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RELIEF MODELS

This text was written by Howard E. Rothrocl, Assistant Chief,
Naturalist Division, Branch of Research and Education, in the Na-
tional Park Service, early in 1936, and had some distribution at
that time. At our request he now has revised the book for our use
in project trainiag.

The use of relief models increases rapidly, and they are con-
stantly being made for new purposcs. Thus, the meking of thcese models
in the tecinical services affords opportunity for training which has
lead to some very good jobs, and will do the same for meny other en-
rollees who show aptitude for the work. To become an adept and versa-
tile model builder calls for far more thon merely manual slkill under
close supervision, and an enrollee who teakes it wup in earnest must
look forward to unrelenting study and research in a wide variety of
fields.

Mr. Rothrock wishes to acknowledge with gratitude assistance given
by George Robincon of the Engineering Laboratory, U. S. Army; Donald
C. Barton and ¥red H. Quebe of the Humble 0il and Refining Company;
also by George IH. Chadwick, Consulting Geologist, Catskill, New York,
and Earl A, Treger, Chief, NWeturalist Division; by Franklin C. Potter,
Associate Geologist; Edward A. Taubert, Inspector; Williem Macy, Super-
intendent of the Fort Hunt Model Laboratory, Virginie; Ned J. Burns, ‘
Acting Chiel, iuseum Division, all of the National Park Service, and
by others who offered suggestions and criticism. The author is in-
debted to the Western Museum Laboratorics at Berkeley, California, for
most of the illustretions.
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THE CONSTRUCTION OF RELIEF MODELS

A relief model is a reproduction in miniature of a portion of
the earth!s surface. It may present the original, or natural, con-
dition of the surface, with changes already made by man, or with
chenges proposed. The models made in our laboratories are primarily
for use in public reservations. Most of the methods described can be
applied to struvctural, architecctural, or industrial models, but this
text is concerncd only with our types.

Uses for Models
Relief models may serve many useful purposes, among which are:
(1) Guidance and enlightenment of visitors.
(2) Planning land use or a program of land acquisition.
(3) Display of the work being planned or carried on.

(4) Exhibition of the topography, history, geology or ecology
of the urea.

(5)- Arousing the interest and appreciation of the camp person-
nel in the surrounding area.

(8) Practical training leading to desirable employment.

It may be impossible for a model to serve all of these uses. It
may be advisable to make several models, perhaps in series, showing
stages of development or cmphasizing different featurcs. Some may
represent small cegments of the arca on a larger scale. The models
may requirc diffcrent finishing. For instance, one that shows forest
conditions will require different symbols and surfacc trcatment from
one which marks the progress of a battle or shows the cffect of geco-
logical processes.

Equipment and Personnel

The skill and equipment required vary with the purpose for which
the model is to be made. The minimum requirements are for such special
items as a topographic map of proper scale, shects of cardboard or wood
of suitable thickness, working tables, a sharp pointed knife, plaster
of paris or modeling clay, modeling tools, and paint; whercas, the
ultimate in equipment is found in studios containing apparatus costing
several thousands of dollars.
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The following meterial and cquipment have bheen recommended for a
5~man crew in an article by the Forest Service:

Crew

1 Tracer
1 Cutter
1 Builder
2 Modelars

Eguipment

4 Drafting Tables
1 Table (tracing)

1 " for building of model
" " cutting of cardboard
" " modeling

The drafting tables shculd be well-built, and sufficiently large
to accommodate the largest ~ectinn to be constructed, with sufficient
space on the sides for tools, etc. ’

1 International Cut-awl

2 dozen #5 Chisels

1 Oilstone

1 Small- Hammer

1 Pliers, sharp-nose, with side cutting edge

2 sets of Modeling Tools

1 Straightedge

1 Peper Knife

1 Pocket Steel Tepes
Carbon Paper
Stylus or 6 H Pencils
Chip Board (This board can be purchased from eny large paper

house, in several sizes and in approximately 20
, different thiclknesses.)

Brads, necdlepoint (can be obtained from any picture framing house. )
Noils 3/4" length '
Orange Shellac
Alcohol

1 Pzint Brush 2" width
Plastine - Gray (French modeling clny--non-hardening)
Plywood 3/16" to 1/4" in thickmess.

[8%)



Finished Relief Model,
Great Smoky Mountains National Park.
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Topographic Map Neceded

Befecre a relief model can be made, a topographic map of the area
must be supplied. A special or master map snould be prepared from
which the model can be made. This should be compiled on a gnod grace
of tracing cloth to show only the contours which are to be reproduced
on the model, the drainage and the reference data, such as boundary
lines, latitude and longitude, grid or triangulation points. All other
information is omitted in order to simplify the work of the tracer.
Blackline prints or photogranhs can be made from this mep as desired
to meet the requirements of the tracers anc cutters.

