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Dévelopment of a Cbmpu;ter Model for
Lifecycle Cost Analysis of Statewide
Bridge Replacement and Repair Needs

by William A. Hyman® and Dennis J. Hughes®

INTRODUCTION

CURRENTLY THE Wisconsin Depart-
in ment of Transportation is develop-
\v‘g a computer simulation model that
Il ‘estimate both current and future
Trl ge replacement and repair needs.
to ¢ model applies lifecycle cost analysis
s bridges on the. state trunk highway
Ystem "(STH). The model will aid the
]eepartment in determining the required
Dlvel- of funding for repairing and re-
bﬁClng STH bridges and to keep these
Q.Oldg.e.s at a desired system average
shndltlon level. Likewise, the model
feglﬂd be useful to other states and the
o eral government. The purpose of this
isSDEI‘ is to describe the model, discuss
Drues regarding its development and
€sent some interim results.

BACKGROUND

vE]Very two years the Department re-
:‘Uates Wisconsin’s bridge replace-
. Nt needs over a six year time horizon
Dropart of the highway programming
hialcess and the development of a bien-
Tep] budget proposal. In the past, bridge
! acement needs have been determined
a dgely on the basis of field inspections
engineering judgment. Field ratings
cap Superstructure, substructure, load
binamty and deck condition were com-
ape .Into overall condition and load
Praisals, as well as a sufficiency
sﬂé“g, all of which served as input into
teriCtlng the bridges replaced. Also en-
Wh Ng the replacement decision has been
SQrether the highway which a bridge
n Ved was scheduled for improvement.
s addition, the Department informally
§§Ssed wh;:t;her itbwzés cheaper to re-
or replace a bridge over its ex-
Pected lifestyle, &
Qlins transportation revenues have de-
lik ed in real dollar terms, Wisconsin,
clog Mmany other states, must look more
Densly at its highway and bridge ex-
as Gltures to make sure they are used
avO‘?fﬁcmntly as possible. The state must
ma d the fallacy of composition: if it
Ximizes the net benefits of expendi-

W;fDivis.ion of Planning and Budget,
tiosconsm Department of Transporta-
"y, Madison, WI.

tures on individual projects, it may fail
to maximize the net benefits of expen-
gitqres on a statewide or systemwide
asis.,

TRADITIONAL NEEDS STUDIES VS.
LIFE CYCLE COST ANALYSIS

Traditionally state transportation
agencies and the federal government
have performed “needs” studies to deter-
mine highway and bridge revenue re-
quirements. This has been done by com-
paring the physical characteristics of a
roadway segment, or a bridge, to accept-
ed improvement standards. The esti-
mated cost of improving a road or
bridge to satisfy the relevant standards
constituted the “need.” To some extent
WisDOT continues to perform “needs”
studies. However, the Department now
recognizes that “need” is a relative
term. If attaining the accepted improve-
ment standards is economically or polit-
ically unrealistic, then such “needs”
have little practical meaning.

To avoid the pitfall' of  traditional
needs' studies, WisDOT has focused in-
creasingly on identifying a minimum, or
base level, program. This is defined in
terms of the level of expenditures neces-
sary to keep the systemwide average
highway conditions at roughly current
levels to avoid both deferred mainte-
nance and unnecessary expenditures. For
example, the department has performed
studies using the Pavement Serviceabil-
ity Index .(PSI) to determine the level
of surface renewal effort necessary to
keep STH pavement surfaces at the cur-
rent systemwide average level of
smoothness.l WisDOT is currently sup-
plementing its PSI evaluations with new
pavement distress studies.

As a further step away from tradi-
tional “needs” studies, -the Department
is developing the ability to perform ex-
plicit lifecycle cost analysis to identify
the minimum expenditure required to
maintain highway conditions at their
current systemwide levels. The develop-
ment of a computer model for lifecycle
cost analysis of bridge repair and re-
placement needs, described in this paper,
represents WisDOTs first major effort
to apply lifecycle cost analysis to a
significant element of the state highway
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program on a systemwide basis and for
time horizons ranging from one to twen-
ty years.

