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• THE USE of models as an aid in highway design is becoming widespread as more 
highway authorities realize their value. The job of the functional designer is easier 
when he has a three-dimensional concept with which to work, rather than the traditional 
plans and profiles•drawn on paper. Although many experienced designers have no dif
ficulty in visualizing an interchange from the two-dimensional drawings, problems 
arise when less experienced men have the design responsibility. Even the experienced 
designer may have difficulty communicatfog his ideas to others without a three
dimensional model on which to indicate his proposals. 

Using models as design aids is a relatively recent practice in highway engineer
ing. Models for display purposes, on the other hand, have been common for s,ome 
time. These models have been used primarily to show how a freeway will appear rel
ative to the areas through which it will pass. Such models have proved extremely 
useful in consultations with local authorities and public groups. Models of proposed 
freeway layouts have been of great interest to the general public at exhibitions. Dis
play models, however, have generally been constructed professionally, and the engi
neering staff responsible for the design of the freeway has had little or nothing to do 
with the model. 

A number of possible uses for highway design models have been suggested, but only 
a few have been tried out. Those which have been tested and are discussed in this 
paper include contour grading, alignment and profile design, and aesthetics in the de
sign and location of structures. Other possibilities include the evaluation of sign loca
tion, guardrail and light standards, and preliminary landscaping design. 

MODEL DEVELOPMENT 

Highway models fall into two basic categories-design models and presentation 
models. Design models are used during the functional design process as tools with 
which the designer can experiment with different design concepts. Presentation models 
are more permanent and are valuable to the consulting engineer when he makes a pres
entation to a client who is not familiar with highway engineering terms and methods. 

Design Models 

Design models can be used for two purposes: (a) to fix the alignment and profile of 
the roadways; and (b) to determine cut and fill slopes, length and position of structures, 
location of retaining walls and the need for guardrail and other highway appurtenances. 
Each requirement has a different construction method suited to it. A review of the 
material published in this field shows the different approaches used by design engineers. 
However, many of the approaches are similar and can be classified under one heading. 

Alignment Models-A popular technique is the so-called "peg" model. This is 
extremely simple to construct and the finished model is very flexible, permitting easy 
adjustment of roadway alignment and profile. Peg models can be used in the initial 
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stages of functional design when it is desired to compare several alternatives. Ad
justments can be made in a few minutes and the whole model dismantled and rebuilt 
in an hour or two. 

To construct a peg model, a base of 3-in. thick styrofoam blocks is laid down . 
Styrofoam, the trade name for foamed polystyrene, is a very light but rigid cellular 
plastic material. It is easily cut with a sharp knife or saw but is structurally very 
strong. A topographic base map of the interchange is laid on top of the base and either 
glued or stapled down. For most purposes, stapling is sufficient to hold the base map 
flat, while permitting its easy removal later if necessary. The scale of the base map 
depends largely on the size of the interchange since there is a practical limit to the 
size of the model. One side should not exceed 4 ft in length and the other should be no 
longer than 6 or 7 ft. These dimensions permit easy working and handling. A hori
zontal scale of 40 or 50 ft to the inch is usually satisfactory, and most interchanges 
can be accommodated at that scale within a 4-ft square model. A small scale will 
often mean loss of detail and hence a less realistic and helpful model. The vertical 
scale should be half the horizontal scale; e.g. , on a model with horizontal scale 50 ft 
to 1 in. , the vertical scale would be 2 5 ft to 1 in. The 2: 1 scale ratio does not distort 
the model unduly, but shows the effects of grades and vertical curvature clearly. 
Bridge clearances can also be gaged more accurately. 

Methods of using pegs to indicate roadway alignment and profile vary from simple 
techniques which merely indicate the approximate line and profile to those which show 
accurate horizontal and vertical curvature as well as roadway widths and supereleva
tion. In one of the simpler methods, wooden 1/a-in. diameter dowels are pushed 
through the base plan into the styrofoam base along the centerline of the proposed 
roadway. The dowels are pushed down until their tops represent the elevation of the 
roadway at that particular location. The datum from which the elevations are meas
ured, represented by the top surface of the base, should be selected so that the lowest 
point on the roadway is at least 1 in. higher. Elevation adjustments can thus be made 
easily. The tops of the pegs, which are spaced at about 2 to 3 in. centers, are joined 
with heavy colored thread or light string. Using different colors is helpful in identify
ing through and turning roadways. 

This method merely indicates the approximate alignment and profile. Curvature 
is not shown, but can be closely approximated by decreasing the spacing of the pegs. 
The advantages of this type of model lie in its extreme simplicity and the case and 
speed with which it can be erected. 

