-;L DATA 

Title Comp Hours in Hours on Hours Hours 
Rate Preparation Travel Traffic Performing 

Control .'l.ctivity 

• ~ 6 ~Ola, +l • 
0 0 ~ IUUI ~ I Ul 

I'll +l .c: 1-1 u"",....<D <!) ~ Q) 
1-1 tJl <!) I'll IJ.I • > IJ.I+J O..O+l 
:::t ~ 14-4 <!) IJ.IUO :::t IJ.I I'll u :::t 
0"" .. 0 0 r-1 +l o"" a .. ~ 0 (]) s:: 

,C: 1-1 I'll <!) M <!)"" IJ.I <!) ~ ,C:<DU"" ro,..... 1-1 1-1 > I'll s..~J.~ s.. cv a 1-1+~ ~"" a 
IJ.I o..ro o ~ • <D. ro cv ro ro <!) IJ.I 
o cv"" a cv ~~-~~ ~ 1-1 ro roo ~ tJl +l IJ.I 0 

1-1 ~~ 1-1 ":5 ~ +J 1-1 +l ~OM ~ IUM 

s:: s:: ~ ro"" • <!) 1-1 
<!) +JO +l s::s:: I-IIJ.I s:: 0 "0 +l s:: 
~ ro ro I'll 0 0 tJl ~ "':::t IU . 

s.. ao w,..... <!) 0 <!) s:: ro <!) ..... s...t: 
ro M<D<D .t:+J+J .c: +l "" ,Q- ,C:+JUO+J s::>, .. ...... > +JS:: +JS::+J I +JS::S:: 

+ltJl ro <!) <!) (1_1 +l "0 u <!) "" ...... I'll 
<!) s:: s:: s:: .. 1-1 <DO.. I'll . <!) a. <!) S::+J I <!) a. <!) I'll 
+l "" Q)"" I'll +l +J I'll :::t +J I'll I'll ro <D <D +lUI .. > <D 
ro ~ <D ro 0 ro - s.. ro ro ro ,..... 
0 +l +l 1-1 Ol'll.t: OUI Ul,.O Ul'llOI-I 
"" s::"" g. :::t <!) "" 1-1 <!) "" s.. ,..... s:: tJl a "" 1-1 ,t:: +l r-1 
"0 <!) & s:: "0 "0 :::t 1-1 "':::tO~ 'O:::f+l 0 

~~Qj~~a ~_g ~ ~_g t ~~·~· ~.8~at 

Equip. Rate Hours or Hours or Hours/:Mile Hours,Miles Description 
Number Miles in Miles on Tra.fic Performing of !",quipment 

Preparatioll Travel Control Activity 

.. 
<D·· 
m..., 

. s:: s:: 
Q) 

<D! 
0.."" 
~g. 

QJ 
<!) 
+JIJ.I 
IU 0 
0 I 

""<D"' 't1 N <D 
s:: "" ~ 1-f Ul 

Quantity of Material Charged ----------------------­
Unit Cost of M1.terial Charged------------------~-----

Total Cost of Material Charged----------------------
Quantity of t.•Tork Perfonned lloTork Perfonned per Day ------------ ----------
Labor Required ______ (Hra/Unit) Unit Cost-------------

Figure 2. Performance Data Gathering Form 
1n 



Identification. This top portion of the method gives the title 

and the cost code number. 

Definition. This section defines the activity that is described 

below. The conditions favoring use are stated to provide guidance in 

terms of traffic, size, extent or other conditions that would favor the 

use of this method over some other method. The procedure defines a 

step by ~tep method for accomplishing the maintenance activity together 

with the necessary men, equipment, materials and small tools necessary 

for proper performance of the activity. 

Performance Data, Quantitative. This section of the method is 

intended to give the reader an indication of the cost and production 

that can be expected by use of the method under average conditions. 

The cost data were obtained from one or more districts by use of a form 

shown in Figure 2. 

Performance Quality Standard and Method of Rating. This item 

indicates in a very general way the level to which the maintenance 

activity should be performed and the method to make this evaluation. 

Scheduling. This section provides a delineation of the time of 

year or under what conditions the activity should be performed. 

Comments. Alternative types of materials, new equipment and 

potential problems are often included in the section. 

Cross References. The reader is provided with code numbers of 

other methods that pertain to use of the method being described. 

As indicated above the maintenance method or performance standard 

contained a general quality standard. It is felt that sufficient funds 

and/or time were not available to quantify the quality standards. 

Quality standards, however, were obtained from the literature (Tables 
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4 and 5) (12, 13) and supplied to Texas State Department of Highways 

and Public Transportation personnel for review and inclusion in the 

maintenance method where possible. 

Definition of quantity standards for particular operations have 

not been attempted by the Texas State Department of Highways and Public 

Transportation. In general, it is felt that quantity standards are 

not required under the present system of budget preparation practiced 

in Texas. 

INVENTORY OF MAINTAINABLE FACILITIES 

Selected roadway inventory data are collected and recorded by 

the Texas State Department of Highways and Public Transportation. 

These data include miles of highway by pavement type, county, district, 

highway type; number of bridges; pavement geometric design information; 

pavement materials and thickness information and certain other selected 

purposes. 

Inventory data in a form and with the degree of detail required 

for formulation of a maintenance work load p~esently do not exist within 

the Texas State Department of Highways and Public Transportation. 

MAINTENANCE WORK LOAD 

As described above, the maintenance work load is a function of the 

level of service to be provided and the constraints on the work to be 

performed. The wide range in climate, traffic and maintenance materials 

utilized in the state have created difficulties in adopting a system 

other than that based on historical requirements. Consequently, Texas 

usually approaches work load and budget from this viewpoint. 
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BUDGETING 

A program-oriented or performancebudget is not presently utilized 

in Texas. The budget is primarily based on historical fiscal require­

ments of each of the 25 districts in the state. District budget sub­

mittals are reviewed by the Maintenance Operations Division and a 

statewide budget is prepared. The wide range in climate, traffic, 

maintenance materials and maintenance techniques that exist in the 

state and the decentralized management system have created difficulties 

in adopting a system other than that based on historical requirements. 

PLANNING AND SCHEDULING 

Formalized planning and scheduling tools are being prepared by a 

number of districts. District 7 (San Angelo) (14) has recently defined 

a schedule of seasonal maintenance activities which provides a general 

planning framework (Table 6). In addition, quarterly planning and 

weekly planning and scheduling forms are utilized in the maintenance 

sections. Figure 3 shows the Weekly Work Schedule Form utilized by 

the maintenance foreman to schedule maintenance operation. The job 

description, job location, men and equipment requirements are listed. 

In addition, "bad weather" projects are identified for the week. This 

form has proven to be a valuable tool for field planning purposes. 

District 21 was the first district to utilize the maintenance 

rating system as a planning tool. References 15, 16 and 17 discuss the 

general use of the visual condition survey, Dynaflect measurements, Mays 

Ride Meter readings, skid numbers, traffic counts and accident data for 

planning maintenance activities. Criteria are offered in this paper 

for determining when and what kind of maintenance actions should be 
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JANUARY 

itter Clean Up 
rack Pouring 
inter Asphalt 
ork 
runing 
ainting 
omplete Center Stripe 

JULY 

ow 
evel 
eal Coats 
oison 

fter reference 14. 

TABLE 6. Seasonal Maintenance Activities 

FEBRUARY 

Crack Pouring 
Pruning 
Complete Litter 
Pickup 
Winter Asphalt 
Complete Painting 

AUGUST 

Mow 
Level 
Seal Coats 
Poison 

MARCH 

Poison 
Redo Rest Areas 
for Summer Usage 
Winter Asphalt 
Complete Pruning 

SEPTEMBER 

Chliche 
Begin Center 
Stripe 
Mow 
Linseed Oil on 
Bridge Decks 
Complete Summer 
Asphalt 

APRIL 

Seal Shoulders 
Start Level Work 
Finish Parks 

OCTOBER 

Mow 
Caliche Work 
Center Stripe 
Begin Winter 
Edging 
Painting of Sign 
Posts, Guard Rails, 
Islands etc. 

MAY 

Level 
Seal Coats 
Begin Mowin 

NOVEMBER 

Complete Mo 
Caliche Wor 

ing 

Center Stri e 
Winter Asph lt 
Edging 
Bridge Work 
Painting 

JUNE 

Level 
Mow 
Asphalt Seals 
Poison 

DECEMBER 

Begin Crack 
Pouring 
Center Stripe 
Winter Asphalt 
Complete Caliche 
Work 
Edging 
Litter 
Bridge Work 
Painting 
Straighten Sign 
Delineators 
after Clean Up 
Mowing 



File W.ll 

ITEM 

BASE REPAIRS 

PAVEMENT MAINT. 

I. LEVEL 

2. SQUEGEE 

3. SEAL 

R.O.W. MAINT. 

I. MOWING 

2. PRUNING 

J. TRASH 

SHOULDER WORK 

TRAFFIC MAINT. 

I. SIGNS 

2. STRIPING 

3. PAINTING 

PARK MAINT. 

f UTILITY 

WEED POISON 

VACATION 

MISC. 

WARE~~ft~~ f 
PERSONNEL 

TOTALS 

JOB 

WEEKLY WORK SCHEDULE 
/9_ 

DESCRIPTION MEN EQUIPT. 

¢ LOCATION REO' D. REO' D. 

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

MAINT£NANC£ FOR£MAN 

BAD WEATHER PROJECTS 

NOTES, REMARKS, ETC: 

Figure 3. Weekly Work Schedule 
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planned. It should be noted that these criteria are based on field 

experience and will be improved with additional use of this system. 

A yearly schedule of maintenance activities that is prepared 

during budget preparation is a part of the system developed in District 

21. This approach to budgeting should gain acceptance in other areas 

of the state. 

MANAGEMENT INFORMATION SYSTEMS 

There appears to be two broad purposes that a maintenance infor­

mation system could be expected to serve. These are: 

1. To improve the internal management of the maintenance 

function and thereby improve the overall efficiency of the maintenance 

operation and 

2. To provide performance data and cost experience that will 

guide decision makers in future investment decisions. That is, to 

provide information needed for objective evaluation of alternative 

reconstruction, rehabilitation, roadway.design and pavement construction 

options. 

The first of these purposes is, of course, totally internal to 

the maintenance operation. Its basic requirement is to have a data 

recording and reporting system that will provide the operational detail 

necessary to answer the question, "How?". How can a given job or 

function be performed most efficiently, and how can the optimum level 

of maintenance be performed within a given budget constraint. 

The second purpose is geared toward bringing specific activity cost 

data by specific roadway location to the attention of managers outside 

the maintenance area. It permits maintenance costs to become one of the 
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decision elements in a larger decision framework concerning alternative 

pavement, structural, roadway or geometric design decisions. 

Obviously, the detail required for different types of information 

will vary with the emphasis placed on the purpose of the system. A 

system designed to serve internal maintenance needs will be more con­

cerned with labor, material and equipment costs, with performance 

standards and work schedules, and with budgeting, planning and scheduling 

of maintenance programs. It will be much less concerned with the pre­

cise location of these activities within management sub-areas. Precise 

locational data, on the other hand, are among the basic needs of a 

system to serve the broader management needs outside the maintenance 

organization itself. 

Since maintenance management systems are relatively new, and since 

they have been generally developed within the maintenance organization 

itself, it is perhaps to be expected that they would concentrate on 

providing data for internal management purposes. As the process matures 

and experience is gained, it is logical to expect that the maintenance 

information systems will eventually be broadened to more adequately serve 

the other purposes. At the present time, however, the maintenance 

information systems are directed primarily toward providing internal 

maintenance management information. 

Examples of systems utilized in eleven states are outlined in 

Appendix A. These state summaries were prepared as part of the National 

Cooperative Research Program Synthesis titled "Recording and Reporting 

Methods· for Highway Maintenance Expenditures" (9) and are included herein 

to provide background information for the Texas State Department of 

Highways and Public Transportation committees responsible for revising 
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the maintenance recording and reporting system currently utilized 

in Texas. The outline utilized for these "state reports'' is as follows: 

1. Recording Systems, 

2. Collection and Processing of Recorded Data, 

3. Reporting Systems, 

4. ·. Reliability of Recording and Reporting Systems, 

5. Mechanisms for Changing Recording and Reporting Systems and 

6. Conclusion, Recommendations, Research Needs. 

No two surveyed states had identical recording or identical 

reporting systems. State maintenance organizational structures differ 

as do the methods of establishing the location at which the maintenance 

activity was performed. Two types of recording systems are presently 

being utilized by states. If a single reporting procedure is utilized 

for both maintenance management and for payroll and accounting informa­

tion, a "single recording system" is said to be utilized. If separate 

reports are filed by field personnel, then the term "parallel recording 

system" is utilized to describe the reporting system. Of the states 

surveyed, 5 utilized a single recording system approach while 6 utilized 

the parallel recording system. 

Field data are recorded either by the individual workman or the 

crew leader for the single reporting system while the crew leader records 

for the crew as a whole or for the individual workman when parallel 

reporting systems are utilized. All systems surveyed in the above 

mentioned study record labor in man-hours and equipment usage in miles 

or hours. Materials quantities utilized were not recorded for all sys­

tems surveyed. 

The basic field data reported are normally collected daily. This 
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information is checked by the immediate supervisor of the individual 

filing the report and transmitted to the district office or central 

office for processing and reporting. Delays or lag time between 

supplying the data and furnishing reports is commonly 20 to 30 days. 

All reports from the states surveyed except one produced in Tennessee 

are developed by electronic data processing. 

Reports produced by the various states for management purposes 

are numerous but for convenience can be summarized into eight broad 

categories as follows: 

1. Audit, 

2. Inventory, 

3. Planning, 

4. Equipment Usage, 

5. Performance, 

6. Budget Control and 

7. Special Analytical and Exception Reports. 

In the early stages of reporting syste~ development, many states have 

produced very large numbers of reports utilized by only a few individ­

uals. Upon later evaluation many of these reports have been discon­

tinued. Most states now insist that a real need be defined before a 

report is prepared as a routine output of the reporting system. 

Information system components developed as part of Research Study 

2-18-71-151 includes development of codes by which maintenance activi­

ties can be identified and placed into functional groups for maintenance 

recording and reporting purposes. A second major contribution of this 

research study has been the development of a maintenance rating system. 

This system has been developed to provide information for both internal 
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management of maintenance operations and to provide performance data 

to guide decision makers in future investment decisions. Several 

reports have been developed which utilize these data for management 

purposes. The development of cost codes and the maintenance rating 

system together with reports developed to utilize the results of the 

maintenance rating system are discussed below. 

COST CODES 

Coding of the methods for cost accounting purposes was initiated 

parallel to the development of maintenance methods. Literature such 

as that summarized in Table 2 was utilized for this development. 

Results of this study are shown in Appendix B. Seven maintenance 

categories were established as shown below: 

100 Base and Sub grade, 

200 Surface, 

. 400 Shoulders and Approaches, 

500 Roadside Maintenance, 

600 Structures over 20 feet, 

700 Traffic Services and 

800 Extraordinary Maintenance. 

Subgroups were defined in each of the seven categories, and the 

subgroups were further subdivided, as required. For example, item 521 

identifies a roadside maintenance activity - "litter pick-up by hand". 

The first digit indicates a 500 series activity which is reserved for 

roadside maintenance. The 520 series represents litter pick-up and the 

particular item 521 indicates that litter is removed by hand. Items 

522 and 523 refer to litter pick-up by a "tow-type" of machine and by 
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a "self-propelled machine with shredder", respectively. 

Field use of these codes can be limited to utilization of only 

the first of the three digits, two of the three digits or all of the 

digits can be utilized by the district. This versatility will allow 

costs and performance information to be kept to the degree of accuracy 

desired by the individual districts. If all three of the digits are 

utilized to record field performance information, alternative methods 

of performing the same basic activity such as litter pick-up can be 

studied. It is anticipated that this type of information will be 

helpful in establishing the type of maintenance action most suitable 

for a ·:given set of environmental and traffic conditions. 

From the above discussion, it is apparent that the person 

recording the maintenance operation must select a three digit number 

from a list of 304 numbers. This task is not expected to be trouble­

some because of the structure utilized in developing these codes and 

because a given·individual will usually only be concerned with selec­

tion of the proper descriptive code from a relatively short list of 

meaningful alternatives. 

The number of maintenance activities defined by other states in 

some cases is in excess of 500 (9). The number of maintenance activi­

ties that are available to be coded in other states is reported in 

reference 9 and summarized below: 

California - 470, 

Hawaii - 36, 

Illinois - 49, 

Louisiana - 124, 

Nevada - 72, 

North Dakota - 63, 
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Pennsylvania - 218, 

Tennessee - 71, 

Washington - 373 and 

Wyoming - 46. 

The number of activities available for coding is constantly under 

change in some states. Some activities are deleted and new and more 

efficient operations are added. 
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MAINTENANCE RATING SYSTEM 

The maintenance rating system was developed to provide information 

for the following specific purposes: 

1. Define the present condition of the roadway, 

2. Compare the present condition with the past condition to 

predict the future condition of the roadway, 

3. Determine maintenance needs in terms of materials, equipment, 

manpower and dollars, 

4. Establish maintenance priorities based upon available 

resources and 

5. Identify those maintenance activities which provide the 

greatest return for the maintenance investment. 

The term "roadway" as utilized above includes all features within the 

right-of-way; therefore, the maintenance rating system by definition 

should include an evaluation or rating of the following roadway elements: 

1. Pavement, 

2. Shoulder, 

3. Structures, 

4. Roadside including drainage features, 

5. Traffic services, 

6. Off-highway and 

7. Special and emergency. 

Special and emergency operations are not predictable and were not 

of sufficient duration to lend themselves to be evaluated for a useful 

end result. 
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Off-highway maintenance operations such as building maintenance 

were considered adequately covered by preventive maintenance activities 

already practiced by the Texas State Department of Highways and Public 

Transportation. 

Structures are presently evaluated by a detailed bridge rating 

system required by the Federal Highway Administration. It was felt that 

this rating could be utilized to predict bridge maintenance requirements. 

Thus, a bridge rating system was not developed as part· of Research 

Study 2-18-71-151. 

Pavement, shoulder, roadside and traffic service elements were 

further investigated and a maintenance rating system developed. The 

resulting rating system was developed based on an extensive literature 

review conducted by Texas Transportation Institute staff personnel and 

published in references 6 and 7 and summarized below. Reference 6 con­

tains information collected on condition surveys presently utilized by 

34 state, county and city agencies. Of the 34 agencies that reported 

using a rating system, 20 utilized the rating scores in maintenance 

decisions. A common characteristic of the reviewed rating systems was 

their general absence of ratings for roadside, drainage and traffic 

services elements of the roadway. 

Literature Review 

Reference (18) contains an excellent literature review of techniques 

and equipment available to evaluate pavements for maintenance and 

rehabilitation purposes. Existing techniques available to measure pave­

ment behavior and pavement distress as defined in this report are 

reviewed below. 
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Methods of Measuring Behavior. Behavior of a pavement can be 

defined as its immediate response to load. Methods for measuring 

behavior of pavements due to loads can be conveniently grouped into 

the following categories: 

1. Bearing tests, 

2. Deflection tests, 

3. Impact tests, 

4. Vibration tests and 

5.· Other methods. 

Many of these test methods measure the response of the pavements in 

terms of deflection, radius of curvature, ~nd/or elastic modulus under 

conditions that simulate traffic loads in terms of both magnitude and/or 

frequency of loading. Little attempt has been made to measure behavior 

due to non-traffic associated loads. 

Although soil classification and soil strength index methods do 

not directly measure response to load, they can be utilized as an index 

with a structural model to predict load carrying capacity of the pave­

ment. Advantages, disadvantages, speed of operation and information 

indicating where the various devices have been implemented are contained 

in Table 7. A brief discussion is presented below describing the various 

categories of devices. 

Bearing Tests. Bearing tests are distinguished by the application 

of a static or dynamic load to a pavement or soil through a plate. The 

static plate bearing tests widely utilized for determining modulus of 

subgrade reaction and deflection is the most common test of the group. 

The California Bearing Ratio (CBR) and bearing tests developed by North 
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TABLE 7. Behavior 

CATEGORY METHOD BEHAVIOR SPEED OF ADVANTAGES DISADVANTAGES IMPLEMENTATION RESEARCH NEEDS 
MEASURED OPERATION 

(MEASURE-
MENTS PER 
DAY) 

Static Plate *Deflection *History of Use *Slow Test to Perform *U.S. Navy *Development of More Portable 
Bearing *Elastic Modulus 1 to 10 and Acceptance *Massive Equipment *Corps of Engi- Equipment 

*Modulus of Sub- Necessary neers *Increase Speed of Data Col-
grade Reaction •u.s. Army lection 

*U.S. Air Force 

(3) 

Bearing Dynamic Plate *Deflection *Dynamic Loads *Slow Test to Perform *Research Tool *Development of More Portable 
Load *Elastic Modulus 1 to 10 Which Simulate *Massive Equipment Only Equipment 

Traffic Necessary *Increase Speed of Data Col-
(1) lection 

California *Soil Strength *History of Use *Slow Test to Perform *U.S. Army *Increase Speed of Data Col-
Bearing Index 1 to 5 and Acceptance *Not Suitable for *U.S. Air Force lection 
Ratio *Deflection Stabilized Materials *Corps of Engi-

*Elastic Modulus 

(3) 

North Dakota *Soil Strength *Acceptance Within *Does Not Mtiasure De- *Increase Speed of Data Col-
Florida? Index 1 to 5 State flection or Elastic. lect:ion 
Other Modulus But Soil *Determine Relationship 

Strength Index Only Between Measured Data and 
*Not Suitable for Sta- (ll Behavior 

bilized Materials 

Benkleman *Deflection *History of Use *Speed of Operation *Asphalt lnsti- *Reliability of Measurements 
Beam *Radius of 300 and Acceptance tute *Increase Speed of Data Col-

Curvature *Realistic Loads *U. S. --Okla- lection 
*Simple to Perform homa and Other 
*Easily Transport- States 

able *Great Britain 
R.R.L. 

*Some South 
African Prov-
inces 

*Canada-RTAC 

(3) 

Deflection California *Deflection *Speed of Opera- *Downgrade Measure- •california *Determine Reliable Elastic 
Traveling *Radius of Curv- 1800 to tion menta Are Not Poe- Moduli from Measurements 
Deflectom- ature 2000 *Realistic Loads· sible (3) 
eter *Easily Transport- *Measurements on Curves 

able Not Taken Because of 
Safety 

Lacroix •Deflection *Speed of Opera- *France *Determine Reliable Elastic 
*Radius of 5,000 tion *Great Britain- Moduli from Measurements 

Curvature *Realistic Loads IUU, 

*Easily Transport- *Some Canadian 
able Provinces 

*South African-
NIRR 

(3) 

State of *Deflection *Speed and Sim- *Small Load Applied *Determine Relationship 
Washington plicity of Oper- (1) Between Measured Data and 

at ion Behavior 

Impact P.rench *Deflection 500 *Dynamic Load Which *Speed of Operation WDenmark *Determine Relationship 
Simulates Traffic *Ft'ance Between Measured Data and 

*Easily Transportable Behavior 
(1) *Increase Speed of Data Col-

lection 

Germany *Deflection (1) 
*Determine Relationship 

Others Between Measured' Dat:a and 
Behavior 

Shell *Deflection *Variable Force *Validity of Certain *Research Only *Increase Speed of Daca Col-
*Elastic Moduli 5 to 50 and Frequency Elastic Moduli lection 
*Radius of ttrSmall Load Applied (1) *Determine Reliable Elastic 

Curvature *Frequency Range Moduli from Measurements 
*Speed of Operation 

Great Britain *Elastic Moduli S to 50 *Variable Force *Validity of Certain *Research Only *Determine Reliable Elastic 
RRL *Deflection and Frequency Elastic Moduli Moduli for Various Pave-

*Frequency Range (1) ment Layers 
*Speed of Operation 

French-LCPC *Elastic Moduli *Variable Force *Validity of Certain *Research Only *Extend Available Load Mag-
*Deflection and Frequency llastic Moduli nitucie and Frequency for 

*Speed of Operation (1) Any Single Device 
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TABLE 7. Behavior (Cont.) 

Road Rater *Deflection 
*Radius of 600-800 

Curvature 
*Elastic Modulus 

Dynaflec't *Deflection 400-600 
*Radius of 

Curvature 
*Elastic Modulus 

Vibratory Cox *Deflection 1,000 
*Radius of 

Curvature 
*Elastic Modulus 

u.s. Air *Deflection 300 
Force *Radius of 

Curvature 
*Elastic Modulus 

Corps of *Deflection 300 
Engineers *Radius of 

Curvature 
*Elastic Modulus 

Soil Classi- Soil Support 1 to 5 
fication 

Other 
Methods 

In-Situ *Deflection 
Transducers *Deformation 

*Load 

Curvature *Radius of 300 
Curvature 

RRL - Road Research Labora&ory 
LCPC - Laboratoire Central Des Ponts Et Chauasees 
RTAC - Road and Transport Association of Canada 

after reference 7. 

*Variable Force *Frequency Range 
*Low Maintenance *Small Force 
*Speed of Operation 

*Variable Force *Frequenc)l' Range 
*Low Maintenance *Magnitude of Load 
*Speed of Operation Applied 

*Speed of Operation 

*Variable Force and *Size of Equipment 
Frequency *Slow Test to Perform 

*Large Force 
*Multipurpose 
*High Frequency 

*Variable Force and *Size of Equipment 
Frequency *Slow Test to Perform 

*Large Force 
*Multipurpose 

*History of Use *Does Not Measure 
Behavior of Entire 
Pavement But Only 
Subgrade 

*Capable of Measur- ttinstallation 
ing Behavior Under *Reliability and Main-
Actual Pavement tenance 
Loading Conditions *Permanent Installation 

ttMeasure Coupled ""Limited Number of Mea-
Loads Due to Traf- surements Possible 
fie and Environ-
ment 

*Small *Require a Slow Moving 
*Transportable Load 
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*Pennsylvania •Determine Reliable Elastic 
*California Moduli from Measurements 

(2) 

*Texas *Determine Reliable Elastic 
*Utah Moduli from Measurements 
*California 
*Virginia 
*Pennsylvania 

(3) 

*Under Devel- •Determine Reliable Elastic 
opment for Moduli from Measurements 
Contra Costa 
County, Cali-
fornia As Well 
As Other Agen-
cies 

(2) 

*Under Devel- *Development of More Portable 
opment Equipment 

(2) 

*Under Devel- *Development of More Portable 
opment Equipment 

(2) 

*FAA *Determine Relationship 
ttstates Using Between Measured Data and 

Group Index Behavior 
Method, etc. 

(3) 

ttResearch Only *Develop Method of Measuring 
Remaining Life of Pavement 

(1) 

*South Africa *Increase Speed of Measure -
*California menta 

(3) 



Dakota and Florida, although not widely psed to measure pavement behavior, 

have been included. Dynamic plate load tests have been utilized as a 

research tool, but have not gained widespread implementation. 

Deflection. Benkleman beam, California Traveling Deflectometer and 

Lacroix Deflectometer are examples of deflection measuring devices. 

These d~vices are also capable of obtaining the radius of curvature of 

the deflection basin. The widespread use of these devices together with 

their ability to apply realistic loads have resulted in widespread 

utilization of this category of devices throughout the world. 

Impact. Impact devices employ a falling weight to impart a shock­

wave into the pavement structure which is measured and converted to 

deflection. Little if any full scale implementation of this category 

of devices has taken place in the United States. 

Vibratory. Vibratory devices have received widespread use as 

research tools in the last 10 years; additionally, the Dynaflect and 

the Road Rater have gained widespread acceptance for pavement rehabi­

litation forecasting. These devices us~ either a heavy or light vibrator 

to excite the pavement. Deflection, radius of curvature and elastic 

moduli can be determined. 

Several sophisticated wave propagation devices have been grouped 

under this heading and are utilized to evaluate airport pavements. 

Wide frequencies are used to propagate waves into the pavements under 

relatively heavy loads. The U. s. Air Force and u. s. Army Corps of 

Engineers are developing such devices. 

Other Methods. Soil classification methods including that utilized 

by the FAA are part of pavement overlay design models. 

In-situ transducers, although utilized for research only at this 
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stageof development, may become important for certain urban facilities. 

The development of devices of this nature to measure such items as re­

maining fatigue life and the behavior of pavements subjected to coupled 

loads appears reasonable with additional research. 

Curvature measuring devices have been used in South Africa, 

California and Texas. 

Methods of Measuring Pavement Distress. Roadway distress mani­

festations result when some. limiting response or damage occurs in the 

roadway. Distress manifestation associated with the pavement is usually 

in the form of pavement cracking, distortion and disintegration, vehicle 

and pavement related noise or skid resistance. Numerous methods have 

been established to measure pa~ement distress and attempts have been 

made to establish limiting values of the various forms of distress. 

Complications associated with establishment of these limiting responses 

are due, in part, to the inadequacies of distress measuring methods to 

identify and accurately measure the significant factors. In addition, 

it should be realized that distress affects not only occupants of the 

vehicle but also the operation of the vehicle and the people and goods 

adjacent to the roadway. 

The measurement of pavement distress can be obtained from user 

oriented evaluations or mechanistic evaluations. The output from the 

somewhat subjective evaluations and the objective mechanistic evaluation 

measurements taken at any particular time is usually referred to as the 

level of service. The history of this level of service, or service­

ability, with time is a measure of pavement performance. 

Mechanistic evaluations are concerned with measuring in quantitative 

terms such items as pavement cracking, road roughness, skid resistance, 
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etc. 

User oriented evaluations such as the Present Serviceability Rating 

are often intended to measure only the riding quality provided by the 

pavement. A measurement at any particular time is the level of service 

provided to the user. Variations of this level of service, present 

serviceability, with time is a measure of pavement performance. The 

best known definitions and procedures for measuring serviceability in 

North America are those developed utilizing a panel of highway users 

at the AASHO Road Test and in Canadian pavement evaluation studies. 

The AASHO terminology for performance rating is Present Serviceability 

Rating (PSR) while the Canadian equivalent is presently referred to as 

the Riding Comfort Index (RCI) to more explicitly denote the evaluation 

only of pavement riding quality. 

It is obviously impractical both in terms of the time and expense 

to evaluate performance serviceability on anything but a limited basis 

using the rating panel method. Consequently, considerable effort has 

gone into correlating various mechanical evaluation methods with panel 

performance evaluations. This effort has led to the development of a 

number of road roughness measuring devices, as road roughness is 

generally considered to be of major importance to the user and is thus 

reflected in his performance evaluations. 

In addition to road roughness measuring devices used to correlate 

with user oriented evaluations, the engineer has been concerned with 

pavement distress in terms of pavement cracking, pavement distortion, 

and pavement disintegration. Pavement evaluation methods attempting to 

measure these forms of distress are referred to as condition surveys. 

Another group of methods of pavement evaluation are those associated 
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with measuring pavement behavior. These test methods along with analysis 

techniques evaluate the structural load carrying capacity of a pavement 

among other factors. They do not measure mechanistically the pavement 

structural distress. 

Two other forms of pavement related distress are of concern to the 

engineer and the driving public: (1) Highway noise created largely 

by the tire pavement interaction and the vehicle; and (2) skid 

resistance and other safety related measurements. 

Table 8 presents a brief summary of the groups of methods utilized 

to measure pavement distress. It is the function of pavement evaluation 

methods to periodically measure the above mentioned distress in order 

to (19): 

1. Provide data for checking design predictions and updating 

them as necessary, 

2. Re-schedule rehabilitation measures as indicated by updated 

predictions, 

3. Provide data for upgrading the design models themselves and 

4. Provide information for updating network rehabilitation 

progress. 

Pavement evaluation thus serves the planning and design activities of 

pavement management and is, therefore, a part of the pavement manage­

ment system thus providing the means for assessing rehabilitation needs 

on both a project and a network basis. 

Pavement roughness evaluation has received considerable attention 

from most highway and airport agencies as roughness is generally 

accepted as the primary component of serviceability as viewed by the 

user. A number of attempts have been made to correlate different rough-



Evaluation Group 

Performance 

Roughness 

Condition 

Noise 

Skid Resistance 

Behavior 

Cost 

Traffic 

After reference (7) 

TABLE 8. Pavement Evaluation Methods 

E~amples of Categories 

Present Serviceability Inde~ 
Riding Comfort Inde~ 

Profilometer 
Mechanical Vibrometer 
Precise Level 

Visual 
Photographic 

Sound Recording Equipment 

Indirect - Surface Te~t~re 
Direct - Locked-wheel Skid 

Trailer 

Bearing 
Deflection 
Impact 
Vibratory 
Wave Propagation 

Maintenance Cost per mile 
Benefit - Cost Inde~ 
USER Cost 

Traffic Volume 
Capacity 

Comments 

0 User-oriented subjective evaluatio mainly of 
road roughness 

0 Developed Primarily to provide fas er and more 
economical performance evaluatio s 

0 Meas.urement of type, degree, magni ude and 
location of pavement distress 

0 Measurement of noise associated wi h tire-pavement 
interaction and vehicle and the ffect of the 
noise on the driver and adjacent people 

0 Measurement of accident potential f given 
pavement section 

0 Measurement of the immediate react on or response 
of a pavement to load 

0 Measure of maintenance effectivene s, benefits 
of certain maintenance activitie , feedback to 
mechanistic pavement design .. mode s, etc. 

0 Measurement of pavements ability t adequately 
handle present and future traffi 



ness measuring devices with panel oriented performance ratings. These 

results are presented in the literature together with descriptions of 

the numerous devices utilized to measure roughness. 

Table 9 has been prepared based on a literature review and the 

workshop proceedings (19, 10). For convenience, road roughness measuring 

devices have been grouped into the following categories: 

1. Profilometer, 

2. Mechanical Vibrometer, 

3. Precise Leveling. 

Speed of operation, advantages, disadvantages, research needs and agencies 

that implemented the individual devices have been identified. A brief 

discussion is presented below briefly describing the operational features 
~ 

of the various categories of devices. 

Profilometer 

Rolling straight edge measuring equipment was utilized in the 

United States as early as 1900. Since that time, numerous profile 

measuring devices identified by such names as Viagraphs, profilograph 

and profilometers have been developed and utilized by highway and 

airport agencies. 

Correlation of user-oriented performance evaluation with rough­

ness measurements was formalized at the AASHO Road Test. The Chloe 

Profilometer was utilized, in part, for this correlation. 

Surface dynamic profilometers have received increased use in 

the last 10 years as research tools and for calibration of other 

roughness measuring equipment. Surface dynamics profilometer equip­

ment promises to be the most desirable method of this category of 

equipment to measure road profile characterist Its major 
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TABLE 9. Pavement Mechanistic &~aluation Roughness Evaluation 

CATEGORY METHOD QUANTITY· SPEED OF ADVANTAGES DISADVANTAGES IMPLEMENTATION RESEARCH NEEDS 
MEASURED OPERATION 

Rolling Vertical Movement Slow *Repeatability *Operating Speeds *California Division *Increase Speed of 
Straight *Measurement of of Highways Operation and 
Edge Certain Wave *University of Mich- Measurement of 
(Calif. U of Lengths igan Certain Wave 
Michigan, *Other Agencies Lengths 
Illinois, 
French, (3) 
Others) 

CHLOE 
Profilometer Slope Variance Slow *Repeatability *Slow Operating Speed *AASHO Road Test *Increase Speed of 

*Measurement of Long *General States Operation and 
and Short Wave Lengths Measurement of 

*Movement of Towing (3) Certain Wave 
Profilometer Vehicle Lengths 

British - RRL Vertical Movement Slow *Repeatability *Slow Operating Speed *Several Canadian *Speed of Operation 
(Inches Per Mile) *Calibrations of *Measurement of Long Provinces and Measurement 

Other Roughness Wave Lengths *Canadian Ministry of of Long Wave 
Measuring Transport Lengths 
Devices *British- R.R.L. 

(3) 

Surface Dy- Aptitude and Moderate *Repeatability *High Capital and Oper- *General Motors *Transfer Function 
namics Pro- Length of all *Calibration of ating Costs *Texas for Roadway Wave 
filometer Waves Other Roughness *Highly Skilled Opera- *Michigan Length and Fre-

Measuring ting Personnel Re- quency to User 
Devices Quired for Operation (3) Opinion 

*Measurement of *Data Reduction Costs 
Long Wave *'CompleXity of System 
Length *Not a Direct Measure 

of Vehicle Ride Char-
acteristics 

VIA-Log Relative Vertical Tiaffic 
Movement Between Speed *Developed in 1926 
Rear Axle and and Utilized in 
Mass (Body of New York State 
Car) (2) 

PCA 
Relative Vertical Traffic *Low Cost *Repeatability *Wisconsin 

Mechanical Movement Between Speed *Simplicity and *Affected by Environ- *Washington 

Vibrometer Rear Axle and or SO Ease of Opera- ment *C<!_lifornia 
Mass (Body of MPH tion *Does Not Measure (3) 
Car) *Speed of Opera- True Amplitude or 

tion Length of Waves 
*Mass Inventory 

Possible 
*Portability of 

Equipment 

Mays Ride Relative Vertical Traffic *Low Cost *Repeatability *Texas *Improve Repeat-
Meter Movement Between Speed *Simplicity and *Affected by Environ- (3) 

ability of 
Rear Axle and or SO Ease of Opera- ment Results 
Mass (Body of MPH tion *Does Not Measure *Identify Sign!-
Car) *Speed of Opera- True Amplitude or ficant Vehicle 

tion Length of Waves and Environ-
*Mass Inventory mental Factors 

Possible Affecting Rough-
*Portability of ness Measurement 

Equipment *Improve Data 
*Continuous Rec- Handling Tech-

ord nique 

Cox and Relative Vertical *Low Cost *Repeatability *Research 
Son Movement Between *Simplicity and *Affected by Environ- Activities 

Rear Axle and Ease of Opera- ment (2) 
Mass (Body of tion *Does Not :-teasure 
Car) *Speed of Opera- True Amplitude or 

tion Length of Waves 
*Mass Inventory 

Possible 
*Portability of 

Equipment 
*Continuous Rec-

ord 

BPR Rough- Relative Vertical 20 MPH *History of Use *Low Operating Speed *Several States 
ometer Movement Between *Attenuation of Wave 

Wheel and Mass Lengths in the Ride (3) 

(Trailer) F.requency Range 
*Repeatability and 

Constancy Related to 
Calibration 

Rod and Amplitude and Slow *Precise Measure- *Slow Operating Speeds *Agencies Associated *Increase Speed 
Level Length of All ment *Safety with Airfields of Operation 

Waves *History of Use *"Down Time" of *Transfer Func-
Facility (3) tion for Road-

*Not a Direct Measure way Wave Length 
of Vehicle Ride and Frequency to 

Precise Characteristics User Opinion 
Leveling 

Traveling Amplitude and Slow *Precise Measure- *Slow Operating Speed *Under Development 
Rod and Length of All ment *"Down Time" of 
Laser Beam Waves Facility (2) 

*Not a Direct Measure 
of Vehicle Ride 
Characteristics 
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advantages are summarized below. 

1. Determination of actual profiles, 

2. Capability of handling large amounts of data by 

automated means, 

3. Operating speeds sufficient to cover reasonable amounts 

of pavement in a reasonable time, 

4. Capability of detecting and analyzing longer wave lengths 

in the pavement, 

5. Excellent repeatability and 

6. Capability of use for calibration of car road meters. 

Mechanical Vibrometer 

This category of equipment measures vertical movement between 

the axle of an automobile or a wheel in the case of trailer devices 

and the mass automobile or wheel supports. The State of New York 

developed a device called a "Via-Log" prior to 1926. This device 

measured the vertical movement between the front axle and the body 

of the car. Similar devices commonly referred to as the PCA meter, 

the Mays Ride Meter and the Cox and Son Road Meter have been 

developed utilizing many of the same principles. The major 

advantages offered by this newer equipment are in terms of improved 

measuring and recording equipment, thus allowing higher speeds of 

operation. 

Limited work has been performed on measuring runway and taxiway 

roughness with instrumented aircraft. Certainly this is an area 

which deserves further consideration from both a vehicle operational 

standpoint as well as a passenger standpoint. 

In 1941 the Bureau of Public Roads reported the development of 
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a trailer unit capable of measuring road roughness. This device 

known as the BPR Roughometer has been widely used and correlated 

with performance evaluations. Excellent repeatability and possible 

use as a calibrator for other roughness measuring devices makes its 

use attractive. 

This category of roughness measuring devices does not give 

a reliable measure of roughness wave length. 

Precise Leveling 

The precise leveling method has been utilized for a number of 

years. A survey rod and level have been widely used on airfields 

and some highways. Research on the application of laser beams to­

gether with a traveling rod have been reported which will offer a 

faster and perhaps more reliable method. 

Equipment to measure road roughness would ideally have the 

following characteristics: 

1. Correlate with performance evaluation, 

2. Measure wide spectrum of roadway wave lengths, 

3. Measure response of typical vehicular traffic on the 

facility, 

4. High speed of operation, 

5. Simple and easy to operate, 

6. Capable of mass inventory thus capable of measuring, 

analyzing, storing and retrieving large amounts of data 

and 

7. Easily transportable. 
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Such equipment has not been developed in a single unit at this 

point in time. However, the combination of several existing 

devices will provide the necessary measurement system. 

The combination of equipment to meet the desired requirements would 

consist of a surface dynamics profilometer or precise leveling device 

for correlation with performance evaluations and for calibration 

purposes. Car road meters such as the PCA, Mays or Cox would be utilized 

for ·the correlation of mass inventory data. Correlation of these car 

meters with performance evaluations would be maintained through 

profilometer equipment such as the surface dynamics profilometer device 

being developed in Texas or precise leveling methods as described above. 

An alternate method for calibration of car road meters would be through 

the use of vibration tables or other suitable devices. Repeatable road 

profiles would be programmed into the vibration table. The road meter 

response of the automobile excited by this table would be measured at 

periodic intervals. 

As noted most of the devices noted in Table 9 are considered imple­

mentable; however, the areas of applicability of various roughness 

measuring devices are shown in Table 10. In addition it should be noted 

that roughness measurements can be utilized for construction monitoring, 

maintenance programming, inventory and network programming and research. 

Reference 21 defines the use of the Mays Ride Meter in Texas. 

Most highway and airport agencies conduct periodic pavement condition 

surveys on selected sections, or on a mass basis. These surveys are 

measurements of pavement distress such as cracking, distortion and dis­

integration and can be defined as any process of identifying, either 
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TABLE 10. Areas of Applicability for Various 
Types of Roughness Measuring Equipment 

Type of Facility 

Expressway or Primary 
Highway 

Secondary 
(Rural) 

Highway 

Country or 
Local Rural 
Highways 

Airfields 

Construction Monitoring 

BPR Roughometer 
Car Ride Meters 
Surface Dynamics Profilometer 
Rolling Straight Edge 
(British Road Research 

Laboratory) 
(CHLOE Profilometer) 

BPR R:oughometer 
Car Ride Meter 
Rolling Straight Edge 
(Surface Dynamics Pro-

filometer) 
(British Road Research 

Laboratory)­
(CHLOE Profilometer) 

BPR Roughometer 
Car Ride Meters 
Rolling Straight Edge 
(Surface Dynamics Pro-

filometer) 

Car Ride Meters 
Surface Dynamics Pro­

filometer 
British Road Research 

Laboratory 
(Precise Level) 

Mass Inventory 

Car Ride Meters 
Surface Dynamics Pro­

filometer) 
(British Road Research 

Laboratory) 
(CHLOE Profilometer) 

Car Ride Meters 
(Surface Dynamics Pro­

filometer) 
(British Road Research 

Laboratory) 
(CHLOE Profilometer) 

Car Ride Meters 

Car Ride Meters 
Surface Dynamics Pro­

filometer 
British Road Research 

Laboratory 
(Precise Level) 

1. Brackets denote applicability primarily for special purposes or control 
sections 

after reference 7 
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qualitatively and/or quantitatively, visible manifestations of pavement 

distress. 

Condition surveys are conducted in a variety of fashions and to 

varying degrees of accuracy, subjectivity, and reliability by the many 

agencies employing such surveys in tne United States and elsewhere. In 

general, condition surveys are conducted for purposes which are relatively 

limited in number and which can be briefly summarized as follows: 

1. To be used as input to development of a structural rating or 

index, 

2. To aid in projection of budget requirements, 

3. To aid in decisions to perform or not to perform maintenance, 

4. To act as a diagnostic tool for assessment of design and/or 

construction procedures, 

5. To be used as input to rehabilitation design and 

6. To be used as input in determining pavement performance 

history (22). 

As indicated these purposes closely coincide to those given above for 

the establishment of evaluation methods for pavement distress. 

In order to more clearly define the nature of existing conditions 

surveys a letter was sent to the highway departments in most states, 

territories and selected Canadian provinces requesting information on 

their pavement condition rating system currently in use or projections 

* for use in the immediate future. 

* Primarily, this literature review was conducted by the Texas Trans-
portation Institute staff to satisfy research requirements for Federal 
Highway Administration Contract No. DOT-FH-11-8264. Reference 6 contains 
details of this survey. 
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Out of 58 separate agencies contacted, 44 responses were received 

or had previously been made available. The agencies included not only 

the states and selected Canadian provinces but also one county in the 

state of Washington and two city agencies in Texas. 

Some of the general items derived from the replies are: 

1. Number of agencies using or adopting rating systems - 34, 

2. Number of agencies using a composite numerical rating 

score - 24, 

3. Number_of agencies using ratings or rating scores in 

maintenance decisions - 20, 

4. Number of agencies using rating systems for flexible 

pavements - 30 and 

5. Number of agencies using rating systems for rigid 

pavements - 18. 

Of the states and agencies for which information was available, a 

total of sixteen either currently use or plan to use mechanical devices 

to assist in obtaining pavement ratings. The devices being used and 

the number of agencies using them are: 

1. Roughness measuring devices (PCA Roadmeter, Mays Ride Meter, 

etc.) - 16, 

2. Skid measuring devices - 8, 

3. Deflections measured by the Dynaflect - 3 and 

4. Deflections measured by the Benkelman Beam - 1. 

These mechanical devices are used for rapid surveys and should not 

be confused with the number of mechanical devices used in design survey 

procedures. Many agencies use the types of devices shown but do not 
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necessarily use them in a rating system. 

Table 11 is a summary of the 22 agencies for which the salient 

features of the condition surveys could be determined. There are 

several important similarities in these rating systems. These are: 

1. Over 70 percent of the agencies using numerical rating scores 

currently or in the near future use their condition rating system in 

making maintenance decisions, 

2. All of the 22 agencies listed have condition rating systems 

for flexible pavements and approximately 60 percent have systems for 

rigid pavements, 

3. The car ride meter (Mays, Cox, PCA, etc.) is used by more than 

half the agencies listed in the table for determining roughness. The 

Dynaflect and various skid devices are used to a lesser extent, 

4. Annual inspection frequencies appear to be the most popular and 

5. Generally, the overall numerical rating ranges from 100 (best 

pavements) to 0 (poorest pavements). 

The existing pavement condition survey methods can be classified 

into two broad categories identified as visual and photographic in 

Table 12. Details of the items measured in condition surveys conducted 

in Washington, Minnesota, Ohio, Canadian Department of Transport, British 

Research Laboratory and King County, Washington, are summarized together 

with advantages and disadvantages of each method in Table 12. All of the 

visual methods obtain a subjective measure of the type, degree and 

magnitude of distress in addition to its approximate location. 

Nomenclature used by most agencies in describing pavement distress 

types is somewhat uniform, although the refinement varies among procedures. 
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TABLE 11. 

SUI~RY OF AGENCIES USIRG NUMERICAL PAVEMENT RATING SCORES 
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Arizona 

California 

Florida 

Georgia 

Indiana 

Kansas 
Louisiana 

Maine 
11ary1and 
!otinnesota 

Nebraska 

New "'exica 
North Dakota 

Tennessee 

Texas 

Yes 

Yes 

Yes 

Unk 

No 

Yes 
Yes 

Unk I 
Unk ! 
Yes 

Yes 

Yes I 
I Yes I 

Yes 

Yes 

Unk 
Yes 

Yes Yes 

Yes Yes 

Yes No 

Yes No 

Yes Yes 

Yes 
I 

Yes! 
Yes Yes! 

I 

Yes ''nk i 

Yes l Yes : I 

I I 

Yes 

I Yes I 
Yes Yes I 

I 

Yes I Yes: 
Yes 

I I 
I No 

Yes l Yes 

Yes Yes 

Yes Yes 
Yes ' 

Unk Unk Every two 
years 

5 to 6 Teams, Cox f·leter Every two 
2 men ea. years 
5 Teams~ Mays Meter Annually 
2 men ea. 
Unk Wise. Roadmeter Unk 

Oynaflect 
Skid 

2 Teams ea. None Annually 
District, 
2 men ea. 
One man Roughometer Unk 
Unk Mays Meter Unk 

Skid 
Unk I None Unk I 

One man I None Annually 

I PCA Meter 
I One team ea. 

I 
Annually 

District, 
2 men ea. 
Unk I Neb. Roadmeter I Every two 

Oynaflect years 
Skid j 

One man llone I Annually 
Unk i None Unk 
One team 

I 
None I Annually 

rates entire 
state 
One team ea. Mays Meter Annually 
District, 
2 men ea. 
Unk Unk I Unk 

Pc'A Meter 
Virginia 
Washington 

1-King County, 
Washington 

Yesl four teams, 
2 men ea. 

I Every two 
_lyears J Annually 

Utah 

Ontario 
Corpus Christi, 
Texas 

Yes Yes No I Unk Cox r1eter 
I I Elcnk. Beam 

___..L Skid 
Yes I Yc'i ' Unk I Unk PCI\ f1cter 
Yes Yes Unk ~ -2-tcams, CoxMctcr 

I 2 Men ea. Oynaflect 
Skid 

Unk Yes I Unk I Unk llone 

Yes Yes Unk Unk None 

* This system is under consideration for adoption. 
**Not applicable to date. 

After reference (6) 
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TABLE 12. Pavement Mechanistic Evaluation--Condition Survey (Distress Measurements) 

CATEGORY METHOD MEASUREMENTS ITEMS MEASURED ADVANTAGES DISADVANTAGES IMPLEMENTATION RESEARCH NEimS 

Washington Type • Degree • *Rutting *History *Subjectivity of *Washington *Improve Repeats-
State Magnitude and *Waves, Sags • Humps of Use Measurements *California bility of Results 
(Flexible) Location of *Corrugations, Potholes, and Ac- *Speed *Increase Speed of 

Distress Raveling. Flushing ceptance *Safety (3) Data Collection 
*Alligator Cracking 
*Longitudinal Cra~king 

Visual *Transverse Cracking 

Evaluation *Patching 

Washington Type. Degree~ *Cracking *History *Subjectivity of *Washinston *Improve Repeats-
State Magnitude and *Raveling, Disintegra- of Use Measurements *California bility of Results 
(Rigid} Location of tion. Pop Out Sealing and Ac- *Speed *Increase Speed of 

Distress *Joint Spelling ceptance *Safety (3) Data Collection 
*Pumping, Blowing 
*Blowups 
*Faulting, Curling, Warp-

ing, Settlement 
*Patching 

Minnesota Type, Degrees, *Rutting *History *Subjectivity of *Minnesota *Improve Repeats-
(Flexible} Magnitude and *Alligator Cracking of Use Measurements bility of Results 

Location of *Longitudinal Cracking and Ac- "'Speed (3) *Increase Speed of 
Distress *Transverse Cracking ceptance ,...Safety Data Collection 

*Multiple Cracking 
*Patching 

Minnesota Type, Degree • *Spelled Joints *History *Subjectivity of *Minnesota *Improve Repeats-
(Rigid) Magnitude and "'Faulted Joints of Use Measurements bility of Results 

Location of *Cracked Panels and Ac- *Speed (3) *Increase Speed of 
Distress *Broken Panels ceptance *Safety Data Collection 

*Faulted Panels 
*Patching 

Minnesota Type, Degree~ *Longitudinal Cracking *History *Subjectivity of *Minnesota *Improve Repeats-
(Bituminous Magnitude and *Transverse Cracking of Use Measurements bility of Results 
Overland) Location C?f *Multiple Cracking and Ac- *Speed (3) *Increase Speed of 

Distress *Patching ceptance *Safety Data Collection 

Ohio Type, Degree, *Deterioration "'History *Subjectivity of *Ohio (Research) *Improve Repeats-
(Proposed} Magnitude and *Obstruction of Use Measurements bility of Results 

Location of *Flushing and Ac- *Speed (2) *Increase Speed of 
Distress *Stripping c:eptance *Safety Data Collection 

"'Few Items Measured 
*Limited Measures 

of Degree and Mag-
nitude of Distress 

Canadian Type, Degree, *Hair Cracking •History *Subjectivity of *Canadian Dept. *Improve Repeata-
Dept. of Magnitude and *Alligator Cracking of Use Measurements of Transport bility of Results 
Transport Location of iiLongitudinal Cracking and Ac- *Speed *Increase Speed of 
(Flexible} Distress *Transverse Cracking ceptance *Safety (3) Data Collection 

*Chicken Wire 
*Map Cracking 
*Reflection Cracking 
*Stripping 
*Raveling 
*Rutting 
*Deformation 
*Distortion 
*Subgrade Settlement 
*Skin Patches 
*Deep Patches 
*Localized Recon-

struction 
*Frost Heave 

British Road Type, Degree, *Disintegration, *History *Subjectivity of *British Road *Improve Repeata-
Research Magnitude and Flushing of Use Measurements Research bility of Results 
Laboratory Location of *Deformation and Ac- *Speed Laboratory *Increase Speed of 

Distress *Texture ceptance *Safety Data Collection 
*General Variability *Few Iteas (3) 
*Overall Condition Measured 

King County, Type, Degree, *Corrugation, Shoving, *History *Subjectivity of *King County "'Improve Repeat&-
Washington Magnitude and Slippage of Use Measurements (Research) bility of Results 
(Proposed Location of *Flushing and Ac- *Speed *Increase Speed of 

Distress *Raveling ceptance •safety (2) Data Collection 
*Rutting *Few Items 
"'Alligator Cracking Measured 
"'Longitudinal Cracking 
*Transverse Cracking 
*Waves, Sags, HUillps 
*Patching 

British *Photographs *Cracking *History "'Subjectivity of *British . *Improve Repeats-
Columbia «some Distortion of Use Measurements Columbia bility of Results 

*Safety Hazards and Ac- *Speed *Increase Speed of 
ceptance *Safety (3) Data Collection 

Photographic "'Speed of *Detail of Pavement 
Operation Defects 

«Safety 
*Combine Sev-

eral Mess-
urements in 
Single Opera-
tion 

*Continuous 
Record 

Washington *Photographs ,...History •Subjectivity of *Washington *Improve Repeata-
State of Use Measurements (Research) bility of Results 

and Ac- *Speed *Increase Speed of 
ceptance "'Safety (2) Data Collection 

after reference 7. 
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The following major categories of distress are usually recognized by 

the various methods: 

1. Cracking (alligator, longitudinal, transverse, map, reflection), 

2. Disintegration (raveling, stripping, spalling, scaling), 

3. Permanent Deformation (rutting, faulting, etc.) and 

4. Distortion (settlement, heave, etc.). 

Details of individual methods are given in Table 12 and reference 6 to 

give the reader a better understanding of the differences in condition 

surveys. In addition to the detail associated with types of distress, 

some agencies require different forms for flexible, rigid and overlaid 

pavements while others use a single form. 

Le~gth of sections surveyed and weighting factors assigned various 

types of distress by the different agencies also vary among those con­

ducting condition surveys. For example, Table 13 shows the approximate 

percent of the condition rating score that is determined by pavement 

distress factors. The percentage range from 17 percent (Arizona) to 

100 percent (Maine). No geographical pattern is evident from the 

distribution of the percentages. On the average, 49 percent of the rating 

score for flexible pavements and 43 percent for rigid pavements is 

accounted for by distress factors. Since the remaining percentages 

account for such items as roughness, traffic, geometry, etc., it is 

readily apparent that distress considerations are a significant, though 

highly variable, part of the individual rating systems. 

Table 14 shows the percentage of the pavement rating score represented 

by each of the forms of distress. The distress factors listed are self­

explanatory with the exception of the one listed as "General". This 

category is used to group those forms of distress listed by the various 
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1. Arizona 

2. California 

3. Florida 

4. Georgi a 

5. Indiana 

6. Kansas 

7. Louisiana 

8. Maine 

9. Maryland· 

10. Minnesota · 

11. Nebraska 

12. New Me xi co 

13. North Dakota 

14. Tennessee 

15. Texas 

16. Virginia 

17. Washington 

18. King County, 

*In general, the 

the computation 

Indicates one 

TABLE 13.. Maximum Percent Distress Factors 
Influence Overall Rating by Agency* 

Flexible Pavements Rigid Pavements 

17.0 17.0 

78.3 

50.0 

37.5 

22.0 22.0 

44.0 50.0 

30.0 30.0 

100.0 

40.0 '40 .0 

50.0 50.0 

40.0 

40.0 40.0 

75.5 

50.0 50.0 

80.4 85.7 

48.0 42.0 

50.0 50.0 

Washington 37.5 

table does not utilize dis tress measured by ride meters in 

of percentages. 

of two items: The agency does not use a rating system for 

rigid pavements or distress factors are not numerically weighted. 

after reference 6. 
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Arizona 

California 

Florida 

Georgia 

Indiana 

Kansas 

louisiana 

Maine 

Maryland 

Minnesota 

Nebraska 

New ,...exico 

Korth Dakota 

Tennessee 

Texas 

Virginia 

Washington 
King County, 
Washfnqton 

Avg. Annng Agencies 
Using the Dis tress 

Factor 

TABLE 14. Maximum Percent Individual Distress 
Factors Influence Overall Rating by Agency 

Flexible Pavements 
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1
17. 17 .G 

33.2 9.~11.9 19.0 4. 