SCOPE OF THE PROBLEM

Some statistics are useful in gauging
the magnitude of the bridge replacement
problem in Wisconsin. The state owns
nearly 4,600 bridges on the STH system.
However 300 are sign bridges and other
non-highway service bridges, leaving
nearly 4,300 state-owned bridges, of
which 292 are single units of large
multi-unit bridges. WisDOT bears 100%
responsibility for replacement of these
state-owned bridges.

Table 1 shows the distribution of
these bridges bv structure type. These
categories are based on span material
and configuration. The three most com-
mon structure types are steel deck
girders, prestressed concrete, and con-
crete slabs, accounting for nearly 80
percent of all bridges.

The distribution of state-owned fed-
eral aid bridges by construction year
appears in Figure 1 and closely resem-
bles that of New York and presumably
other states.2 Several observations can
be made from this illustration.

® A surge of bridge construction oc-
curred during the 1930’s — the era
of the Work Progress Administra-
tion — followed by a lull during
World War II.

® A tremendous increase in bridge
construction occurred during the
1960’s as a result of construction of
the Interstate Highway system and
other major highway improvements.

RESEARCH FORUM
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FIGURE 1

® Bridge construction dropped during
the 1970’s as the Interstate system
neared completion and attentio®
turned to replacing older, deficien
or substandard bridges.

Accepted engineering wisdom assumes
an average life expectancy of 50 years
and so bridges constructed during the
Depression era are coming due for T€
placement. Thus in Wisconsin there ar%
currently 500 state-owned bridges °1
immediate concern, and an addition?
800 bridges which will pass the 50 yea’
benchmark by the year 2000. .ol

A considerable portion of typic?
bridge repair and replacement costs aré
based on deck area. Therefore, the
larger bridges, which are generally on

TABLE 1

STATE-OWNED FEDERAL AID BRIDGES
WITH HIGHWAY SERVICE “ON"
Distribution by Structure Type

Structures

Degk Area Averast

Number % of Total Total (ft”) % of Total _ Agt-

STRUCTURE TYPE

Concrete Deck Girder 403
Concrete Slab(Pre-1955) 88
Concrete Slab(1955+) 629 1
Other Concrete 12
Culvert 350
Prestressed 755 1
Steel Deck Girder 1,894 A
Other Steel 130
Miscellaneous 25
Total 4,286 100.

9
2
4
0
8.
7
4
3
0

4 1,665,891 4.9 46.2
.1 260,563 0.8 AR
.7 3,747,624 11.0 15.4
.3 88,680 0.3 45.7
2 1,573,028 4.6 17.5
.6 6,771,811 20.0 11.7
.2 18,280,416 53.9 25.4
.0 1,113,031 3.3 46.8
.5 394,124 1.2 33.4
0 33,894,968 100.0 24.0
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the higher function roads, have higher
epair and replacement costs per bridge.
ver 60 percent of the state-owned
Yidges are on the highest functional
Systems (i.e. Interstate and principal
arterials) and account for 70 percent of
€ total deck area. The average size of
Yidges also has increased over time,

Which is yeflected in the growth of the

3verage deck area from 3,250 square

t%t for bridges more than 50 years old
b° Troughly 10,000 square feet for bridges
uilt in the last 20 years.

n a two year cycle, the Department
Performs field inspections of all state-
OWned bridges in Wisconsin. Inspectors
ate key structural and situational fac-
0rs. Two well known indexed ratings,
Which represent combinations of several
eld ratings, are condition appraisal

sufficiency rating. Ten percent of the

Mate-owned bridges, representing six
freent of the total deck area, have
‘ondition appraisals less than 4. This

IS 3 level which is considered “deficient”

%nd. suggests that replacement or re-
abilitation is required. About eleven

Dercent of the state-owned bridges have
ISuﬂiciency rating below 50, the thresh-

old to qualify for federal bridge replace-

Ment funds.

b In recent years alternative six year
Tidge replacement or rehabilitation
rograms have ranged from a low six-

Year total of $85 million to a high of

5 million. In the current six year
Mprovement program for the 1981-1987
€riod, the Department proposes to re-
Dlace '159 bridges, and rehabilitate 24
dthErs, at a cost of $115 million in 1982
ollars, This level of effort, if sustained
Over a long period of time, implies
bridges must have an average life ex-
%’_eCtancy of more than 100 years. In
Ight of this greatly exaggerated life
Span relative to the traditional rule of
thump of 50 years, the Department feels
gompelled to look more closely at STH
r‘qg’e replacement requirements . to
Verify that the current level of effort is
Ndeed too low to maintain current
Systemwide bridge conditions.

