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The North Carolina Department of Transportation has devel­
oped and implemented a state highway maintenanc.e assess­
ment program. Without a method with which to assess the 
maintenance condition of the total system, the department's 
request for increased maintenance funding was based on 
the previous year's expenditures and an estimate of unmet 
needs. The unmet needs estimate was based on the profes­
sional opinion of field managers and engineers and not on 
actual measured quantities. A maintenance assessment pro­
gram will provide a tool for tying funding levels to actual 
field conditions, identify inadequately maintained roadway 
features, and determine the funding levels needed to achieve 
a specific maintenance condition. A literature review was 
conducted, then a program framework was devised to col­
lect roadway feature data, summarize the data collected, 
evaluate and interpret the results, and present the results. 
Then, a plan was established to determine the roadway fea­
tures to be evaluated, determine survey methodology and 
data collection methods, determine how the condition of the 
features relates to department expenditures, and calculate a 
realistic budget to achieve an acceptable maintenance con­
dition. By implementing a maintenance assessment program, 
the North Carolina Department of Transportation is taking 
the first step toward shifting from a reactive "fixing" mode to 
a proactive prevention mode. This should lead the way to 
greater customer satisfaction, effective use of resources, 
higher quality products and services, avoidance of rework, 
and empowerment of local managers and supervisors. 
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For many yea.rs, the North Caroli na Depa. rtment of 
Transportation (NCDOT} bas conducted surveys to 
a ses the cond ition f pavements and bridge in the 

state. With information from the pavement condition sur­
vey and the bridge condition rating program, NCDOT 
identifies deficiencies in these assets and develops priori­
ties and work plans to address maintenance needs. How­
ever, there was no system in place to evaluate the condition 
of roadside features, such as shoulders and ditches, drain­
age, brush and tree control, guardrails, traffic control 
devices, and turf condition. 

Without a methodology for evaluating these fea­
tures, the annual maintenance plan was based more on 
historical accomplishments than on actual needs of the 
highway system. A valid assessment of the condition of 
the roadside features could not be rriade. Maintenance 
work tended to be more reactive rather than proactive. 
Maintenance operations priorities were not based on 
objective data but were subject to historical accom­
plishments. 

HISTORY OF MAINTENANCE FUNDING 

North Carolina's highway system consists of 125 494 km 
(77,978 mi} of roadway. Since 1988, the number of lane 
kilometers has grown by 15 percent and the vehicle 
kilometers traveled has jumped by more than 4 7 percent. 
However, although the system and its use continue to 
grow, the funds necessary to maintain the system have 
not kept pace, as illustrated in Figure 1. 



90 PROCEEDINGS OF TH E NINTH MAINTENANCE MANAGEMENT CONFERENCE 

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 

o Paved Lane Miles o Vehlcle Miles Traveled • Maintenance Funding • 

• - Adjusted by the Consumer Price Index 

FIGURE 1 Growth of NCDOT highway system versus maintenance funding. 

This growth has resulted in an increase in workload 
without a concurrent increase in funding. Although im­
proving technology and more efficient operations have 
helped meet this greater demand, there continues to be 
a shortfall of maintenance funding. This shortfall has 
caused a backlog of work and a further deterioration in 
the condition of the highway system. 

Obviously, insufficient funding of maintenance over 
time will lead to a highway system in poor condition. Pre­
vious funding increase requests have been unable to doc­
ument the maintenance condition of the highway system 
or, if it is in poor condition, how severe the problem is. A 
methodology was needed to determine the condition of 
the state's bridge and roadway features and to estim::ite the 
cost for achieving a specific level of service. 

Equally important to the determination of the system 
condition is the presentation of the information. The re­
sults of the maintenance assessment program must be com­
municated in a commonsense format that can be easily 
understood. 

MAINTENANCE EVALUATION STRATEGY 

In 1997, the North Carolina General Assembly passed 
legislation requiring NCDOT to survey the state high­
way sple111, Jelenuiue Ll1e cunJition of the system, and 
develop funding needs for annual routine maintenance and 
the annual resurfacing program and for eliminating the 
maintenance backlog and the resurfacing backlog. This 
legislation requires the department to submit a report to 
the general assembly each even-numbered calendar year. 
The first report to the legislature was submitted in 1998, 
and airhough the next report was not due until Novem­
ber 2000, a second condition assessment was conducted 
in 1999. 

NCDOT's intent goes beyond just satisfying a legisla­
tive requirement. The study also will relate funding levels 

to actual field conditions by providing clear links among 
maintenance objectives, maintenance activities, different 
levels of maintenance service, the maintenance budget, 
and actual maintenance conditions. 

From this evaluation, it was expected that several objec­
tives would be satisfied. First, the condition of the state 
highway system could be determined. Second, the mainte­
nance condition is directly related to the level of funding. 
Third, based on the results of the survey, current funding 
levels were anticipated to be inadequate. Last, a strategy 
can be developed to calculate the amount of maintenance 
funding needed to achieve a predetermined level of service 
throughout the state. 

This paper documents the procedures NCDOT used to 
develop a maintenance condition assessment program and 
how it conducted the maintenance survey program for 
determining the condition of roadside features. Illustrated 
is how this information is used, along with the pavement 
and bridge condition surveys, to document the overall 
condition of the state highway system and to estimate the 
cost to maintain it at an acceptable level. These results 
will enable NCDOT to identify features that have a low 
condition rating and to target funds to improve their con­
dition. One of the goals of this effort is to shift to a pro­
active maintenance mode, allocating resources where 
needed, to provide uniform levels of service and greater 
customer satisfaction. 

