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A LEVEL OF SERVICE SYSTEM

'FOR BRIDGE EVALUATION

ABSTRACT

Data collected during Federally mandated bridge inspections is a
valuable resource. Evaluations based upon the data influence levels of
Federal funding and determine types of funding uses. Nevertheless, the
states and other owners have significant flexibility in selection of
bridges for replacement and rehabilitation. Methods are needed for
analyzing the data to facilitate bridge management functions and 1long

range planning related to replacement, rehabilitation and maintenance.
This paper reports research efforts to develop methods to enhance
utilization of North Carolina inspection data by evaluating bridges based
upon deficiency as related to acceptable and desirable levels of service.
Methods of prioritization are also introduced. The long range goal of the
research is to develop a maintenance, rehabilitation and replacement

priority system with the capability of estimating future funding needs.
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I. INTRODUCTION

The establishment of a Federally mandated system for bridge in-
spection, evaluation and reporting (Ref., 1) has provided the states
vith a valuable data resource. Regularly updated individual inspection
reports and especially the computerized Structure Inventory and Appraisal
data file have been essential for rapid evaluation and identification
of bridges.

Three summary evaluations are made for each bridge under the
Federal system. The Sufficiency Rating, ranging from 0 to 100 poiﬁts,
is calculated; the bridge is classified as Structurally Deficient
or not, and as Functionally Obsolete or not. Depending upon the Suffi-
ciency Rating a bridge may be eligible for Federal funding for replace-
ment or rehabilitation. However, within broad ranges of sufficiency
rating (0 - 50 for replacement or rehabilitation and 50 - 80 for rehabi-
litation) the states may prioritize the order of funding,

Thus, the states are faced with two related problems. First,
although the data base is available and the data can be tabulated
and summarized in many ways using the National Bridge Inventory Report
Generator Program (Ref. 2), there is a need for in depth analysis
of the data over a period of time to provide long range bridge management
information. Any one inspection cycle provides a snapshot but not
a history nor a trend. Second, methods are needed for prioritizing
bridges for replacement, rehabilitation and maintenance.

There are both short term and long term possibilities. 1In the
long term, trends accumulated from analysis of the data base over

several cycles of inspection will assist in optimizing selection of



bridges for maintenance, rehabilitation and replacement. In the short

term, less refinement is possible; nevertheless, prioritization must

be based upon the degree to which a bridge is deficient in meeting

public needs.
With the support of the North Carolina Department of Transportation,

a study has been undertaken with the following objectives.

1. Develop methods to enhance inspection data utilization in the
management of bridge maintenance, rehabilitation and replacement.

2. Establish a Level of Service system which can serve as a basis
for evaluating the adequacy of North Carolina bridges in serving
public needs.

3. Prioritize bridges in order of need based upon Level of Service
deficiency.

4. Evaluate the present cost of replacement or. rehabilitation ta
achieve the needed levels of service.

5. Determine the impact of maintenance and deferred maintenance
by task.

6. Develop a least cost maintenance, rehabilitation and replacement
priority system with the capabi}ity of estimating future funding
needs. |
This paper represents a progress report on the results of efforts

to achieve the above objectives. Tasks incorporating the first three

objectives have been completed. The approaches being used are presented
at this time for the benefit of other bridge owners faced with similar

problems.



2. NATURE OF NORTH CAROLINA BRIDGE PROBLEMS

In North Carolina there are approximately 17,300 bridges. Over
16,800 of these or 97% are state maintained bridges compared to 46%
state maintained nationwide. Thus, unlike most state maintained inven-
tories which are dominated by interstate, arterial and collector system
bridges, the NCDOT maintained inventory is 56% local system bridges
serving lov traffic volumes. Almost 40% of the total inventory is
located on routes with an average daily traffic volume (ADT) of less
than 250 vehicles.

Apbroximately 65% of the bridges in North Carolina are classified
as structurally deficient or functionally obsolete as detailed in
Table 2.1. This relatively high percentage often evokes a public
assumption of significant deéterioration, but analysis of the inspection
data reveals a clearer picture. Figure 2.1 shows the frequency of
condition ratings for the deck, superstructure and substructure,
A rating of 4 (indicating marginal condition with potential for minor
rehabilitation) or less on any of these items would cause a bridge
to be classified as structurally deficient, However, note that vir-
tually all the bridges are in good to fair condition indicating that
they have generally been well maintained.