DESCRIPTION OF MODEL AND
SOME ILLUSTRATIVE RESULTS

The development of a computer sim-
UWation model that uses lifecycle cost
Nalysis to assess statewide bridge re-

acement and repair needs must em-

Tace a combination of approaches and
Derspectives to be appealing to potential
Users, which include engineers, econo-
1sts, planners and administrators.

First, the model must allow for the
Dplication of engineering experience
and judgment. Engineers have developed
Much knowledge and historical data to

evaluate the cost, type and timing of
repairs many kinds of bridges require.
However, when historical data is lack-
ing, judgment is required. No data
exists, for example, to evaluate the fu-
ture repair costs and condition of the
types of bridges only recently construct-
ed, such as prestressed concrete struc-
tures. .

Second, a systemwide or a “top down”
perspective is required. The model must
be capable of examining a large number
of bridges simultaneously on a system-
wide basis. We have incorporated part
of WisDOTs system planning process
into this model. WisDOT’s highway sys-
tem plan sets deficiency thresholds which
signal a possible need for replacement.
The system planning process also defines
alternative futures and corresponding
responses, and it treats bridges on dif-
ferent functional highway systems dif-
ferently.

Third, a “bottoms up” perspective is
needed. The model should take into
account different types of bridges and
account for each bridge’s current con-
dition, capacity and geometric character-
istics, as well as dimensions (length,
width, deck area), traffic levels and
functional class of the highway it
serves. Unsafe, posted, or closed bridges
should be identified and treated appro-
priately.

Fourth, a statistical approach is de-
sirable. The model should deal with the
average behavior of bridges both in
assigning lifecycle costs and for making
forecasts of condition and operating
capacity.

Fifth, an economic perspective is cru-
cial. The program should apply life-
cycle cost analysis and discount the
costs back to the base year of analysis
in order to determine whether bridge
replacement or repair is less expensive.
Taking into account budget constraints
is also desirable.

Last, the model should evaluate bridge
repair and relacement needs over time
and keep track of the costs and changes
in bridge condition.

Figure 2 illustrates a flow chart of
the computer simulation model WisDOT
is developing. The program is written
in Fortran and one of the significant
input data items is a series of lifecycle
activity profiles, which define what type
of bridge repair work is performed in
each year over the expected life of a
given structure type. More than one
profile may be assigned to a single type
of structure since the course of repair
work can proceed on different tracks as
shown in Figure 3. Input data includes
specifying the percent of time a partic-
ular profile applies to a structure type
and the life expectancy of bridges with
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FLOWCHART OF COMPUTER SIMULATION MODEL

INPUT DATA

A. Lifecycle Activity Profiles By Bridge Type

B.  Percent Of Time Each Profile Applies To A Bridge Type
C. Percent Of Time A Bridge Type Is Replaced By Another
D. Unit Costs of Replacement And Repair Work

E. Current Age, Condition, Capacity, Dimensions, Traffic

And Highway Functional Class Of Each Bridge

. /

DO for
\ 2 Yrs, 6 Yrs, 20 Yrs

/ DO for
"\ 4300 Bridges

Apply State Highway Plan Logic
To ldentify Pool Of Déficient Bridges

A) Replacement
B) Repair

Determine Lifecycle Costs For 2 Cases

Replace Bridge If:
A) Unsafe Or
B) Cheaper Than Repair

L Age Bridge One Year I

[ Predict Change In Condition And Capacity

!

Summarize Results:
A) Number Replaced And Repaired
B) Costs

C) Average Condition And Capacity

!

/~ Continue

1or 4300 Bridges )

/" Continue
ur 2,6 0r 20 Yrs,

Print Results

FIGURE 2

Cross Section Data
On Bridge Condition
And Capacity

For Bridges With

N
Engineering Judgmeﬂt(
Little Historical Data

e
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ALTERNATIVE TRACKS FOR REPAIR WORK
STEEL DECK GIRDERS
(Percent of Bridges on any Track Totals 100% at Any Age)
DECK REPLACEMENT (2%)
w“— DECK (100%) DECK REPLACEMENT (13%)
DECK REPLACEMENT (85%)

\. .