MAINTENANCE CONDITION 
ASSESSMENT PROGRAM 

As more emphasis is placed on the condition of the high­
way infrastructure, there is an increase in the focus of 
maintenance, resulting in increased workloads and greater 
maintenance demands . However, limited maintenance 



LOVE AND BAUGHMAN 91 

funds and even public perceptions of maintenance depart­
ments have created the need for developing quality assur­
ance programs in the maintenance of highways. Quality 
assurance in highway maintenance has been described as 
the planned and systematic actions needed to meet the 
needs and expectations of the user. Building off the suc­
cesses of current quality assurance programs in other 
states (such as Washington, Florida, and Virginia) and 
NCHRP Project 14-12 (1-4), a program was developed 
to implement similar management practices for NCDOT. 
The program is expected to accomplish the following 
objectives: 

• Predict the funding level needed to achieve an accept­
able level of maintenance; 

• Relate additional funding to improved maintenance 
conditions; 

• Develop a priority strategy to direct maintenance 
operations when funding levels are less than the calcu­
lated needs; 

• Achieve a uniform level of service throughout the 
state; 

• Identify areas requiring additional employee skills 
and equipment to accomplish tasks or the shifting of em­
ployees from one feature responsibility to another; and 

• Validate that the condition of the highway system is 
directly related to the finding level, and demonstrate that 
when funding levels are inadequate, the highway system's 
condition will suffer. 

Meeting these objectives will enable NCDOT to shift 
from a "fixing" reactive mode to a proactive mode of pre­
vention, thereby incurring the benefits associated with 
repairs that have a lower unit cost and that do not have 
to be repeated. Eventually, this should lead to better­
maintained highways and greater levels of customer 
satisfaction. 

The following sections describe the method used for 
collecting roadway maintenance information in order to 
determine the overall condition of highways in the state. 
With these data, funding levels can be generated to address 
maintenance needs and a strategy can be developed for 
prioritizing maintenance operations. 

However, a quality assessment and assurance program 
must be based on good data. The first step in developing 
a maintenance assessment survey was to identify which 
features would be measured and how these relate to 
maintenance activities. 

Maintenance Activity 
Expenditures and Functions 

Highway maintenance is those work activities associated 
with the maintenance and upkeep of the roadway and 

bridge infrastructure. Work activities can be divided into 
two categories: recurring programs and performance­
based activities. (Although the department's effort includes 
all bridge and roadway maintenance work activities, for 
the purpose of this paper only the roadway work activities 
will be covered.) For NCDOT, the roadway recurring pro­
grams consist of fixed-cost programs such as incident man­
agement, rest area and welcome center maintenance, traffic 
signal maintenance, roadway lighting maintenance, sign 
lighting costs, municipal agreements, plant bed mainte­
nance, and unpaved road maintenance. Because of the 
importance of these activities, allocations are largely en­
sured and the funding needs for these programs are very 
predictable. 

However, expenditures for performance-based activities 
are more variable and depend on historical expenditures 
and budget constraints. These activities include routine 
pavement maintenance, maintenance of shoulders and 
ditches, drainage, mowing, litter pickup, guardrail repair, 
signs, pavement markings, and vegetation control. The 
maintenance assessment program was developed to assess 
these performance-based activities. 

Element Features and Conditions 

To ensure meaningful results, performance-based activities 
accounting for 80 percent of the maintenance expendi­
tures were identified. Although it was found that ditch and 
shoulder maintenance activities should be a component of 
the assessment program, because this work accounts for 
nearly 11 percent of highway maintenance expenditures, 
there was no need to include the maintenance of pipe 
underdrains, which amounts to less than 0.01 percent of 
expenditures. 

After the significant performance-based activities were 
identified, an analysis was made to see if they could be 
linked to measurable roadway features. Those that could 
were grouped into similar categories of elements. For ex­
ample, under the element unpaved shoulders and ditches, 
a significant amount of funds was expended on rebuild­
ing low shoulders, cutting high shoulders, cleaning ditches, 
and repairing ditch erosion. Therefore, it was decided 
that for this element, the features that the maintenance 
assessment survey should detect and measure were low 
shoulders, high shoulders, blocked ditches, and eroded 
ditches. 

Six major maintenance elements were identified for 
evaluation under the maintenance assessment survey: road­
way pavement, unpaved shoulders and ditches, drainage, 
roadside, traffic control devices, and environmental. Ex­
cept for roadway pavements, each of these elements has 
several features and characteristics that would be evaluated 
against certain threshold conditions. 



92 PROCEEDINGS OF THE NINTH MAINTENANCE MANAGEMENT CONFERENCE 

Following identification of the features and elements to 
be surveyed, the next task was to determine the threshold 
level at which a condition would be noted and measured. 
It was decided that this threshold value would be related 
to the point at which work ordinarily would be directed 
to correct the condition. For example, although a 2.5-cm 
(1-in.) drop-off adjacent to the pavement is a low shoul­
der, a maintenance crew would not be scheduled to 
repair the shoulder. However, a 5-cm (2-in.) drop-off 
would trigger corrective action and would be noted and 
measured. A threshold level was established for each 
element's feature to be identified during the maintenance 
assessment survey. The maintenance features and their 
threshold conditions are shown in Table 1. Pavements were 
evaluated by using NCDOT pavement rating systems 
already in place. 

For each element feature to be surveyed, detailed de­
scriptions of the threshold condition were developed. 
These are provided in Figures 2 through 6. 

Conducting Survey 

Because surveying the entire highway network would be 
an overwhelming task, a statistical sampling was made to 

determine the number of sites to be surveyed. With a con­
fidence level of 9 5 percent and an accuracy of ±6 percent, 
a target sample size was calculated that would be indica­
tive of the state's highways. Calculations were made for 
each of the four highway systems (Interstate, primary, 
urban, and secondary), and approximately 1,000 sites 
were randomly selected statewide for inspection, as shown 
in Table 2. To further expedite the survey, a team from 
each of NCDOT's 14 divisions was assigned the duty of 
collecting the field data for the primary, urban, and sec­
ondary sites. Teams from the State Pavement Manage­
ment Office were given responsibility for surveying all 
Interstate sites. 