Thus, the high percentage of structurally deficient bridges is
not due to condition as related to maintenance versus deterioration.
As shown in Tabel 2.2, the principal cause for classification as strﬁc_
turally deficient is the rating for Structural Condition. As shown
in Tabel 2.3, the principal causes for classification as functionally
obsolete are Structural Condition and Deck Geometry. Some bridges

are classified as deficient or obsolete for more than a single cause.



Table 2.1 Classification of N. C. Bridges

Classification No. Of Bridges %
Structurally Deficient 5664 34
Functionally Obsolete 5333 31
Neither 5792 35
Total 16789 100
Table 2.2 Items Causing Structural Deficient
Item _ Number of Bridges
Structural Condition <= 2 5044
Deck Condition <= 4 569
Superstructure Condition <= 4 458
Substructure Condition - <= 4 838
Waterway Appraisal <= 2 14
Total (some include multiple items) 5664
Table 2.3 Items Causing Functionally Obsolete
Item Number of Bridges
Structural Condition <= 3 3151
Deck Geometry <= 3 3009
Approach Alignment <= 3 1188
Underclearances <= 3 1163
Waterway Adequacy <= 3 45
Total (many include multiple items) 5333
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Structural Condition is not a qualitative evaluation of bridge-
condition, rather it is a quantitative evaluation of bridge load capa-
city. For many years, North Carolina was a state with very limited
resources and yet a large geographical area. In order to provide
access to rural areas, limited funds were stretched by constructing
relatively narrow and low load capacity (HS-10 & HS-15) bridges on
low ADT roads. Approximately 3600 of these bridges have timber super-
structures and many others have timber piles which further reduce
the condition rating. Thus, although many have been maintained in
good condition, the Structural Condition rating, is often 1, 2 or
3, causing the bridge to be deficient or obsolete.

The distribution of posted bridges versus ADT volume is shown
in Table 2.4. While any posting due to load capacity is undesirable,
it must also be recognized that low load capacities . on high ADT routes
(the lower left triangle of the matrix) is least acceptable. Since
determination of Sufficiency Rating places a heavy weighting on Adjusted
Inventory Tonnage, Structural Condition and Width, the distribution
(Table 2.5) of Sufficiency Ratings versus ADT volume is similar,

‘Under Federal criteria, a large number of North Carolina bridges
are eligible for replacement or rehabilitation funding. However,
prioritizing strictly on the basis of Sufficiency Rating does not
place adequate emphasis on appropriate service in proportion to public
need. The Sufficiency Rating places little emphasis on volume of
traffic, detour length and level of service needed on various functional
systems such as arterials, collectors and local systems. An additional
system of evaluation which more directly considers these factors is

needed, especially where the maintenance condition of the bridges



Table 2.4 -ADT Versus Single Vehicle Posting

No. with Single Vehicle Posting (¥*) Between

ADT 3-8 9-15 16-24 25-33 NP - Total
Under 250 327 2002 2354 668 1220 6571
250-499 96 647 626 388 711 2468
500-999 55 380 443 343 802 2023
1000-1999 24 160 223 222 869 1498
2000-3999 6 47 82 128 1035 1298
Over 3999 4 26 56 136 2709 2931
Total 512 3262 3784 1885 7346 16789
* Posting in tons based on Operating Rating
Table 2.5 ADT versus Sufficiency Rating
No. with Sufficiency Rating Between

ADT 0-25 25-50 50-80 80-100 Total

Under 250 399 2832 2532 808 6571

- 250-499 242 1077 772 377 2468

500-999 183 736 676 428 2023

1000-1999 123 383 546 446 1498

2000-3999 57 176 462 603 1298

Over 3999 65 252 1166 1448 2931

Total 1069 5456 6154 4110 16789




is fair to good and the estimated bridge remaining life is relatively
long. In order to meet this need, a Level of Service system has been
developed for evaluation and prioritization of bridges on the basis

of level of service deficiency.



3. BRIDGE LEVEL OF SERVICE

Although it might be ideal to have all existing bridges meet North
Carolina Bridge Policy (Ref. 3) requirements for new bridges, it is recog-
nized that this is not financially possible. Thus, a method of determin-
ing an appropriate Level of Service for each bridge is established herein.

There are many characteristics that can contribute to making a bridge
safe, functional and beneficial to the public, However, three character-
istics most directly contribute to these needs:

1. Load Capacity

2. Clear Bridge Deck Width

3. Vertical Roadway Underclearance and Overclearance
The level of service goal for each of these characteristics will vary
depending upon the volume of traffic and the functional classification
of the roadway. Furthermore, the goals can be set at an "acceptable"
lov level, at a "desirable" higher level or at an intermediate level
between these two.

