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OPBRIDGE: An Integrated Bridge Budget 
Forecasting and Allocation Module at the 
State Level 

KAMAL M. AL-SUBHI, DAVID w. JOHNSTON, AND FOAD FARID 

An overview is provided of the optimum bridge budget fore­
casting and allocation module (OPBRIDGE), a decision support 
system for bridge management at the state level. OPBRIDGE 
has the capability of predicting funding requirements to achieve 
bridge system objectives specified by the bridge manager. Alter­
nately, the program can optimally allocate limited budgets and 
predict performance of the bridge system. 

A bridge management system (BMS) is a systematic frame­
work that formalizes the decision-making process involving 
maintenance, rehabilitation, and replacement of bridges. The 
BMS applies systems engineering to assist decision makers in 
defining optimum strategies for maintaining bridges at pre­
defined performance standards during a given period of time, 
called a horizon. The BMS attempts to gradually upgrade the 
entire inventory of bridges so that eventually condition ratings 
and user levels of service will not be deficient. 

Decisions in a comprehensive BMS can be analyzed at two 
different levels-at the bridge (project) level and at the sys­
tem level. A bridge system consists of a number of bridges 
under the jurisdiction of an agency. At the bridge level, the 
BMS prescribes the best action for a specific bridge. At the 
system level, the BMS supports decision makers in developing 
an agency-wide program of maintenance, rehabilitation, and 
replacement that will make optimum use of the available budget. 

An overview of the optimum bridge budget forecasting and 
allocation module (OPBRIDGE), a decision support system 
for bridge management at the system level, is provided. 
OPBRIDGE, which was developed for the North Carolina 
Department of Transportation (NCDOT), can answer the 
following bridge-level question at the beginning of each year 
in the analysis horizon-What action should be selected for 
each bridge in the system: replacement, rehabilitation, major 
maintenance, or routine maintenance? OPBRIDGE may also 
answer the following system-level questions: 

1. What are the annual budgets needed over the forecasting 
horizon? 

2. How can budgets granted be allocated optimally at the 
state level? 

3. What are the impacts of manager objectives and funds 
available on the estimated future user level of service (LOS) 
and condition ratings of the bridge system? 
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OPBRIDGE adopts and improves a methodology for com­
puting the user and agency costs associated with the different 
alternatives for a bridge, on the basis of the findings of Chen 
and Johnston (1). OPBRIDGE applies concepts of strategic 
planning for setting long-range bridge management objectives 
and policies that constitute the user input for the analysis 
module developed. The mathematical formulation for budget 
forecasting is adapted from the work of Chen and Johnston, 
while a budget allocation module is developed at the sys­
tem level under constrained budgets. OPBRIDGE analysis 
procedures applied to an existing bridge data base are 
evaluated. 

MATHEMATICAL FORMULATION AND 
APPROACH OVER HORIZON 

OPBRIDGE attempts to resemble the real-life decision proc­
ess. At the beginning of every year, OPBRIDGE analyzes 
the budget limitation that was entered by the user for that 
particular year. If the budget is limited (budget granted or 
limited maximum allowable budget), OPBRIDGE uses a 
0-1 integer-linear programming formulation with multiple­
choice constraints, also called "generalized upper bound" 
(GUB) constraints, to optimize budget allocation according 
to the decision criterion, thus maximizing overall reductions 
in equivalent uniform annual costs (EUAC). On the other 
hand, if the budget is unlimited, OPBRIDGE selects the alter­
native that has the highest reduction in EUAC for every bridge 
in the system. The routine maintenance alternative protects 
the bridges from accelerated deterioration. Therefore, the 
base alternative is provided if a major improvement alter­
native is not economical, not enforced by requesting imme­
diate improvement for deficient bridges, or not possible because 
of budget limitation. Figure 1 shows the sequence of events 
in OPBRIDGE, as follows: 

1. The user enters budgets, objectives, and policies into the 
file INPUT.DAT. 

2. OPBRIDGE extracts data from the bridge database and 
the cost and parameter file. 

3. OPBRIDGE optimizes decisions for every year in the 
analysis horizon. At the end of every year, OPBRIDGE ages 
bridges 1 year and predicts condition ratings, average daily 
traffic (ADT), etc. This process allows the system to repeat 
the analysis for the next year. 
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FIGURE 1 Flowchart for OPBRIDGE analysis. 
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4. OPBRIDGE produces detailed bridge-by-bridge output 
showing recommended current and future major actions, 
county-by-county output showing costs of major actions and 
hudget required for each county, and tabular and graphical 
outputs showing the future performance level of the bridge 
system over the horizon, H. 

INPUT DATA FOR USING OPBRIDGE 

Figure 2 shows the OPBRIDGE user input computer screen 
layout. The input data consist of the following items. 

1. Horizon, H? Enter the number of future years over 
which the analysis is made. This integer variable may have a 
value between 1 and 20. 

2. First-Analysis Year? Enter the first year in the analysis 
horizon, H. 

3. Bridges for Analysis? Specify whether all bridges or 
bridges with a certain federal-aid classification, a certain state 
system, or a certain division number are to be included in the 
analysis. 

4. Immediate Improvement for Deficient Bridges? Specify 
whether improvement (rehabilitation or replacement) is man­
datory for bridges that are deficient with respect to the requested 
user LOS goals as defined by Johnston and Zia (2). If the 
entry is N, then an improvement alternative is selected only 
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if it is economical. If the entry is Y and the bridge is deficient 
in meeting the user LOS goals, an action will be taken to 
correct the deficiency, even if the action is not economical. 
However, in this second case, bridges with economic alter­
natives will be improved first, and then noneconomic bridges, 
if there are funds remaining. 

5. User LOS Goals? Assign 1or2, depending on whether 
the user LOS goals are (a) acceptable, or (b) desirable with 
respect to the following bridge characteristics: load capacity, 
clear deck width, and vertical roadway underclearance and 
overclearance. The goals vary depending on highway func­
tional classification and traffic volume. At the beginning of 
each year, decision rules select appropriate alternatives for a 
bridge, if its LOS characteristics are below the user LOS goals. 
Acceptable levels are mainly applicable to existing bridges 
permitted to remain in service. Desirable levels are usually 
applied to new bridge construction. 

6. Minimum Allowable Condition Rating? Enter any inte­
ger on the scale of condition rating. The O-to-9 scale, from 
critical to new condition, has been used in the federal bridge 
inspection standard to record conditions of the bridge ele­
ments. Whenever the condition rating of a bridge element 
becomes lower than or equal to the minimum allowable ele­
ment condition, that bridge should be recommended for reha­
bilitation, major maintenance, or replacement, depending on 
the economic attractiveness of each. Usually, the minimum 
element condition allowed is 3, 4, or 5. 

7. Highest Rehabilitation Condition Rating? Define the 
condition rating at which a bridge element should be reha­
bilitated if its condition rating and LOS trigger a possible 
rehabilitation action. Generally, this variable is estimated as 
7 or 8 on the scale of condition ratings. 

8. Real Required Rate of Return and Rate of Inflation? 
Input the required rate of return (RRR) to be used in com­
puting the EUAC of all possible improvement alternatives 
for a bridge. The RRR is the minimum acceptable rate of 
return on an investment after taking into account all the cir­
cumstances surrounding that investment. Inflation is a per­
sistent increase in price levels that results in the decline of 
the purchasing power of future budgets. As shown in Figure 
3, OPBRIDGE can take into account the effect of inflation 
on the output it produces (3). The nominal required rate of 
return (NRRR) is composed of two components-the real 
required rate of return (RRRR) and a component that is 
larger than the perceived rate of inflation (f), NRRR = RRRR 
+ (1 + RRRR)f. 

9. Factor to 'J'ransfer 1985186 Dollars to Today's Dollars? 
Enter index needed to convert cost tables (J) from 1985-1986 
dollars to today's dollars (see Figure 3). 

10. Are Your Budgets in Constant (Today's) Dollars? Enter 
N if the budgets are in future dollars and need to be trans­
ferred to the present time to account for inflation. This entry 
is needed to ensure that both the budgets and the cost esti­
mation tables would have the same purchasing power. The 
inflation rate used in this case is entered by the user as 
the average yearly inflation rate expected over the analysis 
horizon. 

11. Enter Some or All of the Following Budgets: 

• Granted Budgets: The funding authority usually grants 
in advance certain budgets to be used during an allocation 
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ANALYSIS HORIZON 
HORIZON ? (YEARS) . 
FIRST-ANALYSIS VEAR ? 

BRIDGES FOR ANALYSIS 
RANGE OF BRIDGE NUMBERS ? . . . . . . . . . 
WHAT FEDERAL AID SYSTEM ? (F/N/A) . . . . . 
WHAT STATE SYSTEM ? (PISIUIA) . . . . . . . 
WHAT DIVISION NUMBER? (15 =ALL DIVISIONS) 

ANALYSIS PERFORMANCE REQUIREMENTS 

20 
1989 

00000-99999 
A 
A 
15 

IMMEDIATE IMPROVEMENT FOR DEFICIENT BRIDGES ? (VIN) V 
USER LEVEL-OF-SERVICE GOALS? (1 OR 2). 1 

1) ACCEPTABLE, 
2) DESIRABLE . 

MINIMUM ALLOWABLE CONDITION RATING ? . . . . . . . . . 4 

GENERAL SPECIFICATIONS 
HIGHEST REHABILITATION CONDITION RATING ? 8 
REAL REQUIREO RATE OF RETURN ? (%). • • • 5.00 
ARE YOUR BUDGETS IN CONSTANT (TODAY'S) DOLLARS? (V/N) V 
RATE OF INFLATION ? (%) . . . . . . . . . . . . 3.00 
FACTOR TO TRANSFER 1985186 DOLLARS TO TODAY'S DOLLARS? 1 , 1 

ENTER BELOW SOME OR ALL OF THE FOLLOWING BUDGETS: BUDGETS GRANTED, 
LIMITED OR UNLIMITED MAXIMUM ALLOWABLE BUDGETS. 
INCLUDE DECIMAL POINTS IN BUDGETS. 

$ BUDGET DISTRIBUTED BY DOLLARS. 
% BUDGET DISTRIBUTED BY PERCENTAGE (MUST ENTER TOTAL BUDGET) . 
T ONLY TOTAL BUDGET IS ENTERED. 
U UNLIMITED BUDGET. 

% s 
VEAR T U MAINTENANCE REHABILITATION REPLACEMENT TOTAL BUDGET 

1989 % 20. 30 . 50. 80000000. 
1990 s 15000000. 3DOOOOOO. 45DOODOO. 90000000 . 
1991 T 
1992 u 

2008 u 

OUTPUT SPECIFICATION 
DETAILED BRIDGE-BY-BRIDGE OUTPUT? (VIN). 
TABULAR OUTPUTS (BUDGETS AND PERFORMANCE) ? (VIN) 

BY FEDERAL/NON-FEDERAL AID? (V/N) .. 
BY PRIMARY/SECONDARY/URBAN ? (VIN) ... 

