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PREFACE

This report contains a computer program developed to assist
the determination of minimum tunnel diameters for rapid transit
systems. It is the result of a work item performed under contract
DOT-TSC-601 for the Transportation Systems Center. The overall
results of this contract have been published in a final technical
report, A.J. Birkmyer and D.L. Richardson, '"Systems Analysis of
Rapid Transit Underground Construction,'" 2 Vols., U.S. Dept. of
Transportation, Office of the Secretary and Urban Mass Transporta-
tion Administration, Washington, DC, December 1974, DOT-TST-75-72.
I-IT, UMTA-MA-06-0025-74-11.1-1T1.

The cosponsors of the study were:

The U.S. Department of Transportation,
Office of the Assistant Secretary for Systems Development
and Technology, Office of Systems Engineering.

The Urban Mass Transportation Administration,
Office of Research and Development, Rail Technology Division.
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1. INTRODUCTION

In the design of rapid transit tunnels, one of the most im-
portant specifications is the diameter of the tunnel. Establishing
the tunnel diameter is not a trivial task, since the geometry of
several lateral and vertical train movements must be considered
under differing locations of walkway, conditions of superreleva-
tion, and values of track-curve radius.* Minimization of the tunnel
diameter is important, since the volume of earth material to be
moved varies directly with the cross-sectional area of the tunnel
face.

A computer program has been developed to simplify the process
of calculating tunnel diameters. This program can he used to re-
duce substantially the time required for tunnel diameter determina-
tion and should greatly assist the development of standards for
tunnel. Moreover, it would be possible to use the rapid response
of the computer to evaluate several alternative vehicle designs to
help develop standard tunnel/vehicle designs.

1.1 SCOPE OF MODEL

With the program, it is possible to evaluate tunnel diameters
over a range of track-curve radii under four distinct conditions:

1. Walkway on inside of curve; zero superelevation
2. Walkway on inside of curve; maximum superelevation
3. Walkway on outside of curve; zero superelevation

4. Walkway on outside of curve; maximum superelevation

1.2 ENVELOPE PARAMETERIZATION

The size and shape of the car directly affects the tunnel
diameter. The computer program allows for two different ways to
input car size and shape, but in both cases the same general shape
is assumed.

*Gerald Saulnier, "Rapid Transit Tunnel Dimensions in the United
States: A Brief Summary," U.S. Dept. of Transportation, Office of
the Secretary, Washington DC, June 1975, DOT-TSC-0ST-75-24.
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The program assumes a vehicle envelope that has a flat bottom
with distinct corner points. The sides of the vehicle envelope
can be flat br bowed out. The upper corners of the envelope are
approximated as circles, and the top must slope up to a point at
the centerline of the vehicle. A further elaboration on the enve-
lope parameterization appears in the user's manual, Section 2.

1.3 CRITICAL POINTS WITHIN THE TUNNEL

Six special points coincident with the critical car dimensions
potentially affect the tunnel diameter. These points are identi-
fied on the accompanying geometric layout drawings of circular BART
tunnels as indicated in Figures 1-1 and 1-2. The points are de-
fined as follows:

A. Clearance Point for Contract Rail

This is the point of the contact rail which is normally
opposite the walkway. This point constrains in the "bottom"
of the circle.

B. Walkway Tread Clearance

The service walkway tread in tunnels must be a certain dis-
tance above the rail which is adjacent to the walkway.
Clearance must be provided between the transit car and the
walkway tread. Further, this walkway tread has a certain
minimum width. The intersection point of tread and tunnel

may become an extreme point constraining the tunnel diameter.

C. Walkway Head-Room Clearance

Clearance must be provided between the transit car and the
top of the walkway envelope. The walkway envelope has a
specific minimum width at its top. With superelevation the
combination of these factors produces a point that may con-
strain the width of the tunnel.

g:} Corner of Envelope Interference Points

Contact of one (or even both) of the upper vehicle corners

with the tunnel may be critical points, constraining the
tunnel diameter. (See Figure 1-3.)

-~
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F. Top Point of Car

The intersection of the centerline of the car and the roof
of the car may be a critical point, if, for instance, the
car has a pyramidal shape or carries air-conditioning equip-
ment on the vehicle-roof.

1.4 DIAMETER CALCULATIONS

The tunnel diameter can be calculated for all the conditions
implied above in Section 1.1, '"Scope of Model." These calculations
reflect combinations of three parameters:

1. Location of the walkway
2. Zero or maximum superelevation
3. Radius of the curvature of the track

For each combination of these parameters, a tunnel diameter can be
calculated using the following procedure:



1. Compute the coordinates of A, B, and F and the centers of
the upper corner circles. Each of these points has a
definite geometric relationship to the origin, which is
defined as the high point of the low rail. Points D and
E are found using a computer search for the points of
tangency between the vehicle-corner and the edge of the

tunnel.

2. In general, only three of the points will be on the actual
perimeter of the circle. It is not obvious, however,
which three are critical. Thus, we consider each possible
triplet of points. There are 20 such triplets.

3. For each triplet, the circle is discarded if it does not
contain the six critical points. The remaining circles
are feasible tunnel diameters and the minimum of these is

selected.

While it is possible to perform by hand all of the calcula-
tions that the computer executes in finding the center and diameter
of the tunnel, a cursory glance at the equations will show that the
calculations involved are extremely laborious. For instance, the
process of finding a circle with a D or E point entails solving an
equation with over 100 terms; the likelihood of error is quite
large in solving an equation of this size. On the other hand, the
trial and error method using a draftsman is slow and very labor-
ious. These calculations are described in the following section.

1.5 CALCULATIONS FOR POINTS D AND E

Points D and E are defined as those points on the upper
vehicle corners furthest from the center of the tunnel. Point D
is on the side of the car next to the walkway. Points D or E will
be found at the intersection of the upper vehicle corner curve and
a line drawn through the center of the tunnel and the center of
the upper corner surve (see Figure 1-3). Unfortunately, since the
center of the tunnel is exactly what is being sought, points D and
E are not known. All that is known about these points is their
definition.



Finding the center and radius of a circle passing through
three of the points A, B, C, and F is fairly straightforward. The
center of a circle passing through three of these points must be
equidistant from each point, by the definition of a circle. To
find the center of the circle we set up expressions for the dis-
tance from each point to the center point (x,y). Since the dis-
tances are equal, each distance expression is equal. Thus, two
equations with two unknowns are derived and can be solved for x
and y, the coordinates of the center of the circle.