Prints made by one of the dry-print processcs, such as the Ozalid
process, arc prefcrable to blue, blue-line or Van Dyke prints, as the
former do not shrink as much as the wet-developed maps.

Two rectangular grids of reference lines, one st being heavier
than thc other, should be drawn uron the map.

The primary, or heavy-lire grid, divides the map into rectangles
equal to the usable area of tie sheets of material employed in the
construction of the model. (A4 narrow margin is usually left around
each sheet to care for slight overlaps of contours, mached edges of
cardboard, etc.) If the sheets are square, this grid likcwise will
be square. If they are oblong, the grid will be oblong, also.

The secondary, cr light-line grid, is drawn to form squares within
the primary grid. These lines aid in orienting *‘he lamination when the
primary grid has been cut away. They are also uceful as guides in
photograrhing the map when lantern slides are made. If the sheet is
square, these lines may be drawn so as to divide it intc quarters. IT
the sheet is obloig, the short dimension should be bisected ard this
half-width should be used in laying off the squares.

The United States topographic maps, varticularly those of the
newer survers which are made to the scale 1162500 or larger, will
usually be found sufficiently accurate for making the master map. If
a topographic survey must be made, the contour interval need te no
smaller than can be shown on the model. The model cannot Le more accu-
rate than the map, hence, care is required not only in the survey but
in making the master map from which the model is to be made. If the
model is to be on a different scale from that of the original map, the
map can be enlarged by replotting the survey, or bv photostat or pacto-
graphic methods.

Choice of Scales
The purpose of the model is to present a bird's-eye view of a

large area, as in the model of Great Smoky Mountains National Park on
page 5. For some uses, such as landscape or general land use plan-
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ning, geological exhibits, dam construction or engineering problens,
the model shouvld be constructed accurately and to the same vertical
and horizontal scale, so that distznces and slopes may be measured
directly from the model. For other uses, such as for the guidance

of visitors, other geonlogical exhibits, and historical displayc, the
model should be made so that it will have a pictorial quality. In
dioramas this quality is obtained by the use of persnective. In re-
lief models this pictorial quality can be gained with an illusion
created by exaggerating or reducing the vertical scale. The model can
be made to "loolz natural" to the olserver.

Horigontal Scale

The horizontel scale will be determined by the size of the area
to be mapped, the amount of detail desired, and tie space which can
be allotted to the model. For instance, if the area is one mile square
and the model is to be four feect sauare, then the horizontal scale will
be: 4 feet - 1 mile or 1:13:20.

It is usuelly advisadle %0 include in the model a portion of the
terrain surrounding the area really concerned, rot oaly as a means of
maintaining the spectator!s interest, but also to show the relation of
the particular area to tae surrounding arcas. The width of this franing
strip will depend upon the use for which the model is intended. If it
is to be used for the guidance of the visitors or for goneral planring,

a relatively small scalec and a limited amount of detail will De advisable.
If the model is to be uscd for special stuvdics bty the technicians, the
amount of detail should be detcrmined beforchand, and a suitable horizon-
tal scale chosen.

Vertical Scale

If the mountains or hills are pronounced in the area to be mapped,
the vertical scu'e should be the same as the horizoental scale. This
choice of scale in well illustrated by the relief models of Grand Canyon,
Great Smoky llountuwins, the High Plateau of Utah; and as adapted to
smaller areos, it is shown by the nodels of Ice Spring Craters, Fred-
ericksburg, Penasco Blanco Ruins. These models are listed in Table I,
on rage 7, together with others that are of approved cesign. The dimen-
sions and scales of these models are given in this table along with other
informaticn,

If it is necessary to emphasizec certein surface features, as when
mountains or hills are low, or when the model is intended to simulate
an actual view of the arca, it may be advisable to exaggerate the verti-
cal sczle. As has been stated previously, the emount of exeggeration is
a matter of judgment only, but the success of the model may depend uoon
it. An exasggeration of threc times the nctuval is the maximum permitted.
The following general relations will assist in determining thc vertical
scales:
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The greater the area to be copied, the higher the elevated parts
must be 1f they are to be shown without exoggeration. Since
floor or wall space is usually a limiting factor, it is obvious
thats

(a) The greater the area, the smaller the horizonital scale
must be, and,

(b) The smaller the horizontal scale, the higher the eclevations
must be if they are to be shown without exagzeration.