A more sophisticated method is that publicized by District VII of the California 
Division of Highways. One-eighth-inch diameter wooden dowels are again used, but 
here a rectangle of thin plastic is fastened to the end of the dowel by a simple metal 
eyelet (Fig. 1). The plastic rectangles are approximately ½-in. high by 1-in. wide 
and are attached to the dowels in such a way that they can be swiveled to show the 
superelevation of the roadway. The roadway itself is represented by strips of acrylic 
plastic, 1/8 by 1/16 in. , laid side by side and fastened to the T-peg with a rubber 
band. The roadway width can be varied by using a greater or lesser number of plastic 
strips. The strips are held together only by the rubber bands and are free to slide 
along one another when the roadway curvature is altered. The strips can be of any 
convenient length, preferably about 18 in. long. Since the joints between strip ends 
are free, they should be staggered to preserve the homogeneity of the curves. Merging 
roadways are formed by alternately staggering the termination of the inside strips. 

This type of model is flexible and yet surprisingly accurate in its representation of 
roadway alignment and superelevation. The plastic strips used to represent the road
way bend to a natural curve, and the swivel top of the dowel permits the superelevation 
to be accurately fixed. Special tools have been developed to position the T-pegs to the 
correct height and also to attain the required degree of super elevation. 

The T-peg model is intended for use in the early stages of interchange design. All 
that is required for construction is a sketch of the roadway centerlines on the topo
graphic base map, the width of the roadways in terms of the number of lanes, and an 
indication of the general profile of the roadways. The interchange can practically be 
designed by making adjustments to the finished model. Since there is no gluing or 
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Figure l. Detail of the versatile T-peg and the tool for measuring vertical elevations (courtesy 
California Division of Highways). 
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cutting to be done and the same components are used again, these adjustments can be 
made quickly and easily. 

Contour Models-In addition to alignment, design models are valuable in determining 
the contour grading of the interchange area. It has been found, however, that the T-peg 
type model is not really suitable for contour grading design. The major disadvantage 
is that the roadways are not an accurate representation of the finished roadway. The 
narrow strips of plastic laid side-by-side represent the actual widths fairly accurately, 
but variations in width and the layout of merging and diverging noses are only approxi
mate. Because the most critical areas for contour grading are around structures, it 
is important that these be shown accurately with respect to width, alignment and ver
tical intervals. In addition, if bridge piers are required to be shown on the model, 
the T-pegs with their plastic "flags" and metallic fastenings would look out of place. 
Thus, although contour grading can and has been shown on T- peg models, another 
method of construction giving a more accurate representation of the roadways would 
be more suitable. 
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Figure 2. 

The construction method which originated in the Toronto office of De Leuw, Cather 
and Company lends itself to accurate contour grading in a variety of materials. In 
this technique, the roadways are supported on continuous strips of isotropic urethane 
(or foamed polyurethane) cut to the required profile. This method does not have the 
flexibility of the T-peg model but it should be remembered that by the time contour
grading design starts, the alignment and profile design should have been completed. 

The first steps in the construction technique are identical to those for the T-peg 
models. A 3-in. thick base of styrofoam is made up and enclosed in a wooden frame 
(Fig. 2). The purpose of the frame is to provide rigidity and in some cases, such as 
in a large model or where absolutely no flexing can be permitted, it is advisable to 
support the styrofoam on a sheet of piywood glued or nailed to the frame. in other 
words, the styrofoam blocks are set in a shallow wooden box. The base map for the 
interchange is glued or stapled to the styrofoam. 

In the standard procedure, profiles are drawn with a vertical exaggeration of 1 0; 
e.g., a horizontal scale of 100 ft to the inch would have a corresponding vertical scale 
of 10 ft to the inch. Because this is obviously impractical for model purposes, the 
profiles must be redrawn to the scales chosen for the model. 

For contour grading purposes, it is preferable to construct the model to a natural 
scale, i.e., the vertical scale is the same as the horizontal scale. This gives cut 
and fill slopes a more natural lo,Jk and permits the design to be evaluated better. Since 
the smallest practical vertical scale is 50 ft to the inch, it follows that the horizontal 
scale also will be 50 ft to the inch or larger. With the limitations on the actual size 
of the model already mentioned, this means that on some of the larger interchanges 
only the central portion can be shown. However, the central portion of the interchange 
will generally contain the majority of the critical areas for which the model is required. 