Finding the center and radius of a circle passing through two
of the points A, B, C, and F and either D or E is not a trivial
problem, since the actual locations of the vehicle corner points
D and E are not known. Given two of the points A, B, C, or F plus
one of the vehicle's upper corners (D or E) as the tunnel con-
straints, it is inconvenient to use two equations with two un-
knowns, since the equation involving the vehicle corner point turns
out to be a fourth-order polynominal when fully expanded:

O R e R O M ) &
where

(Xs’ys)

coordinates of vehicle corner circle center

R1 = radius of vehicle corner circle
(xl,y) = coordinates of one of the points A, B, C, or F
(x,y) = the location of the center of the circle

The difficulties of solving this fourth order polynominal encourage
the search for another method of finding the center of the circle.
The modern high speed digital computer provides a means to solve
the problem, using a technique called binary search.

The two known points will be equidistant from the center of
the circle passing through them. Thus the center must lie on the
perpendicular bisector of the line segment connecting the known
points. The binary search is begun by establishing upper and lower
limits on the perpendicular bisector to the line segment and a
point is found midway between the two limits. (See Figure 1-4.)
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If the distance from this point to one of the fixed points is less
than the distance to the upper vehicle corner point under consider-
ation, the lower limit is raised. If the reverse is true, the
upper limit is lowered. A new point, midway between the two limits
is found and tested the same way as the first. This process is
repeated until the center point is found.

The center of a circle involving both points D and E can be
found in the same manner. The bisector is constructed perpendicu-
lar to the line sigment connecting the centers of the upper vehicle
corners. The upper and lower limits are established and the binary
search system is conducted. (See Figure 1-4.)

This system converges fairly rapidly; 40 iterations are suf-
ficient to find the location of the center of a 17-foot diameter
circle, when the initial upper and lower limits are within 1000
feet of each other. Forty iterations produce an answer accurate
to within 0.01 inches.



2. USER’'S MANUAL

2.1 INTRODUCTION

A computer program has been developed to determine the minimum
tunnel diameter consistent with geometric constraints of tunnel
design. The program was written in standard FORTRAN IV and com-
piles under IBM 360 65 WATFIV and FORTRAN G compilers. Finding the
smallest diameter is not a simple problem, since the geometry of
several lateral and vertical train movements must be considered
under differing locations of walkway, conditions of superelevation,
and values of track curve radius. Development of the Bay Area
Transit tunnel specifications required several man-months. With
this computer program, the task of finding the center and size of
the smallest tunnel should take but a few hours. The user estab-
lishes the value of the controlling support systems and car dimen-
sions, and the machine does the rest. The program considers six,
and only six, critical points. The size and location of the con-
tact rail determine one critical point, the walkway determines two
more, and the car accounts for the remaining three.

In order for the program to be valid, certain constraints must
be met. With regard to the contact rail point, the third rail must
be below the bottom of the car, and cannot lie between the two
other rails. With regard to the car itself, two of the critical
points are associated with the upper corners of the car. In the
process of finding the locations of these points, symmetry is
assumed about an axis through the center of the profile of the car.
The final critical point is the maximum top point of the car.

There can be only one such point on the car and this top point must
be on the axis of symmetry of the car. For a further discussion

of this point, see the discussion of the input MAXHT, Section 2.2.
18 below.

2.2 PREPARATION OF DATA

Following is a description of all of the data inputs describ-
ing the tunnel, walkway, and vehicle geometrics. These data are

10



also listed in the Definition of Variables, Section 3. All inputs
must be given in inches except where noted. All the values must
be in decimal format except for the choice of the corner-circle
option.

2.2.1 Gauge

The first input to consider is the gauge of the track. The
gauge is the distance between the inner edges of the rails. (See
Figure 2-1.)

GAUGE

Figure 2-1. Gauge

2.2.2 SE

The superelevation is the distance that one rail is raised
above the other on curves. (See Figure 2-2.)

SE ——

|

Figure 2-2. SE

2.2.3 HORLOC

The horizontal location of the contact rail is the distance
from the centerline of the track to the outer edge of the contact

11



rail. This distance is needed to find the first critical point.
(See Figure 2-3.)

£ VERLOC ——
- v
~
!
- HORLOC I

Figure 2-3. HORLOC and VERLOC

2.2.4 VERLOC

The vertical location of the contact rail is the vertical
distance from the top of the rails to the bottom of the contact
rail. This distance is required for finding the first critical
point. (See Figure 2-3.)

2.2.5 Radius

The radius is the radius of the track curve. This is the only
input that must be given in feet. If the value inputted is
greater than 10,000 ft, the track is assumed to be straight.

2.2.6 Length
Length is the overall car length. (See Figure 2-4.)

2.2.7 AXDIST

AXDIST is the distance between the axles of the trucks of each
car. (See Figure 2-4.)
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Figure 2-4. AXDIST and CARWD
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2.2.8  WALKIIT

In order to find the second and third critical points, it is
necessary to know the distance from the top of the adjacent rail
to the top of the walkway. Two cascs must he considered: first,
with the walkway on the same side as the center of the curve of
the track, and sccond, with the walkway on the opposite side.
llowever, in both cases, the valuc of WALKHT must be the same.

(See Figure 2-5.)

2.2.9 FOOTWD

FOOTWD is the width of the service walkway. (Sce Figurec 2-5.)

2.2.10 STAND

STAND is the distance from the walkway to the top of the walk-
way cnvelope. (See Figure 2-5.)

2.2.11 HEADWD

HEADWD is the minimum width of the top of the walkway enve-
lope. (See Figure 2-5.)

2.2.12 CARHT

This is the distance from the top of the rails to the bottom
of the clearance envelope. CARHT is used to help translate the
origin of coordinates to the low point of the low rail. Initially,
the origin of coordinates is at the bottom of the clearance
envelope and at the centerline of the car. This origin is used to
locate the critical points of the clearance envelope. Later in
the program, the origin will be translated to the low point of
the low rail. (See Figure 2-6.) CARHT may equal zero if, for in-

stance, the clearance envelope begins at the top of the rails.
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Figure 2-6. CARHT

2.2.13 CLEAR

CLEAR is the amount of the construction plus running clear-
ances allowed about the vehicle clearance envelope. (5ee Figure

2-7.)
ACTUAL CAR OUTLINE

DYNAMIC OUTLINE

Figure 2-7. CLEAR
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2.2.14 WLKCLR

Walkway envelope clearance is the maximum distance that the
clearance envelope can come to the edge of the walkway when the
walkway is on the opposite side of the car as the center of the
curve. (See Figure 2-8.)

- CENTER OF CURVE

CAR UNDERGOING
SUPERELEVATION

WALKWAY
\

\Fr,_ WLKCLR

Figure 2-8. WLKCLR

2.2.15 ENCRCH

The maximum walkway envelope encroachment is the maximum dis-
tance that the clearance envelope of the car may encroach upon the
walkway envelope. ENCRCH may equal zero or have a negative value.
(See Figure 2-9.)

