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To maintain the condition of a road network is one of the most important
problems of the national economy. The current budget condition in Hun-
gary needs effective economical politics in every possible field. The limited
budget needs a much more effective decision supporting system to maintain
the road network as good as possible.

The work to build up such a model began some vears ago. First a
large scale Road Data Bank was developed (see BAKO et al. [1]). The
second step was to build up an optimization model. This model and the
related programming system was developed 3 years ago (see BAKO et al.
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[2], GASPAR et al. [5]). The developed system was intensively used by the
Hungarian Ministry of Transport to solve the following problems:

e ensure a prescribed improvement in the state of the road system with
minimal agency cost:

e distribute a certain amount of money between the road sections with
different states in a way that the achieved improvements should be
the best in some sense (e. g. to minimise the user cost on the total
transportation network).

The first version of the model solves the problems mentioned above
in one time period. This period could be one year or several years but
only one period. This fact limits the application possibilities of the model.
That is why a multiperiod model was suggested where the user cost and
the cost/benefit analysis could be more effectively taken into consideration.

Several types of solution algorithms can be used depending on the
given problem, the available data. the budget constraints etc. (see
FEIGHAN et al. [4]). !Wr main ty
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The condition of a road segment is described by different types of
deterioration parameters. The developed model uses 3 parameters : bear-
ing capacity note (5 classes), longitudinal unevenness note (5 classes) and
pavement surface quality note (5 classes). Note 1 denotes the best, and
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note 5 denotes the worst condition. The segments using these notes could
have 125 different conditions of state. This number determines the size of
the unknown variable vector X

One co-ordinate of X;j; is the fraction of the road segments which
belongs to a pavement condition state in the case of pavement type i, 10
the traffic class j, to the maintenance policy k, in the year [.

Let us denoLe the \Iarkov transition probability matrix by ¢;;; which

" traffic class j and maintenance policy k.
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or the consecutive vears the following conditions have to be fulfilled:

ZZ;-X‘ijk(l—I-l\) _'Y—’ﬂ :Ov .7 - 13:’-'5“' afv k= 12 s
i=1

pJ

[=1,2,....T-1 (3

The conditions (3) define the unknown vectors ¥;; which contain the frac-
tions at the beginning of the planning period [ by the sum of Xjjrqy1)
which contains the fractions at the end of the planning period (I —1).

One of the maintenance policies has to be applied on every road seg-
ment in each year:

125 s f t

SO S (Xigwde=1, 1=12....,

v=1i=1 j=1 v=l

N

(4)
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The segments are divided into 3 groups: acceptable (good). unacceptable

(bad) and the rest.

Let us denote the three sets by J (good), R

(bad)

and by E (rest of the segments) and by H the whole set of segments. The

relations for these sets are given by:

JNR=¢ JNE =7
ROE=2 JURUE=H (3)
The following conditions are related to these sets at the initial year:
5 f i 8 7
=, . , .
Do D QX 2 a1y > (bi)ev €3,
=1 j=1 k=1 i=1j=1
s f t f
D2 2 QX S o L Z'\Uz'_;‘)v~, v € R, (6)
=1 =1 k=1 iz} j=1
3 _‘f ?
(be)e < D (QijeXijri)e < (bE), v EE,
i=1j=1k=1
where J,R.E are given above, and
s f
- > > (bij)e.v € J the share of the good road segments before the
i=1j=1
plannu period,
- L Z \_“ (Qii4-Yijk1)e. v € J the actnal share of the good road seg-

_lk_l
ments after the first yvear.

'1 |

s
- > > {bij)e.v € B the share
i=1 =1
T lanning period,
£
s f
- Z Z z (ngk—‘z]M)
i=1j=1k=1
the first year
3 _L t -
- 2 2 2 (Qur X1
i=1j=1k=1

group after first year.

v € R the share ¢

v € E the share of

of the bad road segments before the

of the bad road segments after

+h

the other road segment

- bg € the lower bound vector of the other road segment group,
— bg € the upper bound vector of the other road segment group,

- o1 and a2 given constants.

The meaning of the first condition is that the amount of ‘good’ road
segment after the first year has to be greater than or equal to a given value,
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in this case the actual share of the good road segments before the first year.
The second relation does not allow a higher share of ‘bad’ roads after the
first vear than a specified value, the actual share of the bad road segments
before the planning period. The third relation gives upper and lower limits
to the amount of the rest of the road after the first vear.

For the further years similar inequalities could be used
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<, >, =, <=, >= and these relations
¢

> applied for the end
v e d.
v € R, (8)
@L Jo < 251 i(yuT Jo < (bp i v EE
o

Let us denote by Cjj; the unit cost vector of the maintenance policy & on
the pavement type i and irafiic volume j.
One more condition is in connection with the vearly budget bound of
. ~ o
each maintenance action:

Z ZT(I_I)ngk‘Xijk1 = T(l_l).f\fk, I=1,2,....T, k=1,2,....t, (9

i=1j=1

where r is the interest rate, Cjji is the unit cost vectorof the maintenance
policy k on the pavement type ¢ and traffic volume j and My is the budget
bound available for maintenance policy & in the initial vear.