Each site consisted of a 0.3-km (0.2-mi) section. The 
surveys were done on foot, and the teams made several 
passes to adequately assess all the features. Because the 
information collected must be uniform and consistent, 
training sessions were held for the inspection teams. Dur­
ing training, the process and procedures were described, 
the elements and features were reviewed, and safety issues 
were discussed. Then, to ensure consistency, the teams 
evaluated test sections and compared their findings. 

Before beginning the survey at each site, the teams 
marked on the pavement the beginning and ending points 
of the survey and the site number. Thus, the segment could 

TABLE 1 Maintenance Element Features and Threshold Conditions 

Element Feature Threshold Condition 

Roadway Pavement Flexible Pavement NCDOT Pavement Condition Survey 

Rigid Pavement NCDOT Rigid Pavement Rating System 

Unpaved Shoulders and Low Shoulder Low <'. 2 inches 
Ditches 

High Shoulder High<'. l inch 

Lateral Ditches Blocked <'. 50% and Not Functioning as 
designed 

I .atf'rn l Ditch Erosion Eroded<'. 1 ft 

Drainage Crossline Pipe Blocked <'. 50%, or Damaged 

Driveway Pipe Rlnrk<"d > .50%, or Damaged 

Curb & Gutter Blocked <'. 2 in x 2 ft, or Damaged 

Catch Basin & Drop Inlet Blocked <'. 25%, Damaged, or Grate Problem 

Other Drainage Features Not Functioning as designed 

Roadside Mowing Average Grass Height 

Brush and Tree Control Within 15' above, 10' back of ditch/shoulder 

Litter & Debris Number of Pieces <'. Fist-Sized 

Slope Failures<'. 1ft wide 

Guardrail Damaged, or Not Functioning as designed 

Traffic Control Uevices Traffic Signs Illegible, Missing, or Obliterated 

Pavement Striping Worn, Missing, or Obliterated 

Words and Symbols Damaged or Missing 

PPlvPmPnt M.::1rkPr~ v\Tr\rn f\Alccinn- nr (')hlih:n•'='fo~ ---·, -, ----·-·o, -· ___. .... .. ......................... 

Environmental Turf Condition Bare, Dead, Diseased, Distressed, or Weedy 

Misc. Vegetation Uncontrolled Growth at Signs or Guardrail 

Management 

1 ft = 0.305 m; 1 in. = 25.4 mm. 
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Low Shoulders Hh!h Shoulders Lateral Ditches Lateral Ditch Erosion 

Threshold Condition Threshold Condition Threshold Condition Threshold Condition 
Low 2: 2 inches. High;;, I inch. Blocked;;, 50% and not functioning Eroded 2: I fr. 

properlv. 

Total Segment lnvento,y Total Segment lllventory Total Segment Inventory Total Segme11t Inventory 
Total shoulder lenl(th in the seoment. Same as Low Shoulder inventorv. Total ditch leni:th in the sei:ment. Same as Lateral Ditches inventoty 

Measured Amount Measured Amount Measured Amount Measured Amount 
Sum oflongitudinal lengths of low Sum of longitudinal lengths of low Sum of longitudinal lengths of Sum of longitudinal lengths of eroded 
shoulder. shoulder. blocked ditch that are not functioning ditch. 

orooerlv. 

Special Instructions Special Instructions Special Instructions Special lnstructio11s 
Adjust shoulder inventory where See special instructions for Low Outfall ditches will not be rated. Do See special instructions for Lateral 
unpaved shoulder does not exist (due Shoulders not deduct ordinary driveway pipe Ditches. 
to curb and gutter, median barrier, from inventory. Deduct closed 
etc.). systems and side-road crossline pipe 

from inven torv. 

FIGURE 2 Unpaved shoulders and ditches (1 in.= 25.4 mm; 1 ft= 0.305 m). 

be revisited if there were problems or concerns with the 
data that had been collected. 

Reporting Survey Data 
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Some randomly selected sites were not surveyed. Sites 
that fell within a road project under construction or were 
in an interchange area and sites where a portion of the 
road segment included a long bridge structure were not 
surveyed. 

As the inspection teams walked each site, they recorded 
the field conditions on a form created fo r the purpose 
(Figure 7). The completed forms were faxed to the State 
Roadway Maintenance Unit, where the information was 
entered into a database. 

Crossline Pi 

Threshold Condition 
Blocked 2' 50%, or damaged. 

Tora/ Segment Inventory 
Number of crossline pipes in 
these ment. 

Measured Amount 
Number of blocked or 
damaged crossline pipes. 

Special Instructions 
Only pipes 48 inches or less 
will be evaluated. Lateral 
pipes that are side-road 
crossline pipes will be 
evaluated as a crossline i e. 

Threshold Condition 
Blocked 2' 50%, or damaged. 

Total Segment Inventory 
Number of driveway pipes in 
these ment. 

Measured Amount 
Number of blocked or 
damaged driveway pipes. 

Special Tnstructions 
See Special Instructions for 
Crossline Pipe. 

Threshold Condition 
Blocked 2 in. x 2 ft., or 
dama ed. 

Tora/ Segment Inventory 
Total length of curb and 

utter in these ment. 

Measured Amount 
Sum of longitudinal lengths 
of blocked or damaged curb 
and utter. 

Special Instructions 
Only blockage that creates a 
diversion of water flow is to 
be recorded. 

FIGURE 3 Drainage (1 in.= 25.4 mm; 1 ft= 0.305 m). 

Threshold Condition 
Blocked 2: 25%, structure damage, 
or · ed ates. 

Total Segment 1,zventory 
Number of catch basins and drop 
inlets in the see.men!. 

Measu,·ed Amount 
Number of catch basins or drop 
inlets that are blocked, damaged, 
or have missin or dama ed rates. 

Special Instructions 
None 

Threshold Condition 
Not functioning as designed. 

Total Segment Inventory 
Number of other drainage 
features in tbe se ent. 