2.2.16 TRDCLR

The service walkway tread clearance is essnetially the same
as WLKCLR. The only difference is that TRDCLR refers to the walk-
way on the same side of the car as the center of the curve. (See
Figure 2-9.)
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Figure 2-9. ENCRCH and TRDCLR

2.2.17 ACOUST

If the tunnel under consideration is to be treated with an
acoustical material, ACOUST is its thickness in inches. (See
Figure 2-10.)

r';""__’.A"\ T "’;';’;‘:“CT\\‘. _smgu_swmo[»i y \
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Figure 2-10. ACOUST
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2.2.18 MAXHT

The maximum height of the top of the car is the distance from
the bottom of the clearance envelope to the top of the car. The
value of MAXHT must be taken at the axis of symmetry of the car.
(See Figure 2-11.) The program cannot allow the point of MAXHT to
be off center. In addition, there must be only one point that has
the value MAXHT; that is, the roof cannot have a flat spot. For
instance, the cars shown in Figure 2-11a and b are not acceptable,
but that of c is.

2.2.19 CARWD

CARWD is the maximum width of the car. (See Figure 2-4.)

2.2.20 J

J determines the option in use for finding the centers of the
circles describing the upper corners of the car and for determining
the shape of the clearance envelope of the car. The choice is
between option one and option two.

Numeral one or two must be typed in the second column of the
data card and must be in integer format.

2.2.20.1 Option One Data - Option one uses five data points to

describe the clearance envelope of the car: the bottom left corner
point, the extreme left side point, and three points on the upper
corner curve. Note that the origin of coordinates is at the bottom
of the clearance envelope and at the centerline of the car. The
input data should be given as cartesian coordinates. (See Figure
2-11.) The top point of the car has already been specified by
MAXHT. Note that the side and top are not necessarily tangent to
the corner circle. It may be advisable to magnify the corner por-
tion of the envelope and drawing to increase the accuracy of the
coordinate values of the three corner points.

19
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Figure 2-11. MAXHT and J
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2.2.20.2 Option Two Data - Option two uses six dimensions in de-

fining the clearance envelope of the car. These dimensions are:
the width of the envelope at the bottom (WEB), width of the enve-
lope at the extreme side (WEES), the height of the envelope at the
extreme side (HEES), the slope of the side of the car (SIDSLP),
the slope of the top of the car (TOPSLP), and the radius of curva-
ture of the upper corner curve (CORRAD). Note that the upper
corners are approximated as circles. (See Figure 2-12.)

SIDSLP

e

CORRAD
¥
T WEES \
HEES \
{

Figure 2-12. J — Option Two Data

WEB

These circles will automatically be tangent to the top and
sides of the envelope. CORRAD may be estimated by finding the
intersection of lines perpendicular to the top and side which pass
through the apparent tangency points. The intersection will be
the center of the corner circle.

2.2.21 L

The final input operates a continuation option. If '99' is
typed in the first two columns of a data card, the program will
return to the beginning to accept more data for another run. Any
other numbers will cause the program to terminate execution.

21




The data are divided into six sections. Each section has its
own data card. It is important that each piece of data be typed
in the proper order and in the proper position. Failure to enter
the data correctly will result in numerous error messages.

The data for the first three cards must be typed in real
format; that is, each piece of data must have a decimal point
(e.g., 3.1, 70., .12). Each variable has been allocated seven
places on the data card and each place must be filled with a
number or a blank. The data must be in the given order.

card one consists of GAUGE, SE, HORLOC, VERLOC, RADIUS,
LENGTH, and AXDIST. Card two consists of WALKHT, FOOTWD, STAND,
HEADWD, CARHT, CLEAR, and WALKCLR. Card three consists of TRDCLR,
ENCRCH, ACOUST, MAXHT, and CARWD.

The data for card four must be typed with no decimal. A one
or two is typed in column two of the fourth card: This card gives
a value to J; thus one would indicate a choice of onme, and two,

a choice of option two.

The fifth data card accepts decimal data and has seven col-
umns for each number. If option one is chosen, card five consists
of the x and y coordinates of the bottom left corner point, the x
and y coordinates of the extreme left side point, and the x and y
coordinates of the three upper left corner curve points.

If, on the other hand, option two is selected, card five
should consist of WES, WEES, HEES, SIDSLP, TOPSLP, and CORRAD.

The sixth card is used to return to the beginning of the pro-
gram if an additional run is desired. If another run is needed,
card six will have a nine typed in columns one and two. Any other
number will result in the termination of the execution of the
program.

If card six has nines typed in columns one and two, each data
element must again be inputted, and thus there will be six more
cards after the card with the nines.

If card six has something besides nines in column one, no more
data is required.
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An example of the data input appears in Figure 2-13.

GALIGE St HOFLDC VERLOC RADIUS LENGTH AXDIST
66.0 8.25 69.0 5.0 500.0 840.0 600.0

LALKHT FOOTHD  STAHD HEADUD CARHT  CLEAR WLKCLR
4.0 a1.0 78.9 20.0 25.0 5.0 2.0

TRDCLR ENCRCH ACOUST MAXHT CARWD
S.n 3.0 1.5 105.0 140.0

OPTIOM HUMBER ONE
|

OPTION THIE DATA
-67.0 0.0 ~70.0 43.0 -67.25 83,0 -60.0 75,0 -48,0 100.5

RETURN OPT|ON-RETURN
99 !

GAUGE SE HDFLOC VERLOC RADIUS LENGTH AXDIST
66.0 0.0 69.0 5.0 500.0 840.0 600.0

WALKHT +OOTHD STAND HEADWD CAPHT CLEAR WILKCLR
24.0 =24.0 78.0 20.0 25.0 5.0 2.0
TRDCLR ENCRCH ACOUST MAKHT CARWD
5.0 3.0 1.5  (05.0 140.0

DPT{ON NUMPBER THO
a

WEB WEEB  HEES  SIDSLP TOPSLP CUORRAD
134.0 140.0 43.0 ct.0 0.1 c4. v

PETURN DPTIUN-END
00

Figure 2-13. Data Input



2.3 OUTPUTS

The program will first print out all the input data. Then,
the values calculated through the program will be listed.

In the output of the calculated values, an H and a V will be
listed. These are the horizontal and vertical distances from the
control point to the center of the circle defining the tunnel.
The control point is defined as the intersection of the axis of
symmetry of the car and the horizontal line tangent to the top of

the low rail. (See Figure 2-14.)

2

CAR UNDERGOING
SUPERELEVATION

CENTER POINT
OF TUNNEL

11!