Redrawing the profiles to a new scale is a relatively simple job and does not occupy 
much time. A datum level should be chosen at least 1 in. below the lowest point on the 
interchange roadway profiles and all the profiles cut out of paper to this datum level. 
A series of paper templates are thus produced from which roadway profiles can be 
cut out and mounted on the base, which is now assumed to represent that common datum 
level chosen for the profiles. 

The paper templates are stapled to ¼-in. thick sheets of urethane. These sheets 
are obtainable 4 ft long by 2 ft wide so that continuity can be maintained over long 
lengths of roadway. The urethane is cut around the edge of the paper template with a 
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Figure 3. 

sharp drafting knife and any rough edges smoothed off with a piece of styrofoam. The 
paper templates are left stapled to the profiles until these are mounted on the base. 
The templates are necessary to position the roads accurately, which is done by lining 
up the chainage point marked on the template with the corresponding point on the base 
map. The profiles are fixed to the base with pins driven vertically downwards if the 
profile is low enough, or in through the side for higher profiles (Fig. 3). This method 
of mounting results in as much rigidity as if the profiles were glued but has the extra 
advantages of flexibility-Le., the profile can easily be adjusted laterally-and of 
fixing the profiles directly to the styrofoam base and not the base map. Where one 
roadway crosses another, the upper roadway profile should have a rectangular section 
cut from it to allow clearance for the lower roadway. If possible, a "bridge" should 
be left across the gap to maintain continuity (Fig. 4). 

Two distinct methods of construction have been tried for the road surfaces. Origi
nally the roadways were rough cut from the layout plans of the interchange, leaving 
about 1 in. of margin outside the shoulder edge, and then pasted to sheets of card
board. Because there are always several two-level crossings and occasionally one or 
two three-level crossings in an interchange, it is necessary to cut the roadways out in 
a number of pieces from two or more separate prints. The number of joints should be 
kept to a minimum with careful planning, and where possible they should be located 
under structures. After the roadway sections are pasted to the cardboard, they can be 
trimmed to the outside edge of the shoulder. With a little care, a clean cut can be ob
tained with no damage to the road surfaces. 

After the paper and cardboard method had been used on two or three models, it was 
noticed that the paper and cardboard tended to separate and, in addition, were sus
ceptible to temperature and humidity changes, causing wrinkling and warping. The 
decision was made to use acetate plastic for the roadways and after a trial with acetate 



26 

Figure 4. 

sheet 0. 020 in. thick, the final choice was acetate 0. 040 in. thick. Roadway sections 
can be cut out by laying the transparent acetate sheet over the layout plan and scoring 
the outline of the edge of the shoulder on the acetate. By lightly scoring the outline 
two or three times with a sharp drafting knife, the roadway sections could be snapped 
off cleanly from the rest of the sheet. 

Strictly speaking, for a design contour grading model, the roadways need not be 
finished off. However, the appearance of the model is considerably improved if the 
roadways arc painted. The best results \Vere achieved by using a flat gray automobile 
spray paint. Lane markings are unnecessary for design models, but the inclusion of 
shoulders helps to delineate the separate roadways. The shoulders should be shown in 
black ink or black plastic paint. Crepe tape should not be used since it tends to lift off 
after a few days, especially if the tape is stretched around curves. 

Before the roadways are glued to the urethane profiles, they should be assembled 
on the model and trimmed to fit. Joints between adjacent roadway sections should be 
carefully matched. The urethane profiles are now cut back to fit the lower roadways 
at overcrossings and the side slopes trimmed to the required grade. Where long struc
tures occur the profile is cut away completely. 

It is necessary to show such appurtenances as bridge piers and retaining walls. 
Bridge piers can be represented by 1/s-in. diame ter wooden doweling. At a s cale of 
40 ft to the inch, 1/s-in. r epres ents 5 ft, a reasonable a ver age dim en sion for most 
bridge piers. Where a structure passes over another roadway, the dowels should be 
cut to the exact bridge clearance. A spot of glue on each end of the dowel will serve 
to hold it to the lower roadway and to the lower surface of the structure (Fig. 5). 
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Figure 5. 

Where the structures pass over areas clear of the roadways, the dowels should be 
cut long enough to be pushed about 1 in. into the styrofoam base. The exact location 
of the piers can be obtained from the design drawings, and the structure elevation at 
these points scaled from the profiles. By using a simple measuring tool, the dowels 
can be adjusted to the exact height required. 

Cardboard is a possibility for retaining walls, but polystyrene plastic gives better 
results. Polystyrene is a rigid, tough plastic, an opaque grey in color. It can be 
obtained in various thicknesses, but for models at a scale of 40 or 50 ft to the inch, a 
thickness of 0. 025 to 0. 030 in. appears to be most suitable. The polystyrene can be 
cut to the required shape by grooving it with a sharp knife and then snapping the sheet 
along the groove. 