10 20 30 40 50 60 70

AGE
FIGURE 3

;’;frferent profiles. In addition it is neces-
briy to specify the percent of time a
fer 8e of one type is replaced by a dif-
inc]ent structure type. Other ipput items
ardude unit cost data and bridge stand-
i ds These items are used in calculating
Qbstge replacement, widening and repair
chls' One subroutine converts the life-
usj € activity profiles to cost profiles
5p g the unit cost data and information
1e:°1ﬁc to each bridge, including width,
ap dgth, deck area, traffic on the bridge
Servééle functional class of the highway
DrFOI‘ each year over the planning/
hi°8‘1‘_amming horizon (2 years for the
hienmal budget cycle; 6 years for the
yeg Way improvement program; 20
Bl ars for the state highway system
]Oaf‘), the program applies a screening
8lc based upon condition appraisal,

(,gel'{ltmg capacity and width to identify
gonglda.te “deficient’ bridges. The cate-
in Tzation of deficiencies varies accord-
to alternative future scenarios of

the state highway system planning ef-
fort and responses that have been
deemed appropriate for reacting to those
scenarios. Of most importance to the
bridge analysis are alternative scenarios
for traffic forecasts and transportation
revenues, plus deficiency criteria and
design standards that are sensitive to
the degree that revenues are large or
small.

A bridge which is a candidate for re-
placement is then examined to see if it
is cheaper to replace or repair over its
lifecycle. The computer model uses a
random number generator to select a
lifecycle activity profile for each bridge
for two cases: replacement and repair.
On average, various profiles are as-
signed to bridge types in accordance
with the percentages specified as input
data. The replacement case is defined by
a single profile which shows the costs
for bridge replacement in the first
period, followed by costs for other repair
activities in the years they are expected
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to occur. The lifecycle cost profile for the
repair case is composed of two parts.
The first is the lifecycle cost profile for
the existing bridge; at the end of its
expected life the computer splices on a
second part, the replacement profile.
Then the computer calculates the costs
under the replacement case, which is
the discounted present value of the
cumulative costs of bridge replacement
over the lifecycle (e.g. bridge replace-
ment followed by various repairs). This
in turn is compared to costs under the
repair case — the discounted present
value of the cumulative costs of con-
tinuing to repair the existing bridge,
replacing it at the end of its expected
life, followed by repairs to the new
bridge.

Figure 4 presents an example of the
computer calculations for the replace-
ment and repair case for a bridge whose
current age is 40, whose life expectancy
is 80 years (BREAKM) and whose life
expectancy in the replacement case is
also 80 years (BREAKR). In this ex-
ample, replacement is cheaper over the
lifecycle ' than repair. In five years
(age=45), the existing bridge is sched-
uled for widening at a cost of $1,340,-
523 which compares with replacing the

RESEARCH FORUM

bridge immediately at $795,499. Repail-
ing the existing bridge to the end of it$
life, followed by bridge replacemer”
would require cumulative costs over 3
next 50 years that has a discount®
present value of $948,991 (assumlng,fl’
10% discount rate). This compares wit
discounted lifecycle costs of only $828
265 over the same time period in the
replacement case. h

The model next determines if eact
bridge should be replaced. Replacemel
rules can consist of several criteria. 1
currently being written, the model W!
replace a bridge (reset the age to zel“’e
if it is unsafe based on data from fhr
bridge deficiency file or if it is cheap®
to replace it than repair it over its lif¢
cycle.

The computer program - ages i
bridge by one year and  forecasts (,31
justs) the change in condition apprais?
and load capacity. The program the?
records whether the bridge has been tee
placed or repaired, keeps track of th
costs, broken down by components ¢
replacement cost (structure cost, 2P
proach cost, demolition cost, enginee_ﬂ,ng
cost, total cost) and by repair activl:
(concrete overlay, patching, etec.). ’I',
nally the model repeats this process fo

each

EXAMPLE OF LIFECYCLE COST CALCULATIONS

NET PRESENT VALUE CALCULA1IONS FCR BRIDGE NO. .
INPUT AGE 40.0 BREAKR 80.0

1

BRIDGE TYPE 1 .
BREAKM 80.0

PROGRAM PERIOD . 1 _ YEAR 1982

LIEE CYCLE = --REPLACEMENT CASE REPAIR CASEmmmmmmmmmmme==s?
pEa55 YEAR ==<COST PROFILE-=~ ' =-2NPV--= ' ZS-AGE-<Z Z25-COST PROFILE-S%  =2=NPV-<~