Measured Amou/ll 
Number of other drainage 
features not functioning as 
desi ned. 

Special Instructions 
Where two drninage features 
are working together as a 
system, count them a single 
occurrence. 



Threshold Condition 
Determine the average height 
of the grass in the area. 

Total Segment Inventory 
There will be no inventory of 
mowm. 

Measured Amount 
Record the average height on 
the survey form 

Special Instructions 
Ignore any residential mowing. 

Threshold Condition 
Brush and trees within 15 feet 
above the road, and l O feet 
back of ditch or shoulder 

mnt. 

Total Segment Inventory 
The total length of forested 
area in the se menL 

Measured Amount 
Sum of Jongitudinal distances 
where the brush and tree 
control zone is not clear. 

Special Instructions 
Note brush and trees that a 
tractor mower cannot mow, 
and trees beyond the control 
zone but still a safety concern. 
An exception is brush and 
trees that will not be removed 
due to ublic sens.itivit 

FIGURE 4 Roadside (1 ft= 0.305 m). 

Threshold Condition 
Note litter or debris that is 
fist-sized or larger. 

Total Segment lnven/OI)' 
There will be no inventory of 
litter and debris. 

Meastffed Amount 
Record the number of pieces 
of litter that are fist-sized or 
larger. 

Special Instructions 
If the test section has more 
than 200 pieces oflitter, stop 
the count. 

Threshold Condition 
Slope failures should be noted 
whenever a washout or ruts 2:. l ft. 

Total Segment hivenrory 
The total length of outside slope in 
these ment. 

Measured Amount 
Sum of longitudinal lengths of 
eroded slope. 

Special lnstmctions 
Measure the greatest longitudinal 
width of the failure during the 
survey. 

Threshold Condition 
Not functioning as designed, or 
damaged. 

Total Segment Inventory 
The total length of guardrail in 
these ment. 

Men.'iUrP.rf Amnunf 
Sum of longitudinal length of 
guardrail that is not functioning 
as designed or has been 
dama ed. 

Special Instructions 
Do not record barrier that is an 
old design, is only slightly 
damaged and still functions as 
designed, or is just aesthetically 
unp]easing. 

Traffic Sil!ns Pavement Striuine Words and Svmbols Pavement Markers 

Threshold Condition Thm.,hnld Condition Threshold Condition Threshold Condition 
Note signs that are illegible, Note pavement striping that is Note words or symbols that Note pavement markers that are 
missing, or obliterated. worn, missing, or obliterated. are worn, missing, or damaged or missing. 

obliterated. -
Total Segment lnvento,y Total Segment Inventory Total Segment Inventory Total Segment Inventory 
The total number of traffic The total length of pavement The total number of word The total number of pavement 
signs in the segment. striping in the segment. and symbol markings in the markers that should be in the 

se11:ment. se2menL 

Measured Amount Meast1red Amount Measured Amount Measured Amount 
Number of illegible, missing, Sum of longitudinal lengths Number of words or symbols Number of pavement markers 
nr nhlitrrRIPrl -.ign~ of worn, mitadng or wom1 mim:;ing 1 or oblitoro.tod. damaged or mhrning. 

obliterated center Jines, edge 
lines. or lane lines. 

Special Instructions Special histructions Special Instructions Special /11structions 
Do not rate overhead sjgns on Only the marking is to be None If pavement markers have not been 
structures, street name signs, measured, not the unpainted installed in the segment both the 
historic marker signs, and non- gap. Inventory and the Measured 
DOT siens. Amount will be zero. 

FIGURE 5 Traffic control devices. 
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Turf Condition Misc. Ve1?etation Mana1?ement 

Threshold Co11di1io11 Threshold Co11ditio11 
Note areas of bare, dead, diseased, Note areas of uncontro11ed vegetation 
distressed. or weedy turf. growth around guardrail and signs. 

Total Segment /11 veutory Total Segment Inventory 
Total roadside length in the segmen t. The longitudinal length of all guardrail and 

traffi c si2n installations, 

Measured Amount Measured Amount 
Sum of longitudinal lengths (parallel to Sum of longitudinal lengths of 
the roadway) of poor turf growth. uncontrolled vegetation growth around the 

2-uardrai.l or si2ns. 

Special l11s1rucrions Special lnstructiofls 
Only the condition of iurf within the Use a length of 2 feet for each sign 
normal mowin,g limits will be evaluated. installation. 

FIGURE 6 Environmental (1 ft= 0.305 m). 

Besides recording the amount of each feature that ex­
ceeded the threshold condition, the teams measured the 
inventory of certain features existing in the section. This 
was necessary because a complete statewide inventory does 
not exist for all the features that were being surveyed. The 
findings from the inventory made during the maintenance 
survey help to estimate the statewide quantity of the vari­
ous features. For example, the number of driveway pipes 
found within the various surveyed sites was used to esti­
mate the total number of driveway pipes in the statewide 
system. 

From the survey data a number could be calculated that 
represented the percent of each feature that exceeded the 
threshold condition listed in Table 1. This was done for all 
sites surveyed for each of the four highway systems. On the 
basis of the predetermined target sample size and an analy­
sis of the results, the department was confident that the 
aggregate of all the sample sites represented the condition 
of the statewide system. 

MAINTENANCE FUNDING NEEDS 

A detailed survey was conducted through the Maintenance 
Condition Assessment Program and the pavement condi-

TABLE 2 Sample Size Requirements 

tion survey to assess the condition of roadway features. 
These features were categorized into the previously identi­
fied six major elements. The photographs in Figure 8 illus­
trate some of the features recorded during the survey. For 
each of the four highway systems, the deficient conditions 
were recorded and summarized. 

Level of Service 

To effectively evaluate the condition of the state highway 
system, it was necessary to establish commonsense defi­
nitions for different levels of services, ones that could be 
easily understood and clearly linked to outcome perfor­
mance measures. A five-level grading system was used, 
similar to those used in the Washington State Depart­
ment of Transportation's Maintenance Accountability 
Process (1 ). 