130.0 13 6 

~7.5 

22.( 12? .( 

4.! 18.0 12 .0; 10.0; 4.0 

i30.0 30. 

9.0 '44 0 114.0 . 
.i.O. 4...Q ]4.( "---

140.01 
·-- ,40. 

27.5 z.sl 15.0: 

120...Q I i I 
20.0· I 

40.0 I I 40.( 
I I 

49.0 10.2 4.1' 6 16.1 

~ ~~---1-- r-- 1- --i--- >50 

~-4 5.9 7.8; 7.8 Z.E h'i.7 7.1! 

J -'"·' '·t t- ., 0 ls.o 
18 . . lJ .. -- 12 .. 1. -~·' In 1 , 7 

12 .! 6. 6. 3.1 . 3.1 3 13.1 

R1 g1 d Pavements 

Avg. Anlong Agencies ~ r II I :L~I:r:J Using Flexible (18) !~, 1 
or Rigid (12) Rating ;96)5.3 1.7!3~1.2.7 I o . .a . 0 5 

Systems 
h6.J z.oi2.711.81Q:Jhl.lo_.8 b.Jil J 

after reference 6. 
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agencies under generalized headings like "structural adequacy". 

The amount that individual distress factors influence the overall 

rating can be examined in two ways. First, by determining the average 

of only those agencies which use the factor and second, by averaging of 

all agencies. The latter is considered the more informative, because 

if an agency does not include a given factor, that is an indication that 

the factor is considered unimportant. 

Based on the latter averaging procedure, the "Gene.ral" category 

accounts for an average of 13 percent (flexible) and 17 percent (rigid) 

of the overall pavement rating score. Of all of the specific types of 

distress, cracking is the most heavily weighted with 16 percent for 

flexible and 7 percent for rigid pavements. The next most important ~ 

forms of distress for flexible pavements are rutting (5%) and patching 

(3%). For rigid pavements, the next most important forms of distress 

are spalling (5%) and faulting (3%). Deflections average 3 percent for 

flexible pavements but are not considered as distress in this analysis. 

Photographic methods for conducting condition surveys have been 

developed in British Columbia and Washington. The British Columbia 

device not only gives an indication of pavement cracking and distortion 

but also measures road roughness, pavement cross slope, the presence of 

roadside hazards and signing needs. Detailed pavement distress cannot 

be recognized from photographic techniques presently used. 

Review of Table 12 and the literature indicates that a number of 

condition survey methods have been implemented by various agencies; 

however, certain problem areas have been identified and are given below: 

1. Undesirable subjectivity in surveys due to present techniques 

and/or human factors, 
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2. Absence of valid, workable statistical sampling procedures 

for highway surveys, 

3. Adequate delineation of established survey areas for 

repetitive survey purposes, 

4. Lack of uniformity in severity weighting techniques for 

distress types, 

5. Inability with current data storage and retrieval methods to 

achieve a valid and workable inventory of pavement condition and 

6. Hazardous and disruptive nature of condition surveys, as 

currently conducted. 

In spite of the above mentioned problems with condition surveys, 

the condition survey approach was considered as a measuring element in 

the pavement rating system. 

Development of Maintenance Rating System 

Based on the literature summarized above and discussions with 

field and central office maintenance personnel of the Texas State 

Department of Highways and Public Transportation a maintenance rating 

system has evolved. The key elements of this system have become a 

subjective visual roadway condition survey and objective mechanistic 

tools to measure pavement roughness, skid resistance and pavement 

structural capacity. The objective measuring systems include the 

Mays Ride Meter to determine pavement roughness (21), the locked­

wheel skid trailer to measure the skid number at 40 m.p.h. and the 

Dynaflect to measure pavement structural capacity. The subjective 

roadway condition survey consists of a pavement condition survey and 
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an itemized evaluation of shoulder, roadside, drainage and traffic 

services features. Separate forms are utilized for flexible and 

rigid pavements. 

Details describing the roadway condition survey as presently 

utilized in Texas can be found in reference 4. A brief history of 

the development of this system follows. 

Development of Roadway Condition Survey. As discussed above the 

maintenance rating system should be capable of determining the present 

condition of highway elements including the pavement, shoulder, road­

side, drainage and traffic services features. An extensive list of 

maintainable features under each of the above categories was prepared 

and reviewed by Texas Transportation Institute and Texas State Depart­

ment of Highways and Public Transportation representatives. The items 

finally selected for shoulder, roadside, drainage and traffic services 

features are shown in Figure 4 and listed below: 

A. Shoulders 

1. Paved Shoulders 

a. Ride 

b. Contrast 

c. Pavement edge 

d. Shoulder edge 

e. Cracks 

f. Raveling or flushing 

g. Vegetation 

2. Unpaved Shoulders 

a. Pavement edge 

b. Rutting, corrugations, loose rock 
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B. Roadside 

1. Litter 

2. Mowing 

3. Vegetation 

4. Slope errosion 

c. Drainage 

1. Culverts 

2. Ditches, outfalls, channels 

3. Roadside drainage 

D. Traffic Services 

1. Guardrails 

2. Signs 

3. Delineators 

4. Striping 

5. Auxiliary Marking 

The items initially considered for evaluation purposes are shown 

in Table 15. As noted, a considerable number of items were combined or 

deleted. For example, items finally selected to identify shoulder 

maintenance needs are in the two categories of paved and unpaved rather 

than the four categories of asphalt concrete, surface treatment or seal 

coat, unpaved and sod as originally considered. 

The rating techniques selected for use in evaluating the condition 

of the shoulder, roadside, drainage and traffic services elements are 

shown in Table 16. This numerical rating is based on the condition of 

the element being evaluated and not specifically for its need for 

maintenance. However, numerical ratings can be utilized to suggest the 

urgency of required maintenance utilizing the guidelines shown below: 
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TABLE 15. Roadway Items Originally Considered for 
Evaluation as Part of Maintenance Rating System 

SHOULDER FEATURES 

A. Asphalt Concrete Shoulders 
1. Appearance 
2. Distress Types Contained on Pave­

ment Condition Survey 

B. Surface Treatment on Seal Coat Shoulder 
1. Appearance 
2. Riding Quality 
3. Raveling 
4. Flushing 
5. Cracking 
6. Potholes 
7. Shoulder Build-up 

C. Unpaved Shoulde~s (Granular Materials) 
1. Appearance 
2. Riding Quality 
3. Raveled Pavement Edge 
4. Pavement Drop-off 
5. Potholes 
6. Corrugations or Loose Rock 
7. Erosion 

D. Sod Shoulders 
1. Appearance 
2. Riding Quality 
3. Raveled Pavement Edge 
4. Pavement Drop-off 
5. Potholes 
6. Corrugations or Loose Rock 
7. Erosion 

ROADSIDE FEATURES 

A. Litter 
B. Trees 
c. Shrubs and Plantings 
D. Grass 
E. Flowers 
F. Roadside Parks 
G. Fencing 
H. Brush 
I. Vegetation Control 
J. Encroachments 
K. Pest Control 

DRAINAGE FEATURES 

A. Drainage Ditches 
1. Erosion 
2. Silt Removal 
3. Vegetation Control 
4. Slope Adequency 
5. Vegetation Needs 

B. Slopes 
1. Erosion 
2. Vegetation Needs 
3. Retards - Grass 
4. Retards - Concrete 

c. Culverts and Drainage Structures 
1. Silting 
2. Structure Condition 
3. Rip Rap 

TRAFFIC SERVICES 

A. Signs 
1. Cleanness 
2. Supports 
3. Location 

B. Delineators 
1. Cleanness 
2. Supports 
3. Location 

c. Median Barriers, Guard Rails, 
Transition Rails 
1. Cleanness 
2. Supports 
3. Location 

D. Turnouts 
1. Mailbox 
2. Driveway 
3. Mailbox Condition 

E. Intersection Channelization 

F. Striping 

G. Night Visibility 
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TABLE 16. Rating Scale for Shoulder, Roadside, 
Drainage and Traffic Services. 

General Description 
of Condition · 

Very Good 

Good 

Fair 

Poor 

Very Poor 

Item not present on 
roadway section 

Numerical Scale 

1-2 

2-4 

4-6 

6-8 

8-9 

0 
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Evaluation 

1 2 

2 4 

4 - 6 

6 - 8 

8 - 9 

Score Maintenance Urgency 

Maintenance not required in 2 or more years 

Maintenance not probable in 2 years but need 
should be re-evaluated yearly 

Possible maintenance in 1 year 

Schedule maintenance within 1 year 

Schedule maintenance immediately 

Development of Flexible Pavement Condition Survey~ The pavement 

condition portion of the maintenance rating system was developed based 

on the extensive literature review summarized above together with input 

from personnel from the Texas State Department of Highways and Public 

Transportation. Two systems for pavement evaluation were seriously 

considered for adoption by the study staff; the Washington State Method 

and the method proposed for use in Ohio (13). The Washington Method 

(Figure 5) appeared to offer more versatility and thus was selected for 

trial implementation on a maintenance section of District 21. The 

results of this survey were very encouraging and thus the type of form 

utilized by Washington was used as a basis for development of the Texas 

pavement maintenance rating form. 

Figure 6 depicts the original maintenance rating form utilized for 

trial implementation in Districts 7 and 21. All of the roadways in 

Districts 7 and 21 and approximately 250 pavement sections selected 

throughout the state were evaluated with this form in 1972-1973. Deduct 

or negative values assigned to the various degrees and types of pavement 

distress for the 1973 survey form are shown in Table 17. 

A comparison of Figures 5 and 6 illustrates the changes made in 

the Washington form for use in Texas. These changes are briefly reviewed 
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TABLE 17. 1973 Deduct Table 
Flexible Pavement Evaluation 

Negative Values to be Assigned to the Various Degrees of Pavement Failures 

Type of Distress Degrees of Distress Extent or Amount of Distress 

Rutting Slight 0 2 5 
Moderate 5 7 10 
Severe 10 12 15 

Raveling Slight 5 8 10 
Moderate 10 12 15 
Severe 15 18 20 

Flushing Slight 5 8 10 
Moderate 10 12 15 
Severe 15 18 20 

Corrugations Slight 5 8 10 
Moderate 10 12 15 
Severe 15 18 20 

Waves Slight 10 15 20 
Sags Moderate 20 25 30 
Humps Severe 30 35 40 

All:!.gator Slight 5 10 15 
Cracking Moderate 10 15 20 

Severe 15 20 25 

Longtitudinal Slight 5 10 15 
Cracking Moderate 10 15 20 

Severe 15 20 25 

Transverse Slight 3 5 10 
Cracking Moderate 4 7 12 

Severe 5 10 15 

Patching Good 2 5 7 
Fair 5 7 10 
Poor 7 10 15 
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below. 

1. Shoulder, roadside, drainage and traffic service features 

were added to the form and bituminous and portland cement concrete 

pavements were placed on separate forms. 

2. The headings of rutting, waves, sags, humps, alligator 

cracking·, longitudinal cracking, transverse cracking and patching 

were transferred from the Washington to the Texas form although the 

definition of the amount and severity of distress was changed in many 

cases. 

3. Corrugations, raveling and flushing which appears under one 

heading on the Washington form was separated into three headings on 

the Texas form. 

4. The pavement distress items for portland cement concrete pave­

ment, as will be discussed below, was altered to include an evaluation 

method for both continuous and jointed concrete pavements. 

A comparison of Figures 4 and 6 illustrates refinements in the 

rating system which occurred after a trial implementation phase. 

Six changes which occurred are briefly discussed in the following 

paragraphs. 

1. Additional location data were included. Specifically, the 

foreman, number and highway class were identified on the new form. In 

addition, the names of those conducting the rating and the date the 

ratings were performed was included in a form suitable for data 

processing. 

2. The pavement distress items "Waves, Sags, Humps" was removed 

and replaced with the Serviceability Index as measured by the Mays Meter. 
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The field trials demonstrated that considerable variation existed in 

the estimates of "waves, sags, humps". This variability together with 

the general availability of the Mays Ride Meter indicated that this 

was a practical change. 

3. From a maintenance scheduling standpoint it is necessary to 

know if "·the transverse and longitudinal cracks are sealed, partially 

sealed or not sealed. A column denoting this condition was inserted. 

4. A column denoting the number of failures per mile of roadway 

was inserted into the form. Due to the reduced frequency of needed 

maintenance pavement failures were expected and have occurred in Texas 

at an increasing rate. This category of distress is singled out to 

emphasize the seriousness of the problem. 

5. Under the heading of "roadside" the item "encroachments" has 

been removed. Encroachments were not considered a major problem in 

most parts of the state. Encroachment problems can now be entered on 

the form by use of an appropriate number under the columns "other". 

6. A three space column was added"and titled "other". This 

portion of the form is to be utilized by the evaluation team to denote 

unusual conditions that exist along the roadway. Examples of items 

to be noted by code numbers are encroachments, signals operating 

improperly and dangerous geometric features including improper speed 

signing of curves and striping of no passing zones. 

Because of the changes in the pavement rating forms, new deduct 

values were developed and are shown in Table 18. The deduct points 

for patching were reduced and deduct points were adjusted for longi­

tudinal and transverse crack condition, i.e., sealed or unsealed. 
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TABLE 18. Deduct Table Flexible Pavement Evaluation 

Negative Values to be Assigned to the Various Degrees of Pavement Failures 

Type of Distress Degrees of Distress Extent or Amount of Distress 
(1) (2) (3) 

Rutting Slight 0 2 5 
Moderate 5 7 10 
Severe 10 12 15 

Raveling Slight 5 8 10 
Moderate 10 12 15 
Severe 15 18 20 

Flushing Slight 5 8 10 
Moderate 10 12 15 
Severe 15 18 20 

Corrugations Slight 5 8 10 
Moderate 10 12 15 
Severe 15 18 20 

Alligator Cracking Slight 5 10 15 
Moderate 10 15 20 
Severe 15 20 25 

Patching Good 0 2 5 ... 

Fair 5 7 10 
Poor 7 15 20 

Deduct Points for Cracking 

Longitudinal Cracking 

Sealed Partially Sealed Not Sealed 
(1) (2) (3) (1) (2) (3) (1) (2) (3) 

Slight 2 5 8 3 7 12 5 10 15 
Moderate 5 8 10 7 12 15 10 15 20 
Severe 8 10 15 12 15 20 15 20 25 

Transverse Cracking 

Slight 2 5 8 3 7 10 3 7 12 
Moderate 5 8 10 7 10 15 7 12 15 
Severe 8 10 15 10 15 20 12 15 20 

Failures 20 30 40 
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Deduct points for the Mays Ride Meter were based on Serviceability 

Index values obtained from the statewide random pavements survey. The 

distribution of the Serviceability Index values for all pavement sections 

investigated is shown in Table 19 together with the deduct points 

presently utilized. Ten deduct points were assigned to the average 

condition and the other deduct points were arbitrarily assigned as 

shown. It should be recognized that the vast majority of the pavements 

surveyed had either asphalt concrete or chip seal surfaces. 

Development of Rigid Pavement Condition Survey. The visual rating 

form for portland cement concrete or rigid pavements is identical to 

the form for flexible pavements with the exception of the central portion 

of the form relating to the pavement surface (Figure 7). The development~ 

of the form followed a process similar to that utilized for development 

of the flexible pavement form. The Washington Method was utilized as a 

general guide and a form for trial implementation developed (Figure 8). 

This form was utilized to rate pavements in Districts 13 and 17. The 

results of this trial implementation suggested that certain changes 

should be made (Figure 7). As will be noted on Figure 7, the pavements 

portion of the form is divided into three sections. The types of distress 

observed on both continuously reinforced and jointed pavements are listed 

first. These distress types include pumping, scaling, raveling, dis­

integration, pop-outs, spalling, longitudinal cracking, patching and 

faulting. The other two portions relate to either continuously reinforced 

concrete or jointed pavements exclusively. 

Deduct points utilized with the present rigid pavement form are 

shown in Table 20. 
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TABLE 19. Distribution of 1973 Serviceability Index 
Values as Obtained from Random Pavement Sections 

Serviceability Index Percent of Pavements Deduct 
Less Than Value Points 

4.70 0 0 

3.70 25 3 

3.50 35 5 

3.30 50 10 

3.10 65 20 

2.95 75 30 

2.75 85 40 

2.40 95 50 
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TABLE 20. Deduct Values for Rigid Pavement 

Type of Distress Degrees of Distress Extent or Amount of Distress 
(1) '(2) (3) 

Pumping 20 40 60 

Failures/Mile 20 30 40 

Surface Deterioration Slight 5 10 20 
Moderate 10 20 30 
Severe· 20 40 60 

Spalling Slight 5 10 15 
Moderate 10 15 20 
Severe 20 40 60 

Longitudinal Cracking Slight 5 10 15 
Moderate 10 15 20 
Severe 15 20 25 

Patching Good 0 2 5 
Fair 5 7 10 
Poor 7 15 20 

Faulting Moderate 5 15 
Severe 15 40 

Crack Spacing Closed 0 10 
Open 15 40 

% Intersecting Cracks Moderate 5 15 
Severe 15 40 

Joint Spacing Information Only 

Transverse Cracking 
If Joint Spacing is less than 20 feet. 

Slight 5 10 20 
Moderate 10 20 30 
Severe 15 30 40 

If Joint Spacing is greater than 20 feet. 
Slight 0 5 10 
Moderate 5 10 20 
Severe 10 15 30 

Joints 0 10 20 
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Use of Maintenance Rating System for Flexible Pavements. The 

condition survey portion of the maintenance rating system was made 

available for use by all districts during the conduct of Research 

Study 2-18-75-199 as described in reference 5. A majority of the 25 

districts in Texas have utilized this evaluation tool for a part or 

all of the pavements in their district. In addition one district, 

District 21, has made use of the other evaluation tools which are 

considered a part of the Maintenance Rating System. These tools 

include the Mays Ride Meter, the skid trailer and the Dynaflect. The 

use of the information gathered from their survey work is discussed 

in references 15, 16 and 17. Computer programs developed to assist in 

the use of these data for maintenance management purposes are described 

below together with the utilization of the collected data. 

Computer Programs. Computer programs were developed to fit the 

needs of different levels of management within the Texas State Depart­

ment of Highways and Public Transportation as determined from panel 

meetings and personal visits to several districts. Several of these 

programs were prepared to provide one-time needs or for illustration 

purposes and have not been formally prepared for implementation. Those 

programs anticipated for use on a broad scale have been documented in 

references 4 and 24. 

Condition survey data reduction and sorting programs have been 

developed and documented in reference 4. Five rating scores have been 

defined as follows: 

1. Pavement Rating Score (PRS), 

2. Shoulder Rating Score (SRS), 
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3. Roadside Rating Score (RRS), 

4. Drainage Rating Score (DRS) and 

5. Traffic Services Rating Score (TRS). 

Ten sort options exist to summarize these data from low to high Pave­

ment Rating Score, by highway class, by county number, by highway type, 

by foreman and by several combinations of the above basic categories 

(Table 21). An example of a typical printout is shown in Figure 9. 

A program referred to as the plot program has been developed based 

on a need to summarize a variety of collected data in graphical form 

(Figure 10) according to location along the roadway. Information col­

lected and displayed includes: 

1. Road roughness as measured by the Mays Ride Meter, 

2. Skid number as measured by the ASTM E-17 locked wheel skid 

trailer, 

3. Structural adequacy as measured by the Dynaflect, 

4. Location of intersecting roads, 

5. Average daily traffic, 

6. Equivalent 18,000 lb. single axle load applications for a 

20-year design life, 

7. Control and section number, 

8. Type of surfacing material, 

9. Date of last surfacing, 

10. Cost per mile for pavement and shoulder maintenance, 

11. Cost-benefit ratio based on cost per mile and pavement rating 

score, 

12. Pavement Rating Score, 

13. Shoulder Rating Score, 
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Option 

1 

lA 

2 

3 

4 

5 

6 

7 

8 

9 

10 

TABLE 21. Sort Options 

Sort Order 

Sort by County: 
county, highway code, highway number, lane, and 
from mile. 

Sort by County: 
county, highway code, highway number, from mile, 
and lane. 

Sort by Foreman Number: 
foreman, highway code, highway number, lane, and 
from mile. 

Sort by PRS-Entire District: 
pavement rating score. 

Sort by PRS - by County: 
county and pavement rating score. 

Sort by PRS - by Foreman Number: 
foreman and pavement rating score. 

Sort by PRS- by Highway Class: 
highway class and pavement rating score. 

Sort by Highway Type - Entire District - Ordered by 
PRS: 
highway code and pavement rating score. 

Sort on Foreman - Arranged by Type - Ordered by PRS: 
foreman, h~ghway code, and pavement rating score. 

Sort by Highway Type - Entire District - Ordered by 
PRS - "SH" Highway Codes Converted to "US": 
highway code and pavement rating score. 

Sort by Highway Type - Entire District - Ordered by 
PRS - "US" Highway Codes Converted to "SH": 
highway code and pavement rating score. 

Notes: 

A. Sort options 9 and 10 may not be requested in the same run. 

B. The conversions of highway codes in options 9 and 10 are in­
ternal conversions for the purpose of sorting only. The high­
way codes will be p~inted exactly as read from the input cards. 
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Figure 9. Output from Program MRSFP 
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14. Roadside Rating Score, 

15. Drainage Rating Score, 

16. Traffic Services Rating Score and 

17. Composite Rating Score obtained by multiplying the PRS, 

SRS, RRS, DRS and TRS by the percent of the total maintenance budget 

expended for each category. 

The type of output shown in Figure 10 has been utilized by two 

districts at both the district and section management levels. This 

plot has been an invaluable reference for district maintenance 

personnel as well as district planning, design and construction groups. 

A summary program has been prepared at the request of district 

engineers to present a concise review of their roadway conditions. 

Table 22 illustrates the general format of this output which contains 

information on the highway location, the rating scores, skid numbers 

(SN), road roughness (SI), structural capacity (SCI), average daily 

traffic (ADT), surface type (ST) and date of last surfacing. Because 

little use of this program has been made, it has not been documented. 

A series of three budget programs were developed for District 21 

in 1974. These programs were developed to illustrate the usefulness 

of maintenance rating system information for budget preparation and to 

satisfy, in part, central office requirements for budget justification. 

Figures 11 and 12 and Table 23 depict the computer printout format 

utilized to display the data. Figures 11 and 12 depict actual average 

and desired rating scores by each foreman by highway class. These data 

were utilized to adjust past years budgets to consider the present con­

dition of the roadways. Table 23 summarizes cost by foreman for each 

highway class. 
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TABLE 22. Data Summary 

**********************************'·~***************************************~ ~**** 
* * * · * * * l\- * * * * * * * * '~~ .AST* 
* * FROM * TO * * * ,r * * * * AVG* AVG* AVG* * ~ ;UR. * 
* ROAD * MP * MP *LANE*CRS*PRS*SRS*RRS*ORS*TSS* SN * SI * SCI* ADT *ST'~~ lATE* 
**************************************************************************'~~ '**** 
*US 281* 0.0* 3.0* * 78* 53* 87* 86* 77* 88* 37.* 3.6* 0.0* 3730*AC* 969* 
*US 281* 3.0* 11.0* * 73* 43* 83* 90* 80* 83* 45.* 3.0* 0.0* 3655*AC* 969* 
*US 281* 11.0* 22.0* * 87* 75* 86* 92* 93* 92* 42.* 3.8* 0.0* 3580*AC* 968* 
*US 281* 22.0* 30.0* * 85* 77* 76* 84* 93* 92* 43.* 3.8* 0.0* 3040*AC* 968* 
*SH 285* 0.0* 8.0* * 80* 75* 80* 72* 80* 87* 49.* 3.3* .82* 910*ST* 961* 
*SH 285* 8.0* 15.0* * 78* 68* 75* 68* 80* 88* 52.* 3.4* .84* 910*ST* 961* 
*SH 285* 15.0* 22.0* * 79* 68* 80* 70* 80* 88* 40.* 3.8* .84* 1380*AS* 961* 
*FM 430* 0.0* 3.0* * 85* 70oJ.: 85* 90* 90* 93* 41.* 2.6* 0.0* 115*ST* 967* 
*FM 754* 0.0* 3.0* * 90* 98'~~' 85* 90* 90* 88* 0.* 2.8* 0.0* 240*ST* 969* 
*FM 755* 0.0* 7.0* * 88* 93*· 75* 86* 87* 90* 39.* 3.6* .45* 500*ST* 970* 
*FM1418* 0.0* 6.0* * 87* 90* 85* 90* 90* 85* 38.* 2.5* 0.0* 285*ST* 969* 
*FM2191* 0.0* 6.0* * 85* 77* 80* 88* 90* 90* 63.* 3.1* 0.0* 760*AC* 972* 
*FM2191* 6.0* 12.0* * 86* 72* 83* 92* 97* 92* 39.* 3.2* 0.0* 490*ST* 966* 
*FM3066* 0.0* 2.0* * 84* 86* 55* 92* 77* 88* 70.* 3.6* 0.0* *ST* 966* 
*************************************************************************** **** 



TABLE 23. District 21 -- Budget Data 

FOREMAN ACCOUNT NO. 7 
LEVEL 2 YEAR 1975 

TOTAL FUNDS AVAiLABLE TO FOREMk~ 630703. 

COST/ 
HWY TOTAL EXPENS MILES 

CLASS MILES DISTRB COST MAINTD 
10 33.09 9.2 58025 1754. 
20 126.11 29.3 184796 1465. 
30 26.27 20.7 130556 4970. 
31 0.12 0.1 631 5256. 
40 4.71 6.4 40365 8570. 
50 10.90 2.5 15768 1447. 
60 6.26 2.7 17029 2720. 
70 14.25 12.3 77576 5444. 
71 1.71 0.7 4415 2582. 
80 5.85 16.1 101543 17358. 

TOTALS 630702 2751. WEIGHTED AVERAGE 
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FIGURE 11. 

WE IGHlED AVFRAGES FOR FORHIAr~ hCCUUNT NUMBER 4 
COST/ ADJ. 

HWY CflloiPflS ORA I"' :ru~F. ADJUSTED BENFT TOTAL TOTAL 
CLASS SC.O RE p AVNNT SHLURS R05 !OE STRC' S[RV. ~OWING GUST/MILE COST/MILE RATIO COST COST 

10 l~ .1 82.6 1!.3 {4.4 60.a ll. d 3. 7 1478. 14a2. 18.6 190694. 180929. 
lO 63.3 65.4 58.8 73.A 60.0 73.0 3.8 H39. 862. 12.7 116932. 12aa76. 
30 79.2 88.6 6<1.6 06.5 6'J.O 65. 7 2.2 4 718. 4253. 54.1 4387. 3955. 
H o.a o.a o.o a.a O.J o.a a.a o. a. a.o a. a. 
40 o.o o.o a.o o.a a.a o.o a.o o. o. o.o o. o. 
50 o.o o.o o.o o.o o.o 0.0 a.a o. a. a.a o. o. 
60 u.o o.a c.u a.a o.o o.o a.a o. o. o.o o. o. 
70 o.o o.o a.o o.o a.o o.o o.o a. o. o.o o. a. 
71 o.o o.o a. a a.o o.o o.o a.a o. o. o.a o. a. 
80 o.o o.o c.o a.a o.o o.~ o.o o. o. o.o o. o. 

QVc<U.LL ~I.'IGHTED AVG 71.6 73.7 64.8 74.1 oc.o 72.9 3.8 1159. 1133. 15.7 
;01 AL I "'ON-WE I GH"! ED I 312013. 304961. 

WEIGH-ED AVERAGFS FOR F8PEMAN ACCOUNT NUMBER 
cosr 1 ADJ. 

HNY CnMPOS DRAIN ~RAF. ADJUSTED BENF"l' TOTAL TOTAL 
CLASS SCORE PAV~NT SHLORS RDS!OE STqCT SERV. ~~owiNG COSl/MI LE COST/MILE RATIO COST COST 

10 73.9 78.0 70.9 72.4 o2.3 71.7 4.1 933. 901. 12.2 117654. 113616. 
20 69.7 61.9 59.4 73.6 60.0 71>. 0 4.5 793. 815. 12.4 43002. 44168. 
3(1 o.o o.o o.o o.o o.o o.o o.o o. o. o.o o. o. 
31 o.o o.o o.o o.o o.o o.o o.a o. o. o.o o. o. 
40 H.8 73.6 7a.4 74.4 60.0 74.0 4.9 2695. 2683. 36.3 90105. 89692. 
'50 76.& 81.8 75.0 8a.6 64.5 64.5 2.6 "l4 56. 3341. 43.4 31138. 30102. 
60 o.o ,J.O o.o o.o o.o o.o o.o o. o. o.o o. o. 
70 o.o o.o o.o o.o o.o o.o ·o.o o. o. o.o o. o. 
71 o.o o.o c.o o.o o.o o.o o.u o. o. o.o o. o. 
80 70.() 68.0 68.0 74.0 60.0 b 7. 0 3.9 16199. 16190. 231.2 65930. 65893. 

OVERALL 'fiE I >.HTEO AVG 72.9 73.5 68.2 73.4 61.5 72.7 4.3 1533. 1514. 21.0 
TOTAL !NON-WEIGH7EDl 347828. 343472. 

WE IGH:'EO AVERAGES FrJR FOREMAN ACCOUNT NUMBER 6 
COST I ADJ. 

HwY COMPOS DRAIN TRAF. ADJUSTED SENFT TOTAL TOTAL 
CLASS SCORE PAVMNT SHLDR S RDS!DE STRCT SERV. I'OwiNG COST /MILE COST 1'1!1.E RAl I 0 COSl" COST 

10 63.7 48.8 54.8 75.6 60.3 69.9 3.8 1o85. 1806. 29.6 63339. 67885. 
20 68.8 67.1 56.2 75.9 58.9 69.4 3.9 1047. 1027. 15.2 151089. 148156. 
30 71.0 73.1 68.6 76.0 60.0 64.6 4.0 6020. 5953. 84.2 44183. 43698. 
31 o.o o.o o.o o.o o.o o.o o.o o. o. o.o o. o. 
40 70.6 66.a 69.0 76 .o 60.0 70.0 3.9 4455. 4580. 64.9 283 78. 29175. 
50 63.9 48.0 57. 1 81.7 70. 1 63.0 2.6 25d2. 2522. 39.8 38032. 37153. 
60 72.6 72.4 61.8 80.5 6b.8 70.0 2.9 1773. 1706. 25.4 29914. 28784. 
70 fl. 7 63.4 71.3 87.7 66.9 65.6 1. 8 2556. 25'>8. 36.8 25048. 25070. 
71 o.o o.o o.o o.a o.o o.o o.o o. o. o.o o. o. 
80 70.6 66.0 69.0 76.0 60.0 70.0 3.8 668'·· 5940. 84.1 27805. 24 710. 

OVERALL WFIGHTED AVG 68.2 63.4 58.0 77.0 60.8 68.8 3.7 1691. 1678. 25.2 
iOTAL !NON-WE lGHTEDI 407789. 404631. 
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FIGURE 12. District 21--Budget Data 

Foreman Account No o 4 

Level 2 Year 1975 

THE COST/MILES MAINTAINED EXPENDITURES ARE DISTRIBUTED BY CATEGORY OF WORK ACCORDING TO THE PERCENTAGES BELOW BASE & SURF 22.30 PCT 
SHOULDERS 22.10 PCT ROADSIDE 36.20 PCT DRAINAGE l. 00 PCT TRAFFIC SERVICES 18.40 

COST/ **EXPENDITURES BY CATEGORY * 
HWY MILES SURF SHLD ROAD DRAN TRAF **** COST/BENEFIT RATIOS **** **** LEVEL OF MAINTENANCE ********* 
CLS COST MAINTD COST COST COST COST COST SURF SHDF ROAD DRAN TRAF SURF SHLD ROAD DRAN TRAF 

10 231002 1789. 399 395 648 18 329 5. 9 5.8 9. 5 0.3 4.8 68.0 68.0 68.0 68.0 68.0 
20 158616 1138. 254 252 412 11 209 3. 7 3. 7 6.1 0.2 3.1 68.0 68.0 68.0 68.0 68.0 
30 5933 6380. 1423 1410 2310 64 1174 20.3 20.1 33.0 0.9 16.8 70.0 70.0 70.0 70.0 70.0 
31 0 0. 0 0 0 0 0 0.0 0.0 0.0 0.0 o.o 70.0 70.0 70.0 70.0 70.0 
40 0 0. 0 0 0 0 o.o 0.0 0.0 0.0 0.0 71.0 71.0 71.0 71.0 71.0 
50 0 0. 0 0 0 0 0 0.0 0.0 0.0 0.0 OoO 71.0 71.0 71.0 71.0 71.0 
60 0 o. 0 0 0 0 0 o.o 0.0 0.0 0.0 0.0 71.0 71.0 71.0 71.0 71.0 
70 0 0. 0 0 0 0 0 o.o 0.0 0.0 0.0 0.0 71. Q 71.0 71.0 71.0 71.0 
7l 0 0. 0 0 0 0 0 0.0 o.o o.o 0.0 0.0 71.0 71.0 71.0 71.0 71.0 
80 0 0. 0 0 0 0 0 0.0 0.0 0.0 o.o 0.0 75.0 75.0 75.0 75.0 75.0 

Foreman Account No o 

Level Year 1975 

THE COST /MILES MAINTAINED EXPENDITURES ARE DISTRIBUTED BY CATEGORY OF WORK ACCORDING TO THE PERCENTAGES BELOW BASE & SURF 31.30 PCT 
SHOULDERS 5. 60 PCT ROADSIDE 38.30 PCT DRAINAGE 0.30 PCT TRAFFIC SERVICES 24.50 

COST/ **EXPENDITURES BY CATEGORY * 
HWY MILES SURF SHLD ROAD DRAN TRAF **** COST/BENEFIT RATIOS **** **** LEVEL OF MAINTENANCE ********* 
CLS COST MAINTD COST COST COST COST COST SURF SHDF ROAD DRAN TRAP SURF SHLD ROAD DRAN TRAF 

10 154118 1217. 381 68 466 4 298 5.6 1.0 6.9 0.1 4.4 68.0 68.0 68.0 68.0 68.0 
20 52096 961. 301 54 368 3 235 4.4 0.8 5.4 0.0 3. 5 68.0 68.0 68.0 68.0 68.0 
30 0 0. 0 0 0 0 0 o.u o.o o.o o.o 0.0 70.0 70.0 70.0 70.0 70.0 
31 0 0. 0 0 0 0 0 o.o o.o o.o o.o 0.0 70.0 70.0 70.0 70.0 70.0 
40 109402 3273. 1024 183 1253 10 802 14.4 2.6 17.7 0.1 11.3 71.0 71.0 71.0 71.0 71.0 
50 37770 4356. 1364 244 1668 13 1067 19.2 3,4 23.5 0.2 15.0 71.0 71.0 71.0 71.0 71.0 
60 868 1277. 400 72 489 4 313 5. 6 l.O 6.9 0.1 4.4 71.0 71.0 71.0 71.0 71.0 
70 0 0. 0 0 0 0 0 o.o o.o o.o o.o o.o 71.0 71.0 71.0 71.0 71.0 
71 0 o. 0 0 0 0 0 0.0 0.0 o.o o.o o.o 71.0 71.0 71.0 71.0 71.0 
80 79881 19627. 6143 1099 7517 59 4809 81.9 14.7 100.2 0.8 64.1 75.0 75.0 75.0 75.0 75.0 

Foreman Account No. 

Level Year 1975 

THE COST /MILES MAINTAINED EXPENDITURES ARE DISTRIBUTED BY CATEGORY OF WORK ACCORDING TO THE PERCENTAGES BELOW BASE & SURF 26.90 PCT 
SHOULDERS 15.10 PCT ROADSIDE 30.90 PCT DRAINAGE 0.30 PCT TRAFFIC SERVICES 26.80 

COST/ **EXPENDITURES BY CATEGORY * 
HWY MILES SURF SHLD ROAD DRAN TRAP **** COST/BENEFIT RATIOS **** **** LEVEL OF MAINTENANCE ******** 
CLS COST MAINTD COST COST COST COST COST SURF SHDF ROAD DRAN TRAF SURF SHLD ROAD DRAN TRAF 

10 77205 2014. 542 304 622 6 540 7.7 4.3 ~. 9 0.1 7. 7 70.0 70.0 70.0 70.0 70.0 
20 176260 1260. 339 190 389 4 338 4.8 2. 7 5. 6 0.1 4.8 70.0 70.0 70.0 70.0 70.0 
30 52926 7211. 1940 1089 2228 22 1932 27.7 15.6 31.8 0.3 27.6 70.0 70.0 70.0 70.0 70.0 
31 0 0. 0 0 0 0 0 0.0 0.0 0.0 o.o 0.0 70.0 70.0 70.0 70.0 70.0 
40 33989 5336. 1435 806 1649 16 1430 19.1 10.7 22.0 0.2 19.1 75.0 75.0 75.0 75.0 75 .o 
50 44186 2691. 724 406 832 8 721 10.2 5. 7 11.7 0.1 10.2 71.0 71.0 71.0 71.0 71.0 
60 37874 2124. 571 321 656 6 569 8.0 4.5 9.2 0.1 8.0 71.0 71.o 71.0 71.0 71.0 
70 29619 3105. 835 469 959 9 832 11.8 6.6 13.5 0.1 11.7 71.0 71.0 71.0 71.0 71.0 
71 0 0. 0 0 0 0 0 0.0 o.o 71.0 71.0 71.0 71.0 71.0 o.o 0.0 0.0 
80 33504 8054. 2166 1216 2489 24 2158 28.9 16.2 33.2 0.3 28.8 75.0 75.0 75.0 75.0 75.0 
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Some of the budget programs were utilized for two years by District 

21. No other district has expressed an interest in utilizing these 

programs and therefore refinements have not been made nor has the 

documentation been prepared. 

Additional detail describing the use of the Maintenance Rating 

System in District 21 can be found in references 15, 16, 17 and 24. 

Costs of collecting, coding and preparing the information for the 

"plot program" is given as about 0.5 percent of the maintenance budget. 

Use of Maintenance Rating System tor Rigid Pavements. The majority 

of the implementation effort expended in Research Study 2-18-75-199 was 

devoted to the flexible pavement rating system as there are many more 

miles of flexible pavements in all classes of highways as opposed to 

rigid P?Vements. In addition, the majority of rigid pavements in Texas 

are located in urban areas which have unique rating problems which are 

presently under study. 

Two interesting observations have been made with the limited data 

obtained from trial implementation. Figures 13 and 14 illustrate the 

decrease in Serviceability Index with time for continuously reinforced 

concrete pavements. In each instance the Serviceability Index showed a 

significant decline for the first 60 months or five years after con­

struction and then appears to reach a level where little change occurs 

for the next five to seven years. 

A second observation is shown in Figure 15. The annual maintenance 

costs increased with age as expected; however, a significant increase 

occurred between the ages of six and ten years, while the Serviceability 

Index changed very little during this same period. These data support the 

observed need for a maintenance rating system to consist of more than just 

a measure of road roughness. 
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RANDOM SAMPLE ANALYSIS 

The two kinds of flexible pavement survey data presented for 

treatment are Serviceability Index and the visual rating scores. 

These data were obtained on approximately 250 randomly selected 

pavement sections. These sections are located in all 25 State Depart­

ment of Highways and Public Transportation Districts and were sampled 

from the three main highway categories: Interstate Highways, U. S. 

and State Highways and Farm-to-Market Roads. 

Each of the randomly sampled pavement sections is approximately 

two miles in length and collectively represent a one percent sample of 

the total centerline state maintained rural mileage. These sections 

were selected by utilizing two-stage cluster sampling theory. This 

procedure requires the random selection of counties within each highway 

district followed by a random selection of two-mile pavement sections 

within the selected counties. The sampli~g method used allows for 

efficient gathering of field data on these flexible pavement sections. 

This sampling method will be treated in more detail in reports being 

prepared for Research Study 2-8-75-207. 

For this report the statistics used to summarize the data are 

straightforward means and standard deviations. These statistical 

procedures will allow one to get a "feel" for the kinds of values one 

might expect for Serviceability Indexes and visual rating scores on 

pavements around the state of Texas. By utilizing two-stage cluster 

sampling theory, more sophisticated statistical techniques can be 

employed to estimate mean and standard error values in any district or 

for the whole state. Again, a more detailed treatment of the data will 

be made in later Texas Transportation Institute reports. The formulas 
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used for the statistical treatment in this report are contained in 

Appendix C. 

The Serviceability Index values and visual rating scores used in 

this report were obtained primarily in 1974. If 1974 data were missing 

for a test section, then another year's value was substituted for the 

missing value. This is a reasonable approximation since the kinds of 

data being treated for the pavement sections generally change only by 

small amounts between any two consecutive years. 

Referring to Table 24 and considering all of the statewide samples, 

the Interstate Highways have the highest mean value of Serviceability 

Index (4.07) and the Farm-to-Market Roads the lowest (2.90) with all 

"combined" mean Serviceability Index of 3.27. The standard deviations 

for each highway type tend to increase as the pavements became rougher. 

This is also shown in Figure 16 which is a plot of Serviceability Index 

versus standard deviation for the 1974 random section data. The stan­

dard deviations in Tables 24 and 25 are weighted values and represent 

the "average" variation within a given two-mile pavement section for 

a given highway type. This "within" variation comes about because a 

Serviceability Index value is obtained every 0.2 mile. Thus, there 

are about 10 data points within each random section. 

The coefficients of variation shown in Table 24 range from 7.3 

percent for Interstate Highways to 14.3 percent for Farm-to-Market 

Roads. These data indicate the amount of variation that can typically 

be expected in a two-mile pavement section for the different highway 

types. 

Table 25 shows the individual State Department of Highways and 

Public Transportation Districts listed by alphabetic codes. These 
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TABLE 24. Statewide Serviceability Index Statistics for 
Randomly Located Pavement Sections (~1974) 

Highway Type 

IH US & SH FM Combined 

Mean 4.07 3.54 2.90 3.27 

Standard Deviation 0.296 0.349 0.414 0.379 

Coeff. of Variation(%) 7.3 9.9 14.3 11.6 
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District 

A 

B 

c 
D 
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TABLE 25. Serviceability Index Statistics for District 
Randomly Located Pavement Sections (-1974) 

Highway Type 

IH us & SH FM Combined 

Mean Std. Mean Std. Mean Std. Mean Std. 
Dev. Dev. Dev. Dev. 

3.44 0.230 3.61 0.305 2.36 0.563 2.98 0.444 

3.06 0.527 3.74 0.274 2.46 0.409 3.02 0.381 

3.42 o. 463 . 3.11 0.568 3.27 0.515 

4.49 0.149 3.91 0.407 3.20 0.381 3. 77 0.360 

3.07 0.396 3.15 0·.309 3.11 0.357 

4.34 0.230 4.21 0.171 3.62 0.279 3.95 0.235 

3.65 0.171 3.21 0.275 3.43 0.229 

4.58 0.186 2.85 0.417 2.90 0.465 3.13 0.415 

4.63 0.109 3.84 0.242 2.93 0.388 3.54 0.307 

2.99 0.405 2. 72 0.450 2.79 0.438 

2.94 0.506 2.11 0.570 2.42 0.547 

4.18 0.294 4.11 0.193 3.36 0.478 3.78 0.365 

3.84 0.354 2.53 0.399 3.04 0.382 

4.04 0.269 2.79 0.368 3.41 0.323 

3.41 0.435 3.11 0.455 2.96 0.386 3.14 0.426 

3.79 0.297 3.44 0.394 3.10 0.478 3.33 0.423 

3.16 0.326 2.42 0.471 2.74 0.415 

3.35 0.165 3.81 0.270 2.83 0.336 3.15 0.306 

3.49 0.442 2.84 0.460 3.12 0.453 

4.59 0.135 3.64 0.215 3.30 0.506 3.54 0.407 

3.61 0.243 2.85 0.284 3.30 0.262 

3.29 0.527 3.33 0.383 3.31 0.463 

4.28 0.494 3.96 0.294 2.56 0.446 3.39 0.391 

4.36 0.200 3.74 0.211 2.33 o. 342 3.34 0.261 

3.08 0.339 3.21 0.241 3.15 0.289 
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data indicate the kinds of means and standard deviations one may 

expect within a given district. It has been observed by the Texas 

Transportation Institute researchers that those Districts which 

generally have sandy type soils exhibit higher Serviceability Index 

values than those Districts with expansive clays as subgrade materials. 

Figures 17 thru 24 show the Serviceability Index histogram and 

percentage cumulative distribution plots for the four highway types. 

The histogram plots reveal how the data are grouped. For example, 

Figure 17 shows for Interstate Highways in Texas that approximately 36 

percent of the 0.2 mile Serviceability Index increments fall between 

4.2 and 4.4. Figure 21 for Farm-to-Market Roads indicates that none 

of the 0.2 mile increments measured falls between 4.2 and 4.4. Figure 

18, the percentage cumulative distribution plot for Interstate Highways, 

reveals that approximately 6 percent of the data points are above a 

Serviceability Index of 4.8 and 100 percent of the data points are 

above a Serviceability Index of 2.6. In comparison for Farm-to-Market 

Roads, Figure 22 shows that approximately 6 percent of the data are 

above a Serviceability Index of 3.8 and 100 percent of the data are 

above the value of 1.2. 

Collectively, the data presented above indicate that the amount 

of roughness on Interstate Highway pavement sections is much less than 

that found on the Farm-to-Market road system. Again, this is as one 

might expect between the two highway types. 

The mean visual rating scores as determined from the randomly 

selected pavement sections indicate the same basic trends observed for 

Serviceability Index data. The visual rating scores shown in Table 26 

indicate that Interstate Highways are in better "condition" than U. S. 

and State Highways, and U. S. and State Highways are better than Farm-
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Figure 17. Serviceability Index Histogram for 
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Figure 20. Serviceability Index Percentage Cumulative Distribution for 
Statewide Random Sections- U.S. & State Highways (1974). 
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Figure 21. Serviceability Index Histogram for Statewide 
Random Sections - U.S. & State Highways (1974). 
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TABLE 26. Statewide Visual Evaluation Scores for 
Randomly Located Pavement Sections (~1974) 

Mean for Highway Type 

Type of Rating IH us & SH FM 

1. Pavement Rating (w/o MRM Deduct) 92.4 84.4 80.6 
Score ~/MRM Deduct) 87.9 68.5 51.7 

2. Shoulder Rating Score 73.8 69.9 66.2 

3. Roadside Rating Score 78.8 77.4 76.3 

4. Drainage Rating Score 85.0 78.7 76.1 

5. Traffic Services Rating Score 81.6 81.2 81.7 
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Combined 

83.3 
61.9 

68.5 

77 .o 

78.0 

81.5 



to-Market Roads. This is a reflection of many factors which affect 

each highway type such as level of service, age, traffic, maintenance, 

etc. 

The Pavement Rating Scores as shown in Tables 26 through 30 are 

computed for two cases: one in which the Mays Ride Meter deduction 

points are not utilized in the calculation of the score and the other 

in which they are deducted. This is done because some individuals 

who utilize Pavement Rating Scores prefer to see the score reflect 

"true" pavement distress, i.e., rutting, flushing, cracking, etc., as 

opposed to a score which is a composite of both "true" distress and 

roughness. 

In Table 26, the differences between the two computed Pavement 

Rating $cores for Interstate Highways is small, i.e~, 92.4 without 

Mays Ride Meter deductions versus 87.9 with the deductions. For U. S. 

and State Highways the two scores are 84.4 and 68.5, respectively. 

The Farm-to-Market scores are 80.6 and 51.7. It is apparent from these 

data that the magnitude of roughness deductions is more important for 

Farm-to-Market Roads than Interstate Highways. As stated in reference 

4, a perfect Pavement Rating Score is equal to 100. 

It is of interest to note that the Pavement Rating Scores without 

Mays Ride Meter point deductions are not vastly different between the 

three highway types. The difference between 92.4 (Interstate) and 80.6 

(Farm-to-Market) is not large. Both scores indicate for the sample 

taken in 1974 that Interstate and Farm-to-Market Roads were in relatively 

good condition. 

The Shoulder, Roadside, and Drainage Rating Scores indicate the 

same basic trend between highway types as was observed for the Pavement 
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TABLE 27. District Visual Evaluation Scores for Randomly Located 
Interstate Highway Pavement Sections (~:1974) 

District No. of Pavement 
Shoulder Roadside Drainage Traffic 

No. Sections Rating Score 
Rating Rating Rating Services 

w /o MRM/w /MRM Rating 
Deduct/Deduct Score Score Score Score 

A 1 76.0/68.0 77.0 85.0 80.0 82.0 

B 1 85.0/65.0 73.0 82.0 90.0 90.0 

c 0 ---------
D 3 100.0/99.0 76.3 79.7 89.0 87.0 

E ·0 ---------
F 2 97.5/96.0 72.5 71.0 90.0 83.0 

G 0 ---------
H 2 98.5/98.0 75.0 73.5 90.0 86.0 

I 2 95.0/94.5 80.0 86.0 85.0 86.0 

J p ---------
K 0 ---------
L 2 89.5/87.5 64.5 75.0 83.5 74.0 

M 0 ---------
N 0 ---------
0 3 85.7/73.0 70.3 89.0 82.0 76.0 

p 1 98.0/93.0 81.0 82.0 90.0 78.0 

Q 0 ---------
R 1 82.0/74.0 70.0 85.0 90.0 86.0 

s 0 ---------
T 1 100.0/100.0 69.0 57.0 63.0 72.0 

u 0 ---------
v 0 ---------
w 1 98.0/96.0 67.0 80.0 73.0 82.0 

X 1 83.0/82.0 89.0 67.0 90.0 92.0 

y 0 ---------
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TABLE 28. District Visual Evaluation Scores for Randomly 
Located State Highway Pavement Sections (~1974) 

District No. of Pavement 
Shoulder Roadside Drainage Traffic 

No. Sections Rating Score 
Rating Rating Rating Services 

w/oMRM/w/MRM 
Score Score Score Rating 

Deduct/Deduct Score 

A 4 82.0/75.0 64.5 79.0 81.8 82.0 

B 3 96.3/91.3 77.7 79.0 79.0 81.3 

c 4 91.5/74.2 75.2 81.2 85.0 79.0 

D 6 80.8/72.3 70.5 80.5 82.8 82.3 

E 8 65.5/42.1 67.1 . 77.0 74.6 80.8 

F 5 93.8/91.8 70.0 73.8 86.0 84.4 

G 4 89.8/78.2 58.8 72.8 75.0 79.0 

H 4 60.5/28.0 65.0 76.0 81.8 82.0 

I 4 8f}.2/74.2 69.2 75.5 77.5 83.5 

J 3 87.7/55.0 62.3 77 .o 73.3 78.0 

K 4 77.2/30.8 65.8 73.5 77.5 79.0 

L 4 89.8/87.2 66.2 78.5 74.2 77.5 

M 4 91.0/83.0 67.2 79.8 74.0 82.5 

N 4 94.5/92.0 74.8 83.0 80.0 84.0 

0 4 85.2/59.2 75.0 89.2 89.2 88.5 

p 5 95.0/82.6 73.4 74.2 69.2 80.8 

Q 3 83.7/62.3 70.0 75.7 71.3 80.0 

R 3 84.7/78.0 74.0 78.0 83.3 82.0 

s 4 89.2/44.5 70.5 73.5 70.0 71.5 

T 3 79.0/71.7 63.7 61.3 66.7 73.3 

u 4 86.8/81.5 75.0 77.2 75.0 80.5 

v 4 88.0/71.2 72.8 81.8 84.2. 86.0 

w 4 87.0/82.0 75.0 76.5 82.5 83.0 

X 5 85.4/73.6 68.8 76.4 86.0 81.6 

y 4 77.2/47.2 77.2 80.2 82.5 83.5 
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District No. of 
No. Sections 

A 6 

B 4 

c 4 

D 5 
1-' 
0 E 8 0\ 

F 6 

G 4 

H 4 

I 6 

J 7 

K 5 

L 5 

M 6 

N 4 

0 4 

TABL~ 29. District Visual Evaluation Scores for Randomly 
Located Farm-to-Mar~t Road Pavement Sections (~1974) 

Pavement Shoulder Rating Roadside Rating Drainage Rating 
Rating Score Score Score Score 
w/o MRM/w/MRM 
Deduct/Deduct 

72.3/29.8 65.0 69.8 75.7 

85.2/42.4 68.8 67.8 75.0 

84.2/61.2 78.8 81.0 83.2 

75.4/56.2 76.0 78.8 75.4 

79.6/57.2 70.6 76~8 76.1 

83.2/71.7 65.3 78.8 85.5 

90.0/75.0 65.0 72.2 73.2 

68.2/42.8 72.5 73.5 81.5 

81.2/47.8 56.2 76.3 71.7 

69.7/37.0 62.9 73.7 74.3 

61.4/6.0 60.0 77.2 76.0 

78.2/61.8 62.0 77.8 68.0 

85.0/50.8 61.7 76.8 74.0 

90.5/54.8 70.0 81.5 75.8 

92.2/64.0 75.0 84.2 83.2 

Traffic Services 
Rating Score 

76.7 

79.0 

86.5 

87.6 

84.2 

87.3 

80.0 

82.5 

82.0 

75.1 

83.6 

79.2 

80.0 

83.0 

86.0 



TABLE 29. (Cont.) 

District No. of Pavement Shoulder Rating Roadside Rating Drainage Rating Traffic Services 
No. Sections Rating Score Score Score Score Rating Score 

w/o'MRM/w/MRM 
Deduct/Deduct 

p 4 87.2/67.2 68.8 77.2 70.8 76.5 

Q 4 69.8/32.2 53.8 75.5 69.2 79.5 

R 7 92.6/64.4 63.4 80.4 . 81.9 83.7 

s 4 81.0/33.8 68.8 70.5 70.8 78.5 

1-' T 4 86.2/75.8 57.5 69.0 55.8 7().0 
0 
""-' 

u 3 80.0/44.3 63.3 72.0 70.0 75.3 

v 4 84.2/70.0 .63.8 77.2 81.8 86.0 

w 4 80.2/38.8 68.8 79.8 84.2 84.5 

X 3 88.3/50.0 68.3 76.3 87.7 85.3 

y 4 78.5/61.0 78.8 81.2 82.5 83.0 



District No.. of 
No. Sections 

A ·11 

B 8 

c 8 

D 14 
1-' 
0 E 16 00 

F 13 

G 8 

H 10 

I 12 

J 10 

K 9 

L 11 

M 10 

N 8 

0 11 

TABLE 30. District Visual Ev.aluation Scores for Randomly 
Located Combined Highway Pavement Sections ( 1974) 

Pavement Shoulder Rating Roadside Rating Drainage Ratin 
Rating Score Score Score Score 
w/o MRM/w'/MRM 
Deduct/Deduct 

75.5/49.7 65.9 74.5 78.3 

89.4/63.5 72.6 73.8 78.4 

87.9/67.8 77 .o 81.1 84.1 

83.0/72.3 73.7 79.7 81.5 

72.6/49.7 68.9 76.9 75.4 

89.5/83.2 68.2 75.7 86.4 

89.9/76.6 61.9 72.5 74.1 

71.2/47.9 70.0 74.5 83.3 

85.8/64.4 64.5 77.7 75.8 

75.1/42.4 62.7 74.7 74.0 

68.4/17.0 62.6 75.6 76.7 

84.5/75.7 64.0 77.5 73.1 

87.4/63.7 63.9 78.0 74.0 

92.5/73.4 72.4 82.2 77.9 

87.9/64.7 73.7 87.4 85.1 

Traffic Services 
Rating Score 

79.1 

81.2 

82.8 

84.1 

. 82.5 

85.5 

79.5 

83.0 

83.2 

76.0 

81.6 

77.6 

81.0 

83.5 

84.2 



TABLE 30. (Cont.) 

District No. of Pavement Shoulder Rating Roadside Rating Drainage Rating Traffic Services 
No. Sections Rating Score Score Score Score Rating Score 

w/o MRM/w/MRM 
Deduct/Deduct 

p 10 92.2/77.5 72.3 76.2 71.9 78.8 

Q 7 75.7/45 .• 1 60.7 75.6 70.1 79.7 

R 11 89.5/69.0 66.9 80.2 83.0 83.5 

s 8 85.1/39.1 69.6 72.0 70.4 75.0 

...... T 8 85.2/77.2 61.2 64.6 60.8 74.5 
0 
\0 

u 7 83.9/65.6 70.0 75.0 72.9 78.3 

v 8 86.1/70.6 68.2 79.5 83.0 86.0 

w 9 85.2/64.3 71.3 78.3 82.2 83.6 

X 9 86.1/66.7 70.9 75.3 87.0 84.0 

y 8 77.9/54.1 78.0 80.8 82.5 83.2 



Rating Score. The exception to this is the Traffic Services Rating 

Score. This score actually increases slightly for Farm-to-Market 

Roads as compared to the other two highway types. This may be an 

indicator of the fact that striping, delineators, etc., receive less 

deterioration on lightly traveled roads as opposed to the heavier 

traveled highways. It could also be that the Traffic Services Rating 

items are relatively insensitive to the highway type. 

Tables 27 through 30 are averaged summaries of the five different 

rating scores for all twerity-five State Department of Highways and 

Public Transportation Districts. Each Table presented treats a differ­

ent highway type beginning with Interstate Highways in Table 27. 

Figures 25 through 72 are histogram and percentage cumulative dis­

tribution plots of the five rating scores for each highway type consid­

ered. These plots were generated from the scores obtained for all of 

the statewide randomly selected pavement sections. Although the number 

of figures containing these data is sizable, it was felt that the in­

formation being provided by the figures was particularly worthwhile to 

the personnel in the field recording and analyzing visual rating data. 