GRAPHICAL OUTPUTS (BUDGETS AND PERFORMANCE) ? (VIN) 
BV FEDERAL/NON-FEDERAL AIO 1 (VIN) .. . 
BV PRIMARY/SECONDARY/URBAN ? (VIN) .. . 

COUNTV-BV-COUNTV OUTPUT OF ACTIONS 1 (VIN). 
UP TO WHAT VEAR ? . . . . . . . . . . . 

CURRENT NEW-BRIDGE COST PARAMETERS 
UNIT COST 1 ($I SF DECK AREA) . 
FIXED COST 1 ($) 
DESIGN FEE 1 (%) 

FIGURE 2 OPBRIDGE user input computer screen layout. 

85000000. 

v 
v 
v 
v 
v 
v 
v 
v 
1989 

46.0 
55000. 
12.0 
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All Budgets: 
... Entered by User in Today's 

Dollars,oc 

-T:~ft~ '&,~~fc,IDGE 
horizon, as shown in Figure 4. This allocation horizon may 
be 1 year or more. 

Today's Dollan. 

Cost Tables are Transfened by 
OPBRIDGE from 1985/1986 
Dollan to Today's Dollan. 

• Limited Maximum Allowable Budgets: The decision maker 
does not know the budgets that will be granted during the 
years after the allocation horizon (see Figure 4). However, 
experience can be used to estimate the expected budgets granted 
to make reasonable forecasts about the bridge system perfor­
mance. This term is the maximum allowable budget , MAB(t), 
which serves as an upper limit to the budget computed for 
year t. This concept allows modeling of the system perfor­
mance and behavior under realistic assumptions of future 
budgets. 

1985 1986 1987 Current 
Year 

FIGURE 3 Dealing with inflation in OPBRIDGE analysis. 

• 
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I..._ Allocation Horiwn for __...!+4._ __ r- Granted Budgets ., 

l'orecastmg Honwn tor 
Limited wid Unlimited ----I 

Maximum Allowable Budgets 

Overall Horiwn, H ---------... 

FIGURE 4 Relationship between horizons. 

• Unlimited Maximum Allowable Budgets: If the user elects 
to enter unlimited MAB(t), the OPBRIDGE analysis will be 
made for year t under the assumption of unlimited huclget. 

Granted budgets or limited maximum allowable budgets 
for year t can be entered in three ways: total budget only; 
budget distributed by percentage, for example, 20 percent for 
maintenance, 20 percent for rehabilitation, and 60 percent 
for replacement (in this case, the total budget must be entered 
to allow OPBRIDGE to internally compute the budgets in 
dollars available for maintenance, rehabilitation, and replace­
ment activities); and budget distributed by dollars, for exam­
ple, $15,000,000 for maintenance, $25,000,000 for rehabili­
tation, and $45,000,000 for replacement. In the $/%/TIU 
column, the user enters $ if the budget is distributed by dol­
lars, % if the budget is distributed by percentage, T if only 
the total budget in dollars is limited, or U if the budget is 
unlimited. 

BRIDGE NO. OK SPTY FC RL CG A 
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12. Detailed Bridge-by-Bridge Output? Enter Y if output is 
desired showing the status and actions recommended for the 
first analysis year, and major actions (replacement and reha­
bilitations) and their timings recommended thereafter for every 
bridge in the system (see Figure 5). All dollars in the detailed 
bridge-by-bridge output are in constant (today's) dollars. 

13. Tabular and Graphical Outputs? Enter Y if output is 
desired showing funding needs or budget limits and the behav­
ior of the state-wide, system-level performance indicators over 
the horizon. The outputs can be listed by federal- or non­
federal-aid bridges and by primary, secondary, or urban bridges. 
All clollilrs in the tilbular and graphical outputs are in future 
(then-current) dollars. 

14. Yearly County-by-County Output? Enter Y if output is 
desired showing a list of bridges needing major actions 
(replacement and rehabilitations), cost of the major actions, 
and total funds needed for each county in the state (see Figure 
6). The total budget is also subdivided into federal-aid and 
state system funds. The county-by-county output is provided 
for each year up to the year ( ~ horizon) specified by the user. 
All dollars in the county-by-county output are in constant 
(today's) dollars. 

15. Unit Cost? Enter cost per square foot of deck area for 
constructing a new bridge, currently $46/ft2. 

16. Fixed Cost? Enter the fixed cost associated with new 
bridge construction, currently about $55,000. 

•• •• EQUIV. UNIFORM ANNUAL COST (EUAC) ANO OPTI- ACTION 00000 
USER --- MN•1 -- • --- REP. --- . --- ... ,.2 -- • --- REH. --- . COUNTY SP SUFF SY DL UG G D S S COST COST PROVID o COST EUAC • COST EUAC • COST EUAC • FACILITY SB DPA FA TT LENG YR E ADT SV llG CDW YCLU K P II SOD s s • SOOD SOD • SOD SOD • SOD SOD • 

I TM II-BM LO 7 16.0 B9 31 200 11 20 111.2 H.9 e e e 45 101 0 • 115 77 • 0 0 • 0 0 • 
ALAMANCE TM 45.0 S 4 14.0 89 31 200 34 20 27.D 1111.11 11 11 11 LOAD CAPACITY DEFICIENCY ACTION•REP. 
SRl576 TM 13.0 SR 20 19 

2 TM F-Bll Ill 8 18.0 89 33 2100 11 24 24.4 119.8 5 8 6 387 1263 1283 • 343 2811 • 0 0 • 0 0 • 
ALAMANCE ST 41.0 5 4 14.0 811 33 2100 II 24 24.4 H.11 5 8 8 LOAD CAP•CtTV DEflCIENCV ACTION•MH•1 
SR 1528 TM 22.0 SR 14 121 

115 311 23116 10 24 24.4 1111 . 11 4 7 5 498 2273 0 • 343 298 • 0 0 • 0 0 • 
85 38 2398 34 24 31.0 H . 11 11 9 11 CONDITION RATINGS ACTION•REP. 

3 tll II-BM Ill 12 18.0 88 35 2100 29 24 23.1 118.8 8 5 5 76 431 0 • 178 148 • 0 0 • 575 114 • 
ALAMANCE TM 54.0 S 5 14.0 B9 35 2100 29 24 31.0 119 . 11 8 8 8 WIDTH DEFICIENCY ACTION•REH. 
SR 1528 TM 3.0 SR 37 52 

a s"' 303i 28 24 3i,O iii . iii 4 5 5 35 l;JB7 0 • 188 154 • 0 0 • 302 100 • 
8 54 3038 28 24 31.0 1111 . 11 8 8 8 CONDITION RATINGS ACTION•REH. 

18 RC T-BM MC II 25 .0 89 36 4300 34 26 28 . 0 14.3666 404 714 714 • 627 530 • 0 0 • 1117 841 • ALAMANCE RC 79.0 P 0 14.0 89 36 4300 34 26 28 . 0 14.3666 ECONOlll CAL COllPAR I SON ACTION•MN•1 
NCll9 RC 2.0 FS 37 183 

97 44 5108 34 26 28 . 0 14.3456 480 2154 0 • 827 530 • 1082 1090 • 14116 1080 • 
97 44 5108 34 28 26 . 0 14.3 6 6 6 CONDITION RATINGS ACTION=MN•2 

7 54 6119 34 28 26.0 14.3455 810 2604 0 • 627 530 • 0 0 • 1589 1281 • 7 54 6118 34 26 28.0 14.3888 CONDITION RATINGS ACTION=AEH. 

28 ST M-BM Ml 28 16.0 88 3 700 34 20 28.0 98.9 8 8 8 0 384 384 • 0 0 • 0 0 • 0 0 • 
ALAMANCE ST 97.0 S 4 14.0 89 3 700 34 20 28.0 98.9 7 8 I NEEDS ONLY MAINTENANCE ACT10N•MN•1 
~R 1587 ST 0.0 SR 37 121 

6 22 1013 34 22 28.0 88.9 4 6 6 0 1227 0 • 318 284 • 588 101 . 869 114 • 
8 22 10 13 34 22 28.0 89.9 6 6 6 CONDITION RATINGS ACTION•llH•2 

30 TM M-BM LO 8 16.0 89 35 115 18 20 17.1 98 . 9 6 7 6 37 64 0 • Q5 77 • 0 0 • 434 65 • 
ALAMANCE TM 47.0 S 4 14.0 89 35 115 18 20 27 . 0 98 , 9 8 8 8 WIDTH DEFICIENCY ACTION•AEH. 
SR15113 RC 5.0 SR 27 19 

Notes: 

1. The output is under the assumption of a limited budget, immediate improvement for deficient bridges, a minimum 
allowable condition rating of 4, an acceptable user level-of-service goal, and a 20-year horizon. 

2. If a bridge needs a major action or one of its major actions is the most economical, but was recommended for a 
romine maintenance (MN#l), then there is not enough budget to recommend the major action, e.g., bridge# 2. 

FIGURE 5 Detailed bridge-by-bridge output. 
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COUNTY : ALAMANCE 
YEAR : 19B9 
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BRIDGES NEEDING MAJOR IMPROVEMENTS: 

BRIDGE FED SYS REPLACEMENT REHABI LIT AT MAJOR-MA INT ROUTINE-MA INT 
NUMBER AID ($) ($) ($) ($) 
-----------------------------------------------------------------------

1 
2 
3 

102 
103 
1D4 

313 
319 
326 
328 
329 
336 

FEDERAL 
FEDERAL 
FEDERAL 
NON FED 
NON FED 
NON FED 

SR 
SR 
SR 

SR 
SR 
FS 

SR 
SR 
SR 
SR 
SR 
SR 

AID 
AID 
AID 
AID 
AID 
AID 

s 
s 
s 

s 
s 
p 

s 
s 
s 
s 
s 
s 

p 
s 
u 
p 
s 
u 

95103 
342610 

0 

0 
119683 

0 

0 
0 

2B7252 
13B370 

0 
0 

2917907 
5291B55 
125760B 
1551596 

14644449 
B2B490 

0 
0 

570B4 

0 
0 

B909B 

35725 
37230 

0 
0 

40344 
44370 

37036B9 
0 
0 
0 

717B12 
0 

0 
0 
0 

72050 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

76245 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 
0 
0 
0 

6632 
3947 

4B6 
223 

9627 
114 

---------------- ---------- ---------- ---------- ----------
TOTAL 31010679 26491904 4421501 76245 21029 

NOTE: BRIDGES NEEDING ROUTINE MAINTENANCE ONLY ARE NOT LISTED HERE 
(6EE THE DETAILED BRIDGE-BY-BRIDGE OUTPUT). 