Level of Service goals, acceptable and desirable, are defined in
Tables 3.1, 3.2, and 3.3 for capacity, width and vertical clearance re-

spectively.

3.1 Functional Classifications

North Carolina highway segments between intersections are classified
according to the functional service provided by the route in meeting state-
wide transportation needs. Bridges are classified in the same functional
system as the route carried by the bridge. The principal functional class-

ifications are as follows:
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1. Interstate and Arterial Systems - Provide moderate to high volume
highways for travel between major points. ' These highways are
primarily for through traffic, usually on a continuous route,
and are generally the top 10% of the total highway system based
on relative importance for statewide travel.

2. Collector System - Provides primarily intracounty service with
shorter travel distances and generally more moderate speeds. .
These routes provide service to county seats and towns not on
the arterial system. Routes which carry traffic from local roads
to arterials are collectors.

3. Local System - Provides access to farms, residences, businesses,
or other abutting properties. Traffic volume is low and local
in nature.

The systems are further subdivided in some cases. For example, collectors
are divided into major collectors and minor collectors.

3.2 Acceptable Goals

The "acceptable" load capacity goals seek to provide a safe and
functional level of strength to serve most vehicles expected on the route
being served. The minimum acceptable level is that vhich would accommodate
essential vehicles such as passenger cars, school buses, fire trucks,
residential garbage trucks, heating oil home delivery trucks and two axle
electrical utility line trucks on all routes.

All normal passenger cars can be accommodated within the 3 ton eapa-
city required for an open bridge. A survey was conducted by the NCDOT
Bridge Maintenance Unit to determine the weights of essential service
vehicles. Inquiries to the State Department of Public Instruction indi-
cate that the weight of loaded school buses ranges from 6 tons to a maxi-
mum of 12 tons. Fire trucks for the City of Raleigh weigh approximately
16 tons. Special permits are obtained for those in the 18 to 20 ton range.
Wake County rural fire trucks are limited to 15 tons and most do not
exceed 11 to 12 tons. Residential garbage trucks in Raleigh and Wake
County are all two axle vehicles limited to a legal veight of 15.75

tons. Commercial garbage trucks are often 3 axle or tandum vehicles
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with 22.5, 25 or 33.6 ton legal limits., Carolina Power & Light Co. line
trucks generally weigh 13 tons, although there are a limited number of
18 ton tandum axle trucks.

Furthermore, operation of a vehicle weighing more than 15 tons re-
quires a chauffeurs' license which would imply a better operator under-
standing of vehicle weight and posting requirements. Based upon the
above factors, a minimum acceptable load capacity goal of 16 tons was
established, as shown in Table 3.1. This level will serve all two axle
trucks and two and three axle buses. Higher capacities are needed for
major collectors, arterials and interstates to serve commerce and
industry with a minimum of detour. The major collector goal of 25 tons
was selected to serve the needs of all 3 axle trucks, which would include
many concrete trucks and logging trucks.

Clear bridge deck width goals are intended to provide reasonable
safety. Narrow bridges contribute to both single and multiple vehicle
collisions as well as accidents involving pedestrians. Width needs de-
pend upon the volume of traffic (ADT) and the roadway functional classi-
fication (as an indication of traffic content and speed). The acceptable
goals shown in Table 3.2 generally correspond to bridge policy for exist-
ing bridges to remain in place when the approach roadway is reconstructed.
However, a width of 26 ft. rather than 28 ft. was accepted for local and
collector systems with ADT over 4000 vehicles. Also, the current year
ADT is used for the evaluation of acceptability rather than a design year
ADT. Table 3.2 presents width goals for two lane bridges, For bridges
vith other than two lanes, the width goals are calculated from lane and

shoulder dimensions given in Table 3.2A,
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Vertical roadway underclearance goals affect only those- bridges
vhich span over another roadway. Vertical roadway overclearance goals
affect only those bridges such as trusses which have overhead obstructions.
The benefits of adequate vertical clearance are related to reducing,detoufs
of vehicles serving commerce and industry and detours of certain farm
equipment as well as reducing collision damage. The acceptable goals
shown in Table 3.3 correspond to the minimum vertical clearance not re-
quiring posting. At 14.0 ft., this is slightly higher than the legal
maximum height of 13.5 ft. in order to allow for vehicle bounce and re-

surfacing between inspections.