An example of the information contained in these plots can be 

shown by utilizing Figures 25 and 26 which are presentations of Pave­

ment Rating Score data for Interstate Highways. In Figure 25, approx­

imately 48 percent of the data points are shown to lie between the 

interval of 95 to 100. The percentage cumulative distribution plot, 

Figure 26, shows that approximately 48 percent of the data points are 

higher than a Pavement Rating Score of 95. Additionally, this figure 

indicates that 100 percent of the data points are higher than a Pave­

ment Rating Score of 65. 
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Figure 33. Drainage Rating Score Histogram for Statewide 
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for Statewide Random Sections- Interstate Highways (1974). 

120 



• 

{/l 

~ 
~ 

..-! 
o· 

P-t 

Ill 
~· 

Ill· 
0 

r-1 
Ill 
~· 
0 

E-1 
Q) 

..c: 
~· 

4-1 
o· 
Q) 
0.0 
Ill 
~ 
{:l 
Q) 
() 

~ 
Q) 

P-t 

100 ~ 

l 
i 
I 

' 70 + 

a 
ou + 

l 
i 
l 
l 

~v + 

I 
l 
i 

4(i + 
i 
l 
~ 
• ..JO + 

l 
l 

' .:!0 + 

t 
* ~ 

* * * * 

*¥**** 
"' * 
* * 
* * * * * * t * ~ 

* :.r • ·'I' -¥ 

*'***** * 10 + * ****** • * * >I' 'i< * * 
' * * + * * * 
l ****** * * * * * * • * * * • * * * * 0 +-----+----+----+----+----+----+----+----+----+----+ 

so.oo ou.oo TO.uO cv.vu 90.uO luO.oo 

Traffic Services Rating Score 

Figure 35. Traffic Services Rating Score Histogram for Statewide 
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Figure 36. Traffic Services Rating Score Percentage Cumulative Distribution 
for Statewide Random Sections - Interstate Highways (1974). 
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Figure 37. Pavement Rating Score (Without MRM Deductions) Histogram for 
Statewide Random Sections- U.S. and State Highways (1974). 
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Figure 41. Shoulder Rating Score Histogram for Statewide 
Random Sections- U.S. and State Highways (1974). 
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Figure 42. Shoulder Rating Score Percentage Cumulative Distribution for 
Statewide Random Sections- U.S. and State Highways (1974). 
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Figure 43. Roadside Rating Score Histogram for Statewide 
Random Sections- U.S. and State Highways (1974). 
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Figure 44. Roadside Rating Score Percentage Cumulative Distribution for 
Statewide Random Sections- U.S. and State Highways (1974). 
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Figure 45. Drainage Rating Score Histogram for Statewide 
Random Sections- u.s. and State Highways (1974). 
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Figure 46. Drainage Rating Score Percentage Cumulative Distribution for 
Statewide Random Sections- U.S. and State Highways (1974). 
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Figure 47. Traffic Services Rating Score Histogram for Statewide 
Random Sections -U.S. and State Highways (1974). 
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Figure 48. Traffic Services Rating Score Percentage 
Cumulative Distribution for Statewide Ran­
dom Sections- u.s. and State Highways (1974). 
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Figure 49. Pavement Rating Score (Without MRM·Deductions) Histogram 
for Statewide Random Sections- F.M. ijighways (1974). 
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Figure 50. Pavement Rating Score (Without MRM Deductions) 
Percentage Cumulative Distribution for State­
wide Random Sections - F.M. Highways (1974). 
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Figure 53. Shoulder Rating Score Histogram for Statewide 
Random Sections- F.M. Highways (1974). 
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Figure 54. Shoulder Rating Score Percentage Cumulative Distribution 
for Statewide Random Sections - F.M. Highways (1974). 
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Figure 55. Roadside Rating Score Histogram for Statewide 
Random Sections- F.M. Highways (1974). 
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Figure 57. Drainage Rating Score Histogram for Statewide 
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Figure 58. Drainage Rating Score Percentage Cumulative Distribution 
for Statewide Random Sections- F.M. Highways (1974). 
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Figure 59. Traffic Services Rating Score Histogram for 
Statewide Random Sections- F.M. Highways (1974). 
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Figure 61. Pavement Rating Score (Without MRM Deductions) 
Histogram for Statewide Random Sections- Combined Highways (1974). 
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Figure 69. Drainage Rating Score Histogram for 
Statewide Random Sections- Combined Highways (1974). 
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Combined Highways (1974). 

156 



100 + 

~0 

8\J 

I 
l 
i 
i 
+ 

1 
I 

' + 
l 
i 

\ 
70 + 

60 

l 
i 
l 
i 
+ 

J 
l 

' + 

i 
l 
l 

40 + 

.30 

zo 

10 

i 
i 
i 
l 
+ 

l 
l 

' 

*"***** ****""* * * ~ :-. 
* * :).**'"** 
~ ~ ~ ;~ 

* -+ * ~ 
+ * * • ¥ 

& * * * ~" 
ll ""' * ! : 
t : : ; ; 
+ * * * * 
l ~····~ * • * tl ****** * * * ****** 

. * 4 * * * * i 'f'. + ~---+----+----+--·-+ 0 +---+---+--- - . . I) v ' 
7 ''•'''' uU•UV ~0.vU lv • U ou."o .... vv 

Traffic Services Rating Score 
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CONCLUSIONS 

By establishing and maintaining close contact among the researchers 

and central office and operational personnel of the Texas State Depart­

ment of Highways and Public Transportation, key elements of a maintenance 

management system have been developed. The specific items developed 

include the following: 

1. Maintenance Performance Standards, 

2. Cost Codes and Maintenance Methods, 

3. Maintenance Rating System and 

4. Data Reduction and Data Summary Programs. 

The maintenance performance standards were developed to outline 

maintenance methods for use by the State Department of Highways and 

Public Transportation. These methods specifically include the conditions 

for which a maintenance method should be used along with cost, production, 

quality and scheduling information. 

The cost codes provide for cost accounting of the maintenance 

performed. These cost codes are separated into seven maintenance 

categories as follows: base and subgrades, surfaces, shoulders and 

approaches, roadside maintenance, structures over 20 feet, traffic 

services and extraordinary maintenance. Additional subgroups are used 

in each of the seven major groupings as required to define each main­

tenance operation. 

In conjunction with the maintenance methods and cost codes, the 

maintenance rating system was developed to provide specific information 

about the roadway. This system can be used to define the present condition 

of the road, assist in determining maintenance needs, establish main-

159 



tenance priorities and identify maintenance activities which provide 

the greatest return. The primary benefits of the rating system are 

rating scores for the pavement, shoulder, roadside, drainage facilities 

and traffic services. 

Computer programs have been written to treat the maintenance 

rating system information. This information and other types of pave­

ment data such as skid numbers, Dynaflect deflections, etc., can be 

analyzed and summarized for mass inventory surveys such as those accom­

plished in District 21. Additionally, three budget programs were 

developed to illustrate the usefulness of maintenance rating system 

information for budget preparation purposes. 

Literature reviewed as part of studies sponsored by the Texas State 

Department of Highways and Public Transportation, Federal Highway Ad­

ministration and the National Cooperative Research Program have been 

instrumental in the development of the management tools employed in 

this study. It has been the intent of the research project to furnish 

flexible management tools capable of satisfying a large number of needs 

while being capable of accepting change as necessary. 
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APPENDIX A 

CALIFORNIA DEPARTMENT OF TRANSPORTATION 

Recording and Reporting Methods for Highway 
Maintenance Expenditures 

INTRODUCTION 

The 20 ,601,0!!>0 residents of California operate 13,413,000 

motor vehicles on 164,136 miles of highways of which 16,105 miles 

are under state control. The state occupies 158,693 square miles 

from an elevation of -282 feet below sea level to 14,494 feet above 

sea level~ Mean minimum and maximum temperatures are 8 and 116°F 

with average annual moisture ranging from 4 to 96 inches. 

The California Department of Transportation has a $153,000,000 

maintenance budget for 1975. This budget will be used by its 11 

districts to maintain 45,000 lane miles of highways (16,000 center 

line miles). 

Eleven districts comprise the California Department of 

Transportation. Each district is divided into from 4 to 12 

territories which are managed by superintendents. Maintenance 

supervisors are in responsible charge of individual crew operations 

and report to the superintendents. Superintendents report to the 

districtmaintenance engineers. In the smaller districts, the 

maintenance engineer will r~port to the District Director of 

Transportation while in the larger districts the district main-

tenance engineer may report to the district Deputy Director-of 

Operations and Maintenance. 

The administration of the maintenance program by the Department 

of Transportation, Division of Maintenance and Operations is 

performed at the central office level by the Office of Maintenance. 
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The basic maintenance recording and reporting system was 

developed in 1971. A parallel recording system (Maintenance 

and Accounting) is being utilized although an effort is being made 

to develop a single recording system. A manual recording system is 

utilized in the field with electronic data processing utilized to 

compile and produce the reports. 

RECORDING SYSTEM 

California State Department of Transportation Form DMO-M-83, 

''Maintenance Daily Report" is utilized to collect maintenance 

work method information (Figure A-1). The type of information 

obtained on this form includes; 

1. Work method or activity performed 

2. Location of work performed 

3. Manpower utilization 

4. Equipment utilization 

5. Material utilization (indirectly) and 

6. Accomplishments (Production) 

Details are presented below. 

Location 

~ach maintenance work method is performed at a specific location 

on the highway system. This location is designated by recording the 

following information: 

1. District. A two digit number is utilized to designate the 

district. 

2. Superintendent Territory. Superintendents are responsible 

for specific areas of the district. The designation "maintenance 
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section'.' is often utilized by other states to identify a similar 

area of responsibility. Three character numeric codes are utilized 

to identify the supervisor's section within the Superintendent's 

Territory. 

3. Supervisor Crew. A three character numeric code as 

described above is utilized to describe this basic cost center. 

This designation is entered under unit on Form DMO-M-83. 

4. County and Route. The county and highway route are 

designated by a 5 character numeric code. This code consists 

of a two number county designation and a three number route code. 

5. Post Mile. Reporting of post mile or mile posts which is 

the district's prerogative is utilized to specifically pinpoint 

where certain maintenance activities were performed on the roadway. 

The post mile is reported to the nearest 0.1 mile. Approximately 

one-half of all districts currently report work method performance 

by the post mile. 

Information is not recorded which indicates in what lane the 

maintenance work method was performed. Designation of the maintenance 

function or work method indicates if the maintenance action was 

performed on the pavement, shoulder or side approach, roadside, etc. 

Work Method 

Maintenance work methods are defined by a maintenance numbering 

system. The numbering or coding system is a 5 character numeric 

code used to designate the program, sub-program, and standard 

method as shown in the example below: 

07 - 022 

07 - program (signs) 

02 - sub-program (sign maintenance) 
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2 - standard method (clean signs on two posts 

or poles) 

Approximately 470 program - methods have been defined in California. 

Performance Standards and Scheduling Values for approximately 185 

methods have been developed. These work methods have been grouped 

into 19 programs as shown below: 

1. Roadbed, Flexible 

2. Roadbed, Rigid 

3. Roadside Maintenance 

4. Roadway Litter and Debris 

5. Vegetation Control 

6. Pavement Delineation 

7. Signs 

8. Electrical 

9. Traffic Safety Devices 

10. Snow Removal and Ice Control 

11. Roadside Rests 

12. Landscape Maintenance 

13. Bridge and Pump Maintenance 

14. Tube, Tunnel, and Public Service Facility Maintenance 

15. Permits 

16. Operations 

17. Administration and Auxiliary Services 

18. Major Damage and Disaster Maintenance 

19. Work for Others 

It should be noted that there are different programs for the 

maintenance of portland cement concrete pavements and for snow 

and ice control. 



Specific support activities are related to the maintenance 

work by the addition of a two digit code. Examples of these 

activities are; 

1. travel 

2. haul 

3. flagging 

4. other traffic control 

5. delays 

6. special equipment preparation 

7. additional operated equipment 

An example of these cod~s are shown on Figure A-2 for roadside 

maintenance activities. 

Manpower 

Manpower utilization for a particular function is recorded. 

Labor, equipment and accomplishments are reported by the supervisor 

for the entire crew. 

In recording the labor utilized, three types of entries are 

made: the total number of man hours actually spent on performing 

the maintenance activity; the number of work hours spent on support 

activities such as delays, travel, haul, flagging other traffic 

control, etc.; and the number of hours required for supervision 

and administration. Work expended is reported to the nearest 1/2 

hour. 

Time for vacation, military leave, etc. for the entire crew 

is obtained from Form HM85 (Figure A-3). A Form HM85 is filled 

out for the supervisor's crew and is the basic accounting and payroll 

form. The supervisor is responsible for summerizing vacation time, 

etc. for his entire crew on Form DMO-M-83. 
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Form DMO-M-83 is so arranged that five maintenance work methods 

can be reported on a single form, complete with a designation for 

manpower and equipment utilization. Total crew hours are summed 

on this form for a given day. 

Equipment 

Equipment utilized for a particular function is recorded. Each 

item of equipment is designated by a unique equipment number. ' 

Equipment use is charged out daily by the hour or by the mile, 

depending on the type of equipment utilized. Sedans, station wagons 

and 1/2 ton pickup usage is reported in miles. All other items of 

equipment are reported in hours of actual usage. For example, 

if a piece of equipment is at the job site and idle, such as a travel 

vehicle or a standby vehicle, it is not reported as used for the 

idle period. Any vehicle with accumulated usage of less than one hour 

for the day will report one hour of usage. Equipment usage is re­

ported to the nearest one hour. 

Downtime either while the equipment is in the shop or field is 

reported. Downtime is defined as the hours a piece of equipment 

is unavailable because it is out of service during the working 

hours of the work day. 

Materials 

Materials utilized for a particular function are not recorded 

on the DMO-M-83 but in some cases maybe obtained from the productivity 

entry. The productivity entry reports the amount of material utilized, 

in tons, cubic yards, lineal feet, etc. for a particular maintenance 

work method. Stockpile number, inventory quantities, etc. are a part 

of ~ materials management system. 

A-6 



Accomplishments 

Accomplishments in terms of productivity units are recorded for 

certain maintenance work performed. For example, tons or cubic yards 

of material placed are reported. Productivity for work methods such 

as inspection of drainage structures, etc., is accounted for in terms 

of man-hours. 

COLLECTION AND PROCESSING OF RECORDED DATA 

The Maintenance Daily Report Form DMO-M-83 is filled out daily 

by the maintenance supervisor for his crew. This information is 

sent to the superintendent's office generally weekly for approval and 

checking. The information on the daily forms is key punched monthly 

at the district office and transmitted through the remote computer 

terminal to the central office monthly. Reports are returned to the 

supervisors, superintendents, district maintenance engineers, etc. 

about 10 to 15 days after the end of the month. 

It is estimated that about four-tenths of one percent of the 

maintenance budget is expended on recording and reporting maintenance 

activities. The crew supervisors each require about one-half hour 

per day to complete the Maintenance Daily Report. 

REPORTS 

Several maintenance management reports are produced from the 

collected data. A brief discussion is presented below indicating 

the types of data contained on these reports: 

Comparison Reports. The superintendent comparison report 

(Figure A-4) presents a performance summary of all work performed 

under the direction of a superintendent in his area of authority. 

Data is given for the reporting month and the year to date totals. 
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Data are sorted by the maintenance program, sub-program and method 

as previously described for each supervisor under the jurisdiction 

of the superintendent. Comparison information is presented for the 

state as a whole, for the district within which the superintendent 

works and for each supervisor. Information reported includes the 

following: 

1. Completed production in terms of a work method unit of 

measurement (tons, cubic yards, lineal feet). 

2. Production in terms of hours of labor worked performing 

the maintenance work method. 

3. Support in terms of hours of labor worked performing 

support activities such as travel, haul, flagging, etc. 

4. Percent support or the work hours devoted to support 

activities divided by the work hours devoted to production. 

5. Realization or the maintenance performance standard (for 

example man hours per ton of material placed) divided by the actual 

performance rate for the maintenance activity. 

6. Planned production for the maintenance activity to the 

reporting data. 

7. Crew labor cost per productive unit. 

The District comparison report (Figure A-5) displays the same 

information as the superintendent's comparison report except information 

is presented by maintenance work method to compare state wide totals, 

district totals and superintendent totals. 

State wide comparison reports are also available using the same 

reporting format. 

Expenditure Analysis Report. Expenditures analysis report in­

cludes salary and equipment unit cost per production unit of each 
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work method performed. This report is being utilized to determine 

the most economical method to perform a work method. Data displayed 

on these reports by maintenance method include; 

1. Man-years of labor expended for the year to date. 

2. Dollars expended for the year to date for salaries (labor), 

equipment, materials and other items together with the total 

expenditures. 

3. Year to date production and the units for measuring production. 

4. Cost for salaries and equipment per unit of production, i.e. 

dollars per ton. 

5. Dollar expenditures for the reported month. 

Reports are prepared to provide comparison for the superintendent 

among the supervisors, for the district among the superintendents and 

for the state among the districts. Thus, the same sequence of Ex­

penditure Analysis reports are available as is the case with the 

comparison reports. An example of an expenditure analysis report 

is shown as Figure A-6. 

Information to produce this report must come from both the 

Maintenance Daily Report and accounting input documents. 

Budget Status Reports. Budget status reports present both 

man-year expenditures and dollar expenditures by maintenance programs 

such as flexible roadbed maintenance, rigid roadbed maintenance, 

roadside maintenance, etc. Dollar expenditures are reported for three 

categories - expenditures by state forces, by city forces charged to 

the state, and contract maintenance charged to the state. Both ex­

pended and planned man-years are reported. Dollar expenditures and 

man-years are reported in the following format: 
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1. Reporting month 

2. Year to date 

3. Target year totals 

4. Target adjustments 

5. Percent expended fiscal year to date 

6. Percent expended for the last fiscal year on a year to 

date basis 

7. Percent expended for the last 4 fiscal years on a year to 

date basis. 

This reporting forniat is utilized for both district summaries and. state 

wide summaries. An example of a district summary is shown in Figure 

A-7. 

Equipment utilization reports have been recently revised and are 

produced on a monthly basis. An annual program work plan is 

developed based on information coded by the supervisor and reports 

are generated to showing yearly planned programs by the month. This 

data is used to develop monthly scheduling reports. Examples of these 

are shown as Figures A-8, A-9, A-10, and A-11. 

It should be noted that on the DMO-M-83 "Maintenance Daily Report" 

man hours are reported for the entire working crew. These hours are 

transferred to dollar values as shown on the Expenditure Analysis 

Report and Budget Status Report by use of an average cost per hour 

for the crew. Man-years planned for work methods are prepared by 

field personnel on a yearly basis after the quality of service level 

has been determined. These man-years can be altered during the year. 

The various reports are produced monthly with year to date totals. 

Reports as discussed above are utilized by the district maintenance 
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engineer, the superintendent, the supervisor as well as central office 

personnal. 

Reports are used for fiscal control, by reviewing expenditures 

and comparing expended and planned man-year totals; for monitoring 

of program execution by comparing planned and expended man year 

totals; for allocation of manpower by reviewing the realization 

figures and cost per unit of productivity; and for budget prep,aration 

as a check to determine productivity figures to be utilized in 

calcula~ing the budget. 

Presently maintenance program work that appear to be contrary 

to planned budgets due to productivity problems and/or prior 

planning must be located by a review. Exception reports are presently 

not a part of the reporting system. 

OTHER ITEMS 

The Califor~ia Department of Transportation is satisfied with 

the reliability of the existing system. A manual of instructions 

has been prepared and are utilized by supervisors to accurately fill 

out the Maintenance Daily Report. Maintenance management seminars 

are held annually to discuss the system and improve the reporting 

accuracy. Spot checks are made on data reported by supervisors. 

As pointed out previously data are recorded in the field by the 

supervisor rather than the individual maintenance employee. It is 

believed that this approach improves the reliability of the information. 

The recording and reporting system can be altered by the 

direction of the central office maintenance staff as the need arises. 

Changes usually originate in the field and after field study the 

needed change can be made. The central office continually works with 
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the districts through meetings and visitations. Data processing 

changes do not appear to be a bottleneck as data processing personnel 

are on the maintenance staff. 

Data collected are stored on tape for about a 5-year period. Four 

year average costs and man-year requirements for maintenance work 

methods are calculated annually. 

References 

1. "General Reporting Instructions," California Department 
of Transportation, Division of Highways. 

2. ''Maintenance Management System," California Department 
of Transportation, Office of Maintenance, Planning Section, 
December, 1975. 
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•(EXPLAIN IN REMARKS) TOTAL HOURS • 
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FORM DMO·M·83 !REV. 7/751 

Figure A-1. Maintenance Daily Report 
TRANSFERRED FROM REPORT HM85 
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-OlJ. 

03--C?Cl 

03-030 

Figure A-2. 
0? l'ROGRM'i (ROA:DSIDE MAJWEENA...~CE) ---

..... ,.~.,....I n'T~ P -~TRO"' .. 
.;. ~ - 1'>.! :~_-!.t',J £...1...2:!. 
loport pumping water off road or storm oa~rol with graders to 
t~:.is r1~:m1'Jer, Report man miles ii~ approPr:i ate. 

Rl~ IN MID \-liND PATROL 
Patrolling of high\,;ays during or shortl~t after storms to check 
fu~ction of drainage facilities, or other potential hazards. 
lU.so ]ncll.tdes placing &'1cl picking t:p warring devices Etnd 
c :Lcc-Jling debris from drains or roadwa;y _ 

EOCK ANT) SAND PAIJ.1I:WL 
Patrolling far and blading or removing fallen rock or drifted 
:~a_nd from travel way. Includes warning device control. 

}::11\TNJ.:.GE STRUCTURE CI£_11JJING 
(~leaning dirt, siJ.t, rock or debris from horizontal drains, 
::.::Lderdrah!.S, or slotted drains included in. this number. Also 
r'.=po:t·t any drainage cleaning with fully operated rented equip­
:T8nt to t;his :nw:eber. Also includes flusbinr; dovm drains. 

CJL'lERT OR OVERSIDE DRAIN OPENINGS - HAND 'l'OOLS 
Includes cle;:-u1ing up to J.r) Lin. Ft. of adjacent ditch. Co1mt 
'::n~-Y openi.ncs c1eansd, do not count openi:>..g;s inspected but not 
c -~ e (:J-Il 2 cl • 

CuL\T.SRT OR OVERSIDE DRAIN OPENINGS - MECHANICAL 
Cleaning ends -r,Jj_ th loader or backhoe. Ir:lcludes cleaning up to· 
30 J.Jin. :B't. of ad,jacent ditch. Count only openings cleaned, 
d.o not ccunt openings inspected but not clca..'l.ed. 

Ql¥A.N I.W.OP TJlLt~TS 
~nchH:le~"· cleaning drop inlets with fully opt:ratecl rented equip-· 
rnent, or flusbjng drop inlets. 

Std or 
Sell . Val.* 

(Mcu: Hrs.) 

. )90* 

. )66 

250* 

750* 

I Unit 

Ma_n Miles 

Man M:Lles 

Man Miles 

Each 

Each Opn 

Each Opn 

Cu Yd 
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03-0?H 

-C32 

I 03-050 

-051 

Figure A-2. (Continued) 

03 PROGRA.M (ROADSIDE f-IAIN'rENANCE) 
Std. c ~ 
Sch. VE _. * 

(rt;an Hr l • ) 

C.LEAN DROP INLETS - 'HAl\fD TOOLS 
C:'c.ea"ling drop inlets using various types of hand tools. 

CLEAN DROP INLETS - l\1ECHAl\fiCAL 
Cleaning drop inlets using mechanical equipment, such as 
'.r:~cuurn type. 

f:.H_OULDER GRADING 
W'r.en g:!.'ading large areas over 20 Ft. wide, which are generally 
t:sed for pa:rking, report to this m.unber. 

GH.!1.DE SHOULDERS 
Includes shoulder surface grading or shaping and drop-off 
:r~:pe.ir 1..1.sing existing roadside material. Area graded should 
be less than 20 .Ft. wide • 

. $MOULDER DROP-OFF REPAIR 
R2port shoulder drop-off repair·using a shoulder box and imported 
':r.o.terial to this nrunber. Shoulder should be wide enough for 
"'iTiergency parking otherwise report to applicable 03-llX number. 

t,-t\NDAL REPAIR - D1PORT MATERIAL 
Sboulder drop-off repair (import material) using hand tools to 
spread the material. 

I\'JECHANICAL REPAIR - Il\1PORT MATERIAL 
Shoulder drop-off repair (import material)_using grader, trucks, 
tractors etc. to spread material • 

.DllCH CLEJu\fiNG (INVERT IESS THAN 10 FEET) 
Cleaning dirt, silt, rock or debris from ditches using clam shell, 
water truck or other methods not listed below. If shoulders are 
shaped at the same time ditches are cJ.eaned report to the appro­
priate 03-06X number all time involved in ditch cleaning and 
shoulder grading. 

1. 5C )* 

1. oc )* 

2.0( ) 

.8L )* 

.0~ 2 

I Unit 

Cu Yd 

Cu Yd 

Sho Mi 

Sho Mi 

Tons 

Tons 

Tons 

Lin Ft 
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-062 

-063 

']3-070 

-071 

03-080 

-081 

-082 

03-090 

Figure A-2. (Continued) 
.9.2. PROGRAM (ROADSIDE MAINTENANCE) 

DITCH CIEANING - r1AlfJAL 
Cleaning material from ditches using h&!.d tools. 

DITCH CLEANING - GRADER, LOADER, OR BOTH 
Inc::hJ.des cleaning ditches wi t.h grader, .Loader or both. 
incJ.1Jd~s shoulder grading when dcme in conjunction with 
cleaning. 

DITCH OL~ANING - BACKI-IO:S 
C1.eanir: g material from ·ditches using a backhoe 

.Ctl7!~IT'If:L CLEANING~INVERT 10 FEET P...ND OVERl 

Also 
ditch 

C.Lea:n.5_ng dirt. siJt, rock or debris from channels using methods 
nit listed b::lcw. 

CH..l\_NNEL CL"SA.NING - HEAVY EQUIP1'-1ENT 
Above activit;;- using bulldozer, grader, truck shovel; loader 
~tc. 

DITCH OR CHAJI1"J\"'EL P.EPAIR 
-p6-not u;e the 03-08X sub program for ditch or charmel cleaning, 
ti~e 03-0SX or 07X • 

.. 
D!TCH REPAIR OR HECOJ:JS1.'RUCTION (I:NV.ERT LESS THAI\'" 10 FT) 
rnclU0'28 resbaping OT' reconstruction Of U:lpaved ditches,. WOUld 
~!so include patching of AC or PCC lined ditches. 

CHAl\TI'lliL REPAIR OR F.ECONSTRUCTION (I:NV'ERC2 0 1iER 10 FT) 
L11cludes reshaping or reconstruction of m1paved charmels, would 
also include patching of AC or PCC lined channels. 

»RAINAGE FACILITY OR STRUCTURE R~PAIR OR 3EPLACE~~T 

St l. or 
Sc 1. Val. * 

U1a t Hrs.) 

013* 

002* 

020* 

050* 

lncl udes removal of graffiti from rocks or vari.ous types of 1.-.ralls. 

/ 1T • ~-unl v -
Lin Ft 

Lin Ft 

Lin Ft 

Cu Yd 

Gu Yd 

Lin Ft 

Lin Ft 

Lin Ft 
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03-09l 

-092 

03-100 

-101 

-102 

-103 

03-110 

-111 

Figure A-2. (Continued) 
Q2 PROGRru~ (ROADSIDE MAINTENANCE) 

HEPAIR OR REPLACEMENT OF DRAINAGE FACILI'l'IES 
Repair or replacement of culverts, drop i:r!.lets, other type 
trains, wingwalls, headwalls, debris racks etc. included in 
this number. 

RSPAIR OR REPLACEMENT OF ·OTHER STRUC'I1URES 
Includes work on retaining walls, bin walls, crib walls, 
sotmd walls, FCC or stone curbs and dikes, sidewalks, cattle 
guards or other structures not defined elseVThere • 

.R~PA.I_R OF RIGHT OF WAY OR OTHER ROADSIDE :FENCE 
Jricludes repair to rock fence, or roadside fence used only 
as glare screen. Also includes repair to gates on right of 
vJay fences. 

REPAIR C!LA.IN LINK FENCE 
:Repair of ch11in link Tight Of way fence of any height. 

BARBED WIRE FENCE 
Repair of barbed wire right.of way fences. 

W ( RE f•'IESH :FENCE . OR MESH At"'m BARBED WIEE FENCE 
R~pai.r of wire I~esh right of way fence, or combination barbed 
w1r:;re and mesh fence. 

ROADSIDE SECTION RESTORATION . 
Do not use 03-llX sub program when removing sand from travel­
'.t:ay (use 03-012), to improve drainage (use 03-06X or 07X), 
and for major damage repair (see 18 program). 

REMOVAL OF DRIFT OR STORM DEPOSITED MATERIAL 
Removal of drift or storm deposited material by any method. 

Std or 
Sch Val. 

_(Man. Hrs.) 

.: 00 

.1 26* 

.1 63 

·' 67* 

I Unit 

Each 

Each Rpr 

Irin Ft 

Lin Ft 

Lin Ft 

. Lin Ft 

Cu Yd 

Cu Yd 
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0 -·- l 1 ;) ) ~ --

-Jl3 

-J ]1~. 

-115 

03-·880 

-982 

Figure A-2. (Continued) 

.Qi PROGRAM (ROADSIDE ~1AIWrENANCE) 

SLIDE REMOVAL 
Removal of small slides by any method. If estimated expendi­
ture is over 51,000 in one location or $5,000/mile see 18 
Program. 

T•1J:1rJAI~ MNrERIAL REPLA.OEf1ENT 
i.{2p]_acement of roadside material performed wi t;h h&"ld tools. 

;tSCHANICAL MATERIAL REPLACEMENT 
Replacement of roadside material used graders, loaders, trucks, 
t.::cac tors etc. 

Ol1HER ROADSIDE SECTION RESTORATION 
TncJ t.lded in this e.ctivi ty are jobs such as bench cleaning, cut 
:·;lope .grc.ding, removing loose rocks from ~llopes, and maintain-
i. r1g earth berms. Report cubic yards of material if applicable • 

.$_1_.\PV ATji) ADr•1IN (ROADSTDE MAIN'l~NANGE PR..QG£LL'u"I) 
( e.ee Defini t:i.on Ol-880) Do nut repo:t"t S'.lpport activities to 
:-:.~J.i.s numher. 

; ·~ ISC:SJ·L4 . .NEOUS (ROADSIDE !VlAI:tJTENANG'3 I:£WGRJ~j~_2.. 

CT.ilikl'TING CUINERT AND OVERSlDE DP.AIN INTERIORS 
Cleru:ing culvert or overside drain interio:es by any method. 

GLOPE PROY.ti:CTION 
f.n_ch as placement of rock or riprap on slopes for the purpose 
cf slope protection or stabilization. For-fertilizing or 
seeding slopes see 05-984 and 985. 

St . or 
Sc Val • * . 

(IVIa. Hrs.) I Unit 

07.4 j Cu Yd 

500* Cu Yd 

040* Cu Yd 

Cu Yd 

~ .000* Cu Yd 

PAGE 3-5 



~ . 

Figure A-3. 
DAILY MAINTENANCE PERSONNEL REPORT 

PAGE ---OF---

MO. CAY YR. DIST. UNIT 

DATE COST CENTER Ll -.1.--1'--.L-..l-.J FOREMAN 

SOCIAL.. HOUP.S PRESENT SICK LEAVE 

NAME SECURITY SHIFT RATE CASH 
VAC CTO MILITARY CTO OT SELF FAMILY 

NUMBER NIGHT DAY EVENING EARNED EARNED TAKEN TAKEN LEAVE I 

ABSENT TOTAL BORROW 
~y WITHOUT HOURS OR LOAN 

TY PAY PRESENT c.c. 

-

;,., 

·,A 
:~ 
' 
~ .. 
!' .. 

.. 
I 

TOTALS -REMARKS: 1. Outlined Totals to be posted on Ht. 13. 
2. Total Houre Present mllst equal To •I Crew Hour• on HM-83. 

., 

. -
HM ,.!I IAEV ' 721 



Figure A-4. 

MI"'S206-8 DlST ()2 MUNHNANCr J.RH!CJI RUN OA1 El 04/1° 76 PAGE 1 

SUPl blO YRUC.A SliPT SUPf:RHJTENOH'l PERFOIU"'"NCf ~UI'I~ARY aus OAT£& MAP.CH 1976 

< - - - t U R R E H T M 0 N T H--- -> <---- ---.f I S C A l Y E A R 0 D.ATE---------> 

PROGRAM COMPLETED PRODUCTION SUPPORT REAL- PCT PlANNt:O CDMPLETED PRODUCTION SUPPO T REAL- PCT CREW RATE 

MUt100 PROD UNIT HOURS HOURS IZATION SUPP PROD ll"'l 11 PROD UNIT HruRS toUR llATII* SlWP BARE ., rNJO 

01-880 SUPV & ADMIN MHRS 
SHTE 16 ~~-013 4 112,0~2 32 120,280 ;4 

DIST 02 1,353 9,5~9 10,351 

SUPT 191 2,1:n lrT30 

FORE 612 6 ~10 104 

FO~E 613 36 29ft 115 

Fll RE 61~ 10 578 116 

f!_IP,f 615 64 222 396 

FORt:: 616 ~7 2t15 421 

FORE 617 38 4q4 518 

01-0.31 DIGOUl' ' REPlACE MH~S TON 

5l ATE 1 ,M-'t 718 1,385 191 7.263 Tr~22 Ah27Z 6,j ll 155 9.37 

DJST 0:? 109. 43 31 ,., 316 20..88 

SIIPT 109 

lf 
Ff1RE 615 109 

N 01·032 GRADE~ OJ GOUT f Oe410* MHRS PrR T~ • TflN TON 
I. 0 

SlAlF 734 331 883 91 267 15,698 14r367 !S,l96 13,! lit lU 262 8.1!7 

[liST 02 101 36 106 115 294 Z 9 1t48 809 335 )9 99 112 8e99 

SUPT 38 11 60 92 353 200 86 ~z +6 So\ 31t9 15.26 

Hmt 615 38 17 60 92 353 39 19 &8 ft4 35ft 15.53 

f(tiH.: 616 113 15 12 r.z 51 350 25.06 

FC~E 611 87 32 11 36 119 332 10.33 

01-033 GROR&A!<HO-LDRR DIGOUT f Oe360• HHRS PER TON • TnN TON 

STAlE 3,003 lr3't~ 3,133 80 233 49.785 3lr307 Ur93l 25t 53 9~ 210 8.07 

DJST 02 ~13 158 320 9~ 203 965 3,~03 1.078 z, 52 114 21ft 7.02 

SUPT 21 9 32 8~ 356 153 126 10 91 65 273 14.36 

FOR£ 612 153 
16 

Fl!P.E 614 
FOf'f 615 Zl 9 32 84 356 98 57 .32 62 232 13..35 

FORE 616 
28 13 43 18 331 13.92 

Ol-o.34 MANUAL OIGOUT ( 3.~0* "HRS PER TON • TON TON 

STATE 162 309 336 181 109 2r600 h6U !J,44T 4t f4-'t 103 74 40.13 

OIST 02 z z 100 88 146 381 151 132 'fl J~e9CI 

SUPT 

FORE 614 



Figure A-5. 
HHSZOo-c DJST oz MAINTENANCE BRANOI RUN OATEI 04 19n6 PAGE 

DISTRICT PEI\FURHANCt SUMMARY BUS DATEI MARCH 1976 
<---CUR R E H T MON T .H --- -> <------- - F 1 S C A L V E A TO DATE---------r 

! PIH.lGRAM C.UMf'LETED PRODUCTION SUPPORT REAL- PCT PLANN.t:O COMPLETED PRODUCTION su PORT REAL- PCT CREW f'.A T i.. Ht:UIJD PKOO UNIT HU\JRS HOURS .IZATION SUPP PRUD UNIT PROD UNIT HOURS H liRS IZATIOH SUPP BARE $1 PRJ 
01-88o SUPY ' ADMIN MHRS 

STAlE 16 13,013 ~ 112 t0 52 32 120t280 5~ ..... 
DIST 02 1,353 9,589 10,351 i , 
SUPl 601 92 I, I. 280 
SUPT 610 191 2 t133 lt730 SUPT 620 216. 1 t l't8 2t339 
SUPT 630 ltl2 1t669 Zt261 r SUi'T 650 62 1,704 1,062 I Slli>T b60 208 lt680 lt659 

t. St,f'T 670 160 lt255 986 
~liPf 690 12 12 

Ol-030 SASE & SURFACE REPAIR liHRS TON , - STArt. 1 9 ' 56 88 13 68 48 11 6lei ' OI!.l Ol 9 26 lt1 158 51• ' 
~:..... 

SUPl 6ZO 9 26 41 158 51.,i > I 
N 01-0.31 UlbOUT ' REPLACE HI iRS TON 1-' 

r· SlA Tl lt6" 718 le385 193 7, Z63 7,91. 2 4w27l • ,611 155 9.: I 
I OIST 02 109 lt3 31 98 316 20.1 L 

SUPT 6.l0 109 
Sl!PT 660 11 21 73 3-48 56.l SlJPf 670 32 10 25 250 7eJ. r 

t 01-032 <.;1~ IlL> ER DIGOUT c 0~10* HHRS PER 1m I ·roN TON 
sur~: 731t 331 883 91 267 15t~J'J8 l•h367 5e196 u ,614 113 262 8..1 ~ ,_ -· 
DH r 02 101 36 106 115 294 2t448 809 335 709 99 212 8 .~ 

SUPT 610 38 17 60 92 353 200 86 lt2 146 81t 349 15.; r· SUPT b20 81 300 51t 129 228 239 4.: SUPT 630 73 ItO 119 75 299 15 .,( I !>UPT b50 1n 61 20 42 125 205 7.l 
... __ 

SUPT 660 400 92 53 11 71 145 9~ SUPT 670 63 19 46 136 242 1t590 197 126 195 64 1S5 11.:! 

r ol-o33 G!UJRt.BKiiO-LORR DIGOUT f 0.360* MHRS PER TON ) TON TON 
I STA f£ 3,003 1,341t 3tl33 tiO 233 lt9 t "185 31,30 7 11,931 2~ 053 91t 210 8.( ' 158 320 94 203 965 3t4()3 lt078 2 352 lllt 218 7.( L. Ol!>T 02 1tl3 

SUPT 610 21 9 32 Bit 356 1~3 126 70. 191 65 273 14.2 ,. SliPT 620 1t062 808 211 367 136 17-lt 4 .~ r r SlJPf 630 3t384 1,350 369 928 132 251 6J. SUPT 6!JO 30 117 39 108 163 275 5..e !>lJf'T 660 392 llt9 288 95 193 4'J9 688 269 556 92 207 8.3 l. 

670 675 253 119 201 77 169 8.ll SUPT 

,.. -



Figure A-6. 

MMS303-f~-D STATEWIDE MAINTENANCE ~RANCH RUN DATE: APRIL 1 • 1916 PAGf 1 
(OIST 01-11 )' fXPfNOlTURE ANALYSIS FOR FY 1975-76 C JULY I'HRU MARCH) 

PGM- MAN YRS iiJ 0 (l l l A R S E X P E N 0 E 0 Y E A R T 0 D A T E VTO P'COUCTION SAL-fOP $ THIS 
Mll-10 1800 1-!R/YR SALA~ IF.S fOUIP IIIIATlS OTHfR TOT H QUANTITY UNIT '-"fT-<: S T M~TH 

01-000 ROAOBEO FLEXJBLE 
I'JST 02 4,163 4,16:3 101 

P!ST (14 37 6 929 973 
()J$T 06 8 e 
OIST 07 57 57 1 
TflHL 37 64 929 4rt12 5t20l 103 

01-88o SUPV c AOMIN 
t•JST 01 3.82 62,!'0fl 3,775 1 66,2P4 .,, 213 

r-1 ST 02 5.74 <;:r;,q63 1,90!i 94 97,962 n,oto 
0 I $'T 03 6.62 11?,4"''? t.,oo4 7 111,461 12,310 

rJ~T (14 11.1 q lf:.,n3 9,20'5 10 Jq?,<>t'8 ~~.fH,A, 

nrsr ()5 "'·~"' 74,152 2,~01 8 76,36:3 lC', ~18 

01 q 06 !i.7Z qo,e4"i 1,'108 405 93,238 lO,P.?P. 

[ll~l 07 6.71 108,160 7,~15 11~,975 l3tU1 

> C'YST o.- 6.79 112,321 4,361 lt558 118,241 11 '5J4 

I DIST (19 '3.01 ~9,f.69 2,725 5Zt3~4 8,177 
N orq 10 6.37. 10~,011 3,1l~ 85 10t,eJZ 5,115 
N 

riST 11 ~.35 102,006 e, 147 33 170 110,358 l2e561 

TOTAL t-6.b2 1t091t,073 50,834 137 2t237 ltl.St083 125,603 

01-q81 SPECIAL STUDY 
f'IIST 04 .01 176 69 2'·6 246 

01-0.30 PA:<if ' SURFACE REPAIR 
I:'JS"T 07. .04 t,23 138 17 160 «)39 9 l(IN f!-4.63 

[)J<;T 04 .o1 l'tll 43 442 285 920 
('lJ ~T 0~ .ot 1?.7 2'9 25~ 416 I TC'N 157 .. 12 157 

('> J<;T 11~ .,760 4,760 595 

r• r ~ T 07 .ot 171 ?.1 1'92 3 TON 64.20 

('J q 10 2 2 
l CT Ill .06 I ,071 232 719 5,206 7,:?31 13 TC'N lOO.Z7 752 

01-0.34 0Jf;0UT 
[lJ~T (\/ .07 1,2()0 5?5 47 13 lt 71'6 43 TON 3<? .t.e t>O 

(\ 1 $T 03 .11 lt'7BS 669 27!' 2,731' 137 lON 17.02 

D 1 <;1' 04 4.53 73,!:(.7 46,44 4 64,510 2,847 187,377 6 t 7'9~ TON· 17.65 33, '96 7 

DIST 05 .21 3 '? t1 b 2,570 1 '184 695 7,€38 267 TON 22.31 1,065 

l"l~T 06 .0'9 1,45P. 46R 171 2,104 107 TC'N 11.'93 962 

orq 07 .e6 J3,Rftl 4t122 5,64() 2 23,656 422 TON 42.5'9 5t342 

I"IST M lf\ 14 'fl3 131 

OIST 10 .09 1,534 617 47) 5~4 3,3£>0 61 TCN 38.24 835 

OIST 11 .oe ],325 470 124 lt920 84 TON 21.39 

TOTAL 6.05 98,158 se,104 72,549 4,093 230,905 7,922 TON 19.47 .2,234 



Figure A-7. 
MMS2103-BS-D STATEWIDE MAINTENANCE BRANCH RUN OATEs MAY ~. 1976 PAGE 1 

fOIST 01-11 » BUDGET STATUS FCR FY 1975-76 ( JUL' THRU APRIL I 

MAN-YI::ARS s av $ BY s BY ' S Tl TAL $ OTHER S TOTAl 
PROGRAM EXPN[) PLANNED MAl NT CITIES CONTRACT REIMB BUD' ET DEPT-STAFF EXPENDED 

01 ROADBED FLEXIBLE t GL 93X) 

THIS rm~TH 6be4l 56.12 3,037,965 24,969 136- 3,062 797 3t318 3,066,115 
FISCAL YEA~ TO DATE 502 eb8 525 e40 17t398tl43 21 f 7 89 2,826- 17t417 107 l6tl90 11,433,297 
H~Gf:l FV TOTAL 656.62 28,891,400 261,300 2o,ooo- 29tl32 700 e,2oo 29, HO t9 00 
TARGET ADJUSTMENTS 5.63- 32 ,ooo 32 000 32 ,ooo 
PERCt:''H fYTU 1U 601: 60~ (:1~ 14~ 60t 19U 60~ 

PERU:NT LAST FY 80:E 79:C 69~ lOOt 97t 19t 82, 79t 
PERtENT LAST 4 FY 78:C Ht 51~ 53% 71t 13t 1St 73t 

02 ROADnEO fUGIO tGL 93XJ 

THIS l",l:1n11 l«t~U 13.-13 416,678 560- 416 317 631 416,948 
FISCAL Yf'~ TO DATE 117 e91 131.92 3,073,594 .3,020- 3,070 5H 6,523 3,077,097 
TARC,U FY TOTAL 158 eOl 4,218,800 112 ,eoo 6t700- 4,324 900 2,700 4,327,600 

TARGfT AUJU~TMENTS 13.64- 1,326,000- 1t 326 ooo- 1,326,000-
PERCU;T FYTO 75:C 83% 73:C I 45% 71t 242% 7U 
PERClNT LA Sl FY 83~ 83:C 47% 9U 8lt 67t au 

:r PERetrn lAST ~ FY ti2:C 79~ 47% 119, 16t 67t 78~ 

N 
w 

0) RUA~SIUE MAINTENANCE C GL 93X) 

THIS MONTH 49 .-Jtt 46.60 1,464,140 18,532 23,661- 1e47<J 011 382 1,479,393 
FISCAL VEAK Tu DATE 438.50 474 .o9 10,973 t9b8 52,318 16 ,053 292,447- 1 o, 74'l 693 2,716 10 t752 t61l 
l~.RGt:l FY IOTAL 525.56 13,094,400 8Ze200 112 ,soo 190tlOO- 13,09<J 300 9t300 13,108,600 

TAKG~T ADJUSTMENTS 2e33 577,000- 571 ooo- 571,000-

PERL!: rn FVTD en 90, 84t b4~ 14:1: 154t 82, 29~ 82, 

PERCt.Nl LAST FY U9l &9% 60% 97% 82% 89~ 98~ 89t 

PERCENT LAST 4 FY 89, 88, 56~ 53:C 85% en 95t 87t 

04 RO~OWAY LITTER ' DE:BRIS tGL 93)() 

THIS MOtiTH 25.34 24.03 668,457 92 .s 92 10,833- 75( 516 750,516 

FISCAL YEAk TU DATE 246.07 238 e£)2 5,625,149 521,8 09 120,988- 6,02~ 971 357 6,026,328 

TARGE'I FY TUTAL 283.96 6e471t400 1,015,4 00 116,100- 7,371 700 2,400 7,374,100 

TAR~ET ADJUSTMENTS 5.15- 7,000 
, 000 1,000 

PERCl:Nl FYW 87% 84% BH 5U 104% 8 2% 15% 82% 

PERCE:tJl LASl FY 62% 63:C 49:C sot' 79% lOOt 19t 

PERC I: NT lAST 4 FY 84:C 64:C .. q, 16t 79% 96t 19t 

05 VEC,EfATION CONTROL CGL 93l'.J 

THIS MONTH 14.53 27 e42 429,691 48,241 97 471 030 478,030 

F;SCAL tfAR TU O~TE 205.40 198 .q3 5,133,072 63 t2 .37 lt249- 5, 21! 061 379 5 t2 Ur441 

URGE-I FY HITAL Z!>O .42 6,634,400 39,7 00 5,eoo- 6,661 300 2,700 6,671,000 

T4RGE1 AUJU~lMENTS 23.67 811,300 81] 300 81lt300 

PERC tNT '-YTD 62l 79¥ 71t Z lO:t 22l 16l Hl 781: 

P£:RC.H<T LAS J FY 76:( 79'C 46~ 95% 78t 80t 78l 

PlRClNT LA~T 4 FY 79:C 18t b):C 78:C 1&l 6U 78:C 



Figure A-8. 
MMS40't-A OJ STRICT % 01 MliNl ';NANCI.: I'_IUN(.H RUN 0Al .. Olt/OP./7b 

• VFHICU: NOT ASSIGNED TO USFR DISTRICT EQUlPMfNl ~EPORl BUSINE:~ , (JAfE = 12-75 PAGE CJ9 

<- - -- - -- THIS MmiTH ----- -> <- ~ - - - - - - FISCAL YEAR Tl DATE ---- -- -> 

IltM-tHC DOWN-TIME ACTUAL NON AVER SCDSl DOWN-TIME ACTUAL NON :oST SCOST S.COST OAH:-IN 
NUMflf.R Of: SCRIPTION FIELD SHOP USE USE USE NON-usE FHLD SHOP USE USE HI 1-use REPAIRS OPER SE.RV H.E 

006.00-1561 PICKUP 04-72 
SIJI'T 01-650 0 0 910 0 30 5213 
TOl~l FOP CHC-NUe 00 00 910 00 1150 00 00 30 !1223 00 00 00 00 

006eOC-l563 PICKUP 04-72 
•:>UI>T 01-620 0 0 211 0 0 211 

HJ!Al FOR CltC-NOe 00 00 211 00 1150 00 00 00 211 00 00 351 231 

C06.liV-l !i ~,4 PICKUP ~-12 

•StiPT i) 1-650 0 0 0 0 0 1 !i8 
T!' TAl FCR CHC-NOe 00 00 00 00 It 50 00 00 00 158 00 00 00 133 

006eOC'-I573 PICKUP Oo\-72 
*~Uf•l 01-6£0 0 0 71 0 0 71 

:t> *SUi>T Ul-6'i0 0 0 817 0 0 fll7 I 
N f(' l.& l FOR CHC.-NO • 00 00 tlP8 00 1150 00 00 00 8!!8 00 00 00 00 
+:--

006.011-1830 I>JCKUP 05-72 
•Sli~·T 01-650 0 0 0 0 0 446 

TOTAL FUR CHC-NO. 00 00 00 00 1150 00 00 00 446 00 00 132 58 

OOb.Ot·-lf134 PICKUP 07-72 
•SUPT 01-1:-!>0 0 0 300 0 0 300 

TOTAl FOR CHC-NO. 00 00 300 00 1150 00 00 00 300 00 00 449 497 

006.00-1842 PICKUP 05-72 

*~lli>T Ol-650 0 0 150 o. 0 1!>0 
lUhl FUR CHC-NO. 00 00 150 00 tl!iO 00 00 00 150 00 00 186 363 

OOb.n 7-£:4A8 PIC~UP W/AIR c~o. 04-13 
SUt•T Cl-640 0 0 1254 0 8 1299 

•surT Ol-650 0 0 0 0 0 310 
l01Al FO~ CHC~NO. 00 00 1254 00 ll!.iO 00 00 08 7609 00 00 00 00 

ooo.3o-o943 UTILITY BODY 08-71 

•StiPl 01-610 0 0 0 0 0 219 
lOlAL FOR CHC-NO. 00 00 00 00 113 00 00 00 21~ 00 00 00 00 

006.30-<J950 UTILITY BODY 07-71 

su,..r ot-610 0 0 118 0 8 744 
TOfAl fOR CHC-NOe 00 00 118 05- 113 02- 00 08 741. 11t- 36- 00 00 
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·-- ~-:------ ... - ---- -----------------·· Figure A-9. 
·--·--- ----- ·--------.----·-·--·--· ... .. ·-··-------------------

- MHSOlB•A · 
MAINTENANCE BRANCH · ·· ··· · --- ·· -- ·- ·-·--····· --·--

OIHRICT OJ FOREMAN CLEVEL l) PROGRAM WORK PLAN·•· DETAtL - 07101174-----. --PAGE----··· 1--

- SUPT 610 .. ···-
FISCA~ ·yEAR 1974•75 

f'O><E~AN 612 -- · --·,-··---...,--.- ··-·--·-----·"1•HR -· 
. -PROG• .. TOTAL :<••••••••••••••••••·~--- MAN H 0 U R 5 •••••·-~----···-··· PER .. 

PRODUCTION . PROD, ' -· HETt-iOO DE SCRIPTION ---CO.-RTE-QUANL-~ .UNI~ ---···--·:TOTAL: .. JJU~: __ AUG ... sEP -OCT- NOV .. DEC- .JAN - f 8- HM~- -APR--MU ---.JUN --UNIT---· 

01 88Q SUPV ~ ADMIN '731 MAN•HRS 731 61· 61 61· 61 61: 61 61 o 61 61 61 61 a.oo 
TOTAl. PGH-METHOO 731. 61 61 61 .61 61 61 61 0 61 61 61 61 

------------------ . __ .,._______ _ __________________ ..._. ------ . ---- ---.- -----------------~ 
19 TON 152 . 40 72 40 8~0· 

VOL 084 

. TOHL PGM•METHOD- ----·---- ----- ·152-- -----· .. 40 ·-----...... _ - .. __ 72--------40-------

---031 HArJO PLACED SUF.f 4CING ·------YOl. 0}6---.. 58 .. _. TON---- 296-- ... ·-· 26 . 41 ... 66 ... -- 20 --·31--- ; ~-- ·- -· 51----41-- S.lO ._ .. __ 
0:31 H,\ND PLACED SURfACING YOL 084 191 TON 976 92 174 102 77 36 2• ~ 163 '128 5

1
10 

> 
I 

N 

TOTAL PG~-METHOD ·------··'-···--···-·-·--1272---·- -- '118 ---4·1·- 240..:_102-97o--67-..:2; t-163;_179 .. - --,----41-·-- -·-
•' 

V1 -- 025 SERVICE CONTRACT SURr--.YOL-.. 016~388- HAN•HRS ·-·--- -388 •388 
a> 2 5 S£~'YICE CONTRACT SURF'· YOL 084· :205· MAN•HRS zos· 74 

--------- ____ _;_/ _____ 1.00 ---· 
lll: 

TOTAL PGH•MEHIOD· .. _---._ ·-------- ----593. -462--l·ll-

.... o52 ROCK SEAL. 81 SPP.EAD---YOL!- 0 16--1-12--..-:TON .. ----- 276 .. -------175·--.. ~---...----
05~ ROCK SEAL &•SPREAD YO~ 084 81 TON 199 

-.--· ---- ·---- -·-·-----1 

.. --· ----·-··-~·-· --·--·---- --- .. -· ____ .....; ________ --.. ---------· .. --·--·--· --· -- ·---·-··-'--·-·- ---

1.oo 

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

--------101- z .46- ·--
27 l7Z 2.46 

---- -· • HONT.HLY.:..P..lANNEo_UNUS_OIONOT_...£QUAL.:..10.TALLPL~NNEO.. UNITS~ AND_ WAS .NOT _;CORRECTED•. Oiff:ERENCt...LlSTE t_OtLERROR_LI ST-CMHSO l1 .. Al•-:._ 
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Figure A-10 •. 

OFFICE C~ MAHlTENArKE 

PROGRAI.I \'lURK PLAN 

FISCAL YEAR 1?76-77 

~~0111 Hl Y PLMIIlrD HOURS --· 
SEP OCT tl()V 0[( JMI _,_ .. __ !(. .. __lL_ 
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APPENDIX B 

ILLINOIS DEPARTMENT OF TRANSPORTATION 

Recording and Reporting Methods for Highway 
Maintenance Expenditures 

INTRODUCTION 

The 11,236,000 residents of Illinois operate 5,952,000 motor 

vehicles on 129,942 miles of highway of which 16,780 miles are under 

state control. The state occupies 56,400 square miles from an 

elevation of 279 feet to 1,235 feet above sea level. Mean minimum 

and maximum temperatures are 14 and 900F with average annual moisture 

ranging from 32 to 48 inches. 

The Illinois Department of Transportation has a $79,000,000 

maintenance budget for fiscal year 1976. This budget will be used 

by its 9 districts to maintain 38,000 lane miles of highways (16,800 

center line miles). 

Nine districts comprise the Illinois Department of Transportation 

Maintenance Management System. Each district is divided into 

'~aintenance Team Sections" resulting in a total of 104 Maintenance 

Team Sections. 

The Highway Maintenance Lead Workers 02 or Section Supervisors 

are in charge at the Maintenance Team Sections with assistance from 

Highway Maintenance Lead Workers 01 often referred to as crew leaders. 

Highway Maintenance Lead Workers 02 report to Maintenance Field Engi-

neers who are in responsible charge of several Maintenance Team 

Sections. The Maintenance Field Engineers report to the Distr~ct 

Maintenance Engineer who reports to the District Engineer. 
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The administration of the maintenance program by the Director 

of the Illinois Division of Highways is performed at the central 

office level by the Engineer of Maintenance. 

The basic maintenance recording and reporting system was de­

veloped in 1966 and 1967. Significant changes in the systemwere 

made in 1970 and 1971. A single reporting system is utilized to 

satisfy both the accounting and maintenance management function. 

A manual recording system is being utilized in the field with 

electronic data processing utilized to compile and produce the 

reports. 

RECORDING SYSTEM 

Illinois Department of Transportation Form BFM-884, "Maintenance 

and Traffic Time Card" is utilized to collect maintenance obtained 

on this form includes: 

1. Activity performed 

2. Location activity performed 

3. Manpower utilization 

4. Equipment utilization 

5. Accomplishments 

6. Foreman's designation 

The forms are prepared for each employee daily and cover a bi­

monthly payroll period. In some areas individual workmen fill out 

the cards while in other areas the Highway Maintenance Lead Worker 01 

may fill out the forms for the employee. Details are presented below. 

Location 

Each maintenance activity is performed at a specific location 

on the highway system. This location is designated by record1ng 
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the following information: 

1. District. A number from 1 to 9 is utilized to designate 

the district. 

2. Maintenance Team Section. One hundred four Maintenance 

Team Sections are designated by 3 digit numbers. The first number 

of the code refers to the district, the second number refers to the 

Maintenance Field Engineer in charge of the Maintenance Team Section 

and the last digit refers to the particular one of the several Team 

Sections under his control. Thus,· a code of 712 refers t6 District 

7, Maintenance Field Engineer 10 and the second area under Field 

Engineer 10. 