FIGURE 6 County-by-county output. 

17. Design Fee? Enter the estimated design fee as a per­
centage of the basic construction costs for the new bridge, 
currently 12 percent. 

FLOWCHART FOR USING OPBRIDGE 

The OPBRIDGE decision-making process, shown in Figure 
7, can be explained as follows: 

1. The manager enters budgets as granted, limited, or 
unlimited maximum allowable budgets for each year in the 
analysis horizon. Other inputs include minimum performance 
requirements and other parameters. 

2. The OPBRIDGE program is executed and, in the cal­
culations, decisions are optimized for every year in the anal­
ysis horizon. Outputs include individual bridge performance, 
as well as tabular and graphical results, showing the trend of 
future performance of the bridge system over the analysis 
horizon, H. 

3. If bridge managers are not satisfied with the results, they 
can revise the budget constraints and minimum requirements, 
reexecute the program, and analyze inventory performance 

again. This process is repeated as necessary to determine the 
effects of various strategies and options. Experience plays a 
major role in this process. 

4. Once bridge managers have determined performance of 
the system under varying constraints, the results can support 
requests for adequate funding. 

FINDINGS FOR THE NORTH CAROLINA BRIDGE 
INVENTORY 

Ten different management cases were selected for analysis. 
Their analysis options are presented in Table 1, where the 
user LOS goals are those defined for bridges by Johnston and 
Zia (2). The sample bridges used for the analysis were the 
14,100 conventional, state-owned bridges in the data base of 
the NCDOT. This list includes all structures in the North 
Carolina inventory except pipes and culverts, which are excluded 
internally by the program. Because all bridges in North Car­
olina are state owned except for approximately 300 munici­
pal bridges, a full range of roadway functional classifications 
is represented. Constants for the analyses are shown in 
Figure 8. 
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DridgeMwacrlnp!lt 
F.nter (I) Budgets Oronlcd, (2) Maximum 
Allowable Budgets, (3) Mhi!mum 'Pl:rfonm1ncc 
Requirements, !1"11 (4) Other Required User III puts 

Matb:mulcal Pormul!!tim and Ammach Ovcr 
~ 
Execute OPBIUOOE PrugrdlD. 

Gr.iphiC.U Oulpn• otlhc 
Progmm Showing Fu~ 
P~rformillCC oft.he Bridge 
S~sJem . 

Revise : (I) Budget 
l\rnounts llld Oistribution5.,...__No.;._< 
1U1d/or (2) Mlnimu1n ,~ 

Perfonrumce Rcqui n:mcn1s. 

Pn:paie & l'lmilizc Budget RequCSIS. 
Obuiin AJ"ll'mVOI &. lmpfamont 
Cult))nl Bridge Actions. 

FIGURE 7 Flowchart for use of OPBRIDGE. 

TABLE 1 ANALYSIS CASES 

Immediate 
Improvcmont User TOIBI 

Case for Deficient Lcvel-<>f-Service Budget 
Bridges 7 Goals 

(Y/N) 

I N Acceptable Unlimiled 

2 y Acceptable Unlimiled 

3 y Desirabie Uniimiicd 

4 N Acceptable Limiled 10 $60,000,000/Y ear 

5 y Acceptable Limiled to $60,000,000/Y ear 

6 y AoCCPtable Limiled 10 $ l(J0,000,000/Y ear 

7 N Acceptable Llmiled 10 $200,000,000/Y ear 

8 y Acceptable Llmiled 10 $200,000,000/Y ear 

9 N Acceptable Llmiled 10 $400,000,000/Y ear 

10 y AoCCPtable Llmiled 10 $400,000,000/Y ear 

Tables 2 through 5 present outputs showing the following 
1~sulls: 

1. On the basis of the assumption of improvement only if 
economically viable (Case 1), the analysis indicated a backlog 
of $1.067 billion. If the funds were available, 3,377 bridges 
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would be replaced, 424 bridges would be rehabilitated, and 
144 bridges would receive major maintenance during the first 
year to eliminate the backlog. 

2. On the basis of immediate improvement, if either eco­
nomically viable or deficient in regard to acceptable criteria 
(Case 2), the analysis indicated a backlog of $1.874 billion. 
In this case, 5,512 bridges would be replaced, 1,814 bridges 
would be rehabilitated, and 144 bridges would receive major 
maintenance during the first year. 

3. On the basis of immediate improvement if either eco­
nomically viable or deficient based on desirable criteria (Case 
3), the analysis indicated a backlog of $3.288 billion. In the 
desirable case, 8,881 bridges would be replaced and 2,292 
bridges would be rehabilitated during the first year. 

4. Eliminating the backlog under either economic or imme­
diate approaches is unlikely to occur in 1 year. Funding for 
most agencies depends on revenue sources, which are received 
at fairly constant rates from year to year. Thus, performance 
of the bridge system under constrained levels of funding is of 
significant interest. 

5. Under constrained budgets of $60 million/year (Cases 4 
and 5), the analysis indicated a slight decrease in user costs 
and deficient bridges for approximately 5 years. However, 
average condition declines initially, and for the following 15 
years there is a continued decline in condition and a significant 
increase in deficient bridges and user costs. Funding at $60 
million/year, the current level, is insufficient to maintain the 
system and is not economical to the public. 

6. Under constrained budgets of $100 million/year (Case 
6), the analysis indicated a slight decrease in the number of 
deficient bridges with respect to LOS over the next 20 years. 
However, user costs, which initially decline for 5 years, there­
after gradually increase to higher than current levels because 
of increased traffic. Average condition ratings gradually decline 
with a significant increase in conditions that are less than 
acceptable because of insufficient funding to improve all bridges 
in need of repair. 

7. Under constrained budgets of $200 million/year (Cases 
7 and 8), the analysis indicated a gradual reduction of defi­
ciencies over the next 20 years, which virtually eliminates 
bridge deficiencies versus acceptable LOS criteria. User costs 
are significantly reduced. Average condition ratings improve 
slightly with almost no bridges having less-than-minimum ele­
ment conditions. The budget is fully used in each of the 20 
years. 

8. Under constrained budgets of $400 million/year (Cases 
9 and 10), the analysis indicated a significant improvement in 
bridge performance indicators over the first 5 years. The full 
budget is used initially, but after 4 to 5 years, the full funding 
level is no longer needed and the system can be maintained 
with funding levels generally between $100 and $200 million/ 
year. 

9. From examination of the various cases, it appears that 
North Carolina needs could economically justify bridge 
improvement funding at the rate of $200 million/year over the 
next 20 years. This result is consistent with the findings of 
Chen and Johnston (1) who suggested $194 million/year for 
the next 10 years. However, because of the effects of delaying 
the improvements and needs for increasing numbers of bridge 
lanes, a reduction from that level after 10 years does not 
appear feasible. 
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ANALYSIS HORIZON 
HORIZON ? (YEARS) 
FIRST-ANALYSIS YEAR ? 

BRIDGES FOR ANALYSIS 
RANGE OF BRIDGE NUMBERS ? 

WHAT FEDERAL AID SYSTEM ? (F/N/A) 
WHAT STATE SYSTEM ? (P/S/U/A) •. 

20 
1989 

00000-99999 
A 

A 

101 

WHAT DIVISION NUMBER ? (15 = ALL DIVISIONS) 15 

ANALYSIS PERFORMANCE REQUIREMENTS 

MINIMUM ALLOWABLE CONDITION RATING ? • • • • • • • • • • . 1 

GENERAL SPECIFICATIONS 
HIGHEST REHABILITATION CONDITION RATING ? , • • • • • • 8 
REAL REQUIRED RATE OF RETURN ? (%). . . . • • . . . . . 8,00 
ARE YOUR BUDGETS IN CONSTANT (TODAY'S) DOLLARS ? (Y/N). Y 
RATE OF INFLATION ? (%) . . . . . . . 0.00 
FACTOR TO TRANSFER 1985/86 DOLLARS TO TODAY'S DOLLARS ? 1.1 

OUTPUT SPECIFICATIONS 
DETAILED BRIDGE-BY-BRIDGE OUTPUT ? (Y/N). 
TABULAR OUTPUTS (BUDGETS AND PERFORMANCE) ? (Y/N) 

N 
y 

BY FEDERAL/NON-FEDERAL AID ? (Y/N) .. . y 

BY PRIMARY/SECONDARY/URBAN ? (Y/N) .. . y 

GRAPHICAL OUTPUTS (BUDGETS AND PERFORMANCE) ? (Y/N) 
BY FEDERAL/NON-FEDERAL AID ? (Y/N) . 

y 

y 

BY PRIMARY/SECONDARY/URBAN ? (Y/N). 
COUNTY-BY-COUNTY OUTPUT ? 

UP TO WHAT YEAR ? • 

CURRENT NEW-BRIDGE COST PARAMETERS 
UNIT COST ? ($ / SF DECK AREA). 
FIXED COST ? ($) . 
DESIGN FEE ? (%) •• 

y 

N 

1989 

46.00 
55000. 
12. 0 

FIGURE 8 Partial OPBRIDGE input screen indicating entries assumed constant for IO 
cases. 

On the basis of Cases 5, 6, 8, and 10, involving both eco­
nomical and immediate improvements, results for selected 
parameters are shown in Figures 9 through 12. The funds of 
the yearly budget used are shown in Figure 9. As shown in 
Figure 10, user costs can be reduced initially if funds are 
directed at bridges with high user costs. However, if long­
term funding is low, user costs will eventually climb rapidly. 
In Figure 11, deck condition ratings improve or remain stable 
under higher levels of funding but decline under low funding. 
The condition ratings of other elements respond similarly. In 
Figure 12, the average single-vehicle posting improves under 
higher levels of funding but remains low under lower levels 
of funding. 

SUMMARY AND CONCLUSIONS 

1. The economic decision-making model developed can be 
used in strategic planning to help bridge managers set objec-

tivcs and policies, and forecast and allocate budgets required 
to maintain a state-wide bridge system. Bridge system objec­
tives include a number of system-level performance indicators 
to be maintained over time. At a high managerial level, pol­
icies consist of distributions of available and potential funds 
among various bridge classifications. OPBRIDGE is a tool 
for assessing the impact of various funding levels and 
distributions. 

2. Three improvement alternatives are assumed possible for 
a bridge at any point in time: replacement, rehabilitation, and 
major maintenance. Routine maintenance, if provided, 
is assumed to protect the bridge against accelerated deterio­
ration in varying degrees, but it does not raise the bridge 
condition ratings or user LOS. 