3.3 Desirable Goals

The "desirable" goals for load capacity, deck width and vertical
clearance generally correspond to North Carolina Bridge Policy for new
bridge construction. Current ADT is used in the evaluation rather than
design year ADT. However, the bridge width goals have been adjusted

assuming that design year ADT would be approximately double current ADT.



Table 3.1 Bridge Capacity Goals

Road Over Single Vehicle Capacity
Functional
Classifiecation Acceptable Desirable
Interstate & Arterial NP NP
Major Collector 25 Tons NP
Minor Collector 16 Tons NP
lLocal 16 Tons NP

NP = Not Posted (capacity

= 33.6 Tons for single vehicles)

13



Table 3.2 Clear Bridge Deck Width Goals
for Two Lane Routes

Road Over Current Clear Width (Feet)
Functional ADT
Classification Acceptable Desirable
Interstate & ADT < BOO 22 32
Arterial 801 - 2000 24 36
2001 - 4000 26 40
Over 4000 28 40
Major & Minor
Collectors ADT < 800 20 24
801 -~ 2000 22 28
2001 - 4000 24 30
Over - 4000 26 30
Local ADT < 800 20 24
801 - 2000 i 22 28
2001 - 4000 24 30
Over 4000 26 30

For bridges with more than two lanes see Table 3.2 A. Width = No. of
lanes (lane width) + 2(shoulder width).



Table 3.2A Clear Bridge Deck Width Goals (Lane & Shoulder)

_Road QOver Current Acceptable Desirable
Functional ADT .
Classification Lane Shoulder Lane Shoulder

Interstate &

Arterial ADT < 800 10 1 12 4
801 -~ 2000 10 2 12 6
2001 - 4000 11 2 12 8
Over - 4000 11 3 12 8

Major & Minor
Collectors ADT <. 800 9 1 10 2
801 - 2000 9 2 11 3
2001 - 4000 10 2 12 3
Over 4000 10 3 12 3
Local ADT < 800 9 1 10 2
801 - 2000 9 2 11 3
2001 - 4000 10 2 12 3
Over 4000 10 3 12 3
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Table 3.3 Bridge Vertical Underclearance Goals

Road Under Underclearance (Feet)
Functional
Classification Acceptable Desirable
Interstate & Arterial 14.0 16.5
Major & Minor Collectors 14.0 15.0
Local 14.0 15.0

Bridge vertical overclearance goals for the road over functional classi-
fication shall be the same as the above values.
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4. PRIORITIZATION BASED UPON NEED

The method of prioritization involves calculation of Deficiency

Points. The four major areas of deficiency to be evaluated are:

Weighting
1. Single Vehicle Load Capacity Wt = 70
2. Clear Bridge Deck Width WW = 12
3. Vertical Roadway Under/overclearance Wy = 12
4. Estimated Remaining Life WL = 6

Within the above areas, additional consideration is given to volume of
traffic and length of detour.
The deficiency magnitude expressed in Deficiency Points, DP, (the
larger DP, the more deficient the bridge) is given by
DP = CP + WP + VP + LP (Eq.4.1)
vhere CP, WP, VP, and LP are priority points accumulated from evaluation
of capacity, width, vertical clearance and remaining life respectively.

The method for determining each of these point parameters follous.

4.1 Single Vehicle Load Capacity Prioriﬁv (CP)

Calculation of capacity priority considers:

cG = Capacity Goal, Tons (Table 3.1)

Sy = Single Vehicle Posting, Tons

ADTO = Average Daily Traffic of Over Route
DL = Detour Length, Miles

WC = Capacity Weighting

User costs related to the load capacity of a bridge are generated from
time lost and extra mileage accumulated during detour around a posted
bridge. These costs increase essentially linearly with Capacity Deficiency

(CG-SV), Average Daily Traffic and Detour Length. Thus, ADT and Detour
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Length are included in a linear factor, KD, in the following analysis.
However, some public costs are not linear. A posted bridge is more likely
to be damaged by overload. While the overload may occur with higher fre-
quency on a high ADT route, a single overload on a low ADT route produces
similar damage. Furthermore, there is a need to provide basic service
that is not directly proportional to ADT. Thus, a second non-linear fac-
tor, KA, increases with ADT but provides somewhat extra consideration

for low ADT bridges.

