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FOREWORD

During the past decade the electronic conputer has played an ever increasing role in
H ghway Engi neering, especially in the field of Bridge Design. The great notivation for
this role was the National Interstate H ghway Act passed in
1956. The inpact of this new system of super highways with their conpl ex interchanges
created the need for a new approach in the design and construction of highways. The high-
speed el ectroni c conputer has proved to be the answer, particularly in the solution of
bri dge geonetry.

Before the conputer age, the geonetry of a bridge was a major factor used to
determne the location and type of structure. The vol um nous anount of conputations
required for the georetric solution of curved bridges in transition often made it nore
feasible to use an otherw se uneconom cal straight bridge. Usually the time required for
the geonetric conputations proved to be greater than the tinme required for design. Today,
t he computer has assunmed the geonetric burden-and much of the design al so-and thereby
freed the Engi neer fromthese tinme-consum ng tasks. The Bridge Engi neer, using the
conputer as a design aid, can devote nore of his time to the econom cs and esthetics of
design. This time saving-including other areas of H ghway Engi neering-not only has
resulted in nmore econonmical structures but, in a larger sense, it will nake possible the
conpl etion of the Interstate and ot her hi ghway systens at an earlier date.

"The Geonetric Solution of H ghway Bridges" presented in this report is a problem
oriented conputer programthat can solve nearly all the geonetric requirements for the
design, detailing, and construction of highway bridges. This programis actually the third
in a series of bridge geonetry programs. The first geometry programwas witten in 1957
for an | BM 650 conput er usi ng machi ne | anguage. This program proved so successful that an
effort was nmade i mredi ately to apply data processing to other areas of Bridge Engi neering.
The second geometry program witten in 1963,was a conplete revision of the first program
however, many inprovenments were incorporated into the new program The | BM 1620 conput er
was being used at that tine, so the conputer oriented Synbolic Programm ng System | anguage
(SPS) was used. Now the program has been rewitten in Fortran |V programi ng_| anguage.
Agai n, the program has been nmade nore versatile with revisions and additional features. It
is significant to note the evolution of the programm ng | anguage with each succeedi ng
conmput er generation. This, however, is not the ultimate geormetry program Al though the
pace at which data processing has been applied to H ghway Engi neering has exceeded the
expectations of a decade ago, the surface appears only to have been scratched.

"The Geonetric Solution of H ghway Bridges" conputer programis nore commonly
referred to as the "Skewed Bridge" program primarily for the sake of brevity. In fact,
this is the nane that is shown on the input data formand in the output data of the
program

This wite-up is primarily a user's manual and does not include flow charts,
a programlisting, nor a conprehensive report on the method of solution. However, the
met hod of solution is discussed in general terns so that the user will be able to get a
general idea of the nethod of solution used by the program Since a source deck can be
obt ai ned by request, a programlisting can be obtained by listing or conpiling the source
deck. Also, since the programis witten in Fortran |V programing | anguage, and contai ns
numer ous comrent cards that describe the programfunctions, the flow charts are not really
essential in order to understand the procedure of the program sol ution



The reader is assuned to be famliar with the standard term nol ogy of H ghway
Engi neering, and such terns as Station, Superelevation, Transition, Survey |ine, Degree-
of -Qurvature, etc., will not be defined in this report. It should be noted that the term
“"Mainline" as used in this report is synonymous with the survey line, and the term"Bent"
is used to designate a substructure unit, i.e., pier, abutnent, etc.

This report, then., explains in detail the functions of the programand how the
program can be effectively applied in order to solve the geonetric requirements of a
hi ghway bri dge.

denn H Sikes
Atlanta., Ceorgia
Sept enber 16, 1968
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| . PROGRAM ABSTRACT

TI TLE: THE GEQVETRI C SOLUTI ON OF Hl GHWAY BRI DGES

AUTHOR: G enn H Sikes
H ghway Bri dge Engi neer

PURPOSE/ DESCRI PTI ON: The purpose of this programis to solve the geonetries that are
required in the design, detailing and construction of highway bridges and, thereby,
relieve the Engineer of this tinme-consum ng task and, in addition, renove the geonetric
l[imtations in the design of bridge structures. The program sol ves the geonetries by
intersecting a series of longitudinal lines, that run basically parallel to the bridge,
with a series of transverse lines that lie basically across the bridge. The conputed data
(including the finished grade el evation) at each intersection point is reported as the
out put data. The longitudinal lines may be conposed of beans, gutters, curbs, railings,
etc., whereas the transverse |ines can be bents, centerline bearings, diaphragms,
construction joints, splice points, etc. The input data is entered on forns provided for
t he Engi neer.

METHOD OF SOLUTION: The bridge is oriented on a user-defined coordinate systemof X and Y
axes. The longitudinal and transverse lines are set up in equation formand intersected by
conmputing the solutions of sinultaneous equations. The data given in the output at the

i ntersection points of the longitudinal and transverse lines is conputed using the basic
concepts of analytic geonetry.

RESTRI CTI ONS/ RANGE: The bridge may be located in one, two or three conbinations of

hori zontal curves and tangents. The horizontal curves nmay be conmpound but not reverse
curves (work as two problens). The survey line cannot be a spiral for the purpose of
conmputing stations. Vertical alignment is limted to two vertical curves with
correspondi ng tangents. The surface of the bridge may be | evel, superelevated (wWith one t¢
six lanes in constant or transition superelevation), or parabolic. The maxi mum nunber of
longitudinal lines is thirty, and the maxi mum nunber of T-Lines is twenty per span with nc
limtation on the nunber of spans.

PROGRAMM NG LANGUAGE: The programis witten in Basic Fortran IV programi ng_| anguage
primarily to obtain conputer independency. The long form of floating-point data
representation is used for all arithmetical conputations, thereby insuring sufficient
accuracy.

ADDI T1 ONAL REMARKS: Core Storage requirenents are approxi mately 58,000 positions (bytes).
The processing tinme will vary depending on the ampbunt of input data, with the average
probl em requiring approxi mately one and one-half mnutes (IBM 360, Md. 30). All input is
from punched cards, and the output is listed by the printer. No other internediate I/0
devi ces are used.

DI RECT | NQUIRIES TGO Russell L. Chapman, Jr.
State Hi ghway Bridge Engi neer
State Hi ghway Departnent of Ceorgia
#2 Capitol Square
Atl anta, Ceorgia 30334
Tel ephone No. 688-5201, Ext. 371



1. DESCRI PTI ON OF PROGRAM

"The Geonetric Solution of H ghway Bridges" is a problemoriented conputer program
that can be used effectively to conpute the geonetric requirenents for the design
detailing and construction of highway bridges. Actually, the programis not linmted to
hi ghway bridges since the geonetry of railroad and pedestrian bridges is easily solved by
this program The geonetric solution of a problem fundanentally consists of intersecting

a series of longitudinal lines that run basically parallel to the bridge, with a series of
transverse lines that run basically across the bridge. Actually, the transverse |ines may
be series of points (centerline of bearings, etc.) located on the |ongitudinal |ines

(beans, etc.) and do not necessarily have to lie on a straight line. At the intersections
of the longitudinal and transverse |lines, the program conputes the foll ow ng types of
dat a

St ati ons

The station of each intersection point conputed by the programis given in the
output data. In addition to the station, the output data will contain the radial or
per pendi cul ar di stance fromthe point to the survey line. This distance, together with the
station, conpletely locates each intersection point for the Engi neer

El evati ons

The el evations conputed by the programat the intersection points are finished grade
el evations, i.e., top of bridge surface elevation at the intersection points. These
el evations which are essential in all phases of Bridge Engineering forman inportant part
of the output data of each problem

Di stances and Lengths

The di stances or |engths between intersection points neasured al ong the |ongitudina
and transverse lines are conputed by the programand listed in the output. This
information is of considerable benefit in the detailing process.

Angl es

The angl es between the | ongitudinal and transverse |lines, or skew angles, are
conputed by the programand listed in the output data. These angles can also be of
consi derabl e benefit when detailing the bridge

Coor di nat es

The X and Y Coordi nates of each point of intersection are conputed by the programin
the solution of the longitudinal and transverse |line equations in order to conpute the
af orenmenti oned data. These coordinates are the result of the orientation of the bridge on
a system of coordinate axes in order to facilitate the solution of the problem

BRI DGE LAYQUT

In order to solve the geonetric requirenments, the bridge nust be placed on a
coordi nate systemof X and Y axes. After the Engi neer has defined the orientation of the
bridge in the input data, the longitudinal and transverse lines can be set up in equation
formby the program and the solution of the problemthen becones basically one of solving
si mul t aneous equati ons.



Bri dge Location

The location of the bridge on the coordinate systemis defined by a Di stance, Angle,
and Station. In addition, the range or extent of the problemis controlled by the Limting
Stations, i.e., a protection feature. The data used to define the location of the bridge
is shown in the sketch below. Note that by varying the D stance, Angle, and Station, the
bri dge can be placed in al nost any position on the coordi nate system However, the
| ocation of the bridge nmust be defined so that the survey line does not pass through the
origin. Note, also, that the portion of the coordinate systemin which a program sol uti or
is valid is designated in the sketch

Station

450
Angle ¥

7
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Hori zontal Alignnment

The horizontal alignment is defined by giving the degree-of-curvature of each range
of horizontal curve, and the P.C. and P.T. Stations that separate the range of the curves.
The program has the capacity for three ranges of horizontal curves and tangents.

Following is a list of the possible conbinations of tangents and circul ar curves that my
be used to define the horizontal alignnment.