3. Techniques and data for estimating agency costs, user 
costs, and EUAC arc implemented. 

4. Two alternatives for two different bridges may have the 
same EUAC, but their impact in reducing the current bridge 
annual maintenance and user costs arc usually different. For 



TABLE 2 BUDGETS AND ACTIONS DETERMINED UNDER UNLIMITED ANNUAL FUNDING 
ASSUMPTION CASES 

Case 1 

Economical 
Improvement; 
Acceptable 
Level of 
Service 

Case 2 

Immediate 
Improvement; 
Acceptable 
Level of 
Service 

Case 3 

Immediate 
Improvement; 
Desirable 
Level of 
Service 

-----------·-------------·--·-·------------.. -----------------------------------------
ROUTINE MAJOR MAINT. REHAIILITATIONS REPLACEMENTS TOTAL 

MA INT. ------------ ------·----·--- -------·------···- YEARLY 
YEAR COST COST NO . COST NO . COST NO . BUDOET ----------------------·-----------------------------------.. ------------------------
1919 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1991 
1999 
2000 
2001 
2002 
2005 
2004 
2005 
2006 
2007 
2005 

4965357. 
5021321. 
5240555 . 
5320226. 
5777386. 
6134574 . 
6040673. 
5594290 . 
5700425 . 
5490963 . 
5630546 . 
5660610 . 
6052725 . 
6265641 . 
6471506 . 
6627545 . 
6551044 . 
6627050. 
6745567 . 
7035131. 

155S001. 
10735712. 

5457473. 
6664511 . 
3974461. 
4759402 . 

U367472. 
21155540 . 
19659264. 
17452240. 
14353417. 
15663039 . 
17751650. 
15265466 . 
14761956. 
13547097. 
12994U5 . 
12709U6. 
10275602. 
13933733 . 

144 
93 
95 
51 
55 
56 

179 
171 
lU 
lH 
l'il 
131 
119 
119 
133 
145 
122 
119 
52 

155 

59614041 . 
33425104 . 
21750336 . 
31242400 . 
17011001 . 
15369550. 
42614416. 
62617561 . 
77936656. 
50540576 . 
39933561. 
33331360 . 
35137536 . 
33435152 . 
3U65152. 
50307744 . 
56724500 . 
47165792 . 
45496272 . 
42999376 . 

424 
140 
125 
129 
109 
15 

230 
2117 
242 
260 
205 
153 
199 
151 
201 
211 
220 
236 
219 
241 

994703'16. 
161735201. 
105654032. 
107301696 . 
U401514. 
621172500. 

1177H3a4. 
117690041. 
122559744. 
59247154. 
74794240. 
S0768416. 
452394H. 
53522525. 
50667392. 
55377520. 
75546304. 
49994050. 
30143040. 
15030464. 

3377 
314 
281 
257 
255 
191 
437 
415 
372 
295 
222 
195 
JU 
116 
IOB 
115 

94 
86 
60 
60 

1066870750 . 
210920336. 
13U02354 . 
150525532. 
10064432 . 

U766624. 
la4810944 . 
207 357744 . 
226156050 . 
162760960' 
134712128 . 
135423424. 
110211424. 
10178U84 . 
110066304. 
12H60201 . 
1511146960 . 
116496121. 

93366450. 
52001696. 

--------------------------------------... -----·-- .... ---·-----------------·-·--·------ --------
ROUTINE MAJOR MAINT. REHAIILITATIONS REPLACEMENTS TOTAL 

MAINT. ----·····--- --------------- · ·-----·····----- YEARLY YEAR COST COST NO. COST NO. COST NO. BUDGET ------------------------·---------------·-·-··--------·----------·-· ... ---·------------·- ·--·-
J9S9 
1990 
1991 
1992 
J993 
1994 
1995 
1996 
1997 
1995 
1999 
2000 
200J 
2002 
2on 
2004 
2005 
2006 
2007 
2008 

34U013. 
3954589. 
420J249. 
4331535 . 
4976562 . 
5434614. 
5561729 . 
550043. 
5574434 . 
5395930 . 
5641173. 
5765154. 
6259930. 
6594517 . 
61139735 . 
7217675 . 
7365423 . 
7 3112101. 
76411110 . 
7104030 . 

7 51111001. 
J07l5712. 

5'i57473. 
6664511. 
3974461. 
4789402. 

U36702. 
21185840. 
19659264 . 
174112240. 
14353487 . 
15663039. 
J718l680. 
15263466. 
14761956. 
13547097. 
12994815. 
12709186. 
I 0278602. 
114211976. 

144 
93 
95 
51 
55 
56 

179 
171 
Ul 
JU 
lU 
131 
119 
119 
133 
145 
122 
119 
82 

296 

311066624 . 
375U640. 
10312592 . 
20139312 . 
19612992 . 
15394375 . 
52047712 . 
369U712. 
30635721 . 
50033424 . 
27169776 . 
29591556. 
269U672 . 
34064541 . 
34722148 . 
43360521 . 
46519024 . 
5J27S656 . 
42082608 ' 
44761264 . 

1814 
112 
56 
71 
52 
4? 
98 

136 
150 
194 
137 
132 
142 
12& 
166 
la& 
197 
214 
206 
356 

1552334340. 
56671121. 
56455496. 
53641152. 
39563040. 
31019120. 
50755618. 
516H944. 
7 3462564. 
50750354. 
41305928. 
44164496. 
51041144. 
311616208. 
48261120. 
340H3a4. 
69223600. 
42579248. 
25125520. 
2115785211. 

5512 
124 

92 
107 
a4 
77 

123 
141 
J37 
129 

96 
79 
54 
74 
74 
54 
99 

115 
60 

J07 

la74476800 . 
105587056. 

76429108. 
115476496. 
68497040 . 
63637504. 

126762592. 
1154l7536. 
129332251 . 
12lUl961. 
H473360. 
9SJll4544. 
820311416 . 
946093211. 

104585648. 
982136110 . 

136102848. 
113949184. 
llSU4832 . 
911 572754. 

---------------~~-~---~--------------~~------------~-----------~------ROUTINE MAJOR "AINT. REHABILITATIONS REPLACEMENTS TOTAL 
MAINT. --------- --------------- ----------------- YEARLY 

YEAR COST COST NO . COST NO . COST HO. BUDOET 
------------------------------~-----------~-----------------------------------

J9119 J214663 . 2849935 . la 76SH0121 . 2292 2515520000 . 111181 32U464640 . 
J990 202J307 . 3506736 . 20 170854H . 121 30156544 . 55 52800064 . 
1991 217 5912 ' 903686 . 10 145625U . 13 23695440 . 45 41337172 . 
J992 2306159 . la7465l . 11 9972103. 60 13555536. 32 27709136 . 
J993 30211985 . 79o5aa . 12 13714163 . 4'1 16U9105 . 25 34353536 . 
J994 3892941 . 8604411 . 5 13481129. 37 5091966 . 111 26327168 . 
J995 4175550 . 3941115 . 23 16059015 . 45 17347952 . 37 4J52J632 . 
1996 4275464. 7 320168 . 35 U532336. 64 2033aaao. 25 50466848 . 
1997 4323335 . 9110234. 47 17270921. 54 2225974'1. 45 52964240 . 
J995 4249634 . 6462655 . 40 20234960 . 62 64122432 . 53 95069650 . 
J999 4392132 . 6235563 . 33 10443553. 41 23330125. 41 44401376 . 
2000 45626 77 . 6944057 . 34 16614977. 44 11692552. 31 39114544. 
2001 5397656 . 6049J20. 33 11134179. 49 9407196 . 36 31959536. 
2002 6127752. no508'i . 40 14412369. 51 14376552. 25 43024736. 
2003 6408J9. 5000053 . 46 19331712. 66 18144608. 4J 5J95092 . 
2004 7228040. 7735232 . 48 l 761S3a4. 71 6936907. 20 39518544 . 
2005 74J0542 . 7050124 . 43 23776800. 116 37134704. 27 75372160 . 
2006 7609617 . 60827115 . 44 23373154. 77 11734301. 22 48799172 . 
2007 8359915. 630995J. 42 19754UO. 64 3577593. 12 38302352 . 
zoo5 8637147. 14032047. 179 233U464. 146 62558960. J48 10a&76608 . 



TABLE 3 SYSTEM-LEVEL PERFORMANCE INDICATORS FOR UNLIMITED ANNUAL FUNDING 
ASSUMPTION CASES 

---------------------------------------------------------------------------------------
END OF AVERAGE CONDITION AVG. sv USER COST 
YEAR DECK SUPER SUI. NMACR POSTING NSVA NSVD NLOSA NLOSO •MILLIONS -------------------------------------------------------------------------------------
CURRENT 6 . 55 6.86 6 . 37 192 24 . 97 3234 80l6 6697 llS66 566. SI 
1989 7 . U 7 . 46 7.10 0 21 . 51 1661 SUl 3663 7952 61.93 
1990 7 . 13 7.40 7 . 06 0 Zl .84 1489 4857 33&0 7648 57.53 

Case 1 1991 7 . 07 7 . 33 7 . 02 0 29 . 12 1340 4613 3DU 7340 53.05 
1992 7 . 00 7.26 6.96 0 29 . 3S 1247 4411 2855 7067 49.07 
1993 6.95 7.21 6.93 0 29 . 59 110 4212 2621 6114 42.97 
1994 6.88 7.14 6.17 0 29.76 llOS 4130 2461 6646 40.20 

Economical 1995 6.92 7 .17 6.93 0 30 . 22 112 3790 2014 6229 36.44 
1996 6.96 7 .19 6.99 0 30 . 62 690 3S08 1628 SIU 32.71 

Improvement; 1997 6 .99 7.21 7.03 0 30 . 97 494 3263 1289 5509 29.03 
1991 7.01 7.21 7. 06 0 31.24 364 3019 1054 52S9 26.46 

Acceptable 1999 6 . 98 7 . 111 7.05 0 31.42 214 2956 171 500 23 . 99 
2000 6.95 7.14 7 . 03 0 31 . 57 201 2854 702 CllH 21.46 

Level of 2001 6 . 91 7.09 6 .99 o 31 . 65 150 2112 573 4753 20 . 24 
2002 6.15 7.04 6 . 94 0 31. 70 us 2791 505 4666 11 . 89 

Service 2003 6 . 10 6 . 99 6.90 o 31. 75 117 2771 431 45&0 17 .60 
2004 6 .77 6.95 6.17 0 31.11 12 2740 355 4461 16.35 
2005 6. 72 6.91 6.13 0 31.14 a2 2714 319 4396 15.43 
2006 6.68 6.87 6.79 0 31.16 74 2695 275 43111 14.61 
2007 6.62 6.82 6.74 0 31.87 12 2702 266 4283 14.05 
2ooa 6.57 6.71 6 .10 0 31 . 90 ao 2697 246 42S4 14.37 