1 3 1. REPLME= 991 493 41 o

; A R B

H : 0 499% 450 wipen = 1390523 ] 515598

6 987 . 0 499, 464 ? 4o

8 . 0 499. 100 : 92612%°

989 . 0 499. 48, 9 4o

Q . 0 499 49. 9 4

Y 1. . 499, 0. ? N

2 . 4990 51, 9z8l2,%

2 3 . 439, 2. “

3 4 . 300 . 530 4

4 s . 6523 . 'Y 4

5 [; . . . 0 4o

998 . . 3 9 i

9 . . . . 0 he

00 . . . 0 4

0 [ . . . '

1 0 . . . 4o

2 0 . . . be

3 9 . - . e = 4.

;. Lg 4 . . Ge
. . . 300 3

or . . . . he - 439

. : 459¢

0 . : 5600 e

5 . .. . 1700 L14s

3 . . ol

: 300 651+ lae

350 - 296700 - o D i e e 4 2'

(1:. . 6o : be

. . . b

.38 . . ..SPLICE alee

9 2 40. . . 4

41 2 41 . 79549 48997

42 2 4 . . 48391°

25 5 35 FS S ® i et B e .94 qql-

44 2 4 . 489940
45 2 450 : 48391

4 L 4be . & 4831

4 9 a0 5. . 48991°

4 0 4 . : .
s 0 - 500 ToTAL:= | s aos L L TortaLs [Fa8!

REPLACE WIDEN

. FIGURE 4
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f}femany yvears as specified and prints

Wﬁpal results.
ha ile all the elements of this model
thve been programmed at this writing,
si:y have ‘not been integrated into a
Witgle model yet. Running the model
Q]ué")ut the lifecycle cost module in-
st ed shows the following number of

thate‘maintained bridges (mnearly equals
,ee Number of state-owned bridges) will
toq“u‘e replacement in each year out
c‘1900. The criteria for screening “de-
of Nt” bridges is a condition appraisal
or less.

Ye Number Number in

ar Replaced  Repair Cycle
iggz 494 3879
g, 0 4373
s 0 4373
g 0 4373
Toge 0 4373
Tog. 0 4373
1080 0 4373
1999 95 4278

0 2 4371

naltjsmg a threshold of 3 would elimi-
necs the backlog of bridge replacement
Wo IS for nearly a decade. Not until 1989
fo additional bridges come on line
gentreplacement. We expect more strin-
Dlaoy, Sereening  criteria, such as re-
thy Ing a_bridge only if it is cheaper
Supo, LePairing it over its lifecycle, will
by dtantlgllx reduce the number of
e 8es indicated as needing replace-
nt In the first period.
ficig Viously suddenly replacing all ‘de-
the 0t’ bridges would significantly raise
Stag Average condition of bridges in the
appf-,Curyently the average condition
40 21sal is 6.532 for bridges from 0 to
thayeal‘s old, and 4.941 for bridges more
that 0 years old. The model estimates
iney, Teplacing 494 bridges in 1982 would
bridease. the condition appraisal of
(;.825?98 in the 0 to 40 year age group to
of 1o The average condition appraisal
inepridges more than 40 years old would
rease to 6.151.
tepi. ©S€ results show a threshold ecri-
“de Of 3 is too liberal for identifying
the Clent” bridges. Also they illustrate
the allacy of making inferences about
the SXPected life of bridges based on
apg Urrent levels of bridge replacement
brig repair work. Whereas the level of
“'Orlge' replacement and rehabilitation
g In WisDOT’s current six year pro-
100m Implies an average bridge life of
Sin l3"381‘8, replacing 495 bridges in a
lifeg € year implies an average bridge
Zay, of less than ten years and replacing
im 01. bridges in the following period
Plies an infinitely long .life. Many
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analysts judge the adequacy of highway
and bridge funding levels based on the
current rate of work, which can be mis-
leading.