Level of Service A (Best) 

In Level A, the roadway, bridges, and associated features 
are in excellent condition. Very few deficiencies are pres­
ent, all systems are operational, and the overall appear­
ance is pleasing. Preventive maintenance is a high priority 
in all maintenance activities. 

Level of Service B (Good) 

Level B is a high level of service in which the roadway, 
bridges, and associated features are in good condition. 
Very few deficiencies are present in safety and investment 
protection, but moderate deficiencies exist in other areas. 
All systems are operational. Preventive maintenance is a 
high priority for safety-related activities but is deferred for 
other areas, resulting in additional corrective maintenance 
activities. 

Level of Service C (Fair) 

In Level C, the roadway, bridges, and associated features 
are in fair condition. Very few deficiencies are present 
in safety-related activities, but moderate deficiencies 
exist for investment protection, and there are signifi­
cant aesthetics-related deficiencies. Preventive maintenance 

Mileage Population Units Number of Samples 

Interstate 816 4,080 250 
Primarv 11.llO 55.550 266 
Urban 6.127 30635 264 
Secondary 48,534 242,670 267 

Total Sample Size 1047 

I mi= 1.6 km. 
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Location 

Site Number Begin MP '~---~ End MP County Di vision ~ 

Number of Lanes Team Members 

Date of Survey I I 

Element la - Roadway (Flexible Pavement) -Asphalt­

Alligator Cracking 
N L M S Block Rcncctivc Ru tting 

'---L--'---'---'l I N L M s II~ _N_ L _M_s_l I N L M s II 
Ra~eli ng 

I I 
I31cediug Ride Qunlltv Patchinl! 

NLMS II NLMS 11 NLMS I 

Element lb· Roadway (Rigid Pavement) -Concrete-

Shoulder: Type 

Patching (cone.) 
N L M S 

Longi tud. Cr. 

PSCBU Width 

Patching (asph.) 

N L M S 

Transverse Cr. 

NLMS 

FT I Cond LMS Drop-off 

Surface Condition: 

Surface Wear 

N L M s N 

Spalling 

LMS Shldr Lane Jt. LMS 

Pumping Ride 
L M s N L M s 

Joint Seal 

N L M S N L M S 
Comer Break 

N L M S N L M S N L M S Fnulting 

I I I 
Element 2 · Unpaved Shldrs and Ditches 

Low Shoulder 

High Shou Ider 

T .... t .... n} n:t .... hn" 

Lateral Ditch Erosion 

Element 3 - Drainage 

Crossline Pipe 

Driveway Pipe 

Curb & Gutter 

Catch Basin & Drop Inlet 

Other Drainage Features 

Element 4 - Roadside 

Mowing 

Brush and Tree Control 

Litter & Debris 

Slope 

Guardrail 

Element 5 - Traffic Control Devices 

Traffic Signs 

Pavement Striping 

Words and Symbols 

Element 6 - Environmental 

Turf Condition 

Misc. Vegetation Management 

l:' l 

INVENTORY 

INVENTORY 

NIA 

FT 

NIA 

FT 

FT 

INVENTORY 

hA 

INVENTORY 

fT 

Low ~ 2 inches 

High~ I inch 

CONDITION 

Blut.:kt!J ~ SO% '1ml Nm Fum.:L as designed 

Eroded~ l ft 

Blocked ~ 50%, or Damaged 

Blocked ~ 50%, or Damaged 

Blocked ~ 2 in x 2 ft, or Damaged 

Blocked~ 25%, Damaged, or Grate Problem 

Not Functioning as designed 

Average Grass Height 

Within 15' above, 10' back of ditch/shoulder 

Number of Pieces~ Fist-Sized 

Failures ~ 1ft wide 

Damaged, or Not Functioning as designed 

Illegible, Missing, or Obliterated 

Worn, Missing, or Obliterated 

Worn, Missing, or Obliterated 

Dc1.11mgeU uJ iviissing 

Bare. Dead. Diseased. Distressed. or Weedy 

Uncontrolled Growth at Signs or Guardrail 

FIGURE 7 Inventory form (1 in.= 25.4 mm; 1 ft= 0.305 m). 

IN 

INVENTORY 

CONDITION 

EA 

EA 

FT 

EA 

EA 

CONDITION 

CONDITION 

EA 

FT 

CONDITION 

FT 
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Pavemen t Shoulders and Ditches Drainage 

Roadside Traffic Control Devices Environmental 

FIGURE 8 Examples of recorded features. 

is deferred for many activities except safety-related work. 
Corrective maintenance is routinely practiced for all activ­
ities. A backlog of deficiencies is building and will have 
to be dealt with eventually, at a higher cost. Some road­
way structural problems begin to appear because of long­
term deterioration of the system. There is a noticeable 
decrease in appearance, and systems may occasionally be 
inoperable. 

Level of Service D (Poor) 

Level D is a low-maintenance service level in which the 
roadway, bridges, and associated features are kept in gen­
erally poor condition. Moderate deficiencies are present in 
safety-related activities, and there are significant deficien­
cies for all other activities. Very little preventive mainte­
nance is accomplished; maintenance is reactive and places 
emphasis on correcting problems as they occur. A signifi­
cant backlog of deficiencies will build up. Safety problems 
begin to appear that increase risk and liability, and signifi­
cant structural deficiencies exist that accelerate the long­
term deterioration of the system. The overall appearance 
of the system is very poor. System failures occur regularly 
because it is impossible to react in a timely manner to all 
problems. 

Level of Service F (Worst) 

Level Fis a very low service level in which the roadway, 
bridges, and associated features are kept in poor and 
failing condition. Significant deficiencies are present in all 
maintenance activities. The overall appearance is not aes­
thetically pleasing. Preventive maintenance is not practiced 

for any maintenance activities. Maintenance is totally re­
active and places emphasis on correcting problems as they 
occur. Significant backlogs of maintenance deficiencies 
exist. Excessive safety problems occur. A backlog of system 
failures occurs because it is impossible to react in a timely 
manner to all problems. 