One Range
1. Tangent

2. Curve

Two Ranges:
1. Tangent - Curve

2. Cur ve- Tangent
3. Curve-Curve (conmpound curve)

Thr ee Ranges:
1. Tangent - Cur ve- Curve

2. Cur ve- Tangent - Curve
3. Cur ve- Cur ve- Tangent
4. Tangent - Curve - Tangent
5. Curve- Curve-Curve
A tangent is defined as a curve with a degree-of-curvature equal to zero

The horizontal alignment defines the line that the stations are neasured al ong,
commonly called the survey Iine or mainline. Only one survey line can be defined with
each problem and that survey line nust be a tangent (straight), circular curve, or a
conbi nati on as shown above. The program has no provision for a spiral survey line,
al t hough the longitudinal |ines may be defined as spirals (curve taper). The horizonta
al i gnment may be conposed of conpound curves; however, the program has no provision for
reverse curves. This presents no problem however, since a bridge on a reverse curve can
be solved by dividing the bridge at the point of reverse curvature into two probl ens.

The program solves a problemwith a curve mainline regardl ess whether the mainline is
curving to the left or right. Actually, the solution of the problemis independent of the
direction of the curve since a left curve is a mrror image of a right curve, and vice
versa. In the sketch on the follow ng page, a right curve is shown at the top and a |eft
curve is shown at the bottom Note that the direction of the plus and m nus Y-axis has
been reversed in the sketch of the left curve; and, in addition, the positions of the
normal ly first and fourth quadrant have been interchanged. |If the sketch is rotated about
the X-axis and viewed fromthe back, the left and right curves will appear to have
reversed their direction. |In other words, when a right curve is viewed from underneath it
appears as a left curve. Therefore., since the direction fromwhich a bridge is viewed has
no physical effect on the alignment, the solution of the problem should be-and is-
conpl etely independent of the direction of the curve.



Vertical Alignnent

In order for the programto conpute the elevation of the various points on the
bri dge, the vertical alignnment (G ade Data) nust be defined as part of the input data.
The bridge may be entirely on a tangent (constant slope), partly or wholly in a vertica
curve, or occupy a portion of two vertical curves. The Grade Data consists of the |engths
of existing vertical curves, slope of the tangents, station and elevation of an origin
point, and the stations at which the tangents intersect to forma vertical curve.

The vertical alignment defines the profile grade Iine which is also referred to as
the pivot point line. 1In contrast to the limtation of the horizontal alignnent to one
survey line, the vertical alignnment may consist of two pivot lines provided the bridge
cross section is nmade up of superelevated |anes. However, the two pivot |ines have the
same el evation, and both are defined by the vertical alignment input data. This nakes it
possi bl e for the Engineer to set up so-called twin or double bridges as one problem
(rather than solving the bridges individually) provided, of course, that the vertica
alignnment is the sane for both bridges. Following are the three possible variations in the
vertical alignnent.

1. Tangent
2. Tangent - Cur ve- Tangent
3. Tangent - Cur ve- Tangent - Cur ve- Tangent

It should be noted that any of the tangent portions nay have a zero | ength (range).
Following is a sketch showi ng the vertical alignment.

\ { i
Elev. P.V.I. Z '

P.V.I. 2 Station



Bri dge Cross Section

The "Skewed Bridge" conputer program provides for three types of bridge cross
sections: superelevation |evel, and parabolic crown. The user nust define one of these
types in order for the programto be able to conpute the finished grade el evations. No
ot her type of cross section is allowed by the program

The program has the capacity for one, two, or three | anes of superelevation with
each pivot |line when the bridge is superelevated. The |anes of superelevation nust be
defined, and the rate of superelevation for each |ane given, as part of the input data.
Each | ane of superel evation nust have a constant wi dth throughout the range of the bridge;
however, the width and rate of superelevation of any |lane is conpletely independent of any
other lane. One of the nost inportant functions of the programis the ability to conpute
fini shed grade elevations within a varying rate of superelevation, commonly called tran-
sition. Like the width and superelevation rate, the transition of any superel evated | ane
is conpletely independent of any other |ane.

The program has the capacity to conpute finished grade el evati ons when the roadway
surface is a parabolic crown. However, a parabolic crown cannot be defined in the same
probl em wi th superel evated | anes, and only one parabolic crown is allowed per problem

In lieu of the superelevation or parabolic crown, the bridge cross section can be

defined as level. 1In this case, the programignores the crown corrections, and the
el evations given in the output data will be profile grade el evations.

LONGITUDINAL LINES

The beanms, gutters, curbs, railings, structure lines, center lines, etc., of the

bridge are defined in the input data as |ongitudinal |lines. These |ines my extend

t hroughout the range of the problem or the longitudinal [ines nmay be defined for one or
nmore particular spans. In other words, the longitudinal lines my vary from span to span
A m ni mum of one longitudinal |ine nmust be defined in each problem The nmaxi num nunber of
longitudinal lines is thirty. There are ten types or codes by which the |ongitudina
lines may be defined. These will be discussed in detail in the section on "Preparing The
| nput Data".

TRANSVERSE LINES

The bents, substructure lines, centerline-of-bearings, diaphragns, splice points,
construction joints, etc. of the bridge are defined as transverse lines. These transverse
lines are defined in units of a span; that is, a span will consist of two transverse |ines
representing the two bents defining the span and a nunber of transverse lines within the
span. The nunber of transverse lines may vary from zero to twenty per span, excluding the
two bent lines. There is nolimt on the nunber of spans that may be defined in a
probl em



USI NG THE PROGRAM

The Engi neer can effectively use the "Skewed Bridge" conputer programin the

prelimnary and final design of a bridge. |In the prelimnary phase, stations, skew
angl es, distances, etc., that are unknown can be conputed by the programto assist in the
prelimnary layout. |In the final design phase, the I engths of beans and di aphragmns,

position of diaphragns, elevations for deternining beam seat el evati ons and many ot her
types of pertinent data can be conputed by this program thereby assisting the Engineer ir
the design and detailing of the bridge. 1In the construction phase, the Engi neer can
easily use the programto obtain the elevations used to set the construction forms, etc.

It is inmportant to note that any bridge nay be set up as a nunber of separate
probl enms and processed at different tinmes. For exanple, the geometric requirements in the
design stage are quite different fromthe geonetry that an Engineer requires in the
construction of the sanme bridge. However, it is usually nore beneficial to have all the
geonetric requirenents in the design process conputed in a single run of the problem
Later, the Construction Engi neer can conpute his geonetric requirenments in another run of
the probl em

The information required by the programin order to process the problem nust be
given by the Engineer on a set of input data forms. First, it is inportant to determ ne
all the different types of information the user desires the programto conpute. This may
elimnate the possibility of having to run the problemagain to conmpute data not included
in the first run of the problem Next, the input data required by the programto conpute
the desired output nmust be determ ned. This involves choosing the nunber and types of
| ongi tudi nal and transverse lines, etc. Finally, this data nust be entered on the input
data fornms and forwarded to the Data Processing Center

The output data which contains a listing of the input data is fully edited with
nunmer ous headings for ease in interpretation. The accuracy of the output data depends
directly on the accuracy of the input data. That is, if an error is nade in the input
data, it surely will result in erroneous answers appearing in the output data. It cannot
be overenphasi zed that the entire i nput data should be thoroughly checked before
processing, and it is suggested that the input data fornms be conpared to the listing of
the input data that is given in the output data as a further check
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METHOD OF SOLUTI ON

The geonetric solution of a problemis based on the concepts of analytic geonetry,
coordi nate system |ine equations, etc. The program solution has three basic

functions and following is a discussion of each function.

1.

Comput e Li ne Equati ons.

The mainline, longitudinal lines and transverse lines are set up in equation
formby the program Three basic types of line equations are used to describe these
lines: straight, circular curve and spiral.

Strai ght Lines
The equation of a straight line is set up in slope intercept form

Y =MX+B

Where "M is the slope of the line and "B" is the Y-Coordi nate of the point where
the line crosses the Y-axis.

However, if the absolute value of the slope (M is greater than one (1), the
equation of the straight line is in the following form

X=NY+C

Where "N' is the slope of the line in r relation to the Y-axis (N=1/M, and "C' is
the X-Coordinate of the point where the line intersects the X-axis (C = -B/'M.

Circular Curve Lines
The equation of a circle is set up in the following form
(X-X)2 + (Y-Yp) 2 = R

Where "Xy« and "Yg. are the coordinates of the center of the circle, and "R' is the
radius of the circle.

Spiral lines

The equation of a spiral (curve taper) is set up in polar coordinate form as
foll ows:

R =KQ
Where "R' is the radius of the curve when a radial line is rotated an angle equal to

"Q", and "K" is a constant representing the change in radius per unit of angle
rotation.



| ntersect Lines.

The programintersects each longitudinal Iine with the transverse lines. In
addition, the nainline is intersected with all bent lines. The equations are sol ved
si mul taneously and, thereby, the X and Y coordinates are determ ned. Wen sol ving
for the intersection of a spiral and straight |ine, the programuses a process of
“appr oxi mati ons”.

Conpute Intersection Data

After solving for the X and Y coordinates, the program conputes the station of
the point and the distance fromthe point to the mainline. Using this data, the
el evation of the point can be conputed. |In addition, other distances and angles are
conputed and printed in the output data

Sol uti on Sequence

Following is a brief outline of the sequence of the program solution with coments to

i ndi cate the functions of each part of the program sol ution

1

Read and Process Layout Data (one tinme per problen.
a. Locati on Data

The coordi nates of the Reference Point Station are conputed and stored
along with the Limting Stations, Reference Angle and Reference Point Station

b. Hori zontal Data

The equation of the mainline, P.C. and P.T. Station coordi nates, and
Ref erence Angl es are conputed and stored along with the degree-of-curvature and
radi us of each range of horizontal curve.