SPECIAL ISSUES IN
MODEL DEVELOPMENT

In the course of developing this model,
a number of issues have arisen which
need to be addressed in the future.

a. Input Data

Because Wisconsin has had little pre-
vious experience examining bridge re-
placement costs using both lifecycle
analysis and a system planning perspec-
tive, input data is not conveniently
available, in a useable form, or may not
measure the most appropriate defi-
ciencies.

The most crucial input data is the
description of repair activities over the
lifecycle of a bridge. It has been neces-
sary to rely on engineering judgment
and seat-of-the-pants estimates to pro-
duce the initial set of lifecycle activity
profiles used for testing and evaluating
the simulation model. Where we are
dealing with bridge types for which am-
ple historical experience exists, we can
ultimately compile data from bridge
construction and maintenance records
to determine the types of repair activ-
ities that occur, their timing and unit
costs, and thus corroborate or modify
the lifecycle activity and cost profiles
we have used so far. However, some
structure types, such as prestressed con-
crete, have only been constructed since
approximately 1955, and there is no firm
basis for determining their repair costs
when they become 50 years old.

Another problem is that as bridges
near the time when they become unsafe,
they are replaced. Consequently there
are few really bad bridges to examine in
order to determine what the repair
costs would be if bridges were allowed
to deteriorate further, were posted or
even closed. It would be helpful if fund-
ing were available to examine lifecycle
repair costs under more extreme condi-
tions in a controlled, statistically sound
experiment.

A related problem is that the Depart-
ment has current data on bridge condi-
tions, but has not kept historical records
of how bridge conditions change over
time. From WisDOT’s existing data, it
is possible to reliably estimate equations
to predict future condition appraisal
only over certain age groups and bridge
types. Figure 5 shows a regression
equation for a piecewise linear function
that describes the relationship between
age and condition appraisal. For bridges
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less than 20 years old, the regression
equation captures fairly well the influ-
ence of time on declining condition.
However, for bridges between 20 and 45
years old, the regression may mainly
reflect the influence of maintenance ac-
tivities, not the passage of time. Finally,
for bridges older than 45 years, the
regression equation may reflect changes

in design standards or maintenance P‘;}d
icies as much as it reflects the wear aes
tear of aging. For example, bl"dgn,
built before World War II were c}?aﬂ
structed to much lower standards %
today and often the low condltwﬂ] et
capacity appraisal associated with © el
bridges has less to do with the ﬂg‘de,
process than it does with changing

o ot e e e .
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Yign standards.. : L

sl overcome this difficulty, it is de-
s’rable that pooled time series and cross
d‘?ctlon data for bridge ratings and in-
,’Q?S (condition appraisal, sufficiency
Jing, "and the like) be developed for
eﬁe In’ estimating equations to forecast
ofanggs in these “state” variables. Data
N 1s sort would allow analysts to
;‘?al‘ate the influence of design stand-
au‘!S, maintenance practices and the
sIng process. :

b Other issues related to forecasting

condition )
linour experience shows that simple
far regression equations for fore-

;%Stmg condition appraisal as a function
the28e have heteroscedastic errors (i.e.
ag Variance of errors grows with the
HE)' Heteroscedasticity is present for
Yo dges “of ages up through twenty
dig.s but F tests used to determine the
fiv, frence in forecasting errors between
yee Year age groups of bridges over 20
nigrs old show the errors are not sig-
deo Cantly different at the 95% confi-
dun°e level, Standard econometric proce-
S 'es can be used to correct the hetero-
20eda8ticity evident for bridges less than

Years old.
tOHOWever, we have avoided this issue
the? large degree by keeping track of
the .fQI‘fecast errors for each bridge in
we \Nitial period. Then in future periods,
the error to the mean predicted
of condition appraisal of bridges
ta;. & Specific age. This procedure main-
S a one-to-one relationship between
in_distribution of condition appraisal
Exeoe base year and in future years,
It +Pt when the model replaces a bridge.
Qaslts Dot possible to meaningfully fore-
usjy,, ¢ondition for ‘individual bridges
avé‘%‘ only an equation that predicts the
agerage condition of bridges at each
the' The result will be every bridge of
castSame age will have the same fore-
®d condition appraisal. This is an

u i H oy
lor:;li(e-ahstlc portrayal of condition when
futulrng at bridges systemwide and in

€ Yyears.

thate have also written a subroutine
ing adjusts the forecast errors depend-

Dligg M the five year age group that ap-
chl::' We make adjustments based on

Vigy;S€S in the mean and standard de-
on of errors of the predicted value
ag tondition appraisal in the base year
EroR€ proceeds from one five year age
o 3P to another. This approach fully
tici:comes the problem of heteroscedas-
ce Y. An analytical process has also
in .} Sketched out that treats the change
ﬁ‘.gmldltlon of bridges passing from one
Ma Year age group to aneother as a
Tkov.like process.