The prierity is calculated as follows:

CP = WC x (E_G__-_ﬂ) (0.6KA + 0.4KD) (Eq. 4.2)
10
wvhere
0.30

kn - JADD) (Eq. 4.3)
12

w = 2= (A, (Eq. 4.4)
20 4000

and the priority is limited to the range 0 < CP < WC. The relation-

ships expressed by Equation 4.2 are shown in Figure 4.1.

4.2 Clear Bridge Deck Width Priority (WP)

Calculation of width priority considers:

WG = Width Goal, Feet (Tables 3.2 and 3.2A)
COW = Present Clear Deck Width, Feet

ADTO = Average Daily Traffic of Over Route

Wi = Width Weighting

User costs related to bridge width are associated with accidents, Narrow
bridges contribute to single vehicle collisions involving bridge elements
or pedestrians and to multiple vehicle collisions involving approaching

or passing vehicles. Direct user costs include loss of life, injuries
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and vehicle damage. Public costs include increased insurance premiums

and bridge damage repair. The expected numbers of accidents and resulting
costs would increase as a function of Width Deficiency (WG-CDW) and Average
Daily Traffic. The relationship is essentially linear for both parameters.
Thus, width priority deficiency points, WP, should increase linearly as
either ADT or Width Deficiency increases. No extra weighting is needed

for very low ADT bridges since the probability of encountering other ve- .
hicles on such bridges is low. With low ADT, the usable lane width in-
creases. on an othervise unoccupied bridge.

The width priority is calculated as follows:

WG - CDWy ADTO
5 X Zgoo

WP = W x ( (Eq. 4.5)

and the width priority factor is limited to the range 0 < WP < WW.

The relationships expressed by Equation 4.5 are shown in Figure 4.2,

4.3 Vertical Roadway Under/Over Clearance Priority (VP)

Calculation of vertical clearance priority considers:

UG = Underclearance Goal, Feet (Table 3.3)
VCLU = Present Vertical Underclearance, Feet
ADTU = Average Daily Traffic of Under Route
0G = Overclearance Goal, Feet (Table 3.3)
VCLO = Present Vertical Overclearance, Feet
ADTO = Average Daily Traffic of Over Route
Wy = Vertical Clearance Weighting

User costs related to vertical clearance are associated with accident
losses, detours of high clearance vehicles and temporary detours resulting
from out of service damaged bridges. Public costs include increased insur-
ance premiums and bridge damage repair when accidents occur. In North

Carolina, vertical clearance usually involves underclearance for a grade
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separation. Overclearance problems are much less numerous since the in-
ventory of thru truss bridges and multiple level bridges at interchanges
is small. Nevertheless, both over and under clearance contribute to user
costs and both types of clearance problems can occur simultaneously in
one bridge.

The magnitude of user and public costs would increase linearly as
a function of Vertical Clearance Deficiency (UG-VCLU or 0G-VCLO) and
Average Daily Traffic. Although the length of detour has an impact upon
these costs, the detour length for the route under is not available in
the data base. Thus, detour length is not included in the evaluation.

The priority is calculated as follows:

ADTU

VPU = WV x (Hg—:—ygkg) (Eq. 4.6)
2 4000

VPO = WV x (EEiJ;JEEJQ) x PDT0 (Eq. 4.7)
2 4000 ‘

VP = VPU + VPO

and the priority is limited to the range 0 < VP < WV. The relation-

ships expressed by Equations 4.6 and 4.7 are shown in Figure 4.3,

4.4 Estimated Remaining Life Priority (LP)

An estimate of remaining life is made by bridge inspectors during
the process of inspection. A significant degree of judgement is involved.
Many factors appear to be considered including condition ratings, appraisal
ratings, load capacity, age, -etc. Thus, the estimate is approximate.
A remaining life less than 3 years generally indicates significant deter-
ioration. A remaining life above approximately 15 years appears to indi-
cate a generally acceptable situation. Inclusion of estimated remaining
life in the analysis is intended to provide some weighting based upon

general condition.
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The points assigned are a maximum for a remaining life of 3 years or
less' since the planning, funding, design, and construction process re-
quires approximately 3 years.