Now the objective of the problem is formalized. The objective is to
minimise the total cost of maintenance

t T

s f
¢= Z Z Z Z X1 Cijr — min! (10)

=1 j=1 k=1 1=1
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If the available budget B is known two further budget limitation conditions

are added to the constraints.
The budget limitation condition for the initial year is:

s f i
ZZZ‘Xijklcijk < B. (11)

=1 j=1 k=1
For the vears [ = 2,3, ..., T this condition is the following:
s f 1 )
Z Z Z T(l_l)XijkICijk <rVp. (12)
i=1j=1k=1

The cost of travelling depends on the pavement tvpe 7 and the traffic class
of j. Let us denote the travelling cost vector by #A;;. The v-th co-ordinate
of this vector belongs to the condition state (I < v < 73).

The objective in this case is to minimise the total user (travelling)
cost :

3. Variations of the Model
The model can be used to solve different problems depending on the given
aim. Two main types usually formalise the necessary fund model and the

budget bound one.
The first model is used to determine a solution which
ditions given above and the total rehabilitation cost is minimised.

In this case we have to find vectors Xy and ¥y, which fulfil the
following conditions
i
< i i
l[-xijm—bj 1=1,2 s, J=1,2 f
k=1
i
SUQupXur) =Yy, i=12,...,s, j=12...f
k=1
T(“U}(l"‘l)_}lﬂ_of ]:12 f L=1.2..... [ [=1,2 1
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=1 J:1 k=1 [E=%1 j=1
S 7
Ly w,,(QU!»XUJ»‘)v < o ZZ biju)v,v € R,
=1 j=1 k=1 i=1 j=1
ENER
(be)e < 3.5 (Yiyr)y < (bple. vEE
i=1j=1
L ol
> YR zf:j(z.—w =12 T-1
=1 j=1 i=1 j=1
s f
Z Z rkl-‘ljctﬂc}:igﬁ:l 7’(1,1):‘*2: =12 T k=12 t
i=1j=1
and minimizes the objective
s f ¢+ T
LR Y Y v .
C=,_ 2 2 2 XiuCije — min! (15)

The budget bound model contains some further conditions ({11),(12)) and
the objective in this case is to minimise the total travelling cost.
The budget bound model is

Y UXgu=by, i=12...5 j=12...7
k=1
Z(ka-uu Vi, i=12...,s j=12...f,
Zl"xzjk(1+1>_}f1ﬂ:0‘ ]:12.f k:1~2[* l:lu?..T“‘l.
=1
s f i

S>3 Xgu=1. 1=12,....T, (16)

=1 j=1 k=1

s f ot

s f
D22 Qi Xgr)v 2 a1 p > (bij)u,v €J,

i=1 j=1k=1 i=1 j=1




H
'

60 4. BARO

s f s f
ZZZOIJkAUkl/J < QOZZ z] v ER,
i=1 j=1 k=1 =1 j=1

s f
(be)e < ZZ(,YUT)L <(bg). vEE
=1 j=1
i
ZZURZZ%W I=1.2...T~-1
=1 j=1 i=1j=1
s f )
z Z 7'(‘1_1)Cijk‘¥ijk1 = T'U‘l)_\[k, l=1.2.....7. k=1.2,....1

=1 j=1

and minimizes the objective:

Another variation of the model contains both. The conditions
(16). and the objective function of the pwose’ﬂ ! i
total rehabilitation and the total t :

The

pendmg on the aim. Ii & = 0. Lben the modcl erves

which are needed for ensuring the a given condltlon level o
te] te]

imal rehabilitation cost. If A = 0 this model is the budget

4, Application
The models have been applied for solving the Hungarian pavement man-

agement system in the case of the mulitiperiod model. 4 pavement types
were applied:
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asphalt concrete (i=1)
asphalt macadam (i=2)
turnpike surface Nol (i=3)
turnpike surface No2 (i=4)
The traffic categories were the following:
In the case asphalt concrete and asphalt macadam:

6 < ADT < 3000

3001 < ADT < 8000
8001 < ADT
0 < ADT <8000
3001 < AD?
where ADT is the average daily traffic. The pavement condition state was
reduced to 41. In this case the size of the Markov matrices 42 X 41 and the
unknown variables vector Xy and ¥y is 41
Some maintenance policy could not be used in some surface type and

’iraf'ﬁc categories.

\fter these reductions the number of unknown variables at one pe-
riod is 1.3;30, and in the case of our model 15580. The number of conditions
depends on the applied model. The approximate number of the rows {(con-
ditions) at the above mentioned models is 8000.

Different types of inner point and simplex algorithms were tested to
solve the 8000x 15000 LP problem. Finally we found the best a simplex
algorithm which was developed here in Hungary.

The Road Data Bank is handled in an IBM 80486 PC. The computer
code to solve model runs both on a workstation and on an above men-
tioned PC. If no initial solution is known a workstation is used to solve the
problem. In other case we could handle the problem on 486 type PC.

Notation

<
E
L

share of road belongs to i,j
maintenance budget
maintenance cost

share of road surface type ?

set of the ‘other’ road segments
traffic volume class number

S ey A O) W
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H set of road segments

) pavement type index

j traffic class index

J set of ‘good’ road segments

k maintenance policy index

K;; travelling cost

M;, budget bound for maintenance policy k

Qijk transition probability matrix belongs to 1,5,k

r interest rate

R set of ‘bad’ road segments

s pavement type number

t maintenance policy number

U unit matrix

Kijht unknown variable belongs to ¢, j, k before the planning period {
Yii unknown variable belongs to 7,7 after the planning period [
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