CONTROL
POINT

Figure 2-14. Outputs
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3. DEFINITION OF VARIABLES

This section, in conjunction with the flowcharts (Section 4)
and the Program Listing (Section 5), is intended as documentation
for computer programmers. A list of definitions of the variables
used in the tunnel diameter computer program is presented in
Tables 3-1 to 3-4. References are given to figures in Section 2
(the User's Manual) which illustrates the input variables. Certain
variables used in the body of the program are illustrated by addi-
tional figures. (See Figures 3-1 to 3-7.) Special reference
numbers are also given which indicate the statement sequence num-
ber in the computer program where each variable is initially used.
These reference numbers appear under the column "REF" in the list
of variables. A brief definition accompanies each variable.

(3¢
[ 75 ]



TABLE 3-1. DEFINITION OF VARIABLES, MAIN PROGRAM
SYMBOL FIGURE NO. REFERENCE DEFINITION
GAUGE 2-1 1 Gauge of railway
SE 2-2 1 Superelevation
HORLOC 2-3 1 Horizontal location of contact rail
VERLOC 2-3 1 Vertical location of contact rail
RADIUS 1 Radius of track curve, in feet.
LENGTH 2-4 1 Overall car length
AXDIST 2-4 1 Distance between center of tracks
WALKHT 2-5 2 Height of walkway above adjacent rail
FOOTWD 2-5 2 Minimum width of walkway
STAND 2-5 2 Height of walkway envelope
HEADWD 2-5 2 Width of top of clearance envelope
CARHT 2-6 2 Height of clearance envelope above rails
CLEAR 2-7 2 Amount of construction clearance
WLKCLR 2-8 2 Walkway envelope clearance
TRDCLR 2-9 3 Walkway tread clearance
ENCRCH 2-9 3 Max.walkway envelope encroachment
ACOUST 2-10 3 Acoustical thickness
MAXHT 2-11 3 Maximum height of top of car
CARWD 2-4 5 Maximum width of car
J 2-11, 2-12 Determines option in use:
J = l-option 1
J = 2-option 2
Pl - 7 3.141593
WEB 10 Width at the bottom of the clearance
envelope
WEES 10 Width of clearance envelope at
extreme side
HEES 10 Height of WEES
SIDSLP 10 Slope of upper left side of the car
TOPSLP 10 Slope of the left top side of the car
CORRAD 10 Upper corner radius. (See Fig. 3-1)
XLC,YLC 15-20 The symbols XLC, YLC, etc. are used
XLS,YLS in reference to the clearance envelope
SLCNR,YLCNR of the car. The X and Y refer to the
XRC,YRC X&Y coordinates of a point; L is
XRS, YRS left sice of the car, R is the right
XRCNR,YRCNR side. C refers to the lower corner,
S to the extreme side, CNR to the
center of the circles defining
the upper corner circles. This
convention will be used throughout
the program. T is center top
point. (See Fig. 3-2)
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TABLE 3-1. DEFINITION OF VARIABLES, MAIN PROGRAM (Continued)

SYMBOL REF. DEFINITION

Q1,Q2 21,23 Q's are used to denote the slope
of various lines used throughout
the program

B1,B2 22,28,32 B's are used in the program to
denote the Y intercepts of various
lines. Thus lines will be defined

by Y=QXX+B

Q! 21 Slope of the upper left side of
the car

Bl 22 Y intercept of the line describing
the upper left side of the car

Q2 24 Slope of the left top side of the
car

B2 24 Y-intercept of the line describing
the left top side of the car

X1 25 X-coordinate of the point of inter-

section of the upper left side and

the left top side lines

Yi 26 Y-coordinate of the point of inter-
section of the upper left side and

left top side lines

Q3 27 Slope of the line that bisects
the angle between side & top
lines
B3 28 Y-intercept of the bisector line
R 29 Corner Radius
X2,Y2 30,3t Intersection point of the side line

and the X-axis. This is the
starting point for the binary
search. (See Fig. 3-3)

B4 32 Y intercept of a line perpendicular
to the side line through the point
X2,Y2

Xb,Yh 33,34 Point of intersection of the bisector
line and the perpendicular line

D 35 Distance between (X2,Y2) and
(xb,vh),

2



TABLE 3-1 . DEFINITION OF VARIABLES, MATN PROGRAM (Continued)

SYMBOL REF. DEFINITION

X2,X2 38,39 New starting point

X3,Y3 42,43 The point midway between
(x1,Y1) and (Xx2,Y2)

Bh Ly Y intercept of the line perpen-
dicular to the side line through
the point {X3,Y3)

Xh,vh 45,46 Point of intersection of the bisector
line and the perpendicular line

D 47 Distance between (X3,Y3) & (X4,Yh)

(See Fig. 3-3)

XLCI1,YLCI 62,623 Storage for XLC and YLC

XRCI,YRCI 626,629 Storage for XRC and YRC

A,B,C 74-76 Used for the calculation of
END and (D

RD 77 Radius of Curve in inches

1D 78 Overhang of the middle of the car

END 79 Overhang of the end of the car

TXLC,etc. 91-1019 The translated coordinates
of the various points of the
clearance envelope. The origin
of coordinates is moved to the
low point of the low rail.

K 102 Variable used to which side of
curve the walkway is on:
K=1-walkway on same side

as center of curve
K=2-walkway on opposite
side

PHI 108 Angle of superelevation

BVL 125,130 Boolean variable
BVL=1 when K=1
BVlL=-when K=2

] 126 length from low point of low
rail to end of contact rail
opposite walkway

AX,AY 127,128 (X,Y) coordinates of point A

BX,BY 134,1354,1358,137,145 X,Y coordinates of point B

cXx,cy 146,147 X,Y coordinates of point C

DX, DY 152,153,157,158 X,Y coordinates of point D

EX,EY 154,155,159,160 X,Y coordinates of point E

FX,FY 148,149 X,Y coordinates of point F

TEMP 135 The distance from the corner of
the car to the edge of the
walkway. Used to find point
B when walkway is on opposite
side




TABLE 3-1 .

DEFINITION OF VARIABLES, MAIN PROGRAM (Continued)

SYMBOL

REF.

DEFINITION

Q

B

X1

XA

X8

PSI

THETA

Vi
V2
BT

BR

XLT,YLT

XC

138
139
140

141

142

(See Fig. 3-4)
1421

1422

1423

1424
1425
1426
1427

1428,1429

(See Fig. 3-5)

Slope of the botton left side
line

Y intercept of the botton

left side line

X coordinate of the point on
the bottom left side line whose
Y valve is the height of the
walkway above the adjacent

rail (WALKHT).

One of the extreme points

that will determine the valve
of BX. This one is located

at the bottom of the walkway
Another extreme point for
determining point BX. This one
is the extreme side point of
the car.

Distance between the left side
point and the center of the upper
left corner.

The angle between the upper left
side line of the clearance envelope
and the line connecting the left
side point and the upper left
corner

The angle between the X axis and
the line connecting the upper

left corner and the left side
point.