Acceptable Levels of Service 

Obviously, it would be desirable for the entire highway 
system to be maintained at Level A. However, it would be 
impractical, if not impossible, to achieve this level of ser­
vice for all highways. On the other hand, there are valid 
reasons for some of the features to be maintained at a 
high level of service, especially those features associated 
with safety, such as guardrails. Other features, such as 
pavement striping, low shoulders, raised pavement mark­
ers, and pavements, are safety items as well and should be 
maintained at a high level. The lower the level of service 
of these features, the poorer the condition and the greater 
the potential for accidents. 

To relate the five levels of service to pe_rformance stan­
dards and condition ratings, extensive research was con­
ducted of the procedures used in other state departments 
of transportation. A work session was held with field 
representatives from each of NCDOT's 14 divisions to 
provide input based on their knowledge of the highway 
system and its maintenance condition. Baselining what 
other agencies have done and using input from the pro­
fessional staff, various levels of service were established for 
each maintenance feature. An example of the performance 
measure for the primary highway system is provided in 
Figure 9. 
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ELEMENT 1 Service Level 
Roadway Pavement A B C D F Acceptable 

Performance Level of Service 
Activities Condition Indicators Measures Threshold Threshold Threshold Threshold Threshold 

Pavement Maintenance Pavement Condition Ralina PCR 98 93 86 70 <70 C 

ELEMENT 2 Service Level 
Unpaved Shoulders and Ditches A B C D F Acceptable 

Performance Level of Service 
Activities Condition Indicators Measures Threshold Threshold Threshold Threshold Threshold 

Low Shoulder Low > 2 inches FT 1% 5% 8% 11% > 11% C 
High Shoulder Hioh ;,, 2 inches FT 1% 4% 6% 10% >10% C 
Lateral Ditches Blocked > 50% & not funcL as desianed FT 2% 6% 9% 12% > 12% C 
Lateral Ditch Erosion Eroded> 111 FT 1% 2% 3% 4% > 4% A 

ELEMENT 3 Service Level 
Drainage A B C D F Acceptable 

Performance Level of Service 
Activities Condition Indicators Measures Threshold Threshold Threshold Thrnshold Threshold 

Crossline Pipe Blocked > 50%, or Damaaed EA 2% 7% 11% 15% > 15% C 
Driveway Pipe Blocked> 50% or Damaaed EA 10% 15% 25% 35% > 35% C 
Curb & Guller Blocked;,, 2 in x 211 or Damaged FT 2% 5% 7% 11% > 1f% C 

ciiich Basin & Drop 1111111 Blocked;,, 25% , Damaged or Grate Problem EA 2% 5% 8% 12% > 12% C 
Other Dralnaae Features Nol Functionina as desianed EA 2% 6% 9% 12% > 12% C 

ELEMENT 4 Service Level 
Roadside A B C D F Acceptable 

Performance Level of Service 
ActM!le, rnnrlitinn lnrli f''ltnrc- Mco~urc~ T~rsshcld Tttrnsftnld T~.osh,uld Thrvshu:d Th-reshotd 

Mowing Average Grass Height IN 6 8 10 14 >14 C 
Brush & Tree Control Wfthln 15' above, 10' back al ditch/shoulder FT 5% 10% 15% 25% ,25% C 
Liller & Debris Number of Pieces" Fist-Sized PCS 30 60 120 200 > 200 C 
Slope Failures ;,, 1 It wide FT 1% 3% 5% 7% > 7% 8 
GuarcfraTI Damaaed, or Nol Funclionina as desianed FT 1% 3% 5% 7% > 7% A 

ELEMENT 5 Service Level 
Traffic Control Devices A B C D F Acceptable 

Pertormance Level of Service 
Activities Condition Indicators Measures Threshold Threshold Threshold Threshold Threshold 

1rafticS!!ms !!!ea!ble, M!ss!nn, or Ob!lterated El\ 1% 3% 5% 00, 
? 8% ~ 

u'" v 

Pavement St11pina Worn. Missing, or Obliterated FT 2% 5% 8% 11% >11% C 
Words & Svmbols Worn, Mfssina, or Oblileraled EA 1% 4% 8% 11% >11% C 
Pa vemenl Markers Damaoed or Missina EA 5% 10% 15% 20% >20% 8 

ELEMENT 6 Service Level 
Environmental A B C D F Acceptable 

Performance Level of Service 
Activities Condition Indicators Measures Threshold Threshold Threshold Threshold Threshold 

Turi Condition Bare. Dead Diseased, Distressed, or Weedy FT 3'' lo 7% 11% 15% > 15% C 
Misc Veoetation Marni. Uncontrolled Growth at Si ans or Guardrail FT 5% 10% 15% 25% >25% C 

FIGURE 9 Primary highway system maintenance performance measures (1 in.= 25.4 mm; 1 ft= 030S m). 

SURVEY FINDINGS 

The results of the 1998 survey were compared with min­
imum acceptable levels. One level of analysis determined 
the extent to which each feature exceeded the previous 
defined threshold values from Table 1. Figure 10 pro­
vides a graphical repi\'o5entatioi, of the ic:suh::. u[ i.lie p1i­
mary highway system. Another assessment compared the 
survey findings with the previously identified levels of 
service (Figure 9) to determine the average service level 

for each feature. An example of this comparison is shown 
in Figure 11, which illustrates the average statewide level 
of service by maintenance activity on the primary highway 
system. 

The level of service figures generated from the statewide 
1998 maintenance assessment survey illustrated that a few 
activities Weit Dti1ig 111ai11Lai11eJ al au au.:epLaoie ievd. 
However, many activities were being maintained at a poor 
D or unacceptable F level of service because of a lack of 
funds. Also, as was mentioned, some features must be 
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FIGURE 10 Percentage of features exceeding threshold value for primary highway 
system, 1998 survey. 

maintained at a high level of service because of safety con­
cerns and considerations. 

