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ZOR THE FORECASTS of the future
" ‘need of infrastiucture for rail and
road traffic in the Netherlands the In-
tegral Traffic and Transport Study was
carried out, where passenger-transport
as well as commodity-transport were
tgken into consideration.

"With reference to the forecasts for
commodity transport the modalsplit was
determined parting from the modes rail,
road and inland navigation.

. In view of the important role played
by inland navigation in the total na-
tional and international commodity
transport of the Netherlands, the Min-
istry of Transport requested the Neth-
erlands Institute of Transport to deter-
mine the future transport flows on the
Dutch : waterwaynet, parting from the
transport forecasts of this mode.

* The Dutch waterwaynet is relatively
long (totally abt. 4000 kms, only chan-
nels and rivers), about 409 is accessible
for ships of minimum 1350 ton, whilst
on the most important international
waterways such as the Rhine push-
navigation is possible up to maximum
10,000 ton.

Though the smaller waterways, in

view of the tendency to use bigger ships,
do become less significant, they still
form an amount of reserve-capacity for
smaller ships, which can be used when
congestions occur on the main water-
ways.
. The potential bottlenecks in the water-
waynet are formed specially by locks and
bridges, which in comparison to the
waterways themselves have a reduced
capacity.

Inland navigation has a number of
specific traffic-technical characteristics
which have been of considerable influ-
ence on the building of the model which
was developed for the assignment of the
traffic flows forecasted to the network.

In the first place the big variety in
size of the vehicles, compared to that in
road transport can be mentioned. The
loading capacity of current shiptypes
varies between abt. 100 and 10.000 ton.
The waterways themselves show a great
variety; there are channels, rivers, locks
and bridges. Each one of the mentioned
categories has its own resistance char-
acteristics for shipping, whilst moreover
most of the waterways do have a re-
stricted accessibility, which excludes the
navigation of ships above a certain load-
ing capacity.

In order to arrive at an operational
model the vessels were divided in 8 ships-
classes. To each class a representing
standardship was chosen with given
technical characteristics such as loading
capacity, engine capacity etc. The net-
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work was divided in about 1100 Ij
and 76 zones were distinguished in totq]
_The traffic flows to be assigned Were. i
differentiated according to the shipe
clqsgesa sg_ that in total 8 (75 x ’FE’;
origin-des ada
Outg.‘l ination tables had to be made
This sub-division of the traffi
was necessary because the chgicfelovg%
route per shipsclass may differ; 3 rey.
sons can be mentioned to this effect:
a) the accessibility-restrictions in the
network; the bigger the ship, the legs
the choice possibilities .
b) the velocity that can be realized qn'
a certain route differs per shipsclag%""
three differences are bigger on »
waterway than on another e B
¢) the relative appraisal of the fa
tors time and distance differs per sh
class; this is related to the cost-st:
ture (it was supposed that the transpo;
costs which are a function of trans;ioi@

time and distance are determinan ‘
the choice of route). G i"’

Though the choice of route may diff
per shipsclass, the shipsclasses cann
be assigned to the network independ
ly of each other. This is related to tl
fact that the transport-time per link
a function of the volume-capacity r:
(for rivers and channels this is a veloci
function; for locks and bridges a w
ing-time function). !

The model was made suitable for
assignment techniques: °

a) all or nothing assignment

b) capacity restraint assignment

Since the all or nothing method
be considered a special case of the
pacity restraint method (all capaeci
are infinite) this method is not d
with specially.

Before the set-up of the model a
whole is explained (par. 4) in the fir
place will be explained how the volum
capacity ratio is calculated with a tra
fic volume made out by vessels of d
ferent shipsclasses (par. 2) as well
how the transport-time per link is cal-
culated (par. 3). '

A list of the symbols used is given
at the end of this paper. 9

The Calculation of the Volume-Capaci
Ratio

The maximum value which the trafl
volume on a link can assume—given ce
tain suppositions—is called the capaci
of that link.

The volume-capacity ratio which in
cates to which extent the capacity
used, is the explanatory variable in t
model for the velocity on a waterway
the demurrage-time at a lock or bridg

It goes without saying that &
amount of 100-ton vessels that can pal
a lock during a week is much bigg



~ acteristies.