-------------------------------------------------------------------------------------END OF AVERAGE CONDITION AVG. SV USER COST 
YEAR DECK SUPER SUI. NMACR POSTING NSVA NSVD NLOSA NLOSD $MILLIONS 
... ---... ------- .. ---------------------------------------------------------------------------
CURRENT 6.55 6 .16 6 . 37 192 24 . 97 3234 1016 6697 11566 566 . 58 

Case 2 
1989 7.78 7.97 7 . 78 31.30 27 3096 131 S290 36.75 
1990 7 .65 7 .84 7.65 31 . 37 14 3014 103 5112 34.76 
1991 7 . 53 7 . 71 7 . 53 31.41 10 Z957 71 5091 32.53 
1992 7 . 40 7 .58 7 . 41 31.45 11 2197 51 4977 30.61 

Immediate 
1993 7 . 30 7.49 7 , 3Z 31.41 lS 2156 4S 4907 25. 70 
1994 7.19 7.40 7 . Z3 31.50 24 2163 -44 4154 23. 70 

Improvement; 
l99S 7 . 13 7.33 7 . 17 31.55 24 2112 36 4761 22.47 
1996 7 . 07 7 .28 7 . 13 31 . 61 26 2771 35 4671 21.07 
1997 7 . 0Z 7.22 7 . 09 ,U.65 17 2742 23 4SU 19.49 Acceptable 1998 6.91 7 .11 7 . 06 31 . 70 12 2707 20 4501 111. 06 
1999 6 . 91 7 . 12 7.00 31.73 20 2613 31 4432 17 . 20 Level of 2000 6 . 84 7.05 6 . 94 31.75 17 2677 29 4316 16 . 08 

Service 
ZOO! 6 . 76 6 . 97 6 . 17 31. 76 9 2684 21 4356 15 . 76 
200Z 6 .61 6 . 91 6.10 31.77 17 2696 25 4318 14.94 
2003 6 . 62 6.84 6.74 31.71 22 2698 2a 4275 14.18 
2004 6 . 56 6.ao 6.69 31 .10 42 2677 49 4210 13.61 
2005 6 . 51 6. 74 6 .64 31.14 66 2634 72 4131 13.12 
2006 6 . 47 6. 71 6 .61 31 .19 26 2574 31 4043 12.71 
2007 6 . 40 6.65 6 . 55 31 . 91 71 2596 ao 4042 12.29 
2008 6 . 42 6.65 6 . 56 31.97 68 2600 76 4030 12.25 

_ ... __________ ________ ___________ .,. _______________ ... __________________________ 
END OF AVERAGE CONDITION AVG. sv USER COST YEAR DECK SUPER SUI . NMACR POSTING NSVA NSVD NLOSA NLOSD tMillIONS -... --------------------------------------------__________ ,.. ________ -----------------------
CURREllT 6.55 6.86 6.37 192 24 . 97 3234 1016 6697 11566 566 . 58 
1989 8 . 44 8.52 8.47 33.49 16 100 121 403 10 . 46 

Case 3 1990 8.26 a.35 &.30 33 . 52 7 60 89 292 9 . 09 
1991 a .10 a .1 9 8.14 33 . 54 4 32 60 U5 7 . 32 
1992 7 . 93 8 . 03 7 . 91 33 . 56 1 11 35 117 6 . 64 
1993 7 .11 7.92 7.17 33 . 56 0 10 23 84 2 . 15 

Immediate 1994 7.70 7.82 7.76 33 . 57 2 Z6 17 77 0 . 87 
1995 7 . 59 7. 72 7.67 33 . 57 0 19 10 57 0. 41 

Improvement; 1996 7.49 7.64 7.51 33.57 2 Z8 9 60 0 . 36 
1997 7.39 7.54 7.49 33.57 1 34 4 59 0.29 

Desirable 1998 7.29 7.46 7.40 33.57 1 30 4 49 o . 1a 
1999 7.U 7. 37 7.31 33 . 57 1 22 4 35 0 . 19 

Level of 2000 7.09 7.28 7.21 33 . 57 0 27 3 39 0 . 09 
2001 6.91 7.18 7 . 12 33.57 0 12 3 24 0 . 10 

Service 2002 6.87 7.10 7 . 03 0 33 . 57 0 24 3 37 0 . 09 
2003 6 . 71 7.01 6 . 94 0 33 . 57 0 11 2 21 o. oa 
Z004 6 .61 6.92 6 .15 0 33 . 57 0 I 2 19 o. oa 
2005 6.51 6.84 6.76 0 33.57 2 I 3 17 0. 06 
2006 6.41 6-. 76 6 . 67 0 33.57 0 6 0 16 0. 03 
2007 6 .37 6.66 6.59 0 33.57 30 133 30 143 0. 14 
2008 6.34 6.63 6.56 0 33.57 7 102 7 116 0. 03 

NMACR = NUMBER OF BRIDGES WITH A CONDIDON RATING LESS TIIAN TIIE MIN1MUM 
ALLOW ABLE CONDIDON RATING, "4" 

NSVA = NUMBER OF BRIDGES POSTED AT LESS THAN ACCEPTABLE 
NSVD = NUMBER OF BRIDGES POSTED AT LESS THAN DESIRABLE 
NLOSA = NUMBER OF BRIOOES WITH A LESS-TIIAN-ACCEPT ABLE USER LEVEL OF SERVICE 
NLOSD = NUMBER OF BRIOOES WITH A LESS-THAN-DESIRABLE USER LEVEL OF SERVICE 



TABLE 4 BUDGET AND ACTION DISTRIBUTIONS UNDER LIMITED ANNUAL FUNDING 
ASSUMPTION CASES 

Case 4 

$60 million 
per year; 
Economical 
Improvement; 
Acceptable 
Level of 
Service 

Case 5 

$60 million 
per year; 
Immediate 
Improvement; 
Acceptable 
Level of 
Service 

Case 6 

$100 million 
per year; 
Immediate 
Improvement; 
Acceptable 
Level of 
Service 

1919 
1990 
1991 
1992 
1995 
1994 
1995 
1996 
1997 
1998 
1999 
zooo 
2001 
2002 
ZOU 
ZOO'i 
2005 
2006 
2007 
2008 

7173180. 
7954772. 
11643612 . 
9322319. 
9U9559. 

10469515 . 
11612115. 
12628462. 
13653629. 
14691174. 
157053711. 
1709280. 
18676896. 
20 147856. 
217931.14. 
23187936. 
24911824. 
264024411. 
27864400. 
29184160. 

7392432 . 
3663"59 . 
19081195 . 
19381165 . 
4657745. 
6957076 . 
2968$43 . 
4099982 . 
~975055 . 
0 37818 . 
444 5545. 
59271147. 
5086611. 
5220128. 
416 4303. 
5001723. 
2688U2 . 
4444013. 
4065553. 
34911459 . 

UI 
47 
36 
Zll 
15 

101 
'i6 
39 
30 
74 
77 

100 
72 
76 
61 
57 
45 
55 
55 
53 

10560176. 
12051970 . 

1811465. 
12117155 . 
12569141. 
10213602. 

9063271. 
969111156. 
79313S3. 

11121765. 
10904580. 

9070261. 
9605459. 
80551102. 
119111437. 
9531031. 
9176161. 
7722696. 
7453557. 
72965llO. 

124 
56 
so 
'iO 

155 
133 
113 

93 
93 

213 
1116 
152 
165 
140 
116 
136 
107 
105 
106 
107 

34172U2. 
3U22064 . 
'i76S5296. 
36620361 . 
321110992. 
32351932 . 
36354160 . 
33570240 . 
3404608 . 
30039472 . 
21942681. 
Z7900HO . 
26618121. 
26555120 . 
25091904 . 
22245520 . 
23114640 . 
2UH224 . 
20592096 . 
19969536 . 

114 
124 
111 

1111 
179 
201 
208 
204 
233 
199 
195 
1911 
1112 
1115 
178 
151 
146 
139 
136 
121 

5999HOI . 
59999264 . 
59999264. 
59999392 . 
599911121 . 
59999001 . 
59998576 . 
59997536 . 
59994608 . 
59997904 . 
59991176. 
59991124 . 
599150811. 
5997U96 . 
599678011. 
59966192 . 
599615111 . 
59957440 . 
59955514 . 
59948720 . 

------ --·--·-----·--·---·--·-·-·-------------------------------------------------
ROUTINE MAJOR MUNT. RENAllLITATIONS REPLACEMENTS TOTAL 

HAlllT. ----- --------------- ----------------- YEARLY 
YEAR COST COST NO . COST NO. COST NO . BUDGET ------------ ------------- -- ------------------------------------------
1919 717 3180 . 7392432. 130 10560176 . 124 34872832. 184 59998608. 
1990 7954772 . .5663459. 47 12051970. 56 36322064 . 124 59999264. 
1991 8643612. 1908895. 36 1111465 . 30 47635296 . 111 59999264 . 
1992 9322319. 1938865. 21 12117155 . 40 36620368. .. 59999392. 
1993 9189559 . 4657745 . 15 12569141 . 153 32880992 . 179 59998128 . 
1994 10469515 . 6957076 . 108 10213602 . 133 32351132 . 201 59999008 . 
1995 11612115. 2968343. 46 9063271 . 113 3635060 . 208 59998576 . 
1996 12621462. 4099912 . 59 9691156 . 93 33570240 . 204 59997 536 . 
1997 13653629 . 3975155. 30 7951333 . 93 34434601. 233 59994608 . 
1991 14691174 . 41.57111. 74 11121765 . 213 30039472 . 199 59997904. 
1999 15706162 . 4511027 . 76 10670266 . 184 29040960 . 196 59998400 . 
2000 17093914 . 5931316 . 101 9070261 . 152 27898432 . 198 5999.5984 . 
2001 18671144. 5086611 . 72 9603459 . 165 2660128 . 112 59986336 . 
2002 20149104 . 5220121. 76 1054486 . 140 26555120 . 185 59978832 . 
2003 21793744 . U64303. n 1953127. 116 25075936. 171 59967088 . 
2004 23117172 . 5099373. 51 94Sll56. 136 22245520 . 151 59964608 . 
2005 24912672. 2681282. 45 9149142 . 107 23210464 . 14' 5996 1248 . 
2006 26403616 . 4444083. 55 7721380. 105 2131140 . 139 59957 520 . 
200i 27867156. 3950553. 54 7433151. 106 20701904 . 137 599525211 . 
2001 291117792 . 3491459. 53 72939511. 105 19970976 . 121 59951168 . 