The slope of the upper left

side line.

The slope of the line perpendicular
to the upper left side line.

Y intercept of the upper left side
line of the clearance envelope

Y intercept of the line perpendicular
to the upper left side line through
the center of the upper corner.

The coordinates of the point

of intersection of the upper

side line and a line perpendicular
to it through

the center of the upper circle.

The last critical point used

in finding BX when the walkway

is on the same side. This one

is located at the extreme upper
side point.

29




TABLE 3-1 . DEFINITION OF VARIABLES, MAIN PROGRAM (Concluded)

SYMBOL REF. DEFINITION
P 1643,1663,1683 Temporary location of the
1703 Smallest feasible tunnel
radius found.
X0,Y0 1646,1649,1666,1669 The temporary location of the
1686,1689,1706,1709 Coordinates of the center of

the smallest feasible tunnel
radius found.

D 1753 4 others Temporary storage location

of the smallest feasible
tunnel radius found.

DR(K) 1956 Smallest feasible tunnel radius
given in feet, as found under
the Kth trial

DA(K) ,DB(K), 197-202 Distance from the center of
the tunnel to each of the
points A through F, as found
under the Kth trial given

in feet.

H(K) 206 Horizontal distance from

control point to the center

of the tunnel found

V(K) 207 Vertical distance from control
point to the center of the tunnel
found. Given in feet.




TABLE 3-2.

DEFINITION OF VARIABLES — SUBROUTINE PCHK

TUNNEL — JOB NO. 10520-001

SYMBOL

REF.

DEFINITION

Q1
B1

X1,Y1

B2

X3,Y3

Xh,Yh

A,8,C

X,y

D1

D2

03
DT

XT,YT

304
305

307,308
314,3163

316

3164,3165,322,323

3166,3167
326,323

319-321
325,326

329

330

(See Fig.
339,341,343
347,350

348,349
352,353

3-6)

Slope of the line connecting
(pX,DY) and (EX,EY)

Y intercept of the line con-
necting (DX,DY) and (EX,EY)
Midpoint of the line y=Q1X+B1
Maximum distance along the
perpendicular to the line
y=Q1X+B1 that will be
considered.

Y intercept of the line
perpendicular to y=Q1X+B1

at the point (X1,Y1)

One of the starting points
along the perpendicular. This
point is at a distance R

from (X1,Y1).

The other starting point on
the perpendicular. This point
is at a distance R from (X1,Y1),
but in the opposite direction from
(x3,Y3)

Coefficient used to find the
point (X3,Y3) and (Xk,Yl)

The first point considered

for the center of the tunnel.
eventually it will be the lo-
cation of the center when the binary
search has ended

Distance from (X,Y) to the
perimeter of the upper edge of
the clearance envelope on

the D side

Distance from (X,Y) to the
point (XA,YA). Note that
(XA,YA) can be any of A,B,C

or F.

Distance from (X,Y) to the
remaining points

Storage location of the smallest
tunnel radius found to this point.
Storage location of the

Center of the smallest

tunnel found to this point




TABLE 3-3. DEFINITION OF VARIABLES — SUBROUTINE CIRCLE
§ COMP — JOB NO. 10520-001

SYMBOL REF. DEFINITION

A,B,C,D,E,F 4o2-407 Coefficients used to determine
the center and radius of the
circle described by three

points

X,Y 408, 409 Coordinates of the center
of the circle

R 410 radius of the circle
determined by the three
points

D 421 Distance from the center of

the inputed circle to one

of A,B,C, or F.

D 424,426 Distance from the center to
the perimeter of the upper
edge of the clearance envelope
on the D and E side

TRAD 429,433 Temporary location of the
smallest tunnel radius found
to this point

XTEMP,YTEMP 430,431 Temporary location of the
434,435 center of the smallest tunnel
radius found to this point

532




TABLE 3-4. DEFINITION OF VARIABLES — SUBROUTINE CHECK —
JOB NO. 10520-001

SYMBOL REF. DEFINITION

Q 503 Slope of the line connecting
(XA,YA) and (XB,YB). These
points can be from the set

of A,B,C,F

B1 504 Y intercept of the line
connecting {XA,YA) and (XB,YB)

X1,Y1 506,507 Midpoint of the line
Y=Q1X+Bl1= 1

R 513 Maximum distance to be

considered, taken on a per-
pendicular to 1 through
(x1,v1)

A,B,C ~ 518-520 Coefficients used to find
the points that are at a
distance R from (X1,Y1)

(x3,Y3), (x4,vh) 521-5227 The points that are at a
distance R from (X1,Y1)
X,Y 524,524 The point half way from

(X3,Y3) and (X4,Y4) that

is the starting point of

the binary search. When the
search is ended, it will be
the center point of the circle
D1 528 Distance from (X,Y) to the
perimeter of the upper edge
of the clearance envelope

on either the D or E side

D2 529 Distance from (X,Y) to the
point (XA,YA). Note that
(XA,YA) can be any of

A,B,C or F.
(See Fig. 3-7)
D3 538,541 Distance from (X,Y) to the
543 remaining points

D4 539 Distance from (X,Y) to the
point (XA,YA)

DTEM 547,561 Storage location of the smallest
tunnel radius found to this
point

XTEM,YTEM 548,549, Storage location of the

562,563 center of the smallest tunnel

found to this point

(93]
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TOPSLP
CORRAD

SIDSLP

—T——-——— WEES
HEES
WEB ——————tj

Figure 3-1. Input Data for Option Two

(XT,YT)

(XLT,YLT)

(XRT, YRT)

(XLCNR,YLCNR) (XRCNR, YRCNR)

(XLS,YLS) (XRS,YRS)

(XLC,YLC)
(XRC,YRC)

Figure 3-2. Reference Points of the Clearance Envelope
on the Car



Y

(X1,Y1) ‘ LEFT TOP SIDF LINE

~ SLOPE OF LINFE - Q2
- Y INTERCEPT-B2

UPPER LEFT SIDE LINE

SLOPE OF LINF
03
Y INTERCEPT-RB3

01-SLOPE OF LINE

B1-Y INTERCEPT OF ,
LINE \/

X2,Y2)

(X1,Y1)

—

(X3,Y3

(X2,Y2)

o X

(X4,Y4)

Y INTERCEPT-R4

Figure 3-3. Finding (XLCNR, YLCNR) On Option Two



FNCPCH ——o] |e@—
XC
BOTTOM
XB LEFT
STAND SIDE
LINE
l |
BY-WALKHT > /
XA _

X1_

Figure 3-4. Finding Point B When the Walkway Is on the
Same Side as Center of the Curve

Y INTERCEPT-BT
SLOPE V1

Y INTERCEPT-BR /
SLOPE V2

Figure 3-5. Finding Point XC
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o (X4,Y4)

/\
/< ul SLOPE Q1
—= 3
(FX,EY) Y INTERCEPT Bl
D1

(X1,Y1)
,—’:> (X’Y)

WALKWAY

L& (x3,Y3)

X

Figure 3-6. Finding Tunnel Center Using Subroutine PCHK

(x,v)

Y INTFRCEPT Bl
SLOPE Q1
31

(X4,Y4)
Figure 3-7. Finding Tunnel Center Using Subroutine CHECK
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4, FLOWCHARTS

This section presents logic flowcharts for the tunnel diameter
computer program (Figures 4-1 to 4-3). The program steps are
defined in block diagram form illustrating loops, logic branch
points, and input/output operations. Each block contains refer-
ence number(s) to the relevant statement sequence number(s) in the
computer program corresponding to the operations described in the
flowchart.