C. Vertical Curve Data

The vertical curve alignnment is divided into ranges of parabolic curves
and tangents, and the equation of the profile grade Iine is conputed for each
range and stored for future reference

d. Crown and | ane Definitions.

If the roadway is a parabolic crown, the program conputes the
par abol i c constant and stores this constant along with the limts
and position of the parabolic crown. Wen the bridge surface is
superel evated, the program conputes the width of each | ane and stores
this data along with the position of the | anes and profile grade
lines.

e. Super el evati on Dat a.

If the bridge surface is superel evated, the rate of superelevation of each
lane is read and stored. If the bridge is in a varying rate of transition, the
rates of change of the superelevation rates are conputed for each | ane and
stored along with the stations of the breaks in the transition rates. This

enabl es the programto conpute the rate of superelevation in any |ane at any

station.



Read and Process Longitudinal Lines.

The program reads the longitudinal |line data and conputes and stores the
equation of each longitudinal line that does not vary within the range of the
problem This is repeated each tine a set of longitudinal lines is defined in the
i nput data

Read and Process Span.
The follow ng program steps are repeated for each span in the bridge
a. Span ldentification

The programreads and prints the informati on used to descri be the span
i.e., remarks, etc.

b. Bent Dat a.

The i nput data of each bent is read and printed. Then, the program
conputes the equation of each bent and intersects the two bents with the
mainline in order to find the bent station and skew angle (if this data is not
given in the input data). The bent station and skew angle are stored for
future listing.

Intersect Bents with Longitudinal Lines.

The program solves for the intersection of each bent with each | ongitudina
line. The intersection data (coordinates, angles, stations, etc.) is stored for
future reference and listing. 1In addition, the equations of the variable
| ongitudinal lines are conputed, i.e., chords, etc

Read and Process Transverse Lines in Span

The programreads and prints the input data of each transverse line in the
span. At the sane tine, the equations of the transverse lines are conputed. These
equations are stored tenporarily so that these Iines can be intersected with the
| ongi tudi nal |ines.

Intersect Longitudinal and Transverse Lines.

Beginning with the first longitudinal line, the programintersects the
longitudinal lines with each transverse Iine. After each intersection point is
found, the program conputes the various output data (station, elevation, distances,
angles). After processing all longitudinal l|ines, the program proceeds to a new span
or term nates operation



[11. PREPARI NG THE | NPUT DATA

In the follow ng discussion, refer to the blank input data forns on
pages 188, 189, 190, and 191

FORM OF | NPUT DATA

The input data required by the programis entered on four types of input forns.
Following is a discussion of each type of input form

A LAYOUT DATA (page 188). H.D. 498-D

The LAYOUT DATA nust be the first input sheet of each problem Only one sheet
of this type is required per problem The LAYOUT DATA input formconsists of the
foll owi ng i nput data

Identification

Location Data

Hori zontal Curve Data
Vertical Curve Data

Crown and | ane Definitions
Super el evati on Data

ogakLdE

B.  LONG TUDINAL LINES (page 189). H.D. 498-L

This input data formis used to define the longitudinal |ines (beans, gutters,
curbs, railings, etc.) that are to be intersected with the bent and transverse |ines
of each span. At |east one sheet of this type nust be used with each probl em

Usual Iy, only one sheet of LONG TUDI NAL LINES is required per problem
However, on sone occasions the longitudinal lines will not be continuous from span
to span (for instance, when one span has five beans and an adjacent span has six
beans), and it will be advantageous to enter a LONG TUDI NAL LI NE i nput sheet
precedi ng each span that has a different set of |ongitudinal |ines.

C.  SPAN DATA (page 190). H. D. 498-S

The SPAN DATA input data formis used to describe a span, the bents that define
the span, and the transverse lines that are in the span. One sheet of this type is
used with each span in the bridge. However, it is possible in sone cases to conbi ne
several spans of the bridge and enter them as one span, thus elimnating a nunber of
SPAN DATA input sheets. |In this case, the internediate bents can be defined and
entered as transverse |ines.



COORDI NATE | NPUT (page 191). H. D. 498-c

The COORDI NATE I NPUT form nmay be used in lieu of or in conjunction with the
SPAN DATA input forns. This type of input sheet is used when the coordi nates of the
points on the bridge are known, and the stations, elevations, etc. are desired.
Since the coordi nates must be known (conputed by sone other nethod or progran), this
type of input will have linited use.

Sequence of the Input Data

The input data forns for each probl em should be in the follow ng order:

1. LAYQUT DATA (one sheet)
2. LONG TUDI NAL LI NES (one* sheet)
3. SPAN DATA and/ or COORDI NATE | NPUT (vari abl e nunber of sheets)

*An exception has been noted on page 50.



I NPUT DATA REQUI REMENTS

In the follow ng discussion, the required input data will be described in detail and
exanples used to illustrate the data that is entered on the input forns. Refer to the
exanpl e problens for nore illustrations.

Each Iine on the input data forns represents a card; and, this witeup will refer to

the card colums (c.c.) of each line. Note that the card colum nunbers are given in the
formats (headings) on the input forms. Each position (card colum) of the input line is
for entering one character, a nunber, letter, or special character; and, a group (field)
of these positions is used to enter an item of data

A negative quantity is indicated by placing a mnus sign (-) before the first

significant digit of the data field. In the absence of a mnus sign, all quantities are
consi dered positive. The entire data field to the right of the first significant digit
should be filled in even though all the digits may be zero, i.e., the card colums to the

right of a digit or digits in a data field should not be |eft blank

The position of the decimal is shown on the input forns. Note that the deci nal does
not occupy a card columm. However, the position of the decimal nmay be overridden by
entering a decimal in the desired card colum as part of the input data. This nay be done
to enter greater accuracy in the input data

Plus signs (+) are shown in the data fields, where stations are required, to
facilitate the entering of stations on the input fornms. Note, however, that the plus sign
does not occupy a card col umm.

Stations and distances are to be given in feet to four deci mal positions unless
noted otherwise. The first digit(s) in the first card colum(s) of each input data line
is for identification purposes, and of no significance to the Engineer

LAYQUT DATA

The LAYOQUT DATA input formnust always be filled in as the first sheet of each
probl em

A | DENTI FI CATION (* in c.c. 1).

The ldentification line is used to enter any pertinent identifying remarks
about the bridge that the Engi neer wishes to head the output listing. The project
nunber, county, date, and name or initials should always be entered

Card columms 2-5 of the first line are reserved for the probl emnunber. This
space should al ways be | eft blank by the Engi neer since a nunber will be assigned to
the problemfromthe | og book of conmputer runs. The problem nunber will be
associated with any error nessages and will appear in the output listing

Any nunber of Identification lines may be used to enter renmarks, etc. However,

when an additional line (card) is to be used., the code "CONT" nust be entered in
card colums 77-80 to indicate to the programthat another Identification card is to
follow. Therefore, the last Identification [ine will not require the continuation

code. Also, if only one Identification line is used for remarks, the code "CONT" is
not required.



LOCATI ON DATA (1 in c.c. 1).

The Location Data consists of the data required to |ocate the bridge on a system
of coordi nate axes.

1. Limting Stations (c.c. 2-11, 12-21). Form xXxxX+xX.xxxx feet.

The Back and Ahead Liniting Stations define the range of the problem that
is, every point conmputed on the bridge nust lie on or between these two
stations. Both of these stations are always required as part of the input data
The purpose of the Limting Stations is to protect against errors in the input
data. For exanple, if an error is nade when entering a transverse line (or key-
punch error), the intersection of the transverse line and sone |ongitudinal |ine
m ght fall outside the Limting Stations, thus causing an error nessage and
bringing it to the attention of the Engineer. In order for this safety feature
to function properly, the Limting_Stations should be placed near the ends of
the bridge. The Limting Stations serve other purposes that will be discussed
nore conveni ently on subsequent pages. The Limiting Stations nay be of negative
magni t ude

2. Station of Reference Point (c.c. 22-31). Form Xxxxx+xx.xxxx feet.

The Reference Point Station is an arbitrary station used to orient the
bridge on a system of coordinate axes. This point is usually on the bridge;
however, this is not a programrequirenent. Wenever the bridge crosses a road,
it is common practice to use the point of intersection of the two survey center-
lines as the Reference Point.

It is an absolute programrequirenent that the Station of Reference Point

be in the range of horizontal curve two. This requirenent will be noted in nore
detail in the discussion of the Horizontal Curve Data. In addition, the
Ref erence Point nmust be on the survey centerline, i.e., mainline. The Reference

Point Station may have a negative val ue

3. Ref erence Angle a (c-c- 32-40). Form xxx deg.,Xx mn.,XX.XX secC

The Reference Angle is the angle between the X-axis and the radial |ine
fromthe origin to the Reference Point. This is an arbitrary angle that nmay be
varied fromzero (0) to ninety (90) degrees. However, in order to keep the
entire bridge in the first quadrant, Reference Angle values of zero or ninety
degrees can be used only when the Reference Point is ahead or back of the
bridge, respectively. The Reference Angle is entered by giving the degrees,

m nutes, and seconds of the angle according to the input data format. The
degrees and mnutes are entered as whol e nunbers, and the seconds are entered to
t he nearest hundredth. The Reference Angle cannot be entered in radians or

deci nal s of degrees. Although the programw ||l accept a negative Reference
Angl e, under normal circunstances the Reference Angle should al ways be positive.