-----·--------------------------------------------------------------------------ROUTIN! MAJOR MUNT. R!HAIILITATIONS R!PLAC!M!NTS TOTAL 
MAIHT. ------------ ------------ ----------------- YEARLY 

Yl!AR COST COST NO. COST NO. COST NO. IUDOET ______________ _____ .., ... _____________ .. _____________________________ ________________ 

1'H 6946043. lll097U. 130 u.suns. 130 66591512 . 262 99'911132 . 
19'1 761172.S. 25111745 . '" 10377024. ,. 79557424. 206 99997904. 
lHl 1229275 . 2U5945. 41 13601671. 55 76009472. 231 99996.!61 . 
1992 1916991. 2525125 . 51 11917707. " 767611960. 209 99997472. 
lHS 921191-71. 9510631 . 111 22707456. 155 58420624. 269 99997111 . 
1H4 9656729. 907 2463. lZI l5711HJ. 14' 65479544 . 325 99997424. 
199' 10350127. 51132807 . .. 27425172. 124 56319114 . 24' 999'79114 . 
199' 11065676. 39ZlU7 . 69 515176'4. 351 46420811 . ZSl 99995776. 
1997 11762577. 6529'137. 71 l371SJOI. 911 67922432. SOI 99997536 . 
IHI 1241161111. 1003819. 154 26155616. 219 50169721. SU 99996112 . 
1999 15067825. 11717736 . 105 21113424. Zll 46255200 . 50.S 99994176 . 
200D lll7641D. 11515141. 104 13116701. 166 61344992. 420 9999SS12 . 
21Dl 14784'90. 845998'. 15 15694221. 111 numt 346 999951114. 
2002 15121223. 9645U4. 19 13371291. 149 375 9999218'. 
ZDH 16945616. 9571712. IZ 16749521. 152 56722121. 321 999960S2 . 
2114 17169712. 9900091 . Ill 149'7916. 141 57222416. 294 99990201. 
2005 11155072. 7214077 . 64 21664411. 154 52252520. 262 99915936 . 
2006 198252111 . 1429953. 63 17252241. 139 54472224. 253 99979696. 
2007 20702672. 9555079 . 70 21461608. 174 0450314. 217 99976756. 
ZOOI 2131'98111. 7352971. 61 22296241. 172 49004752 . 195 99975856 . 

TABLE4 (continued on next page) 
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TABLE 4 (continued) 
______________________ ___________________ ,. _______ ________________________ ____________ ____ 

ROUTINE MAJOR MAINT. RENAIILITATIONS REl'LACEJIENTS TOTAL 
MAI NT. ------------ --·------------ ------------------- YEARLY 

YEAR COST COST HO. COST NO. COST NO. IUDOET -------------------·---------------------------- ---------------------------------- ------
Case 7 1919 6709199. l17196U. 131 22391.SH . 159 UH975H. 521 199995392. 

1990 H96099 . 2392983. 'i5 1"409627 . 116 17519'141. 461 199995552. 
1991 7620156. 2121576. 31 19328041 . 127 17H24512. 675 199994211. 
1992 7985623 . 2143363. 30 151Z0243. lU 174046672. 492 199995HI. 

$200 million 1993 71716113. 13729639. lU 42733712. 152 135652'24. 30Z 199994611. 
1994 7964460. 11523774. 121 232200JZ . 157 157214672. 541 UHtZtz.I. 
1995 807 3357. 10568107. II 261131664 . 115 154925411. 357 199996521. 

per year; 1996 8361559. 9127456 . 91 16696516. 114 1'5111761. 466 199996552. 
1997 8575208. 9431775. 69 19612DU. lll 1'2291141. 511 1999'4111. 

Economical 1991 17111379. 11521761 . 160 19195641. 171 152131456. '34 1'9995241. 

Improvement 
1999 15521181. 2111111720 . 209 60796IOO. Ul 105759921. 375 19999S9H. 
2000 1410512. 31191"72 . 211 21469104 . 157 151924321. 379 199995472. 
2001 IH2836. 30742800 . 206 507725'2 . 161 150165921. 594 199994144 • . 

Acceptable 2002 1355711 . 241Z4714 . 116 30511424 : 137 1J65235J6. :SH 199995441. 
2005 82111112. 22592272 . 172 56100512. 146 152511944. l47 19'n2H4. 

Level. of 2004 8111616. ZUl707Z . 152 2965UH . 11" 141533611. 174 nn95"11. 
2005 828767Z. 21155956 . 159 19040JH. 91 1501Ul72. 111 199997156. 

Service 2006 8Z01614. Z35044U , 167 31609111 . 115 129'79161. 2n 199995121. 
2007 8294037. 9151743 . .. 351152'4 . 119 147356761. 225 19'994111. 
2008 80211490. 22219072. 156 45401912 . 155 126544611. . .. 199997152. 

- ---··-------------------------·--- ·-·--- --
ROJf INE llUOll 'IAINJ. IEHAllLITUIOllS l'E ii'I. AU: 11111 TS JUHL 

MAI Nf. --------- - - - ------- 1uau 
YEU cusr COST NO. cosr 1111. con "°• .,DGS - -------------- -- -----------------------
1919 l>T09199i. l I 71U66. Ul UHIU6. lst lHMUo•. !lzl 19999H9Z. 

Case 8 l9U 1296099. ZJ929Ho 0 IUOHZ1• lU afU9H ... ... at"9HH • 
l99a 7UOU6. 2lZU1'o JI a9J2t041. azr 1109.ZUIZ. .,, a999Mltlo 
1992 798"a "'· 2116710. zr IUOe69~ au a,.0 .. 61.Z. . ., 19999,., .. 
lHJ 18190.4. lJ1Z'61J. ll4 unnu. U2 &U6S.Z6Z.•• JOZ a9ftt-z. 

$200 million a"• 19•Udl. a UZDJU. Ill u2zs,,z. lH U1l146JZ. 5410 a999Mll .. 
19H 1074061. lOSUUO. •• 26.:JlH•• lU 1'HZ6UOo JS1 19999'4fZ. 

per year; 19 .. n•Ua5. 9122511. .. 166'6' ... aa l6Hl•ll6 • ... . ..... ,.. 
1991 9'H5J1. 94•9696. 71 196'1401• Ill l6lHl6._ Hl 1999Mll .. 

Immediate a"IH 87'1.,.6. 1856'25'. IU a9'596IOo 1 .. aHIJOHOo UJ atffHl.Mo. 
1999 8552056. 24190656. Zll 601921'2. a~ a051'99ZO. JH a99t9Hf6. 

Improvement; 2000 ••aaon. Hl9a•rz. uo 21469a ... an Ua9ZOZO. JH aH9M9' .. 
200a Hill a4. 101'9HZ. ZOT JOT6M00o 160 UOlUUO. H4 .......... 

Acceptable zooz IJJ'5 IJ. Z41150Ho an JO'U1Dl"" UI UMZTHlo JH l9999H04. 
200J euoni. ZZJ9H ... HZ JIH .. ZO. U6 UlZ'14'6. J4& & ......... 

Level of Z004 8ZU7DD. 2l9ZJJZI. 15) 29164196. ll6 1Jt9U1o•. ... a9ff9.161 .. 

Service 2on enoz rr. Zll•790•• i•o ZJUJSZO. .. a4 .. 7UH. aro a99999DJZ. 
2006 8J6lOU. IJH9711. u• J9UU40. 172 UHJZ59Z. na attnu..-. 
2007 8174266. llOJ1008. Ill JZHHH. llD l40U46'16. l94 19ffti40a. 
zooe llUIZO. ZZZ911Ho U9 USOHH• lJ2 az•OlfZIZ. a91 19ft9'6IO. 

---------------------------------------~--- --~---------- #-----·-----------------ROUTINE MAJOR HAINT. REHABILITATIONS REPLACEMENTS TOTAL 
MAINT . ------------ --------------- ----------------- YEARLY 

YEAR COST COST NO . COST NO . COST NO . BUDGET 
Case 9 ---------------------------------------------------------------------------------

1989 6323224 . 11782886. 112 31 683040 . 2 58 350166272 . 1094 399955200 . 
1990 6607295 . 2371051. 45 300612S2 . 266 360817296 . 140& 399939840 . 

$400 million 1991 6027956 . 14010448. 115 45506160 . 2l7 3311451232 . 1045 39997 5680 . 
1992 5397098 . 13424122. 1116 71131312 . 246 21185711896 . 428 339227 392 . 

per year; 1993 5818429 . 5122591 . 51 11286080 . 95 77712784 . 265 106939872 . 
1994 6149270 . 5220405. 51 14561042 . 84 67273568 . 219 9320427.2 . 

Economical 1995 6095660 . 15799279. 167 38008960 . 235 119632576 . 425 179536464 . 
1996 6029115 . 11930224. 181 5977 l472. 234 117457840 . 1113 202190640 . 

Improvement; 1997 5889749 . 21122064. 17 5 79 l 04r.J2 . 24 4 123270864 . 394 2302871011 . 
1998 5687290 . 176611108. 161 41492681 . 2 53 1431125120 . 306 201266496 . 

Acceptable 1999 5748431. 15165721. 152 39782608 . 208 784703111 . 224 139167152 . 
2000 5673315 . 11993840 . 152 l5496240 . 117 92393140 . 228 152557232 . 

Level of 2001 5931534 . 14726123. 1Z6 28356896. 117 67500784 . 142 116522356 . 
2002 61505110 . 11114694. 103 35706ZOI . 156 65989616 . 137 121031056 . 

Service 2003 6228328 . 14ll2l74. 127 4 1956128 . 210 7648Z681 . 110 138799504 . 
2004 6389675 . 13074331. 124 481641411 . 226 50273408 . 113 117901552 . 
2005 6516115 . 12586960. 125 60093120 . 241 52666448 . 95 131862704 . 
2006 6541770 . 15Z646Z2 . 146 44425664 . 217 508293114 . 91 117061392 . 
2007 6592551 . 12535110. 103 46600608 . 207 57030096 . 93 122758352 . 
2008 6780654 . 11316391. 108 45037616 . 230 21808761 . 79 849431124 . 

--------------------------------------------------------------------------------ROUTINE MAJOR MAINT . REHAIILJTATIDNS REl'LACEMENTS TOTAL 
HAINT. ------------ --------------- ----------------- YEARLY 

YEAR COST COST NO . COST NO. COST NO . BUDGET 
--------------------------------------------------------------------------~~-Case 10 1989 63252Zli. 11782U6 . U2 31683040 . Z51 :S50166Z72. 1094 399955200. 
1990 6607295. 2371051 . 115 30067252 . 266 360817296. 1401 3999.39840. 
1991 6181279. 13999616 . 184 29151672 . 172 349954841. 1119 3999711400. 