The question of a suitable fill material for a contour grading model has proved 
troublesome. The best results to date have been obtained by using dry sawdust. Fine 
sand is a possibility but its high density is a disadvantage. If the model is to be moved 
at all, sand fill is virtually ruled out because of the weight. A hardwood sawdust is the 
best type to use because of the uniformity of the grain size. Softwood sawdust contains 
a high proportion of slivers and shavings which detract from the finished appearance of 
the fill. In its dry state, the sawdust can be tamped down with a small block of wood 
to give a smooth even finish. Slopes can be adjusted to the correct grade and ground 
levels finished off with reasonable accuracy. Where existing ground levels are to be 
retained, pins can be pushed into the base until their heads are at the required level 
as shown on the base map. The sawdust is then graded between the pins. 

The advantage of a dry, light material such as sawdust is that alterations and ad
justments to the contour grading can be carried out quickly and easily. It is not dif
ficult to determine, for instance, if a high-level roadway should be on structure or on 
fill, perhaps with retaining walls. The roadway can be built on structure, close-up 
photographs taken for comparison purposes, and then sawdust pushed in to form the 
fill. Retaining walls can be installed very simply. Thus a very quick comparison can 
be obtained for two different design schemes and an evaluation made at once. 

This type of design model is not as flexible as the T-peg type. The components 
cannot be broken down and reused in some other model. However, if required, the 
basic model can be used to build a finished presentation or display model. The same 
roadways can usually be used again, after lane lines, shoulders and other appropriate 
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markings have been added . The fill can be easily removed and replaced with a more 
permanent material. 

Presentation Models 

The function of a presentation model is to illustrate the functional plan of an inter
change or highway network. Usually the model is best presented along with the plan
ning report and used to lend emphasis to the report. It has been found that an audience 
will grasp a concept much more quickly when a three-dimensional display is available 
for inspection. In addition, the client may find the model very useful during his con
sideration of the plan. 

The type of presentation model to be built depends largely on the client's require
ments. The simplest type, the "skeleton" model, shows only the roadways on their 
correct alignment and to their correct profile. No fill is shown, hence the term skel
eton. At the other extreme, a fully finished model will show the surrounding land to 
the correct contours, land use, and even individual buildings, trees, watercourses 
and other details. There is, however, a limit to what can be accomplished in the av
erage engineering office. Beyond this limit, the job is best handled by a professional 
model- building firm. 

Skeleton Models-The construction of presentation models is begun in basically the 
same way as the contour grading design model. The styrofoam base, the wooden 
framing and the topographic base map are put together exactly as before. The major 
difference is one of scale. The requirements of the contour grading model dictate that 
the minimum scale be 40 or 50 ft to 1 in. However, this limits the area of the inter
change which can be comfortably enclosed in the model. Since the purpose of the pres-

Figure 6. 
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entation model is to show the complete interchange, the scale must be reduced to ac
commodate all the pertinent detail. Remember that one side of the model can be no 
more than 4 ft in length to allow for easy working. Modern design standards are having 
the effect of expanding interchanges; e.g., ramps and speed-change lanes are becoming 
longer. For this reason, presentation models are best built at a scale of 100 ft to the 
inch. A model 4 ft wide by 6 ft long will represent an area 4800 ft by 7200 ft, large 
enough for all but the most complex interchanges. 

Although a scale of 100 ft to the inch is suitable for the horizontal scale, it has 
certain drawbacks when applied to the vertical scale. For instance, differences in 
elevation over long lengths of roadway are almost unnoticeable. Also bridge clearances 
are very small and cannot be accurately gaged. Therefore, itis practical to exaggerate 
the vertical scale by a factor of two. Thus, a model with a horizontal scale of 100 ft 
to 1 in. should have a vertical scale of 50 ft to 1 in. The exaggeration serves to lend 
emphasis to vertical curves, side slopes and bridge clearances without undue distor
tion. It should be noted, however, that a vertical exaggeration is not appropriate in 
every case. For instance, where the freeway under consideration passes through 
broken ground with naturally steep slopes and large differences in elevation, the exag
gerated scale would appear noticeably distorted. 

Profiles for a skeleton model are cut from %-in. thick sheets of urthane and mounted 
on the 100-scale topographic base map of the interchange (Fig. 6). Loop ramps may 
present some problems due to their small radius, but with a little care the profiles can 
be bent around the loops without cracking. If necessary, this task can be simplified by 
first compressing the urethane profile to make it thinner and thus more flexible. 