If horizontal curve range two (curve that contains the Reference Point) is
actually a tangent (straight), a Reference Angle value of zero would place curve
two parallel to the Y-axis. A value of ninety degrees would orient curve two
parallel to the X-axis. If the bents of the bridge are parallel, a Reference
Angl e val ue can be entered so that the bents will be parallel to either the X or
Y-axis. This will be discussed further in the discussion of SPAN | NPUT DATA.



However, it should be understood that the Reference Angle is conpletely
i ndependent of any bent or reference |ine skew angle.



4, Di stance fromOigin to Reference Point (c.c. 41-50).
Form xxxxxx.xxxx feet.

The Reference Distance is the radial distance fromthe origin to the Reference
Point. If horizontal curve two is a circular curve, this distance need not be given
since the programwi |l automatically assign the radius of the curve to this distance,
thus placing the center of the curve at the origin.

If horizontal curve range two is a tangent, the Reference Di stance shoul d al ways
be given a value greater than zero. If a value of zero is entered, or the space is
I eft blank, the programw Il assunme a value of ten thousand feet (10,000.0000). A
negati ve Reference Distance is not acceptable. Note that the Iine fromthe origin to
the Reference Point is always perpendicular to the tangent. The Reference D stance
is actually an arbitrary distance that is used in conjunction with the Reference
Angl e and Reference Point Station to orient the bridge on a system of coordinate
axes.

Locati on Data Exanples

Three exanples of the location Data required to orient a bridge on a system of
coordi nate axes are shown on the follow ng three pages.



LOCATION DATA

EXAMPLE: 1-1. Layout Data

Thi s exanpl e shows how a
bridge is oriented on a system of
coordi nate axes. Al the stations,
di stances, etc., are assuned and
used for the purpose of il-
lustrating the Layout Data input
requirenents. Note that the mgjor
portion of the bridge is on a
tangent, and the renmmining portion
is on a circular curve. The tangent
portion which contains the najority
of the bridge will be set up as
curve two. Therefore, the Reference
Poi nt nmust be in the tangent
portion. The Reference Point will
be arbitrarily defined as the
i ntersection point of the survey
lines of the bridge and road
underneath. Note that the skewed
corners at the ends of the bridge
must be taken into account when
selecting the Limting Stations.

Ref.
25400

Point Staetion

-

_—

)

G_:

Back Limiting Station
23+00

tangent

Ref. Angle (L45° 00' 00")

//////(:T/Survey line underneath

P.T. Station 26+00

Ahead
27400

Limiting Station

3° curve

FORM OF INPUT

LOCATION DATA

‘6

P
{

R e N -z’\"

~ STATION: OF
_REFERENCE -POINT_

REF ANGLE d

DlST FR. ORIGIN Xo,v.,

S !___

7 DEG. [MIN. ~3ec. | TO Rer_RENCE PONT
SO - — Z2Z 32 EL RN X A IRV : 50
0 2:740.0.0°0,0,0] 2 5+oo 0.0 o 0l.44 510.0{010.0,0| - 5 0, o 0, o.,o o 0



LOCATION DATA (continued)

EXAMPLE 1-2. Layout Data

This exanple shows how a bridge
that is entirely on a tangent can be
oriented parallel to the Y-axis.
Note that the Reference Angle is
zero in this case. The Station of
the Reference Point is ahead of the
bridge so that all the bridge wll
lie in the first guadr ant . The
Ref erence Distance is assuned to be
1,000 feet, and the assuned stations
are shown in the sketch

Entire bridge is on

il

M

/

a tangent

(Y (Ref. Angle) =

FORM OF INPUT

LOCATION DATA

| ——

lala N TaYal

ck Limiting Station
20+00

Ref. Point Station =
Ahead Limiting Station

REF. ANGLE .«

DIST. FR. ORIGIN x.,Y:f

LIMITING STATIONS STATION OF ‘
L g:;t,,..- P BACK T . _AHEAD REFERENCE POINT ["0€c. [MIN.] sEc. TO REFERENCE RPINT !
;gfa-“ _ IZ-:‘ 22 32 3B 137 , .,5ov‘
; 1§ o ..ho O 0 0 O o l"LZ'Z*OJO.O‘O ‘O .0 X 12 12+o,‘0.0’ 10_10 LO \ JO 0 '0 QLO Lo lO | l O 0 0 O 0 O O, «,:;'



LOCATION DATA (continued)

EXAMPLE 1-3. Layout Data

Thi s exanpl e shows how the bents of
a bridge may be set up parallel to the Y- Ref. Point Station
axi s provided, of course, the bents are 20+00
parallel. In this case, all the bents are
parallel to the road underneath, which is Back Limiting
common practice. Note that if the Ref. Station 18450
Angle (a) is nmade equal to the conpl enent
of the skew angle (Q), the bents and
survey line underneath will be parall el
to the Y-axis. The skew angl e shoul d be o :
known in each case. In this exanple, a ,$'
value of thirty (30) degrees is assumed. _'57’

g

10 curve

Ahesd Limiting
Station 21+50

M

All bents are parallel to
survey line of road underneath.

Therefore, the Reference Angle (a) should

have a val ue of sixty (60) degrees. Note

that the Reference Distance is not o

required in this case, i.e., the radius .q?’

of the curve will be used as the q’évy

Ref er ence Di st ance. % = 300

\ L = Ref. Angle = 60° X

FORM OF INPUT

I LT LOCATION DATA T st
T LIMITING STATIONS . STATION OF REF. ANGLE..a. - |DIST. FR.ORIGIN-: Xo, Yl
S I o BACK ' - AHEAD'- “"REFERENCE POINT [TDEG. [MIN.] sec, |TO REFERENCE POINT|"
T z T T2 ; 22. 32 135 37 o 41\'  = P 59 .
| 812,0,0,0,0,0] L;ilé,o.o.olo.o . .2,0400,000.0] ,60]00i00.00} "\ + , v\ i



HORI ZONTAL CURVE DATA (2 in c.c. 1).

Since the bridge may be located in as many as three horizontal curves, the
Hori zontal Curve Data is used to enter the degree-of-curvature of each curve, and the
P.C. and P.T. Stations that separate the curve ranges. Note that any of the three
curves may actually be a tangent (straight), i.e., a curve with an infinite radius.

The degree-of-curvature of each range is entered on the input formin degrees,
m nutes, and seconds. Note that the curvatures nmay be entered to the hundredth of a
second. A tangent range of horizontal curve is defined by entering a degree-of-

curvature of zero (0). In actual practice, the bridge will very rarely be on three
ranges of horizontal curves, and bridges on two ranges of horizontal curves are
infrequent. The vast najority of bridges will be conpletely in only one range of

hori zontal curve. Therefore, in order to save the Engineer's tinme, it is necessary

to define only the ranges of curvature in which the bridge is |located. For exanple,
if the bridge is entirely in one curve (or tangent), only one degree-of-curvature is
required. Likewise, if the bridge is located in two curves (or curve and tangent),

it is necessary to define only two degree-of-curvatures, etc

Adj oi ni ng curves, or adjoining curve and tangent, are assuned to be tangent at
the P.C. and P.T. Stations.

If there is only one range of curvature, it mnmust always be defined as Curve No
2. In this case, Curve No. 1 and Curve No. 3 would not exist. |If there are two
ranges of curvature, one of the ranges nust always be defined as Curve No. 2 and the
other curve as either Curve No. 1 or Curve No. 3. For greater programefficiency,,
Curve No. 2 should be the range that contains the major portion of the bridge. This
is the reason that the tangent portion of the bridge in exanple 1-1 (page 17) was
sel ected as Curve No. 2

1. Curve No. 1 (c.c. 2-9). Form xx deg.,XX mn., XX.XX sec

The degree-of-curvature of curve range one should be entered in this
space. |If this curve does not exist, |eave this space blank. The begi nning
station of Curve No. 1 is assuned to be the Back Linmting Station, and the
ending station is the P.C. Station of curve range two.

2. P.C. Station (c.c. 10-19). Form xxxx+xx.xxxx feet.
The P.C. Station is the station that begins Curve No. 2 and, therefore,

ends Curve No. 1. This station is not required if only one range of horizonta
curve exists. The programw |l assign this station the value of the Back

Limting Station, i.e., the P.C. Station in this case is arbitrary. However
the P.C. Station should always be given if two or three ranges of horizonta
curvature exist. If Curve No. 1 does not exist when Curve No. 3 does exist,

the P.C. Station can conveniently be set equal to the Back Linmting Station
since the P.C. Station is in this instance an arbitrary station



3. Curve No. 2 (c.c. 20-27). Form xx deg.,Xxx mn.,XX.XX secC

This space is for entering the degree-of-curvature of horizontal curve range
two. Curve No. 2 is considered the main curve and, therefore, nust always be defined
The range of Curve Vo. 2 nust always contain the Reference Point Station that is
given in the Location Data. The range of Curve No. 2 is fromthe P.C. Station to the
P.T. Station.

4. P.T. Station (c.c. 28-37). Form xxxx+xx.xxxx feet.

The P.T. Station is the station that ends the range of Curve No. 2 and begins
Curve No. 3. If only one range (Curve No. 2) of horizontal curve exists, this station
is not required, i.e., leave blank. The programw || assign this station the value of
the Ahead Limiting Station, i.e., the P.T. Station in this case is arbitrary.