L
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i
FOR CLEFAR-
ANCE EN-
VELOPE

901

COMPUTE LOCA-
TION OF CLFAR.
ENVL, DATA
POINTS

15-20

FIND LINTS

DETERMINING
SIDE AND TOP OF
CLEAR. TINVL,

21-24

INTERSECTION

OF TOP § SIDT

LINE IS AT
(X1, Y1)

25,26

FIND THE LINT
BISECTING THE
ANGLT BFTWEEN
SIDE § TOP
LINES 5, ,q

PICK A STARTING
POINT ON THE
SIDE LINE
= (X2,Y2)

30,31

Figure 4-1. Tunnel Diameter Project Flowchart — Main
Program




FIND THE _L
DISTANCE FROM
(X2,Y2) TO
BISECTOR

32-35

GO TO
55

NO

\ INCREASE
THE
DISTANCE

38,39

GO TO
42

Figure 4-1. Tunnel Diameter Project Flowchart — Main
Program (Continued)
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STARTING POINT
(X3,Y3) 1/2 WAY
BETWEEN (X1,Y1)
AND (X2,Y2)

42,43

FIND L TO
SIDE LINE
THROUGH
(X3,Y3)

44

FIND INTER-

SECTION POINT
(X4,Y4) OF L
AND ' BISECTOR
LINE 45 46

I

FIND DISTANCE
D BETWEEN

(X3,Y3) AND

(X4,Y4)

47

REPLACE
BOUNDARIES:
X1=X3; Y1=Y3

52,53

A 4

REPLACE
BOUNDARIFS:
X2=X3;Y2=Y3;

49,50

Loop

A 4

54 J

A 4

Figure 4-1. Tunnel Diameter Project

WE HAVE THE
CENTERS OF TIIE
UPPER CORNER
CIRCLES

55-58

GO TO

Program (Continued)

41

GO TO
41

Flowchart — Main




Figure 4-1.

READ LEFT
SIDI: POINTS
OF CLEAR.
ENVEL.

60

SET UP STORAGE

LOCATIONS JOR
TIE DATA POINTS

62-629

SET UP A
VARIABLE
BVL=1

125

CALL
SUBROUTINE
CIRCLF

63

WIT HAVE THE
LENTERS OF THE
IPPER CORNTR
CIRCLIS

635-70

1

CALCULATE ID
AND END

74-79

TRANSLATE
X'S AND Y'S

91-1019

ROTATE
X'S AND V'S

108-122

SET UP A
VARTABLE
BVL=-1

130

1

FIND POINT A

Tunnel Diameter Project Flowchart — Main

126-128

Program (Continued)
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Yis

<
<
RY IS BY IS 10UND
[VUN] (By= Y
COORNDINATY O
POINT B)

157 134
ROTTOM CRITIC AL HE CORMIR OF
POTNT, A\, IS FHT WALKWAY MUS
tousn Bl TRDCI R ¥ ROM

CORNER OF CAR

138-141 (135-1352)

SIDI CRITICAL
POINT, XR, IS
rousp

P12
TOP CRITICAL v
POHINT TOUND

(\C)
1121-143
PICK THI MOST
NG 0 YA,
KB, XC.
145
| FIND POINT ©
146-147
PIND POINT O
148,149
s
\O
D IS ONILNIT b IS ON RiCHT
1 15 O\ RIGUT I 1S ON LEIT
157-100 152-185

Figure 4-1. Tunnel Diameter Project Flowchart — Main
Program (Continued)




FROM
1709

<
L

CAL
CHECK
DO FOR 12
CASES
174-187

~—

CALL
PCHK D0 FOR 4

CASES

190-195

FIND DISTANCE
TO ALL

GO POINTS

To 197-202

102
LOOP
"225

PRINT
RESULTS

Figure 4-1. Tunnel Diameter Project Flowchart — Main
Program (Concluded)
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DETINE THI
LINE CONNTCT-
INGO(X1,V)
AND (XB,VR)
503,504

FIND THI MID-
POINT D1 THIS
LINI, CALL 07
(\1,v1)

506,507

THE MM\ DIST,
TO CONSIDIR
15 R

515

SET LIMIT
POINTS R AW
FROM (X1,Y1) 0A
T L TO THI
IST VIS §)3:

n
M= 1, 50

PICK \ START-
ING POINT
(x,v)

524,525

T ="TTIST,
FROM (X,Y) TO
n o n2=nisT,
IF'ROM (\Y) 10

(XA 1
\s
O
ol e

s R PIACE
: A »

BOWN LIMITS OP
534,835 531,532

CHFCK TO SIT
10 ALL TH
POINTS ARE IN-
SIDI

538-544

CIFCK TO STI
IF THIS 18 THI
SMALLIST
TUNNEL

546-563

Figure 4-2. Tunnel Diameter Project Flowchart —
Subroutine CHECK
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Figure 4-3. Tunnel Diameter Project Flowchart —
Subroutine PCHK
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5. PROGRAM AND OUTPUT

This is the complete program listing, including comments.
This program has been run on an IBM 360/65 under both the Fortran
G and WAT V compilers, and is expected to run on any machine with

the WAT V (i.e., Univac, Honeywell, CDC) with few, if any, modifi-
cations.

The computer outputs are also shown in this section following
the program listing. Three cases are presented corresponding to
the BART specifications for track curvatures of 500 feet, 1500
feet, and tangent all with superelevation of zero and 8.25 inches.