3. Maintenance Sub-Section. Maintenance Sub-Sections are specific 

segments of highways. A Sub-Section is based on a continuous route 

through a Maintenance Team Section. 

The cost reporting units within a Maintenance Team Section are 

the "Sub-Sections." A Maintenance Team Section is composed of one or 

more Sub-Sections. Sub-Sections are assigned 3-digit numbers. 

A Sub-Section is based on a continuous route through a Maintenance 

Team Section and may be modified by pavement width or traffic lanes. 

If all the pavement on a route within a Team Section is of uniform 

width, said route shall constitute one Sub-Section. If a portion of the 

pavement on a route within a Team Section is under 22 ft. in width and 

the remainder is 22ft., or greater in width, a separate Sub-Section 

shall be established for each portion. A separate Sub-Section shall 

also be established whenever there is a change in the number of traffic 

lanes on a route within a Team Section. 

B-3 



Sub-Section numbers are based on the following basic criteria: 

1. Marked Interstate Routes and 

Primary Routes 010 to 799 

2. Special Bridge Structures 800 to 819 

3. City Street Maintenance 820 to 849 

4. 50-50 Financed Roads 850 to 859 

5. River Bridges Maintained 

with Adjoining States 860 to 869 

For example, sub-sections for U. S. Route 30 could be numbered 

300, 301, 302. 

Little attempt has been made to establish maintenance section 

limits based on type of pavement and/or time of construction except 

for some special study sections. 

Special job authorizations are filled out by the employee under 

the direction of the State Maintenance Engineer, the District 

Maintenance Engineer or the Maintenance Field Engineer. All other 

times the column on the Maintenance and Traffic Time card is not 

filled in. 

4. Milepost. A milepost or milepoint system is not utilized as 

a part of the maintenance management system. 

Information is not recorded which indicates in what lane the 

maintenance activity was performed. Designation of the maintenance 

function or activity indicates if the maintenance action was performed 

on the pavement, shoulder, roadside, etc. 

Activity 

Maintenance Work Function Codes are utilized to designate the 

maintenance activity performed (Table B-1). Forty-nine maintenance 
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codes are presently utilized and are divided into the following 

major groups: 

1. Roadway Surface Operations 

2. Shoulder and Side Approaches 

3. Roadside and Drainage 

4. Bridge Structures 

5. Snow and Ice Control 

6. Traffic Services and Facilities 

7. Maintenance General Functions 

8. Equipment Maintenance 

9. Traffic Signing 

10. Miscellaneous and 

11. "Time Off" Codes 

It should be noted that a special function code does not exist for 

maintenance on portland cement concrete pavements. Some special 

codes exist for.snow and ice removal. 

Function codes were developed and have been revised based on 

input from the districts. These function codes can be expected 

to be altered in the future. 

Manpower 

Manpower utilization is assigned to a particular study and 

location on the individual time sheet. The employee's name, 

position, and social security number are recorded together with the 

start and stop time for each working day. If the workman performed 

more than one maintenance activity and/or worked on more than one 

sub-section for a given day, two or more lines of dates must be 

filled out for that day indicating the working hours for each 
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activity and/or sub-section. Regular, over-time and time-off hours 

are recorded on this form. All time-off hour entries must be 

accompanied by the appropriate function code as shown in Table B-1. 

The report is intended to cover a bi-monthly payroll period 

ending on the 15th and 31st of the month. The time worked is re­

ported to the nearest one-half hour. 

Equipment 

Equipment utilized by a particular individual and for a particular 

maintenance activity and/or sub-section is recorded. Equipment is 

designated by an equipment code. This code rather than individual 

equipment numbers are entered on the Maintenance and Traffic Time 

Card. The equipment usage hours are not just the hours that the 

equipment was actually in operation, but rather the number of hours 

that the equipment was assigned to the job and unavailable for other 

uses. Equipment time is recorded to the nearest half·hour. 

The Highway Maintenance Lead Worker 01 shou1d be certain that 

no equipment is omitted or duplicated in reporting. If more than 

one type of equipment is used, the hours of usage of each type of 

equipment should be recorded on the time card of the man responsible 

for its operation that day. For equipment used fully among the 

entire crew, each type can be recorded on a separate man's time 

card until all equipment used by the crew is accounted for. If 

one man must report two or more types of equipment, additional 

lines should be used, with careful checking that no equipment is 

omitted or listed twice. It is important that the day's date, work 

location and work function code be given for each piece of equipment. 



Materials 

The district collects all materials bills and codes these costs 

such that the cost of materials is assigned to the Maintenance Team 

Sections and sub-section as appropriate. The type of material is 

identified by the work function code shown in Table B-1. 

Accomplishments 

The accomplishment data entered on the time card are the measure 

of the amount of work performed at a particular location for a 

particular work function. If the work is performed by the entire 

crew, the accomplishments are entered on only one time card which 

is usually the Lead Worker. The Lead Worker is responsible to 

insure that a work accomplishment value has been recorded. The 

units of accomplishment are reported in units assigned to the 

function code for which the accomplishment is being recorded. 

Inventory 

A Maintenance Roadway Inventory Record is maintained in each 

district by Maintenance Team Section and Sub-Section. Information 

collected and reported on this inventory includes; 

1. District designation 

2. Maintenance Team Section Number 

3. Sub-Section numbers 

4. Route numbers 

5. Location of road (municipal or rural) 

6. County 

7. City 

8. Average width of R.O.W. 

9. Average daily traffic 
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10. Topography 

11. Surface type 

12. Width of pavement 

13. Lane miles of pavement 

14. Lane miles of ramps 

15. Access control 

16. Feet of curbs and/or gutters 

17. Drainage structures 

18. Historical markers 

19. Frontage roads, lane miles 

20. Storm sewers 

21. Ditches 

22. Shoulders 

23. Culverts 

24. Entrances and side approaches 

25. Bridge structures 

26. Acres of mowing 

27. Right~of-way fence 

28. Field engineers jurisdiction 

29. Rest areas 

30. Weight stations 

31. Pump houses 

32. Walls, cribbing, rip-rap, and 

33. Highway class 

COLLECTION AND PROCESSING OF RECORDED DATA 

The Maintenance and Traffic Time Card is filled out daily by 

the workman or the Highway Maintenance Lead Worker. At the 
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end of the bi-monthly pay period the Highway Maintenance Section 

Lead Worker or Field Engineer checks the card and approves with his 

signature. The cards are sent to the district for checking and 

key punching within three days after close of pay period. Processing 

is completed by the districts in 15 calendar days. These data are 

then transmitted to the central office for editing, checking and 

processing which may be 1 to 2 weeks. 

It is estimated that about 0.6 percent of the maintenance 

budget is expended on recording and reporting maintenance activities. 

Sixty-six thousand dollars for computer charges were expended in 

1974. Approximately 5 to 7 minutes per day are required per 

workman to fill out the time card and approximately one-half per 

day is required of the lead worker. Key punching in the district 

office amounts to about 1 to 2 days per pay period and about 1 man 

day is required at the district office to correct time card entries 

per pay period. 

A one month turn around time is the goal of the reporting system. 

REPORTS 

Several reports are produced from the collected data. A brief 

discussion is presented below indicating the types of data contained 

on these reports. 

Roadway Inventories Listings and Summaries. Roadway inventory 

reports summarize the information obtained on the Maintenance 

Roadway Inventory Record. These reports are printed upon request 

and show data by Maintenance Sub-Section, Maintenance Team Sections, 

Field Engineers areas of responsibility, Districts and State Totals. 

An example of this report is shown on Figure B-2 for Maintenance 

Team Section 712 and Sub-Sections 128, 129, 140, 185, 186 and 370. 

B-9 



Work Accomplishment Reports. Work Accomplishment Reports 

summarize work crew performance and develop labor hours per unit 

and unit costs from direct labor and equipment usage charged to the 

various work functions. Only direct labor and equipment usage costs 

are used in this report. These reports are issued monthly and 

annually for Lead Workers, Maintenance Team Sections, Field Engineers' 

areas, Districts and State totals. Special Project Accomplishment 

Reports are produced monthly. Reports can be printed for each foreman 

as well as for special projects. 

An example of a monthly work accomplishment report for District 7 

is shown on Figure B-3. It should be noted that sub totals are given for 

maintenance function groups such as roadway surface, shoulder and side 

approach, roadside and drainage, etc. Salaried and hourly labor are 

separated as are charges for regular and over-time hours. 

Direct Cost Summary for Major Work Functions. These reports 

summarize by District, Maintenance Team Section cbarges to individual 

maintenance functions (Figure B-4). Information reported includes; 

units accomplished, unit costs for labor and equipment, direct costs 

per lane mile and percent of direct costs. Seventeen of the forty-nine 

maintenance functions are shown on this report. The 17 functions 

normally account for about 70 percent of total maintenance expenditures. 

These reports are issued monthly and annually. A similar report is 

prepared to compare districts and contains a state wide total. 

Equipment ·Usage Reports. These reports show equipment usage costs 

which are computed from the usage hours reported multiplied by 

established hourly rates. Usage hours are not meter hours or hours 

of actual operations; but as discussed previously, are the work hours 
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during which the equipment is on a specific job and unavailable for 

any other use. The reports are issued monthly and annually and are 

prepared for Field Engineers' Areas, Districts and State totals. 

An annual report issued under the cost series reports lists 

every sub-section in the state by Maintenance Team Section and 

District and gives the sub-section lane miles or bridge lineal feet 

and the cost per lane mile for the sub-section or cost per lineal 

foot if the sub-section is for a special bridge. 

Cost Reports. These reports show all costs charged to the 

maintenance function. They show the costs assigned to the various 

maintenance functions plus non-production labor, all overhead costs, 

etc. Material costs are also included in these reports which are 

printed quarterly and annually. Reports are prepared for each 

Maintenance Team Section, Field Engineers' area, District and State 

total. Annual reports are also broken-down for interstate, regular 

highway and Chicago Expressways. 

It should be noted that sub totals are given for maintenance 

function groups such as roadway surface, shoulder and side approach, 

roadside and drainage, etc. 

Special Sub-Section Reports. As discussed previously each district 

has been instructed to establish special sub-sections for detailed 

study. Special reports are issued annually for these roadway and bridge 

special sub-sections. Costs per lane mile for mainline surface 

functions are reported for the pavement types within the sub-sections 

together with costs per lineal foot of bridge length for the various 

bridge sections under study. 

Other peports in the maintenance management system are for error 

listings and control. 
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Reports are utilized for fiscal control by reviewing expenditure 

information. Budget information does not appear in these reports. 

Comparison of accomplishment units for specific maintenance functions 

among districts can be utilized to determine access productivity and 

to allocate manpower. Exception reports are presently not a part of 

the reporting system. The reports are utilized for budget preparation. 

OTHER ITEMS 

The Illinois Department of Transportation is not completely 

satisfied with the accuracy of the reports. Field data collection 

needs to be improved. Training programs have been utilized in an attempt 

to improve this accuracy. 

The recording and reporting system can be altered by direction of 

the central office. Field input is normally obtained prior to any changes. 

Certain changes are contemplated. 

A maintenance work standard committee has been formed and is 

composed of central office staff members, district engineers, field 

engineers, foremen, and equipment operators. 

Recorded data are stored on tape and can be stored for a prolonged 

period of time. 

Reference 

1. ''Maintenance System," informal report prepared by the State 
of Illinois, Department of Transportation. 
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~igure B-3. Xonthly Accomplishment Reports 
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***********************•*******************¥************** ******************************************* **************************** 
B IHI~'I'l PATCH 414.?0 TO:~S 2.50 1<J,n4 10'::>2.0 5')35,')9 16.0 89.?.4 .o • JO 21 en. s ~· 
p!: I{~· t>IITCHIIIIG llH .50 $(, YOS '•. 6b 3 •). 8 8 452.0 26£,2.76 .o .oo 32.0 L33.60 12 30. j:lll 
C.<ACK FILLING 50811.50 GALS .23 1 • 7 8 1Hl2.0 t-.737,44 .o .oo .o .oo 23J3 .u.J 
Al,h> Bq_~Jf.J 1 CUT 1'12.0(; lll'\ FT .6'::> ') .• 1 '• 1.?4.0 696.76 .o .oo .o • )Q 290.4,/ 
MUf.JACt<f.UN.CSEAL .uo cu YUS .a: ,00 .o '0:) .o .oo .o .oo .o::; 
SLALIC.G 279.00 St: YOS .~d 3,46 l2C.O 674.08 .o .oo .o .oo 2'10~4 ~ 

iHJADWAY SURFACE TOTALS 2'13u.o l6-ll16 ,{,j 16.0 89.24 32.0 233.60 6311.4':> . 
Sf:t,LJNG .oo 5(.; vr.s .co . co .o ~co .o .oo .o .oo • 0 ' 

1:1' PATCH-HAND 927.50 TO'IlS 1.30 10.51 1209.0 6621.35 .o .co .o .. r;o 3144.0-, 
I PA TCH-,.:A.CH I i~E 19?.00 TO.'lS .67 6. 74 130.0 /56.".>4 .o .oo .o .JO 5~8. 2 •j ... 
.J CuT j;IGH Sl1UULO 30.00 cu YCS .53 4. 10 lboO g4.96 .o .oo .o .oo 56. 0(! 

BLAIJE ANU.ORAG 640.00 I'ILES 1.9'5 17.43 124U.O 6926.16 .o .oo .o •. )0 4226 .. f:'.l 
FIll EDGE JOINT . 7 .co MILES 1.14 10.64 . o. 0 42.48 .o .00 .o .oo 32.G. 

SI-'IJULDER A-NO SIDE APP~C. TLTALS 2611.0 14-'.32.09 .o .oo .o .oo 80l7.0<) 

SLOPES 1~8.CO Cli YDS .61 5.06 96.0 549.08 .o .oo .o .uo 250.4., 
DITCHES-HA~O 412.00 LB HRS .OJ .oo 412.0 2316.88 .o .oo .o .oo 74 7. f.t, 
0 I TCHE'$-Io!ACIH ~~t 71.35.00 cu YDS .44 3.88 3152.0 17572.83 .o .oo .o .oo 10115. 2(, 
Ri::P SEwE~S,l:TC. 1306.00 LB HRS .OJ .oo 1306.0 7396.6'7 .o .oo .o .co 2740.L 
WALLS,CRIB,RIPR 2223.00 SQ YDS • 1.3 1.03 288.0 l672.bti .o .)0 .o .10 626.4C 
TR1.7cS&PLANT CARE ' 2380.30 LB HKS .co .co 2380.3 13471.'11 .o .oo .o .co 4843.0.} 
MOWING-HAND 8.CO LB HRS .oo .oo 8.0 41.24 .o .oo .o .co 16 • C c• 
pol On lNG-t-:ACH INE .co ACRES • oo .oo .o .oo .o .::~o .o .JO . :) . 
RES~EO&RESuODING .oo ACRES .au .oo .o .oo .o .oo .o .co oOv 
WEE[; SPRAYING 64.25 ACRES 7.14 51.74 459.0 2611.29 .o .co .o .GO 712.9,' 
OIRT&DEI:l-jiiANUAL 2292.70 LN !Ill 3.<::14 28.94 9012.0 4':.1672.45 12.0 63.04 .o • t;Q 16611.9·-
OIRT&OE8-MACHINE 40.00 MILES 1.80 17.23 72.0 41R.08 .o .oo .o .:::o 271.2v .. 

KOADSIOE AND DRAINAGE TOTALS 11'185. 3 95723.31 12.0 63.04 .o .'JO 36'135.2~: 
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LA"JOSCAPING E~UIP~ENT, ETC. * 542 * .o 1.?0 .oo 

HYDRO SEEDER * 820 * .o 5.40 .oo 

BRUSH OilPPi:RS * 900 * .o 3.00 .oo 

PICKUP Ai\10 CARRYAll TRUCKS * <Jll * 4917.5 1.90 343.25 

l-1/2 TON TRUCKS * IJ12 * 1149.5 3.00 448.">0 

1-1/2 TON TRUCKS, WINTER USAGE: * 912 * s.o 5 .. 00 40,.00 

2-1/2 TON TRUCKS * <H::\ * 1861.0 3.00 583.00 

2-112 TUN TRUCKS, WINTER USAGE * <H3 * 35.0 5.00 175.00 

4 TON TRUCKS * 914 * .o 4.00 .oo 

4 TON TRUCKS, WINTER USAGE * 914 * ·.o 7.00 .oo 

TANDEM AXLE TKUCK * 915 * 52.0 a.oo 416.00 

TANDEM AXLE TRUCK, WINTER USAGE * 915 * 46.5 11.80 548.70 

4 Wl--iEEL DRIVE TRUCKS * 916 * .o 22.00 .oo 

4 WHEEL ORIVE TRUCKS, WINTER USE* 916 * .o 27.00 .oo 

3 TON TRUCK * 917 * 9253.5 4.00 ! '0 14.GO 

3 TON TRUCK, WINTER lJSAGE * 917 * 352.0 7.00 ~464.00 

ROTARY SNOW Pt~w, TRUCK TYPE * 920 * .o 40.00 .uc 

ERRORS * 999 * .o .oo .::lO 

TOTAL 20.330.0 
)231.95 
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PAGE NO. l 

ZL t -LSWUt#-

!3Ii"IJ~H!:JJS Pl\"rCHING ('tl\)) - TONS f.'[~ ~AN[~{T Pt. TCIItr~(.;. ( 4111 - sw. yl) :;. RACK flLLlN<i t4lll - \jAL:.;• 

-r:t\1', LAN;; U"J IT IJ!RtCT 1: LlF UNIT ulPECT "P :.>r UNIT OI~EC.T 
,. OF .., .... 

. Sl- C. 'Hli'S U~!fS COST COST PeP orr,rc UN ITS COST COST r>ER UIRECT UNI s COST COST PE~ l'i~[C 

~ ~ •: .. Ar.cr·~o. lt\1-:. & EO. L A'~E ,Y, J·. C US'T ACCUMP. LBR. & EQ. LANE '11. CiJST ACCC IP. LBR. t:. Eo. LANE MI. CJST 

7 '(X ~ ~ :,1::-"t: 'If '1C$•:c * * .rJ() • 01) .0(1 .uc • uo .oo .uo .00 00 .oo • 00 • 00 

7l?. 37-. .. 2. 21.:10 ') 5 .. 46 5. Vi 7. ':>7. • ')0 8 73. ~a 2.33 3. Zl 135~ .)0 1.38 5.Jl 7 .. 03 

b::l 713 '; 1 7. 9 12.00 92,78 2.14 Z.4a 99.00 Z!t·ll 4ob0 ,.31 3612 50 1 .. 9l 13.43 15. 4'i 

I 7'21 J·~ J. 5 16· 50 6 1.; 18 3. 32 3. J 7 .oo .oo .oo .oo 12( uo 1.74 .1>8 .1C 
N 

' 0 P3 2'!"'• .} 13 • .)0 31. ·JB 1.42 1.6) ·•)) .aJ .oo .ov . {)0 .oo • 00 .o~ 

73l 3:H>o8 104.50 21.32 l-.l:l. 9. OIJ • 1)0 70.88 .zt .29 .co .1)0 .co .a.:: 
1 j,~ 3t2. 6 54.50 10.63 1. 59 1.64 4.50 176.84 2.19 2.25 . ()() .oo • co . )( 
741 4'12. 1 19.SO 13.68 • 64 • 8~ • 00 .oo .. oo .on ,Qi) .oo .oo .oc 
742 312.1 173.50 3.54 1.96 2.19 .oo .oo eOO .oo ,oo .oo .oo .oc 

DIST. 
7 2904.0 414.50 19.83 2.83 3.31 103~50 39.87 1.42 1.66 5081 .50 1.71 .3.11 3.6~ 

TnT. 

' 
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TIME. OFF 
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I 
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Figure B-3. (Continued) 

\C!\-1-'HriJUCTIVt U'L'liH ;,r;pr:PT 
liST:<lCT NO, 7 
~ARC!· 19/6 

* CGr~ * TECH~IC\L * NON-fFCHNICAL * 
* ********~*************************************************•·~ '***** 
* * I•GURS " CUST * tiLUPS * COS 1 * 

* 100 * .o . ):) 332.0 .co 
.o • CCJ 332.(1 ,00 

* 1<!4 • 2'5':>.0 2412.?lt '480,0 2£ 0,';9 
'~ 125 • ,,.., • 'j 6'JR.41 1340.0 7~ ·2. 64 
* 126 * .') .OJ .o ,i)Q 

* 127 * li>.O 117.61:1 4o4.0 25 2.64 
* 1~0 * .o • Q("· .o ,co 

36t..5 3223.71 221:!4.J 126 5.87 

366.5 3221:1.71 2616.0 126 5.87 

Pr.t,E: 1 OF 1 
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Figure B-3. (Continued) 

TECH-~0~1 TECH 
SU?U<V I SOK 
OFFICE P~RSC~~~L, ~TC 

SIJP-TiJTAL 

UV~kH~AL LAbOR ~~P~kl 

t.I STill(. r NO. 7 
r• .\Rl:t 19 7 6 

... 498 * 
* 499 * 

hOURS 

.o 
176.0 

TECH-~ON T~CH * 
CL~RICAL,ENGINEFMS-~Al~T * 990 * 

SUB-TOJAL 
TOTAL 

2092.0 

2042.0 
2268.0 

* CUST 

.oo 
869.10 

t369.l0 

16527.83 

16527.83 
17'396.93 

PAC~E 1 OF l 

* 



Figure B-3. (Continued) 

~tf'fJ 1{T 01\ I·~ CR.< PtRI ORi•H.O 
PACt 1 OF 1 

(;\j IJI:.TP.ICT 
LJY 1-:[k!(Ef.tS fi<fj\1 nTHE~ CISTRICTS ff:R 

L,JSTRICI NO. 7 
,,;ARC. I-' 1 'J 76 

WCRKFRS •1c~E * Rt:GIJLAR * ccsr * OVERTIME * COST * DISTRICT * HOlJRS * * HOURS * * 
01 * .o .oc .c .co 
C2 * .o .oo .() .co 
03 * 

('. 

•"' .O'j .0 .Q.j 
04 * .c .oc .o .co 
05 * .o .oc .c .oo 
06 * .o .JJ •"\ .oo ·~ c:l 07 * .o .oc .o .oo I 
08 * .o .oc .o .co N 

w oq • .o .oo .o .oo 
ERRORS * .o .oo .o .oo 
TCTALS * .G .oo .o .oo 
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Figure B-4. Quarterly Cost Reports and Annual Cost Per Mile Reports 

SHTF r>F lLLINl'IS- f)t:f>,~RTMI::t'T 0- TKM'SI-''lRTf,<!Gr-1 
Clq~t•:T 1AA(~I 1'1:~-·V.Cf fC.ST f.'tPL•K~ 

l[TrL (CST l~T ~U4RTf~ 1Q7h 

* L ,'\ fl C R C G 5 T <; t~A Tf:: H (A l S A 1\D ·'> Efl.V 1 Ct S * 
f; s "' K r G U LAP * •JiffRTI;.l[ * * * CGNTKI\Cl * 

* CI!{ECTEO * PRORATrU * ~ CI~~ClED * PRORATEJ * ~AINT. * 

PAC>E 1 Of 2 

TOTAL 
ACC kUI:'O 

COSTS 

00 
000 

* • 
* P ERCF I'll TAG t* 
• * *****t~··~•*******~*******~~·~···¥'¥******f**~*****~********••·•~*********~****************'**********~ **********•················~ ~ITUMI\~US SURFACE PATCH 410* 32701.51 .00 lll.!f 2346.64 .00 .c 1 

PFRMANENT PATCHING 411* 1152~.02 .00 4l.E3 4.50 6~.Jv .C' 
fRA(K Fllll"JG 412* 3€5?2.37 .oo .cc 4'3b.56 14096.24 .c I 

RUMP RUR~[~G ~JOINT ruTTING 413* d96?.00 .OJ .CC l/6.50 .JO .c I 
MUOJd(Kl~!G!: lH,uERSI:ALI~JG 414* .00 .00 .r;c .00 .00 .C I 
SEALH1G. 415'-' 71121 .• 74 .(ll) 4l.c4 211.3'i .00 .( 
ROAD~AY ~URFACE TOTALS * 9653C.64 .00 196.8~ 3227.55 14165.24 .C 

SEA!... II% 
PATCHI~G - HANO METHOD 
PATCHING - 1'1ACHINE ME:TW10 
CUTTING HIGH SHCULDEMS 
BLAf>l NG ANt> ORAGG l~lG 
FILLI~G E~GE JCINTS 

SHI]ti!.OtR.S f. SIOf 1\PPRO. TUTALS 

REPHRI t-.G SLOPES 
OITCHFS - HA~U METHO~ 
0 ITCHES - . ..,ACH INE METHr.O 
CLEAN. f. RF.PArH. Sl:~tRS, I:TC 
WALLS, CRI"lBING, E. RIPRAP 
CARE & RE~. OF TRFFS & PLANTS 
1-lCWI'IlG - HAN!) ;-lfTUCO 
~OWING - ~ACHINE MFTHrO 
RESEEOING &·RESODOI~G 
WEE 1) SPRAYING 
CLEANI~G DIRT & DERRIS- HA~U 

CLEIINPJG OIRT f.. DERRIS- EIJIJIP. 
ROAOSIUE f. URAINAGE TOTALS 

REPAIRING & MAI"TAI~ING BRlUGtS 
CLfANING BRIUGES 
BRIOGFS & FERRIES 

BRIDGf STRUCTURES T8TALS 

SNOW RF.MCV!Il 
PREPARATI~~ F~R SNrW CCNTRUL 

SNO~ & ICE cr.NTRCL TOTALS 

GUARD RAILS MI\INTE~ANCE 
R.o.w. FFNCE MAINTENANCE 
~A(NT. REST A~EAS & ~IST.MAKKtRS 
~EIGH STATION MAINTENANCE 
SURWAY PU"'P lNG 
OISASTER MAINTENANCE 

TRAFFIC SERVICES TOTALS 
""-•" 

430* 
431* 
4.:.2* 
431* 
434* 
43 5* 

• 
41•iJ* 
441 * 
442* 
443* 
4-t4* 
445* 
446* 
447* 
448* 
449* 
4'i0* 
451* 

* 
4&0* 
461* 
462* 

• 

470* 
471* 
412* 
473* 
474* 
47'j* 

* 

.oo 
?0427.26 

82~.06 
61c;.1c 

lL9 71.40 
·n "I.C4 

?51110.12 

63i:!.?4 
10105.81 
312~3.56 

14550.85 
4170.00 

f-0330.47 
41.24 

.oo 
14:::.44 

2£>11.29 
eu9e.u 

441 .so 
205661.83 

173 ~?. 86 
570'1.04 

·• 00 
23062.90 

49!'100.57 
A1'13.lB 

579<}3.75 

61 ~9.1L 
4.58.84 

78480.53 
64.'76 
2 5. 76 
51.68 

35241.48 

• 00 
• OiJ 
• J.) 
• OiJ 
.oo 
• i) ll 
.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 
• 00 
.oo 
• Ql) 

• 00 
.oo 

.oo 

.oo 

.oo 

.oo 

• 00 
.oo 
• 00 

.oo 

.oo 
• 00 
.oo 
.oo 
.oo 
.oo 

.cc 

.oo 

.cc 

.cc 

.cc 

.cc 

.cc 

.cc 
19.€{ 

.cc 

.cc 

.oo 
6. 73 

.cc 

.oc 
• cc 
.cc 

188.07 
85.52 

300.18 

40.28 
.oo 
.cc 

40.?.8 

2748 1to5S 
1421:!.44 

28913.C~ 

.cc 
• cc 

650.<;4 
.oo 
.cc 
.cc 

650.94 

• 00 
5044. l 0 

63.1:!8 
.oo 

l05.'i2 
• 00 

5213.50 

• 00 
.oo 
.oo 

28o.10 
.uo 

.• 00 
• GO 
.JO 
.oo 
.oo 
.oo 
• 00 

2138.10 

'3:'19.70 
.oo 
.oo 

3~9.70 

6'/.53 
• 00 

69.53 

.oo 

.oo 
306.08 

2242.22 
22. 3d 

.oo 
2570.66 

.oo 

.JO 

.oo 

.uo 

.o 0 

.o () 

.oo 

.oo 

.oo 

.o () 
850.75 

.u 0 

.oo 

.oo 

.oo 
54.1)0 

3400.80 
.ou 
.oo 

4305.55 

1ooa. ·ro 
.oo 
.oo 

100~.70 

91948.04 
.oo 

91949.04 

.oo 
107.29 
322.69 
l3.5 1t 

.oo 

.oo 
443.52 

• ( I . ( 
.c 
• ( I 

• ( I 

.c . ( 
• ( I 
• ( I . { . ( 
• c 
• ( I 
• ( I . ( 
.c . ( . ( 
.c 
0 ( 

. ( . ( 

.( 
• ( I 

.c 
0 ( 

• ( I 

• ( I 
.c 
.c 
~ ( I 
o ( I 

.c 

.( 

351ol.51 3.07 
~b38.35 .75 

53107.17 4.63 
913d.5o .ao 

.oo • co 
ij074.73 .70 

114120.26 9.95 

.oo 
25471.36 

88ij.94 
61').36 

uo 76. 92· 
33/.04 

40393.62 

638.24 
10125.69 
31233.56 
15689.70 

43 w.oo 
60337.20 

41.24 
.oo 

194.44 
6012.09 

81386.18 
527.32 

210555.66 

18142.54 
5709.04 

.oo 
24451.58 

169302.73 
9621.62 

178924.35 

6139.71 
566.13 

29760.2'• 
2341l.72 

48.14 
51.68 

38906.62 

.oo 
2.22 

• OS 
.05 

1.14 
.03 

3.52 

.C6 

.88 
2. '13 
1.'37 

• 38 
5. 21 
.oo 
.ao 
.02 
.52 

7.10 
.05 

11:1.38 

1.64 
• 50 
.co 

2.14 

14.78 
.84 

15.62 

.54 

.05 
2.60 
.zo 
.oo 
.oo 

3.39 



Figure B-4. (Continued) 

7 ST\TI:: °F .ILLINOIS - DEf>o1RTMENT r:F TIU~JSP.'RTt,T['JN 
LIS'~ICT V;.\(1\jT[N.\t\iU: CCST .~t:PfJRT 

'~'AI rrsy 1ST ~U~RTbR i97b 

$ I. ~ ~ C K C 0 5 T S * ~ATFRIALS A~J ~ckVlCES 
W 0 R K F lJ ~ C ' I ll N. S * M r G U L A R *OVERT[~!: ~ ¥ *CONTRACT 

* CIRtC'ED * PROP~TFD * • ClRI::CTEJ * PRDRATEU * MAINT. 
******~***~******•**~**~*******•***•*'*****~*****•******~•****************$**c**~*****~***************** 
GF:NERAL D•JTIES 4eO* ?B346.5C 93.1? 36U.47 ll2.3o .00 .CO 
LGST Tt~F 4dl* ~leF.lt 27.40 .CC .00 .00 .00 
BILLq~ARD R~M1VAL 482* l~44.4B .UO .CC .00 .00 .00 

~AII\I~fN'\NCE - GE:I\JRL ruNCliON TOTALS* 3377'1.14 120.52 368.47 112.3o .00 .00 

TRUCKS 490* 261'5':.24 .oo 93.24 lO.fl2 956'1.6'1 .oo 
OTHER FQIJIP~ENT 491* 23002.1:lti 49.00 108.<;6 .JO .J () .oo 

E•JIIIP~ENT MAINTEN~~(f TOT l.LS * 49151).12 49.00 201.€0 10.82 9569.&9 .oo 
SIGN 1'-'1\II\TE~lA"JCE 495* 70~.2't • co .co • 00 .o I) .oo 
Sl.PERVIS~R 498* .oo .oo .cc • oo .oo .oo 
OFF ICE PE~SrNNEL,STORE:KEEPER ETC. 499* .oo 2425.76 .co .oo .O•J .oo 

~ISCELL\~EOUS TOTALS * .oo 2425. 76 .cc .oo .oo .oo 
XI GAS & '1ll * .oo • 00 .co 19.90 11861.39 .oo 
I 
v 

140.64 II C lTV MAI~1 TE·~A"--CE BY AGREEMt\T * .oo • 00 • oc 4 .oo .oo 
TR.4VEl * .oo • 00 .co • 00 1163.19 .oo 
TfLECO~MUNICATJON * .oo .oo .co .oo 18734.91 • 00 

LABnR CODE ERRORS-MISC '-'ATL-SERV 
CCNT. SERV. 000* .oo 5307.65 .oo 160.66 98456.26 593.41 

All Wf1PK FUNCTIONS TCTALS * 537311.22 7897.93 30671.53 12012.8(1 311656.55 734.05 

TIMF OFF WITH PAY-OTHER 124-127 & 150* 65615.70 16071.73 

DISTRICT/REGION 990* .oo 5'3916.33 
BUREAU 990"' .oo 1005 3.92 

.ADMINISTRATION & SIJPERV I~ IUN TOTALS* .oo 63970.25 

REGULAR lAROR COSTS TO.,.ALS * 602926.92 87945.91 

EQUIPMENT PURCHASES 
~AlNTFNANrF tnNTRIBUTlCN TO S.I:.R. f. SCCIAL SfCIJRITY 

T '' t 1\ !. !I. ( c R u E 0 c u s T s 

CRt:OlTS AC':RUING TO SHTI: 

TOTAL ACTUAL COST TO STATf 

PAGE 2 CF 2 
00 

coo 

TOTAL * * 
ACCMUEO * PERCENTAGE* 

CCSTS * * 
'*******~****************** 

28920.45 2.52 
3215.~6 .2d 
2244.48 .20 

34380.49 3.00 

35821j.99 3.13 
23160.44 2.02 
58989.43 5.15 

703.2 1t • 06 . 
.oo .oo 

2425.76 all 
2425.76 • 21 

71881.29 6.27 

140.64 .01 

1163 •. 19 .to 
18734.97 1.64 

104512.98 9.12 

900284.0'8 78.56 

81693.43 7.13 

53916.33 4. 71 
10053.92 • 88 
63970.25 5.59 

.oo .oo 

25292.60 2.21 
74614.23 6. 51 

1145854.59 100.00 

1145854.59 



:[:i.gure B-4. (Continued) 
LCS-ROZ!I STAH OF ILLINOI'$ 'lrPA~T.'1ENT llf TP ,<,N~PORTAT I ON !>AGE 47 

SIJBSFC.,.It)N \CST PEP LAN": '1 I l E P.EI'PPT 
YL"A'-' ,·jr l'HS. 

SPF() !.•l COST r P. 
ors•·ucr S"CTTON SURS<C'!r.N ?.I i;\IJI'i "v ~U1~ f GT IDN 81< 'f. , ) LAN<:: MIL,;~ -RO LANE '-l!l -ro 

r.: Lt.)~ CA Tr~f;•J~Y ~UHSFC T ION UNEAL HE ... -8R liNEAL Fu T-BR 
TYPf c (JI)f 

7 712 129 p N s. 3 $ 523 22 
7 712 l2Q p N 2J. s $ 1' 115 93 
7 712 1 ~'J p N 17.1 $ 1,089 28 
7 112 H5 p •'4 J9. 3 $ 1,761 12 
7 712 186 p N 11.7 $ 958 18 
1 712 370 r ~, 13.8 $ 883 33 
7 712 40•) p N 52.0 $ lr~Ol 23 
7 712 '510 p N 55.5 s 1,536 86 
1 112 570 I N 36.1 $ 818 76 
7 712 700 I N 104.3 $ lt662 50 
7 112 BO.) I 8 0 105.0 s . 0 04 
7 712 Bfl1 I B 2 113.0 $ o. 1)4 

7 .712 802 I a 9 lt095.0 s o. 00 
7 712 803 I B 8 475.0 s 0. 00 
7 112 R20 p 0 2 •. 3 $ 322. Jl 
7 712 821 p n 1.1 s 323. ~0 
7 112 951 p !J 1.8 s 334. ~8 
1 712 CJ52 p u ,1.. 9 $ 323. )0 
7 712 q53 p u 2. 8 $ 322. ~2 

1J:j .. 
1 712 95'• 0 u 2.1 ~ 322. 35 I 

N 7 713 126 p N 1.9 $ 1 ,242, r5 
0\ 7 713 130 p N 41.5 $ lrf,78, l7 

7 713 320 p "' 7.4 s 963, 17 
7 713 330 p N 44.7 $ 1r624. •e 
7 713 331 p· N 54.6 $ 834. t7 
7 713 370 p N 17.4 $ 1,091. 17 
1 713 371 p N 9. 0 $ 952. iO 
7 713 40'.) p N 36.' .. $ 1 t 176. t4 
7 713 401 p N 10.2 $ lt 538. 15 
7 713 450 p N 17.0 $ 1t27L. 17 
7 713 4'51 p N 25.6 s lt 104. 15 
1 713 490 p N 25.3 s lt1B2. 0 
1 713 570 I N 86.9 $ 1,523. 1 
7 713 70Q I N 78.5 s 2,570. 5 
1 113 800 I 8 4 156.0 $ s. 5 
7 713 801 I B 5 422.0 s 1. 8 
1 713 802 I B 6 121.0 $ 6. 9 
7 713 820 p 0 2. 3 s 313. 1 
7 713 H21 p 0 .1 $ 5, 45 t. 0 
7 713 e22 p 0 2. 3 $ 313. 0 
7 713 823 p 0 3.0 $ 313. 9 
7 113 824 p 0 1.7 s 2t710. 1 
1 713 825 p 0 1.6 $ 314. 4 
7 713 fl'50 p 0 .2 $ 33' .. L) 

7 713 ~OS p. u 9.9 $ 1,o3a. 9 

>it~· 7 113 90'} p u 15. 1 s 833. 5 
1 713 922 p u 1. 0 $ 3lu. ~ 

7 713 923 p u 1.2 $ 82.7. ) 

7 713 925 p u 2.5 $ 352. ) 

7 713 92ft p u 20.6 $ e22. 1 



Figure B-4. (Continued) 

LCS-R.043 STATE OF IlLINOIS - flEPM\TMENT OF H.l\tJ::;PflFTATION PAGt:. Ill 
AN~UAl COST tllcP. LANF L11l:: ·~f "')PT 

SPECIAL RGADhAY SUA~FCTJONS- ~AIN LTNE 5UKFACE COSTS ONLY 
YL \I~ l'F l 07~ 

SUP. FAC ':': TYPE: cor-E !•Ji. w~sr.c T 111~s ·,()TAL LAt,r f11LE S T"rAL CilST COST PE:R LAN I MILE 

') 4 J49o.3 "t 23,675.23 $ 6l .35 
l 6 3".,111. 5 $ Sl,519.B $ 13: .93 

ttl $ ( '01) 
I 3 'i 383.1 $ a9, "H2.18 

N 
~ '• 7 c;z.o $ 26,1)bq.43 

$ 18" .44 
$ za: • 36 

s 1 !32 .. () $ 59,01)0.98 $ 44l .91 
6 3 58.4 s 3,280.39 $ 51 .17 

$ I .oo 
8 3 81.7 $ 3,zn.zt $ 3" .25 
9 1 13.3 $ 389.44 $ 2' .28 

' 



Figure B-4. (Continued) 
LCS-~044 STA7E rF ILLTNlt~ - OEPAQ1M~~T OF TRtkSPORTATJON 

•\f\'1\l'JAL fO~'" PE:i' L!NF!).l. f-'• ··tl'tF<T 
PAGE 01 

'"'YC!tll_ [\ • !L'Gf :': 
'(f' ~ll. [IF 1°75 

~r I DG~: "'"Y;..E Cf)[ll= NO ~IJIJ')FC T ff}"JS '"f1T Al. Llt\:O:AL Ft~T ~~r AL Cll$T CCST PfR Ll jf J\l FOOT 
J!JT:Or:S"'"AT~ A~:,) EXP<=-:S'3WI\V 

0 ,J e.~o.o $ 4~0.79 $ 1 .. 53 
1 2 2'>9.0 t 50.36 t 1.19 
2 1n J 1 o97.<' $ 3H ;,;.zo $ 1.10 
3 ') ':i,70'> .. 0 '$ 59,493.613 $ 1.42 
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APPENDIX C 

LOUISIANA DEPARTMENT OF HIGHWAYS 

Recording and Reporting Methods for Highway 
Maintenance Expenditures 

.INTRODUCTION 

The 3,764,000 residents of Louisiana operate 2,057,000 motor 

vehicles on 52,845 miles of highways of which 16,500 miles are 

under state control. The state occupies 48,523 square miles from 

5 feet below sea level to 535 feet above sea level. Mean minimum 

and maximum temperatures are 36 and 94°F with average annual moisture 

from 48 to 64 inches. 

The Louisiana Department of Highways has a 86,000,000 dollar 

maintenance budget for fiscal year 1975-1976. This budget will be 

used by its 9 districts to maintain 36,225 lane miles (16,554 center 

line miles) which consist of 515 Interstate highway lane miles, 

4,283 primary highway lane miles, 4,275 secondary highway lane miles, 

6,988 Farm-to-Market lane miles and 492 frontage road lane miles. 

Nine districts comprise the Louisiana Department of Highways. 

Each district is divided into parish gangs resulting in a total of 

62 parish gangs state wide. Sixty-four parishes exist in Louisiana. 

Two to 3 foremen operate crews within each parish gang. State wide 

crews for bridge repair and accident damage crews exist. District 

wide crews are often involved in maintenance betterment activities 

and activities such as seal coats, placing hot mix, structures repair, 

mud jacking and certain traffic service activities. Three thousand 

seven hundred sixteen (3,716) maintenance employees in the state are 
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distributed as follows: central office- 184, district administrative 

staff - 324, district wide crews - 894, river crossing staffs - 542, 

parish gangs - 1,772. Typically parish gangs have about 60 percent 

of their employees as equipment operators and 40 percent laborers. 

Superintendents are in responsible charge of the parish gangs 

with assistance from the crew leaders or foreman. Superintendents 

report to maintenance specialists at the district level. Maintenance 

specialists report to the District Maintenance Engineer and the 

Assistant District Engineer for Maintenance who in turn report to 

the District Engineer. The administration of the maintenance program 

by the Director of the Louisiana Department of Highways is performed 

at the central office level by the Chief Construction and Maintenance 

Engineer. 

The basic maintenance recording and reporting system was 

implemented in 1969. A single recording system is being utilized. 

These data are utilized to produce separate maintenance management 

and fiscal reports,_ A manual recordi~g system is being utilized 

in the field with electronic data processing utilized to compile 

and produce the reports. 

RECORDING SYSTEM 

Louisiana Department of Highway Form LDH-03-41-4058 "Daily 

Work Report" and LDH-03-15-4125 "Biweekly Activity Report" are 

utilized to collect maintenance activity information (Figures C-1 

and C-2). The Daily Work Report is filled out daily by the foreman. 

The Biweekly Activity report is filled out by the parish gang clerk 

based on information obtained from the Daily Work Reports. The 
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types of information obtained on this form includes; 

1. Activity performed 

2. Location activity performed 

3. Manpower utilization 

4. Equipment utilization 

5 •.. Material utilization and 

6. Accomplishments 

Details are presented below. 

Location 

Each maintenance activity is performed at a specific location 

on the highway system. This location is designated by recording 

the following information. 

1. District. A two digit code is utilized to identify the 

district. The entry can either be for the district or section 

number of the gang foreman responsible for preparing the daily report. 

2. Parish Gang. A three digit code is utilized to identify the 

gang whose foreman is preparing the d~ily report. 

3. Parish. A two digit numerical code from 01 to 64 is utilized to 

identify the parish in which the work was performed. If the function 

is not chargeable to a single parish, the appropriate Districts 

(90 thru 98) or State-wide (99) Parish Code is used. 

4. System. Entries for system codes are utilized to identify and 

determine the distribution of expenditures into the following categories: 

L- Interstate 

2 - Primary 

3 - Secondary 

4 - Farm-to-Market 
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5 - Buildings and Grounds 

6 - Overhead and Undistributed Expense 

7 - Parish Road 

8 - City Street and 

9 - Parking Lot, Driveway, etc. 

5. Structures. A single digit code (1 through 5) identifies 

the type of structure on which the work is performed. The codes 

are shown below. 

1. Timber 4. Elevated Roadway 

2. Concrete 5. Pontoon Bridge 

3. Steel 

In addition a ten digit numerical code is utilized to designate a 

particular structure. This code is composed of a 5 digit control 

section number followed by a five digit structure identifying code. 

6. Control Unit. A five digit numeric code is utilized to identify 

a specific segment of highway on which maintenance was performed. 

The control unit is utilized only with activities involving surface 

and shoulder maintenance. 

A seven digit project number can be assigned to a specific main­

tenance project. This unique number which consists of the control 

unit and a two digit project number is recorded in the space titled 

"Project Number." 

7. Milepost. Milepost designations are not utilized to 

designate maintenance activity location. 

Information is not recorded which indicates the lane in which a 

maintenance activity was performed. Designation of the maintenance 

function or activity indicates if the maintenance action was performed 

C-4 



on the pavement shoulder, roadside, traffic services, etc. 

Activity 

Maintenance function codes are utilized to designate the 

maintenance activity performed (Figure C-3). One hundred twenty-four 

function codes are presently utilized and are divided into the 

following major groups: 

1. Bituminous Surface 

2. Concrete Surface 

3. Gravel or Shell Surface 

4 •. Shoulder Maintenance 

5. Roadside and Drainage 

6. Structure Maintenance 

7. Traffic Services 

8. River Crossing Operation 

9. Unusual or Disaster Maintenance 

10. State ·Force Construction 

11. Maintenance Overhead 

12. Service Centers and Clearing Accounts and 

13. Administration 

A written description of the work is also required for those codes 

whose last digit is 9. For example, other bituminous maintenance, 

other concrete surface maintenance, etc. 

It should be noted that special function codes exist for 

bituminous, portland cement concrete and unsurfaced roadways. 

Designation of the maintenance function on the reporting form is 

under the heading "Function Number." 
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Manpower 

Manpower utilization for a particular function is recorded by 

the foreman for each individual. The employee's name is given 

along with the identifying employee number. The regular hours 

worked and the over-time worked is recorded to the nearest half­

hour. This time is assigned to a specific maintenance function 

and foreman as described above. Hours taken for annual leave, 

sick leave, compensatory time off, etc. are recorded on the Daily 

Work Report and the Biweekly Activity Report. 

The recording system allows men borrowed from other gangs to be 

properly charged. Miscellaneous and overhead labor charges can be 

properly assigned by the use of function codes. 

Equipment 

Equipment utilized for a particular function is recorded. Each 

item of equipment is designated by an equipment number. A six digit 

numeric code is utilized. The first three digits refer to an equip­

ment class and the last three digits refer to a particular item of 

equipment within that class. Equipment usage is reported either in 

terms of miles or hours. Miles is the reporting unit for smaller 

pieces of equipment. 

All equipment used on a job site must be charg~d to a function. 

For example, if a gradall was used only two hours at a job site, 

but remained there all day, it is charged out as being used 8 hours. 

Equipment hours or mileage including travel to the job site, materials 

haul, etc. must be charged to the proper maintenance function. 
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Materials 

Materials utilized for a particular function are recorded daily. 

A description of each type of material used such as asphalt cement, 

base material, hot mix, etc. and the location from which the material 

was obtained is noted on the form. The amount of material and the unit 

of measure for each material is also recorded. Stockpile and 

materials eight digit codes are recorded on the Biweekly Activity 

Report. 

Accomplishments 

Work performance is reported for most of the maintenance functions 

involving maintenance activities performed on the roadway. Accom­

plishments are usually measured in quantities of weight or volume 

materials, lengths and area of surfaces and in numbers of items. 

The units of measure used for accomplishments are shown for each 

function code on Figure C-3. 

As mentioned above the Biweekly Activity Report is filled out 

daily by the parish clerk base~ on input from the foreman's Daily 

Work Report. A separate Beweekly Activity Report must be filled 

out for such maintenance function. Daily labor, equipment and 

material entries are totaled over a two week period. These bi­

weekly totals are reported for data processing purposes. 

COLLECTION AND PROCESSING OF RECORDED DATA 

The Daily Work Report is filled out daily by the foreman of the 

individual crew or gang for each employee in the gang. The parish 

clerk transfers these data to the Biweekly Activity Report on a 

daily basis. Totals are obtained biweekly on Biweekly Activity 
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Reports by the parish clerk. These forms are then transmitted 

biweekly to the district office for key punching and transmission 

through a remote terminal to the central office for processing and 

reporting. Errors recognized by the central computer are referred 

to the district for correction. 

It is estimated that about four-tenths of one percent of the 

maintenance budget is expended on recording and reporting maintenance 

activities. Sixty-two parish clerks require approxi~ately two 

hours per day to prepare the Biweekly Activity Reports at a cost 

of approximately $115,000 per year. Foreman costs associated with 

data recording amounts to about $80,000 annually. District lane 

charges are probably of the order of $20,000 annually for key 

punching and data transmission. Central office data processing 

charges are $100,000 annually which includes programming and systems 

design. 

A computerized auditing procedure is utilized to identify certain 

errors such as employee name and number, equipment numbers, accom­

plishment units, etc. In addition if certain productivity or accom­

plishments are reported outside a predetermined range of variance 

(say + 20 % of the work standard) an error message or exception note 

is returned to the district. This auditing procedure, in addition 

to that performed at the parish level, improves the accuracy of the 

reported data. 

REPORTS 

Several reports are produced for use by management. These reports 

include a maintenance performance report, a quantity report, a 



productivity report and an accounting report. The Performance Report 

is a quarterly report for each manager which emphasizes amounts of 

work accomplished. The productivity analysis report is an annual 

summary organized to help review performance on individual work 

functions. This report shows the number of organizations which 

achieve standard productivity and those which do not achieve 

standard productivity. The quantity analysis report is produced 

annually for evaluation of the amounts of work performed. This 

report was designed to verify and update standards and to initiate 

further research where needed. A brief discussion is presented 

below indicating the types of data contained on these reports. 

Maintenance Performance Report. The Maintenance Performance 

Report is issued quarterly about one month after the end of the 

reporting period (Figure C-4). The report list planned and actual 

accomplishment quantities, planned and actual hours, planned and 

actual total, planned and actual unit cost and planned and actual 

man hour rates per quantity of material utilized for each main­

tenance function. The percent of actual to planned quantities are 

reported for labor, total cost, etc. This report can be furnished 

for individual districts as well as for statewide totals. 

Productivity Analysis Report. This report is produced annually 

and displays material quantities, labor hours, total costs, unit 

costs and productivity rates together with the percent of costs 

for labor, equipment, and material functions (Figure c~s). The 

report is prepared such that individual maintenance crews or parish 

gangs can be compared for a particular maintenance function. 
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Actual and planned quantities are displayed for parish gangs. Cost 

distribution of work is also monitored, i.e. labor, equipment, 

material, and percent. 

Quantity Analysis Report. This report is produced annually and 

illistrates the annual quantity of material placed by maintenance 

function on interstate, primary, secondary and farm-to-market roads. 

This report is prepared to assist in the revision of standards. 

Maintenance planning reports are_prepared. These reports 

become the basis of the planned quantities reported on the main­

tenance performance report and productivity analysis report. 

Planning quantities are based on historical quantities required 

to perform the various maintenance activities. A preliminary 

budget report is prepared for the district and parish gang by the 

central office (Figure C-6). This budget is reviewed by the 

district staff. A field worksheet can and has been utilized to 

supply field input to develop the budget information. This form 

is shown in Figure C-7. 

As described above, monthly, quarterly, and annual reports are 

produced depending on the use of the reports. Reports are returned 

to the district approximately one month after the end of the 

reporting period. 

Reports are utilized for fiscal control, for monitoring program 

execution, for allocation of manpower and equipment and for budget 

preparation and planned work units. The majority of the reports are 

utilized at the central office and district office level. 

Maintenance function activities that appear contrary to planned 

budgets due to productivity problems or poor planning must be located 
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by a detailed review of maintenance reports. The auditing procedure 

described above does, however, identify productivity rates in excess 

of or below certain standard levels. Other types of exception reports 

are presently not a part of the reporting system, but are being 

developed. 

OTHER ITEMS 

The Louisiana Department of Highways is satisfied with the 

reliability of the existing system although improvements can be made. 

It is estimated that ·data input is 90 percent or more reliable. 

The recording and reporting system can be altered by direction 

of the central office maintenance staff as the need arises. The 

central office continually works with the districts through district 

engineering meetings and other meetings to assess the usefulness of the 

recorded and reported information. 

A maintenance standard committee exists which is responsible for 

revision of the work standards. Meetings are held quarterly. 

Changes in the maintenance management system are directed by the 

central office with changes usually occurring at the beginning of the 

fiscal year. 

Data collected since 1967 have been stored on tapes and therefore 

can-be retained for an extended period of time. 

References 
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611 
6!2 
813 
614 
820 
823 
824 
883 
884 
885 
910 

Field Maintenance Supervision 
Material Handling & Stockpiling 
Sales Tax 
Field Maintenance Standby Time 
Maintenance Units 
Small Tools, Minor Equipm'ent &t 

Protectiv~ Clothing 
Testing oi Maintenance Materials 
Radio Communications System 
Minor Electrical Maintenance 
Training 
Travel {Change in Work Location) 
City Streets .!.; Traffic Sigo..a.ls 
Severance Ta." 
Detached Services 
Other Maintenance Overh~ad Functions 

Automotive, Road & Marine Equipment 
Office Furniture & Equipment 
Shop Equipment 
Miscellaneous Equipment 
Land &.: Improvements 
Buildings & Improvements 
Operating & Maintaining Leased or Rented 

Auto., Rd. & Marine Equipment 
Equipment Repair Shop Overhead 
Fabr. Auto., Rd. & Marine Equipment 
Repr. or Serv. Auto., Rd. & Mar. Equip. 
Sales Tax on Purchase o£ Equipment 
Service Charges on Parts Contracta for 

Automotive, Rd. & Marine Equip~ 
Small Tools Rental 
Equip. Serv. & Insps. (Sect. 45 only) 
Inventory 
&l.Ventory- Finished Signs (Sect. 45 only) 
Fabr. & Recond. Signs (Sect. 45 only) 
Reclaiming Alwninwn (Sect. 45 only) 
Sign Shop Overhead (Sect. 45 only) 
Fabr.Sign•(Dist.& Sect. other than Sect.45) 
Trans..£. of Fabr. Signs to Inventory(Credit) 
Tranaf. to Dist. • Sect •• Cont. Unit or Proj •• 

etc. (Credit) 

NISTR.\TION 

~ual Leave Taken 
Sick Leave Taken 
:ompensatory Leave Taken 
Other Leave Taken 
A.dmin. & Gen. Office Overhead 
:ompensatory Leave Paid 
1\nnual Leave Paid (Terminal Leave Only). 
:ustodial Services 
:Jrounds Maintenance 
Building Maintenance 
<\dministrative Engineering 
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Figure C-5. Productivity analysis. 
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APPENDIX D 

MINNESOTA DEPARTMENT OF HIGHWAYS 

Recording and Reporting Methods for 
Highway Maintenance Expenditures 

INTRODUCTION 

The 3,897,000 residents of Minnesota operate 2,452,616 motor 

vehicles on 127,742 miles of highway of which 13,472 miles are under 

state control. The state occupies 84,068 square miles from an elevation 

of 602 feet to 2,301 feet above sea level. Mean minimum and maximum 

temperatures are -8 and 88°F with average annual moisture ranging 

from 20 to 32 inches. 

The Minnesota Department of Highways has a $53,000,000 main-

tenance budget for fiscal year 1975. This budget will be used by 

its 16 maintenance areas to maintain 29,000 lane miles of highways. 

Nine construction districts comprise the Minnesota Department 

of Highways. Seven of the construction districts are divided into 

two maintenance areas each. The two metropolitan districts are also 

the maintenance areas. Hence, a total of 16 maintenance areas exist. 

Maintenance areas are divided into from 3 to 13 subareas. Seventy-

six subareas have been established. 

Foremen are in responsible charge of individual subareas. 

Foremen report to a highway superintendent which is in charge of 

several subareas. The superintendent reports to the maintenance 

area engineer who reports to the district engineer. 

The existing Maintenance Cost Accounting (MCA) was developed 

in the late 1950's and data were processed manually. In the 1960's 

the system was computerized; however, system problems existed because 

of the detail required to be recorded and the resulting poor accuracy. 
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A single recording system is being utilized. A manual recording 

system is being utilized in the field with electronic data processing 

being utilized to compile and produce the reports. 

RECORDING SYSTEM 

Minnesota Department of Highways Form 1949, "Uniform Time and 

Cost Report," Form 1701, "Time Report," and Form 1702, "Requisition 

and Distribution Sheet," are the main forms utilized to collect 

maintenance activity information (Figures D-1 to D-3). The Uniform 

Time and Cost Report (Form 1949) is the official time report used for 

monthly employees, hourly laborers, intermittent (extra pay) and state 

equipment. The Time Report (Form 1701) is used to report time charged 

by hired equipment, both for owner-operated agreements and those 

under Tabulation of Bids and is filled out usually by the maintenance 

area engineer or central office. The Requisition and Distribution 

Sheet (Form 1702) is a multi-use form used primarily for requesting 

and issuing all stock through the stock room. Form 1702 is also 

used as a face sheet for schedules, distributing credits and charges, 

etc. by the area offices. A stockman normally fills the form out. 