$400 million 1992 5775721. 18185616 . 155 61256000 . 457 307747521. 1212 399964672. 
1995 5171684. 176771188. 169 102411376 . 566 274723514 . 779 399984121 . 

per year; 1994 5108852. 61119685. 65 15509065' . .334 133409481. 285 300451496. 
1995 5335529. 15799279 . 167 159Ul26 . 104 55672000. 1$6 92721616. 

Immediate 1996 5402567. 11161081. 180 31525312 . 131 56725161. 135 119512121. 
1997 5348337. 219511164. 176 32516192 . 143 11511117712. 153 17,526710 ... 

Improvement; 1998 51167462. 17716208. 1'8 65136528 . 115 72655552. 151 160975744. 
1999 57115317. 14990720 . • 151 30094016 . ll6 52539961. 104 103170080. 

Acceptable 2000 5775502. 11988224. 152 26911888 . ll5 56620192. 116 108363792. 
2001 60250l7. 14453172. 11 7 211512416 . uo 61712912. 14 106575514. 

Level of 2002 6117617. 13650071. 112 36077232. 132 66521960. 109 lZ2355952. 
2003 6256061. 12925740 . lZl 36154314 . 169 79400504. 91 134714480 ; 

Service 2004 6348294. 15357929. 126 41078432 . 203 40024400. 92 107809040. 
2005 65113085. 15291592. 1 21 45931296 . 215 113699296. 81 109465264. 
2006 6649164. 14957570. 141 476210Z4 . 195 39672761. 86 108901024. 
2007 6850516. 125111474 . 106 417901Z8 . 197 39720256. 71 107902368 . 
2008 7117559 . 11206768 . 109 37687216 . 208 22126368. 7 9 71137904. 



TABLE 5 SYSTEM-LEVEL PERFORMANCE INDICATORS FOR LIMITED ANNUAL FUNDING 
ASSUMPTION CASES 

-----------------------------------------------------------------------------------END OF AVERAGE CONDITION AVG. SV USER COST 
YEAR DECK SUPER SUB. NllACR POSTING NSVA NSVD NLOSA NLOSD $MILLIONS 

Case 4 
-----------------------·-·----·------------------------...... _____ ... ____________ 
CURRENT 1L55 6.16 6 .36 192 24.97 3234 1017 6695 11567 566. 60 
1989 6 . ~8 6.12 6 ,35 72 25.20 3167 7911 6441 11364 437 .13 

$60 million 
1990 6 . J7 6. 75 6.24 40 25.30 3100 7791 6342 11212 412 .50 
1991 6.25 6.64 6 .14 11 25.37 3099 7699 6231 11175 364 . 21 
1992 6 .u 6.54 6.02 10 25.39 3145 7666 6117 11097 357 .<ta 

per year; 1993 6.07 6.41 5.91 10 25.52 3166 7516 6002 10951 366 . 92 
1994 6.01 6.43 5.93 192 25.70 3216 7602 5126 10780 38Z. 71 

Economical 1995 5.94 6 .37 5.11 427 25.U 3255 7580 5619 10610 421 . 12 
1996 5 . 87 6.30 5.12 663 25.95 3324 7580 5575 10476 45Z . 11 

Improvement; 1997 s. 81 6.24 5.77 847 26 .11 3363 7567 54<t7 10327 51J . 63 
1998 5 . 77 6. 21 5 .74 993 26 .11 3446 7606 5304 10226 562 . 20 

Acceptable 1999 5 . 72 6.17 5.71 1639 26.21 3511 7612 5116 1008.5 591. 56 
2000 5 . 67 6 .13 5.61 2210 26.23 3561 7603 5017 9937 645 . 81 

Level of 2001 5 . 62 6.01 5.65 2166 26.22 3608 7606 4990 9110 707 . 03 
2002 5.57 6.03 5.61 3375 26.Zl 3642 7511 4192 9669 765.80 

Service 2003 s .~n 5.97 5 .56 3101 26 .11 3694 7602 026 9550 117 . 98 
2004 5. 45 5 .91 5.51 4111 26 .10 3762 7694 4711 9"92 902 . 02 
zoos 5 . 38 5 .14 .5.46 4346 26.03 31159 77115 4719 9427 973 . 67 
2006 5 .32 5. 77 5.41 4546 25.95 3937 7909 4711 9395 1067 .01 
2007 5 . 26 5. 70 5.37 47110 25.15 4005 7970 4719 9344 1159 .19 
2008 5.20 5.64 5.32 5009 25. 72 4017 1061 4111 9319 1258.61 

----------------------.. ----------------------------------------------END OF AVERAGE CONDITION AVG. SV USER COST 
YEAR DECK SUPER SUB. NH A CR POSTING NSVA NSVD NLDSA NLOSD $HILLIOllS 
-----·-·-·------------·-·---·---·-------------~-----·-----------------·----·---

Case 5 CURRENT 6 . 55 6 . 86 6 . 36 192 24.97 3234 1087 6695 11567 566. 60 
1989 6 . 41 6 . 82 6 . 33 72 25.20 3167 7911 6441 11364 437.13 
1990 6 . 37 6 . 73 6.24 <tO 25.30 3100 7791 6342 11212 412.50 

$60 million 1991 6 . 25 6 . 64 6. l<t 11 25.37 3099 7699 6231 11115 364.21 
1992 6 . 13 6 . 54 6.02 10 25.39 3143 7666 6117 11097 357.41 

per year; 1993 6 . 07 6.411 5 . 91 10 25.52 3166 7516 6002 10951 366 .92 
1994 6 . 01 6 . 43 5.93 192 25. 70 3216 7602 5126 107110 3112.71 

Immediate 1995 5 . 94 6. 37 5 . 1111 427 25.13 3255 7580 5619 10610 421.12 
1996 5.117 6 . 30 5 . 112 663 25.95 3324 7580 5575 10476 452.11 

Improvement; 1997 5 .11 6.24 5 . 77 147 26 .11 3363 7567 5447 10327 513.63 
1998 5.77 6.21 5. 74 993 26.11 3446 7606 5304 10226 562. 20 

Acceptable 1999 5 . 72 6 .17 5.71 1639 26.21 3517 7611 5115 100114 5911.56 
2000 5.67 6 . 13 5 . 61 2210 26.23 3560 7602 5016 9936 645.111 

Level of 2001 5 . 62 6.011 5.65 2166 26.23 3607 7605 4919 9109 707.03 
2002 5 . 57 6 . 03 5. 61 3375 26.21 3641 7510 4191 9661 765.10 

Service 2003 5 . 51 5 . 97 S.56 3108 26 .11 3693 7601 41125 9549 1117 .61 
2004 5 . 45 5 . 91 5 . 51 <till 26.10 3761 7693 4717 9491 901. 72 
2005 5 . 311 5 .114 5.46 4345 26.03 Ja59 771<t 4790 9427 973.61 
2006 5.32 5. 77 5 . 41 4545 25.95 3937 7909 4782 9396 1067.04 
2007 5 . 26 5 . 70 5 . 37 4780 25.16 4004 7969 4789 9344 1159.67 
2008 5.21 5 . 64 S. 32 5009 25.72 4086 8067 41111 9319 1258.54 

--·--·----·-----------------------------------·------------------------·- ··--------·--
END OF AVERAGE CONDITION AYO. SY USER COST 
YEAR DECK SUPER SUB. NMACR POSTING NSVA NSVD NLOSA NLOSD tMILLIONS 

Case 6 ---------------------------------------------------------·--------------------------
CURRENT 6 . 54 6 .17 6 .36 195 24.97 3231 8085 6693 115'7 566 .56 
1919 6 . 50 6 .85 6 .36 12 25.30 3099 7140 6362 11280 359.27 

$100 million 1990 6 . 41 6 . 71 6.21 2 25.47 3001 7659 6192 11113 272.59 
1991 6 . 31 6 . 70 6.20 2 25.66 2934 7462 5977 10113 226.99 
1992 6 . 22 6 . 63 6 .12 2 25.11 2901 7331 5114 10671 206.07 

per year; 1995 6 . 19 6.60 6.11 2 26 .DI 2115 7159 5505 10421 207.76 
1994 6 . 11 6 . 57 6 .11 63 26.44 2755 7006 5193 10125 212.59 

Immediate 1995 6 . u 6.53 6.01 126 26.67 2700 6941 4965 9917 245.53 
1996 6 . 11 6.51 6.07 232 26.12 2744 6915 4511 9634 250.17 

Improvement; 1997 6 . 01 6 . 47 6.06 297 27.12 2695 6107 4350 9400 276 .23 
1991 6 . 10 6 . 41 6.09 372 27.41 2614 6697 4033 9164 535.73 

Acceptable 1999 6 . 11 6.47 6 .11 759 27.63 2603 6583 3143 1913 361.11 
2000 6 . 14 6.49 6.16 1061 21.03 2446 6347 3575 1556 390.14 

Level of 2001 6 . 16 6 . 50 6.19 1388 21.30 2546 6116 3559 1262 439.12 
2002 6 .17 6 . 49 6.22 1632 21.62 2192 5957 3091 7944 419.19 

Service 2003 6 . 111 6 . 49 6.24 1783 21.19 2094 5791 2196 7667 516.43 
2004 6.17 6 . 41 6'. 25 1154 29.11 2041 5719 2763 7455 569.11 
2005 6 . 17 6 . 46 6.26 1154 29.30 2011 5675 2640 7212 627.04 
2006 6 . 15 6 . 43 6.25 1914 29.42 2025 5671 2516 7139 616.76 
2007 6 . 14 6 . 41 6.25 1942 29.56 2006 5607 2506 6991 752.45 
2008 6 . 12 6.39 6.24 2023 29.65 1915 5602 2455 6161 130.21 

TABLE 5 (continued on next page) 



TABLE 5 (continued) 

-------·-------------------------------------------------- ... ----------------------------END OF AVERAGE CONDITION AVG. SY USER COST YEAR DECK SUPER SUI. NMACR POSTING NSVA NSVD NLOSA NLOSD OllLLIOHS 

Case 7 -------.... ------·------------------·----------------------------------------------------
CURRENT 6 . 54 6.87 6.36 193 24.97 3231 8015 6693 11567 566. 56 
1919 6 . 56 6.90 6.42 2 25.56 2941 7624 6119 11012 229. ll 

$200 million 
1990 '. 52 6 ... 6.40 26.01 2719 7221 5676 10544 167. 54 
1991 6 . 54 6.90 6.44 26.72 2420 6610 5015 9119 122.00 
1992 6 .51 6.811 6 .44 27.17 2245 6221 4513 929D 99.14 

per year; 1993 6.41 6.15 6.43 27.49 2110 5991 4251 1994 94.14 
1994 6 .53 6.17 6.41 21.05 1911 5642 3712 1460 71. 73 