Finally we have searched for ‘richer
explanations of the causes:of bridge
deterioration. Regression analysis has
shown that deterioration varies by
bridge type in addition to age .and-that
traffic volumes and deck area are-signifi-
cantly and inversely related to condition
appraisal. In further research we expect
to be able to show that these factors
plus overburden depth are significantly
related to load capacity. :

c. ‘Budget constraints and the issue of
optimization ’ .

When we first conceived this study in
1980, we sketched out a mathematical
model that treated the bridge replace-
ment problem as one of dynamic optimi-
zation. We wished to minimize lifecycle
costs in each highway - programming
period subject to explicit budget con-
straints. However, it soon became ap-
parent that neither linear, integer or
dynamic programming was as tractable
as a simulation model. The size of the
problem we are dealing with (exam-
ining 4300 bridges over 20 years) pre-
cluded integer or dynamic programming.
Linear programming seemed feasible if
bridges could be put in homogeneous
classes. In this case the instrumental
variables of the linear programming
model would be the number of bridges
of each type that should be replaced in
each year in order to minimize lifecycle
costs and simultaneously satisfy budget
constraints. : :

The model discussed in this paper
currently takes into account budget con-
straints only indirectly through the
highway system planning logic. As ex-
plained earlier, the deficiency thresholds
used to identify bridges as candidates
for replacement vary with the Depart-
ment’s proposed responses to future
scenarios which are partly determined
by revenue forecasts.

We envision taking budget constraints
more explicitly into account without
using mathematical pregramming. This
can be accomplished by marginal anal-
ysis: subject to revenue availability,
select the set of bridges for replacement
whose marginal cost savings over their
lifecycle is larger than for any other set
of bridges. Essentially this is the same
procedure used for project selection in
the Highway Investment Analysis Pack-
age (HIAP) developed for the Federal
Highway Administration by Multisys-
tems, Inc. and used by WisDOT for
benefit cost analysis of major highway
improvement projects.3

d. Policy Issues

In addition to the technical issues dis-
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cussed above, numerous policy issues
have become evident in this study.
Briefly some of these are:

® Some bridges have enormous re-
placement costs. Should these high
cost bridges be treated in a sep-
arate program with specially ear-
marked funds, and should they be
analyzed separately?

® Should closing a bridge or turning
it over to a lower level of govern-
ment be treated as an alternative
to replacing or repairing a bridge?

® To what extent should the highway
improvement program dictate
bridge replacement needs? Many
bridges in good condition are re-
placed because they are narrow and
located on highways that are re-
constructed or reconditioned.

CONCLUSION

Work performed by WisDOT to date
offers optimism that lifecycle cost anal-
ysis can be used to examine bridge re-
placement and repair needs on a system
wide basis. This approach is a departure
from traditional “needs” studies and
from the method the Department has
used to identify desirable bridge fund-
ing levels in the past.

The model described here is useful for
determining the effects of various repair
and replacement strategies on bridge
condition over time. It is concerned with
the behavior of bridges in the aggre-
gate. Errors in determining lifecycle

profiles for specific bridges and in fore-
casting future condition for individual
bridges are expected to wash out as a
result of using a statewide level of anal-
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ysis. It would be wrong to conclude thg
the model here could be relied upon ne
evaluate whether each bridge in 1
state -should be repaired or replaced.fl-l,
a given year. Evaluation of spec’
bridges is still best performed by I,el’;
ing on field inspections. However, it 19
expected this model will greatly impfo.}‘.
the ability of the Department to justV:
its budget requests to the state legls ae
ture, and to avoid deferred maintenar
and unnecessary costs for all state

owned bridges taken as a group.
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