The type of information obtained on the form includes; 

1. Activity performed 

2. Location activity performed 

3. Manpower utilization 

4. Equipment utilization 

5. Material utilization 

The forms are prepared by each employee for every two-week 

payroll period. The basic information is recorded in columns titled 
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A, B, C, and D. The entry in each of these columns depends on the type 

of charges being made, what the charge is to be made to, etc. Column 

A is utilized to enter the Maintenance Account Number. Two digit 

Account Numbers are used for all charges not made directly to a control 

section or a maintenance area code number. Examples of items that 

have account numbers include; 

1. Gravel and Bituminous Stockpiles (69*) 

2. Central Office Expenses (70*) 

3. Field Expenses (71*) 

4. Road Equipment Purchases and Betterments (72*) 

5. Accounts Receivable from within Highway Department (98*) 

6. Accounts Receivable from outside the Highway Department (99*) 

7. Building Construction and Betterments (84*) 

8. Equipment Charges, etc. (75*). 

A detailed list is shown on Table D-1. 

Some accounts are subdivided into commodities to differentiate 

items included within an account. The most common commodity break­

down is Labor (01), Material (02), and Equipment (03). Examples of 

Commodities for Account Number 92, '~iscellaneous Field Materials 

(Inventory)," are seen on Table D-2. Two digit numbers are utilized 

to distinguish commodities. These numbers are recorded in column D. 

It should be reemphasize that all field maintenance operation 

charges made to Interstate control sections, .typical segments or 

Maintenance Area Code Numbers do not have an Account Number and 

therefore an X is placed in column A of the reporting form. 

* Refers to account.number. 
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Maintenance operations which fall into this category are routine 

maintenance operations, special maintenance operations, extra­

ordinary maintenance operations, and betterment programs. Detailed 

discussions of these activities are presented later. 

Column B indicates the organization numbers to which the labor, 

equipm~nt, and/or material is to be charged. For example, if the 

equipment utilized is to be charged to the organization for which 

it is assigned, an X is placed in column B. If the equipment is to 

be charged to a different maintenance area the appropriate mainte- . 

ance area designation is utilized. Organizational numbers are 

three digit numerical codes and are shown in Table D-3. The 

purpose of establishing the organization numbers is to identify 

transactions between highway department divisions, districts, and 

areas as well as counties, other state departments and governmental 

agencies. 

Column B is also utilized to indicate the surface type and 

location code for surface and shoulder repair Maintenance Operations 

performed on typical segments and interstate control sections. Codes 

are shown in Table D-4. 

Column C is utilized to designate where the field maintenance 

ope~ation is performed, the equipment number if the work is to be 

cha~ged to a piece of equipment, a Building Number if the work is 

to be charged to a building or a Maintenance Job Number if the work 

is to be charged to a specific job assigned by the area office. 

For all field maintenance operations, column C is utilized to 

record interstate control sections, typical highway segments or 

Maintenance Area Code Numbers. The state trunk highway system has 
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been divided into road sections with fixed termini. A four digit 

number is utilized to identify a road section. The first two 

digits represent the county number and the last two digits the 

section within the county. Interstate highways are assigned section 

numbers in the 80 or 90 series. In establishing the length of the 

Control Sections consideration was given to the practical limits 

for survey, for construction projects and maintenance operations. 

No attempt was made to make the lengths of the Control Sections 

into lengths to fit the present type of road surface. Detailed 

maintenance costs are kept for surface repairs and shoulder and 

approach repairs on typical segments of certain control sections. 

In addition, maintenance operations involving special roadway 

maintenance, extra-ordinary maintenance and betterments on all 

trunk highways are chargeable to control section numbers. Routine 

maintenance operations on noninterstate and routine surface and· 

shoulder maintenance on nontypical segments are not charged to control 

sections but rather to maintenance area code numbers. 

Column D is utilized to define the activity performed by the 

field maintenance operation or the Commodity Number if an Account 

Number is utilized for charges that are not made directly to a 

control section, or a maintenance area code number. Field mainte­

ance activities are designated by Maintenance Operation Numbers 

(Table D-5). Six groups of numbers exist. Detailed descriptions of 

their operations can be found in reference D-1. 

Accomplishment Numbers more explicitly defining certain 

maintenance operations are utilized together with Maintenance 
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Operation Numbers for special roadway and betterment maintenance 

activities. Accomplishment numbers are shown on Table D-6. Units 

of measure are designated for each accomplishment. 

From the above discussion it is apparent that a considerable 

number of codes are utilized to record the various maintenance 

activities performed. These codes consist of the following: 

1. Maintenance Account Numbers are utilized to code activities 

normally associated with other than field maintenance operations 

(Table D-1). 

2. Commodity Numbers are used to designate subdivisions of 

Maintenance Account Numbers (Table D-2). 

3. Organization Numbers are codes utilized to identify organ­

ization for charging purposes (Table D-3). 

4. Surface Type and Location Codes are utilized for the types 

of surfaces on which the repair was performed and the location of 

the repair (main lanes, service lanes, ramps, surface, shoulder, 

etc.) (Table D-4). 

5. Control Section Numbers are codes which identify specific 

sections of highways. 

6. Typical Segment codes are utilized to identify special 

stuqy segments of roadways on which detailed maintenance activity 

information is desired. 

7. Maintenance Area Code Numbers are codes used to identify 

one of the 16 Maintenance Areas within the State. 

8. Equipment Numbers are codes used to identify state high­

way mobile equipment. 
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9. Building Numbers are codes utilized to identify state 

owned buildings. 

10. Maintenance Job Numbers are codes for special jobs normally 

associated with Account Numbers 68 (Undistributed Shop Jobs), 98 

(Accounts Receivable from within highway department), and 99 (Accounts 

Receivable from outside the highway department). 

11. Maintenance Operation Numbers are codes utilized to designate 

the type of activity performed (Table D-5). 

12. Accomplishment Numbers are codes which more explicitly define 

certain maintenance operations for special roadway and betterment 

maintenance activities (Table D-6). 

These codes are utilized in columns A, B, C, and D as described above 

by the individual maintenance employee. A review of the above informa­

tion is presented below in a format consistent with those utilized to 

summarize other states recording and reporting systems. 

Location 

Each field maintenance operation as defined in Table D-5 is 

performed at a specific location on the highway system, This location 

is designated by recording the following information: 

_ 1. District. The district is designated by the use of an 

Organization Number (Table D-3) to which the maintenance workman is 

assigned. The district number is the last number of a three digit 

numeric code. The Organization Number will also appear in the general 

information part of Form 1949 and may appear in column c. 

Another method of identifying the district is by use of the 

Maintenance Area Code Number found in column C. This four digit 
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number designates one of the 16 maintenance areas formed in the state. 

The last digit of this code designates the district. 

2. Maintenance Area. The maintenance area is designated by the 

use of an Organization Number (Table D-3) to which the maintenance work­

man is assigned or by one of the Maintenance Area Code found in column 

C as <1:.es cribed above. 

3. Maintenance Subareas. The maintenance subareas are not 

directly identified on the recording form. By association with 

employees, names, Control Section Numbers, Typical Segments, Equipment 

Numbers, etc., maintenance subarea charges may somewhat be identified. 

4. Maintenance Roadway Segments. Segments of roadways are 

designated by Control Section Numbers. Maintenance activity information 

is collected by Control Section Numbers for all Interstate Highways. 

Typical Segments Numbers are utilized to designate special study 

sections on other parts of the highway system. 

5. Milepost. Mileposts or milepoints are not recorded for 

any maintenance activities. 

Maintenance performed on bridges is assigned to a particular 

bridge by use of a Bridge Number. The bridge number is placed under 

the remarks column. 

-- Information is not recorded which indicates in what lane the 

maintenance activity was performed. Designation of the maintenance 

operations number indicates if the maintenance action was performed 

on the pavement, shoulder and approaches, roadside, etc. Use of 

the Surface Type and Location Codes identifies service, roads, ramps, 

loops, etc. for certain maintenance activities. 
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Activity 

Maintenance Operation Numbers, Accomplishment Numbers, 

Maintenance Account Numbers and Commodity Numbers are utilized 

to define the type of maintenance activities performed (Table D-1, 

D-2, D-5, and D-6). Forty-three Maintenance Operation Codes exist, 

41 Accomplishment Numbers, 43 Account Numbers and numerous Commodity 

Numbers associated with the Account Numbers. 

Maintenance Operation Numbers are those normal~y associated 

with routine maintenance operations and are divided into the follow-

ing major groups: 

1. Roadway Surface, 

2. Shoulder and Approaches, 

'3. Roadside and Drainage, 

4. Traffic Service, 

5. Snow and Ice Control, 

6. Structures, 

7. Special Roadway Maintenance, 

8. Extra-ordinary Maintenance and 

9. Betterments. 

It should be noted that roadway surface repair has only two 

operation numbers; 01-surface repair and 02-crackfilling. However, 

items in Maintenance Operation Group 6, Special Roadway Maintenance, 

contain many items which are often under function code groupings for 

roadway surface. 

Maintenance Operation Numbers are presently under review to 

be reduced in number. 
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Manpower 

Manpower utilization is assigned to a particular activity by 

the individual. When the employee changes activities such that 

columns A, B, C, or D are changed he must fill in another line of 

data. Time is reported to the nearest hour by field crews and to the 

nearest 0.1 hour by shop personnel daily. Time is summed for a two 

week period ending on a Tuesday. Form 1949 is turned into central 

offices on Wednesday and the individual is paid 10 days later. 

Payrolls are developed by exception reporting as items such as 

holidays, vacation, sick leave and compensatory time taken are 

reported. 

Equipment 

Equipment utilized for a particular Maintenance Operation on 

Account Number is recorded. Each item of equipment has an assigned 

Equipment Unit Number. In order to facilitate the assignment of 

rental rates, equipment units are grouped into classes depending 

on equipment type, size and relative operating, maintenance, 

depreciation and initial purchase costs. An Equipment Class Number 

is assigned to this grouping. A rental rate is computed on a cost 

per<mile, hour, day or year depending on the equipments functions. 

This rental rate reflects the average operating maintenance, storage, 

and depreciation cost. The rates are reviewed every year by the 

Maintenance Division and are adjusted accordingly to reflect 

fluctuations in the costs of owning and operating the equipment. 

Equipment Unit Numbers are recorded on Form 1949 while charges 

are determined based on Equipment Class Numbers and their associated 
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Rental Rates. Five character numerical codes designates equipment 

numbers. 

Materials 

Materials utilized for a particular maintenance operation are 

not recorded on Form 1949. Form 1702, Requisition and Distribution 

Shop is utilized for material and parts items obtained from central 

warehouses. All material transfers are recorded as such utilizing 

this form. Average costs for materials are determined by inventory 

purchase information. Materials stockpiles do not have a unique 

number assigned to them. 

Accomplishments 

An accomplishment report is not a part of the Minnesota Depart­

ment of Highways recording system. 

COLLECTION AND PROCESSING OF RECORDED DATA 

The forms 1949, 1701, and 1702 are filled out daily and summed 

every two weeks by the individual maintenance employee. Foremen 

are responsible for the data accuracy. These forms are then trans­

mitted every two weeks to the central office computer cards and punched 

and reports prepared monthly in the central office. The monthly 

reports are presently complete about 6 weeks after the data are 

transferred to the central office. Secretarial type employees are 

not utilized at the subarea level to handle these data. 

It is estimated that about one-half of one percent of the 

maintenance budget is expended on recording and reporting maintenance 
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activities, About $60,000 were required for key punching and computer 

use in 1974. It is estimated that about 1 hour per individual is 

required to record the data every two weeks. 

REPORTS 

Nineteen reports are available from the Minnesota Maintenance 

Cost Accounting system. Report numbers and a brief description of 

these reports are seen in Table D-7. A brief discussion of the more 

important reports from a roadway maintenance management standpoint 

is presented below indicating the types of data contained on these 

reports: 

MCA-2. Maintenance Cost Accounting report 2 is a presentation 

of charges to control sections within a particular district. The 

report is issued monthly and contains a monthly summary of charges 

as well as a year to date summary. Two different formats are 

utilized to present these data. Figure D-4 is the reporting format 

utilized to present a summary for a district by control sections (CS), 

However, control section has a broad connotation as utilized on this 

report. The control section may be one of the following; 

- 1. Control Section designating an Interstate Highway segment, 

2. Typical Segment designating a special study section on a 

highway other than Interstate, 

3. Maintenance Area Code designating one of the 16 maintenance 

areas, 

4. Control Section· numbers of highways where special roadway 

maintenance, extra-ordinary maintenance and betterment programs are 

performed, 
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The column designated OP on the report refers to Maintenance 

Operation Number (Table D-5). Thus, field maintenance operations 

including routine maintenance, special roadway maintenance, extra­

ordinary maintenance and betterment projects are the only activities 

reported on this form. Activities defined by Account Numbers and 

Commo4ity Numbers are reported on MCA-26. 

The column designated ST on the report refers to Surface Type 

and Location Code (Table D-4). This information is recorded in 

columns B of Form 1949 and reported for Maintenance Operations in 

Group 0 (Roadway Surface), Group 6 (Special Roadway) and Group 7 

(Extra-ordinary Maintenance) and Group 8 (Betterments). The informa­

tion gathered in the Surface Type and Location Code column was used 

to determine maintenance costs for certain types of roadway. Data 

were collected for a ten-year period ending in 1972. These data 

are no longer collected. 

The column designated ACP on the report refers to the Accomplish­

ment Number which are codes to more ~xplicitly define certain 

maintenance operations for special roadway and betterment maintenance 

activities (Table D-6). 

The column Labor is the hourly pay rate times 1.38 (38%) for 

frfrtge benefits. The column Material is the actual cost of the 

material taken from Form 1702, "Requisition on Distribution Sheet," 

and is the average dollar cost from aterial invoices. The column 

Equipment is the summation of equipment hours using established rental 

rates. The column Agreement is charges which originate from Form 1701, 

"Time Report (Hired Equipment)." 
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The column total, including overhead, is the summation of the 

columns Labor, Material and Equipment times 1.19 (19% for overhead). 

The second format of MCA-2 is shown on Figure D-5. A summary 

of labor material and equipment costs are presented by Maintenance 

Operation Numbers for a given District. Monthly and year to date 

totals are shown on this report. 

MCA-4. Maintenance Cost Accounting report 4 compares present 

year expenditures with past years expenditures both ··in terms of the 

reported month and the year to date for specific district totals 

(Figure D-6). Expenditures are listed by Maintenance Operation 

Number, summed for Maintenance Operation groups and totaled for the 

district. For example, expenditures are summed for roadside and 

drainage maintenance, special roadway, betterments, etc. 

MCA-5. Maintenance Cost Accounting report 5 delineates special 

maintenance and betterment charges for the reporting month and year 

to date. The report is presented by district, control section as 

defined in MCA-2 report, and by Maintenance Operation and Accomplish­

ment Number. This report is utilized within the highway department 

to formulate other internal reports including the "Construction 

Project Log Record." 

MCA-6. Maintenance Cost Accounting report 6 is titled '~ainte­

nance and Betterment Costs for Counties." This is not an accurate 

description of the report because cost data are not collected by 

county. Maintenance costs reported is all maintenance except 

routine maintenance (Table D-5). Routine maintenance typically 

amounts to the bulk of the money expended on maintenance. 
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Costs are separated by county. Costs per mile expenditures 

are reported. This report is generated about twice per year with 

a summary for the calendar year report. 

MCA-7. Maintenance Cost Accounting report 7 details mainte-

nance expenditures for bridges. Labor, material and equipment 
~ 

charges are reported for the report's month and the year to date. 

The data are presented by district bridge number, control sections 

and Maintenance Operation Number. 

MCA-10. Maintenance Cost Accounting report indicates mainte-

nance expenditures over a number of years for a particular mainte-

nance section in terms of cost per mile. Separate costs are re-

ported for the Maintenance Operation Number groupings. 

MCA-26. Maintenance Cost Accounting report 26 contains all 

charges not assigned to field maintenance activities. These 

charges as discussed above are made against Maintenance Account 

Numbers (Table D-1) and Commodity Numbers (Table D-2). Data are 

grouped by district, Account Number, Organization Number, Special 

Job Number and Commodity Number. Data are reported for the current 

month and year to date. 

MCA-27. Maintenance Cost Accounting report 27 is an equipment 

listing and acts as an inventory master file. 

MCA-29. Maintenance Cost Accounting report 29 is a listing of 

overhead charges for the various districts. These charges are 

reflected on MCA-2 as overhead charges. 

MCA-32. Maintenance Cost Accounting reports 32A, 32B, 32C, and 

32D are equipment reports indicating fuel, parts, etc. utilized by 
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various pieces of equipment. These data are utilized to develop rental 

rates for equipment classes. These are monthly and quarterly reports. 

The majority of the reports described above (Table D-7) are 

prepared monthly with year to date totals. MCA-2 report is the 

primary maintenance management report. Costs are separated only 

to the maintenance area level, thus the present reporting system 

will not be particularly useful at the subareas level. Reports are 

presently transmitted to the district about 6 weeks after the end 

of the month. 

Reports are utilized for fiscal control and budget preparation. 

Productivity rates cannot be presently determined from the reported 

data. The budget is presently budgeted by labor, equipment and 

materials cost and not by maintenance operation or activity. 

OTHER ITEMS 

The Minnesota Department of Highways have recently reviewed 

the Maintenance Cost Accounting program (D-2). The problems with 

the existing system were defined and given below: 

1. The output reports cannot be used by the maintenance people 

to ~anage their business. 

2. The output reports do not show units of accomplishments and 

unit costs. 

3. The output reports show costs for maintenance activities 

by maintenance area and not subarea 

4. The output reports do not show costs on a trunk highw~y 

within a subarea. 
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5. The output reports do not show budgeted versus actual 

amounts used per activity in a cost center. 

6. The turn around time, recording and reporting the data is 

too long (six weeks). 

7. The input to the MCA system is cumbersome. Some workmen 

fill out four or more time sheets each day because a separate sheet 

is required for straight time, shift differential, equipment different­

ials and equipment used. 

8. An accounting manual does not exist. 

9. Account and commodity numbers can originate in the districts 

without central office control. 

10. Input to the MCA system from Forms 1949, 1701, and 1702 are 

presently not transmitted by remote computer terminals. 

Reliability of this recording and reporting system is questionable 

because of the large number of codes that must be utilized, the 

selective use of the codes in reporting certain types of charges 

and due to the fact that individual workmen report the data. It is 

difficult to differentiate between routine and special maintenance. 

The concept of the Typical Segment to record maintenance 

activities for specific types and designs of pavement has merit if 

properly conducted. This type of data has the potential for use in 

a pavement data management system. 

Committees composed of district representatives make suggestions 

for altering maintenance operation activities. These recommendations 

are reviewed and either accepted or rejected by the central office 

staff. Committees that are formed include the following: 
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1. Snow and Ice Control, 

2. Traffic Services, 

3. Equipment, 

4. Personnel and 

5. Bridge. 

These committees normally meet about four times per year. Changes 

are affected by directive, manual change, or by engineering memorandum. 

The Maintenance Cost Accounting system was developed because of 

legislative pressure and is presently a cost accounting system. Certain 

changes are contemplated in the system, some of which are being 

implemented on a trial basis. 

Snow removal requires about 27 percent of the annual maintenance 

budget and hence the distribution of expenses for snow and ice control 

is of interest to the administration. 

D-18 



References 

D-1 ''Maintenance Manual," State of Minnesota, Department of Highways, 
July 1, 1971. 

D-2 Glasow, T. A., "Evaluation of the Maintenance Cost Accounting 
System," an internal report of Minnesota Department of Highways. 

D-3 Katz, J. S., "Performance Standards as a Tool in Preparing the 
Maintenance Program Budget," Highway Research Record No. 347, 
1971. 

D-19 



USED 
ACCOUNT BY 
NUMUER5 

M.A. c.s. C.O.M. 

1·30 

31 X 

32 X 

33 X 

34 X 

35 X 

36 X 

37 X 

38 X 

39 X 

40 X 

41 X 

42 X 

43 X 

44 X 

45 X 

46 X 

47·61 

62 
.. 

63 

64 

65-61 

68 X X 

' 
69 X 

70 X 

71 

72 X 

Tuble D-1 

ACCOUNT NUMOERS ·MAINTENANCE 

DESCRIPTlCIN 

Not Assigned 

Ml.int. Area IB · Virqinla · 321 

Ml.int. Area lA ·Duluth· 301 

Mlint. Area 2A ·Bemidji· 302 

Ml.int. Area 3A · Brainerd· 303 

Mlint. Area 28. Crookston· 322 

Mlint. Area 4A ·Detroit Lakes. 
304 

Ml.int. Area 3B.· St. Cloud· 323 

Ml.int. Area 4B ·Morris· 324 

Maint. Area SA ·Golden Valley . 
305 

Maint. Area 8A • Willmar · 308 

Maint. Area 9A • St. Paul Parlt . 
309 

Maint. Area 6A • Rochester • 306 

Maint. Area 6B • OwatoMa • 326 

Maint. Area 7A ·Mankato. 307 

Maint. Area 8B · Marshall • 328 

Maint. Area 7B ·Windom· 327 

Not Assigned 

Not Assigned 

Sign Shop (Del. Lakes) 

Not Assigned 

Not Assigned 

Undistributed Shop Job• (Better· 
DMnts or "B" Jobs) 

Gravel and bituminous Stock Piles 
(Stoc:lt Inventory) 

Cenual Office Ex pen• 

Field Expcn• 

Road Equipment PurchJliiS and 
S.ttern~enu 

M.A. • MAintenance Areu 

C.S. • CentrAl Shop 

ACCOUNT 
NUMDEHS 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

~ 
99 

C.O.M. • Centr•l Otrict Maintenance Division 
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USED 
DY 

M.A. c.s. 

X X 

X X 

X X 

X X 

X X 

X X 

X 

X X 

X 

X 

X 

X 

X X 

X X 

DESCRIPTlON 
C.O.M. 

X RtMn't for Motor Pool 

Field wbor Equip. Maint. 

X Equipment charqos (St.ate Unit) 

X Repairs Parts a~d Supplies 
(Inventory) 

X Shop Overhead 

Shop Tools 

X Build. Mnnt. 

X Rent.al Reserve (State Units) 

X Error Correction 

X Depredation Road Equipment 

Not Assigned 

X Building Construction and 
Betterments 

X MilctUaneous Cash Credits 

Accounts Payable 

X Reserw for Mlint. Overhead 
(District) 

X Re~~~trve for Leave with Pay 

Not Assigned 

Not Assigned 

X Depreciation Building (State 
~d) 

Miscellaneous Field Materials 
(Inventory) 

X Asat Account, Road Equipment 

Not Assigned 

Not Assigned 

X /wet Account, Buildinqs 

Not Assigned 

X Accounts Receivable from within 
Highway Dept. (Maintenan.:-e 
Artu Construction Dtstncts, 
Cenual Office StatJOns) 

X Accounts Receivable from out· 
ridt the Hiqhway Dept. (Govern· 
mental Agencies, Firms And 
Individuals) 



Table D-2. Commodity Numbers for Account Number 92, 
Miscellaneous Field Material (Inventory). 

40 Calcium Chloride 
41 Salt 
42 Crack Filler 
43 Bituminous Material (includes tar, road oil, powdered asphalt and bituminous additives) 
4·1 Mis-:ell<meous Field Tools and Supplies · 
45 Posts, Wood a:1d Steel 
46 Culv~rts. Guw··r·:. Tile, etc. 
47 Signs, Fl<.c;:. f'.ur.:s and RP-lated Supplies 
48 Paint 
49 Lumber 
50 Bridge and St.-uctural Steel 
51 Bridge Supplies 
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'l'alJle D-3 

ORGANIZATION NUMOERS 

~dm~'l ~ 
II 0 Office or th• CCJmllUSVOMt 
120 Of!;,., of I'll lihc I nforonallon 
132 O!fi~, of Por><>nnnl (& Traininq) 
13.~ Ofroo• tlf Data f'ro'"''"nq 
134 Otrlcot of 1\rlnunistratove ManA!j'lment (Mana'}Cmtnl Servie\ls) 
135 OC!Ir.:o of Fon.,n.-w /ldmonostranon 
137 Adminiwativo SerVltts Sceuon (Sturos) 
138 Elr.cttonic Conunun1c•1aons SecC10n 
139 Audit Soo=tion 

Safety 

201 OOico of Safety 
20?. Offi<"l of Highw.1y Potrol 
203 Ofnco of Driver Li<."'"'"' S«lion 
204 .. o~~ic~ <>f &>fcty lnform.,tion S«tion 
205 Oifico of Privtrs Training Section 
206 Office of Traffic: Safety Resowc:h 
'liJ7 Offic:o of Vehicl~ Sa!ery lnspoc:tion 

DL'IIrit-u Maintenance Areu 

!11 (1) Duluth 301 (A) Duluth 321 
312 (2) llomidji 302 (A) Bemidji 322 
313 (3) Brainord 303 (A) Brainerd 323 
314 (4) Oarroit L•k•• 304 (A) Otroil Lak•s 324 
315 (5) Golden Valley 305 (A) Goldon Valley 
.:16 (6) Rochester 306 (A) Rochester 326 
317 (7) f.!•,,kato 307 (A) Mankato 327 
318 (6i \"'illnlu 308 (A) \'lillnoM 328 

(B) 
(B) 
(B) 
(B) 

((I) 
(B) 
(B) 

Virginia 
Crookston 
St. Cloud 
Morris 

O;v~tor •• -w! -

v:incf':';':l 
M..-··;.:~ 

801 Altktn 830 lst~nti 
802· 1\noka 631 lt•sc• 
003 IIK·I<or 1132 Jack soft 
004 Deluami li.U Kan.1Uo<: 
cos llonton 634 K.mdiyclli 
606 DiqStone 635 l!iuson 
C07 Dlua £.11th 63() Koochidunq 
808 n·rown 8!7 l .. >cquil'.orle 
60? Carlton 6311 ... k. 
810 Ca1"o'4f 63? Lake of IM Woods 
811 Cass &10 Lc Sueur 
812 Chippow• 841 Lincoln 
813 Chi,ago · 842 Lyon 
814 O..y 843 Mci.Md 
815 Cle~aror 841 Mahnofllftl 
816 Cook. 845 M.n:hall 
817 Cottonwood 8-16 M.lltin 
818 Crow Wing 847 Meeker 
819 Dolkota e48 Mille 1.-.:s 
820 Podqe &19 Morro SOD 

821 Douqlas 850 Mower 
822 Fmbolult 651 Murr•y 
823 Follmore 852 Nicollet 
624 Freeborn 653 Nobles 
825 Goodhue 854 NorrMD 
826 Ormt 855 Olmsted 
827 Hennepin 856 Ouer T;W 
328 Houston 857 Pennin'jtoa 
829 Hubblld 858 Pill• 

t\59 
860 
861 
862 
863 
864 
865 
866 
867 
66!1 
669 
870 
871 
872 
873 
874 
875 
876 
877 
878 
879 
880 
881 
882 
883 
8&4 
885 
886 
887 

319 (9) SL P4ul 309 (A) St. Pc11l P.ck .§!.a~~ep1rtm..l!l!.! 

Op.!Tations 

t 330 Of(lco <>f Rc>d Design 
340 Of!ice of Brtdqe Desic;n 
350 Olf:c·> of Matrri •Is 
360 O!fie11 of Ri']ht or \'lay & Utilities 

I 370 o:rice of Tr.ffic Cn91"--trinq 
380 OfCiN of Conu•~• Adnunost.,..tion 
381 Central Shop 
382 Centr.d Office r.taintenance Oporations 
3&1 En•-iconment..J Services Scetion 

RESF.t\RCH AND STIINDARDS 

601 R~snarc:h Coordin.,tion 
602 Riq 11: of V/Jy St;IJld.uds 
604 o~.;,., St:onJMds 
WS Conmuc!Jon St~nd.uw 
606 ll..•ir.tr.n.'""" St.m<!.•rds 

, C-07 R•·''""'h and StMd.uds Division Hc.Jdquarters 

STATF:/\10 

6CS Of nco <>f State Aid 

TRAHSI'OitTATION /INU TRANSIT 
PI.AlllliNO IINIII'IlOCRAMMINO 

• 701 ornce or Prtl')fAmn•inq 
7(12 ON1o:" of Tr•m 1><>rtaoinn !'Ianning 

901 Administration 
'>02 N•tural Resources 
<:~ Education 
~.>4 Adi••ta.'l< General (>\.G.O.) 
"05 Sec~:::ry of Stau~ lM:.tor Vt!\icle) 
'1)6 AttG,.s::•r C·::r..::!t! 
'.'01 Vcter..os Afbirs 

.. 908 Go\·arnor·~ Offi:\! 
909 Hum.1n Riqhts Cc:nmiss1on 
910 State Rotlr~m~nt Syst.•m (MSI{S) 
911 Public \'1 ~lf.uo 
912 CivU Oof•nse 
913 CivU S~•vice 
914 Univtir~ty of Mi:>ne:.ota 
915 llealth 
916 Hntorical Sochny 
917 llorticultur•l Soc ~tty (!>Lit< F•ir) 
916 Agricultuoe 
919 Economic Dc'Yci,,Jlmrnt 
920 •1\CI'ORAUiicS 

921 i.c;isl.uure · !louse 
927. l.t-l)islacuro • StiMtc 

92:'t T&xation 
<:'?.4 ln-.lustry •nd Labor 

r··-
<;.j2 lf. S. Engu ... ~n 
''!i3 ron4l S.hv&\.·os 1 

<;51 Tr~<pOCUticn (11.1'.11.) 

···- -- - ··- ---·· ··t • .·I Tou . .ury IGu>tOon>) 
liiCIIWI\ Y J.I:G/11. 1)!\'!SiC~I I 

925 
926 
927 
928 
929 
930 
931 
9.'52 
933 
934 
935 
936 
937 
936 
939 
940 
9-11 
942 
943 
944 
945 
946 
947 
948 

95~ 
956 
95'/ 
95b 

PifMt-;ton& 
Pol!< 
PoP" 
~rnV'Iy 

Red J,.,ke 
Redwoo1l 
Ronv1ll'· 
Ric11 
Rock 
~o:.cau 
St. LoUIS 
Sron 
Sttorburne 
Sible·t 
Stearns 
Steele 
Stevens 
Swift 
Todd 
Traver"' 
Wai>Jsh.o 
\'/adena 
W3sec~ 

Washinqton 
Wator.wm 
Willtin 
Winona 
Wright 
Yellow Medicine 

Employ mont fs Sceuriry 
State Treuurer 

Stale Auditor 
Public ~~IHVtr.'..) Dt-put~eot 
fro:l n.on<;·, RO<ources Comrr.. 
D~p.utmel·t or ConeCUOil'S 
M~nlCll'll (~ot:lm.:gon 

Arch,,·("~ Comnth~11)n 

Stat~ i"lct:nnmg j\..jency 
Comm. ot lr.wrdaCX ("( Bankmq 
Uppor Gr••tl.akes ltc.J•o:W Comr.1. 
Pollution Control 
MihntJ·;rJI•l G~.-"'l0qlcdl5urvtys 

Jun.io' C.llleq ... -1 fio.u'd - M;nn. 
St.ltr. Cvl!c Jf! (\o.url MuUl. 
Water Pc\(.IUCC"(t~ Ho..rct 

Vet~l.U'' Homt: 
Zooln 1•••l Oo '"' 
s.,roty u''l ... ,rtmcnt 
Art~ C\.\UilCil 

IJinne~Jt.l H.eSf\urc:o L'omma~1on 
Rev1\ut of ~lMut~s 
St:.tu !~dll :-, \\\uu1 C\mssnauon Cvr:-.m . 

lnt~riut (l'••k•) 
ltoraculluh· 
O.leflu• · lltr Fun·e, 1\rmy, tlovy 
Customs 

-·------ ·~-. -· . .. } ... 
_______________________ __. 
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Table D-4 
fJURFACE TYPE AND LOCATION CODES 

i.O~ation =l- J .. OCiltion f'os~ib!n r.j~liliii'II.Jn;,;J 
t--------.1- 5'lifi1CC and Surfacn Opr.r.1ti~~~~~. Ch.trqr..,hln ~ 

Gc:-.~r-'11 I f.;N:ifi~ Trp<: Type Code (f>f"!C f.i:,tinq n<'l<:•v) 

~==~===-~-t·-~·=·=-==-~-·----r-===·-·=-======~·-==·-==-==~~=======*====- - -

I 
f • ._ __ Surf.:r~e --+'·_··- ·t~;t~~f!-~----· --_-- i~ ·----- List J I 

r-~.1i" .-- --·-------, 
~~- :,J.-::•::.-t.~~~ i ____ g·~~.,_l ______ .l ____ ---.3.?._ ______ __ 1 

t.' ~~-~-·~_'·_~_~·_''---~---~-,~~--------·~· _____ n_;_t·-~----in_n __ ·--------~------·-,~---------...---~--------------l-·_t_I_I ______ ~ t . '·· L--·~--!=~~..:..-~:· ,,..~-------- • ,Js . I j .4i;:1lt":ilcht~.; 1 Ccncr'ltP. 2-1 • 

I S\:rk:... -·- r:.~~mi~~----f ··-----§~------·- List i I 

I Jnt-:-r;:!';::-.nqn;: 
I{ ~:T~~. 

I 
I 
I. 

ConcrN~ 54 ~ : 
r------~·------+---~-~---

1 
ShC'I!lf.f'r:: ,_ ____ c;_,_m_v._c_,t,.. _______ +--·-·· _§!·---·----1 

; Rr.r\ P,i: uminom; 6S I.i~t TI I 
• A!>r.•~:-~.~~~s ---:c=-.c-,,·-'lc-.r-e-tf-.:· -.-----t----·-~64--
i 

i j Ritumir.ous 73 
• Sur.fil<:~ ---=~---------1 1 

Cl"lnc:·ctc ± 74 

' t-·-··-·---- --·-___ _J -, -· '..J~..... -!:~~·-1'" ·· J i'... i ·sr il ~ .-,,,. , ... ,... ·---.. ...E:::·~C..'··~-- . ·~- ... 1 . 

• Lir.t i I :---.. ·----.-... -·--· -+~- (.:;;wq) -- -----8-2-·------tl-----
i t ,:.-,~cr~t~ 1 b4 

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

:-:n, a?., ol. 63, M. 65, r-.~), 71, 53, as 
1<~, 6~, 1)3. 65, f:.6, 7!' 83, 85. 36 
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'l'ablo D-5 

M/\INTf.NANCE OI'Eni\TION NUMOEHS 

PHOGitAM IIUDC:I:."T 
OPERATION NO. OPEl< /ITIOU nt~CIUPTION ACTIVITY NUMIIER - --
GROUP 0 HO/IDW 1\ Y SUH I' 1\Ct; 

Ol Surfo~<.-e Rc(Mir ' 3212 
02 Crack filling 3212 

GROUP I SHOULDER!> 1\ND 1\PPRO/\CJIES 
14 Shoulder and Sid~ /\ppro.1ch ltrp:l.irs 3220 

GROUP 2 ROADSIDE AN() DkAJN/\GE e> 

w 21 Roadside Rep.1ir 3233 
u 22 Drainav~ 3232 
~ 23 Veqctation Control 3234 

~ 24 Way;;ide Rest Areas 3235 
::z: 25 Clco1r Debris 3236 

~ 
26 R/W Fence and Marker 3237 
'1:1 Plant Material Maintenance .. 3249 

w z 
GROUP 3 TRAFFiC SERVICE 5 .. -

0 
31 Signs and Markers 3340 

~ 32 Pavement Markin;Js 3310 
33 Guard Hail & Tr~Hic Barnen 3338 
34 Du~t Control 

Surface 3212 
Shoulders & Approaches 3220 

35 Lighting 3320 
36 Traffic Siqnals 3330 
37 Openinq Brid<JCS 3260 
38 Detours 3239 

•• 39 Routine Aqrecmenu and Contracts 3282 

GROUP 4 SNOW 1\ND ICE CONTROL 
41 Snow Fe'lce 3250 
44 Snow Mid Icc Control 3250 

GROUP 5 STRUCTURES 
52 Bridge Ecl'a!.,rinq 3260 
53 Bridge Repair 3260 

>o 
GROUP 6 SPEC'I/\L ROADWAY MA!!'-1-:'ENANCE 

ct 61 Joint .md Crdck Sealing 3213 
~ 62 Restc>rc /lgJre<jdtC to · 
0 

Sur!~ce 3212 ct -2 Shoulders & Approache~ - 3220 
..l 63 Bituminous Surf.Jc~ Repairs· 3212 
ct 64 Mudj.lcking Jnd Pavement Repair 3214 u 65 Light Rd1.1pit:q, Gr.id~ Lifts & Swamp Ftll 3212 w. 
"'- 66 Seo~l Co.1t with /\:;q<NJdl\1 3212 Ill 

67 Rtpi.IC<1ment or Dratn~I)C StructuiC 3232 
68 Spc,·i.'ll llytc<.'mt•nt~ and Contr.tct~ ... 3282 

>-
GROUP 7 "' EXTRJ\OR!JIN/\HY M/\lNTENl\NCE . '• 

ct~ 71 [lam.l\)t.' l'levl"•nrt~Jn ..lnJ Kt.'J'-HU • 
~~ 72 Si')n,,(s,md Tro~fftc C->ntlvl 3340 

wo GROUl' ·8 BhT'l'fHI'I.t'NT:; 

- 80 f:tl•]trl<'<'t inq l'relunin;u-y, CouS!l ucll\>n • 
81 Ro.hh~d)' .anrl ('h.un.t<J<! Gr.ltllnq!. t:~uhworl<. 3212 

J: 82 Dr Jin.>yl! ~;tn•Uut,•s & lto.u.lw~v L.<rthwurk Pl\ltcctive 

t'i Strurtu~t·• 3232 
::.; 63 fi,\\1~ (.\lll'.fllll'l1(J0 3212 

f!i 64 Ur-l'<'.•ll·ri /\•it••·~ ''" "' l:u.1Jw.1y Cout.,s 3212 

E 65 l.)ill.IIUI•·•·'I) \".'•:lfllliJ C~Uf:.OC~ 3212 .. 
86 fiJl}lf'.•\'Ctl !~J. \t!)•!l, ,Hh1 f\: VO~~h !;UI f,)(!iUt,J 3220 

t£1 87 llti<I<J~\. Vi.>•l•·• t•:, r;'"''" :-q·•••ll<m:icructurf\ ~ml T11nn•·h ;\2b0 
88 T~ttlltc An<l !·. '·'"': '• ::, .... ,, ,, And Mt-..:eli.\III!V'Jl Fo~l •hlldi • -· . 
89 n•-...ci·.ul.; !'icvdOpli nl 323<? 

:; t --·--..-.-.... -···· ···-· 



1\CCOMPLISIIMEUT 
NUt.1UER 

07 

00 

0? 

10 

16 

19 

23 

31 

42 

51 

52 

54 

57 

59 

Tnble D-6 
ACCOMPLIS! IMENT NUMOEHS 

WORK ITP.M 

M/\INTEN/\IICE HEIMilUH:;Uv1FUT AGREEMENT:> 

TH/\FFIC SERVICE, Includes Cl.tgginq 

SUPERVISION, lududcs checker 

MAINTEN/\NC:E /\110 RESTOH/\TIOU OF 11/\UL HOI\D 
(Includes all cquipmr.nt hour~ ,ond all tC<Jr.wclinq qu.u1tit1CS 
to maintain hJul ro.1d and restore to oriq1nal condition) 

GRAVEL OR CRUSHED ROCK IN PLACE, Includes reqro~veling 
(Includes loud, h.1ul, spread, etc.) 

SALVAGED BlTUIJtlNOUS MIXTURE IN PLACE 

BINDER SOil, IN PLACE 

PREPARATION o,: SUi3GRADE 
(Scanfyin<J, bi.Hling, shdpinq ilnd compacting of the rubgrade 
prior to construction of a b.1~ or a surface from ex1sting roadway 
for use in the new base or surface.) 

BASE CONSTRUCTION 
(Base or Suh·B.Js..!; Sand, Gravel, Soil Stabilized Gravel, Crushed 
Rock or Bitumimus Stabilized Base) 
(AU opcratio.u on the road of stabiliZing. :nixing, spreading, 
sl1apinc; Jnd conpactir.q th~ base) lnclud<:!s Water. Includes i:lll 
oparation for producoon of gr.wcl material including cost of 
material. 

BITUMINOUS MATERIAL (lncludmg Application) 

BITUMINOUS SURFACE 
(lncludt's all cperatiur.s on the ro,,d such as ~weeping. windrow· 
iny, drying, mixing, sprcilding .1nd rcllina) Includes 1\']•Jrcg..Hc and 
all operations of gr.1~ei production, lc,..,O, hdul, etc.) 

BITUt.tlNOUS MIXTURE IN PLACE, Includes delivery 
(l'urcbse,: fr,)m vc;1dc.r l'r ronst. contract) 

SPECIAL !31TUW:;ou:.; SUP.F,'\CE REPAIR 
(Heatc:, f':- .. ~r. etc.) 

SEAL COAT 1\CGI\C:G/\TE IN PLACE (All cp<"rations) 
(F/\-1, F/\-2, fA·..I, F,\ 4 .mJ F/\-5) 

UNIT OF MEI\SUHE 

LUMP SUM 

LUMP SUM 

MILE 

TON 

TON 

C. Y. 

MILE 

TON 

GALLON 

TON 

TON 

SQUARE YARD 

C. Y. 

~-------------+----------------------------------------------~~--------------~ 
61 CLEI\HING /\Nl> C:IW:IUltlG - ACRE 

62 SLOPING S1'ATION 

63 EXCAVATION C. Y. 

66 TOP~:ou. IN I'L,'\CE C. Y. 

~------------~-------------------------------------------r---------------
67 EMll/\Nt-:MFIIT IN !'LACE C. Y. 

68 HFMOVE 1'/\ VH1EUT :;QUARE YAIW 

69 REMOVE POHT/\1\I.E Clll.VFln!.i LIN. FHT 

L--------------~------·----------------------------·----------------------------------J 



JULY1,1971 

1\CCOMPLISIIMENT 
NUMBER 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

82 

83 

84 

85 

86 

96 

97 

98 

99 

MAINTENANCE MANUAL 

~able D-G (continued) 
ACCOMPLISHMENT NUMBERS (Cont'd.) 

WORK ITEM 

REMOVE MISCELLANEOU:; 5TRUCTURE5 

METAL DAMS, CRIB WALLS, etc. 
(Area of completed dam) 

OONCRETE IN PLACE 
(In culverts, drains and miscellaneous structures. 
Includes all reinforcement) 

MASONRY IN PLACE 

RIPRAP IN PLACE 

OONCRETE PAVEMENT (OR BASE) REPAIR (REPLACEMENT 
OR REPAIR OF EXISTING PI\ VEMENT OR BASE WITH NEW 
CONCRETE PAVEMENT OR BASE) 

(Does not include replacement or repair of concrete pavement 
with bituminous mixture) (lncluqes all reinforcement) 

FURNISH AND INSTALL PORTABLE CULVERTS 
(Size and type must be shown on accomplishment report) 

PREFABRICATED SURFACE DRAINS IN PLACE 

SUB-SURFACE DRAINS IN PLACE 
(Includes tile drains) 

MANHOLES AND CATCH BASINS IN PLACE 
(Includes castings) (Adjustments of less than 1 foot in existing 
manholes and catch basins is considered to be construction of 
one lineal ft.) 

CURB, CURB AND GUTTER, IN PLACE 
(Concrete, masonry or bituminous) 

SEEDING 

SODDING 

GUARD RAIL IN PLACE 

CLEANING AND SEALING JOINTS IN CONCRETE PAVEMENT 

MUDJACKING 
(Use field com. 01, 02 & 03 for oper. no.) 

:'EMP. PILE DRIVING 

• 
TIMBER PLACEMENT 

STEEL ERECTION 

(FIELD COMMODITY 4) To clear from Special Account agreed 
amount to be billed ag.1inst report to show full charges by 
lk."'COmplishmcnt numbers· show credtt received from 
Government.ll AtJCncy ciS d ~p.vate item. In prep.mnq the 
accomplishment rl'port, hst the rcimbur~ment credit and 
the overhe.:~d c1cdit as .l scp.uate item. 
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Fiq. f\ !).791.733 (2) 

UNIT OF MEASURE 

C. Y. 

SQUARE FEET 

C.Y. 

. 
c."'. 
c. "f· 

SQUARE YARD 

LIN. FEET 

LIN. FEET 

LIN. FEET 

LIN. FEET 

LIN: FEET 

ACRE 

SQUARE YARD 

LIN. FEET 

MILE 

SQUARE YARD 



Table D-7. Maintenance Cost Accounting Reports 

Report 

* MCA-2 
MCA-4 
MCA-5 
MCA-6 
MCA-7 
MCA-10 
MCA-26 
MCA-27 
MCA-29 
MCA-30 

MCA-32A 
r1CA-32B 
MCA-32C 
MCA-32D 
MCA-33 
MCA-35 
MCA-40A 
MCA-40B 
MCA-52 

* 

No. Description 

Changes to Control Sections in District 
Comparative Monthly Maintenance Expenditures 
Special Maintenance and Betterment~ 
Cost for Counties by Trunk Highway 
Bridge Maintenance Costs 
Comparative Costs for 10 Year Period 
Account Report 
Equipment List 
Overhead Report 
End of Year Account Adjusting and Closing 
Entries 
Equipment Costs 
Equipment Costs 
Equipment Costs 
Equipment Costs 
Area Inventory of Units 
Class Inventory of Units 
Control Section Error Listing 
Equipment Error Listing 
Control Section_Listing 

MCA = Maintenance Cost Accounting 
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2. Column B 

a. Enter "X" for charges to "home" organization. 

b. Enter three digit organization number (Ref. 5·791.715) for charges to be interdivision billed. 

c. Or make entry as instructed by office or foreman. 

3. ColumnC 

a. Enter five digit Equipment Unit Number if work is to be charged to a piece of equipment . 
.. _ .... 

b. Enter five digit Building Number if work is to be charged to a building. 

c. Enter assigned Maintenance Job Number 11 work is to be charged to a job. The Job Numbers are assigned by the area 
office. 

d. If roadway or roadside work is charged to Account 98 (Accounts Receivable from within the Highway Department) in 
column A, i.e., interdivision billing, and the work is chargeable to a highway, enter the typical segment number, interstate control 
section number or Maintenance Area Code Number in column C. 

e. If none of the above apply, enter an "X" or as instructed by the office. 

4. Column D 

a. For work c:harqeable to Account Nos. in column A, enter the appropriate Commodity Number in column D. 

b. The most common Commodity Numbers are: 

01 Labor 
02 Material 
03 Equipment 
04 Contract and Special Agreements 

c. Certain accounts, such as Account 87, Reserve for Overhead (District), and Account 75, Equipment charges (State Units), 
are subdivided into different commodities. Refer to 5-791.735 or contaot the area office manager for complete listings. Commod· 
ity listings are given in various manuals such as Stockroom Procedures (5-794), etc. and office memorandums and bulletins. 

H. Examples of coding in columns A, B, C and Dare shown in Fig. C 5-791.710. 

I. Inasmuch as certain information is keypunched for electronic data processing transposed directly from Forms, 1701, 1702 and 
1949, it is very important that all entries are legible. This is particularly true for the codes entered in columns A, B. C and D. 

J. The general rule is that each line on the forms muse have either a code number or an "X" in each of the columns A, B. C and D. 
If a column is left blank, the keypunch operator will repeat the code .. listed on the previous line. In other words, a blar.k means 
"repeat". Indiscriminate use of code letters, "X"s or blanks will cause errors in the data processing analysis printouts. 

K. Charges on Form 1949 for personal services should be compatible (the same) as charges on Form 1949 equipment usage on any 
job on a particular day. 
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APPENDIX E 

NEVADA DEPARTMENT OF HIGHWAY'S 

Recording and Reporting Methods for Highway 
Maintenance Expenditures 

INTRODUCTION 

The 548,000 residents of Nevada operate 437,000 motor vehicles on 

49,704 miles of highways of which 6,366 miles are under state control. 

The state occupies 110,540 square miles from an elevation of 470 feet 

to 13,143 feet above sea level. Mean minimum and maximum temperatures 

are 4 and 110°F with average annual moisture ranging from 4 to 28 

inches. 

The Nevada Department of Highways has a $15,500,000 annual mainte-

nance budget. This budget will be used by its 6 districts to maintain 

11,794 lane miles of highway (5,486 center line miles of highway are 

maintained by the state). 

Six districts comprise the Nevada Department Highways. Each 

district is divided into maintenance stations resulting in about 70 

maintenance crews state wide. 

Foremen are in responsible charge at the maintenance station with 

assistance from lead men. Foremen report to a supervisor who is often 

responsible for the activities of several foremen. The supervisor 

may or may not reside at the location of the district office. Mainte-

nance supervisors report to the superintendent who works out of the 

district office. The superintendent reports to the Assistant District 

Engineer for maintenance who in turn reports to the District Engineer. 

The administration of the maintenance program for the State Highway 

Engineer of the Nevada Department of Highways is performed at the 
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central office level by the Maintenance Engineer and his staff. 

The basic maintenance recording and reporting system was developed 

in the 1972 to 1974 period with the assistance of a consultant 

(Byrd, Tallamy, MacDonald and Lewis). A parallel recording system 

is being utilized. Manual recording of data is practiced in the 

field with electronic data processing utilized to compile and produce 

reports. Two years of reliable maintenance cost data are now 

available from the recording and reporting system. 

RECORDING SYSTEM 

Nevada Department of Highways Form NHD-034-012-10-72, "Activity 

Report" is utilized to collect maintenance activity information 

(Figure E-1). The type of information obtained on this form includes: 

1. Activity performed, 

2. Location activity performed, 

3. Manpower utilization, 

4. Equipment utilization, 

5. Material utilization and 

6. Accomplishments. 

Infqrmation is coded daily on the Activity Report by the foreman for 

the maintenance crew. Details are presented below. 

Location 

Each maintenance activity is performed at a specific location on the 

highway system. This location is designated by recording the follow­

ing information: 
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1. District. A number from 1 to 6 is utilized to designate 

the district. This number is the first number of the three character 

numeric code for "Division Code" as shown on the Activity Report. 

2. Maintenance Station. Approximately 70 maintenance stations 

designate an area of responsibility which is headed by a foreman. 

Foremen numbers, which are the last two numbers of the Division 

Code, are used to identify the maintenance stations. 

3. County. The county is identified by use of the county desig­

nation shown on milepost markers. County abbreviations are utilized. 

For example, EL designates Elko County. 

4. Highway. The highway is designated by five character alpha­

numeric code. The first two characters designate the highway system 

(IR-Interstate, SR-State Route). The final three characters designate 

the highway number. For example, Interstate Route 80 would be re­

corded as IR 080. 

These data are recorded in the columns marked "System and Route 

or Special Facility." Special Facility Numbers are utilized for such 

items as rest areas. 

5. Milepost. Begin and end mileposts which designate the 

boundaries within which the maintenance activity was performed are 

recorded. Items such as structures and inter-change are located by 

a single milepost entry. Mileposts can be reported to the nearest 

0.01 mile. 

Information is not recorded which indicates in what lane the 

maintenance activity was performed. Designation of the maintenance 

activity indicates if the maintenance action was performed on the 
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pavement or shoulder for portland cement concrete pavements only, 

however, activities performed on the pavement can be separated from 

roadside activities, snow and ice control, etc. 

Activity 

'~aintenance activity codes" are utilized to designate the maintenance 

activity performed (Table E-1). Seventy-two maintenance activities 

are presently utilized and are divided into the following programs: 

1. Planning and Sche~uling 

2. Flexible Pavement 

3. Rigid Pavement 

4. Repairing Miscellaneous Concrete Appurtenances 

5. Roadside Maintenance 

6. Roadside Cleanups 

7. Roadside Facilities 

8. Roadside Appurtenances 

9. Traffic Service 

10. Snow and Ice Control 

11. Structure Maintenance 

12. Betterments 

13. Stockpile 

The activities codes are five character numeric codes with the first 

three numbers indicating the program number and the last two numbers 

indicating the activity number. 

It should be noted that special activity codes are utilized for 

maintenance on portland cement concrete pavements. Special codes 

also exist for snow and ice removal. 
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Manpower 

Manpower utilization for a particular function is recorded to the 

nearest full hour for the entire crew by the foreman. The Division 

Code identifies the foreman. In recording the labor utilized, three 

entries are made in the columns headed, N, R, and OVT on the Activity 

Report as follows: 

N Record the number of men working on the job during the day. 

R Record the regular hours worked by each employee. 

OVT Record the over-time hours worked by each employee. 

A typical entry on the Activity Report would be 481 indicating 4 

men each worked 8 regular hours and each worked 1 over-time hour. 

If 4 men worked 8 regular hours and 3 of the men worked 2 over-time 

hours with I man working 1 over-time hour, a double entry would 

be made. The first entry would be 382 with the second entry 181. 

Sepcial codes are utilized for supervisory personnel. 

Equipment 

Equipment utilized for a particular function is recorded. Equipment 

is identified by class and the number of hours or miles operated 

is recorded depending upon the type of equipment. Fifty-three 

equi~ment class codes can be utilized. Examples of some of the class 

codes are shown on Table E-2. 

Total mileage for those items of equipment requiring daily 

mileage reports is placed in the "mileage" column on the Activity 

Report. Coupes, sedans, stationwagQns, and survey wagons are in this 

category of equipment. 
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Reporting Equipment Usage 

All equipment which is at the job site must be charged for the entire 

time it is required at the site regardless of how much it was 

actually used. 

EXAMPLE: A loader is required to be at a job site for 8 hours 

to load a truck intermittently throughout the day, Only 4 or 5 

loads were loaded and the actual usage time was only 30 minutes but 

the loader would be charged for the full 8 hours it was at the site. 

If aggregates or other material hauled is involved in the perform­

ance of the maintenance activity, the one way haul distance is 

recorded in the "haul" column of the Activity Report. Mileage is 

reported to the nearest mile and hourly usage to the nearest full hour. 

Materials 

The quantity and material class is reported for all materials utilized 

to perform a maintenance activity. A partial list of material classes 

is shown on Table E-3. Quantity is reported to the nearest whole unit 

as designated on the material class list. If a material is not assigned 

to a specific material class the code 99 is utilized. 

Material stockpiling activities have activity codes. Stockpiles 

can be assigned a coding number and material purchases can be identified 

for certain materials by the use of activity codes (Table E-1). 

Accomplishments 

Accomplishments are reported for all maintenance activities in 

the units assigned to the specific activity (cubic yards, man hours, 

square feet, tons, etc.). Accomplishments are recorded to the near­

est whole unit. 
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COLLECTION AND PROCESSING OF RECORDED DATA 

The Activity Report is filled out daily by the foreman for the 

crew for the work week and submitted weekly to the Foreman's 

Supervisor. The Supervisor edits the Activity Reports and mails 

them to the Headquarters Maintenance Office where they are sub­

jected to another manual edit then a final machine edit. The 

computer edit includes date, system, route, county, M.P. location, 

accomplishment, labor, equipment and material. Headquarters 

Maintenance Management Coordinators discuss apparent errors with 

the District Maintenance Superintendent prior to making corrections 

to the Activity Report. A corrected copy of the Activity Report 

is then returned to the Foreman thru the district chain of command. 

Secretarial type employees are not utilized at the station level 

to record the data. 

It is estimated that about two-tenths of one percent of the 

maintenance budget is expended on recording and reporting mainte­

nance activities. Nine thousand dollars for computer charges was 

expended in 1975-1976 fiscal year. The foreman requires about 10 

minutes per day to record the information. The district superintend­

ent requires about 2 hours per week and the central office staff 

requires about 8 to 10 hours per week to review and edit the re­

corded data. 

Monthly reports are returned to the district by the 20th of 

the month following data collection. 
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REPORTS 

A total of 37 maintenance management reports have been prepared. 

A listing of the programs according to the function they perform 

is shown below: 

1. Eleven programs list inventory information, control files 

and edit errors. 

2. Four budget-related programs 

3. Three programs on organization and performance 

4. One control program 

5. Three informational summary programs 

6. One exception report program 

7. Two analysis detail programs 

8. Five file creation programs 

9. Seven support or housekeeping programs 

Nineteen management reports are produced which fall into the follow­

ing six categories: 

1. Budget Reports 

2. Performance Reports 

3. Control Reports 

4. Summary Reports 

5. Exception Reports 

6. Analysis Reports 

A brief discussion is presented below which indicates the types 

of data reported for selected reports. 

Productivity and Unit Cost Reports. The District Productivity 

and Unit Cost Report compares an individual foreman's crew product­

ivity to the district weighted average productivity and the crew's 
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unit cost to the district weighted average cost for every mainte­

nance activity reported by the foreman (Figure E-2). The district 

weighted average is the yardstick that enables the foreman to 

evaluate the crew's productivity and unit cost. Percent product­

ivity is the crew productivity measured in terms of units produced 

per man-hour divided by the district productivity. The report is 

produced monthly with monthly and year to date values and is supplied 

to the foreman. 

State Productivity Report. The state productivity report compares 

productivity among districts. The standard productivity obtained 

from work standards and the computed state weighted average product­

ivity for the reported year are displayed on the report. Information 

is presented by maintenance activity. Figure E-3 is an example of 

the report which is prepared annually and distributed to the central 

office staff. This report is similar to the State Unit Cost Report. 

Productivity/Unit Cost Exception. This report summarizes the 

productivity and costs which vary widely from district means. This 

exception report identifies those items which fall outside two 

standard deviations of the mean productivity value for a given 

activity. Figure E-4 is an example of such a report. This report 

is prepared monthly and distributed to the district engineer. 

District and State Operations Reports. These reports display 

district totals from processed activity reports compared to account­

ing report totals. Administrative, overhead and all other accounting 

charges against the district budget are presented for the reporting 

month and the year to date. Totals are presented for the district 

by foreman's division. ligure E-5 is an example of the District 

E-9 



Operations Report. This report is prepared monthly and distributed 

to the district engineer. Labor, equipment, and material costs are 

presented. The State Operations Report is reported in basically the 

same format. 