A main objective of the study was to estimate the 
funding required to maintain the state system of high­
ways at an acceptable level. For each highway system 
(Interstate, primary, urban, secondary), funding levels 
were estimated to achieve the various levels of service. 
An example is shown in Figure 12, where the required 
maintenance funding is given (for all features of the 
primary system) to meet the various service levels. 
These costs were generated for all features in each high­
way system. After comparing the actual feature service 
level with the acceptable level of service, the cost to 
meet the acceptable level could be determined. Table 3 
is a summary of the costs estimated to achieve a state­
wide acceptable level of service for all four highway 
systems. 

With data from the 1998 survey, it was estimated that 
it would cost $316.8 million to fund the performance­
based activities in order to provide an acceptable level of 
service. It should be noted that the survey was conducted 
statewide and the results cannot be applied specifically to 
a county, district, or division area. 

RECOMMENDATIONS 

An analysis of the condition of the highway system was 
made by using the maintenance condition assessment 
program. From this, the maintenance activities necessary 
to achieve the various levels of service were determined, 
along with their estimated costs. To provide the citizens 
of North Carolina with a safe and uniformly maintained 
highway system, cost estimates were itemized, reflecting 
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Maintenance Activity LOSA LOSll LOSC LOSO LOSF 

Roadway Pavement -Pavement 0 D 

Unpaved Shoulders and Ditches -Low Shoulder 0 --a--
High Shoulder 0 D 

-
Lateral Ditches D 0 ------Lateral Ditch Erosion 0 D 

Drainage 
Crossline Pipe 0 0 

-Driveway Pipe 0 D 

Curb & Gutter D 0 
Catch Basin & Drop Inlet 0 D -Other Drainage Features 0 D 

Roadside 
Mowing OD 
Brush and Tree Control --0- D 
Litter & Debris 0 D 

Slope 0 0 
Guardrail 0 D 

Traffic Control Devices 

Traffic Signs 0 0 
Pavement Striping 0 0 

'-words and Symbols 0 0 
Pavement Markers 0 D 

Environmental 
Turf Cu11JiliuIL 0 D 

Misc. Vegetation Management 0 D 

0 -Acceptable Service Level D - Average Feature Service Level 

FIGURE 11 Maintenance levels of service for primary highway system. 

a need to achieve at least a C level of service. However, 
some of the cost estimates reflected a higher level of service 
because of safety concerns and considerations. 

On the basis of these service levels, NCDOT developed 
a statewide annual maintenance funding plan, shown in 
Table 4. This plan not only would allow the establishment 
of a sound maintenance program that would provide an 
acceptable level of service but also address the backlog of 
maintenance needs that has been building over the years. 

By adding all the other maintenance programs and 
obligations, such as statewide programs, disasters and 
emergencies, routine bridge maintenance programs, con­
tract resurfacing, and contract resurfacing backlog costs, 
to the $316.8 million shown in Table 3, NCDOT estimated 
that its total highway maintenance budget should be ap­
proximately $705 million for the 1999-2000 fiscal year. In 
contrast, the department's budget for the previous year was 
$462 million, some $243 million shy of the mark. 

SUMMARY AND CONCLUSIONS 

To evaluate the condition of the state highway system in 
North Carolina, a maintenance assessment program has 

been developed and implemented by NCDOT. Several 
objectives were satisfied, including the following: 

• The condition of the state highway system has been 
measured and assessed. 

• A framework that links work activity expenditures 
to actual highway feature condition has been developed. 

• The funds necessary to maintain the system at var­
ious service levels has been calculated. 

• The funds necessary to maintain the system at an 
acceptable level has been computed. 

• Highway features that failed to meet the acceptable 
maintenance condition have been identified. 

• A methodology has been established to validate that 
the condition of the highway system is directly related to 
the funding level and to demonstrate that when funding 
levels are inadequate, the highway system's condition will 
suffer. 

• Attention has been brought to the condition of the 
highvvay systen1 and the need to adequdtely fufi.d iilc:ti1i­

tenance activities. 
• A mechanism by which to communicate clearly to 

the state legislature the condition and funding needs of 
the highway system has been developed. 
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Primary Hiehway System 