One of the best methods for determining the vertical scale is to
malke a number of cross—sections through the esrea %o be modeled, using
various ratios of horizontal and vertical distancezs. A careful study
of such cross—sections will give a failr idea of the appeazrance of the
completed models, particularly if the point of view of a human observer
ig constantly kept in mind,

Models which represent large arsas having extremes of elevation,
as on the Atlantic and Pacific Coasts, are sometimes conctructed with
a graduated vertical scale. For instance, the low arecas, such as, the
plains, may require a vertical exaggeration of five to twenty-five
times (sce No. 22, Table I, page 8) in order that the streoms will
appear to run in valleys, rather than on flat surfaces, while the foot
hills would be more satisfactorily represented by a vertical scale with
half that exnggeration; and the mountainous ares would te shown without
any vertical exagseration whatever. This latitude in the choice cof
vertical scale is permitted in order that the resulting mop may be a
picture, instead of a mathematically accurate, but unconvincing, flat
nodel.

Teble I, which follows, shows the dimensions and scales of a number
of successful nodels and illustrates the principles herein set out. The
list will be found useful in comparing the plans for a proposed nodel
with the dimensioas of some of thoce which have been constructed. For
ingtance, if the proposed model is to cover an arca of about 50 square
feet and is to represent a terrain of 1,000 square miles on widch the
nmaximn difference of elevation is 700 feet, the scales used in the
nodel of the Panana Canal Zone will be suitable, whercas, if the sanc
area has a differcnce of elevation of 4,000 feet, a scale such as was
used in the nodel of the Shenandoah National Park will be nore satis—
factory.
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MODEL SCALES AND SIZES
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AREA DIF, BETWEEN HORIZONTAL  VERTICAL VERTICAL'
NO. NAME AND SIZE OF MODEL IN.SQ. HIGHEST AND SCALE SCALE EXAGGERA-
MILES LOWEST ELEV. TION
IN FEET ‘_
1 Great Smoky Natl. Park 750 5,721 1: 31,680 1: 31,680 x 1
8! - 10" x 4! - 5" '
2 Shenandoah Natl. Park 1,088 3,566 1: 31,680 1: 21,680 x 1
4 ' - 0" x 12% - 2V '
3 Grand Canyon 275 6,200 1: 15,840 1: 15,840 x 1l
6 vV - gt = 4 . gn
4 High Plateaus of Utah 17,500 5,100 1:158,400 1:158, 400 x 1
4' - 5" x 4% L 5"
5 Yellowstone Matl. Park 3,500 3,900% 1l: 63,360 1l: 63,360 x 1
7o oM x 3%~ @M ‘
6 Henry Mts. Uteh 1,200 7,000 1: 95,040 1: 95,040 %1
5' - O" x 3t ~ 7" '
7 Eureks District Nevada 400 3,600 1: 19,200 1: 19,200 x 1
Blen 6" x Bt ~ BN ' ' '
8 Mt. Taylor New lMexico 400 6,900 1: 26,500 1: 26,500 x 1
4""0")(4!"‘0" ’
9 Niagara Falls New York 14 370 1l: 2,400 1:¢ 2,400 % 1
8’—-0"}[9'*0" ’
10 Fredericksburg, Va. 11 365 1: 4,800 1: 4,800 x 1
3‘-0"}(4'—6" '
11 Ice Spring Craters Utah 1 350 1 1,200 1: 1,200 x 1
4 - O" x 4! L oM '
12 Penasco Blanco Ruins 1/150 20 1: 60 1% 60 x 1
7' x 8!
13 Hot Springs Natl. Park 7 650 1: 2,640 1: 1,760 x 1%
5‘—-0"}(6‘-—-0" ’
14 Vicksburg, Miss. 68 305 1: 4,224 1l: 2,816 = 1%
8! — 10" x 127 - OF .
15 Kings Mt., South Carolina 2 350 1: 1,596 1: 1,064 x 13
51 . 4" x 5 . an
16 Uinta & Wasatch Basins 40,000 9,400 1:253, 440 1:126,720 x 2
Utah 4' - O" x 4% - 2"
17 ZElk Mountain 1,600 5, 800% 1: 63,360 1: 32,280 X 2
4' - 6" x 2! - 6" '
18 Morristown, N. J. 115 892 l: 12,000 1: 6,000% x 2
51 - O" x 4% — 5"
19 Panama Canal Zone 1,000 662 1: 20,000 1: 5,000 x 4
12 - 6" x 4t - 6"
20 Island of Oahu 599 4,030 1: 63,360 1: 15,840 x 4
3! x 4!
21 Yorktown, Va. 180 115 1: 15,840 1l: 3,168 x5
3!_31|X61_5n
Note: * Approximate figures.
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TABLE I (Continued)