Man-Hour Utilization Reports. The District Man-Hour Utilization 

Report displays the district man-hours expended for each month of 

the year. Figure E-6 is an example of this report which is prepared 

annually for district office utilization. The State Man-Hour 

Distribution Report has an identical format and is prepared annually 

for central office use. 

State Unit Cost Report. This report displays the standard unit 

cost, the state weighted average unit cost and the weighted average 

unit cost achieved by each district for each maintenance activity 

on a yearly basis. Figure E-7 is an example of this report which 

is prepared annually for district office utilization. 

Summary of Equipment Hours and Material Quantity. Two reports, 

one for equipment and one for materials are generated for each district 

and for the state as a whole. Monthly material quantities coded by 

material class and equipment usage coded by equipment class are dis­

played by the month and totaled for the year. Figure E-8 and E-9 

are statewide reports for materials and equipment respectively. These 

reports are issued annually for the central office and district staff. 

System - Activity Summary. This report permits information to be 

requested in total or limited to district, activity division, route, 

specific location on route or other specific data. Labor, equipment, 

and material costs are reported together with accompl~shment units. 
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Figure E-10 is an example of this report which is produced upon request. 

Location Analysis Report. This report summarizes information 

on specific units within requested milepost limits for a specified 

period of time. Maintenance activities, units accomplished, labor 

costs, equipment costs and material costs are reported. Figure E-ll 

is an example of this report which is produced upon request. 

Activity Analysis Report. This report summarizes information 

on a specific maintenance activity for a particular section, district 

or statewide. Items reported include location at which the activity 

was performed together with labor, equipment, and material costs, 

net productivity and net unit cost. Figure E-12 is an example of 

this report which is produced upon request. 

District Performance Report. This report ranks district 

productivity and composite costs for a given month. High and low 

productivity and unit costs are reported on this report by mainte­

nance activity. This summary is a form of an exception report. 

Figure E-13 is an example of this report which is produced upon 

request. 

Work Accomplishment Report. The work accomplishment report 

(Figure E-14) compares the units of work completed and dollars 

expended to the units of work scheduled and dollar budget. This 

comparison is made by maintenance activity and maintenance program 

for the current month and year to date. 

Planned quantities and budget amounts shown on this report 

are obtained from an established planning and scheduling program. 

Preceding year man-hour efforts and costs are supplied:to the 

districts by the central office in the form of management reports. 
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District estimates of man-hour requirements by the month by activity 

(Figure E-15) are based on the data supplied by the district office 

and by the use of a road evaluation program. Man-hours are adjusted 

by the month to reflect available man-hours and a tentative budget 

is formulated. A report is generated delineating this tentative 

budget'·by activity. Man-hours, work load and costs are reported 

(Figure E-16). 

A detailed inventory system is also a part of the maintenance 

management system. Details of the inventory as well as the budget 

preparation program can be found in the attached references. 

It should be noted that man-hours are reported for the entire 

working crew. These hours are transferred to dollar values by use 

of an average cost per hour for an individual in the crew. The 

standard productivity rates are obtained from the maintenance 

work standard. 

Reports are utilized to perform the following function: 

1. Establish staffing levels for- crews and the district, 

2. Fiscal control, 

3. Identify economic maintenance activity methods, 

4. Compare station and district costs and 

5. Budget preparation. 

Exception reports are described above as part of the reporting 

system. 

OTHER ITEMS 

The Nevada Department of Highways is satisfied with the reliability 

of the existing system. The recording system utilizes foreman to 
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record information rather than the individual maintenance employee. 

It is believed that this approach improves the reliability of the 

information. Training programs were an integral part of implementing 

the maintenance management system. Conferences were held with 

individual foremen as well as follow-up reviews after implementation 

of the.. program. 

The recording and reporting system is under constant review by 

central office staff with input from the districts and stations. 

Changes in the system originate from the central office with input 

from the field. 

A standing maintenance standard committee does not exist although 

maintenance standard committees were utilized to formulate the 

maintenance work standards. 

Data collected can be stored on tape indefinitely under the 

present system. 
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PRIJGRA.'1 
Nut-UlER 
-----·~-

100.00 

101.00 

111.00 

112.00 

131.00 

133,00 

134.00 . 

135.00 

TABLE E-1. MAINTENANCE ACTIVITIES 

ACTIVITY 
NutffiSR ·-------

100.01 

101.01 
101.02 
101.03 
101.04 
101.05 
101.06 
101.07 
101.08 
101.09 

lll,f)l 
111.02 
111.03 
111.04 
111.05 
111.06 

112.01 

131.01 
131.02 
131.03 
131.04 
131.05 
131.06 
131.07 
131.08 

131.09 
131.10 

133 .• 01 
133.02 
133.03 

133.04 

134.01 
134.02 
134.03 

134.04 

135.01 
135.02 
135.03 

135,04 

NEVADA DEPARTMENT OF HIGHWAYS' 

LIST OF ACTIVITIES 

PLANNING & ~CllEDtr ... ING PROGRAU 
Planning & Scheduling 

FLEXIBLE PAVl'11..W:NT !>ROCRAH 
Base and Surface Re?air 
Surface Patchinp, -Premix (Hand) 
Surface Patching - Premix (Hachine) 
Surface Patching - Spot Seal 
Seal Coat - Sand 
Seal Coat - Flush 
Crack Filling 
Heater PlaninP, 
Seal Coat - Chi;>s 

RIGID PAVEMENT PROr.RAH (P • C. C,) 
Ter>.J:>Orary Patching of P.C.C. Pavements 
Permanent Patching of P.C.C. Pavements 
Paved Shoulder Repair (Premix) 
Paved Shoulder Seal - Sand 
Joint Sealing 
Expansion Joint Repair 

ACCOMPLISHMENT 
UNIT 

l1an Hours 

Cu. Yds. 
Cu. Yds; 
Cu. Yds. 
Sq. Yds, 
Sq. Yds. 
Sq. Yds. 
Lbs. Filler ~~teria1 
Sq. Yds. 
Sq. Yds. 

Cu. Yds. 
Cu. Yds, 
Cu, Yds, 
Sq. Yds, 
Lbs, Filler Hate'rial 
Lin. Ft, 

REPAIRING MISC. CONCRETE APPURTENANCE PROGRAM 
Repairing Hiscellaneous Concrete Appurtenances Cu. Ft, 

ROADSIDE MAINTENANCE PROGRfu'1 
Cleaning Culverts 
Cleaning Culvert Openings & Drop Inlets 
Dressing and Shaping Ditches 
Cleaning Di.tches 
Culvert Re~air and Replacement 
Fill Slope Repair 
Unraved Shoulder Slope Haintenance (Blading) 
Vegetation Control (Mowing, Flailinp,, 
Burnings, Etc.) 
Vegntation Control (Chemical \~eed Spray} 
Vegetation Control (Hand Heeding) 

ROADSIDE CLEANUP PROGRAM 
Remove Debris, Litter, Trash 
Empty Litter Barrels 
S\\•eeping: Traveled Hay, Shoulders & 
Gutters ' 
Remove Roadway Debris 

MAINTENANCE OF ROADSIDE FACILITIES PROGRJ\!1 
Maintenance of Rest Stops 
Maintenance of Roadside Parks 
Maintenance of Landscape Areas, with 
Turf 
Maintenance of Landscaped Areas without 
Turf 

MAINfENANCE OF ROADSIDE ~2PURTENANCES 
PROGRAH 
Repair of Right-of-Hay Fences and Gates 
Cattle Guards and \{ings 
Removal of Encroachments (Advert~sing 
Signs, etc,) · 
Inspection of Right of Hay Fences and 
Cates 
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Each 
Each 
Lin, Ft. 
Cu. Yds. 
Lin. Ft. 
Cu. Yds, 
Shoulder Miles 

Shoulder Miles 
Shoulder Miles 
Man Hours 

Shoulder Miles 
Each 

Sweeping Hiles 
Traveled Hiles 

Man Hours 
Man Hours 

Man Hours 

Man Hours 

Lin, Ft. 
Each 

Each 

Fence Hiles 
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PROGRAM 
NUMBER 

141.00 

151~00 

161.00 

254;00 

'256.00 

261.00 

270.00· 

280.00 

ACTIVITY 
NUMBER 

141.01 

141.02 
141.03 
141.04 
141.05 
141.06 
141.07 
141.08 

141.09 

141.10 

141.11 

151.01 

151.02 
151.03 
151.04 

161.01 
~61.02 

254.01 
254.02 
254,03 

256.01 
256.02 

261.01 

261.02 
261.03 
261,04 

270.01 
270.02 
270.03 
270.04 
270.05 

280.01 
280.02 
280.03 
280.05 

TABLE E-1. (CONTINUED) 
NEVADA DEPARTMENT OF HIGHWAYS 

LIST OF ACTIVITIES 

TRAFFIC SERVICE PROGRAH 
Maintenance of Directional, Route and 
Warning Signs 
Guardrail - Repair and Replacement 
Guardrail - Painting 
Guardrail - Cleaning 
Pavement Striping - Dashed and Solid 
Raised Pavement Harkers 
Pilot i..ining 
Pavement Markings and Painted Cattle 
Guards 
Roadway Lighting Operations: Highway 
Lighting, Bridge and Approach Lighting 
Patrolling for Protection of Public 
Traffic 
Haintenance of Guideposts, R/W }~rkers, 
and Nilepost Harkers 

SNOW AND ICE CONTROL PROGRAM 
Snow Removal, Plowing, Blading, Application 
of Abrasives, Chemicals 
Plowing with Rotary Snowplow 
Patrolling for Snow and Ice Control 
Installation or Removal of Sncw }~rkers 

STRUCTURE HAINTENANCE PROGRAM 
Naintenance and Repair of Structures 
Inspection of Structures (Bridges and 
Culverts) 

BETTERMENTS 

A &. B GRADING PROGRAM 
Roadway Grade Improvement 
Flood Control and Drainage Grading 
Install Drainage Structures 

A & B SURFACE TREATHENT PROGRAM 
~!o Activity Assigned 
Bituminous Surface Treatment 

A & B TRAFFIC SERVICE PROGRAM 
Erection of Route, Safety and 
Direction. Signs 
No Activity Assigned 
Construct Cattle Guards 
Construct Guardrail 

STOCKPILE 

}~TERIALS PRODUCTION PROGRAM 
Aggregate Production 
Premix Production 
}lixing Salt and Sand 
Hauling Matedals ·· 
Chip Production 

~TERIALS PURCHASE PROGRAM 
Purchase Aggregate 
Purchase Premix 
Purchase Plantmix 
Purchase Chips 

E -16 

8-26-76 

ACCOHPLISHMENT 
UNIT 

Sq. Ft. 
Lin. Ft. 
Lin, Ft. 
Lin. Ft. 
Striping Hiles 
Each 
Pilot Line 

Sq. Ft. 

Han Hours 

Traveled Hiles 

Each 

~n Hours 
Han Hours 
Han Hours 
Each 

~n Hours 

Each 

Cu. Yds. 
Cu. Yds. 
Lin. Ft. 

Cu. Yds. 

Sq. Ft. 

Each 
Lin, Ft. 

Cu. Yds. 
Cu. Yds. 
Cu. Yda, 
Cu. Yds, 
Cu. Yds. 

Cu. Yds. 
Cu. Yds, 
Tons 
Cu. Yda, 
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TABLE E-2. EQUIPMENT CLASS CODES 

NEVADA MAINTEN~~CE MANAGEMENT SYSTEM 

6.3.0 MOBILE EQUIPMENT CLASSIFICATION CODES 

CLASS 
CO~ DESCRIPTION 

(Mile-
ag~) Coupes, Sedans and Station Wagons 

(Mile­
age) 

(Mile­
age) 

Survey Wagons, Units w/spc. Bodies 

Pickups and Scouts 

11 9,000 GVW Trucks (Garbage True~~) 

12 Trucks Dump Single Axle 

13 Trucks Dump Tandem Axle 

14 Trucks; Tractor 

15. Trucks; All Wheel Drive 

16 Trucks: Flatrack 

55 Tractors; Crawlers 

57 

58 

Snow Tractor w/Dozer 

Carryall Scrapers 

59 Rippers 

60 Trailers, Cargo, Tilt 

62 Trailers, Dump 

64 Classrooms 

65 Trailers, U~ility (Arrowboard, LPG Trailers, Small Water Tanks w/pumps, 
etc.) 

17 Trucks; Service (Includes Lube; Sign Ser•rice, Boom, Mechanic Truck, 
Concrete Drill, Guardrail Washer, Sterilant, Spray Truck, etc.). 

21 Line Striper 

23 Traction llroom 

24 Street Sweeper (Self-propelled) 

25 Street Flusher - Semi-Mount 

2<i Compressors 

27 Cr~aes and Fork Lifts (does not include truck-mounted cranes) 

28 Distributors (truck or semi-mounted) 

30 Maintenance Dis~ributors (pot type to 600 gal.., usually used for small 
patch operations (including petrolastic pots). 

31 Motor Graders 

33 Pulvimixer (Includes self-propelled and towed-type), 

34 Chip Spreader Box and Windrow Sizer (towed). 

35 Loaders (except Industrial Style Tractors) 

37 Conveyors 

38 ·Conveyor w/Screens or Feeder 

39 Concrete Mixers 

40 Patcheaters (towed) 

41 Mowers, R~ckpickers, Roto Shreaders, ~~intainer (If mower is towed, 
a class 54 tractor should also be coded.) 

42 Rotary Plows 

44 Rollers Pulled 

45· Rollers, Steel Wheel (includes vibratory) 

47 Rollers, Pneumatic Tired · ' 

48 Shovel & Backhoe Combin&tion, Truck ~~unted 

50 Welders, Trailer Mounted 

51 Electric Plants 

53 Water Tanks, Trailer Mounted 

54 Tractors Industrial w/Attkchments (Includes Sickle Mower, Loader, 
Auger, etc.) 
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TABLE E-3. MATERIAL CLASS C(,,___~S 

NEVADA MAINTENANCE HA.~AGEMENT SYSTEM 

6.2.0 MATERIALS CLASSIFICATIO:~ CODES 

CLASS 
CODE 

1 

2 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

~_!:PTION 

AGGREGATE _ This class includes g~avels, sand, concrete 
aggregate. 

CHIPS - This 
requirements 
for Road and 

class includes only those that meet gr.ad~tion 
of screenings. (See Standard Specificat~ons 
Bridge Construction) 

PREMIX - This class includes premix produced by state or 
(produced with a liquid asphalt such co~~ercial sources. 

as SC 800), 

CHLORIDES (Salt) 

SALT AND SAND - This class includes all ~alt and sand mix 
used for sno1• and ice control. 

pLfu~TMIX _ TI1is class includes all plantmix purchased from 
a coremercial source thnt is directly applied to the road 
surface. (Produced with an Asphalt Cement) • 

EXPANSION JOINT FILLER MATERIAL 

CE~1ENT 

CONCRETE - This class is limited to ready mixed concrete 
from a batch_plant or commercial source. 

• '<.I 

This Cla ~s includes liquid ~sphalts, LI~UID ASPr~T - -
asphalt cements, emulsions, etc. 

CR..\CK AND JOINT FILLER 

FERTILIZER 

FERTILIZER 

INSECTICIDES A1~ HERBICIDES 

INSECTICIDES AND HERBICIDES 

PROPANE CYLINDERS - This class includes only the propane 
purchased in cylinder containers having 100 lb. capacity. 

Cu. Yd. 

Cu.Yd. 

Cu,Yd, 

Cu. Yd. 

Cu. Yd. 

Ton 

Lin.Ft. 

Sack 

Cu.Yd. 

Gals, 

Pounds 

Pounds 

Gallons 

Pounds 

Gallons 

Each 

CLASS 
.£QQ!L DE :RIPTION 

19 

20 

21 

22 

23 

24 

25 

26 

27 

PROPANE - This class includes only the propane purchased for 
filling trailer-mounted L·,p. G. Tra ler Tanks. 

GUIDE POSTS - lbis class includes 1ly the physical metal 
posts and does not include the sig ~ plate or panel. 

SIGHT PLATES - This class will i.nc 1de sno11 delineators 
(1-1/2" x 4"), sight plates (4" x !"with silver or yellow 
scotchlite), and guard rail deline. :ors (3" x 14"). 

MARKER PLATES - lbis class will int .ude milepost panels and 
hazard marker plates. 

SNOW POLES - This class :l.ncludes 1ru ,ufactured snow poles 
which are installed on guide posts. 

SIGNS - All signs will be included .n this class. 

WHITE PAINT - This class includes 
pavement markings or guardrail, 

GLASS BEADS 

int used on traffic lines, 

YELLO\v PAINT - This class includes aint used on traffic 
lines and pavement markings. 

28 PAINT THINNER 

29 SIGN POSTS - This class includes on 'f 1''-,: 2" and 3" pipe 
used in the replacement or original installation of signs. 

30 FENCE POSTS - This class includes m :al and wood fence 
posts. 

31 

32 

33 

34 

BARBED WIRE FENCING - This class in ludes only barbed wire. 

STEEL GUARDRAIL - This class will i: :lude all panels and 
hardware necessary for erection of 1ard rail. 

STEEL CATTLEGUARD - This class Hill ~nclude only prefabri­
cated portions of cattleguards. Hht l portions of cattle­
guards are constructed, the materia: : incorporated in the 
work would be coded (concrete, ceme1 :, aggregate, etc.). 

CULVERT PIPE - Includes 18" culvert ipe and excludes end· 
sections or headwalls, 

35 CULVERT PIPE - Includes 24" culvert ipe and excludes end 
sections or headwalls. 

UNITS 

.... 
I c 
+ 

Gallons 

Each 

Each 

Each 

Each 

Sq. Ft. 

Gals. 

Pounds 

Gallons 

Gallons 

Lin.Ft. 

Each 

Lin.Ft. 

Lin.Ft. 

Lin.Ft, 

Lin.Ft, 

Lin.Ft. 1 
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ACTIVITY REPORT 
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MTE 
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fACILITY 

il ,. 1r. 
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ACtiVITY 
NUMBER 

.'!. ll 

ACCOKP, 
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Figure E-1. Activity report 

STATE OF NEVADA 

0 E P A R T H E N T 0 F H G H W A Y S 

H A I N T E N A » C E K ' N A C ~ H C N T S Y S T ~ M 

. PROOUCTIVITY o\fl!l UNIT COST Rt:PrJRT ... --------------. -•ms RPT 0•1 . 
RVII Ol/22/75 I'IJR u(C~HllEr. 

lUll :-tOURS. liHJT/HNH~S % 
AC:TIVITY CHtRIPTION UNIT CREW OlST CltEW OIST PRCO, 

ioo:-oi PCANNu:G t · scHf•luLmG HN un 
YJ) TOT/.lSZ 

101,01 BASE -t· >Uf:FACf P.EPAIR CU YO 
YT'> TOT~lS: • 

lOl;·c)£ -·~URF Pt.Tcti f' .. \~KIX Ht\NO CU y'Q 
YT'> TolTAlS: 

31 
73 

IH 

10 
617 

69 
347 

30~ 

1.oo 
t,oo 

Z,36 

l() .13 
1,:>9; .lJ 

·····- ·-·- -······· ·-· .. 
lcJI,Cl SUI<r PATCH PRrHIX HM:tl CU YD 

Y_TO T\lTAL S: 959 3t 77'\. 

l.a,t;~ SUr.l' P.HCI! Sl'•lT S':hl ~tl YO 
YTD TOTALS: 

2C4 
26"t 

· l.H 

src.3a 
500.30 

t.oc 100 
!,o)~ 100 

1o"t'l 169 

.n 1oo 
oll 71 

1.20 123 

4t5.H 122 
lH,!iO 135 

UNIT COST . % 
CREW C!ST CC.ST 

9.:n 
a.aa 

5.51 

70.11 
u·:.s7 

-l.35 96 
a.o1 100 

10.37 51 

70,11 tOO 
05.'·6 130 

2'3.21 8?. 

,·)7 86 
,1)7 66 

••·- ••·--n•-••-- •·•-• -·• ••-•• ••-·•--•· -·-· --·-·•-- •·-• -• •--
Cl E4N CUL VRT OP~N t 01 EACH 

YTD TOT/.LS: . 3't 34 1.21 1.21 10? 

· ·, n.o3 Jl"tess r. ··sl•:.;;ii iinc:tr:s uj FT 
YTO TOTALS: 

l1t.C4 tLEANING UITCHES CU YO 
YTD TOTALS: 

lii.C6 AaJ~ S~iltJN RESTUR~ tU YU 
YTO T:JT,\LS: 

lll.01 'I"C.'T•.T!:J,:, ·:UNTl<OL :~{Ill Sl1 HI 
VTO T·lTAl S: 

1)1,10 Vi:Go:U.f!ON UJIH :·Jl H~l~ 1-!N HJI 
VTU TOTALS: 

•• o\CTlVITY l·)O,·~I II!.S IIEfPI PllORAHD 

131 
131 

\47 
147 

.:.o 242 
192 519 

117 682 
1~5 1,367 

.r,oa· ---· • 

6.70 
4.63 
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5.34 

154 1,900 o96 
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'JS 
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Figure E-2. Productivity and unit cost report 
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I t. \,; ,. ,\ t v A u A 

C F H I G » W A Y S 

f ~ I N I c H A h ' ,· M ~ ~ A G f· ~ L ~ J S Y S 1 ~ ~ 

STAH ~,!(;I)UCliVIlY "li''-H 
JULY l'JN THilU l•LTUUEK l<JH 

~tTIVlTY ACCOMPLISHMENT STANC~RO CIST. 
OtiCRl,TlU~ UNITS UNIT/MH SlAT< lfNC 

1·:1. Cl d ' s ~i:Pit CU YO I. ;.>J \1 !,OJ'i 

IOI.OZ SUR PACH II CU YO .139 .294 

lCl ~ i:'l SUR PAC II 14 CU YtJ 1.7UO l,L'i; .6~0-

.Hloi ';Pl I!-J 
t.Ufl 12/t 3174 

DJST. DliT, DlST. O!Sl. ~IS~. r.:::· ··· Ti1Ht: ... 1-e.;r. ..... r&v~-- su .. 
< 

l· 1 ··~---'-• q_6 __ ·- 1_, ,~ 1 

.075 

101.0~ $UR PAtH s SQ YO .l!i5,QOQ .. U3.14d_. H !.~3.3 ~.2ZZ .. lH . .a.3.:H _____ ...... JJ2,.Sl.8...1DJ.~} .. - ...... .. 

1Jl.05 SEAL COT SO YO 

SQ YO 

480.008 351.513 331.401 575.931 592.325 389.320 216.849 257.556 

101~06 StAt CUT F 'lzs.oos 

l~l,q ~KAC~ fill 

101.01! HLAT PLAN 59. 205 32.095 

Tol.09 s·L CUT . i;ifp 

SQ YO 

SQ vo 
55.000 52.892 

... 3i~.<i9s·-iaa:t.!7 ... ----·--- .. - ·- ··--f95.-648---

.. Ill ,~_Lf'AT _ SPAL T 

111.02 p & FO PAT 

. c.u _Yo 

CU Yl) 

•llL ...... 

.035 

-i"if:-c; p-.,;-s·H-'HA--P ..... cu vo-··-· -- i~cco· ·--· ·-

.. H!.~Q.'!.!". }!i. SL .. ~----~-u ~0... .. _____ '!80_~.!!CQ .... ·- ........... ---------~----------
llleOS JOINT SEAL l8 10.cco 

t.6C" 7.312 

,H?,!!LI',~I\. (.!JN A;>_ 

131.Cl ClEA~ COLV 

i~I~O.~ ciii-co u: 

cu f!.. .. _ __ 6.0QQ. .... 8!>7 ----···-tY.l> _____ ~~Q'L_,h_178 -- .. ----------------

.&19 .063 .• 083 

EACtf .9~0 

Figure E-3. State productivity report 

FOit DECF.MBER ;tUN oin.zns 
tjO. 

I'ROOUCTIVlTV lllST«JtT CQST !llSTRICT 

(II;SC. tli•TtON EXC!'PT IONS Mt:.Aii P!'tO'I• LXf.Fr1111"1S MfAN COST 
~f.TIVITY 

133.01o R!:HOVIi RtUDIIAY l>ESIUS t,3,00 TR Ml 1.02 

133.02 EKPTY liTfER BARREl-S 6.62 EACH 3.16 

133.02 EHi•TY Ll TTC!I OARRELS 6,75 EACH /HAN HRo 3.00 

lll. 0? CLEAN CULVRT OPEN C. 01 234.2" EACH 5.69 

llol.ll M~INTAIN POSTS-MARKERS 13.91 EACH .4.87 

Figure E-4. Productivity/unit cost exception 
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DISTRICT: 5 

-::l~~I~:~ie~x~l2~~~JlESi -HouR~460~osrs 
6r270 ~3r4l6 

6rl25 36r256 

8-26-76 

DISTRICT OPERATIONS REPORT HHS RPT 0-4 
fOR THE PERIOD 3-18 TIIRU ~-15 RUN 06/03175 

--------------------YEAR TO DATE-----------------·---
EOUI PHENT . HATER IAL . TOTAL. . ... •-----LABOR----- EQUI PHENT HATER I AI. . TOTAL···-

COSTS COSTS COSIS HOURS COSTS tOSTS COSTS COSTS . 

41,167 

40,164 

8,012 

7olo82 
92,635 

83,902 

433,329 

396,919 

364,064 

318,671 

288,676' 1o086r070 __ 
372,971 1r088,562 

ACTIVITY REPORT TOTAL 

ACCOUNTING IOTAlS 
CO!rST SERVICES 

HAINT ACTIVITIES 6o125 36,256 40,164 7r482 83,902 ·5?,86~ 396,919 318,671 372,971 lo0&8,S62 

... OPERATIONAL EXPENSES:··· 

AOHINISTRATIOil 

--HAINTENINCE STATIONS 

EOlJIPHENT SERVICE 

--NON RENT EQUIP 

OTHFR AGENCIES 
HlSCELlAIIEOuS 

PURCIIASEO STOCK 
IINVENIORY CREOITSI 

lrOII 8o5lll 
61,1, 3,935 

551 "3,230 

16 80 

155 1 1 196 

1,057 

716 

496 

392 

1,0<)2 

'lo086 

~98 

421 

2o5H 

l0o685 

·13,739 

3,727 

578 

ZoOID 
2, 537 

9,749 

-6,066 

4,857 
16 

2.~~~ 

95,541 

42,0~3 

12,5-19 

,_.ao 
. l,4q5 
21,791 

-aCTUAl DISTRICT TOTAI.Ss·· . a,502. 53r23't . 42,828 2lol17 ll7o180 83,~90 590,392 

• STA~ 10": 501 
MAl NTEtiA•rCE STATION 
EOUlP~f~r ~EPAIR 

• ll.l'l P.E ,;r E OU I P 
-OTHER AvE~CIES 

Kl SCEllA'lEOUS 

STATIO'r: S21 
• MA(t;JE~ArtCE STATION 
fQUIPHE~l RfPAIR 
N:IN ~fNT fUUIP 
OTHER Aun;cres 

-·Ill SCEllAioEOUS 

SUT IOH: SZ2 
HAihlfhA~Cf STATION 
E::· .. !lP"'~~J REPAIR 
llflll RflrT H•JI P 
OII!F.k AGENCIES 
HI SCEl LMlEOUS 

. DISTill ct • ONE 

88 

1.1~8 

H sz 
16 

589 

9,595 

?.?8 
Z69 so 

OPERATIONAl EXPENSES CREW ANAlYSIS 

120 

1o308 

uo 

lo23l 

1ol87 

33 .. 

859 

1,838 
269 eo 

856 
16 

..... 94 
11,280 

Figure E-5. District operations report 

HA!I-IiOUR UTILIZATIUN REPO><T .... ----·· 
fOR 19"13 

J\IL'L ... AIJ!l SEP NOV 

20 

6,457 
120 
660 

109,146 

2,!20 
3o802 

80 

3?5 

12o009 

6o237 

5, zso 

182 
4,851> 

)47,207 

1.161 

12 
H,990 

9T 
528 

7,962 

61,28~ 

63 

498 

12,450 

2Zr583 
166,50911 

lll ,304 

),795 

7,898 

33 

a,sar 

115 o513 

1D9,565--

3lr8H 
57 a·-· 

I r6 78 
39,098 

2Zo5d3 
166,5091 

lr248,903-· 

llo4H 
120 

.. --·-- 612 ·-
132 ,911 

10.805 
4,HO 

80 

lr027 ....... __ J,SSl. __ 

.... ~~~~3P.T \l-13 ...... ·_ .... ·­
RUil 0112?174 

___ AC<TJV.HY. DE.~C<.!UPTIO!i 

135.02 KAINT CATTI.E GUARDS 

135~03. REHaVE ENCRO.ACHHENTS 

J~~&~ .. -~~~peq_ .!II! .fEtU;~~ GAT~ 

11 

5 

.2~ 

~35 

OCT. 
6 

i6 

32 

--·---------- ;s----3----~- 107 
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··iiil.oz · GUARORAii. .. ilsi>AIR 

.Hl.!Jl.Cli~~CRAI~. ~AI!iTING 

1~1.0~ GUARDRAil ClEANING 

1~1.05 ~AVEHENT STRIPE DASHED 

. lH·Q~J'AY~!I~_IjT. HR!!~JO!,IO 
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141.08-PAVEMENT MARKINGS 

... Hh!!'! ~P\!Y .. PGHT!!!{: -~YH!'I!. 

141.10 PATROLLING 

loOZ 

• zi;ii ---1; · 

1)6 

.L 

395 

zze · ... ils 

394 

.. ~.@.. ____ 16~.-- .. HL ___ .. 

18 10 

403 206 306 .376 473 4r6H 

-------86 55 24 loll ;.,Oo3 

146 .... .1.6 .. --·-·--·- ·---··------1·11.~ 
·s 5 

27Z 2rl90 

--~ ..... JL_·_ .. ___ .lll .. -?Jg ___ z~o --~L-~.L t.ZlL 

47 61t 59 101 ll\1 S2 
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. UhOL;1191! R~IIO'{AL 

151.02 SUOW PLC~ ROTARY PLOW 
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Figure E-6. District man-hour utilization report 
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Figure E-7. State unit cost report 
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Figure E-8. Material quantity summary report 
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Figure E-9. Equipment usage summary report 

SYSTEH ROUTE-ACTIVITY SUHHA~Y HHS 1\Pl !1•14 
RUN 12/06f 14 

··sYHEII ... F~O"II"- ···rn·· ..• , ...••...... FROII"·····-··. TO .......... . "ACCOMPL ;· -·--· "TOT At' . ---TOT hl .•. ·-'TOne ··-···-Tonl.-
UNITS lABOR EOUIP, >IATL, CliSTS • ROUTE DATE 04TE DIST CTY MILEPOST IIILEPOST ACTIVITY 

... fA.~Jit -- -l~..l.- .. ~J.O ...• ..J. __________ ..... --·--·-· Hl·O~ .. ~~- ....... lrQF .......... ~C}_ ... .tr.~n- ... _to9..l'!.._ 
FA 539 7- 1 6·30 1 1~1.05 16 362 177 3o82S ~,364 

.•. FA. 606. ____ J=.. . .I._..it:.30 .. _t._, _______________ ... -l'tl.LQ.~ ........ . ... lL .Z9.L -··-- ... l~~--- ~-L--- ... -il.\ __ 
fA 812 7- 1 6-30 1 -141.05 9 108 48 1qa l54 

.fA 8.1~ ...... 7-: .. L:.. ~-:JO ..... L·-········-·----·----l41·!l5 .. . .... ~.3_- ...... : ~~------· ~Q _______ !J~--

FR 403 7- 1 6·30 141.05 4 108 4'1 91 248 
_..EB....t.ot.._ .. l~:-J ____ .....J.u.os.. _______ .J........._ .• .H ____ ..z;. _____ .:;z ____ ...l.l.S._ 

F~ foOT 7- 1 6-30. 1 141.05 5 135 71 q~o 300 

.FR Hb . .....• 7~ 1.. .... 6.-:30 __ L ·--···--------·-··· •.. 141,05. . ..... 1... . H H._ .4~... .... 10~ ..... 
FP. 41q 7· 1 6·30 1 141,05 108 44 25 177 

.fR.!r.ZO.- .. --~L-1>:-.J ·---.. l.'!l.,05 ... ---~------· .... 2~.- ... ___.lL .. --.!!.~Q _______ 4_n__ 
IR 015 7· 1 b-30 141,05 232 2 0 904 . 1,326 3,797 6,0Z7 

.RP BQii.- . ..1:-. 1.._ f>::JO _ HJ,.Q~ .. ___ .....;:: __ .;.., __ ·_?l --·-· _ _lJ ___ . _ ~-----.1'1..:..... 

SR 0)5 7· 1 6·30 141,05 22 '-21 233 · to78 1.132 

.. .SR..007 .•.•... l~ .. l ..... f>.-:J.o ___ L___ _ __ l.!ol ... P~----····-1· ···-----~5 _____ -~L---·-- -~'------ill __ _ 
SR 012 7- 1 6-30 141,05 30 584 391 543 1,518 

_,SI\..OZ'1 ··-···1=-.1.-~.:.lll_..J. H\....0~ H__ .. __ 7~----ill_--~~-3 ___ J.LH1_ 

SR 03'1 7- 1 6·30 l 141.05 4 173 111 102 386 
.SJL04l. .... - .J::....l_f>..-:.3!1_.1 ......l'tl.&L.. __ ...J_9 ____ ~J.l ____ 2_H _____ ~l!-4 __ ...!J.Qll_ 

SR 060 

.SII. 068. 

7• 1 6·30 1 .Hl.OS 14 173 123 26l 56l.''. 
. -7-: 1 ..• 6::3.0. .... 1. _______ ............ H1·0~.-- .. 12 ....... -__2.Z§ _______ J3~-- __ U.'I_. __ .2-'~.Q-

Figure E-1 0. System route activity summary 

lOCATION ANALYSIS REPORT 

·-·--··--1IOIJT£rSR""On->r.c-.·rRUifl"--p;,oo--rnr--z...-s3" !f'IJRf 1- 10: 10-3 

HilS ltPT 0•11 
RUN 12/ll/74 

NET NET . l NH 

., 11v", --- trnnSAccg~mSHev-1~~~-iM~~---·~8~t~~PtHt~~~M~t~~~k-~o~!l-
l't.oz SUR PACH H CU YO 8 T7 535 172 81 2,14 ·104 98,65 

·n 1707-s1rs~NT·-;w llr--··---xo-----xr;r-·---rrnT"--!'~"50" 6. 24 .061 zcv.uo 
Ul,Ol S~EEPING SW HI 48 1.. 101 !~'"107 oTT ).429 4.l .. 

.ooo "T3>.--uJ-RHV" rr;Cl!wr eACir ----z~·-----4-· -----z7-· ...__..,---··--··-----r;Tr:--------..... l • .r-
1•1.01 M~l SIGNS SU FT ~48 13 87 45 93 3,35 1 q, 077 .91 

-r n-:Il-·>it;rH lR><ER --·-n:C11--·---r>7----..-z----.;:;4·--·· Tt ~. -:ziTOr>6:-----rt5"'6.--.s::-,y;..--------.--.-,rrr----.:--v-r-. 10 s. 82 

151.o1 SloOU REHOV H'l ·uR 28 28 265 v 231 2o58 1.000 n.H 
--r..------ ~---------~oe><~----~r-.2SQ • 51 

Figure E-11. Location analysis report 
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ACTIVITY ANALYSIS REPORT ~~3 8:} 2~~~~. 
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NET NET NEi 
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••:·--~-----------------
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.. ~~~-5~~~~3:.£.~~~ 
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6-20 SR 068 CL h,40 10.30 4 :12 216 18 .68 .13 S8.se 

• _6_:1!._~068 CL_!_0.!2~J.:.,~Q ______ _:4:_ ___ -'<3Z ~!!!___ .. ____ 18 ________ • 46 .13 ss.s~-

6-24 SR C68 CL 14.20 1Uo60 4 ll 216 18 .22 .13 58.58 

-~-.?l __ SR 06_L _ _!:L __ !!.~'2!!._ ___ ......;:3:__~J2 ___ . __ ?_.!_6 __ .18 ..•. --·-···-- ---~~:!..6 
10 • 74 

·-------~·~0~9~------~7~8~)!_ 
6-26 SR 068 CL 

.\CTIVITY 

5.10 " 32 216 

·-----·-·------·---·---

Figure E-12. Activity analysis report 
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Figure E-13. District performance report 
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Figure E-15. Budget input report 
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APPENDIX F 

NORTH DAKOTA HIGHWAY DEPARTMENT'S 

Recording and Reporting Methods for Highway 
Maintenance Expenditures 

INTRODUCTION 

The 640,000 residents of North Dakota operate 490,000 motor 

vehicles on 106,897 miles of highways of which 6,950 miles are under 

state control. The state occupies 70,655 square miles from an 

elevation of 750 feet to 3,506 feet above sea level. Mean minimum 

and maximum temperatures are -10 and 880F with average annual 

moisture ranging from 14 to 20 inches. 

The North Dakota Highway Department has a $28,743,453 mainte-

nance budget for 1975-1977 biennium. This budget will be used by its 

8 districts to maintain 15,160 lane miles of highways. 

Eight districts comprise the North Dakota Highway Department. 

Each district is divided into maintenance sections resulting in a 

total of 71 maintenance sections state wide. The location of the 

maintenance sections was originally based upon snow and ice control 

needs and the amount of unsurfaced roads to be maintained. 

Lead men are in responsible charge at the maintenance section 

with some assistance from crew leaders. Lead men report to the 

district maintenance engineer who in turn reports to the district 

engineer. Some of the smaller districts in the state may have one 

employee acting as the maintenance engineer in addition to certain 

other duties. The administration of the maintenance program by 

the Chief Engineer of the North Dakota Highway Department is per-

formed at the central office level by the Maintenance Engineer. 
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The basic maintenance recording and reporting system was 

developed in the 1970 to 1971 period. The maintenance management 

system makes use of information collected for accounting purposes 

thus a single recording system is utilized. A manual recording sys­

tem is being utilized in the field with electronic data processing 

utilized to compile and produce the reports. About four years 

of reliable maintenance cost data are now available from the re­

cording and reporting system. 

RECORDING SYSTEM 

North Dakota Highway Department, ''Maintenance Time Card" (Form 

22-3-1) (Figure F-1) is the source document used for posting employees 

time and expenses to a time sheet and for recording of vehicle usage. 

The Maintenance Time Card is completed by the employee, reviewed 

and approved by the immediate supervisor which is often the lead man 

and mailed daily to the district office. A secretarial type person 

at the district level fills out an "Employee Time Distribution Sheet" 

(Form 22-1-1) (Figure F-2) and "Vehicle Use Report" (Form 15-0-1) 

(Figure F-3) .based on information obtained from the "Maintenance 

Time Card." A fourth form is utilized to transfer inventory. This 

form-called the "Disposal Report" (Form 8-4-1) (Figure F-4) is normally 

filled out by district warehouse employees. Information recorded 

on each of these forms is discussed below. 

Information recorded on the ''Maintenance Time Card" and trans­

ferred to the "Employee Time Distribution Sheet" and "Vehicle Use 

Report" includes the following; 
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1. Employee's name and Social Security number 

2. Activity performed 

3. Location activity performed 

4. Man-hours, equipment hours, equipment miles 

5. Equipment utilization 

6. Per Diem charges if eligible 

Details are presented below. 

Location 

Each maintenance activity is performed at a specific location 

on the highway system. This location is designated by recording the 

following information: 

1~ District. A number from 1 to 8 is utilized to designate the 

district. On certain recording forms a 6 must preceed the district 

number designation. 

2. Maintenance Section. The 71 maintenance sections do not have 

a unique code and thus costs can only be collected indirectly for 

maintenance sections. Buildings, storage tanks, and certain items of 

equipment can be recogtl,ized as under the control of certain districts. 

Sections of roadways are designated by district and not by Mainte­

nance_ Section. 

3. Section. Specific highway segments are assigned highway 

section numbers and designated by a five digit alpha numeric code 

which includes the district number and the highway number. These 

codes are recorded in the column "charge-to." An example of such 

a code is shown below; 
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Hl - 094 

H indicates that the "charge-to" is a highway 

section 

1 district number one and 

094 designates the highway number (Interstate 

Highway 94). 

Control and sections set-up by construction contracts were 

utilized at one time but became a bookkeeping problem and have been 

discarded. A mile marker system or mile post system is used to 

designate locations of bridges, signs, stockpiles, rest areas, etc. 

However, the mile marker system is utilized for inventory control and 

not to designate the location at which maintenance activities are 

performed. These data help the lead men manage their sections. 

Individual maintenance sections monitor the use of some items 

such as road ice, blade mix, chips, deicing chemicals, etc. for 

their own management use. This, however, is not widely done and it 

must be done without the aid of the computer. 

Activity 

Maintenance function codes are utilized to designate the mainte­

nance activity performed (Table F-1). Sixty-three maintenance codes 

are presently utilized and are directed into the following major groups; 

1. General Maintenance 

2. Additions and Betterments 

3. General Maintenance Other Than Roadway 

4. Traffic Services 

5. Snow and Ice 
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6. Structures and Extraordinary Maintenance 

7. Shop and Building Expense 

8. Costs Not Chargeable to Other Maintenance Functions 

9. Accounts Receivable 

10. Purchase of Equipment, Buildings and Land 

11. Other Capitalization Costs 

12. Inventory 

13. Equipment Expense. 

It should be noted that a special function code, '~aintenance of 

Concrete Surfacing," is utilized for maintenance on portland cement 

concrete pavements. A special code exists for snow and ice removal. 

Manpower 

As discussed above, the ·~aintenance Time Card" is filled out 

by the individual workman. It is on this recording form that the 

hours worked on a particular maintenance activity for a particular 

highway section or segment are recorded to the nearest hour. Start 

and quit times are recorded on this form as well as the hours utilized 

to operate equipment. The total time worked by the individual work­

man is summed for the day to the nearest hour. 

The information supplied by the individual employee on the 

'~aintenance Time Card" is transferred to the "Employee Time Dis­

tribution Sheet" (Figure 2) at the district office daily. The 

Employee Time Distribution Sheet is a monthly summary record and 

includes a record of regular time, over-time, vacation, sick leave, 

jury leave, military leave, etc. All time is assigned to a function 

and a "charge-to" highway section or segment, b.uilding, rest area, 
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equipment unit, etc. The objective code is also filled out on the 

Employee Time Distribution Sheet to assign items of expense such as 

meals, lodging, commercial airfare, taxi, etc. to the proper code. 

The following is a partial list of objective codes: 

123 - Vacation 
124 - Sick Leave 
125 - Holiday Pay 
126 - Jury Leave 
127 - Military Leave 
128 - Other Leave 
241 - In-State Mileage 
~42 - Out-of-State Mile~ge 
243 - Commercial Airfare 
244 - Taxi and Other Transportation 
245 - In-State Meals 
246 - Out-of-State Meals 
247 - In-State Lodging 
248 - Out-of-State Lodging 
310 - Oil Mix 
311 - Gravel Oil Mix 
313 - Sand 
314 - Chips 
332 - Gasoline 

Basically the "Objective Code" is a more detailed breakdown of the 

·Function Code. 

Employees are paid monthly by two checks as described on page 

F-8. 

Equipment 

Equipment utilized by a particular individual is recorded on the 

"Maintenance Time Card." The equipment unit number is recorded to-

gether with the miles driven or motor time depending on the equipment 

unit. Four digit numbers are utilized for equipment codes. For 

equipment units designated by 8000 series, the operator reports 

miles driven. For units designated other than 8000 series, only 

motor time is recorded. Rental equipment is handled by special function 

F-6 



codes. Equipment use time is recorded to the nearest hour and 

equipment mileage to the nearest mile. Equipment use is assigned 

to a particular activity on a particular section of roadway where 

possible. 

The "Vehicle Use Report (Form 15-0-1) shown on Figure F-3 is 

a monthly summary for a particular Vehicle obtained from the Mainte­

nance Time Card. The Vehicle Use Report is filled out at the district 

level and may contain infQrmation from more than.one individual's 

Maintenance Time Card. The Vehicle Use Card can also be utilized 

to report productivity and the individual operating the vehicle. 

For example, the number of acres mowed on a daily basis may be 

recorded for function 450 (mowing) on the form together with the 

employees name who operated the piece of equipment. Equipment class­

es have been established to simplify equipment use charges. 

Materials 

Materials utilized for a particular maintenance activity are 

recorded daily on the "Disposal Report" (Figure F-4) by employees 

assigned to material warehouses. This form includes a description of 

the material by a function and objective code as well as by a word 

desc~iption, the quantity of the material, the unit price of the 

material and the total cost. Material usage is charged to vehicles 

for such items as gasoline and to highway section or segment for such 

items as road oil, sand, chips, oil mix, etc. utilized to perform 

specific maintenance functions (Debit Column). Inventories are 

transferred from material stockpile by "crediting" the proper account 

on this form. The report is prepared for specific districts. 
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Accomplishments 

Accomplishments can be recorded for specific functions on the 

Maintenance Time Card under the column remarks. This information 

is then transferred to the Vehicle Use Report. 

COLLECTION AND PROCESSING OF RECORDED DATA 

The Maintenance Time Card is filled out daily by the maintenance 

employee and approved by the lead man of the maintenance section. The 

Maintenance Time Card is mailed daily to the district office where the 

information is transferred to the Employee Time Distribution Sheet 

and to a Vehicle Use Report. This data transfer is performed daily. 

The Disposal Report is filled out daily by the district warehouse 

employ~es. Information on these three forms is transmitted by mail 

to the central office on a monthly basis by the third working day of 

the month. Key punching is done at a centralized data processing 

center. The source documents do not leave the district. 

Employee checks as described above are issued in two stages. 

The first check is paid on the first of the month and reflects pay­

ment on a monthly basis. A second check is issued about the lOth 

of the month which includes travel expenses and over-time. 

Naintenance management reports obtain their source information 

from the accounting reports as discussed above. Maintenance manage­

ment reports are back to the district by the 20th of the month. 

It is estimated that about one percent of the maintenance 

budget is expended on recording and reporting maintenance activities. 

Annual computer costs are about $10,000 to produce the maintenance 
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management reports. Individual employees require about 10 minutes 

per day to fill out the Maintenance Time Card. Three to four hours 

is required by the district clerical staff daily to transfer the 

Maintenance Time Card information to the Employee Time Distribution 

Sheet and Vehicle Use Report. It should be pointed out, however, 

that these data are required by accounting and a single reporting 

system is utilized to satisfy both the accounting and maintenance 

management function. 

REPORTS 

Two years ago over 28 maintenance reports were given to the 

districts by the central office. The number of reports has since 

been reduced to three. A brief discussion is presented below in­

dicating the types of data contained on these reports: 

HWl-820-AA. Maintenance Report HWl-820-AA is a report delin­

eating the expected expenditures for maintenance activities by month 

and a total for the year for all functions the districts expect to 

perform. The lead men of the section together with the district 

maintenance engineers are responsible for making these estimates. 

The estimates are made during March and April or the spring thaw 

period, by mile marker and highway route. Standard forms are used 

to record the data collected in the budgetary process. Manpower 

requirements and availability are primarily responsible for fixing 

material and equipment quantities for budget preparation. 

Two formats are utilized for this report. The report which 

summarizes district budget amounts by function (Figure F-5) includes 
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the following information by the month and a yearly total; 

1. Planned quantities, 

2. Planned hours, 

3. Budget amount, 

4. Standard unit cost rate and 

5. Standard production rates. 

The report which summarizes the state budget amounts by function 

does not include the standard unit cost rate or production rate 

as it varies by district. It should be noted that costs are not summed 

for maintenance function or activity groups. 

HWl-830-BB. Maintenance Report HWl-830-BB delineates costs 

for each maintenance function for each district on both a monthly 

and year to date basis (Figure F-6). All maintenance functions plus 

overhead costs are shown. The report gives the following information 

for each function: 

1. Function description 
2. Function number 
3. Unit of measure 
4. Planned quantity 
5. Actual quantity 
6. Planned labor-hours 
7. Actual labor-hours 
8. Budget 
9. Total cost 

10. Labor cost 
11. Material cost 
12. Equipment rental cost 
13. Other costs that do not fall in labor, material and 

equipment rental 
14. Standard unit cost 
15. Actual unit cost 
16. Standard production rate 
17. Actual production rate 

District total costs are also presented for all functions. Separate 

print-outs in the same format are provided for monthly and year to 
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date expenditures, HWl-830-AA Maintenance Report HWl-830-AA sum­

marizes the costs shown on report HWl-830-BB in format to compare 

district performance. These comparisons are presented on both a 

monthly and year to date basis for individual maintenance functions. 

The report includes the following items for each district and each 

function; 

1. Actual quantity 

2. Actual hours 

3. Total cost 

4. Actual unit cost 

5. Standard unit cost 

6. Actual performance rate 

7. Standard performance rate 

District total costs are also presented for all functions. 

Separate print-outs in the same format are provided for monthly and 

year to date expenditures. 

All information with the exception of standard unit costs and 

standard performance rates are obtained from the information recorded 

as described above. Standard unit costs and performance rates are 

based on historical information unique to individual districts. 

Reports are utilized at the central office and district level 

for fiscal control, by reviewing budgeted and actual expenditures; 

for monitoring of program execution by comparing planned and ac­

complished man-hours and material quantities; for allocation of 

manpower by reviewing standard unit costs and productivity rates 

against actual costs and productivity rates; and for budget pre-
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paration to revise productivity rates, etc. based on actual field 

productivity and unit cost rates. 

Presently maintenance functions that appear to be contrary to 

planned budgets due to productivity problems or poor planning must 

be located by a detailed review of the reports. Exception reports 

are presently not a part of the reporting system although their 

development is under consideration. 

OTHER ITEMS 

The North Dakota Highway Department is satisfied with the 

reliability of the existing recording and reporting system although 

they feel improvements can be made. Basic information is recorded 

on the Maintenance Time Card and transferred by the district clerical 

staff to the Employee Time Distribution Sheet and Vehicle Use Report. 

Material usage is reported by the district warehouse on a Disposal 

Report. It is believed that this approach improves the reliability 

of the information in that the workman~s time sheet is reviewed 

by the lead man and district personnel and thus more reliable in­

formation is obtained. 

The recording and reporting system can be altered by direction 

of the central office maintenance staff. Prior to any changes in 

the system operating staff in the districts are consulted. Data 

processing changes and/or changes involving the accounting system 

require considerable lead time. 

Function codes were developed with the assistance of the district 

maintenance engineers. A standing standards committee does not 

exist nor does a format committee exist to review and revise the 
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recording and reporting system. 

The lag time between the reporting of the information by the 

districts and reporting of the information will probably not be 

reduced until computer terminals are placed in the district. A new 

equipment management system is presently being implemented. District 

productivity standards are being revised as information becomes 

available. 

References 

"Maintenance Manual," North Dakota State Highway Department. 

"Accounting Manual," North Dakota State Highway Department: 
July 1, 1975. 

F-13 



General 
410 
411 
412 
413 
414 
415 
416 
419 
420 
421 
422 
423 
424 
425 

Table F-1. Maintenance Function Codes 

Maintenance 
Routine Roadway Surface Operations 
Hand Patching 
Spot Sealing 
Maintenance of Concrete Surfacing 
Crack Pouring 
Maintenance of Expension Joints 
Blading Gravel Roads and Shoulders 
Other Surface Maintenance Operations 
Regraveling 
Blade Patching and Leveling 
Resealing - State Forces 
Slab Jacking 
Light Reseals 
Contract Reseals 

Additions and Betterments (No mile number needed) 
428 
429 

General 
431 
433 
435 
440 
441 
445 

Service Roads 
Other Additions and Betterments 

f.Jaintenance Other Than Roadway 
Patching and Leveling Shoulders and Side Approaches 
Shoulder Sealing with Aggregate Cover 
Shoulder Sealing Without Aggregate Cover 
Roadside and Drainage 
Right-of-Way Fences and Markers 
Maintenance of Special Roadside Development Projects 

450 Mowing 
451 Control of Vegetation 
455 Removal of Debris 
461 Guard Rails, Detours and Delineators 

Traffic 
462 
463 
464 
465 
466 
467 
468 
469 

Services 
Centerline Striping 
Signal Equipment 
Signs on Interstate Highways 
Rest Area Maintenance 
Highway Lighting 
Signs on other than Interstate 
Other Pavement Markings 
Edgel.ine Striping 

Snow·and Ice 

Highwaus 

480 Snow, Ice and Sand Control and Removal 
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Table F-1. Continued 

Structures and Extraordinary Maintenance 
490 Extraordinary Maintenance 
510 Structures - Routine Maintenance 
511 Structures - Major Maintenance 
520 Structures - Special Drainage 

Shop and Buildinq Expense 
590 Operating Expense of Shop 
595 Maintenance of Buildings and Grounds 

Costs Not Chargeable to other Ma.intenance Functions 
601 Stores Expense 
612 Sign Shop Expense 
614 Holiday Pay 
615 Radio Rental 
616 Overhead Charges 
617 Non-Classified Maintenance Costs 
619 Maintenance Research 

Accounts Receivable 
621 Accounts Receivable from Outside Sources 

' Purchase of Equipment, Buildings and Land 
640 Purchase of Major Equipment (licensed) 
642 Purchase of Buildings and Land 
643 Purchase of Rest Area Sites 
645 Purchase of Major Tools and Shop Equipment 
646 Purchase of Minor Equipment 

Other Capitalization Costs - Equipment, Buildings and Land 
647 Major Equipment - Other Capitalized Costs 
648 Buildings and Land - Other Capitalized Costs 
649 Minor Equipment - Other Capitalized Costs 

Inventory 
650 Equipment Parts Inventory 
655 Petroleum Products Inventory 
670 Road Materials Inventory 
690 Central Supply Inventory 

Equipment Expense 
700 Equipment Maintenance Expense 
701 Equipment Maintenance Expense (Field Personnel) 
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DATE : 19 NAME : EMP NO 

UNIT No. I MILES A.M. P.M. LODGED AT: 

I 1-1 START 

QUIT HOURS. WORKED: 

NATURE OF WORK UNIT No. SECTION MILE FUt«:TION HOURS 

WORKED 0PRAT'G 
MR. WITH ME UNITS 

REMARKS: 

FORM 20 (10M BKS. 2-6SJ "BUY NORTH DAKOTA PRODUCTS" TH£ PI£~CE CO •• f'ARGO 

Figure F-1. Maintenance Time Card. 
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Form 22-1-1 Rev. 2-15-71 Figure F-2. North Dakota State Highway Department 
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NORTH DAKOTA STAT~ HIGHWAY DEPARTMENT 
Figure F-4. DISPOSAL REPORT 

-···--··-·.-

Central R f. No. District Ref. No. 
0 - 005J 

DEB IT CREDIT 

Dist. 
Unit, Hwy., Lot., Bldg., Tank, 

. Dist. 
Unit, Hwy., Lot., Bldg., Tank, 

DESCRIPTION Dr. 
Project, lnv., Allot., FUN CT. 1 Cr. 

Project, lnv .• Allot., FUN CT. OBJ. a 
Rest Area, Clm. No. Rest Area, Clm. No. 

Y. UNIT TOTAL PRICE 

Oill-lix 61 Il JOOl 06 011 670 310 63 9 ~5+ 5765 31 

Gravel O.N. 61 Il J002 06 011 670 311 (63 ) 2 ~7 (1619 1C 

Road Oil 61 I1 H46o 67700 670 I 302 (12 89) 2 20- (411.;6 21 

Road Oil 61 m. 041 421 61 I1 H46o 67600 670 302 5 :;: 65 22 f"V 

)'~ 

Road 0.;1 61 !U 200 421 61 Il H46o 67600 670 302 ., 
., 0 3\: 65 107 2~ 

Oil Kix 61 m. 200 421 61 Il JOOl 00 226 670 310 5 10 71 6",... :70 1: 

Sand 61 Hl 049 412 61 Il J004 94 108 670 313 >5 5 31 203 ":1:: 
,.I. 

; 

' Oil :UX 61 Il JOOl 49 102 670 310 e: 10 7 32 4398 '45 
-'-

Gravel 0.1-1. 61 Il J002 49 102 670 311 (e: 10) 1 99 (1194 00 

Road Oil 61 Il H46o 67700 670 302 (10: )7) 31i? (32Cl4 ,45 

Road Oil 61 Hl 049 431 61 Il H46o 67600 670 302 1 00 34lr 524 9~ 
' 

Oil !·:ix 61 Hl 049 431 61 Il J001 94 108 670 310 !to 8 55 346 C-< 

Road Oil 61 Hl 021 412 61 Il H46o 67600 670 302 75 )64c 209 8: 

Chips 61 Hl 021 412 61 Il J005 21 076 670 . 314 37 6 '+9 240 1: 

Sand 61 Hl 021 412 61 Il JOo4 21 076 670 313 !t8 4 eo 23C 2.;.( 

Oil!·~ 61 Hl 021 411 61 Il JOOl 21 076 670 310 2 13 ~a 2712: 

.. - I I 
PAGE' TOTALS' 

1---Jacob PaUl· ,. ~ i ' Sept 12: l97~ Prepared By Date i 
.... 

" 26 : 

157 DEBIT 12,83210: 
43 CREDIT TOTALAMOU .._ 

form 8-4-1 (Rev. 12-6-741 O;strict I 6 I I -
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Figure F-6. Maintenance Management Report HWl· S30-BB. 
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APPENDIX G 

TENNESSEE BUREAU OF HIGHWAYS' 

Recording and Reporting Methods for Highway 

Maintenance Expenditures 

INTRODUCTION 

The 4,126,000 residents of Tennessee operate 2,467,000 motor 

vehicles on 78,666 miles of highways of which 9,832 are under 

state control. The state occupies 42,244 square miles from an 

elevation of 182 feet to 6,643 feet above sea level. Mean minimum 

and maximum temperatures are 22 and 92°F with average annual 

moisture ranging from 40 to 76 inches. 