Economical 1995 6. 51 6.15 6.49 21.39 1777 5452 3450 1121 13. lS 
1996 6.52 6 .16 6.52 21.IO 1626 5191 309' 7701 72.12 

Improvement; 1997 6. 57 6.19 6 .51 29.32 1442 4135 2614 7179 69.91 
1991 6 .64 6.94 6 .61 29.15 1170 4412 2222 6714 U.09 

Acceptable 1999 6.67 6.95 6.72 30.23 972 4274 1193 6380 61.60 
2000 6 . 71 6.97 6.77 S0.62 756 4041 1561 6052 75.64 

Level of 2001 6.75 7.00 6.13 S0.94 577 3793 1262 5702 77.11 
2002 6.79 7.01 6.11 2 Sl.24 Ul S5Sl 990 5357 64.lS 

Service 2003 6 .u 7.02 6.91 2 Sl.50 216 3321 734 5035 52.16 
2004 6. 77 6 .97 6.17 l 31.60 262 3326 642 4926 52.21 
2005 6. 7S 6.92 6.14 0 31.67 244 3313 566 4113 46.62 
2006 6 . 7S 6.92 6.84 0 31.76 214 3254 413 4652 41.23 
2007 6 . 72 6 .91 6.14 0 31.IZ 116 3153 420 4419 52.19 
2001 6.69 6.19 6.12 0 SI.II 157 3105 350 4357 53.67 

----------------------------------------------------------------
ENO OF AVlRAGE tONOITION Ullo SV USBI CUST 
YEAllt UECK SUPEll SUI. l'OIAt~ POSTllG NSVA NSVO NLCSA NLOSO INll.LIUNS -------------------------------------------------------·- ·--·-----·- ·-----------

Case 8 
WU ENT 6.54 6.81 6.l6 I'll 24."' Jlll IOU 6HJ llHJ 566.5' 
1919 6.56 6o9D 6.42 z 25.56 2'1.S 162• ltll'I 1101.Z 22'1oll 

$200 million 1'1'10 6.52 .... •. u 0 26.0I 2119 1221 ,.,. 10944 161. 54 
1'1'11 6.54 6.'IO 6.4. 0 26. U 2420 66IO Hit Hl9 122.00 
1992 6.51 6.81 6 ..... 0 21. lf 220 6221 UM '121'1 H. I• per year; 1'9) 6 ..... lhll5 6.U 0 ZJ.4'1 2111> 59'1'1 "''° 1994 94 ..... 

Immediate 1994 "· 5] 6.81 6.41 0 21.05 1'110 56U )111 "'"° 11.14 
19H 6.51 6.85 ••• 9 0 21..U 1111 54') 3449 1121 u.u 

Improvement; 1996 6. sz 6.16 6 .sz 0 ze.eo 162' 5199 lClH 1701 12.11 
1991 , .. 51 60 ll'I 6051 0 29. lZ l•U "8U lHJ 1117 69.99 

Acceptable 1991 6.64 "·94 •• 61 0 29. 14 1110 •oU') 22ZJ 6115 11.10 
1999 6.61 6.95 6.rz 0 311.ZJ 913 un 189) 6]12 68. 61 

Level of zooo 6. 71 •• 91 6.17 0 30.61 151 4049 1~61 !>054 15.65 
ZODI 6.15 1.00 6.11 I JO. 9J 518 319• IUZ 510J 11.19 

Service zooz 6. 79 1.111 "·" 2 JI .2" 411 H3Z 919 5JS6 6". IJ 
ZOOJ 6. 11 1. oz 6. 91 2 Jl.49 20 ))29 111 50l'I 50.lZ 
zoo• 6. 71 6.91 6. 81 I ll. 60 255 JJ20 6ll 4901 ~2 .21 
2005 6.lJ 6.92 6.9' 0 ll.61 241 HU SU "801 46.,, 
2006 6. 12 6. 92 6. 8" 0 ll .76 209 1259 460 461'1 48 .~ .. 
2001 6.69 6.19 6.11 0 ll.U 175 JllZ 386 4500 49.96 
2008 6.61 6.81 6.79 0 ll.89 150 3126 119 4361 51.10 

TABLE 5 (continued on next page) 
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TABLE 5 (continued) 

400 

300 

200 

100 

0 
1989 

_. ___ _______ ... __ __ ... __________ ... _____________________ ... ____________________________ 
END OF AVERAGE CONDITION AVG. SV USER COST 
YEAR DECK SUPER SUI. NMACR POSTING NSVA NSVD NL OS A NLOSD tHILLIOHS ------------------ ---------------------------------------

Case 9 CURRENT 6 . 54 6 . 117 6 . 36 1n 24.97 3231 1085 6693 11567 566.56 
1989 6 . 69 7.02 6.55 0 26 .17 2639 7132 5542 11>376 149.00 
1990 6 . 86 1 . 1a 6. 77 0 27 .62 1916 5179 4244 1aao U.32 

$400 million 1991 7.01 7 . 29 6.96 0 28.76 1467 4940 3258 7756 58.52 
1992 7 . 03 7 .29 6.99 0 29.16 1247 4607 2835 7291 50.41 
1993 6 . 96 7. 22 6.94 0 29.41 1161 4404 2636 7033 46.33 per year; 1994 6.89 7 . 15 6.88 0 29.61 1093 4216 2472 6137 41. 78 

Economical 1995 6 . 92 7.18 6.94 0 30.0S 176 3962 2036 6435 31.41 
1996 6 . 97 7 ' 19 6.99 0 30.45 694 3685 1670 6062 34.60 

32.40 
Improvement; 1997 7 . 00 7 . 21 7.04 0 30.13 499 3435 1310 5702 

1998 7 . 02 7 . 21 7 '06 0 31.09 361 3233 1069 5423 28.28 
1999 1. 00 7 ' lA 7. 06 0 31.21 285 3117 879 5212 26.17 

Acceptable 2000 6 . 98 1 .16 7.05 0 31.45 202 2916 706 4996 22.95 

Level of 2001 6.93 7.11 7.01 0 31.53 155 2935 587 4164 21.54 
2002 6 . 88 7.06 6.97 0 31.60 123 2n1 499 4756 19.98 

Service 2003 6 . 84 7 . 01 6.93 0 31.65 112 2aao 423 4659 19.10 
2004 6 . 80 6 . 98 6.89 0 31. 70 91 2846 359 4559 17 .63 
2005 6 . 75 6 .94 6.86 0 31. 73 96 2825 329 4414 16.25 
2006 6 ' 71 6 . 90 6.82 0 31. 76 87 2803 291 4405 15.58 
2007 6 . 66 6 .'86 6 .77 0 31.71 91 2805 267 4351 14.66 
2008 6 . 61 6 . 82 6. 73 0 n .12 104 2775 253 4219 14.61 

--------------------------------------------------------·----------------------------------
END OF AVERAGE CONDITION AVG. SV USER COST 
YEAR DECK SUPER sue. NMAClt POSTING NSVA NSVD NLOSA NLOSD tHJLLIONS 

Case 10 -----·--------------------------------------------------------------------------------·-
CURRENT 6.54 6 .17 6 .36 193 Z4.97 3ZSI aou 6693 11567 566 .56 
1989 6.69 7.02 6.55 0 26.17 2639 7132 5542 10376 149.00 

$400 million 1990 6 .16 7' 11 6.77 0 27 .62 1916 5879 4244 aaao U.32 
1991 6.99 7.28 6.94 0 21.12 1474 4170 3212 7615 55.17 

year; 1992 7.21 7.44 7.U a 30.25 716 3777 1690 6331 39.45 per 1993 7 .36 7.55 7.36 0 31.17 171 3114 515 5405 31.57 

Immediate 1994 7.34 7.51 7.36 0 31.44 24 2943 44 4992 26.97 
1995 7 .26 7.44 7.29 0 31.50 14 2aa8 29 4H6 26.04 

Improvement; 1996 7.20 7 .37 7.24 0 31.55 34 Zl58 44 4ga5 24.46 
1997 7.15 7' 32 7.20 0 31.61 21 2125 34 4699 22.69 
1998 7'11 1 .21 7 .17 0 31.67 13 2759 21 451& 21.02 Acceptable 

Level of 
Service 

NMACR = 

NSVA = 
NSVD = 
NLOSA = 
NLOSD = 

1999 7.04 7.21 7 .11 0 31.70 19 2745 21 4511 20.25 
2000 6.91 7'16 7. 06 0 31.74 22 2706 33 4420 18.11 
2001 6.91 7.09 6.99 0 31.75 20 2696 29 4361 17 .35 
2002 6.85 7.03 6.94 0 31.78 14 2695 19 4292 16.42 
2003 6.79 6.97 6.19 0 31.10 15 2693 19 4233 15.54 
2004 6.74 6.93 6.14 0 31.12 17 2671 25 4161 14.69 
2005 6.61 6.11 6.80 0 31.14 30 2653 31 4115 14.04 
2006 6.63 6.14 6 '75 0 31.16 17 2625 27 4049 13.52 
2007 6 .57 6.79 6.70 0 31.11 26 2623 35 4001 12.75 
2001 6. 51 6.74 6.65 0 31.91 42 2596 49 3961 12.55 

NUMBER OF BRIOOES WITH A CONDIDON RATING LESS THAN THE MINIMUM 
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this reason, maximizing the EUAC reduction for improve­
ment alternatives over routine maintenance is proposed for 
optimizing economic decisions at the system level. 

5. A system-level optimization of bridge management deci­
sions can be accomplished by 0-1 integer linear programming 
with multiple choice constraints. 

6. The trial-and-error approach of OPBRIDGE allows 
managers to recognize the effect of their strategic user input 
on future budget needs and performance level of the bridge 
system. Revising user input is sometimes necessary to produce 
acceptable budgets and performance level. 

7. The detailed bridge-by-bridge output provided by 
OPBRIDGE shows the status and actions recommended for 
first analysis year and major actions (replacement and reha-

109 

bilitations) and their timings recommended thereafter for every 
bridge. 

8. The tabular and graphical outputs provided by 
OPBRIDGE show funding needs or budget limits and the 
behavior of the state-wide, system-level performance in­
dicators over the horizon. The outputs can be listed by fed­
eral- or non-federal-aid bridges and by state classification 
for primary, secondary, or urban system bridges. 

9. The yearly county-by-county output provided by 
OPBRIDGE shows a list of bridges needing major actions 
(replacement and rehabilitation), cost of the major actions, 
and total funds needed for each county in the state. The total 
budget is also subdivided into federal-aid and state system 
funds. The county-by-county output is provided for each year 
up to the year ( :=; horizon) specified by the user. 
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