EXAMPLES OF A GRADUATED VERTICAL SCALE

VERTICAL EXAGGERATION FOR VARYING ZONES
HORIZONTAL ELEVATION ZXAGGERATION (OF ELZV.)
NAME AND SIZE OF MODEL SCALE FROM T0

State of New Jersey

3" - 0" x 2t - O 1:316,800 1 100 x 33.0
100 200 x 16.5

200 1,800 x 11.0

State of Kentucky 1:253, 440 0 600 x 12.5
600 800 x 10.0

800 1,000 x 7.5

1,000 4,000 x 5.0
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CONSTRUCTION METHODS

Constant experimentation is improving our methods of construc—
tion. The general procedure is here outlined, but no attempt is
made to recount details of the technique; they vary too rmch among
pPlants and workers. Most of those outlined are based upon the
comnmon practices in manual training end are easily understood.

If the nodel is a large one, it can be made in sections, suit-
able precautions being taken to insure matching at the contacts of
the scctions.

The base board upon which the model is built should extend on
all sides beyond the model and should reprosent a definite basc-
level. This scrves to emphasize the topography and supplies a bace
from which to work. This projecting base-level should appear on
the final casting or model and may be used for descriptive or deco-
rative material, as on page 3.

The construction methods will also vary with the purpose for
which the model is nmade. If only one model is to be made, the base
must be solidly constructed ond thoroughly varnished or shellacked
in order to keep out all possiblec moisture. The laninations nust
be permanently fastened together and nade noisturc~proof and a
durable mastic must be used to fill in the laninotions. If the
nodel is to serve only as a pattern from which a mold is to be
cast, less pernmancnt nethods of assenbling nay be used.

Laninations

The nodel is built up by means of o mumber of sheets of card-
board, veneer, paper or other suitable naterial of uniforn thick-
ness, called laninations. Bach lanination represents a definite
contour interval and each one is cut in the shope of the contour
which it represents. When these laninations arc added in the order
of their relative elevation, they prosent the topography in a serics
of steps. See page 10. The steps are then filled in fto noke a
smooth slope.

The thickness of the laminoations depends upon: (1) the contour
interval, and (2) the vertical scale which has been chosen for the
nodel, For instance, a contour interval of 10 feet on a nodel with
a vertical scale of 1 inch & 500 feet would be represented by a
lamination 1/50th of an inch in thickness. Such fine laninations
are of doubtful value in pictorial nmodels. Greater coatour inter—
vals, such as 20, 50 or even 100 foot intervals should be used.

The topographic sheets issued by the United States Geological Sur—
vey usually show sufficient detaill for the construction of models.
It is also evident that the contour interval chosen will depend
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Pattern of Sequoia Relief Model in Process of Construction.
The terrain is represented by superimposed card-
board laminations, shaped according to contours
(foreground), and then smoothed to simulate the
slope of the ground by filling in the steps (back-
ground) .

10
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upon a practical balance between tlic character of the terrain, the
gize of the model and the thickness of material available for the
laminations.

It may be desirable to use more than one unit interval if a
variety of terrain is to be represcnted. For instance, a 20-foot
interval may be used in flat country, and an interval which is 100
feet or greater in the rugged country.

In order to simplify the choice of scale and material, Table II
gives the thicknesses in inches of certain contour intervals for
vertical scales.

TABLE II

COXTOUR INTERV.ALS

Vertical Scales Thiclmesses of lominations —— Inches
101 201 E0° 1008
U.S. Topographic 1:125,000 .001 .002 .005 .010
Sheets 1: 62,500 .002 004 .010 L0198
Other maps
1M - 1 mile 1: 63,360 .002 004 .009 019
2 = 1 mile 1: 31,680 .004 007 .018 .038
3" — 1 mile 1: 21,120 006 011 .028 L0517
4n —~ 1 mile 1:15,840 .003 010 .038 076
S5 w 1 mile 1:12,672 .009 .019 .047 095
6" - 1 mile 1:10,560 011 023 057 114
1m — 300! 1z 9,600 012 025 062 125
8" - 1 nile. 1y 7.920 015 030 076 151
1" - 500! 1l: 5,000 020 .040 050 o 20
12" - 1 mile l: 5,280 023 045 .114 227
1m — 300! 1: 3,600 023 067 « 187 333
1nm -~ 200! 1: 2,400 .050 . 100 250 500

Material which corresponds to these thiclmesses can be obtained
in cardbeamd, bristol-board,” railroad-board, fibre-board, wall-board,
wood veneer, plywood or similar materials.