A Traffic Assignment Model for Inland

than the number of 1000-ton ships. Con-
. gsequently one should bear in mind, when
. determining the capacity, a certain divi-
" gjon of the ships over shipsclasses; more-
over the volume-capacity ratio should

 have to be calculated only then in case

_ the traffic volume is composed in accord-
. ance with this division.
. Since these suppositions cannot be
~ handled in practice, a method was de-
~ veloped which is flexible with reference
. to variances in the loading capacities of
~ the ships.
~ As was mentioned before, each loading
capacity is represented by a certain
standard-ship with given technical char-
B From these standard-ships
~ one ship is chosen as normal-ship, as a
 unit of traffic volume and ecapacity; with
the aid of equivalence figures the differ-
ent standard-ships can be converted into
normal-ships:

k. S
(1) Li=73ols
cre—al

whereby:
I, = traffic volume in normalships per

unit of time
o = equivalence figures for standard-
ships of class s
I, — number of ships of class s per
unit of time
S = maximum shipsclass
the equivalence figures are determined
here in accordance with the concerning
eapacities:
Ca
(2) Olg =
C

whereby:

C, = capacity in normalships per unit
of time

C, = capacity in standardships of
class s per unit of time

The caleulation of C, and C, must of
course take place based upon empirical
research. When applying a type-classifi-
cation of links in so-called “equivalence-
Eljsfﬂa_ restricted number of sets of

*Netherlands Institute of Transport,
Treubstraat, Rijswijk (Z-H), The
Netherlands.

(s=1,.....8)
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equivalence figures qg(s=1,.....8) is
sufficient. If of each link the capacity in
normalships C, is given, the . volume-

capacity ratio based on: normalships
I,/C, can be calculated out of any given

traffic volume, given the ‘equivalence
figures: ?
S

I, 08 szelty otals
Cn Cn

(s=1,.....8)

By substituting (2) into (3) it can be

shown that this method of calculation is
similar to:

(4) — s =157, o5 S)
C C

which implies that the choice of a
normalship does not influence the cal-
culation of the volume-capacity ratio.

The Calculation of the Travel-Time
Per Link " ;

In principle the following data per link
are available:

a) first node-number “A”

b) second node-number “B”

¢) distance: d

_d) maximum velocity of the fastest
ship (depending on sub i and sub j):
max

e) current speed from A to B: V.

f) constant travel-time: t.

g) capacity in normalships per week:
C,

h) equivalence class

i) linktype AB

j) linktype BA . 3

k) accessibility class (maximum ships-
classg) i

Given the traffic volume in normal-
ships per week, calculated according to
equation (1), parting from the equiva-
lence class (sub b), the travel-time per
link can be calculated using the above
mentioned data. ;

The basis-formula is as follows:

(5) tAB= (t,AB)g+t,
whereby:
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tAB = travel-time for
from A to B

(t,AB), — variable travel-time (de-
pendent on traffic) for shipsclass s from
A to B

t, = constant travel-time; equal for
all shipsclasses in both directions

The linktype per direction indicates
which resistance-functions should be ap-
plied in order to calculate:

(thB)s and (thA)s (S = 1, ----- S)

Hereby there is an essential difference
between waterways on the one hand and
locks and bridges on the other hand.

As far as waterways are concerned
the linktype is linked with the acces-
sibility eclass, which implies that the
linktype is equal in both directions.

Per linktype there are as many resis-
tance functions as there are possible
shipsclasses according to the accessibil-
ity class; for each shipsclass there is a
velocity funection of the following type:

(L)

shipsclass s

(6) ek —

whereby:
v = velocity shipsclass s, linktype k

in per cents of Vi,

In diagram 1 the 3 functions belong-
ing to accessibility class 3 are drawn as
an example:

sk
in % 1
i 2 1,2,3: shipsclasses

3

Sy

50 4

1
- ‘ H n/cnl
5 1.0+

The relative speed per shipsclass vy

as a function of the volume-capacity
ratio for accessibility class 3.

DIAGRAM 1

The velocity-functions only indicate
the velocity in per cents which are all
related to a parameter V., differing
per link, which is expressed in kms/hour.
The maximum velocity of the fastest
ship according to the velocity-functions
is per definition 100%; V.., indicates
the absolute value of this velocity. The
calculation of the wvariable resistance
(depending on traffic) for a link repre-
senting a waterway is as follows:
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d
(7} (t,AB), =

Vsk

Vmax s vcur

100

If the linktype represents a lock or
bridge, then the variable resistance (de.
pending on traffic) can be considereq
equal to the average waiting-time Per
ship, which is a function of the volume
capacity ratio: i

(8) (t:AB), =t, = §(

In

n
whereby:
t, = average waiting-time per ship
(equal for all shipsclasses)

The waiting-time function to be used
and consequently the linktype may differ
per direction.