The roadways are made either from paper and cardboard or from acetate sheet. 
Acetate sheet 0. 040 in. thick gives the best results. As before, the roadway plans are 
laid face down on the transparent plastic, which is then turned upside down and the out
line of the outer edges of the shoulders scored with a sharp drafting knife. After the 
sections are cut out, the edges can be smoothed with emery paper to remove any ir
regularities. The roadway sections cut out should be as large as possible to reduce 
the number of joints to a minimum. This makes the task of fitting the sections to
gether somewhat easier. 
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Figure 8. 

Figure 9. 
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While the sections are being cut out, the edges of pavement and the outside edges 
of the shoulders should be scored on the acetate. Then, when the sections are painted, 
these lines remain to help in the application of paint for the shoulders and lane lines. 
The roadways are spray painted with a flat grey paint and then shoulders are added in 
black ink or black plastic paint with a fine brush. Concrete medians and noses are 
painted in a light grey color. Lane markings are first applied in pencil and matched 
from one section to another. It is helpful to cut a small template out of thin plastic 
with 4 parallel rows of about 5 or 6 lane lines. This saves a good deal of scaling and 
plotting. The final lane markings are applied in white ink with a fine mapping pen 
using the pencil mar kings as a guide. 

The finished roadways are then glued to the urethane profiles and the final touching 
up of lane lines and shoulders done with the roadways in place (Figs. 7, 8 and 9). On 
very long structures, especially those with a high degree of curvature, a certain 
amount of warping, especially with cardboard, can be expected. However, with ace
tate sheet which has been carefully handled and laid flat, warping is almost negligible. 

Although the topographic base map is exposed in the finished skeleton model, it is 
difficult to correlate the finished roadway levels with existing ground levels. Because 
the roadways stand out from the base, it is probable that someone unfamiliar with 
general engineering techniques might assume that the whole interchange was elevated. 
Some consideration should therefore be given to finding a method of representing 
existing ground level. 

Solid fill should not be used, since it would obliterate the detail on the topographic 
map (and incidentally conflict with the purpose of the skeleton model). Pins pushed into 
the base with colored heads representing ground level are unrealistic. A symbolic 
representation using irregularly cut sections of clear plastic about 6 in. by 4 in., 
spaced at random around the interchange, gave the best results. The plastic sections 
were supported on small blocks of urethane cut to the appropriate ground level. The 
detail on the base map could be seen through the plastic while the sections themselves 
stood out, especially when the edges were outlined with black ink. With these sections 
in place, it was easy to see at a glance the levels of the roadways relative to existing 
ground level. 

Finished Models- While the skeleton model gives an accurate representation of the 
alignment and profile of the roadways, by no means can it be said to be a complete 
scale model of the interchange area. On a fully-finished contour model the existing 
ground should be shown in detail together with the main surface features such as ac
cess roads, major buildings and railroads. The problem of a suitable material for 
fill is extremely critical in this type of model due to the small scale and the need for 
absolute firmness and rigidity. After a number of experiments with various materials, 
a method was evolved which gave an excellent finish. 

In this method, ¼-in. thick sheets of styrofoam are cut to fit between the roadways 
and glued flat one on top of the other. The sheets should be built up until the top level 
is just above the required finished level of the ground in that area. The sheets can be 
stepped where major changes in level occur. Since it is obviously impossible to scale 
the levels up from the base, leveling must be done by scaling down from a straight 
edge placed across the top of the wooden frame. After the styrofoam is in place, it 
can be sandpapered down to the required finished level. Where a large amount has to 
be removed, such as for a gully or railroad cut, the styrofoam can be carved out with 
a sharp knife before finishing. 

To achieve a smooth finish to the ground surface, the styrofoam should be covered 
with a skin of plaster. Household Polyfilla or some similar material gives excellent 
results. The plaster should be spread evenly to cover all irregularities in the styro
foam and worked well into the cells in the material. The surface of the plaster should 
be smooth. Any irregularities left can be taken out with sandpaper when the plaster 
has dried. Cut and fill slopes can be built up with a stiff plaster. The model is finally 
finished by painting the surface with tempera or similar water paint. A grass-green 
color looks realistic, especially when the paint is applied with a sponge rather than a 
brush. This gives the paint finish an uneven look. Retaining walls or abutment walls 
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can either be represented by plaster, or by inserting strips of polystyrene plastic 
into the soft plaster and working the soft material around and behind the walls. If the 
decision is made to represent the walls in plaster, the best method is to fill up the 
space with an excess amount and then carve the plaster with a sharp knife when dry. 
Walls and rip-rap slopes are finished by painting them gray with a fine brush. 