However, the P.T. Station should always be given if two or three ranges of horizonta
curvature exist. |If curve range three does not exist when Curve No. 1 does exist,
the P.T. Station can conveniently be set equal to the Ahead Limting Station since
the P.T. Stationis - in this instance - an arbitrary station

5. Curve No. 3 (c.c. 38-45). Form xx deg.,Xxx mn.,XX.XX SsecC
Enter in this space the degree-of-curvature of horizontal curve range three. |If
this range of mminline curve does not exist, this space should be |eft blank. The
begi nning station of Curve No. 3 is the P.T. Station, and the ending station is
assuned to be the Ahead Limting Station

Hori zontal Curve Data Exanpl es

The foll owi ng page contains the Horizontal Curve Data required for the three
exanples (1-1, 1-2, 1-3) shown to illustrate the Location Data
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HORIZONAL CURVE DATA

EXAMPIE 2-1. Iayout Deta
This example shows the Horizontal Curve Data requirements of Example 1l-1 on page 17.

FORM OF INPUT

Sy T T e, " HORIZONTAL .CURVE DATA - ey
RVE NO: i - L CU Vf. ‘NO. 2(Musr CONSFAIN. -THE REFERENCE POINT) CURVE NO.:3:1
TDEGIMIN.| §E’0~. w:f-‘ﬂzn ; A ; * ~mN1 st-:c PT. STATION %% DEG.|MIN. sE'cg»!~fJ
> .‘,{'“ o - : -ﬁ .; 38 40 iz . 3% %
”.’.“ ‘Y@»‘m 2 3+O 0 Q, ,,Q 0 2 6+0 0 0 0 O 0] :31{0,0(0,0.,0%0}:

- .~ - e e e s ettt e . AP ‘_._:‘____g._..i.__*«_ [ L el e e 8

EXAMPLE 2-2. layout Date
This example shows the Horizontal Curve Date requirements of Example 1-2 on page 18.
FORM OF INPUT
IR * HORIZONTAL - CURVE DATA .’ e ¢
E NO’ l i CURVE NO 2(MUST CONTAIN THE REFEhENCE PomT) CURVE NO B GH
MIN‘ K sec R o AMinl  sEC. PT. STATION K% DEG MminT “sEc.: T
.14 - -3 ‘ 70 - 22 24 28 3-0- 49 ‘42 e
'“’:: g‘!';.," "‘ﬁL‘L“"':' vids &"; O LO 0|0 oo 10 $_ 1 1 + e .u. 1 1 1;(" ' J,{ “
CoL . s ST

EXAMPLE 2-3. Layout Data
This example shows the Horizontal Curve Date requirements of Example 1-3 on page 19.

FORM OF INPUT

‘“' =" HORIZONTAL CURVE' DATA ™ ™ i

e e CURVE NO. 2 (MUST CONTAIN THE REFERENCE POINTY™Y. | GURVE-NO. 3 |1
£ Frpen sunow*# ._|peG: MinTosec. T TTRY STATION*:K IDEG.MIN.T sEC. |
v :’."E z :h‘k’ V‘ ’.A AN ‘3 R AANE ',»b. €. : zo - . o K‘—_*' i Q - se ';1.‘ - 4‘70';.. - QZ - - o 0 J!
. 2 ) ; ' e o Pk 'l"‘ '




VERTI CAL CURVE DATA
The Vertical Curve Data consists of two lines (cards) on the input form The
first line is for entering P.V.l. Stations; and, the second line is used to enter the

begi nning El evation, G ades (slopes) and Length of Vertical Curves.

1. P.V.I. Stations (3in c.c. 1).

The P.V.I. Station is defined as the station of the intersection of the
tangents of a parabolic vertical curve. These stations are required in order
to properly position the vertical curves. The P.V.l. Stations nay be of

negative magni tude. These stations should be given on the input form according
to the follow ng requirenents

a. P.V.1. Z Station (c.c. 2-11). Form xxxx+xX.xxxx feet.

The P.V.I. Z Station is not actually a P.V.I. Station, but rather the
station of the beginning of the Vertical Curve Data. Therefore, this
station nust be | ocated before the beginning of the bridge since the
programw || not conpute the elevation of a point |ocated back of this
station. In essence, this stationis the origin of the grade data. The
P.V.I. Z Station should be on a tangent grade and not within a vertica
curve. The P.V.I. Z Station is an arbitrary station and shoul d al ways be
defined by entering a value on the input form

The end of the Vertical Curve Data is assuned to be the Ahead
Limting Station.

b. P.V.1. 1 Station (c.c. 12-21). Form xxxx+xx.xxxx feet.

If a portion (or all) of the bridge is in a vertical curve, it is
necessary to give as the P.V.I. 1 Station the station of the intersection
of the two grades (@ and &) that define the first vertical curve. This
station is not required if the entire bridge is on a tangent.

C. P.V.1. 2 Station (c.c. 22-31). Form xxxx+xx.xxxx feet.

The program has the capacity for two vertical curves. |f a portion
of the bridge lies in a second vertical curve, it is necessary to give as
the P.V.I. 2 Station the station of the intersection of the two grades (&
and G3) that define the second vertical curve. This station is not
required if the entire bridge is on a tangent, nor when there is only one
vertical curve



El evation, Grades and Lengths of Vertical Curves (4 in c.c. 1).

The Grades (slopes) that define the Vertical Curve Data are given in per cent,
i.e., one hundred tines the tangent of the slope angle. Each slope may be positive
or negative. A positive grade increases the profile grade elevation as the station
i ncreases. A negative slope decreases the profile grade el evation as the station
i ncreases. The Grades can be entered to six deciml positions of per cent. A
Vertical Curve Length equal to zero is invalid

The I engths of Vertical Curves can be entered to three decimal positions. A
negative Vertical Curve Length has no neaning and, therefore, a negative value is
not permtted

a. Elevation F.V.I. Z (c.c. 2-9). Form xxxX.xxxx feet.

Enter in this space the profile (pivot point or elevation control |ine)
grade elevation of the F.V.l1. Z Station. This Elevation of the begi nning of
the grade data nust always be given on the input form The El evation of the
P.V.I. Z Station can be given to the nearest ten-thousandth of a foot (four
deci mal positions) and may be of negative magnitude

b. % Grade Z-1 (c.c. 10-18). Form XxxX.XXXXXX %

This grade (@) is the slope of the tangent fromthe P.V.I. Z Station to
the P.V.I. 1 Station. This grade should always be given on the input form |If
the P.V.I. 1 Station is not defined (no vertical curve) the requirenents of
this grade are unchanged, and this grade is then assuned to hold true fromthe
P.V.I. Z Station to the Ahead Linmting Station

C. L.V.C. 1 (c.c. 19-25). Form xxxx.xxx feet.

Enter in this space the length of the first (or only) vertical curve.
This vertical curve is assuned to be symetrical about the P.V.I. 1 Station
Leave this space blank if the grade data contains no vertical curves.

d. % Grade 1-2 (c.c. 26-34). Form XxxX.XXXXXX %

This grade (&) is the slope of the tangent fromthe P.V.I. 1 Station to
the P.V.1. 2 Station. Enter this grade only when the grade data contain a
vertical curve(s). |In the case of one vertical curve, this grade is continuous
fromthe P.V.I. | Station to the Ahead Linmting Station



e. L.V.C. 2 (c.c. 35-41). Form xxxx.xxx feet.

The I ength of the second vertical curve is entered in this space. However,
if there is no requirenent for a second vertical curve, this space should be

left blank. This vertical curve is assuned to be synmmetrical about the P.V.I. 2
Station.
f. % Grade 2-3 (c.c. 42-50). Form XxxX.XXXXXX %

This grade (&3) is the slope of the tangent fromthe P.V.I. 2 Station to

the Ahead Limiting Station and should be entered on the input formonly when the
grade data contains two vertical curves.

Vertical Curve Data Exanples

Three exanples of the input data necessary to define the Vertical Curve Data are
shown on the followi ng three pages.



VERT | CAL CURVE DATA

EXAMPLE 3-1.

In this example, the bridge is assumed to be entirely on a tangent (straight grade)
will be required are the P.V.I. Z Station, the Grade (Gl), and the beginning Elevation.

P.V.I, Z Station
18+00

|

Elev. 1000.0 —::7~

is assumed to extend to the Ahead Limiting Station.

-93-

FORM OF INPUT

B MW_VE?Q?RTK L CURVE, DATA % %

Ahead limiting Station

22+00

The only data that
Note that the grade

= p.vI Z SIA. «b  PVIISTA. | " PVI 2 STA.
;“-\A._.ﬁ:,;ga.,.g@‘o 0. o 0. SN L e
CECEVPVIZ T ".7;GRADE gm TS LVC 2 [~ %GRADE 2-3 |
Blic o000 Tzo00000 R i—;
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VERT | CAL CURVE DATA (continued)

EXAMPLE 3-2.

P.V.I. Z Station *-l
"~ 142+00

Ahead Limiting Station 4-1

L.Vv.C. 1

Elev. 500.0 j—

LOO ft.

P.V.I. 1 Stationj/

146+00

Thic example shows the required input data when the bridge is located in a vertical curve,

either partly or

wholly. Note that the beginning station of the actual verticel curve is 144+00, and the ending station is 148+00

FORM OF INPUT

-A v* AT ;}_‘)M L e ~ o VE RT lCAL quv E QATA * * s

e *15.1-,@;.,\/,1.2 STA_—_ [ VLIS~ | PVIZ STA )
13l 142:0000 . ] .1.4,640,0,0.0000 ' "4, 0y

T ECEV BVIZ [ %.GRADE -1 [ LVC 1 . . %.GRADE 1-2 | LVC?2 | %GRADEZ=a ],
j W i S OSSN | 1+ KNP ARSI || E TR T S— : 35 ; LY e 1
4] 5.00:0,0,0,0] ;= 1.5/0,0,0,0,0] 4,00.0,00] | 12:2:5:0,0:0000 v v\ vy e LR
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VERT ICAL CURVE DATA (continued)

EXAMPLE 3-3.