The Tennessee Bureau of Highways has a $38,485,000 mainte­

nance budget. This budget will be utilized by its 4 Regions and 

23 Maintenance Districts to maintain 23,500 lane miles of highway. 

Each maintenance district is divided into county maintenance units 

for a total of 95 county units state wide. Maintenance supervisors 

are in responsible charge of the county maintenance units with 

assistance from crew leaders. Supervisors report to the District 

Maintenance Engineer who in turn reports to the Assistant Regional 

Maintenance Engineer, the Regional Maintenance Engineer and the 

Regional Engineer. The administration of the maintenance program 

for the Director of the Bureau of Highways is performed at the 

central office level by the Maintenance Engineer. 

The basic maintenance recording and reporting system was 

developed in 1971 by Roy Jorgensen and Associates. A parallel 

recording system is being utilized. The recording system is a 
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manual system used in the field with electronic data processing 

utilized to compile and produce the reports. 

RECORDING SYSTEM 

The Tennessee Bureau of Highways Form MM-1, "Crew Day Card" 

(Figure G-1) and Form MM-5, "Maintenance Activity Sunnnary" (Figure 

G-2) are utilized to collect maintenance activity information. The 

types of information obtained on these forms includes; 

1. Activity performed 

2. Location activity performed 

3. Manpower utilization 

4. Equipment utilization 

5. Material utilization and 

6. Accomplishments 

The Crew ~ay Card is filled out by the crew leader who usually 

has a title of foreman. These cards are color coded and pre­

printed (as possible) based on programmed activity levels with 

information including crew size, system, region, maintenance 

activity and equipment and accomplishment units. The color code is 

briefly described below: 

Red. The red Crew Day Card is filled out for routine mainte­

nance activities that normally stay within the planned maintenance 

program levels. Such items as painting centerline, sign replace­

ment, sign cleaning, grading shoulders, clean culverts, etc. are 

within this category referred to as Routine Limited Maintenance (RL). 
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Blue. The blue Crew Day Card is filled out for routine 

maintenance activities that are often in excess or less than the 

planned maintenance programs. These items are dependent to a large 

extent upon environmental conditions such as rainfall. Crack pouring, 

surface replacement, concrete patching, clean and reshape ditches, 

etc. are maintenance activities within this general category re­

ferred to as Routine Variable maintenance (RV). 

Green. The green Crew Day Card is filled out for emergency 

maintenance such as bridge repair, excessive spot premix patching, 

accident cleanup, etc. This general category of maintenance is 

identified as Routine Unlimited (RU). 

Orange. The orange Crew Day Card is filled out for overhead 

items such as bridge inspection, stockpiling, ferry operation, 

road patrol, etc. This general category of maintenance is identified 

as Overhead (0). 

Yellow. The yellow Crew Day Card is filled out for special 

maintenance authorizations that are originated by the Regional 

Maintenance Engineer. Resurfacing and seal coat operations are 

usually included in this category. This general category of 

maintenance is identified as Special Authority maintenance (SA). 

White. The white Crew Day Card is filled out when the supply 

of preprinted cards has been depleted. 

The Crew Day Cards are filled out daily and sent to the district 

office where a clerk transfers the data biweekly to the Mainte­

nance Activity Summary. 

Details of these reporting forms are presented below: 
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Location 

Each maintenance activity is performed at a specific location 

on the highway system. This location is designated by recording 

the following information: 

1. District. A two digit numeric code from 11 to 16, 21 to 25, 

31 to 37, and 41 to 45 is utilized to designate the district by 

regions. The district numbers can be assigned to regions as 

required. 

2. County. The maintenance unit operating in a county is coded 

by a two digit numeric code from 1 to 95. The county code can be 

utilized as assigned to specific districts and regions. 

3. System. The highway system is identified by a two digit 

code. This code is utilized to identify Interstate Highways 

from other types of highways. 

4. Crew. The crew leader's name is recorded on the Crew Day 

Card but not on the Maintenance Activity Summary. These data 

cannot be reported for specific crews unless special codes are 

assigned and recorded. 

5. Segments. Particular segments of highways on which the 

maintenance activity was performed are not presently recorded. 

_Information is not recorded which indicates in what lane 

the maintenance activity was performed. Designation of the mainte­

nance function or activity indicates if the maintenance action was 

performed on the pavement, shoulder, roadside, etc. 

Activity 

Maintenance activity numbers are utilized to designate the 
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maintenance activity performed (Table G-1). Seventy-one mainte­

nance activity numbers are presently utilized and are divided into 

district activities and regional activities. Regional activities 

account for about 30 to 35 percent of the maintenance expenditures 

and about 25 percent of maintenance activity codes. The codes are 

further sub-divided into categories for reporting programs on the 

Crew Day Card as described above. These categories are; 

1. Special Authority (SA) 

2. Overhead (0) 

3. Routine Variable (RV) 

4. Routine Limited (RL) 

5. Routine Unlimited (RU) 

Manpower 

Manpower utilization for a particular maintenance activity is 

recorded. The individual employee is indicated by name and the 

regular and over-time is recorded to the hour on the Crew Day Card. 

Manpower is not reported by the individual employee on the Mainte­

nance Activity Summary. Man-hours are reported by the day for 

standard crew sizes and nonstandard crew sizes by maintenance 

activity. Man-hour totals are reported for the biweekly report period. 

Equipment 

Equipment utilized for a particular function is recorded. Each 

item of equipment is designated by a 6 digit equipment code. 

Equipment use is charged out daily by the hour or mile, depending on 

the type of equipment. A written description of the equipment is 

also entered. 
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Materials 

Materials utilized for a particular function are recorded daily. 

A written description of the material is entered together with the 

units of measurement and the amount of material utilized. Materials 

utilized are reported to the nearest 0.1 unit. Material codes are 

utilized to describe materials on the Maintenance Activity Summary. 

This code is a five digit code. 

Accomplishments 

Accomplishments are reported in terms of work units as defined 

by work standards. Tons, man-hours, and lineal feet are commonly 

used work units. Accomplishments are reported for the entire crew 

and are recorded to the nearest 0.1 unit. Accomplishments are 

reported for both standard and nonstandard crew sizes on the 

Maintenance Activity Summary. 

COLLECTION AND PROCESSING OF RECORDED DATA 

The Crew Day Card is filled out daily by the crew leader or 

foreman for his crew. The recorded information is checked by the 

Foreman II (county supervisor) and sent to the district office where 

the-data are transferred to the Maintenance Activity Summary by a 

district clerk. Two copies of the Maintenance Activity Summary are 

sent to the central office, one copy to the Regional Office and one 

copy is retained in the district. Key punching of data is performed 

in the central office. Reports are prepared from these data at the 

district level by a manual process and from the central office by 

the use of electronic data processing equipment. 

G-6 



An estimate of the recording and reporting expenses was not 

obtained. However, it was estimated that the crew leader requires 

about 10 minutes per day to report the daily work activities. 

REPORTS 

Five reports are produced from the collected data. The Work 

Performance Report is prepared manually. All other reports are pre­

pared at the central office by electronic data processing equipment. 

A brief discussion is presented below indicating the types of data 

contained on these reports. 

Work Performance Report. This report is compiled by hand every 

two weeks by the district clerk at the end of the reporting period 

(Figure G-3). A copy of the district reports are sent to the regional 

office where the region report is completed by hand to include re­

gional statistics. The regional compilation takes about 1 week. 

The 4 regional reports are compiled into a state summary manually 

requiring about an additional 7 to 10 days. This report is primarily 

utilized at the District level or Regional level. 

For each maintenance activity the work quantities, man-hours and 

man~hours per unit of accomplishment are recorded for each county 

maintenance unit together with district totals for the activity. 

Work quantities and man-hours are reported for the current reporting 

period, year-to-date totals and the annual programmed quantities. 

Man-hours per unit of accomplishment are reported for year-to-date 

together with the work standard for the activity. 
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Cost Distribution Report. This report summarizes labor, equip­

ment and material costs together with total costs by activity 

(Figure G-4). These reports are calculated for the county mainte­

nance units, districts, regions and for state wide totals. Inter­

state costs are separated from other "types of highways" costs. The 

reports are prepared monthly and reflect year-to-date costs. These 

reports are utilized mainly at the state level. 

Materials are costed at the time of use on the roadway. In­

ventory accounts are utilized for stockpiles. 

Evaluation of Work Load Plan. This report is the basic manage­

ment report and it is compiled to reflect County, District, Region 

and State quantities (Figure G-5). The report is printed quarterly 

and prepared by the highway system (Interstate and other) and by 

Maintenance Activity Group (Routine Variable RV), Routine Limited (RL), 

Routine Unlimited (RU), etc. Annual planned and year-to-date 

quantities are reported for crew days, man-hours, and accomplishments. 

Man-hour per unit of accomplishment and daily productivity quantities 

are reported on a year-to-date basis together with the standard 

quantities. The percent standard achieved is the actual accomplishment 

divided by the standard accomplishment. This report is distributed 

to the Districts and Regions for evaluation. 

Crew Usage and Performance Report. This report is prepared 

quarterly and distributed to the District and Region to evaluate 

crew size and performance against standards (Figure G-6). The 

report is prepared for a specific district with county unit totals 

displayed by maintenance activity. Standard crew size performance 
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is compared to nonstandard crew and both are compared to the work 

standard. The report is prepared by District and Maintenance Activity 

Group. 

Annual Work Quantity and Planning Value Analyses. This report 

is prepared annually to evaluate this year's planned activities and 

to adj"U"st planning values for next year (Figure G-7). Districts are 

regions receive copies of these reports. 

The reports are prepared by regions, by highway system, and by 

Maintenance Activity Group. The report is printed by maintenance 

activities for each District within the Region. 

The following information is displayed: 

1. Planned and Accomplished work units together with the per­

cent or ratio of accomplished to planned units, 

2. Inventory units for each District, 

3. Standard and actual work units accomplished for each work 

unit, 

4. Planned and actual man-hours together with the percent or 

ratio of actual to accomplished man-hours, and 

5. Standard versus actual man-hours per accomplishment unit. 

Reports are utilized for fiscal control, by reviewing expend­

itures to date on the Cost Distribution Report; for monitoring 

program execution by comparing annual planned and accomplished work 

units to date on the Evaluation of Workload Plan Report; for allocation 

of manpower by reviewing the standard and actual productivity measure­

ments; and for budget preparation by reviewing data contained on the 

Annual Work Quantity and Planning Value Analysis Report. 
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Presently maintenance activities that appear to be contrary to 

planned budgets due to productivity problems or poor planning must 

be located by a detailed review of the reports. Exception reports 

are presently not a part of the reporting system. 

OTHER ITEM 

The Tennessee Bureau of Highways is satisfied with the reliability 

of the existing system although improvements can be made. The re­

cording system utilizes crew leaders to record information rather 

than the individual maintenance employee. These data are then trans­

ferred to the Maintenance Activity Summary by a district clerk which 

should improve data accuracy. It is believed that this approach to 

recording data improves the reliability of the information. 

The recording and reporting system can be altered by direction of 

the central office staff as the need arises. An annual meeting is 

held by the central office staff with district and county maintenance 

personnel to obtain feedback on the performance of the system. Changes 

in the management system are directed by the central office. 

Data collected are stored for. about an 18-month period within the 

central office; then it is stored on film for an indefinite period 

of time. 
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Figure G-6. Crew Usage and Performance Report. 
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SU.L IVAN 
UNICOI 

DISTRICT TOTAL 

----420 SPOT PREMIX'PATCHING···----· 
JOHNSON 

0 I S T R I :::: T TOTAL 

• 475 REPAIR ~fi-CUARORAIL---·--~---------· 

4 -. ·~. 
0· 
1 
4 
9----------

0 
0 ....... ----·-

184. 26 
0 0 

48 6 ·-· 
168 32 
400 ... --- ----- "64 -· -. 

0 0 
0 ------..... 0 - - .. 

7.08 
.oo 

8o73 
5e25 
6e30 

.oo 

.oo 

SULLIVAN 1 40 107 o37 
DISTRICT TOTAL ···--------------·1··-----------·o-----------·107···-------.37 

.. -

2 
1 
4 
2 
9 

2 
2 

0 
.......... --. 0 

---.-76 REPAIR CUI DE POSTs------·------------·-------------------------·---·----------- .. ·. 
· CART~R 0 0 0 

DISTRICT TOTAL------------------ ·o-·- 0 --------------... 0 .... 

·- __________ ..., ___ - ----- -----· ---· ------- .. -- ·- ···-··- -·-

.oo 
·.oo · 

2 
.. ..... 2 

. 64 8 
40 6 

224 22 
80 12 

408 48 

136 16 
136 16 

0 0 
.. 0 0 

~· 55 
64 55 

j 'I 

...... 
MH/ACC 

· e.oo 
6.67 

10.32 
6o67 
8.55 

8.so 
8e50 

.oo 

.oo 

lel6 
lel6 

I 

PAGE 1 

CO"'flf"'f'O 14H/ACC 
TO DATE STANOAqO PCT 

7. 29 t.oo 729 
1'>.67 1. 00 667 

10.00 1. 00 00 
5.1'14 t.oo 564 
7e27 s.oo 727 

8.50 1.00 850 
8.50 loOO 850 

.37 t.oo 37 

.37 s.oo 37 

1.16 t.oo 116 
lel6 t.oo ll6 
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Figure G-7. Work Quantity and Planning Value Analysis 
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D~STRICT ACTIVITIES 

401 Spot Premix Patching' (RU) 
402 Crack Pouring (RV) 
406 Surface Replacement (RV) 
410 Spot Premix Patching (RU) 
411 Concrete Patching (RV) · 
412 Joint Repair (RV) 
415 Surface Treatment Patching(RU) 
419 Other Surface Maintenance (RV) 
420 Spot Premix Patching (RU) 
425 Grade Shoulders (RL) 
426 Reshaping Shoulders and 

Pulling Ditches (RV) 
427 Patch Gravel Shoulders (RV) 
429 Other Shoulder Maintenance(RV} 
430 Clean and Reshape Ditches (RV} 
431 Clean Culverts & Pipes (RL) 
432 Repair Minor Drainage (RV) 
433 Clean Catch Basins (RL) 
434 Other Drainage Maintenance (RV) 
435 Machine Mowing (RL) 
436 Slope Mowing (RL) 
438 Brush Cutting (RV) 
441 Roadside Cleanup (RL) 
442 Service Litter Barrels (RL) 
443 Clean Up Roadside Parks (RL) 
444 Rest Area and Weigh Station 

Maintenance (RL) 
445 Fence Repair (RU) 
446 Mechanical Roadway 

Sweeping (RL) 
447 Manual Roadway Sweeping (RL) 
449 Other Roadside Maintenance(RV) 
450 Clean Bridges (RL) 

'I'abl.e G-1. JVlaintenance Activit,;;: Nu bers 

DISTRICT ACTIVITIES REG ON ACTIVITIES 

451· Minor Repair of Bridge (RU) · 
452.Repiace Expansion Seal (RV) 
459 Other Bridge Maintenance (RV) 
460 Plow Snow (RU) 
461 Spread Chemicals (RU) 
462 Stockpile and Load Snow 

Removal Materials (RU) 
469 Other Snow and Ice (RU) 
472 Minor Sign Repair (RU) 
474 Clean Traffic Signs (RL) 
475 Repair Steel Beam 

Guardrail (RU) 
476 Repair Guideposts (RU) 
477 Paint Guardrails and 

Posts (RL) 
479 Other Traffic Services (RV) 
482 Accident Cleanup (RU) 
489 Other Extraordinary 

Maintenance (RU) 
492 Ferry Operation (0) 
493 Stockpiling Material (0) 
494 Building and Grounds 

Maintenance (0) 
495 Road Patrol (0) 
496 Field Maintenance 

Supervision (O) 
498 Inclement Weather and 

Standby (0) 

400 Maintenan e Improvement (0) 
403 Continuou Premix Patching (RV) 
404 Resurfaci g (SA) 
416 Seal Coat ng (SA) 
421 Continuou 
422 Seal Coat 
43 7 Chemical < 

Vegetatio1 
439 Maintenanc 

Areas (RL 
440 Reseeding 
453 Paint Bri' 
454 Major Rep< 
4 70 Paint Cen1 
4 71 Paint EdgE 
4 73 ·Sign Replc: 
480 Slide Rem< 
481 Major Sett 
483 Emergency 
490 Rest Area 
491 Interstate 
497 Bridge In:: 

Premix Patching (RV) 
ng (SA) 
::mtrol of 

(RL) 
= of Landscaped 

~nd Mulching (RV) 
Je (RL) 
Lr of Bridge {SA) 
~rlines (RL) 
Lines (RL) 
~ement (RL) 
tal (RU) 
.ements (RU) 
!ridge Repair (RU) 
~ttendants (Q) 
Emergency Patrol (O) 
>ection (0) 



ACTIVITY GROUP- LIMITED 

** 441 RCAOSIDE CLEANUP 

Figure G-8. 

STATE OF TENNESSEE - DEPARTMENT OF HIGHWAYS 
MAINTENANCE MANAGEMENT SYSTEM 

CREW USAG~ AND PERFORMANCE REPORT 
PERIOD FROM 07-01-75 TO 12-31-75 

DISTRICT 15 REGION l KNOXVILLE 

blOUNT 57 1,364 357 _____ 3.82 -----·-· 9 ______________ 144 ---------. 44 
-------------KNC!X·--------------"i62----3~84B·-----y~Ol4 3.79 101 1,388 522 

----ki.J,~RlYE 38 9<HY ·-1 i6---"f~ 76 ______ 56 _______ sir----·-iai·---
-~,--_-__ -_-_-_-_-_-o"' __ -.. !...,~!R ~.C.!::.:!QI~~ 257 l:!A:I? _____ !.•.':t~l., ___ '.!_:I·~---_:_ __ !~_6 _______ ~~34~.=--=-~J4a--
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i BLOUNT 25 416 3~7 1.05 41 984 611 
··---··-------· ·- N x · ---···-------------4;r-----3~s-----·-4oi·-------~9o _________ .4 _______ 4o· ·------ ·46 

!___ ---~t;~AtTE 45 11.2 1,()87 .66 14 ifi 3so·--E----- _..2J.~! f{ ;_~ L~tu'r"Ac------ris 1, 49_6 ! ... ~:~x _____ ; !'J -~~-----~ ~) 3..~:-=--=:=l-;2:f!."!. __ 
j ~ 443 CLEANUP RUSIDE PARKS . . 
' ULCUNT 2 32 . 20 1.60 6 152 · 26 1----------------KNox ··-----------35--.----·ssz-----u4·-----4.a4----o·----------··a---------···a··--

·'l. l'i1Ji'lRo'i: 4 64 9--t~n o --a o·-
; ____ o r~!~!-~.!_--rar AL . 41 64_!l _____ 14~ 4:;~~--------6-______ !A~-----~~--

446 MECH. ~DWAY SWEEPING 
iH rH!o\IT 1t-. ? (1/1 " 

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

PAGE 20 

,.., "• .,_,. ___ <;QMBI NED .. J:!H/AC.C.. ______ _ 
1H/ACC TO DATE STANDARD PCT 

--~"'67 ______ 2.59 ________ ~.14: 12J. .. 
• oo 2.42 2.14 11~ 

--~00 3.08 . 2.14 1•4 
2.67 2.79 2.14 130 

4 .. 80 ___ 2. 35 
• 72 • 74 
.oo 1.41 

--· --~ 77 ----····· - -.78 -
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.90 .. 82 

.90 157 

.90 57 
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SYSTEM INTERSTATE 

Figure G-9. 
STATE OF TENNESSEE 

DEPARTMENT OF HIGHWAYS 
COST DISTRIBUTION BY WORK ACTIVITY 

PF.RIOO FROM 07-01-75 TO 03-31-76 
REGION NASHVILLE DISTRICT 34 PAGE 306 

-~~~~-LLT __ .}_ y ___ LI_Y.."'-"o'-"'•'-"o'-"o--_._T70T AL_._HJRJS,___~:-:-: ::-=--~· 0!..,;0"-""~'~--~- ~ ~ ~ ~~t; X P E N 0 I T U R E S D J L L A R S ............ o 
NO. DESCRIPTION QUANTITY WORK UNIT LABOR EQUIPMENT MATEI tAL TO.TAL ___ _ 

SPOT PREMIX PATC!-iiNG ..... 41.9 _____ TONS-MDL ____ . ______ _J_,455.12 _______ 419.31 _____ >02.80 _______ 2,377.23 __ .. _ 
... OTHER SURFACE _____________ 56.0 ____ MAN HRS.___ 216.72. _20.41 ________ .oo. _ .237.13 

SPOT PPFMTX .PATCtiJN<L .. 29or_ _____ TONS-t·1f~. 681.12 _105.76 ___ --'----- ~~-().49 ______ 1,143.28 __ 
OTHF.R SHOULDER ·-------. 506.0 MAN HRS. _l ,958.22 860.97 ~(>7.40 __ 2,986.59 

430 CLEAN/RESHAPE DITCH 2t500.0 LF CLEAN 185o76 113.78 .00 299.54 
431 CLEAN CULVfRTS/PIPES 89.0 NO CLEAN 340.56 44.98 oOO 385.54 
433 CL FAr.J CATCH BAS INS ----------- 2 50.0 ... NO ClEAN_··-------·--·----·--... 464.4) ..... ___ ___ 122.80 --------- o 00 ----------- 587.20 
434 OTHER DRAINAGE 472.0. MAN HR$. 1,826.64__ _400.94_____ .00 __ 2,227.58 

__ 435 _ MACHJ"'E MOWING .... __ 2,213.6 _____ ACRES &,599.t4 7,425.80 ________ .OQ _____ l6t024.94 ___ _ 
437 CHF.MICAL CONTROL-:-VEG _31 ,059.0 GAL CHEM 832.05 755.09 ---~ll.J ;v. 39_ 8,109.53 
438 BRUSH CUTTING 1,026.0 MAN HRS. 3,970.62 471.21 .00 4,441.83 
439 MAINT-LANDSCAPED ARS 376.0 MAN HRS. 1,455.12 180.67 .00 1,b35.79 

.441 Rf1AflS!D.E r:lEANUP _______ 146.7 _R/H f>-MI. _________ 3,722.94 .. ----------567.65 -------------· ....... 00 ______ 4,29).59 
442 . SERV. UTTER BARRELS _886.0 ___ NO SFRV.__ _l.,7l8.28. 588.63 _.QQ Z,306.9l ___ _ 

____ .443 _CLEANUP RDS IDE .. PARKS ___________ 19.0 ·--- !110 CLEAI'f 750.78. ~_164.13_ .00_ __ 914.91 
44~ .... .FENCF. RFPA IR l ,097. 0 ____ LF-FEN. ___ --~'068.12 _________ _l85.39. ------- -----• OQ_ _1 ,2~53 .51 ___ _ 
446 MECH. RDWAY SWEEPING 32.0 Mf-SWEPT Ql.92 125.96 .00 187.88 
447 MAN. ROWAY SWFEf>ING 72.0 MAN HRS. 278.64 32.03 .00 . 310.67 

, ____ 449 OTHF.R ROADSIDE ----------· 308.0 MAN HR.S. ___________ l,l91.96 _________ . 286.59 _______ . 24.00 ___________ 1,5J2.55 ----·-
___ 451 . MINOR BRIDGE REPAll! ~t251.0 _____ MAN HRS• ~_,711.37 (u270.40 ____ 3~, :95.7~ ~J,877.48 
__ 46L. SPREAD CHEMICALS... 446.0 ____ MAN HRS. __ 1.t 726.02 ____ $62.2& ~ >?2. 7~ __ _]',641.03 ___ _ 

462 STKPILING SNOW CHE~. 13.0 MAN HRS~ .. 50.31 123.54 .oQ 173.85 
469 OTHER SNOW AND ICE 95.0 MAN HRS. 367.65 26.18 .00 393.83 
470 PAINT CENTERLINE$ 130.9 Ml PAINT 1,501.56 1,332.07 5, '53.05 8,786.68 
471 PAINT EDGEL INF. ··-------·----- 21.7.8 MI PAINT _________ ._?,027.88 _________ t,910.47 ___________ ,?Jb ~13. 75 _______ 24,152.10 

__ 472 MINOR SIGN REPAIR __ ll2.0 ____ NO Sli.NS 402.48 . __ 73.37 .00 475.85 
__ 473 SIGN REPLACEMENT .. 28oQ ___ I\IO SIGN$ ~37.31_ 86.7Q 1_1_,?.10 l~-49&.ll=== 

... ~75 REPAIR SB-GUARDRAll 618.5 NO FEET. __ tr609.92 }85.23. 2 .. 8.18 2,723.33 ____ _ 
476 .REPAIR GUIDE POSTS 681.0 NO REPRO 1,486.08 249.79 .00 1,735.87 
479 OTH TRAFFIC SERVICES 115.0 MAN HRS. 445.05 143.13 .00 588.18 

-.~82 ACCIDENT CLEANUP -------- 8.0. MAN HRS.. . 30.96------------ 9.15 ------------- ---~00 ------·---· 40.11 
_48~-~~ OTHER EXTRAORD MAINT -~6.0 MAN.!:::IRS~. Z16.72 86.75 _.00 ______ 303.47 

496 FIELD MTC SUPRVISION _ 8.Q ____ MAN_HRS• _.37.68_ .11.06. .00 - .. 48.74 
--497-BR JOGE. INSPECTION----- 1_,014.0 ______ MAN HRS._____ _ __ :;_,881.20 _______ 419.82 ------- • 00 _ _p_,301.02 --- -----

' --498--- INCLEMENT WEATHER _______ - 16.0 MAN HRS. 61.92 62.07 .00 123.99 
I 499 NON-SYSTEM MAINT. 16.0 MAN HRS. 61.92 26.74 .oo 88.66 

~----- rorii:--iu:-icr-~yj_i"iEs ·-----~=~- ------ ---------------~~~~~~~!~~=~=~~~~?~~-.8~ ------~~-~-~-~-----Ih 8~-~-~~---~~=~:~~~~4, 1.73.56 

r·---------------------------------------- --- ·-·- -
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APPENDIX H 

WASHINGTON DEPARTMENT OF HIGHWAY'S 

Recording and Reporting Methods for Highway 

Maintenance Expenditures 

INTRODUCTION 

The 3,429,000 residents of Washington operate 2,370,000 motor 

vehicles on 75,098 miles of highway of which 11,800 are under state 

control. The state occupies 68,192 square miles from an elevation 

of 14,410 feet above sea level to sea level. Mean minimum and 

maximum temperatures are 8 and 92°F with average annual moisture 

ranging from 8 to 120 inches. 

The Washington Department of Highways has a $40,000,000 yearly 

maintenance budget. This budget will be used by its 6 districts to 

maintain 17,000 lane miles of highways (7,000 center line miles are 

under state maintenance). 

Six districts comprise the Washington Department of Highways. 

Each district is divided into Maintenance Divisions resulting in a 

total of 31 Maintenance Divisions state wide. Maintenance Divisions 

are further divided into Maintenance Sections resulting in a total 

of 134 Maintenance Sections, in the state. 

Supervisors are in responsible charge at the Maintenance 

Section with assistance from Maintenance Lead Technicians. Super­

visors report to the Maintenance Division Superintendent who in turn 

reports to the District Maintenance and Operations Engineer who is 

responsible to the District Engineer. The overall administration 

of the maintenance program in the Washington Department of Highw~ys 
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has been delegated by the Director of Highways to the Assistant 

Director of Maintenance. 

Development of a management information system was initiated 

in 1964 with the assistance of a consultant. In the 1967 period 

the highway department developed a Maintenance Control System, a 

subsystem to the management information system with the consultant 

acting as a member of the research and development team. The 

developed system was tried on a trial basis in 4 divisions with 

the majority of the system implemented in 1968. A performance bud­

get was first prepared for the 1969-1970 biennium based on data 

collected as part of the maintenance management system. The manage­

ment system has remained under development with further changes 

anticipated in the future. 

A combination of manual field data input is coupled with electronic 

data processing to compile and produce the reports. The compilation of 

field data is duplicated for independent use for payroll and ac­

counting purposes. The duplicated data are being utilized for the 

Maintenance Control System. Each basic recording document is filled 

out by the individual maintenance employee. Eight years of reliable 

performance data have been collected. Performance data for the last 

three years of record are supplied to the district to aid in plan 

and budget preparation. 

RECORDING SYSTEM 

Washington Department of Highways Form 174-036, '~aintenance 

and Shop Labor Reporting Form" is utilized to collect maintenance 
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activity information (Figure H-1). The type of information re­

corded on this form includes; 

1. Activity performed, 

2. Location activity performed, 

3. Manpower utilization, 

4. Equipment utilization, 

5. Material utilization indirectly, and 

6. Accomplishments. 

Details are presented below. 

Location 

Each maintenance activity is performed at a specific location 

on the highway system. This location is designated on the Maintenance 

and Shop Labor Reporting Record by designating the highway control 

section number together with the district, division and crew design­

ation. The organization code is a six digit number denoting the 

Department's organizational element within which the employee is 

assigned to work. This code can be utilized to determine the district, 

and division in which the workman was assigned. Specific information 

is recorded to denote the location of the work as follows: 

- 1. District. A number from 1 to 6 is utilized to designate 

district. 

2. Maintenance Division. A one digit number is utilized to 

designate the Maintenance Division. District and Maintenance Division 

designation is coded in· the column identified as Job Number. For 

example the code M51 would indicate the following: 
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M - Maintenance Operation (C utilized for Construction 

and P utilized for general supervision and planning) 

5 - District 5 

1 - Maintenance Division 1. 

If the labor reported on this form is for a nonmaintenance job, 

the proper engineering, administrative, etc. job number should be 

entered under Job Number. 

3. Maintenance Section. The maintenance section can be identified 

by the crew designation. The crew designation is a letter code 

normally entered after the Maintenance Operation Code. For example, 

2113B entered under "function" would designate crew B. 

4. Control Section. Control sections identify a specifc 

highway segment. Six digit numeric codes are utilized to identify 

control sections. If the workmen performed a maintenance activity 

on the highway a control section is identified in the column titled 

"Control Section or Equipment Worked on." In the case of shop 

personnel, the equipment number worked on is indicated in this column. 

Flexibility in the coding format exists to allow for an increase 

in the number of maintenance sections as required in the future. 

5. Milepost. The state has a milepost system, however, it is 

not utilized to report the location of maintenance activities. 

Attempts are presently being made to make use of the milepost system 

to report the location of the maintenance activity. 

Information is not recorded which indicates in what lane the 

maintenance activity was performed. Designation of the maintenance 

function or activity indicates if the maintenance action was per­

formed_ on the pavement, shoulder or side approach, roadside, etc. 
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Activity 

Highway Maintenance Operation Codes are utilized to designate 

the maintenance activity performed. A four digit numeric code is 

utilized to identify the Highway Maintenance Operation. The first 

two digits of the code reveal the specific accounting functions 

as shoWn. below: 

1. Physical Maintenance 

2. Traffic Control and Service Facilities 

3. Snow and Ice Control 

4. Repair of Damages Caused by Traveling Public 

5. Suspense Accounts 

6. General Functions 

The first two digits as a unit also identify the functional class. 

A list of the 37 functional classes are shown on Table H-1. 

The last two digits of the Highway Maintenance Operation 

Code as a unit are utilized to identify specific activity codes. 

Table H-2 shows an example of the codes and units utilized for 

activities associated with maintenance of drainage facilities. 

Engineering and flagging activities associated with specific 

functional classes are among the 373 Highway Maintenance Operations. 

It should be noted that special operation codes do not exist for 

portland cement concrete pavement as opposed to asphalt concrete 

surfaced pavements. Special codes exist for snow and ice removal. 

Maintenance standards exist for many of the operation codes. Usually 

about 40 to 60 of the maintenance operation codes are widely used. 
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Manpower 

The individual filling out the Maintenance and Shop Labor 

Reporting Record supplies his name, social security number, 

organization code, the starting and ending time of his shift, 

the hours worked, the type of activity performed, the location of 

the activity and the equipment utilized. Both regular and over­

time are reported. Working time is reported to the nearest 0.1 

hour. Separate Highway Maintenance Operation codes are utilized 

for supervision personnel and for delay time due to equipment break­

down. These codes are in the 6,000 series. 

As discussed above the entry under Job Number and maintenance 

crew identify the working unit to which the employee is assigned. 

Equipment 

Equipment utilized for a particular maintenance operation is 

recorded by the individuals operating the equipment. Equipment usage 

is reported by the mile or hour, depending upon the type of equipment. 

Time is reported to the nearest half-hour and mileage to the nearest 

mile. 

Each item of equipment is designated by an equipment alpha-numeric 

code._ An example of such a designation is shown below: 

6A5 - 27 

6 - indicates the equipment class 

A - indicates the district (District 1) 

5 - indicates the equipment sub-class and 

27 - indicates the sequential number of the vehicle 

in the sub-class within the district. 
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The vehicle described above is a diesel powered dump truck in the 

19,000 to 24,000 gross vehicle weight category. For each vehicle 

sub-class a rental category and depreciation schedule are assigned. 

Costs per mile or hour operated and cost per hour assigned are also 

calculated for each vehicle sub-class. Twenty-four vehicle classes 

have been identified. 

Materials 

Materials utilized for a particular maintenance operation are 

not recorded. Individual measurements of materials can be obtained 

by utilization of the reported •'work units" and the work standards. 

The inclusion of material usage on the Maintenance and Shop Labor 

Reporting Record is under study. A special maintenance operation code 

does exist for material haul. 

Accomplishments 

Accomplishments are reported by the individual under the heading 

"Work Units." The units reported are those designated on the mainte­

nance operation code summaries (Table ~2). For example, accomplish­

ments reported for maintenance operation 1135 (patch pot holes -

hand spread and compact with truck) are in units of tons. For 

those operations requiring a crew to perform, only one time card 

would report accomplishments in the column work units. 

COLLECTION AND PROCESSING OF RECORDED DATA 

The Maintenance and Shop Labor Reporting Record is filled out 

daily by the maintenance employee. The section leader will audit 

the entries for correct coding, total numbers of hours, and the 

breakdown of the over-time hours. Secretaries are not responsible 

for individual time reports. These daily records are transmitted 
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to the division office weekly. The district office will key punch 

the daily time sheets and combine the data monthly for transmission 

through the remote computer terminal in the district to the HQ office. 

The HQ office computer and staff are responsible for the reports. 

Monthly reports are returned to the district by the 15th of the 

following month. Yearly reports are returned within 6 weeks after 

the close of the fiscal year. 

It is estimated that about three-tenths of one percent of 

the maintenance budget is expended on recording and reporting 

maintenance activities. About 80,000 dollars of computer charges 

are utilized annually. 

REPORTS 

Several reports are produced from the collected data. A brief 

discussion of the more important reports from a maintenance manage­

ment standpoint are presented below. 

Accomplishment Reports. Accomplishment reports are prepared 

for the state as a whole, the District, Maintenance Divisions, 

Maintenance Sections and maintenance crews. Year to date totals 

and current month work units accomplished and costs are reported 

by Maintenance Operation Number. A District Accomplishment Report 

is shown on Figure H-2. Information displayed on this report is 

summarized below. 

1. Accomplishments for the year to date reported in terms 

of the standard unit (tons, lineal feet, etc.) for the maintenance 

operation. 

2. Percent of scheduled work units complete for the year to 

date. 
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3. Remaining amount of work units to be completed during the 

remainder of the year. 

4. Hours of labor expended for the year to date. 

5. Actual cost and standard cost of the labor for the year 

to date. The standard cost of labor, equipment and material is 

obtained from the work standards, man-hour per unit of accomplish­

ment standard, and an estimate of the average cost of labor to 

perform the given maintenance operation. 

6. Labor performance percent or ratio of the standard labor 

cost to the actual labor cost. 

7. Equipment standard and actual cost. 

8. Equipment performance percent or the ratio of the stand­

ard equipment cost to the actual equipment cost. 

9. Material standard and actual cost both of which are 

obtained by use of the work standard. 

10. Total actual and standard cost. 

11. Total unit cost or the ratio of the actual costs to the 

number of work units accomplished. 

12. Cost ratio or the ratio of the actual costs to the 

standard cost. 

13. Work units and costs are given for the reported month. 

Planning Reports. Several planning reports are prepared from 

information collected on the Maintenance Yearly Planning Sheet 

(Figure H-3) and the work standards information. These sheets are 

developed from input from the crew leadman and section supervisor. 

Distribution of the work units is made on a monthly basis in 
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accordance with the direction given in reference H-1. The follow­

ing reports are obtained from this information; 

1. Monthly Man-hour Distribution for: 

a. Sections (Report No. 8031) 

b. Divisions (Report No. 8032) 

c. Districts (Report No. 8033) 

d. State-wide (Report No. 8034) (Figure H-4) 

2. Budget-Aging reports showing monthly cost distributions 

for: 

a. Divisions (Report No. 8035) 

b. Districts (Report No. 8036) 

c. State-wide (Report No. 8037) (Figure H-5) 

3. Workman skill requirement reports for: 

a. Divisions (Report No. 8039) 

b. District (Report No. 8040) 

c. State-wide (Report No. 8041) (Figure H-6) 

4. Fund.Requirement Reports 

The reports described above are prepared before the beginning of 

each fiscal year. The yearly work plans in some cases are prepared 

2 to 3 years in advance. Thus, it is not desirable to compare 

scheduled or planned activities with performed activities on the 

Accomplishment reports. 

Reports are utilized for fiscal control, by reviewing cost 

to date in the Accomplished Report; for monitoring of program 

execution by reviewing the percent completion column of the 

Accomplishment Report; for allocation of manpower and equipment, 

by review of the performance percent for labor and equipment costs 

and by utilizing the Planning Reports; and for budget preparation 
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as a check to determine productivity figures to be utilized in 

calculating the budget. The reports are also utilized to justify 

budget to state legislation and have been utilized to relocate 

section boundaries. 

Presently maintenance operations that appear to be contrary 

to planned productivity and budgets must be located by a detailed 

review. Exception reports are presently not a part of the re­

porting system. 

OTHER ITEMS 

The Washington Department of Highways is very happy with the 

reliability of the reported data. HQ office checking is performed 

selectively. 

The recording and reporting system can be altered by direction 

of the HQ office maintenance staff as the need arises. The HQ 

office continually works with the districts to assess the use­

fulness of the recorded and reported information. 

A standing maintenance standards committee does not exist. 

Standards are revised as necessary. 

Changes have been made in the reporting format since 1968. 

These changes are made from the HQ office usually after consultation 

with 'field personnel. The maintenance management system has been 

developed and altered by the Department of Highways with assistance 

from consultants. 

Data can be stored for an extended period of time. The last 

three years of data are routinely supplied to the districts. 
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Table H-1. Functional Classes of Highway Maintenance Operation. 

WASHINGTON STATE HIGHWAY COMMISSION 
DEPARTMENT OF HIGHWAYS 

I' 
HIGHWAY MAINTENANCE OPERATIONS 

OPERATION ' ' 

NUMBER CHART OF 
.• ,,,_1, 

FROM TO ACCOUNTS PAGE 

1100 1199 M2110 ROADWAY SURFACE I 
1200 1299 M2121 ROADSIDE REPAIRS 2 
1300 1399 M2122 CLEANING- DRAINAGE FACILITIES 4 
1400 1499 M2123 MOWING AND BURNING GRASS - WEEDS 6 

<Excluding rest and landscape areas) 
1500 1599 M2124 MAINTENANCE OF LANDSCAPED AREAS 7 

(Other than roadside rest areas> 
1600 1699 M2125 BRUSH AND TREE GROWTH ALONG RIGHT OF WAY 9 

<Excluding rest or landscape areas) 
1700 1799 M2126 WEED CONTROL 10 

(Excluding rest and landscape areas) 
1800 1899 M2130 SHOULDERS AND SIDE APPROACHES II 
1900 1999 M2140 STRUCTURES 13 
2000 2099 M2210 PATHS AND TRAILS 15 
2100 2199 M2510 SNOW AND ICE CONTROL 16 
2200 2299 M2221 TRAFFIC SIGNS, DIRECTION MARKERS, AND 18 

OTHER TRAFFIC DEVICES 
2300 2399 M2222 PAINTING OF STRIPES AND PAVEMENT MARKINGS 20 
2400 2499 M2223 REPAIRING AND MAINTAINING GUARDRAILS 22 
2500 2599 M2224 REPAIRING, MAINTAINING, AND OPERATING 23 

ELECTRICAL SIGNAL EQUIPMENT 
2600 2699 M2224 ELECTRONIC MAINTENANCE AND REPAIR 25 
2700 2799 M2225 REPAIRING, MAINTAINING, AND OPERATING 26 

HIGHWAY LIGHTING SYSTEM 
2800 2879 M2226 REPAIR AND MAINTENANCE OF ROADSIDE REST AREAS 27 
2880 2889 M2240 OPERATION OF DRAWBRIDGES AND FERRIES 29 
2890 2899 M2250 OTHER SERVICES 29 
2900 2999 M2260 ROADSIDE CLEANING 30 
3000 3999 M2310 REPAIR OF DAMAGES CAUSED BY TRAVELING PUBLIC 31 
4000 4099 M2400 DISASTER MAINTENANCE 32 
5012 5012 M2800 DORMITORY AND DINING ROOM - SUSPENSE 32 
5013 5013 M2900 SIGN MANUFACTURE - SUSPENSE 32 
5311 5319 M2700 TRAFFIC STRIPING- SUSPENSE 32 
6011 6016 M2600 MAINTENANCE - GENERAL FUNCTIONS 33 
6017 6017 M2690 MAINTENANCE - TRAINING 33 
6018 6023 M2600 MAINTENANCE - GENERAL FUNCTIONS 33 
6024 6025 M2610 MAINTENANCE - GENERAL FUNCTIONS - RADIO OPERATIONS 33 
6026 6027 M2620 MAINTENANCE - GENERAL FUNCTIONS - ADMINISTRATION 33 
6028 6099 M2600 MAINTENANCE - GENERAL FUNCTIONS 33 
6500 6530 M2630 MAINTENANCE - PERMIT FUNCTIONS 34 
6610 6610 M2150 MAINTENANCE - CETA - SUPERVISION/PHYSICAL MAINTENANCe 35 

* 6620 6620 M2150 MAINTENANCE - CETA - PHYSICAL MAINTENANCE 35 
6630 6630 M2270 MAINTENANCE - CETA - SUPERVISION/TRAFFIC SERVICES 35 

* 6640 6640 M2270 ~1A I NTENANCE - CETA - TRAFFIC SERVICES 35 
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Table H-2. Highway Maintenance Operation Codes - Example. 

NUMBER UNIT OPERATION DESCRIPTION 

FUNCTION 1300 MAINTENANCE OF DRAINAGE FACILITIES 

MAJOR JOB 1310 CLEANING DITCHES AND CHANNELS 

131 I 100 Linear Ft. Motor grader and front-end loader (may include use of trucks) 

1312 100 Linear Ft. Front-end loader only 

1313 100 Linear Ft. Front-end loader with trucks 

1314 100 Linear Ft. Motor grader(s) -(includes distributing material on shoulder 
if suitable) · 

1315 100 Linear Ft. Motor grader with belt loader with trucks 

1316 100 Linear Ft. Power shovel or clam/dragline (with or without trucks) 

1318 100 Linear Ft. Hydraulic shovel with trucks (includes backhoe type attach-

1329 None 

1331 Each 

1333 Each 

1339 None 

1341 Each 

1342 Each 

1349 None 

HWY '\lRM 541· 0 II 
f,' l• " f ~1 t t I 

ments on other equipment> 

Channel cleanup and other methods of ditch or channel cleaning 

MAJOR JOB 1330 CLEANING CULVERTS AND CROSS DRAINS 

<Run out ditches cleaned mechanically to be included under 
1310 _series) 

Manual shovel - (brushing & inspection included) 

Painting culvert marks 

Other - includes mechanical cleaning methods 

MAJOR JOB 1340 CLEANING MANHOLES AND CATCH BASIN 

Manual shovel 

Mechanical cleaning- (Vac-AI I, Eductor, etc.) 

Other methods 
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Figure H-1. Maintenance and Shop Labor Reporting Record. 
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Figure H-2. District Maintenance Accomplishment Report. 
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APPENDIX I 

WYOMING STATE HIGHWAY DEPARTMENT'S 

Recording and Reporting Methods for Highway 

Maintenance Expenditures 

INTRODUCTION 

The 353,000 residents of Wyoming operate 294,000 motor 

vehicles on 40,636 miles of highways of which 6,000 miles are 

under state control. The state occupies 97,914 square miles from 

an elevation of 3,100 feet to 13,804 feet above sea level. Mean 

minimum and maximum temperatures are -8 and 92°F with average annual 

moisture ranging from 8 to 56 inches. 

The Wyoming State Highway Department has a $15,000,000 

maintenance budget for fiscal year 1975-1976. This budget will be 

used by its 5 districts to maintain 14,620 lane miles of highways 

(6,000 center line miles) which consist of 3,820 Interstate highway 

lane miles, 6,160 primary highway lane miles and 4,640 secondary 

highway lane miles. 

Five districts comprise the Wyoming State Highway Department. 

Each district is divided into maintenance stations resulting in a 

total of 55 maintenance stations state wide. 

Foremen are in responsible charge at the maintenance station 

with assistance from crew leaders or lead men at certain larger 

stations. Foremen report to the district maintenance engineer 

who in turn reports to the district engineer. The administration 

of the maintenance program by the Superintendent and Chief Engineer 

of the Wyoming State High~y Department is performed at the central 
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office level by the Construction and Maintenance Branch through 

the Operations Division. 

The basic maintenance recording and reporting system was 

developed in the 1970 to 1971 period at the same time the 

accounting system was being revised. A parallel recording system 

is being utilized although an effort is being made to develop a 

single recording system. A manual recording system is being 

utilized in the field with electronic data processing utilized to 

compile and produce the reports. About one year of reliable mainte­

nance cost data is now available from the recording and reporting 

system. 

RECORDING SYSTEM 

Wyoming State Highway Department Form M-17, "Maintenance 

Activity Record" is utilized to collect maintenance activity 

information (Figure I-1). The type of information obtained on this 

form includes; 

1. Activity performed, 

2. Location activity performed, 

3. Manpower utilization 

4. Equipment utilization, 

5. Material utilization, 

6. Accomplishments and, 

7. Planned accomplishments. 

Details are presented below. 

Location 

Each maintenance activity is performed at a specific location 

on the highway system. This location is designated by recording 
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the following information: 

1. District. A number from 1 to 5 is utilized to designate 

the district. 

2. Maintenance Station. Fifty-five maintenance stations 

designate an area of responsibility which is headed by a foreman. 

Maintenance stations are designated by 4-letter codes designating 

the town nearest the maintenance station. 

3. Maintenance Section. Maintenance sections identify a 

specific highway segment. A total of 409 maintenance sections are 

identified by a 5 character alpha-numeric code. This code consists 

of a two-letter county designation, a two number route number code 

and a letter code indicating if the section is in a rural or urban 

location. Subsections are designated with A, B, or C, depending 

on the number of sections in rural areas and X, Y, or Z for urban 

sections. Limits of the sections are established primarily based 

on snow removal considerations. Little attempt has been made to 

establish maintenance section limits based on type of pavement and/ 

or time of construction. Flexibility in the coding format exists 

to allow for an increase in the number of maintenance sections as 

required in the future. 

The space assigned to designate the maintenance section may 

also be utilized to designate special maintenance projects with 

unique job numbers and work performed on stockpiles such as an 

oil mix process, stockpile transfer, or addition of salt performed 

under function 920. Thus either a maintenance section or job number 

may be utilized depending on the type of work. 
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4. Milepost. Begin and end milepost which designate the 

boundaries within which a maintenance activity was performed must 

be recorded for the following maintenance functions: 

412 - Equipment Leveling, 

422 - Black Seal, 

423 - Sand - Gravel Seal, 

424 - Plant Mix Seal and, 

441 - Shoulder Seal. 

461- Slides (at Geology's request) 

481 - Structures 

Mileposts which are recorded to the nearest 0.01 miles may be 

designated for other maintenance functions. However, it is the 

usual practice to designate only maintenance sections. In some 

cases only the begin milepost need be designated. For example, 

maintenance performed at a bridge can be adequately located by 

designating the begin milepost location. 

Information is not recorded which indicates in what lane the 

maintenance activity was performed. Designation of the maintenance 

function or activity indicates if the maintenance action was per­

formed on the pavement, shoulder or side approach, roadside, etc. 

Activity 

Maintenance function codes are utilized to designate the 

maintenance activity performed (Table I-1). Forty-six maintenance 

codes are presently utilized and are divided into the following 

major groups: 
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1. Surface maintenance, 

2. Shoulder and side approaches, 

3. Roadside and landscape, 

4. Drainage, 

5. Structures, 

6. Snow, ice, and sand control and removal, 

7. Traffic services, 

8. Rest areas and parks, 

9. Maintenance houses and 

10. General (Function 920, work in process) 

It should be noted that a special function code, concrete paving 

repair, is utilized for maintenance on portland cement concrete 

pavements. Some special codes exist for snow and ice removal. 

Function codes were developed with reference to the AASHO 

guides and expanded to include those activities that were a signif­

icant portion of the maintenance budget. These maintenance function 

accounts have been altered and can be expected to be further re­

vised in the future. 

Manpower 

~anpower utilization for a particular function is recorded. 

Each crew has a three digit designation. Crews which work under 

the supervision of a maintenance station are designated as regular 

(R) while district special crews such as those associated with chip 

sealing, equipment overlays are designated as district (D). 

In recording the labor utilized, two types of entries are 

made; the total number of men used and the number of hours worked 
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for monthly and hourly employees. The report is designed to be 

a weekly report except for those months that end on any day other 

than Friday. The total time worked is reported to the nearest hour 

daily and summed for the weekly reporting period. 

Separate codes are utilized in the crew designation for 

administrative personnel such as district maintenance engineers 

and central office personnel. These data are not transmitted on 

Form M-17, but through accounting using function 401-405. 

(Administrative budgets are not reported by activity.) 

Equipment 

Equipment utilized for a particular function is recorded. Each 

item of equipment is designated by an equipment number which is 

either the Wyoming license plate number or an assigned equipment 

number. This number is unique to the piece of equipment for its life. 

A 6-character alpha-numeric code is utilized for the equipment number 

always beginning with "H" if the equipment has a Wyoming license 

plate. Equipment use is charged out daily by the hour or mile, 

depending on the type of equipment utilized. For example, pick-

ups are charged by the mile while graders and other items of equip­

ment ~re charged by the hour of actual use. If a piece of equipment 

was on the job for 8 hours but was actually used 3 1/2 hours, 4 hours 

would be recorded. The total hours or miles each piece of equipment 

was utilized during the week is summed from the daily record. 

Rental equipment utilized for a particular maintenance function 

can be recorded by designating that the equipment is rented by 

placing "RENTAL" in the equipment number entry, and by indicating its 
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rental rate by the hour or mile and by recording the hours or 

miles of use daily. 

Materials 

Materials utilized for a particular function are recorded daily 

and totaled weekly. Material stockpiles have a unique number 

assigned to them. If the material in a stockpile is improved by the 

addition of oil, salt, etc., it is assigned a new stockpile number. 

All stockpiles are tied to a specific maintenance station. The site 

of the stockpile is recorded by the 4-letter code used to designate 

the maintenance station. The inventory number of the material is 

a 6-character alpha-numeric code which can be obtained from ac­

counting code manuals together with the unit of measure. For ex­

ample, Inventory number 10-2910 designates salt and the unit of measure 

is tons. SP4011 refers to a stockpile number 4011 in District 4. 

Items recorded under materials designate the source of the 

material. The location of the use of the material is designated by 

the location information as discussed above and is charged against 

the maintenance function only as it is utilized. 

Accomplishments 

All maintenance functions do not require the reporting of 

accomplishments. Those functions requiring a report on Accomplish­

ments designate the units such as tons per day, man-hours per day, 

etc. These units are recorded on the form together with the daily 

accomplishments. Daily accomplishments are summed weekly. 

It is common practice to move materials from one stockpile 

to another with or without an improvement in the specific material, 
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The stockpile from which the material was removed is designated by 

codes in the material used section of the Maintenance Activity Record. 

The site of the new stockpile is recorded under accomplishments to­

gether with the new stockpile identification number and the unit of 

measurement. 

For all maintenance functions that require a measurement of 

accomplishments, the planned accomplishments part of the form must 

be filled out. Utilization of this part of the form forces pre­

planning. The unit of measure is recorded as obtained from the 

function code together with the anticipated daily and weekly 

planned accomplishments. 

COLLECTION AND PROCESSING OF RECORDED DATA 

The Maintenance Activity Record is filled out daily by the 

lead man for his crew and summed weekly. The foreman is responsible 

for checking the work of the lead man. 

These forms are then transported to the district and checked 

at the district level prior to electronic transmission to the central 

office for processing and reporting. Secretarial type employees 

are not utilized at the station level to handle these data. Data 

are transmitted weekly to the central office and reported monthly 

to the districts. 

It is estimated that about one-half of one percent of the 

maintenance budget is expended on recording and reporting maintenance 

activities. Twenty-four thousand dollars for computer charges was 

expended in 1974. The lead men and station foremen each require 
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about 1 hour per week to complete the Maintenance Activity Record 

with an additional 2 man-hours required at the district level for 

checking input data. Thus, the average district expends approximate­

ly 25 ~an-hours per week or 100 man-hours per month to collect 

maintenance activity information. 

REPORTS 

Seven reports are being produced from the collected data. A 

brief discussion is presented below indicating the types of data 

contained on these reports: 

MR-1. Maintenance Report 1 is a copy of the data transmitted 

from the Maintenance Activity Record by the district. 

MR-2. Maintenance Report 2 indicates the errors that occur 

on the transmitted Maintenance Activity Record. It is utilized 

to locate and correct errors associated with the field report and 

thus may be considered a type of audit or exception report. 

MR-3. Maintenance Report 3 has a format similar to MR-5 

shown in Figure I-2 except it is prepared for special maintenance 

projects and other activities associated with stockpile beneficiat­

ion or moving. Selected function accounts can also be displayed 

on this report. 

MR~4. Maintenance Report 4 summarizes holding accounts, 

district overhead accounts, supervising accounts, special work items, 

function activity 920 and other items not budgeted as regular 

maintenance. 

MR-5. Maintenance Report 5 is a popular reprot and is shown 

on Figure I-2. The report is organized by district, maintenance 
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station and crew number, maintenance section, and maintenance 

function account. For each function account number the following 

information is displayed: 

1. man-hours for the year to date 

2. man-hours per unit of work 

a. actually performed for the year. 

b. expected standard obtained from maintenance 

function standard 

3. work units 

a. accomplished for the year to date 

b. planned for the year 

4. cost per unit of work 

a. actual for the year to date 

b. planned for the year based on the maintenance 

function standard 

5. Expenditures 

a. for the month reported 

b. for the fiscal year to date 

6. budgeted amount for the year 

_7. balance remaining for the year. 

Year to date totals for man-hours, expenditures for the month, year 

to date expenditures, budget amounts and balance amounts are summed 

for groups of maintenance activities such as surface maintenance, 

shoulder and side approach maintenance, roadside and landscape 

maintenance, etc. The same information is summed by highway section 

and maintenance crews. 
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MR-6A. Maintenance Report 6A is a summary report organized 

by district, maintenance station and crew number. For each crew 

number the annual budget is displayed together with expenditures 

for the.reporting month, expenditures for the year to date, remain-

ing balance for the year to date and the percent expended to date. 

In addition the report presents separate summaries on a district-

wide basis for interstate, primary and secondary highway snow 

removal. This report is shown on Figure I-3. 

MR-6B. Maintenance Report 6B is a summary report for the entire 

state organized into four categories, namely; expenditures other 

than snow and ice control, interstate highway snow and ice control, 

primary highway snow and ice control and secondary highway snow and 

ice control. For each district the annual budget is displayed to-

gether with expenditures for the reporting month, expenditures for 

the year to date, remaining balance for the year to date and the 

percent expended to date. 

Snow removal requires about 23 percent of the annual maintenance 

budget and hence the distribution of expenses for snow and ice control 

is of interest to the administration. Other types of reports are 

being considered by the Wyoming State Highway Department. 

Inventory control reports are prepared by the accounting branch. 

These reports contain inventory amounts, the location of the items 

and the dollar amounts. Equipment reports are also produced. 
I 

Equipment use rates are determined in the central office by the 

equipment engineer based on depreciation, operating and repair costs 

together with historical information. 
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It should be noted that man-hours are reported for the entire 

working crew. These hours are transferred to dollar values by use 

of an average cost per hour for an individual in the crew which is 

calculated by the central office. The standard man-hour per unit of 

accomplishment is obtained from the maintenance function standard. 

Work units planned are prepared by field personnel on a yearly basis 

at budget preparation time. Planned costs per unit are determined 

by use of the standard man-hour per unit of productivity and the 

average labor cost per man for the crew. Budget amounts are 

obtained by multiplying units planned by costs per unit planned. 

The various reports are prepared monthly with year to data 

totals. The MR-5 report is utilized by the district maintenance 

engineer and the maintenance station foreman. The MR-6A and MR-6B 

reports are prepared monthly with year to date totals and are utilized 

mainly by the central office and the district maintenance engineer. 

The Maintenance Activity Record is utilized by the foreman and 

district maintenance engineer to monitor weekly progress and 

productivity. Reports are transmitted to the district 2 weeks after 

the end of the month. 