When this method is used to show fill on a presentation model, it is essential to use 
plastic for the roadways. Since it is best to apply the plaster when the roadways are 
in place , the roadways must be capable of being wiped dry with a damp cloth. This is 
impossible with paper and cardboard. For the same reason waterproof ink or plastic 
paint must be used for the shoulders, medians and lane markings. Bridge piers can 
be shown on this scale of model, but since they are very small at this scale, great care 
should be taken when installing them. Thin (1/ 16-in.) wooden doweling is suitable for 
this purpose. To finish the model completely, miniature trees, vehicles and buildings 
can be purchased or made and added to the model. Additional surface detail can be 
painted on. 

General Considerations 

The different types of model described each serve a vital function in the planning and 
design of freeway interchanges. The cost of a model is small compared with the over
all cost of planning and designing a major interchange . For instance, less than 120 
man-hours are necessary to construct a skeleton model and the cost of materials is 
almost negligible. A fully-finished model will required between 300 and 400 man- hours. 
A simple peg model, on the other hand, can be built by one man in less than two days. 

For such a small outlay in expense and working time, the benefits obtained from 
having a three-dimensional tool with which to work are enormous. It has been proven 
many times that the time spent in model construction is recouped later in the design 
process. A faulty design can be spotted quickly on a model, whereas it may go un
noticed for some time on the paper plans and profile . Design evaluation is simplified 
and speeded up and discussions held around a model are invariably more productive 
when each participant has a clear view of the object of the discussion. 

APPLICATION OF MODELS 

Upon completion of portions of a multilane collector- distributor system with severai 
directional type interchanges, it has become apparent that many of the design features 
of the work could have been improved if a three-dimensional view of the project were 
produced during the planning and design stages. In consideration of the large areas 
which urban freeways occupy and the number of drivers that view these facilities daily, 
it is only appropriate that freeway designers have the opportunity to investigate their 
designs to insure that the completed work will be pleasing to all who view it. 

In the design of freeways, it is important to obtain the best possible horizontal and 
vertical geometrics. On the other hand, the high value of urban property dictates that 
freeways be compact. The:;e requirements, as well as topographical and intersecting 
man-made systems, tend to work against each other and thus make the designer's task 
more difficult. This is particularly true through major interchange areas where multi
level loops and ramps must be fitted together. 

Contour Grading 

Traditional design standards for freeways call for strict adherence to specific cut 
and fill slopes. These standards are suitable for stable slope construction and are an 
attempt to help control the general balance of earthwork quantities on a project. More 
recently, it has become apparent that, where possible, the provision of slopes suffi
ciently flat to allow encroaching vehicles to decelerate should be provided. The quality 
of urban freeway roadside maintenance is much higher than most other highways and, 
therefore, it is necessary to have slopes which permit the easy passage of mowing ma
chines. Further, steep- sloped ditch sections along the roadside are not considered 
safe for encroaching vehicles at high speed. Thus the problem of taking off surface 
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drainage and locating drainage outlets becomes more difficult. Recognition of these 
facts and the desire to try to mold the freeway roadways and structures to the sur
rounding topography has led to the production of contour grading drawings for all cur
rent freeway projects. 

Development of contour grading drawings is sometimes difficult. This is particu
larly true in interchange areas where variable roadways and numerous structures 
make it difficult to visualize from two-dimensional drawings the most desirable road
side grading arrangement. The use of contour models, as earlier described, is most 
appropriate for dealing with this problem. At this point in the design , the roadway 
plan, profile and cross section, as well as structure geometrics, have been set. The 
matter resolves itself into quickly molding the sawdust slopes into various arrange
ments and determining which appears most suitable. The necessary horizontal and 
vertical dimensions can then be transferred from the model by use of a coordinated 
string line network suspended from the sides of the box containing the model. Only 
restricted areas produce difficult contour layout problems and therefore it is sufficient 
to produce large-scale contour models of the immediate area concerned. Scales of 
40 ft = 1 in. have proven suitable. 

Some thought has been given to transferring the design contours from the model 
directly using aerial photogrammetric methods. It is realized that the model would 
have to be built quite accurately to obtain suitable contour information. In considera
tion of the amount of labor involved to do this, it is not certain if this method is more 
efficient than direct measurement using the coordinated string lines. 