P.V.I. 1 Station

[ Pc VQI. Z Station
10+00
GL l; - 800 ft.
' L.V.C. 1

Z Elev. 2001.2364

This example shows the required input data when the bridge
is located in a portion of two vertical curves. Note that the
tangent portion between the two vertical curves can be zero (0);
however, the curves must not overlap.

FORM OF INPUT

R T T e e e e

VERTICAL CURVE DATA % %

sS4

PVI.Z STA. - PV.I. 1 STA. _PVI 2 STA,

"; 08

F3
3, 1,0400,000.0] 2.0+0,0,0,0,0,0] , ,3.0+0,040,0,0.0

600 ft.

P.V.I. 2 Station

30+00

v

L.v.C, 2

Ahead Limiting Station

. [ELEV. PV Z 7GRADE 2-1__| _LVC 1 —7.GRADE i-2 |

—LVC 2

_ZGRADE 273" |
42 ER S 30|

-l

19

25

2

,60,0,000

=3.0,0,0,0,0,0]

i14l2p0 1,23 64 , 1.000000] 800.000]|,-,1,50,0000



CROMN AND LANE DEFINITIONS (5 in c.c. 1)

The Crown and Lane Definitions input line is used to enter the data that is
necessary to conpletely define the type and linmts of the transverse bridge surface
(finished grade). The bridge roadway surface may be parabolic, superel evated, or
| evel (no crown correction). The input formhas two formats for reference when
entering the input data. The format used to enter a parabolic crown is the topnost
format to the left, and the superelevated format is i medi ately bel ow the parabolic
format and enconpasses the entire line on the input data form Since the required
input to define a parabolic crown is entirely different fromthe data that is
required to define superelevated | anes, the two types of roadway surfaces will be
di scussed separately. A level crown is a special case and will be discussed
separately al so

No provision is made for a circular crown; however, a circular
crown can be defined in nbst cases as a parabola with negligible error

PARABOLI C CROMWN

The program has the capacity for only one parabolic roadway crown, and al

poi nts outside the range of the parabolic surface will be leveled off fromthe edge
or extent of the parabola. The profile grade control line is assumed to be along the
crown point, i.e., apex of the parabola. The parabolic crown is assuned to be

symmetrical about a vertical axis through the parabol a apex.

Card columms 45-79 and 5-12 of the input form should be ignored since no data
is required in these spaces. Also, the Superelevation Data (6 in c.c. 1) which
follows the Crown and Lane Definitions is not required and should be conpletely
ignored. Following is the required input data for a parabolic crown.

1. Crown Code (c.c. 2-4).

In order to indicate to the conputer the type of finished grade surface
the programis to consider, a Crown Code nust be given in card colums 2-4 of
the input form |If the roadway crown is parabolic,, the Crown Code required is
"PAR".

2. Di stance From Crown To R/'L Gutter (c.c. 13-20). Form xxxx.xxxx feet.

This dinmension is the distance fromthe apex of the parabola to the extent
of the parabolic surface, usually the gutter line. The distance is nmeasured
perpendicular to the center Iline of the bridge. This distance is assuned to be
the sane for both left and right sides of the bridge and shoul d never be given
a negative value, nor a value of zero. A negative value is neaningless, and a
zero dinension indicates a | evel crown which can be defined by an easier
nmet hod



3. DR FromMinline To Crown (c.c. 21-28). Form xxxX.xxxx feet.

This dinmension is the distance fromthe mainline (survey control line) to the
apex (crown Point) of the parabolic crown. The distance is neasured perpendicular to
the center line of the bridge. This dinension nmay be negative, zero, or of positive
magni tude. Therefore, the survey line is not required to be along the crown point of

the surface. |If the distance fromthe mainline to the crown point is toward the
origin, the dinension is negative; otherwi se (away fromorigin), the dinension is
positive. Probably, in nost cases, the survey line will be along the center |ine of
the crown surface and, therefore, this dinension will usually be zero.

4. Di stance From Crown To Control Point (c.c. 29-36).
Form xxxx.xxxx feet.

This dinmension is the perpendi cul ar distance (horizontal) fromthe crown point
to a point on the parabolic surface at which the vertical ordinate (drop from crown
point) of the curve is known. This usually turns out to be the gutter line since
nost parabolic crowns are detailed at this point. This distance should never be
negative or zero

5. Drop From Crown To Control Point (c.c. 37-44). Form XXXX.XXXX inches.

This dinmension is the vertical ordinate fromthe crown point to the point on the

surface at the dinension, "Distance From Crown To Control Point". This dinension
shoul d al ways be given in INCHES. A value of zero should not be used because this
woul d define a | evel crown. A negative value will produce a concave parabol a
(sag),and a positive value will produce a convex parabola (hunp).

Par abol i ¢ Crown Exanpl e

An exanpl e of a parabolic crown roadway and the required input data is shown on the
fol |l owi ng page



CROWN AND LANE DEFINITIONS

EXAMPLE 4-1.

PARABOLI C CROMWN

Thi s exanpl e shows a typical
parabolic roadway crown and the input

data requirenments.

Note that if the

origin had been to the right of the

mai nl i ne,

the di nension fromthe

mainline to the crown point (4 feet)
woul d have been positive.
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SUPERELEVATI ON

The program has the capacity for six |anes of superelevation which are grouped into
two bands, each containing three adjoining | anes. Each band is controlled i ndependently
by a pivot line; therefore, the bands will not necessarily be adjoining. However, the
vertical curve data is the sane for both pivot lines. Three |anes are always associ ated
with each pivot line even though only one or two may actually exist. Wen the bridge is
bei ng defined as superelevated, it is required that at |east one pivot line and three
| anes be defined. |If three |lanes are not sufficient, then two pivot |lines and six |anes
nmust be defined. Each pivot line can have no nore, or less, than three |l anes. Wen |anes
nmust be defined that do not actually exist, they can conveniently be given a wi dth of
zero, thus effectively elinmnating the | anes.

The innernost (nearest to origin) band of three |lanes and pivot |ine are defined on
the left side of the input form(c.c. 5-44), and the outernost (furthest fromorigin) band
of three lanes and pivot line are defined on the right side of the input form(c.c. 45-
79). If only three | anes of superelevation are to be defined, the data to define these
| anes shoul d al ways be entered on the left side of the form even though all |anes nmay be
outside the mainline. The terns "inside" and "outside" used on the input form do not
refer to the mainline but rather to the relative position of the bands to the origin. For
i nstance both bands of superelevated |lanes may be totally inside (toward origin) the main-
line or outside (away fromorigin) the mainline.

The width and position of the |anes of superelevation are defined by giving the
per pendi cul ar or radial distances fromthe mainline to the edges of the | anes. The
di stances are negative if they are nmeasured toward the origin fromthe nainline, and
positive if they are neasured away fromthe origin fromthe mainline. Al |anes are
assuned to be of constant width throughout the range of the problem i.e., lanes with
varying widths are not allowed. However, the width of any |lane may be different fromthe
wi dth of any other |lane. The pivot line may be in any one of its associated three | anes
of superel evation; however, the pivot line nust not be |ocated outside the three | anes.

The position of the mainline relative to the two bands of superelevation is not
restricted. That is, the mainline can be outside, inside, between, or within the two
bands of superelevation. |f only one band of three |lanes is defined,, the relative
position of the mainline is |ikew se unrestricted.

Each | ane of superelevation may have a constant or varying (commonly called
transition) rate of superelevation which is independent of any other |lane. The
superel evation rates and transition i nput data requirenents are di scussed on page 42.
Following is the input data required to define the | anes of superel evation.



G own Code (cc.2-4).

In order to indicate to the programthat the crown is superel evated, this space
shoul d be left blank, i.e., no particular code is required to define a superel evat ed
r oadway.

D RTo Begin Inside S.E. (c.c. 5-12). Form xxxx.xxxx feet.

This dinmension is the distance fromthe mainline to the inside edge of the
i nnernost (nearest to origin) |ane of superelevation. This distance shoul d al ways be
given on the input formwhen the roadway i s superel evated. The innernost |ane will
be defined as | ane one (1) for the purpose of explanation, and each subsequent | ane,
novi ng outward, will be assigned a nunber in |ike sequence.

SR 1 (c.c. 13-20). Form xxxx.xxxx feet.

The"S. R 1" dimension is the distance fromthe mainline to the outside edge of
the innernost |ane (lane one) and, therefore, to the inside edge of the adjoining
[ ane (lane two) of superelevation. This dinension is always required with a

super el evat ed roadway crown and shoul d never be less then the dimension " DR To
Begin Inside S E", i.e., overlapping |lanes would result in this case. Note that if

the two dinmensions,"S. R 1" and "D R To Begin Inside S.E. are made equal, the width
of lane one will be zero and, in essence, |ane one would not exist.

Inside Pivot (c.c. 21-28). Form xxxX.xxxx feet.