Assignment of life priority considers:

RL

Estimated Remaining Life, Years
WL = Remaining Life Weighting
The priority is assigned as follows:

_RL - 3)
12

LP = WL x [1 (Eq.4.9)

and the priority is limited to the range 0 < LP < WL. The relation-

ship expressed in Equation 4.9 is shown in Figure 4.4,
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5. ANALYSIS RESULTS
Data for each bridge from the NCDOT Structure Inventory and Appraisal
Expanded File was analyzed using the criteria and methods previously
outlined. A computer program, Level of Service and Prioritization
(LOSAP), was developed to facilitate data processing. The results
of the analysis are printed in various sorting formats to fit the
needs of the user. An example of the analysis results based upon
acceptable criteria goals is presented in Table 5.1. The results
shown are for bridges in the secondary highway system, Sample groups
of output lines from the top of the output list, middle of the list
and near the bottom of the list are included. Abbreviations for the
column headings are further defined in Table 5.2,
Sorting can be accomplished on several levels. Normally, the
first level of sorting is either statewide, by system such as interstate,
primary, secondary, etc., or by county. The second level of sorting
is by Deficiency Points with highest listed first. Other levels and
types of sorting and limiters are utilized as needed.
The output printed is intended to provide the user with information
that is most frequently utilized in evaluating the circumstances of
the bridge being considered for possible replacement, rehabilitation
or maintenance. Information groupings include:
1. Bridge identification numbers, location, facility carried and
Federal Aid classification.
2. Principal bridge materials, type, condition ratings, age and
estimated remaining life.
3. Traffic volume, current capacity, width and underclearance, length,

estimated replacement cost and capacity and width goals.
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4. Deficiency points, sufficiency rating and cost factor.

The Cost Factor is defined as follows,

oF - Replacement Cost (Thousands) _RC
Deficiency Points DP

wvith a maximum value of 999. This factor is an indication of the

cost to need ratio. A low cost factor indicates a bridge whose
deficiency can be eliminated for a relatively low cost. All parameters
of deficiency being equal, it is generally more cost effective to
replace a short bridge than a long bridge.

In examining the data sample in Table 5.1, note that the bridges
at the top of the list are characterized by high ADT, significant
load capacity and width deficiency, and low remaining life. Bridges
vith zero deficiency have no capacity, width or vertical clearance
deficiency and significant remaining life, Bridges with moderate
deficiency points usually have moderate deficiencies. However,
the deficiencies may be large when the ADT is very low and the detour
length is very short.

A frequency distribution of the numbers of bridges in ranges
of acceptable and desirable deficiency points is given in Table
5.3. A goal of the Level of Service approach would be to eventually
reach a situation in which
1. The average deficiency will be virtually zero when measured

against the acceptable level of service goals,

2. The average deficiency when measured against the desirable
goals will be allowed to fluctuate in a manner that allows
for least cost maintenance, rehabilitation and replacement,

The above recognizes that essential service must be provided with

due regard to need for service. However, all bridges cannot be
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Table 5.2 LOSAP Output Abbreviations

Abbreviation Pefinition

0BS = OQutput line number
SY = Highway system (S=Secondary)
BRNO = Permanent bridge number
STRUCTUR = Structure number
CNTY | = County
FACILITY = Facility carried
FEDA = Federal aid classification
SUPMT = Superstructure material and type

(TM=timber, M-BM=multi-beam/girder)
SM = Substructure material (ST=steel)
AG = Age
RL = Remaining life
DPA = Deficiency points' (acceptable)
SUFF = Sufficiency rating
CF = Cost Factor
LEN = Length
ADTO = Average daily traffic over bridge
SV = Single vehicle posting (tons)
cG = Capacity goal (tons, 34=NP)
CDW = Clear deck width (feet)
WG = Width Goal (feet)
VCLU = Vertical clearance under (feet)
(0.0 if not grade seperation)

DL = Detour length (miles)
DK = Deck condition rating
SP = Superstructure condition rating
SB = Substructure condition rating
RC = Replacement cost ($ thousands)

Table 5.3 Deficiency Point Distribution

Point Range

Number of Bridges

Acceptable Desirable

DP = 0 7026 4131
D<DP <= 10 6595 1821
10<DP <= 20 2309 3150
20<DP <= 30 476 2561
30<DP <=40 165 2132
40 <DP <= 50 82 1294
50 <DP <= 60 48 728
60 <DP <= 70 31 412
70 <DP <= 80 26 267
80 <DP <= 90 30 287
90 <DP < =100 1 6
Total 16789 16789