Profile and Alignment Design 

In addition to determining the most suitable roadside contours, models can also be 
used to investigate complicated pavement elevation and lane designs. The Ontario 
Department of Highways has constructed a model of a transfer roadway joining the col
lector and core roadways of a collector-distributor system at a scale of 40 ft to 1 in. 
This model was essentially the same as the skeleton model described in this report 
with the exception that the design elevation of the pavement was shown at 50-ft intervals 
on each lane edge. This allowed the inspection of the grades to be made visually and 
checked simultaneously from the elevations shown on the model roadway. Small ad
justments to the pavement elevations could be made fairly quickly by either trimming 
or Ehimming the profile sections under the pavement. Rearrangement of the through 
and auxiliary lanes was easy to accomplish by producing new pavement edge lines on 
the model, but any change in the alignment necessitated reconstruction of the portion 
of the model affected. 

Bridge Studies 

Models may serve for a variety of uses in bridge and retaining wall site studies. 
Consideration can be given to the aesthetics of both structure elements and a com
plete structure . Several models of short structures bridging other roadways have been 
prepared using balsa wood as the prime material. Their construction was such that 
the center piers and abutments could be readily replaced with various proposed shapes. 
These models were primarily of the display type and were intended to gain a general 
consensus of the various proposals. 

Evaluation can be made as to how structures fit to both the site and to other adjacent 
structures. It is important that all structures fit on both their overpassing as well as 
their underpassing approaches. Models have shown such features on underpassing 
bridge approaches as variable pier sizes on two adjacent bridges as well as variable 
end spans and skewed abutments. For aesthetic purposes, it is important that the 
driver not be unnecessarily confronted with a variety of bridge designs at any one time. 
Further, he should not view a "forest" of turning roadway structure piers if it is pos
sible to avoid it. Here again, the use of models provides a ready means to study these 
featur es. The use of a 40-ft to 1-in. scale is considered adequate for structure com
patibility studies while a 100-ft to 1-in. scale is suitable for overall structure presen
tation. The 100-scale model is also suitable for evaluating roadway parapet 
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Figure 10. 

continuity, particularly in interchange areas. In ear lier designs, short sections of 
steel beam guider ail were inserted between parapet walls of adjacent bridge structures. 
These short sections are particularly unsightly when placed between two or more long 
structures. 

Evaluation of alternative bridge and retaining wall combinations is sometimes re
quired in one particular area of a freeway. While it is quite easy to determine which 
arrangement is most economical by conventional methods, it is difficult to visualize 

Figure 11. 
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Figure 12. 

which is the best aesthetically. The department has had 40-scale models prepared 
showing alternative designs at an area of an interchange where a loop passes within 
35 ft of a turning roadway with a difference in elevation of some 40 ft. The original 
40- scale model was constructed with the turning roadway all on structure. Following 
this, three additional models were prepared showing the following alternatives: (a) a 
single retaining wall (Fig. 10), (b) a double retaining wall (Fig. 11), and (c) a com
bination structure and double retaining wall (Fig. 12). 

Since the area involved was small, the dimensions of each model could be kept to 
3 ft by 2 ft. Enough of the interchange could be shown to allow easy orientation. The 
three models were constructed simultaneously with all profiles for any particular 
roadway being· prepared together. Construction and assembly of the base, profiles, 
bridge piers and retaining walls were carried out as described previously for contour 
models. With the completion of the three small models, a comparison could be made 
among the four alternative design schemes. The three-dimensional display clearly 
showed the aesthetic merits of each design and thus made the selection of the preferred 
scheme much easier. 

Landscaping Design 

To date, our urban freeway landscaping has been confined to grassing of the roadside 
areas and tree plantings along the freeway borders. No attempt has been made to 
carry out any tree plantings within areas bounded by loops or ramps because it is 
feared that plantings could obstruct the driver's sight distance or create unnecessary 
roadside maintenance problems. Yet additional plantings could be beneficial if it were 
possible to tell in advance where tree plantings could serve some functional as well as 
aesthetic purpose within interchange areas. Although no investigations have been car
ried out to date, it is felt that the 100-scale contour model would be a useful device for 
the arboriculturist to investigate at the design stage which areas within interchange 
plantings would be suitable. 

Signing 

The use of models may be an aid for review of freeway signing. The lengths of 
many freeway maneuvering areas are dependent on the amount of time required for a 
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driver to read and react to sign messages. The unfamiliar freeway driver must be 
provided with sufficient advance warning and clear marking of exit and entrance points. 
For this reason, it is essential that overhead and roadside signs be sufficiently visible 
to the approaching drivers. Too often intersecting bridge decks, excessively sharp 
curvature, retaining walls anci the like tend to cut off or shorten the driver's view of a 
sign. The position of some sign messages can be such that they are too easily inter
preted for one traffic movement when actually they were intended for another. By 
early investigation of proposed sign locations with the use of a model, these as well as 
other problems may be avoided. 