This dinmension is the distance fromthe mainline to the i nnernost pivot |ine.
This pivot point nmust be in lane one, two or three. Since this pivot point nust be
within the innernost band of superelevated | anes, the "lInside Pivot" dinension

shoul d not be less than the “DR To Begin Inside S.E " dimension, nor greater than
the "S. R -3"di mension. The pivot point is that point on the superel evated surface
where the Vertical Curve Data holds true. This point or line is also comonly called
the "profile grade line". This dimension should always be given a val ue on the input
form

As mentioned before, the bridge roadway may have two pivot lines (twin bridges,
for instance). The pivot line entered here is the one nearest the origin and in the
case of only three lanes, the only pivot |line that needs to be defined.

SR 2 (c.c. 29-36). Form xxxx.xxxx feet.

The "S.R 2" dinmension is the distance fromthe mainline to the outside edge of
lane two and, therefore, to the Inside edge of the outside adjoining |ane (Iane
three). This dimension should al ways be defined, and the val ue of the di mensi on nust
never be less than the "S.R 1" dinension. If the dinensions "SR 1vand "S.R 2" are
made equal, the width of Iane two would then be zero and, therefore, |ane two would
not actually exist.



6. SR 3 (c.c. 37-44). Form xxxx.xxxx feet.

The "S. R 3" dinmension is the distance fromthe mainline to the outside edge of
| ane three. This dinension defines the outer limt of the innernost (or only) band of
superel evated | anes. The "S. R 3" dinmension can be nmade equal to the "S.R 2"

di nension to effectively elininate |ane three, but the value of "S.R 3" should never
be less than "S. R 2". The "S.R 3" dinension should al ways be defined on the input
formw th super-el evated roadways.

The preceding dinensions are required to define the position of the inner band (three
| anes) of superelevation. |f these three |anes are adequate to fully describe the roadway
surface, the outer band of three | anes need not be defined, i.e., the remainder (c.c. 45-
79) of the input data |ine should be ignored (left blank). However, sonetines nore than
three | anes of superelevation, or two pivot lines, are required to describe the roadway
surface adequately. In this case, the outer band of three superelevated | anes can be used
as follows:

7- DR To Begin Qutside S.E. (c.c. 45-51). Form xxx.xxxx feet.

This dinmension is the distance fromthe mainline to the inside edge of the
i nnernost | ane of the outer band of superelevated | anes and, therefore, the inside
l[imt of the outer band. This innernost |ane of the outer band will be |lane four
Note that |anes three and four are not adjoining |lanes. This di nensi on when defi ned
nmust al ways be equal to, or greater than, the "S.R 3" dinension previously
di scussed.

8. S.R 4 (c-c- 52-58). Form xxx.xxxx feet.
The “S.R. 4" dinmension is the distance fromthe mainline to the outside edge of
| ane four and, therefore, to the inside edge of the outside adjoining |ane (lane 5).
Thi s di stance should not be |l ess than the "DR To Begin Qutside S.E " dinension

however, the two di nensions can be made equal in order to elimnate |ane four when
desi red.

9. Qutside Pivot (c.c. 59-65). Form xxx.xxxx feet.

This dimension is the distance fromthe mainline to the outernost pivot |ine.
Si nce the outside pivot point nust be within the outer band (lane 4, 5 or 6) of

superel evated | anes, this dinmension should not be less than the " DR To Begin
Qutside S.E." dinension, nor greater than the "S.R 6" di nension.

10. S.R 5 (c.c. 66-72). Form xxx.xxxx feet.

The "S. R 5" dinension is the distance fromthe mainline to the outside edge of
| ane five and, therefore, to the inside edge of the outside adjoining |lane (lane
six). This distance should never be less than the "S.R 4" dinension; however, the
two di nensions nmay be equal in order to elinmnate | ane five.



11. S.R 6 (c.c. 73-79). Form xxx.xxxx feet.

The "S. R 6" dinmension is the distance fromthe mainline to the outside edge of
| ane six and, therefore, the outside limt of the outernpst band of superel evated
| anes. This dinmension may be equal to the "S.R 5" dimension in order to elininate
| ane six, but never less than that dinmension

For a quick check of the input data (Crown and Lane Definitions) required to define
t he superel evated |lanes, it should be noted that all dinensions, except the two pivot
di mensions, entered on the input form should be of increasing (or equal) magnitude from
left to right.

NOTE:
Super el evati on cannot be used in conjunction with Parabolic Crowns.

Super el evati on Exanpl es

Si x exanpl es of superel evation |lane orientation and the required i nput data are shown
on the next six pages. Note that the input data are also shown on the input formfor
further illustration. It is suggested that these exanples be studied thoroughly since this
is perhaps the nost difficult aspect of the programto understand.

LEVEL CROWN

If the roadway surface is level, or the crown correction for finished grade el evation
is to be ignhored, the only required input is the Crowmn Code of "LVL" in card colums 2-4.
The rest of the Crown and Lane Definitions input data |line should be left blank. In
addition,, the Superelevation Data (6 in c.c. 1) input data lines that inmediately foll ow
the Crown and | ane Definitions |ine should be conpletely ignored. Note that the nunber and
position of the |lanes of superelevation are immaterial in this instance.
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CROWN AND LANE DEFINITIONS

EANMPLE S=1. SUPERELEVATION e —  Symmetrical shout mAiclioe,

Flvat Point —\\“—"/’i—________!_____—_\\m

it e i

® ® © ®
= LB" - ] Juter band
e e a i —. 55' il
Inner band S 'ﬂ @ Iane nunker

This example shows 8 cross sectlon of the supereleveted lanes of twin bridges qb o dlvided blgawny. ‘The
dimensicng are asswned and gymmetrical about the maibline. The sctusl brldge romdwey surfoce will probably ach
exist as shown} howsver, the purpose af thie illustretion is to show the relasiive poeltion of the lane=. The
lhput deta fe ahowo below.

TOoRM OF INFPUT
CROWN AND LANE DEFINITIGNS

I e

“ JFROWNL AR TO'BEGIN - ARE EROM W TD INSIDE LAMES .
i JCODE | INEIDE SE 2R.1-%T T INSIDE PIVOT 5.R. 2 SR 3 ..
T e A < ~
B | +58,000.0] ~48.00001 ,-220000] ~200000! -10,0000

it f .. _____,I__.:__“_ﬁ
'ﬁm'ro EG!H e -_a‘_-:lz-ﬁ
FuTsiiE st
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CROWN AND LANE DEFINITIONS (continued}

EBEAMPYR 5-2. SUPERRELEVATION

The example glven here 3o o 32
shows the actual roadwmy - Flvot point
surface (gutter to guttsr) of i ) - I’/_
double bridges on a divided
highway. MNote that only three e — Ei - _18 L[
lenes are regquired to define @ : @
the roadway surfree; however, el -
ines l{wo plvot lines are in-
volved, aix lanes with the two ke - L

Plvel 1llres maet be glven. - Tand -
Iones one, four and six, how- @ @ Inner band -

ever, will be glven a zers
width sluce they do not actvally '11 @ lene number @
exist, ’

Ione five could have been defiped
88 lane Ifour or eix, and lane €two and
thres could have been defined ag lanes
one and bwo. The input data 1s shown below.

FORM OF 10207
E gy _ S _ cnowm AND LANE DEFINITIONS |
, krown] &R T BEGIN an's FROM W TO INSIDE LANES ]
- Jeope | ZINSIDE 5€ [ SR INSIDE PIVOT 5.R..2 SR 3
HE _'.‘ln_‘_? ET] s [F- Tl el L] T

B smoo00l Sse.0000l —32:0000 ~30.0000 ~18:0000

[l T | 7S = X
g - oot

SHTORAFGIN nR's Fﬂp m_m uu]’ﬁmE LANES..‘
EILI'ESI[JE EE T -




CROWN AND LANE DEFINITIONS (continued}

EXAMFIE Se3. SUPERTLEVATION

This example showe the regulred
irput datu for the case of three loenes
and one pivot 1llne. IHote thet the three
lenea are defined as the inner Leod of
superelevation, Ll.e., entered on the
lInTt pide of the lnput tform. o this
fse, there 1s no ouker band snd bhe
right side of the input form (c.c. 45-
T3} should be Lloft blenk, A1l diugs-
sione in the sKelch are m#zumed for the
purpoee of {llusirstion. The deta
entered on the input form is shown below,

Pivot Point —

— i —

127

[ = Tu Origin

FOIM OF INPUT

A
[y 18! O_ 1k _[ (1)
=} 2“' - EEI-I .
fﬂ @ Isne number
- Inner band -

ML e T " CROWN AND LANE DEFINITIONS
- . . “.'I_-_-:__\_ E . . y VM ‘# . " .
R
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I'E—ubt » IMSIQE -5:E,. . ; 5R.) |1HSIBE PINOT l N o 50, a.‘
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LWTE*M SE. . SR. 4 FTST'DE PIVOT SARE - “ SHE "
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N I T I |
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C ot S p
[y & g T
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CROWN AND LANE DEFINITIONS (continued)

EXAMPLE S5-I, BUPEIELEVATION == . Ta

The exsmpls shown here consiste of Urigin

two laneg of gupereievation totally out- Fivot point \\‘_, 3k

gide the malnlirne. Note that three lenee —_——

mast be defined (lane three will be given

8 width of zers), and these lenes should @

he consldered as the inner band for input @ —_——
purposes. lane ocne and two (shown in !
sketoh) eould have been eet up 2s lane two ‘ a0

and Lliee wlilkl lape e glven a smaw widbih. @ Lane nunber

The dote miven in the sketeh 18 shown on L&
the input form below.