Maintenance Activity Total Cost Total Cost Total Cost Total Cost 

Level of Service A Level of Service B Level of Service C Level of Service D 

Pavements 

Subtotal $ 25,893,549 $ 22.436.529 $ 18.020.129 $ 13.543.829 

Shoulders & Ditches 

Low Shoulder $ 8,587.321 $ 7,639.441 $ 6,928.531 $ 6,217,621 

High Shoulder $ 7.638.892 $ 6.927,982 $ 6.454,042 $ 5,506,162 

Lateral Ditches $ 4,777,563 $ 3.066.043 $ 1.782.403 $ 498,763 

Lateral Ditch Erosion $ 99,491 $ 60.340 $ 35 373 $ 16.825 

Subtotal $ 2 ] ,103.268 $ 17,693,807 $ 15,200.350 $ 12.239.371 

Drainae:e 

Crossline Pine $ 6.244,931 $ 5,801.025 $ 5,445,900 $ 5,090,775 

Drivewav Pine $ 3,685 ,529 $ 3.309.449 $ 2,557.289 $ 1,805.]29 

Curb & Gutter $ 178,125 $ 149.505 $ 130.425 $ 92.265 

Catch Basins & Drop Inlets $ 1.388.319 $ 1,267,884 $ 1, 147,449 $ 986.869 

Other Drainage Features $ 2.704,330 $ 2.130.830 $ 1,700,705 $ 1,270,580 

Subtotal $ 14.201.234 $ 12,658.692 $ 10,981,767 $ 9,245,617 

Roadside 

Mowing $ 12,253,786 $ 10,252,726 $ 6,250,606 $ 4.249,546 

Brush & Tree Control $ 4.433,780 $ 4,324,625 $ 4.2]5.470 $ 3.997.160 

Litter & Debris $ 6.546.137 $ 4,364,091 $ 2,909,394 $ 1,454,697 

Slone Failure $ 409,897 $ 343.285 $ 295,875 $ 262,475 

Guardrail $ 1,676.807 $ 680.449 $ 515.489 $ 390,779 

Subtotal $ 25,320.406 $ 19.965,176 $ 14.186.834 $ I 1.960.139 

Traffic Control Devices 

Traffic Signs $ 9,792,386 $ 8,692,386 $ 7,042,386 $ 5,942,386 

Pavement Strioing $ 5.262,479 $ 4,311.671 $ 3,360,863 $ 2,410,055 

Words & Svmbols $ 935,804 $ 709.495 $ 407.749 $ 181,439 

Pavement Markers $ 1,3 16,865 $ 1,154,378 $ 991 ,891 $ 829,404 

Subtotal $ 17,307,534 $ 14,867,930 $ 11 ,802.889 $ 9.363,285 

Environmental 

Turf Condition $ 5,613.590 $ 3,701,430 $ 1,789,270 $ 1,469,270 

Misc. Veeetation Management $ 1,188,344 $ 1.114.744 $ 1.041.144 $ 893,944 

Subtotal $ 6,801,934 $ 4,816,174 $ 2.830.414 $ 2.363.2 14 

Total Funding to Achieve LOS $ 110,627,924 $ 92,438,308 $ 73,022,383 $ 58,715,455 

FIGURE 12 Primary highway system road maintenance funding matrix table. 

By implementing a maintenance condition program 
and obtaining the desired level of funding, NCDOT 
will be able to shift from a reactive mode of fixing prob­
lems to a proactive mode of preventing them. Eventu­
ally, this will lead to greater customer satisfaction at 
unit costs below those currently experienced by the 
agency, permit the department to target funds to ad­
dress highway features that are in poor condition, iden­
tify areas requiring additional employee skills or areas 
where employees can be shifted, and redirect funding 
to achieve a uniform level of service throughout the 
state. 

FUTURE WORK AND OBJECTIVES 

The 1998 maintenance assessment study laid the ground­
work for an overall total quality assessment and assur­
ance program for NCDOT. Beyond providing information 

· for funding requests and identifying features in poor 
maintenance condition, it is anticipated that the system 
may be expanded to provide results on a division level 
for allocation of resources. In 1999, the study was re­
peated to validate the first study's results and to also 
conduct an evaluation of one of the 14 divisions. The 
results of the 1999 survey for the primary highway 



TABLE 3 Estimated Cost to Achieve Acceptable Statewide Level of Service 

Maintenance Activity Actual Expenditures Funds Needed 
Pavement Maintenance 

Pavement $56,096,877 $123,246,298 
Subtotal $56,096,877 $123;246,298 

Shoulders & Ditches 
Low Shoulder $14,482,939 $20,021,709 
High Shoulder $14,200,311 $18,598,583 
Lateral Ditches $7,440,081 $7,808,887 
Lateral Ditch Erosion $601,842 $356,864 
Subtotal $36,725,173 $46,786,043 

Drainage 
Crossline PioP i 11 cm~ .sng <i;?1, c;n,;, c;,;c; 

Driveway Pipe $4,737,222 $15,146,686 
Curb & Gutter $1,141,374 $1,076,484 
Catch Basins & Drop Inlets $2,257,001 $4,301,579 
Other Drainage Features $2,257,001 $5,304,325 
Subtotal $22,331,107 $47,335,639 

Roadside 
Mowing $20,159,558 $21,016,878 
Brush & Tree Control $11,053,151 $15,710,234 
Litter & Debris $4,543,160 $5,382,087 
Slope Failures $1,433,069 $1,057,931 
Guardrail $2,700,633 $4,062,950 
Subtotal $39,889,571 $47,230,079 

Traffic Control Devices 
Traffic Signs $16,224,996 $16,281,988 
Pavement Striping $9,832,715 $21,576,477 
Words & Symbols $1,985,337 $4,945,665 
Pavement Markers $314,569 $3,094,008 
Subtotal $28,357,617 $45,898,138 

Environmental 
Turf Condition $2,364,827 $3,403,605 
Misc. Vegetation Management $3,035,977 $2,869,543 
Subtotal $5,400,804 $6,273,148 

Total Routine Maintenance $188,801,149 $316,769,344 
Fundin~ 

TABLE 4 Statewide Annual Maintenance Funding Plan, 
Fiscal Year 1999-2000 

MAINTENANCE PROGRAMS FY 1999-2000 Funding 
(millions) 

Statewide Programs $10.33 

Disas ters/Emergencies $32.00 

Routine Road fv'iainlenance 

a. Reoccurring Programs $72.08 

b. Performance Based Programs $316.78 

Ruuline 131 iuge Maintenance 

a. Reoccurring Programs $24.64 

b. Performance Based Programs $19.74 

Rnutin~ M~intenance Backlog $22.50 

Contract Resurfacing $200.00 

Contract Resurfacing Backlog $7.00 

GRAND TOTAL $705.07 
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FIGURE 13 Percentage of features exceeding threshold value for primary highway 
system, 1999 survey. 

system, shown in Figure 13, were very similar to the 
1998 findings. 

The 1999 North Carolina General Assembly estab­
lished a task force consisting of legislative and community 
leaders to investigate current funding deficiencies and rec­
ommend potential avenues to address the shortfall in 
transportation funding. The task force will complete its 
work in time for the 2001 legislative session. Although 
this will not benefit the 2000-2001 fiscal budget year, the 
department will continue to evaluate the condition of the 
state highway system and seek additional sources of funds 
to address deficiencies identified in the study. 
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