SUMMARY 

This discussion received the use of models in present urban freeway design with 
some comments on possible future uses. Experience indicates that the full potential 
of models as a design tool is not yet fully recognized. The combination of photogram
metry and models in contour grading design is at present only a possibility, and tests 
have yet to be made to determine its feasibility. Other possible uses, such as for 
signing and illumination design, need further research before the value of models in 
these fields can be fully appraised. 

The modern trend in freeway design is toward safety and aesthetics, and in both 
these fields models can play an important part. Contour models are used to evaluate 
side slopes, curvature, retaining walls and bridge designs. A model can quickly re
veal those areas where driver safety is questionable. 

On the grounds of economy, simplicity, speed, safety and aesthetics, models have 
proved to be valuable tools in the planning and design of freeways. This fact is being 
recognized widely and models are becoming an accepted part of the highway engineer's 
design aids. Models do not replace the plans, profiles and cross sections. Rather, 
they complement traditional design methods by presenting these three views simul
taneously, thus allowing quick recognition of design difficulties or possible improve
ments which could be made. 

Discussion 
V. L. BENNETT, Highway Desiga. Engineer, U. S. Bureau of Public Roads-This 
paper is a very effective presentation of the use of models in highway des.ign. The 
Bureau of Public Roads generally agrees with the authors and encourages the utilization 
of models, particularly for the study of various alternates in complex and high cost 
design. 

The Bureau of Public Ro~ds uses models as a training aid in the design course given 
twice annually for junior engineers. These models are used to effect a fusion of the 
two-dimensional plan and profile into a three-dimensional pattern and to allow the junior 
engineers to work with their hands in constructing something tangible. We believe that 
it is important for these young engineers to see "in the flesh" the results of their ef
forts at geometric design. 

Primarily the benefits are twofold: first, the inexperienced engineer is made aware 
of the beauty of sculptural form as it evolves in space; and second, he gains a sense of 
scale that is a necessity in the balancing of the large structural elements with which he 
must deal. 

One type of model that we use is intermediate between the "string" model and "T
peg" model described in this paper under alignment models. A 3-in. styrofoam base 
is used with the plan at 1 in. = 50 ft glued to it. One-fourth-inch dowels are used with 
eyelets to accommodate 1/s-inch styrene rods, which are freely flexible (Figs. 13 and 
14). The dowels are pushed into the base at every second or third station on center
line until the top of the eyelet is at finished grade as established by a small vertical 
scale held in place. When all of the dowels are in place, clear or colored styrene rod 
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Figure 13. 

is laced through the eyelets. This model is very effective and quickly formed . The 
rods stand out very crisp a nd clear, and it is very easy to pick out small variations in 
line and grade. The experience in viewing these models is very similar to looking 
a long a paving form line. 
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Figure 15 . 

Another type model we use is the balsa wood type. Grade templates are cut from 
3/is-in. balsa and glued in place on a %- in. plywood base at every second station (Fig. 
15). At 1 in. = 50 ft scale the templates are cut 6 ft below finished grade. The engi
neers then cut out the roadway sections from 1/s-in. balsa and glue them in place on 
the templates. This permits a three-dimensional visualization of the roadway. Due to 
time limitations, this is as far as the engineers go with the models. 

The materials required for either of these types of model are inexpensive, costing 
less than $ 20 for an interchange. The investment in time for the actual construction 
also is minimal, probably less than six man-hours, normally carried out concurrently 
with the development of the preliminary plan. 

For a more finished model, we have used a commercial product consisting of ver -
miculite with a binder to fill between the roadways and in roadside border areas of the 
balsa wood type model. This material dries to a hard natural finish and is very light. 
Roadway details can be finished off as described in this paper. 

We also make use of a model viewer, which is in effect a thin tube with inner optics, 
acting as an inverted periscope. This instrument enables the designer to put his eye 
at "driver level" on the model. In addition to being helpful in satisfying the viewer as 
to the adequacy of geometrics in the design, this tool should also prove helpful in the 
evaluation of proposed highway signs. 

In conclusion, we believe that while models can be a valuable aid in freeway design, 
their use might on occasion oversimplify a particular problem. We feel that they are 
only a tool and that the designer should use them carefully with other tools to develop a 
total form that will adequately perform its intended function. 




