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! MODEL DEVELOPMENT

In the Inception Report (Ref., 1), Test and Adapt TRRL/MIT
Highway Cost Models was identified as one of the major activities of
the project. Envisioned was the direct adaptation of relationships de
veloped in the project to the latest version of the Highway Planning
Model. In the last half of 1976, the TRRL Model was seriously studied
and flow charted by the project staff. Planned was the testing of the
construction subroutines using data from recently completed construction
projects. These tests were designed to check the suitability of the

Kenya construction routines in the Brazil environment.

Work with the Kenye model ceased early in 1977 when the World
Bank announced that the TRRL model had been outdated by a new combined
TRRL/MIT model entitled the Road Investment Analysis Model. A number
of modifications were made to this new model by the Bank before it was
made available to the project in mid 1977. With assistance from person-
nel of the World Bank, our Computer Group attempted to make operational
the recent investment model in Brazil. Although the program has been

compiled it has not yet been successfully run.

Thus far, we have made very little progress toward actually
putting together a Brazil Road Investment Analysis Model (BRIAM). The
reason is that we have assigned higher priority to other research acti-
vities. Each of the three study groups have marshalled considerable
resources to generate information from which interrelationships on high
way construction, maintenance and utilization are to be develcped for
Brazil. Without these relationships, the development of a planning mg

del is meaningless.

However, the Brazilian Government has insisted that the fi-
nal product of this research project be an operational Highway Invest-
ment Model that incorporates the relationships developed during the
study period. Also it is mandatory that the model be programmed and
documented so that it can be readily modified and updated by users in
Brazil after the project is complete and the research team is disman-
tled. This means that all of the coding must be oriented to a Brazi-
lian interpretation, use FORTRAN variable names that are based on the
Portuguese language and have appropriate Portuguese comments to cla-

rify each of the steps in the programming.

Given the need to produce an operational model before the

termination of the project in November 1978, it becomes necessary to
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set forth at this time a work program to achieve this objective.

Before detailing a workplan, the research team reviewed anew
the Requirememts for a Brazil model and the current efforts of the re-
search team to develop inputs for such a model. There was no commit-
ment to adopt exactly any of the existing investment models, so it was
considered within the prerogatives of the project staff to establish

the shape and scope of the Investment Model to be developed for Brazil.

The model being developed for Brazil could be directed to
any one of a number of planning levels. To illustrate, a subjective
scale of sensitivity is shown in Figure 57 . At the top end of the scale
we show network planning. At this level, the planner wants to establish
the character of the links in a state or countrywide analysis. Consi-
dered are traffic patterns and benefits resulting when links are added
to or improved within the existing network. The number of combinations
requiring examination is large, and therefore only the most general eva

luation of individual 1link costs are feasible.

Next we have the selections of alternates, from where it 1is
possible to examine any number of possible paths and roadway standards
between two points and select an alternative based on the optimization
of a specified value function. In this situation, one expects to eva-
luate different length routes over different terrain. A moderate le-
vel of sophistication is warranted such as predicting earthwork as a

function of maximum grades and contour line crossings.

At the project link analysis level, essentially one path is
considered. The geometry may be optimized to minimize either construc-
tion or total transport costs over the link. One expects a reasonably
good description of the terrain, and accuracy sufficient for feasibi-

lity estimates of cost.

Finally, a model can be developed to produce essentially fi-

nal design details suitable for construction plans.

During the conceptualization of this study for the Inception
Report, the TRRL Mocdel was examined as a guide. The level of detail
varied considerable within that model, but the construction subroutines
were far more sophisticated than either the pavement performance mainte

nance routines or the user costs routines.

The major thrust of the Brazil study is to develop improved

relationships on pavement performance and vehicle operation costs
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Further, the study has been formulated so that it will be possible to
develop routines with details comparable to those used in the TRRL

construction subroutines.

Instead of a generalized rise-and-fall index for vertical

geometry, plans were formulated to evaluate the influence of individual

grades on vehicle operation cost. The same was true for horizontal cur
ves. The entire inference space on each experiment was made as wide as
possible. A detailed program was outlined to monitor the behavior of

pavements receiving two extreme maintenance responses. The objective
was to have information at hand to develop relationships which would im
prove on the sophistication of the maintenance and pavement performance

subroutines and the vehicle operating cost routines of the TRRL model.

Therefore, it seemed clear that the output of this study would
be relationships more detailed and sophisticated than those used in the
TRRL pavement and user costs routines, and comparable in detail to the
TRRL construction routines. On our planning level scale shown in Figu-
re 57, the TRRL model would be rated at level 4.1. The model being en-
visioned for Brazil will be more detailed and so might receive a 3.8 ra

ting.

The option to generalize the detailed relationships being de-
veloped is always available, and therefore they can be used in a broad
level analysis at some future time. However, if the relationships were
generalized now, it would not be possible to work back to the detail and

sophistication feasible with the data being developed.

Therefore, the model to be developed will be limited to a link
analysis where variations in design standard can be studied for a single
corridor. The model will be designed to permit construction, maintence
and user cost to be evaluated for alternate surface types, maintenance

policies and construction and maintenance methods.

a Approach

As a result of the work being pursued it is expected that ma-
jor modifications to some of the relationships used in the existing mo-
dels will be made. Foremost will be the manner vehicle speeds and fuel
consumption are to be handled. Instead of using a single predictor e-
guation for a link or section, we propose to simulate the behavior of

a vehicle on the study link and develop a continuous speed profile re-
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flecting the impact of changes in vertical and horizontal alignment by
vehicle class for given different levels of volume and various vehicle

compositions.