Laminations of Cardboard

The United States Government Printing Office carries a complste
stock of the first three items and is prepared to supply thicknesses
from .009 to .400 of an inch. This material is classified by weight
and different lots differ ¢lightly in thickness, hence no constant
table of thiclmesses can be given. A request may be made to that

11
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office for prices and samples of the thicknesses required. The
sheets vary in size from 21" x 31" in the lighter weights, to

30" x 40" in the heavier varieties. Some of the lighter bristol-
boards occur in rolls, 33" wide.

The cost per thousand sheets, f. o. b. Washington is approxi-
mately as follows:

Approximate
Cost per 1/100 inch
Material Thickness for 1,000 sheets
Bristol Board .01 to .05 $11.00
50% Reg Index Board .08 to .16 3.00
Railroad Board .10 to .40 2.00

Wallboards

Wall or fibre board such as Celotex, Masonite etc. can be ob-
tained in thicknesses varying from 1/8 inch upward. Quotations
from the schedule of November 1, 1935 to October 31, 1936 were as
followss

Fibre or Wall Board Specifications:

Schedule Size Thickness in Price per

Number in Feet inches Sq. foot
Laminated

59=W~100 4' x 6' to 16! 3/16 .02389

59-T-105 4' x 6' to 16! 1/4 02875

59-1~110 4' x 6! to 16! 5/16 .037

59-W=115 4' x 6' to 16! 3/8 .03989

Non-Laminated

59-T-125 4' x 8' to 10! 1/8 .04989
59=T125 41 x 12' 1/8 .04789
59=F-130 4' x 8' to 10! 3/16 L0659
59=T130 4' x 12! 3/16 .0639
59=W-135 4' x 12! 1/4 .0882

Tracing Contours

The contour is traced upon the cardboard sheet from the topo-
graphic map. If the map is the same scale as the model, the copy
can be made with carbon paper.

A more accurate result is obtained by the following methode
The map is photographed, usually in sections. By means of a pro-
jector the picture is thrown upon a wall or easel to which the

12



Tracing Contours on a Cardboard Sheet.

The original mep is transferred to a lantern
slide. Then it is enlarged nine times on
this cardboard sheet with a projector.

13
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cardboard sheet is fastened, and the contours are traced directly
onto them. This method is shown on page 13.

The advantages or this method are its greater accuracy and
the ease with which any amount of enlarging or reducing can be
dones Of course, it calls for special equipment, with more ex-
vense, Costly equipment is not essential. A fairly zood camera
and a projector which will not distort the image are the principal
items.

The extreme edge of each ncgative is not used unless the camera
has a leas of nigh quality, as poor lenscs distort the margins of
the picture. When using ordinary cemeras it is advisable to uti-
lize no more then the middlo two—-thirds of the negative area. Each
picture, therefore, must te taken so that it overlaps the adjoining
picture by one-third. The secondary grid, being drawn as squares,
will aid greatly in adjusting the camera so that consecutive por-
tions of the map will appear in the part of the negative where
greatest accuracy will be ootained.

Lantern slides may first be made from the photosraphs. If
they are negative, they will project as vhite lines on a blacl back-
ground and will not be dagzzling., If the slides are positives, it
will be necessary for the tracer to wear amber glasses to protect
his eyes from the strain of the bright reflection.

The tracing and cutting should begin with the lowest contour.
Points on the next higher contour are also traced at the same time
to make it easy to place the next higher sheet accurately.

It is often advisable, especially in flat country, to trace
the positions of rivers and lakes as guides to later work.

Each sheet should be markced to show the elevation for which
it standse.

Registration

Two contours thus appear on each shcet., The outside contour
is the guide upon which the sheet is cut. The inside one, which may
be only points on the line, is a guide for placing the next sheets
This is called registering the sheet. As a further aid to proper
registering, each lamination should be marked with a rectangular .rid
of latitude and longitude lines, and these lines matched up before
the sheet is fastened in place, Each lamination should bear a
number which corresponds to the elevation of its contour. All
measurements on each sheet should be made from these grid lines,

14