. 29
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maintained in new desirable condition indefinitely. Toward the
end of bridge life, certain maintenance should be discontinued and
some deterioration accepted before replacement so long as essential

acceptable levels of service are still provided.
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6. CONCLUSIONS
The concept of a Level of Service system offers the following
possibilities for bridge evaluation:
1. Acceptable levels of service related to essential public needs
can be established in accordance with the functional classification
of the highway system being carried,
2. Prioritization for replacement or rehabilitation can be based
on the magnitude of the bridge deficiency calculated in a manner
vhich parallels the magnitude of user costs incurred. Optimization
techniques for least cost selection among these alternatives are
being developed.
Although much effort remains to achieve all the objectives desired,
the directions taken to date have enhanced utilization of the bridge
inspection data. It is recognized that special needs and situations
not accounted for by the system will continue to refine the priority
listing. In addition, refinement of the weightings and factors -included
in the Level of Service analysis is expected to éontinue. Nevertheless,
the system is already greatly assisting in the process of identifying -

bridges for replacement, rehabilitation and certain maintenance operations.
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APPENDICES

Three appendices are included in this chapter. The following is a brief
description of each.

Appendix A outlines sorting and listing arrangements for the computer
output. During initial development of the analysis system, the program as
written in PL/1 utilized the Statistical Analysis System - SAS at
N. C. State University for sorting and formating of output. It is envisioned
that sorting routines and output formats will have to be built into the pro-
gram when it is activated on the N. C. State Government ADP system for NCDOT
use. The desired sorting and listing options are given in Appendix A.

Appendix B ocutlines various output listing abreviations and codes. Where
the output information is taken directly from the Structure Inventory and
Appraisal Expanded File, the column position and field numbers are indicated.
Two sheets of output are currently printed: (1) a prioritized listing sorted
as desired and (2) a cross reference sheet normally sorted by bridge number.

Appendix C is a listing of the computer program for determining Level
of Service and Prioritization Based Upon Need (LOSAP). The program, as listed,
is written in PL/1 and uses external subroutines of SAS, the Statistical Ana-
lysis System. Descriptive comments and abreviation definitions are included

in the listing.
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APPENDIX A
COMPUTER OUTPUT SORTING AND LISTING CODES
FOR
BRIDGE MAINTENANCE LEVEL OF SERVICE
AND

PRIORITIZATION BASED UPON NEED

SORTING OPTIONS

A. North Carolina System Definitions

Interstate - Field 153 = 00000 and Field 5 col. pos. 25 = 1
Primary - Field 153 = 00000 and field 2 col. pos. 9 =1
Secondary - Field 153 = 00000 and fField 2 col. pos. 9 = 2
Urban - Field 153 not 00000

Municipal - Field 25 col. pos. 149 = 4 (overrides above)

B. County

00 to 99 corresponding to NCDOT Expanded File Column positions
1-2

€. Division

01 to 14 corresponding to NCDOT Expanded file column positions 33-34
(field 6).

D. Deficiency Points (100 to 0) max. first to min. last.
E. Sufficiency Rating (0 to 100) min., first to max. last,
SORTING CODES

A-D-E
B-A-D-E
C-A-D-E

Vs WO

LISTING CODES (Limit amount of output)

All Bridges

Bridges with Deficiency Points 2 X or Suff, Rating < Y.
Bridges with Deficiency Points > X and Suff. Rating - < Y.
Bridges with Sufficiency Rating > X and Suff. Rating < V.

PPwWNE-=O

Note: X and Y limits are selected from the range 0 to 100 and entered
wvhen needed after the listing code is entered.
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APPENDIX B
COMPUTER OUTPUT ABBREVIATIONS AND CODES
FOR
BRIDGE MAINTENANCE LEVEL OF SERVICE
AND

PRIORITIZATION BASED UPON NEED

Column Position and Field numbers refer to data locations in the

NCDOT Bridge Maintenance Record Expanded File. These are often noted

in brackets as [Column Positions; Field].

1. Prioritized Output Listing Sheets

0BS

SY

BRND
STRUCTUR
FACILITY

FEDA

Observation Number (or output line number)

System (by NCDOT definitions)

I = Interstate : field 153 = 0 & field 5 pos. 25 = 1.

P = Primary : field 153 = 0 & field 2 pos. 9 = 1.

S = Secondary : field 153 = 0 & field 2 pos. 9 = 2.

U = Urban : field 153 not = 0.

W = Municipal : field 25 pos. 149 = 4 (overrides all above).
Bridge Number [1-5;-]
Structure Number [11-23;3]
Facility Carried by Structure [68;80;part,of 11]

Federal Aid Classification

System on bridge [163-164;28].

