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w her ( uy = Maintenance cost for highway basic segments

C,, = Bridge maintenance cost
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where: /,, = Length of i" highway bridge
n,; = Total number of highway bridges in a new highway

K ,,, = Average highway maintenance cost per unit length

(‘/ i Z//,'-, K AB

where: K ,, = Average bridge maintenance cost per unit length
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Table 1. Key Input Variables of the Example Study

Input Variable Value
Elevation of starting point 100 ft.
Elevation of ending point 120 ft.
Alignment width 60 ft.
Design speed 70 mph
Maximum superelevation rate 0.06
Unit pavement cost $20/1t.
Unit cut cost $35/cubic yard
Unit fill cost $20/cubic yard
Analysis period 30 years
Interest rate 6%
Traffic growth factor 3% annually
Annual average daily traffic 20,000

Maximum allowable grade 5%
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Fig. 1. Optimal horizontal and vertical alignments with Initial cost optimization only
(The optimal objective function was found to be $26.74 million after 2,000 generations of search.)
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Fig. 2. Optimal horizontal and vertical alignments with the joint optimization of initial and maintenance costs
(The optimal objective function with joint optimization of initial and maintenance cost was found to be $25.51 million after 2,000 generations
of search.)

P
=f(t1,)=1-— ©)
a
where,
q = Condition of the element in the * year
'
a = Aconstant chosen in such a way that the condition is 0 at end of the life-
cycle

In order to account for the demand variability and randomized disturbance, the deterioration is assumed to be
different for each pavement segment k (k=12,....K) and is a function of traffic flow and random disturbance
Therefore, the above formulae is modified as follows:

v

(l\(l!)-l-— (6)
%=1 ag(x,d,1)

I Z/ :ia‘x:‘ )
r =]

where,

_ | Vif maintainedin ther® year
‘U otherwise

Hence, the present condition of the ® pavementin the " year can be mathematically represented as follows:

0= flaboti)=ai +1; ®

(k,i, 1) = flki, j,H,t)= )
Abh hy= b1 R)= o
where,

blk,i, j,H) = A constant chosen in such a way that the maintenance cost at the threshold

condition is equal to the cost of the newly repaved surface
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where,
d = Aconstant chosen in sucha way that it will be equal to t~ when the condition in t*
year reaches the threshold condition

Therefore, the present maintenance cost at any point of time with previous history of maintenance is given as
follows:

T-1
t ot t
Cs :_/[u“ m ':L'I*Z\;XL‘“ (1)
1=|

Pk
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