The computer results fall within the BART specifications:
tunnel radii of 8.50 feet and 8.25 feet for the cases 500' and
1500" track curvature radius, respectively. A slight discrepancy
(0.19") may be noted in the computer outputs between option one
and option two results, which reflects roundoff error as well as
slight differences in estimating the corner circle shapes for option
one versus option two.
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6. PLOTTING ROUTINE

This section gives a listing of statements which can be added
to the MAIN routine to produce a computer-generated plot of the
tunnel shape, center point, top of low-rail, vehicle envelope,
and the walkway envelope. These figures can be used to give rapid
visualization of the computer printouts and to reduce drafting
costs. The routine is designed using software for a ZETA plotter
on the IBM 360/65. A special output file must be defined to hold
the data to be plotted. If the end card equals '66' instead of
'99' the computer-plot is generated. In order to visualize loca-
tion of the critical points, refer back to Figures 1-1 and 1-2.
The scale in these plots is 1 inch equals 1 yard (3 feet).
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kAN 1V b

[ )
LTS
(R
iesd
tHA
HY
190
1wl
x4
9.3
Vb
195
yb
vy !
[9°].)
9y
0o
KR!
e
Wy
e
-]
06
7
Nl
09
Y
1}
A
o
1l
1Y
b
B
18
1Y
20
21
a4l
23
TS
v 2h
S
I
28
LAY
<30
v 31
1 32
K]
RS
.35

PLOTTING ROUTINE 1 .

136

Lt vEL

l.lu
T e
Gl6
“wld
41y
420
acl
ber
G473
Ty )
42
heb
4ol
428
429
430
440
44 ]
500
Sul
wie
U
Y4
509
506
Suf
508
Sy9
51U
51l
512
513
bla
Y -}
b6
517
514H
H2u
YD
5/¢

523

100

100v

a2l MATN DATE = 74711} 09735/

FORMATC v CAR WIDTH'sT31ls *CARWND ' s THHFT.2)
FORAAT (TR UFr CARY)

FURMAT (/7«26 'UPTIUN TWU DATAY)

FORMAT (1264t =mm=== —— m—e- 'Ye/)

FOLMAT (1os " ETEMY g T3 ot SYMBOL 9 TR0 P VALUELY)
FUKMAT (16 gt =mmwt Tyt emmme= tyTH0 et mmme— ')

P Orian T (0 Wil Ub ENVELUPE ATV s T3l 'WEHYy [9HeF 1,2)
FOreAT (THe tHOTTUMY)

FOURMAT (! WIUTH OF ENVELOPE AY0sT31 9 'WEFSYsTRHF7,2)
Fhatal (Teeve XTHEME STHEY)

FORMAT (Y HFLOHT OF ENVFLORE ATYeT31 e HEESt e THHeFT7,2)
FORMAT(TATYEXTREME STDE®)

FORIAT (Y SLUPE UF STDE OF CARYsT31s'SIUSLE Y eT58,+7,.2)
FORMATLY SLOPE ub TUP OF CAR'Y T3l 'TORSI Pt eTH5RFT7,2)
FORMBAT (Y RADLIDS OF CURVATUKE ' 5131 9CORRANY 3 THOHF 142)
FORMAT (Y HEIOGHT UF WALK ENVELUPE* 3 T31¢'STANDY o THHWFT7.2)
FORMAT (Y MIDDLE OVERHANGt o T3l 9t JO e [S8aF 1.2)
FORMAT (' END OVERHANRGY 9 131 ¢ 'END s THHF 7.2)

FORMAT (11 04/9T369"COMPUTATION OF TUNNEL RADIUSYs//)
FOURMAT(LH o731 9 "WALKRWAY ON SAME SIUL*eT71e*WALKWAY ON OPPOSITE?®)
FUORMAT (T 424 'A% CENTER OF CURVE 31709 'SIDE AS CEMIFR OF CURVE?')
FORMAT(LIH o T30 ' ADIUS s TTSe *KADLIUSY)

FOURMMAT (T340t 6o 08" FTV 9T a9k 6a09? FT')

FURMAT (' TUNNEL RADLUS (FT)*eT34sF6e2sTT4sF6ele/)
FORMAT (3l o' DISTANCE TO POINTS (Fi)')

FORMAT(TOs "A=CONTACT RAILY o T34 9F 6,291 744F6.2)
FORMAT (TGO et 3~TREAD UF WALKWAY ' eT344F G201 749F0.2)
FORMAT(l6etC=HEAD OF WALKWAY V'3 T344Fh,2eT709Fh,2)
FORMAT (169 t=TOP COKNER WALKWAY 9 T344F06,29T70eF5H42)
FUORMAT (169 £ =0PPUSITE TUP CURNER'sT349F6e20l/4sF6e?)
FURMAT (Tos 'F=TOP OF VEHICLE'9T34sFbels[740F6e?P9/)
FORMAT (Il o TUNMEL CENMIER WITH )

FORMAT (' RELFECT TO CONTROL., POINT /)

FORMAT (LA o1 1aeHIIN) Yo T340F6,29T749F647)

FORMAT (1 1ae'WWIFT) 'y T3ugFb0eloTT44FA.C)

FORMAT (T34 gt mmmmmacmat 4Tyt remenana= 'y/)

FORMAT (¥ SUPERELEVATION (TNa) ' 9T349F6.29717419F60.247)
FURMAT (/o The 'NO SIGN INULCATES CENTER?)
FORMAT(Tns 10 RIOGHT UF CUNTROL POINT?)

FORMAT (/9169 '= SIGN INDICATES CENTER?Y)

FuxkMal (l6e 21U LEFT UF CUNTROL POINTY////7777)

IF (Latiew9f ‘o0T0 2

If (L eEuwahh) GOTO HUO

O 100 N=14360

WINI=DeSIN((wer1) /180) § TUNNEL CIRCLE

() =DHCOS (NPT ) Z7180)

CUNT I NUE
G1=SGRT((XT=XLCNR) ® (AT=ALCNR) ¢ (YT=YLCNR) ® (YT=Y]I CNR))
PesARSIN((CORRAL) /GL)

WOs(YT=YLCMR) Z (XT=XLUNR)

P3=ATAN(WY)

bz TAN(P 3=P2)

Ht 2y [ =i.h&x|

Wi==1/7u6
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FOrIKAN Iv U LEVEL

0u37
0438
0439
@)
N4y ]
[(Y7Y4
0443
Ufhinéy
044Y
Qane
Nanu?
044R
0ein'd
nas0
N4 1
0ahe
6% 3
Nabae
0455
0456
0a%7
[1X3=11]
0459
0460
Nae6l
na6/
0463
G464
0465
1466
Qa6
046l
0469
0a70
Cal)
nul
Qall
04ul4
0475
04l6
nnlvy
nNgn
Naly
04dy
04an]
(X rd
04aRr3
UAHQ
DanbH
04K0
0ud’
(VY16 ]
0uyYy
0490

1oy

1100

2l AN DATE = J42]]

R /=YL CNR=0T7 % XL CNR
XTL=(H6=H2)Y /7 (QT=06)

YIL=WA"AT|.+H6

ANGLL=TNT ((=V2H#]1H0) 71 [+90)

DO 1050 M=19ANGL]
nxt(n):-cuuRA0~SIN(((ANuLl-N)upl)/laa)on(Jue}_th;EgPPER
Are i) =CORRPAD#CUS ( ( (ANGLI=N)#P]) /1RU) ¢ YLCHNR
Corvl JNUE CIRCLE
OP=LURT ((XT=XRCNR) # (X[ =XKCNR) ¢ (YT=YRCNR) # (YT=YRCNR) )
Pa=ARS [N (CORRAD/G?)