Output Computer
Code Meaning Code
FAI-R = Federal Aid Interstate - Rural 1
FATI-U = " " - Urban 2
FAP-R = " " Primary - Rural 3
FAP-U = " " " - Urban 4
FAS = " " Secondary 5
FAU = n " Urban 14
LCS = Local City Street 12
NFA-R = Non Federal Aid - Rural 9
NFA-U = n n - Urban 10
FFF = Other (check data base for error)
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SUPMT = Superstructure Material and Type

Material for Superstructure Main (field 48) from column
position 219 with the following codes:

Output Code Meaning Computer Code
RC Reinforced Conc. 1 or 2
ST Steel 3 or 4
PC Prestressed Conc. 5 or 6
™ Timber 7
MA Masonry 8
AL Aluminum 9
0 Other 0

Type of Superstructure Main (field 48) from column posi-
tions 220-221 with the following codes:

Output Code Meaning Computer Code
SLAB Slab 01
M-BM Stringer, Multi-Beam

or Girder 02
F-BM Girder & Floor Beam 03
T-BM Tee Beam 04
BOXB Box Beam 05 or 06
FRAM Frame 07
ORTH Orthotropic 08
TR-D Truss - Deck 09
TR-T Truss - Thru 10
AR-D Arch - Deck 11
AR-T Arch - Thru 12
SUSP Suspension 13
STYG Stayed Girder 14
MV-L Movable - Lift 15
MV -B Movable Bascule 16
MV-5 Movable Swing 17
TNNL Tunnel 18
CuLv Culvert 19 & Pos. 11=C
PIPE Pipe 19 & Pos. 11=P
OTHR Other 00
SM = Substructure Materials

For Pier Substructure Main (field 144) if position 1252
is not blank or zero, Otherwise for Abutment Substructure
(field 141) column position 1243,

Output Code Meaning Computer Code
RC Reinforced Concrete 1l or 2
ST Steel 3 o0r 4
PC Prestressed Concrete 5 o0r 6
™ Timber 7
MA Masonry 8
AL Aluminum 9
0 Other 0
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AG = Age of Bridge

current year minus Date Build 172-173;31

RL = Estimated Remaining Life
DP = Deficiency Points Calculated
SUFF = Sufficiency Rating
CF = Cost Factor ($1000/DP)
CF = Estimated Replacement Cost/Deficiency Points
CF = 999 vhen either replacement cost is not available or DP=0.
LEN = Length of Bridge [239-246;54]
ADTO = Average Daily Traffic (latest current) [180-191;35]
SV = Single Vehicle Posting (tons)
34 indicates not posted
CG = Single Vehicle Capacity Goal (tons) 34 indicates goal is no
posting.
CDW = Clear Deck Width (feet) [255-259;57]
WG = Width Goal (feet)
YCLU = Vertical Underclearance (feet) [269-272;60]
Zero if not a grade separation.
DL = Detour Length (miles) [146-147323]
DK = Deck Condition Rating [280;64]
SP = Superstructure Condition Rating [282;66]
SB = Substructure Condition Rating

RC - Estimated Replacement Cost ($1000) [330-334;90]



2. Cross Reference Listing Sheets

0BS = Observation Number (or line output number)

DV =N.C. State Highway Division [33-34;6]
SY = System (by NCDOT definitions - see section A above)
BRNO = Bridge Number [1-5;-]
CODE = Sorting and Type Codes (leading 3 digits of str. No.)

[9-11;2 & 1st digit of 3]
STRUCTUR =Structure Number (last 12 digits of str No.)
FEATURE = Feature Intersected by Bridge [43-6639]

FCL = Functional Classification of Route Carried
[169; part of 30]

1 = Interstate
2 or 3 = Arterial
4 = Major Collector
5 = Minor Collector
6 = Local
0BSO = Functionally Obsolete Status by Federal Criteria
DEFI = Structurally Deficient Status by Federal Criteria
FEDF = Federal Funding Eligibility
NO = Interstate
REHAB = Eligible for rehabilitation only
RH/RP = Eligible for rehabilitation or replacement
VCLO = Vertical Clearance Over (feet) [265-268;59]

107.25 indicates no obstruction

CP = Capacity Deficiency Points

WP = Width Deficiency Points

VP = Vertical Clearance Deficiency Points
LP = Remaining Life Deficiency Points

DP = Deficiency Points

SUFF = Sufficiency Rating

38
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APPENDIX C
Computer Program Listing

Level of Service and Prioritization (LOSAP)
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