Fuel consumption also will be computed in increments and ac-
cumulated for every change in speed or mode of operation defined by the

speed profile.

The greater number of different classifications of vehicles
over a range of loading being studied is expected to produce relation-
ships covering a wider spectrum of the vehicle stream. Therefore,more
classifications of vehicle types will be handled in the model than 1is

currently possible.

A high priority item in this study is the development of in-
formation on the utilization rates of vehicles on different roadways.
This will have an important impact on determining depreciation rates
where almost no information has been developed historically on the in-

fluence of the road itself on vehicle utilization.

A completely new set of equations are expected to be develop-
ed for vehicle maintenance and repair, tire wear and o0il consumption,

based on the user cost surveys.

New and improved relationships, permitting the impact ov va-
rious maintenance levels on future pavement performance, are expected

to be developed from our pavement performance and maintenance studies.

Modifying the existing World Bank Model to incorporate these
new relationships being developed during the study was originally con-
sidered as an option, This model is made up of 88 different subrouti-
nes, and it was thought that three or four new subroutines could be de-
veloped to replace or interface with apegual number of the existing rou

tines to make use of this model.

Closer examination showed that many of the input routines would

require major modifications.

A construction routine that outputs a description of the ro-
adway link in terms of each grade and horizontal curve is not part of
the existing model, yet the project approach to developing vehicle spe-
ed and fuel consumption requires this detail. To handle volume and
composition effect on traffic congestion, hourly distributions of traf-

fic by vehicle class are required.
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Finally, documentation on the Road Investment Analysis Model
( RIAM ) is currently incomplete, so it does not appear feasible to in
corporate within the existing coding stream the new relationships deve
loped from this study. Further, before the current model could be adg
pted, it would need to be recoded in its entirety to satisfy the docu-
mentation requirements neeeded for Brazil. Therefore, we do not be-
lieve it is feasible to attempt to directly adopt RIAM within the re-
maining study frame, Rather, it has been decided that the more practi
cal course will be to code a new model from scratch. The conceptual
framework already exists from the first MIT study the subsequent TRRL
model and the current version of RIAM. We propose to adopt the concepts
used by TRRL for their construction subroutine, recode the program in

FORTRAN with all variables and coments based on Portuguese.

Further we propose to adopt the input documentation format
presently used for RIAM and use the current ouput formats of RIAM as
a guideline. We expect to develop completely new modules for pavement
and maintenance and user cost, based on the new relationships being de-

veloped.

b Modef Workplan and Schedule

It is proposed that work begin on the development of the Bra-
zil Roadway Investment Analysis Model (BRIAM) in November 1977,atwhich
time the conceptuaslization phase would commence. The first task of

this phase would be to:

- Establish the desired outputs of the final model;
- Establish those paramenters to be generated by the model;

- Define the necessary inputs to satisfay these needs.

Concurrently, the relationships between each of ths program
modules would be defined. The general structure of the module interfa-
cing shown in Figure 58 would be detailed to establizh common areas and
transfer variables between modules. Also to be identificd will be the
required input and output requirements of each module. Jefining these
input and output regquirements for each module provides the analyst with
the necessary quidelines to develop each of the modules independently.
This will permit a more detailed design of both the modules and BRIAM
at an early stage and enable programming efforts to be carried out in-

dependent of actual development of useable relationships. Into this

last category fit the input/output subroutines. Once the inputs are
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known, even if specifications must be made for the maximum input possi
ble, appropriate subprograms can then be written to read data, to ge-

nerate reports on input information, and to generate output reports.

The documentation in these first two phases will involve the
writing of specifications on the I/0 routines and of documentation of

the overall model system,

Work on the construction module will begin as early as possi
ble. The data requirements for the various construction routines,i.e.,
garthwork, drainage, etc., and for the Time and Fuel Algorithm (TAFA)
will establish the inputs for the early phases. Detailed study of the
TRRL model construction routines will be reinitiated to permit flow-
charting of a modified routine to be used by BRIAM. Once a flow chart
is available, programming will proceed as quickly as possible to permit

more time for model validation.

Documentation will consist of program specifications, input-
card layouts, and flow charts. The effort to be expended in this phase

will be a major part of the total.

The vehicle-performance module consists of two major tasks:
programming, debugging and testing of TAFA, and development of the rou-
tines to calculate user-cost quantities. TAFA 1s currently in the pro-
cess of being defined. Before being programmed it will be reviewed and

structured to fit the overall model requirements.

Once the maintenance activities to be included in the model
are established, much of the programming for this module can start.
The key element will be the establishment of worklcad, an input determi
ned from a definition of maintenance levels interacting with the condi?
tion of the pavement in the pavement condition mudule. The establishment
of pavement deterioration relationships is a very time-dependent study,

and final relationships are not expected to be available until mid 1978.

Analysis work on unpaved roads will start in 1978, so the ge-
neral structure of parts of this model will start as soon as these re-
lationships are available. The conceptualization relating maintenance
to pavement condition can begin earlier and will be developed in con-

jJunction with the maintenance module.

The last phase, model synthesis, should not require extensive
time, providing care is taken from the beginning to ensure that all of

the modules are compatible. This will leave more time for sensitivity
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studies and final documentation. Providing each module is documented
as it is developed, this final documentation should consist of conso-
lidating existing documents into a user's manual, final model documen
tation, and presentation of the results of the sensitivity studies an

example applications of the model.

The Workplan with a Time Schedule for development of BRIAM

is shown in Figure 59 .
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