Parting from observed traffic-intensity
patterns, a number of functions for the
calculation of the waiting-time were de-
termined by means of simulation (see
diagram 2).

The Assignment Procedure

In the foregoing paragraphs an ex-
planation is given of how the travel-
times for the different links in the net-
work can be calculated. A following step
is the determination of the choice of
route.

There was parted from the supposition
that the transport-costs are determining

to in hours

101

|

o5 Tl
The average time on demurrage t, as
a function of the volume-capacity ratic
1,/C, for three different categories of
locks.
DIAGRAM 2




or the choice of route, in that sense

hat one endeavours to minimum costs;

~ these costs depend on the travel-time and
distance along the complete route:

R ©) Ky = BsT 4 .0:D

; :-Whereby:

K, = total transportcosts for the com-

plete route for shipsclass s

\ Bs = costs per unit of time for ships-

T — total travel-time for shipsclass s
g, = costs per unit of distance for
hipsclass s

D = total distance

: “shortest” route algorithm of
iting /Hillier and Minty was applied
the determination of the routes with
lowest costs; such alteration had to
ilt in as to take the accessibility
ictions into consideration when
osing the route.
Tor the assignment of the traffic to the
work the all or nothing as well as the
ity restraint method were applied.
flow-chart of the all or nothing as-
ent in diagram 3 illustrates how
various phases in the calculation pro-
re are linked together.
the first place all volume-capacity
are taken equal to 0, then the
times are calculated based there-
The cheapest routes are caleulated
per origin-destination pair and per
ass, whereafter 100% of the traf-
of the origin-destination tables
)) is assigned to the metwork accord-
to these routes.
erations which are made per ships-
are indicated in the diagram as a
1p” of operations (interrupted

e simplifying supposition of the all
hing method, whereby all volume-
ty ratios are taken equal to 0,
placed in the capacity restraint
od by a system whereby a feedback
m the volume-capacity ratios, which
1t from the assignment, to route-
e is effected.
this effect the traffic is assigned
gh a number of iterations respec-

assigned anew so that finally an
ilibrium 1is obtained, whereby the

of the routes chosen (per origin-
tma_tion pair and per shipsclass) are
roximately equal, whilst the routes

chosen are all more expensive
Wardrop’s second principle).
Lhe assignment procedure by the ca-
ty restraint method is shown sche-
atically in the flow-chart in diagram 4.
At_ the starting-point all volume-
apacity ratios are, just like with the
1 or nothing method, taken equal to 0,
OWever after a certain percentage of
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DIAGRAM 4

the traffic from the O0.D.-table (L;%;

i = iteration number) has been assigned,
the traffic volumes are calculated accord-
ing to the normalships’ method; these
traffic volumes are the startingpoint for
the calculation of the travel-times for
the following iteration. After the calcu-
lation of the traffic volumes a certain
percentage of the traffic (R;%) is with-
drawn from the network each time, in
order to be assigned anew in a following
iteration to the network. Then the
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vglume-capacity ratio is caleculated anes
ete.
The percentages L; and R; have to

specified beforehand.
Though generally spoken satisfactory
results can be obtained with this methgq
a good equilibrium in terms of e
costs cannot always be obtained, special-
ly with high volume-capacity ratios (the
average waiting-time is very sensitive to
variations in traffic volume then). e
In_order to eliminate this objection,
the Netherlands Institute of Transport
is working now on the development of
a system, whereby the percentages

and R; are determined endogeneously.
List of Symbols :
C,—capacity in normalships per u
of time i
C,—capacity for shipsclass s per Imﬁ 4
of time W
d—distance of a link
D—distance of a route
I,—traffic volume in normalships
unit of time
I—traffic volume shipsclass s per unit
of time
S—maximum shipsclass
K.—total transportcosts over an ent
route for shipsclass s
t,—constant travel-time
t,—average waiting-time per ship
tAB—travel-time from A to B for
shipsclass s i
(t,AB),— variable (traffic-dependent
travel-time from A to B for shipsclas;
vg—velocity shipsclass s, linktype
as a percentage of V..
Veur—speed of current
Voax—maximum velocity of the £
est ship (dependent on linktype)
as—equivalence figure for ships
shipsclass s Y
Bs—costs per unit of time for ships-
class s ‘3
s—costs per unit of distance for
shipsclass s #
t—travel-time shipsclass s in any di-
rection 7 4