Reports are utilized for fiscal control, by reviewing the 

budget, expenditures and balance columns of the report; for monitor­

ing of program execution by comparing planned and accomplished work 

units; for allocation of manpower by reviewing productivity quantities 

such as man-hours per unit of work and cost per unit of production; 

and for budget preparation as a check to determine productivity figures 

to be utilized in calculating the budget. 
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Presently maintenance function activities that appear to be 

contrary to planned budgets due to productivity problems or poor 

planning must be located by a detailed review of MR-5. Exception 

reports are presently not a part of the reporting system although 

their development is under consideration. 

OTHER ITEMS 

The Wyoming State Highway Department is satisfied with the 

reliability of the existing system although improvements can be made. 

The recording system utilized lead men and foremen to record 

information rather than the individual maintenance employee. It 

is believed that this approach improves the reliability of the 

information. It is generally believed that more reliable data 

must be obtained if the information is to be utilized as feedback 

information to design. 

The recording and reporting system can be altered by direction 

of the central office maintenance staff as the need arises. The 

central office continually works with the districts through district 

engineers meetings and other meetings to access the usefulness 

of the recorded and reported information. 

A maintenance standard committee exists which is responsible 

for revision of the standards. Meetings are held as necessary. 

Productivity rates which were originally based on time and motion 

studies plus a review of the literature have not been changed as 

sufficient information has not been collected to warrant a change. 

Equipment use charges are reviewed quarterly and revised as 

necessary. 
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Changes in the maintenance management system are directed by 

the state construction and maintenance engineer. Changes usually 

occur at the beginning of the fiscal year or at the beginning of 

the month. Few changes have been made to date as it will be 

necessary to firmly establish the system prior to making refinements. 

Data processing changes often require considerable lead time to 

change. 

Data collected are stored in the MR-5 format presently for a 

fiscal year period. A Mark IV data system is used and allows 

access to data for a prolonged period of time. 

References: 

1. "Instructions for Maintenance Reporting System, M-17," 
Wyoming State Highway Department, Revised March 1, 1973. 

2. "Maintenance Standards (Guide for Uniform Service)," Wyoming 
Highway Department, April 1, 1974. 

I-14 



Table I-1. 

WYOMING HIGHWAY DEPARTMENT 

MAINTENANCE FUNCTION ACCOUNTS 
SURFACE MAINTENANCE 

411 Hand Patching 
All dlarg<~s inclu:llny lilbor, o-ruiJ.IIT!nt a~rl n'lat.crialA usf'(t in 
repaidr¥,J •JE:ljJc.~lt ru.:tO-Iny sw fau•s, lm.:lu.i1•H patd1i11y 1-'(>t­
OOles, raWlt.'U (.>Uo:Jcs, etc., wllr.!ll tic..ne by h<~riL!. 

412 Equipment Patching 

455 Litter Control 
All d\ilrq·s irclutlii!O:J I,liJOI", tXJU.i[ttcut ard nkltcrlals used in 
gaUM">rirq lilter tlno Uc~sh fn.m thr. 11./W asld ru;:x.l surf~ to 
i.JK:lucie; rnlfNiny tlf•ad Rto<ic:, [T!IINinJ and clt.>&iJ19 wredts, 
nnuving: WN>~ls hun Ml {c>nu•, ruttjr"-J Ot-u"h or b:ees, n-
m.Nal of u-ee at~ or lJll..lf;h frUll tJ1c H,A; ard cloaru.rq c.:w:hs 
anJ <JUll.m:s on uriJan ro.:ll..}..tay s(>ctlons {out.si<.k> wq.oratc limits, 
t.o.liiS ovor 1,500 pql\.llation•. 

All dlar<;r-s inclwinq Llh:Jr, aJUilm!nt al"d liutt:'..rials usc'C.l in n........ 457 Fences 
pa.1.ring" asi-Oaltic r~<lY swf.Jo..•s. To inclu.Jt! all patdtinJ ut11- All dkU<f'S indudirq lolbJr, ("(ruiftlOlt ani materials used in re­
izing laydl.wn nud1ine, not.or qraocr or oth.•1 df-t.IHM .. 'IJ RfUl~rr·nt to Tl"l.'V<"ll, rcplacrmmt anJ r~r of fcnoes. 
}A'Itch small isoLltuJ fd.ilurcs ""' to vru-~c.U"Wr in length 

413 Equipment Leveling 
All charges including labor, n.fUil-Arcnt an.! nuterials usPd in 
leveling arrl resurldci.nq astllaltic I"Udi.Way sw fuces. Tu in­
clude all ~rk utilizing lay<..bm ~d1irc, nvtor gr.xk!r or 0"thc.r 
aR>.tOVC'll cquiprent to lrM>l or resurfuce cr.~ntinuous areas of 
cn..-quarlc.r mile l+"'..ngth or yrrotr.r. 

417 Concrete Paving Repair 
iUl charyes incluJi.ng ldh:Jr, cquirr.••nt .md rrot.crials usrxl i.n rr•­
pair of CXlflCI"ete paving. ~ ir:clu...!o:"> fi1Jdji1cking, tn.Jcrseali.nq arrl 
repair of concrete nr.tiiao <Uld mncrct.e curb .url gutter. 

418 Crack Sealing 
All dlarqes includirq l.al":nr, "1\ll("rcnt d1ld n'lilterials used in fill­
inq or sea.l,irg I'Odl;.).ld\-· surfacx.- crad:.s. 

421 Oil Surface Modification 
All charges includl.rq lalor, •..t.1u.i{Jror:t and rratcrials used ir, re­
a:niitiorung asfilaltlc surfuoes. to incluUe rer)dver q.erations, 
deslick.ing, discing, scarit}'UJ.J, ooar-1.4-1, reprvccssing ard r~ 
laying. 

422 Black Seal 
All charges incl..x.il.Ily labor, 9:}UifX'""(~t and rraterials used in 
applyi.Iq a bl.dck. seal t.o the n.~c:~<..Way surface. 'Ihe term "black 
seal* refers to work in wbJ.ch d a::JVer aggregate is not used. 
Arrf ~ ~alt1c or speciality product may be used. 

423 Aggregate Seal 
All charges includ.i.ng laLor, S".{Ui.prent am materials used in 
a!AJlying an aggregate St~al. To include <Xl'V'Cr aggregates such 
as sand-qravel, d'tips, sand and sroria. 

424 Plant Mix Seal 

All charges including labor, equipnent and materials used in 
applying a plant mix St'al. 

425 Base Repair 
All ~s including lalx>r, o:J\lir:;ttP.nt and rlolterials used in 
repa.1:1.rq the base, To_mcll..de stabilizirq bases by additives, 
r~l.J1g or gra~ ra1s1ng arrl realigrm:mt, digging rut and rc­
placmg large areas of base or sul::base failures using equi~nt. 

429 Other 
All dlarqes inclu.Jiny labor, equi.trnent, ani materials used in 
cleani.n3 railroad crossings, reshapiny gravel surfaces, side­
walk repair a1rl .my other ...urk that pertains to the roadway su,r­
faoo oot chary~le to another fun.ctia .. 

SHOULDERS & SIDE APPROACHES 

441 Shoulder Seal 
All char~'s includi~ l..b:Jt·, E."qU.i{ucnt ard nutcrials used in 
apply i.ug c1. S....'..tl to the t.>dje of tl~ mat or tJ~ ~ay sln..aldet • 

442 Shoulders 
All charycs .iJlduuir¥J l<lbor, E"q"Ui!It"Cnt and materials used in 
naintdiiUJ~ ..uLi wiUt.!ru.nJ shollldcrs. To include bl.xlu~, stwp­
i.nq an:l Wl.U..'niny n"!W or ex1.st.u~ sllOU!de.rs. 

443 Approaches 
All d\OJJ."f#.-'5 mcluctinq L .. lbor. <.J.]\U{-JIUtt an:l rrutcrid ls used in 
rt:Stvving, r0pa.il"i.nq .-ud c.X:llltitrucfi.rq di:PCo..tdlt..!s, n~~.u l l..cc tw.n­
wts, lfl:.ili~ul crossovers &Ill other SJ.ot..~'J.4li:wd widt..nlfKJ, (i.f!, 
scenic turrOJts, sru..m:::Vile wi.dl."•ninJ) • 

ROADSIDE AND LANDSCAPE 

451 Mechanical Vegetation Control 
All dldl"<J("~H inC"'hll.hnq J<l110r <Ulr.i A.Jl!lptt""!nt U.<K'\1 in nt..~<"al 
rrcwi.Jq, b .... •s 1vt w.-JUl..L.· C.'-lrr il¥1 tJf tJL't:!S dJ!d l>ru.sh or the 
1Uluva.l of lt•:...· :-.ti1LI1:i· 

453 Chemical Vegetation Control 
All dlo.ll'J'-::3 i.J,c:Ju.IU!.J l.lJOI, u.JUlllilmt ard matPl i<Jls ~00 in 
the dlt:flti.Cdl Q.X\U"Ol of vuqctaticn. 

DRAINAGE 

461 Slides 
All dlargcs inclucling Lll..x>r, equipnent ard mat.crials used in 
slid£> rcrroval and corrrction. Raroval of lOC6e rock fran the. 

""'""'"¥· 
462 Irrigation and Drainage 
All dlargcs includ.inq labor, cqui.{J:1.:'nt arrl IT"klt('rials used in 
cx:nstructil')}, cleaning ard ll'd.intain.ing roadside ditches, drain­
age an.l irrigation d1annols. The maintcnanoe of all structures 
oot <XnSidert:d a bri<\Je, excludifJ:] si::Ock structures. To in:lOOc 
cleani.I"):J, rt..t'<llriJ"l3", replacirg, thao.rirq, atrl TO>/" installations 
of undenlrdil~, siphc.n'3, pipe and box culverts. 

464 Miscellaneous Structures 
All dlarges lncludirq labor, cqui.pW-nt an:i rrot.crials used in 
maintairlirq miscellaneous structw-es. tcJ inclu:ie stockpasses, 
cattleguartis, hcadgates, diversion boxes, cril:bing, birwalls 
anti other structures of similar nature. 

468 Erosion Repair and Control 
All charges inclWi.J~g labor, equif~Yent and materials used in 
erosioo repair or oontrol. To include n~pair, rcplaciNJ or 
oonstructing dlk.es, rurdc:wns, errt>ankment protectors, rip-rap. 
JUte rrcsh anc.l other erosion oontrollin:J devi.oos. 

STRUCTURES 

481 Structures 
All charges including l.;b)r, equipmnt and materials used in 
the repair, mai.ntenance ard operation of structureS. To in­
clude bridges, overhead sign structures, pedestrian crossirq, 
0\~rhead grade separations arX3 other structures that are con­
sidered a bridge and. do not fall under "Miscellaneous Struc­
tures". 

482 Tunnels 
All dlargcs including labor, o:yuip!Ent and materials incurred. 
in tlle physical maintenance of tunnels p0rtal to p:>rtal, ex­
cludi.n:;J lightirq, sigrols or electric warning systeJrS. 

SNOW, ICE, SAND 
CONTROL AND REMOVAL 

512 Snow, ice and Sand Control 
All d1arges includin;J labor, equi(:IOC'nt ard naterials used in 
SI"Pi, icc arrl sani rarov.U. To inclu.lc retVJ"al of sno..r and 
ice, Sl~ ani ioe rercvval to q...en waterways and stDrl and ice 
Sandin]. 

513 Snow Fence Maintenance 
All charyes includir¥] labor, cquipnen.t aiid m:lterials used in 
the erectioo, rCStOVal anc.l replacarcnt of srn.r fence, or facil­
ities for the prevtmtion of th:! acCUTUlation of srn.r,ice or 
sard on the roat.Way. 

614 Avalanche Control 
All charges includiDJ lct:x>r, cquipncnt ani materials used 
to irducc controlled Sl"lOo<f slidt!s. Includes firirq of the 
l10r.1it~r arxl n.-poJ:t.iuq. lXles not im;ludd :,;n::w n.Ttoval or 
clearu'q ~atiou.~ created Uyllr.i.ra:] (\)erdtious. 

515 Road Closure 
All ch.lryes includ.in~ l.JUor, cquiJ.IliOnt and naterials USt.Jd in 
sctttng '"4'• nunnin:J di"IL.i fU"tVVin.J ro.ll.il.Jlocks. 

TRAFFIC SERVICES 

531 Traffic Lane and Guide Line 
Holding Account 

All c:hcu·<Jl's inchdi.J~ ldl..or, t..qu.i(-IIIOJ)t au.J mat.urlals, to 
r~ stripitJ..J <XJSts which dl't! oot n:ar.hly ch<U"g.:U to d 

ncu.utc~ &!l..'"t.i<-.1, " CU"l.Struction iJl"Ujt:ct, a '-Ork oroor, 
an At1~, an AJti 01.- 411 ~·. In ,vklitJon, Uuo ...tL'\U.&nt will 
be usa.i to Il"!I-XJrt AU.. l'l.Xltu\L ~'O'UISI:S incurred in tilt."> 
n.Untenancc striping WOJ."k wdec accr~tUlt SJJ, No pcrsOJlc:ll 
~ Uwt art.! illCUlruJ \o'tlt'fl stripinJ work is tbne a1 
a cawt.rucuon pnl)uct, AK>, ntc., wi U be dla&':ftd to 
acxxu-1t Sll. (h'ht:n l"l!tJI."'till<J till~~?, n.JUi~ITUlt ,rnatt."!!'ials 
and pereurW CX]J(~\Iit! dwl)t~s to acu:unt SJl, OCI.lllty-ruuw 
Am adll..1J08ta do IVl Jnd to l.e dhutnl.) 

533 Traffic Lane and Guide Line Painting 
All c:hargei; inch.d LRJ liiiJOL., u:JUil.ll~t <Ud nut.a,rials to re­
poc-t ttll &l~tiJitl!lldfXe StrilJi.ng COiitA 1 C)(U.'\)t JIOHidlld.l t!Xptflle!l, 

that can uu•Uly ho dw:yod to OCllllty-rn.tte drd milt1ust.s. 
tltripii"J ""'uk dt.n~ Q\ n.wtnx~tiu1 proirK-ts, work unk!l'Y, At'l::'s 
~·~~ and t.Ml'lif ctn.! 1-.1t Ul t.c dkal"tJt.X.t to dl"l:n..tnt '}Jl, (hb•n r~ 
pactilllf! tiuv, U.Jui(I\IL!.Ht au.1 nll:itt·t·idl cfL<U""tJt"!W to l'k.Xuunt Sll, 
a:A~Ity-rout.u anU mih,otita au~ to Lu »>• .. wn.) 

I-15 

541 New Signs 
All charqea inclu.Jing l~JOr, l.'quilflY'nt aud m.-"lt,..ri<~L<J nst>d f r 
placiB,J aifi new SiyHS <.U.J ('U3ts. 11lil'> OK'CU,Ult jg t_o 1-"'.' -~.-.,.; 
for ori<Jinal installatiu1 aJk..i 110t repl<KUIL'tlt. 

542 Sign Replacement 

All dlaryes includin:J lclbul, '-"-p...LilllPnt <tnd rrr1tt>t i•lls l..i..'-''"""'•! -1 
L""E\)l.aci..rlfi &iqns due to ncanul Wl'<.ll <1Jd h.'di, van.Jah7-:, J.r.-~\o..v 
by notor vehicl.us, sro.r plu.<s, Pte, 

545 Delineators 
All dlarqes includi1q labor, t-.juifllOtt dTXJ mrotPriaLo; U.'Of"".1.: ~c:­
sett.inq, rmvvittJ, rcyladuq old <It ~"~'"' posts dlc.i pl,ICu: :, t· .._ 
JIUriing or rojuvcnatinq old 01· rv....., tk•ltnP.ttor t.di:JS or b:tt('C""..S. 
'Ihis also includes srort pole mlint.t·n.trl<X'. 

546 Guardrail 
All dlarqcs ircludirq labor, ~tuip•~nt <"llXI rnat,Tidls t:..c;<:'l..~ f.·=r 
renvvinq, rcscttirq, rc"ptlirim gua.n.Jr •. lils and r"(•sts or ::.:-.!'-~.1 !:.­
ing nEW quardrail. 'l'o include rt'[ld.irim or r~pla<::U;<J barn-•r 
fenoo. 

547 Lighting 
All charges incl\.ding l.U..or, NJitirxrc·nt., t!l<lterials and ro---~ 
used for high-lay arrl tunn:!l liyhtinq. To inclW~ d~c+ ... n.; 
warnirq systems;. 

548 Traffic Signals and Flashing Beacons 
All dlarges including lai:x>r, cquirt•t·nt, l>ldtcrials and y:::r..'.'r" 
used for traffic signals drx.i f lasitirq Lcac:ons. 

549 Special Signing and Delineating 
Materials 

All charges for the fol.l.o.iing r,~at£:'ridls O-ILY at ti'.c t.J...~ oi 
purchase to include: cod.it, OUlinl":dttJrs, siyn bolts, r._";.s <.i:£.: 

washers, ~lastic t.a{Jc. 

REST AREAS AND PARKS 

657 Lighting 

'ID I:IE U&H> dY TJW'f'IC OPt::AATI~ Pl:.~lllii:l.. U.LY. Al: d'.c.:.·~-es 
inclui~ labor, equip-.cnt and matenals. To incl~e e:.~...I:.·..: 
wa.rni.ng" sys tat5 • 

558 Traffic Signals and Flashing Beacons 

'10 BE USED BY TRAFFIC OPEMTI\.1"15 PI:RSQ;:J::I., Cl'I'L\". All d:.l!"~s 
includin3" labor, B:JUi~cnt and mal:.cndls. 

571 Roadside Parks 

All char<]es including labor, equi.prcnt and mu.to..•rials :or ':.!""..:: 
cleanin3, repair aJ-rl gc...J""~eral rna.intenana:> of the grcur:c's ar.C. 
structures of roadside parks, n-st areas and ot.'w-r la:x!scdDeG 

areas •. > ,·J<:>,Jf -j),;, i{~, 
572 Rest Areas and Pa• ks 
'ID HE USED BY TRAFFIC CPEHATiutlS l't:~r-n-:r. o:n.Y. All C:~_..,s 
incl.udillg labor, cquipm:>nt c1JX.J miltf..'ChllS for the Cl<?dr:!nJ, .. C•~ 
pair and general rnaintefkJJICP 0f tllC yrourds an.\ str...:ct:.:.r..:S ..:f 
roadside parks, r~t a1CdS ..m.J Otllf'r landsc.!pe(\ <U"PdS_ 

MAINTENANCE HOUSES 
591 Operation and Repair to Maintenance 

Houses 
All charycs inclulin; li.II..K.Jr, 1"':{\tii.tll't:t an:J ll\:l.t...•tic:tls us._'(! L.r. 

~ operat.ion or repair of huu:·w~;: <.wu.'-.1 by the Dfl.....u-t ·u-.t. ..J.t. 
variws naintcn.mce statit.X"IS, (lh..u·y~·:; <IIL' to ho..• (:1\.'h.:.....'-.:. 

between tilC Rcud. ~'ctiOS\S f<o.lint.,ua .... l by the Cnw OC\."".ll-'')'lOJ ·-~ 
hou::;cS at U~ S tatiOtl.) 

GENERAL 
920 Oil Mix Processmg 
'ftle ~~Sil"~ and nu.x.i.J"M.j ot <UJ<JT•'Y·lt..::!H <U.J bl.tlJlUII .. US 
m:~.teria.ls by any nctJx-.1. 

920 Screening Aggregate 
All charges iraeludinq ldi..x.lt·, l~lui!lllt'llt ·<ln..l n-r,·.11ty .,.-hen 
screMihJ nuteria.ls. 

920 Material Stockpile Transfer 
All l.alJor ar¥1 B"{UillTL•nt d1.u·.,,.~ illcurn!!.l when h.1ulin.J 
material "'ith t"<JUil-fll!Ut tel 1!1\'llilk·: 1•uvin•J nutt•tldl tn."l'l 
<lRJ stockpile to dJVth<~r, l•uyilJ•l m..tt,,.z·ial <ud StlXi>.pilu._, 
at nu.t lOCditic.r&S, utc. 

920 Salt, Chloride and Aggregate 
Mixing 

The procnssinJ ard nt..IXli"'J ot tly<.jtt..~·ah~ ctl'l.i Sc)lt 31l.l/or 
dlla<idcs by - ..,Unl, 
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Figure I-1. WYOMING STATE HIGHWAY DEPARTMENT 
MAINTENANCE ACTIVITY RECORD 

DISTRICT --- MAINTENANCE STATION __ _ 

D (DISTRICT) JOB NO. LAST DA E REPORTED 

~--r---~C~R~E~W~-~~R~(~R~E~G~U~LA~R~)L_~~FU~N~C~T~IO~Nr-rM~A~IN~T~-~S~E~C~T~IO~N~B~E~G~IN~M~IL~E~P~O~S~T-~~EN~D~M~I~L~E~PO~S~Tr---------------r-~T~HI: SHEET 

LL&l ~.10 1 .. 11.,,!] 1 ..• ,11., •. ] Ll..__._, _.__. 
LABOR USED 

SAt SUN. 

TOTAL NUMBER OF MEN USED ON THIS FUNCTION .__!__ 

TOTAL HOURS OF MONTHLY EMPLOYEES 

TOTAL HOURS OF HOURLY EMPLOYEES 

2 0 I TOTAL 

EQUIPMENT USED SAT. SUN. MON. TUE.J WED. THU. FRI. 

EQUIP. NO. HOURS (OR MILES) TOTAL 

..L. 

MATERIAL USED 

SITE INVENTORY NO. 

~-L-.1........ 

.J..-l..-..L.__L__l__ 

r--:1 RECORD OF 
l.!..r..2J ACCOMPLISHMENT 

UNIT OF MEASUREMENT 

SAt SUN. MON. TUE. WED. THU. 

UNIT QUANTITY 

QUANTITY 

MO. IY. YR. 

MON. TUE. WED. THU. FRI. R 'A ARKS 

TOTAL 

SAT SUN. MON. TUE. WED. HU. FRI. 

EQUIP. NO. RATE HOURS (OR MILES) 

-• 

. . 

. 
• 
• 

. - . . 

FRI. 

TOTAL REMARKS 

. 
---L . -

. 
TOTAL SITE RECEIVING S.P UNIT 

TOTAL 

PREPARED BY: 

l l l I I I - 1--L . .l_ __ L_.L_.a_ s p T N CERTIFIED CORRECT BY 

I I I I I I • ! s p T N 

~PLANNED ACCOMPLISHMENT 

c . 
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Figure I-2. Maintenance Report MR-5. 

WYC~ING HIGHWAY CEFART~F~T • • * CC~SlPLCTIC~ ~~C ~AI~TE~A~CE CIVISIC~ • * • -oi"stHtr 5 ----·- ·-,·----~---------------- · --- ~Art..T~:~i\~c{- ExPE~c nuREs RCPCRT ~C. HR-_. 5 . C A l£.....0 112 SIll 
PAGE S-2St 

CREio • 532 LCC • cuec PEPICD Jll 1,1S14 ~~~l fEE 28,1975 

SECT. FCT 
EXFE,..CITUPES 

02/01/75 07/Cl/7• 
0212e115 0212e11~ 

BALA~ -"' CESCRIPTIC" ~A" HAN-HR/UNIT ~CRK l~ITS 
__ ----·--. _______ _liRS ~CT! ____ STO.! ___ ACCC"'P. FlA~ 

COST PER UNIT 
ACTUAL PLAN~EC 

EliCGET 

• • • • • CCUNTY RCUTE a FRC3 FRC~ ~ILEPCST 26.75 J( ~ILEFCST 98.€6 12.10 CL-1' llES ~ ~ • • • 

FII03A 411 HNC PAT(!< lNG 24 2.40 4.CC 10.0 280 f35.6C !55.000 so s: :6 Sl~,4CC S15,0•H 412 ECUIF,ENT PATC'"' I"-G 2€6 C.46 c.t2 62C.O l3CO $15.<;7 Sl8. 750 so $<; t. :4 $24,375 s 1'1. 4 71 
4U E(;UIF~EIIT LEVEL I~G ------·--···- c;c;L_ C.3~ C.2~ ... }012.9. sec $14.80 $13.126 so $44.! ;o s11.eu ___ . $32.711-423 .e:;:;!IEG.IlTE SEtL 1486 3.36 2.CC 442.o 22.7 1143.40 $ll6.115 $0 $63 •• 11 S2io35E S37,tl3-429 CHEI< G o.ca I.cc o.o LlO Hl.'JO $10.000 so iC SlolOC Sl,LCC TCUL ~l..PFtCE pr.ei~TEN,HE 2,7<;2<- - - - - - - - - - - - - - - - -> so $118,: !1 Sl<;,C4~ $39.27~-

FPO~A Hl SI-CULCER S!=4L 72 ~t.c<; 2.24 17.6 c $134.72 sc.ccc so $2.: 11 sc S2.371-
lt4Z Sl-iCULCEi<S 484 1.0 l . 1.CC 480.0 350 H0.26 H5;.000 so $4. ~ 3 S5,25C ___ $.12.1--·-··- fCTAL SHCUU:ER ( SICE --tPPROin 55~<- - - - - - - - - - - - - - - - -> $0 s 7.; 4 s~.2sc S2,C.t,t,-

FIIC3A lt51 ,. E Ct·. VH. CCNT'<Cl l-44 l.C6 C.55 l3b .3 4CC H2 .85 n. sec so s 1, ~ 2 S3.CCC u,z~oe 453 Cl-iEI". VEG. CC"'TPCL 0 o.oo 0.45 o.o 32 so.oo $42.0CO so s ~ 2 Sl,341t SIJ12 It 55 LITTEii CCI\TPCL 4Ee l.CC l.CC 4€€.0 265 $7.63 SS.4CJ8 sc s 3. i '2 S2,252 Slr47C-457 FHCES 226 C.92 l.C~ --· 246.0 17 !8.54 $47.118 $833 $2 ,] 1 S80l __ $l,~CC':':. ... ---TCTAL FCACSICE ti\C- LAI';CSCAPE t5S<- - - - _. - - - - - - - - - - - - - -) $833 se,J 7 $1,391 S1lC-
FP03A lt6l SLIDES 8 1.00 I.OQ a.o 800 na.oo S'J.50C so Sl 4 s7,60C S7 0 1t5t 462 IRR lc:tTICt> AND CRAINAGE 2<;6 1.cc l.CC 2%.0 516 U3.71 H0.5QO so $4. ( 1 S5r4lll S1,3U 464 I"ISCEll~NECUS STRLCTURES 0 c.oo 1.0( o.o 71 so.oo UO. 5C7 $0 0 S1't6 S746 

468 EHSICt-1 S:~P~I-~ -~ CCNJ!:(l, ______ 0 c • o o __ _!_ .q ___ ... (J ~Q _____ . -· 47 so.oo .. Sll.Sll so 0 ----- $541 ____ $5-\l_ ---TOTAL CRAIPIIIGE 3C4<- - - - - - - - - - - - - - - - -> so $4,~ 1 $14,305 $l0,1C4 

UOJA 481 STRUCTURES 16 1.00 l.OC 16 .o 140 S9.69 Sll. 500 so s 1 5 u.uc Sl,lt5' TOTAL STRUCTURES 16<- - - - - - - - - - - - - - - - -> so s 1 5 Slt61C $1,<\55. 

FR03A 533 LANE t caiJI::e PAINTING 356 loCO 1.cc 356.0 72 H3. 78 $72.931 so $4 '~ 6 -s s. 251. ______ tHL ·---·· -51tl --IIEW SIGPiS 0 
... 
o.oo 

.. 

o.cc o.o $0.00 SlOO.OOO $0 $3 0 S60C S3CC 6 
51t2 SIG" !<EHACEME!IiT If lf.CC c.cc 1 .c 2i:l u 3 7 .co S5C.COO $<; 8 $I 7 $1,4CC $1,2t~ 545 CELIMHC'<S 48 C.·4l 0.15 116 .o sec !3 .s.z n. sea so $4 5 S 1, 2C C SH~ 546 GUARC~HL c c.cc C.24 c.o lCO so.oo $2.500 so c S25C szsc TCi !L T<;AFFIC SERVICES '120<- - - - - - - - - - - -> $'i8 $!:,1 8 se,1o1 sz.qc3 
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Figure I-2. Continued 
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Figure I-3. Maintenance Report MR-6A. 
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Figure I-4. Maintenance Report MR-6B. 
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APPENDIX J 

HAWAII HIGHWAYS DIVISION 

Recording and Reporting Methods for Highway 

Maintenance Expenditures 

INTRODUCTION 

The 832,000 residents of Hawaii operate 477,780 motor vehicles 

on 3,530 miles of highways of which 880 miles are under state 

control. The state occupies 6,450 square miles from sea level to an 

elevation of 13,796 feet above sea level. Mean minimum and maximum 

temperatures are 63 and 86°F with average annual moisture from 

10 to 450 inches. 

The Hawaii Highways Division has a $10,000,000 maintenance 

budget. This budget will be used by its 4 districts to maintain 

883 center line miles. The Oahu District, which is the largest 

district, has a district maintenance engineer and a maintenance super­

intendent at the district level. Foremen act as crew supervisors. 

In the remaining three districts a maintenance superintendent is 

in responsible charge of maintenance. In general foremen report 

to the district maintenance engineer or the superintendent who in 

turn reports to the district engineer. The administration of the 

maintenance program by the Chief of the Hawaii Highways Division is 

performed at the central office level by the Assistant Chief for 

Construction and Maintenance. 

The basic maintenance recording and reporting system was 

implemented in 1969. A parallel recording system is being utilized 

although plans have been made to extensively revise the maintenance 
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management system. A manual recording system is being utilized in the 

field with electronic data processing utilized to compile and produce 

the reports. 

RECORDING SYSTEM 

Hawaii Highways Division Form DOT.4-127, "Daily Maintenance 

Report"·· is utilized to collect maintenance activity information 

(Figure J-1). The type of information obtained on this form includes; 

1. Activity performed 

2. Location activity performed 

3. Manpower utilization 

4. Equipment utilization 

5. Material utilization and 

6. Accomplishments 

Details are presented below. 

Location 

Each maintenance activity is performed at a specific location 

on the highway system. The location is identified by a charge code 

assigned to the road maintenance section. The charge code also can 

be utilized to indicate a particular project, piece of equipment, 

or administrative activity. The charge code is recorded on the 

Daily Maintenance Report. 

Activity 

Maintenance function codes are utilized to designate the 

activity performed. These 36 cost codes were obtained from the 

AASHO Maintenance Guide. Groups of these function codes include 

roadway, roadside, structures, traffic services, landscaping and others 

(storm damage, vehicle damage, trench repairs and engineering services). 
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To amplify function codes, object codes are utilized. Ex-

amples of these object codes are shown below; 

2975 - Redistributed Labor Cost 

3252 - Gas or Vehicle Fuel 

4111 - Private Car Mileage 

4209 - Freight and Delivery Charges 

4530 - Rental - Motor Vehicles, etc. 

Maintenance function codes and object codes are utilized to assign 

costs for labor, equipment and materials. 

Basically the functional code indicates the purpose for which 

the expenditure is made and the specific activity or type of work 

performed to accomplish this purpose, while the object code refers 

to the commodity or service obtained from a specific expenditure. 

It indicates what kind of expense is being incurred (i.e., salaries, 

materials, contractual services, etc.). The object codes are 

grouped by character of expenditure. 

It should be noted that a special function code exists for 

portland cement concrete repair as opposed to bituminous surfaced 

roadways. 

Manpower 

Manpower utilized for a particular function is recorded by 

the crew foreman for the entire crew. The employee's name is 

recorded together with the hours worked on a particular function. 

Employees on temporary assignment, employees on leave and over­

time work is recorded on the Daily Maintenance Report. The total 

time worked is reported to the nearest hour daily. 
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Equipment 

Equipment utilized for a particular function is recorded. Each 

item of equipment is designated by an equipment charge code. The 

operator's name is recorded together with the mileage or hours uti­

lized depending upon the type of equipment. Each piece of equipment 

has a unique number. Mileage of hours of equipment usage are 

reported to the nearest mile or hour. 

Ren.tal equipment is designated by the charge code~ 

Materials 

Materials utilized for a particular function and charge code 

are recorded. The material utilized is designated by name and not 

code. Established standard material usage quantities are designated 

and quantities are recorded in these units. 

Accomplishments 

Accomplishments are reported indirectly by recording the materials 

utilized. 

COLLECTION AND PROCESSING OF RECORDED DATA 

The Daily Maintenance Report is filled out daily by the foreman 

of the crew and submitted by the foreman daily to the maintenance 

supe~intendent. Every two weeks these forms are submitted to the 

central office. Monthly reports are prepared and are returned to 

the district about 2 months after the end of the reporting period. 

REPORTS 

Several reports are produc~d from the collected data. 

Expense Summary. The expense summary report is a basic manage­

ment report. Expenses for the reporting month and year-to-date 
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expenses are reported by district for each charge, function, and 

object code. An example of this report is shown on Figure J-2. 

Another expense summary report. is produced for each road 

maintenance section identified by charge code and listing expenditure 

by functions. 

Both reports show the expenses for the reporting month and year­

to-date expenses. 

Planned and accomplished programs are compared on this report by 

control and section and function code. The planned program is 

developed by the foremen with assistance from the superintendent. 

Reports are utilized for fiscal control, for monitoring pro­

gram execution by comparing planned and accomplished work units and 

for budget preparation. 

Presently maintenance function activities that appear to be 

contrary to planned budgets due to productivity problems or poor 

planning must be located by detailed review of the reports. Except­

ion reports are presently not a part of the reporting system. 

OTHER ITEMS 

The Hawaii Highways Division is satisfied with the accuracy 

of the reporting system with the exception of equipment data. The 

recording system utilizes foreman to record information rather than 

the individiual maintenance employee. It is believed that this 

approach improves the reliability of the information. 

The recording and reporting system can be altered by direction 

of the central office maintenance staff as the need arises. 
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The central office staff meets with the district superintendent every 

4 months to review problems with the management system. The state 

is presently considering extensive revision in their maintenance 

management program. Maintenance crews remain together to perform 

all types of maintenance activities. 

J-6 



Figure J ~1: Daily ; .. ~aintenance Report 
ST,\ Tl: OF II.\\\',\ II 

DEl'ART~JENT OF TRA'\.'>l'ORTATIO~ 
HIGIIWA YS l>IVISIO:'\ 

DAILY MAINTE:'\A:'\CE REPORT 

liOT •·li'7 
I H'NY I "" ,fGt. 

Di,trirt. __________ _ Dal!·~/7•_'' 1 • I~ / '1 7 '-
-~~-~~~~~--------

L\IHllt ,!, ,, . , ,...., CJ I I 
:\.DIE OF E.\II'I.OH:t: 

I 
I 

-•--+--~~---1----------------------T---------~------------

I 

:. t ..... 

I 

I t--· 

' 
I I I 
I -r-· 

i 
I ~liD· ~1/1) i ~1/1) ~liD 
i 

EQUI'~IE:\Tll lf-l·_·u_nc_<_in_n-f'l_:=-..,'--1::...' -'-.-' __ .:-'--. --'--------'---
Cil.-\RGE OI'ER.-\TOR Jl[(,f:\' ; E:\'D I 

CODE MII.E.\GE ~lll.f..\(;E . ~fill 

~1.\TEIUM • .S 

LIST Of ITDIS 

. ,. 
.... 

I 

Functiun -' c.~! 3.- ! 
u:-o:JT 
PRICE qTY .UIT (.!TY .UIT QTY ,\~IT (,!TY .urr QTY ,\~IT 

lu 

.. TEMPORARY :\SSJ(;N~IE~T 

Dfl•f.OYEI·: 0:\' 
Tnlf•OJUR \' .\S,f(;:X~It::\T 

E~ll·I.O\'U: OX · •· , ! ,·F.Qllll'. t:SEU 
1.1-:AVF. . (II' ... :\\') II OURS RF.ASOX t'OR 

Tf.~II'OR.\RY ,\SSIGXMF.XT 

< 
/Z /:]) / i.' ,. ~ c .... _ _/ ~J_.... ........ T t'un·ult~ll 

----
USE Jlt\(;K 01' SH~~T FOR RE~IARKS 

J-7 

~- c~ 
~--a1~':-~r~-·/' 

. ' 
Mmrc. Supl. /' 

r-r f;.' 



Figure J-2. 
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APPENDIX K 

PENNSYLVANIA DEPARTMENT OF TRANSPORTATION'S 

Recording and Reporting Methods for Highway 

Maintenance Expenditures 

INTRODUCTION 

The 11,793,909 residents of Pennsylvania operate 6,800,000 motor 

vehicles on 115,167 miles of highways of which 44,700 miles (75,559 

lane miles) are under state control. The state occupies 45,333 square 

miles from sea level to an elevation of 3,213 feet above sea level. 

Mean minimum and maximum temperatures are 14 and 88°F with average 

annual moisture ranging from 36 to 52 inches. 

The Pennsylvania Department of Transportation has a 201,000,000 

maintenance budget for 1976-1977. This budget will be utilized 

by its 67 maintenance districts to maintain 75,559 lane miles of 

highway. These maintenance districts are located within counties. 

(The state utilizes a system of 11 engineering districts to 

administer its construction program.) 

Superintendents are in responsible charge of the maintenance 

district. Assistant superintendents, foreman and laborers comprise 

the remaining members of the district personnel. The eleven 

engineering district's maintenance staff review operations and 

provide direction to the 67 maintenance districts. The engineering 

districts play an important role in implementing management policies. 

The present recording and reporting system was developed 

in-house with the assistance of an outside consultant. The present 

system was described in a prepared manual in 1972. Presently this 
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system is about 50 percent implemented. The maintenance management 

system makes use of information collected for accounting purposes, 

thus a single recording system is utilized. A manual recording 

system is being utilized in the field with electronic data 

processing utilized to compile and produce the reports. 

RECORDING SYSTEM 

Pennsylvania's "Crew Daily Project Time Record for Direct 

Labor Production and Equipment Distribution" (Form C-65C) and 

"Individual Daily Project Time Record for Direct Labor Production 

and Equipment Distribution" are the major source documents for 

posting employees time and expenses to a time sheet and for re­

cording of vehicle usage (Figures K-1 and K-2). The foreman 

completes the "Crew Daily Project Time Record" for all members of 

his crew that are not specifically assigned to a piece of equip­

ment. Individual equipment operators fill out the "Individual 

Daily Project Time Record." All recording forms are reviewed 

by the foreman and the superintendent or assistant superintendent. 

The information recorded on these forms is coded onto a tape 

cassette the day following the recording of the information and 

transmitted to the central office (i.e., work performed Monday 

is coded onto tape Tuesday and transmitted Tuesday night). Error 

messages, if any, will be received by the maintenance district 

office on the morning after transmission. 

Information recorded on the Individual and Crew Daily Pro­

ject Time Record includes the following: 
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1. Employee's name and Social Security number 

2. Activity performed 

3. District, County and Foreman number 

4. Man-hours, equipment hours and/or equipment miles 

5. Equipment designation and 

6. Productivity 

The report on work and equipment does not indicate the high­

way route or segment of roadway where the work was performed. Man­

hours are recorded by activity to the nearest 0.5 hours. Two 

hundred eighteen maintenance activities are identified by a 8 digit 

numeric code. Special codes exist for portland cement concrete 

pavement repair. 

Productivity is reported in untis such as tons, feet, man-hours, 

etc. depending on the activity. When reporting production the 

production hours (referred to as Produciton Activity Hours by Penn 

DOT) are equal to the Project Hours minus the Support Hours. 

Support Hours include time devoted to items such as travel, safety, 

equipment breakdown, hauling of material, etc. 

Equipment usage is recorded by individual piece of equipment 

and assigned to a specific activity. Entries for shop and field 

repair can be made directly on the Crew and Individual Daily Project 

Time Record. 

Materials reports are handled through a separate reporting 

system. A teletype terminal transmits data from the district to 

the central office. Materials are not accounted for by route or 

other identification point on the output reports. 
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REPORTS 

Reports that are produced contain information desired by 

the districts. This system does not provide specific maintenance 

cost information for a particular segment or section of roadway. 

Reports produced include the following: 

1. Highway Feature Inventory 

2. Production Planning Worksheet 

3. Budget Generation Worksheet 

4. Annual Work Plan Worksheet 

5. Department Force Program 

6. Maintenance Program Summary 

7. Specialized Crews Work Program 

8. District Efficiency Report 

9. Performance Exception Report 

10. Detailed Performance Report 

11. Production Performance Report - Activity 

12. Expenditure Analysis Report 

The reports identified by the number 1 to 7 above are basically 

planning and scheduling reports. The remaining reports are utilized 

to monitor program execution. 

District Efficiency Report. This report presents information 

delineating the percent of plan completed, the man-hour productivity 

and the average unit costs for each maintenance activity by maintenance 

district. The current month and year-to-date totals are presented 

(Figure K-3). 

Performance Exception Report. This report delineates the ten major 

productivity deviations for a given month for the 10 major activities 
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performed by the district maintenance crews (Figure K-4). 

Detailed Performance Report. Productivity and support units for 

each maintenance activity are reported on a current month and 

fiscal year-to-date basis. These units are compared with maintenance 

standards (Figure K-5). 

Production Performance Report. Planned and completed production 

units for each activity are reported for the current month and 

the year-to-date. Year-to-date totals are also reported for pro­

duction hours, support hours and performance hours for each mainte­

nance activity (Figure K-6). 

Expenditure Analysis Report. Dollars expended are reported for 

manpower, materials and equipment by maintenance district and 

maintenance activity. Production units and unit costs for the 

county and the state average are also presented for each activity. 

Both current month and fiscal year-to-date expenditures are reported 

(Figure K-7). 

Reports are utilized at the central office and district level 

for fiscal control, by reviewing budgeted and actual expenditures; 

for monitoring of program execution by comparing planned and 

accomplished production, man-hours and material quantities; for 

allocation of manpower by reviewing standard unit costs and prod­

uctivity rates against actual costs and productivity rates; and for 

budget preparation to revise productivity rates, etc. based on 

more extensive field productivity and unit cost rates. As noted 

above exception reports are an integral part of the reporting system. 
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APPENDIX L 

MAINTENANCE ACTIVITY COST CODES 
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100 Base and Subgrade 

110 Removal of Base and/or Subgrade 

120 In Place Repair - No Stabilizer 

130 In Place Repair - Stabilizers (Maintainer) 

131 In Place Repair Existing Base and/or Subgrade - Add Lime 
132 In Place Repair Existing Base and/or Subgrade - Add Cement 

·133 In Place Repair Existing Base and/or Subgrade - Add Asphalt 
134 In Place Repair Existing Base and/or Subgrade - Add Sand 
135 In Place Repair Existing Asphalt Stabilized Base -Add Sand 

140 In Place Repair- Stabilizers (Maintainer and Mixing Machine) 

141 In Place Repair Existing Base and/or· Subgrade -Add Lime 
142 In Place Repair Existing Base and/or Subgrade - Add Cement 
143 In Place Repair Existing Base and/or Subgrade - Add Asphalt 
144 In Place Repair Existing Base and/or Subgrade - Add Sand 
145 In Place Repair Existing Asphalt Stabilized Base - Add Sand 

150 Repair Existing Base and/or Subgrade Other Than In Place 

160 Install and/or Maintain-Sub-drains- All Types 
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200 Surfaces 

210 Seal Coat 

211 Aggregate Seal Coat 
212 Strip or Spot Seal Coat - Major 
213 Strip or Spot Seal Coat - Minor 
214 Fog or Sheet Sealing 

220 Leveling or Overlay 

221 Spot Leveling - Blade Spread 
222 Spot Leveling - Hand 
223 Spot Leveling - Hot Box 
224 Level-up Blade - Sections 
225 Level-up Blade -.Continuous 
226 Overlay - Major 
227 Overlay - Minor 
228 Underseal· 

230 Improve Texture . 

231 Treat Bleeding Pavement - Add Aggregate 
232 Treat Bleeding Pavement - Heating Aggregate 
233 Treat Bleeding Pavement - Heating Pavement 
234 Heater Planer Work 
235 Grooving (ACP) 
236 Grooving (Concrete Pavement) 
237 Improve Pavement Texture - Basic ~CRCP) 
238 Improve Pavement Texture - Basic RCP) 

240 Rutting and Shoving 

241 Repair Rutting and Shoving - Basic 
242 Repair Rutting and Shoving - Trim and Overlay 

250 Cracks and Joints 

251 
252 
253 
254 
255 
256 
257 
258 
259 

Seal 
Seal 
Seal 
Seal 
Seal 
Seal 
Seal 
Seal 
Seal 

Cracks and/or Joints - Ma.jor 
Cracks and/or Joints - Minor 
Cracks - Squeegee 
Cracks - Major Operation (CRCP) 
Cracks - Minor Operation (CRCP) 
Cracks - Hot Rubber (CRCP) 
Cracks - Major Operation (RCP) 
Cracks - Minor Operation (RCP) 
Cracks - Hot Rubber (RCP) 
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260 Potholes and Spalling 

261 Repair Potholes - Permanent 
262 Repair Potholes - Temporary 
263 Rep~ir Potholes - Hot Box 
264 Repair Spalling - Basic (Epoxy-CRCP) 
265 Repair Spalling -Asphaltic Concrete (CRCP) 
266 Repair Spalling - Basic (Epoxy-RCP) 
267 Repair Spalling -Asphaltic Concrete (RCP) 

270 Edge Repairs 

271 Edge Repairs - Basic 
· 272 Edge Repairs - Box 

273 Seal Joint Between Pavement and Shoulder - Basic (Cat Blown-CRCP) 
274 Seal Joint Between Pavement and Shoulder - Cutback {CRCP) 
275 Seal Joint Between Pavement and Shoulder - Basic {Cat Blown-RCP) 
276 Seal Joint Between Pavement· and Shoulder - Cutback (RCP) 

280 Remove and Replace Concrete Pavement 

281 Removing and Replacing - Basic {CRCP) 
282 Removing and Replacing - Fast Set Cement (CRCP) 
283 Removing and Replacing - Stabilized Base (CRCP) 
284 Removing and Replacing - Normal Portland Cement (Minor Repairs-CRCP) 
285 Removing and Replacing - Basic (RCP) 
286 Removing and Replacing - Fast Set Cement (RCP) 
287 Removing and Replacing - Stabilized Base (RCP) 
288 Removing and Replacing - Normal Portland Cement (~inor Repairs-RCP) 

290 Blow-ups, Joint and Stress Relief 

291 
292 
293 
294 
295 
296 
297 

Repair Blow-up - Permanent (RCP) 
Repair Blow-up - Temporary (RCP) 
Seal Contraction and Expansion Joints - Basic {RCP) 
Seal Contraction and Expansion Joints - Emulsion with Latex {RCP) 
Seal Contraction and Expansion Joints - Hot Rubber (RCP) 
Stress Relief - CRCP 
Stress Relief- RCP 
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400 Shoulders and Approaches 

410 

420 

430 

Seal Coat Shoulders 

411 Aggregate Seal Coat Shoulders 
412 Strip or Spot Seal Coat Shoulders - Major 
413 Strip or Spot Seal Coat Shoulders - Minor 
414 Fog or Sheet Sealing Shoulders 

Leveling or Overlay Shoulders 

421 ·spot Leveling Shoulders - Blade Spread 
422 Spot Leveling Shoulders -Hand 
423 Spot Leveling Shoulders - Hot Box 
424 Level-up Shoulders - Blade, Sections 
425 Level-up Shoulders - Blade, Continuous 
426 Overlay Shoulders - Major 
"427 Overlay Shoulders - Minor 

Treat Bleeding, Rutting and Shoving Shoulders 

431 Treat Bleeding Shoulders - Add Aggregate 
432 Treat Bleeding Shoulders - Heating Aggregate 
433 Treat Bleeding Shoulders - Heating Paved Shoulder 
434 Heater Planer Work Shoulders 
435 Repair Rutting and Shoving Shoulders - Basic 
436 Repair Rutting and Shoving Shoulders - Trim and Overlay 

440 Cracks and Joints; Shoulders 

441 Seal Cracks and/or Joints, Shoulders - Major 
442 Seal Cracks and/or Joints, Shoulders - Minor 
443 Seal Cracks, Shoulders - Squeegee 

450 Potholes and Edge Repairs, Shoulders 

451 Repair Potholes, Shoulders - Permanent 
452 Repair Potholes, Shoulders - Temporary 
453 Repair Potholes, Shoulders - Hot Box 
454 Edge Repairs, Shoulder - Basic 
45c5 Edge Repairs, Shoulder - Box 

460 Repair Existing Base and/or Subgrade Other Than In Place, Shoulders 

461 Removal of Base and/or Subgrade, Shoulders 
462 Replacement of Removed Base and/or Subqrade, Shoulders - Stabilized 

Material 
463 Replacement of Removed Base and/or Subgrade, Shoulders - Non-Stabi1ized 

Material 
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470 In Place Repair Existing Base and/or Subgrade, Shoulders 

471. In Place Repair Shoulders - No Stabilizer 
472 In Place Repair Shoulders -Add Lime (Maintainer) 
473 In Place Repair Shoulders - Add Cement {Maintainer) 
474 In Place Repair Shoulders - Add Asphalt 
475 In Place Repair Shoulders - Add Sand (Maintainer) 
476 ·In Place Repair Shoulders - Add Lime (Maintainer and Mixing Machine) 
477 In Place Repair Shoulders - Add Cement (Maintainer and Mixing Machine) 
478 In Place Repair Shoulders - Add Asphalt (Maintainer and Mixing Machine) 
479 In Place Repair Shoulders - Add Sand (Maintainer and Mixing Machine) 

480 Unpaved Shoulders 

481 Recondition Sod Shoulders 
482 Blade Flexible Shoulders - Maintainer and Pneumatic Roller 
483 Blade Flexible Shoulders - Two Machines 
484 Blade Flexible Shoulders - One Machine Kickoff Blade 
485 Blade Flexible Shoulders - Maintainer 

490 Approaches, Driveways, Turnouts 

491 Public Side Road Approaches 
492 Driveways - Valley and Pipe Type 
493 Driveways - Safety Island 
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500 Roadside Maintenance 

510 Mowing 

511 State Owned Mowers 
512 Leased Mowers 
513 Full Width Mowing - State Owned Mowers 
514 Full Width Mowing - Leased Mowers 
515 Specialized Mowers 
516 Hand Clean-up 

520 Litter 

521 Litter Pick-up - Hand 
522 Litter Pick-up - Machine (Tow Type) 
523 Litter Pick-up - Machine (Self-propelled with Shredder) 
524 Street Sweeping 
525 Maintain Litter Barrel 

530 Rest Area Maintenance 

531 Maintain Rest Areas - Comfort Stations 
532 Maintain Rest Areas 

540 Chemical Vegetation Control 

541 Chemical Vegetation Control - Basic 
542 Chemical Vegetation Control - Shoulder Edges 
543 Chemical Vegetation Control - Spray Mesquite 
544 Chemical Vegetation Control - Channels 

550 Establish and Maintain Vegetation 

551 Establish Vegetation - Basic 
552 Establish Vegetation -Mulch Sodding 
553 Establish Vegetation -Asphalt Mulch 
554 Establish Vegetation - Small Hand Operation 
555 Establish Vegetation - Disk or Drill 
556 Maintain Sprinkler System Urban Areas 

560 Pruning and Planting 

561 Pruning and Brush Control - Minor 
562 Pruning and Brush Control - Major 
563 Pruning and Brush Control - Chipper 
564 Planting - Large 
565 Planting - Small 
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570 Silt and Erosion 

571 Silt Removal - Basic 
572 Silt Removal -Hydraulic Telescopic Bo~m Type Excavating Machine 
573 Reshape Ditch and Slope - Basic 
574 Ditch Retards - Grass 
575 Ditch Retards - Concrete 
576 Ditch Retards - Other 
577 Ditch Liners -Jute 

. 578 Ditch liners - Concrete 

580 Remove Silt From Culverts 

581 Up to 36" 
582 36" to 61 x 61 

583 6 1 x 6' to Bridge Class 
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600 Structures Over 20 Feet 

601 Inspection Cost 

610 Bridge Decks 

611 Repair of Bridge Deck Spalling and Delamination - Portland Cement 
612 Repair of Bridge Deck Spalling and Delamination - Epoxy 
613 Repair of Bridqe Deck Spalling and Delamination - Quick Setting Cements 
614 Armor Joint Repair 
615 Clean Bridge Deck - Mechanical 
616 Clean Bridge Deck - Hand 

620 Substructure - Concrete 

621 Substructure Crack Repair 
622 Substructure Crack Repair - Pressure Grouting 
623 Repair of Badly Cracked or Spalled Substructure 
624 Repair of Badly Cracked or Spalled Substructure - Collar 
625 Repair of Badly Cracked or Spalled Substructure - Gunite 
626 Repair Bearing Plates - Replace Lead Sheeting (Concrete Beams) 
627 Substructure Waterproofing 
628 Substructure Waterproofing - Epoxy Coating 

630 Substructure Steel 

631 Repair of Steel Substructure 
632 Repair of Steel Substructure - Asphalt 

640 Substructure - Timber 

641 Repair of Timber Substructures 
642 Removal of Timber Substructures 

650 Railing 

651 Paint Railing - Spray (Hand Cleaning) 
652 Paint Railing - Hand 
653 Paint Railing - Spray (Sandblast Cleaning) 
654 Paint Railing - Touch-up 
655 Metal Bridge Railing Repair 
65£ Concrete Bridge Railing Repair 

660 Paint Bridges 

661 Brush-off Blast 
662 Near White 
663 Touch-up 

670 Channels and Riprap 

671 Maintain Channe1s 
672 Maintain Channels - Remove Drift 
673 Repair and/or Replace Concrete Riprap 
674 Remove Silt From Culverts 

680 Linseed 011 
681 ~ tnseed OH Treatment of Brid.ge Dec~s 
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691 Biennial Safety Inspection 
692 Damage Inspection 

700 Traffic Services 

710 Guide Markings 

711 Center Stripe 
712 Edgelining 
713 Painting Traffic Medians and Islands 
714 Zone and Pavement Markings 
715 f"nsta 11 Traffic Buttons 
716 Maintain Traffic Buttons 

720 Delineation and Railing 

730 

740 

721 Erect and Maintain Guard Fence and Railing 
722 Maintain Concrete Median Barrier 
723 Erect Delineators 
724 Replace Damaged Delineators 
725 Clean Delineators 

Signs 

731 Special Sign Studies 
732 Install New Signs 
733 Replace Signs 
734 Repair Signs 
735 Replace or Repair Traffic Damaged Signs 
736 Replace or Repair Vandalized Signs 
737 Wash Signs 
738 Wash Vandalized Signs 
739 Sign Clear Coating 

Signals and Illumination 

741 Install Signals 
742 Install Illumination 
743 Maintain Signals 
744 Maintain Illumination 
745- Replace or Repair Traffic Damaged or Vandalized Signals 
746 Replace or Repair Traffic Damaged or Vandalized Illumination 
747 _Sign I11umination 
748- Safety Lighting 

750 Reimbursement to Railroad Companies (D-18 Use Only) 
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800 Extraordinary Maintenance 

801 Emergency Repairs Due to Flooding 

802 Emergency Repairs Due to Hurricanes 

803 Emergency Repairs Due to Tornadoes 

804 Emergency Repairs Due to Other Causes 

810 Assistance to Traffic Other Than Caused by Snow and Ice 

811 Assistance Needed Due to Floods or Flooding 
812 Assistance Needed Due to Hurricanes 
813 Assistance Needed Due to Tornadoes 
814 Assistance Needed Due to Accident 
815 Operation of Nail Picker 
816 Removal of Sand Drifts 

820 Assistance to Traffic - Snow and Ice 

821 Assistance Needed Due to Snow and Ice 
822 Plow Snow or Ice 
823 Sand Bridges 
824 Sand Roadway 
825 Deicing Agents 
826 Remove Sand, etc., - Mechanical 
827 Remove Sand, etc., - Hand · 

L-11 



APPENDIX M 

M-1 



APPENDIX M 

The means and standard deviations presented in Tables A and B 

are weighted values. This was done because the number of 0.2 mile 

Serviceability Index values obtained for the various randomly selected 

pavement sections were not necessarily a constant value. This occurred 

because the length of some of the pavement sections had to be decreased 

to achieve a uniform construction section. 

The equation for calculation of means is as follows: 

= 
x= 

nl xl + n2 x2 + .•• + ~ ~ 

nl + n2 + ••• + nk 

where x = mean for a district for a particular highway type 

(1) 

x
1 

= mean for the first pavement section in a particular State 

Department of Highways and Public Transportation District 

and highway type 

~ = mean for the last pavement section in a particular State 

Department of Highways and Public Transportation District 

and highway type 

n number of 0.2 mile Serviceability Indexes for a pavement 

section. 

The variances and resulting standard deviations for Serviceability 

Indexes were also obtained by a weighting process. The equation is: 

M-2 



2 
(n2 

2 l)S 2 
2 (n1 - l)S1 + - l)s2 + .•. + (nk- k (2) s = -1) (n - 1) + •.. + (nk- 1) (nl + 2 

where 
2 

weighted variance for each State Department of Highways s 

and Public Transportation District and highway type 

2 
s1 = variance for the first pavement section in a particular 

State Department of Highways and Public Transportation 

District and highway type 

2 
sk = variance for the last pavement section in a particular 

State Department of Highways and Public Transportation 

District and highway type 

n = same as for Equation 1 

n - 1 = degrees of freedom 

The standard deviation was obtained by taking the square root of 

the weighted variance. 

Means for the visual rating scores were unweighted averages. This 

was done because only one rating score was obtained for each pavement 

section. 

M-3 
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