POEATAN((YT=YRCNK) Z (AT=ARCNR) )

SLOPL=1AN(PS=F4)

YINTI=YT=SLOP1&#XT

SLOPZ==1/SL0F1

YT 2= YRCHR=SI.OP 2% AR MR

ATRS(YINTLI=YINTZ)Z (S5LOPZ=SLOMF])

TIR=SILOPLUXTR+YINT I

GI=SORT ((XRS=XRUNR) # {XRS=XRCNR) ¥ 'YRS=YRCMR) % (YRS=YRCNR) )
Pa=ARSTH(CORRADZ:3)

PT7=ATALC(YRS=YRCNR) Z (XRS=XRCNK ) )

SLORPI=TAN(PT=Po)

ALDP4=PT/2=ATAN(=1/5L0P3)

ANGLZ=TNT ((ALOP4#180) /PL)

DO 1100 N=)9ANGLZ

AME () 2CORRADH#SIN( (N#FT) /1A0) + XKCNR gég“ERUPPER

ANE () =CORRAD*CUS ( (N*P 1) /180) « YRUNK CIRCLE

COUNTINUL

TRCA== (HORLOC=GAUGE Z2) 4COS (Fil] T
TRCY == (HORLOC=GAUGE /Z) #SIN(PHI)
TROA=VERLOCHSIN (PH]) ¢ TRCA
TROY==VERLOC#COS(PHL) +TRCY
TREA= (P#HORLOC)Y #COS (PHI) « IRLA =  RAIL
THE Y= (2¥HORLUC) #STN{(PH]) + TRUY :
TREA=Z=VERLOCHSTN(PHL) + TRE X
TREY=SVERLOC#COS (PHI) + IREY
CaLtl PLOTE (3048)

CALL UIFSFET(00036e9Ueelba)
CALL PLUT(4e69To9=3)

cacl LINE(W(L) 02()) 03609190041 2) DRAW TUNNEL
CALL SYMBUL(OesUeselo3slas=1) PUT + AT CENTER
CALL PLOT(=XUs=YO 9=} 4)

CaLl STMBOUL(0esUasalodslUea=1) PUT + AT ORIGIN
CALL SLINE

CaLL PLOT(XLCeYLCoe13)

Cnall PLOTIXLSyYLSe+1d) DRAW LEFT SIDE OF CAR
CALL PLUL (AL ToYLTysl2)

CaLll CLAINF
CALL PLOT(AXE(1) eAYE (L) vel2) DRAW LEFT
CALL LINE CAXE (1) 9AYE (1) v ANGL Lol ol y+12) CORMER OF CAR

Cal L. SLINE

CALL PLUOT(XTeYTe+12)

caLL Plur(AMEtl),ANh(l).oléx} DRAW TOP OF CAR

CnlL CLINE )

CALL LINc(AME(l)vANt(l)vANGLeyl.Dq‘IZ)} DRAW RIGHT CORNER
OF CAR
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FORTRAN IV O LEVFL 2] AN DATE = 74211

0491 CaLL SLInE
T CALLL PLOT(XRSsYRSe+l?)
0493 CALL PLOT (XKUoYRGy#1¢) COMPLETE CAR

BN Call HLOT(ALCoYLCyel2)
wa9sh CALL FLOT (HAsBYs+13)
049t FOOYTXsBX+E OO0 TWhoesVEL
ne97 CALL PLULFUUTAspYe+12) DRAY
0494 . STalY=HY «STAKD WAL KWAY
0499 CALL PLUTC(FOUTAsSTANY y+12)
Ly HEDX=H OO X=HE ALWDHREBVL
0501 CALL PLUT(HLDX oS TANY 9 +12)
0%9¢ CALL PLUT(OsUs*13)
0504 Calll, PLOT(TRCATRGY 9 ¢12)
N4 06 CALL PLOT(TKRDXsIRUYs*12) DRAW RAIL
0305 CALL PLOT(TREXsIREYe¢}2)
0hu6 CALL HLUT(TRE X9 IRFYs¢l2)
S0/ CALL PLUT(sus+l2)
nLos CALL SYMBUL(=2ev=Pesel s 1SHSUPEREL EVATION=904915)
05u9 CALL NUMHER (99949999, 9.l 95Ee0492)
ns510 o Call, SYMBUL (9994999904 Lo 3HING s 9 )
nsll | o CALL SYMUOL (1439999 0sls 13HTRACK RADIUSE 04 013)
0512 . Catl NUMHFR(Y99, 999969, Ly RAUTUS U, 0 0))
RS — CALL SYMHOL (Y994 999949 e 19 3HF To 9 0e 9 3)
0914 3 CALL SYMHOL (=Pe9=2e59. 19 12HTULNFL DIAe=+04912)
0b15 D0LAM=2#DR (K)
04hle CALL NUMHER (9994 9999¢ s LoDIAMs U, 92)
0517 CALL STYMBOL (99909999 ¢ v e Lo 3HF T 900 9.3)
0h 1k CALL SYMHOL (=2e9~369a1 926HDISTANCE 1O POINTS IN FEFTe0,026)
pE1Y CALL SYMBOL(=2e9=3e250¢l s2HA=sU,92)

20 CALL NUMHER (Y999, 999991 9DA(K) 00,4 42)
nh21 CALL SYMBOL (=249=3.5Us,192HbB=90,¢)
nSee CALL NUMBER (9994 999% 49, LoDBE(K) s 0o 92)
01523 w | Cabl. SYMROL (=2es=3a759el92HC=90,92)
0524 Z ] CaLL HUMBEW (999, 999909 ¢ )1 sDCUIK) 304 42)
0525 2] Cakl. SYMUBOL (=2es=44000 e Ly 2HD=00,42)
05¢6 — | CALL MUMHFR(99Y.9999¢9¢LsDD(K) 90492)
0527 1 CALL SYMHOL (=Ze9=bec9vel 92HE=~00,42)
nH2H CALL MUMHER (Y99, 999904 leDE (K) 4049 2)
0529 CALL SYMHUL (=2e9=bo5Ure)l92HF=40,42)
0930 CALL NUMHER (99949999, 9, LoDF (K) 90402}
0531 “TALL Pk
0542 | CALL EXIT
0533 BUL STur
0544 END
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SEE FIGURE 1-2
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