1

At

Inher hand ___[ m

€y

FORM OF IHFUT

- CROWN AND LANE DEFINITIONS
. krownl AR TO BEGIN nn 5 FROM W rc- INSIDE LANES -
I [=1+7-13 INS|DE 3.E, 5.R. INSIDE_P1¥OY 5 R 2 . 5R 3 !
T 2.:_; 15 : . : iX i kL] L b : ]
8. [ 20,0000]. 48.0000 , 34,0000 , 640000 , 60.000.0l
'Te.n".r.u BEG.I_N AR'S FRI‘JM N TO DUTEIDE .LAHES- gy ]
QUTSIDE 5E, ‘R 4 . OUTSIDE PIVOT JOL

i ; Fi |.Iii
lj-ﬁl-ll". lll_l.l' Ll & | 1 |



CROWN AND LANE DEFINITIONS (continued)

EXAMPLE 5«5. SUPERELEVATION

lhe exanple shown here zonsiets of only onc
lene of superelevallor, However, the program
requires that a minimun of thpee lanes be delined.
S0, lanes one and three will be given a width of
2ero. Nobe that lene two could have been defioed
g lane gne or lene three. The outer beand of super-
glevaled lanes is not required in this example.

@ Iane number "‘4

To Origin - |

34"

& N
The input dete is shown on the input Torm below. LA
- fnner bepd
FORM OF INPUT
S el T cnowm AND LANE DEFINITIONS
/ Wi 4
“rherown]l AR ToBECIN AR'S FROM i rl:: INSIDE LANES
" |conEe INSIDE 5F, SR 1 INSIDE PIyOT SR 2
B i T4 &l o —
5' :'::l I_u'ﬁ‘ﬁnﬂlolorq |_J4|e-D|D|0|D :'-laJ'q'rD]DlD!q 1:[‘&@_&&&&
2R TO BEGIN AR'S FROM W TO OUTSIDE LANES - b
QUTSIDE $.£, 5 R 4 DUTS 1 DE PIVOT] 5R. 5 * BR.& \
IE - |5 5 — i1 I —
T P T L= T SR I S - ljv'fml
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CROWN AND LANE DEFINITIONS (centinued}

EXAMPIF 5-5. SUPERELEVATION

Thiz example shows how the curb
faee and top of aidewalw are sntered
ags lenes of superelevatlon so that
flniahed grade elevations wmay be ab-~
tained on these surfave planes. There-
fore, 1L will probebly te oF bebheflit
to the Bogineer 1T he becames thoroughly

Iare nuiher @

To Origin

|

I 1h'
e 1%,185 'ji_ -

Fivot

Foiots

—— —

fanilier with thls example. -
20!
Six lanes of superelevaticon are oy - v
reguired (Pivot polnt cennol be outside = ‘—'rﬂ
its assoclated three lanes, nor cap thexe N
be overlapping lsnes) and, thersfore, two - Inncr Band ol Duter Band
rilvot lines are alec requlred. However,
since only ome plvot line actwally exlsis,
the twe plvot lines requiyed nuet be Je-
fined as the same Mine. 'Miia, im sffeet,
mekes the two bands join At the pivot 1ines which
are 8t the ipside edge of lane four and at the outaide
edge of lens three. lane four sctuslly will be & continuation
of lane three. The input dete Is shown beleow.
FORM OF INFUT
R " CROWN AND LLANE DEFINITIONS
7 el et
1 /| /]
AR TOREGIN AR':2 TROM M TO INSIDE LANES
CODE | -{NSIDE SE. 5R.1 INSIDE PIvQT SR P SR 3
LHFD [ —— o [ ! Bl i
:n;:l" L-|E|G;q;0-|_ﬂ_'10 .—.|.4-!aé5|0 1 ||!0|GIGIGI0 I-—1||4‘0|_0L'DLD L IllniDIDLDIG
|£‘pi a;_"_‘gﬁéfp;ﬁ “AR'S -F'Hv'ﬁ'n,_.m, TGO QUTSIDE LANES  ©
iDUTHIDE 5K, SR 4, JoUtSIDE POkl SA.6 T ~SRE
i 0 | 0,0,0,0,0}. ik 2,506 20,0000




SUPERELEVATI ON DATA (6 in c.c. 1).

The Superel evation Data input formline is used to enter the rates of
superel evati on of the various superelevated |lanes. This data is not required with
Level and Parabolic Crowns and, therefore, this part of the input formwould be |eft
bl ank. Two types of superel evation may be used to describe the roadway surface:
Constant or Variable (transition) Superelevation. Constant superelevation indicates
that the superelevation rate of each |ane remai ns constant throughout the entire
range of the problem Transition superelevation indicates the superelevation rate of
a lane, or lanes, varies lineally between two known stations.

It is extrenely inportant that the correct sign be used when entering the
superel evation rates on the input form |f the elevation of the roadway surface
i ncreases as the perpendicular or radial distance fromthe origin increases, the
superel evation rate is positive. If the elevation decreases as the distance fromthe
origin increases, the superelevation rate is negative. Note that the superel evation
rates are given in inches per foot. Since the input requirenents are sonewhat dif-
ferent, the two types of superelevation will be discussed separately.

CONSTANT SUPERELEVATI ON

If the rate of superelevation of all |anes renmmins constant throughout the
entire bridge, the Superelevation Data should be defined as Constant. Only one line
of the Superelevation Data is required to enter the necessary data.

1. Description (c.c. 2-6).

Th define Constant superel evation., the Description Code "CONST" should be
entered on the first line of the Superel evati on Data under the Description
headi ng.

2. At Station (c-c. 7-16).

This part of the Superelevation Data |ine should be ignored, i.e., left
bl ank. The "At Station" data is required only when entering transition
super el evati on.

3. Superel evation Rates (c.c. 17-52). Form xX.Xxxxx inches per foot.

The input form provides six colums for entering the rate of
superel evation of the | anes. The columms are headed by "S.E. n", where n is the
| ane nunber. For exanple, the superelevation rate of |ane one should be entered
under the colum heading "S.E. |” (c.c. 17-22), etc. The superelevation rate
shoul d be given for each | ane defined (three or six) in the Crowm and Lane
Definitions input line. Al rates nust be entered on the first Iine of the
Superel evation Data,, i.e., sane line as the Description code "CONST". The
rates of superelevation nmust be given in units of inches per foot.

Const ant Superel evati on Exanpl es

The two exanpl es of Constant superel evation are given on the next page for the
purpose of illustration.
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SUPERELEVATION DATA

EXaMPLE A-1. CONSTANT SUFPERELEVATTON
Given:
Tis exemple showa the Hupereleyation Data for Example

5-1 [puge 36). Noie that the superelevetion rates of the 3.E.1 = 0.185 in. /1t
lenee in the outer band are negative. 8,BE.2 = 0,600 in./ft.

§.B.3 = 0.125 in./ft.

8.E.% = 0.125(-) in./ft.

S|Et5 = 0-6{3‘3[-} inlfft

8.B.6 = 0.125(-) in./f%.

FORM OF INFUT
o o SUPEREL EVATTON DATA (MaX) NQ, OF 10 e
DESCRIFPTION AT STATEON ok R sg o+ ] . sEA W — SE S T S.E.B

[T ! jd : . ird - A OO B L) T Tl L L+

2 A L
m v

L - . — g
& C.D.N;&.T 1 ;“T ';II"- '.|"--'J .za‘:" 1 -

0.1,2,5.0] '[03800,0[+0.1 2 501 8

EYAMPIE €28, - CONSTART SUPERELEVATION .
. Givern:
‘e example piven hers shows the Superelevation Deta

af Example Ge-i {page 35). HNoke that the outer band of lenes
(#, 5 ana ¢ nave not been delloed; derelvre, Lie imles of

lenes 4, 5 end 6 are Ignored, l.e., left Blagk. IAne 3 has
been defined but does not actually exist {zere width). 5o,
the rete of lane 3% can be given 8 value of zerv or left hlaocik.

S-E-l - ligﬂﬂ inq"ft-
B.B.0 = 0105 in./fh.

FORM OF INFUT

(VRX R OF iy L ___

m——

. SUPERELEVATIBNBATA

_____ AT STATIGN Hk 5.E. 1 ~ SE 3 SE 4

10 i)

‘EBE. 2 IE
: —_— oty L L
' E C.D.H.S.;T |.-.r . " - ol hl : ‘| |-2|0 |0.0 |D.| |2.5_,_D .'|:'.|- 1 4 |. ".' .| "' I-..'

";"'uﬂa l L'E-iﬁ ID :



TRANSI TI ON SUPERELEVATI ON

In order to define Transition Superel evation, the superelevation rate of each
defined lane is required at two or nore stations. The rates of superel evation are assumed
to hold true at the defining station only and vary lineally between the stations. It is
required that the station and rate of superelevation for each |ane be given at each point
where the rate of transition changes in each lane. In other words, if the rate of
transition changes at a point in any |lane, the station and superelevation rate of all the
| anes must be given at that point. The station and superel evation rates at that station
are entered on one line of the Superelevation Data. The input form provides six lines for
entering up to six stations. However, the program capacity is ten stations. Should nore
than six stations be required, extra |lines may be added to the bottom of the input form
The input requirenments are as foll ows;

1. Description (c.c. 2-6).

In order to indicate to the programthat Transition Superelevation is to be
entered in the Superelevation Data, the Description code "START" nmust be entered on
the first Iine of the Superelevation Data under the heading "Description". The
Description code "FINIS" is required on the last line of data (station and
superel evation rates) entered in the Superel evation Data. The Description code shoul d
be left blank on all lines used to enter internmediate stations, i.e., stations
between the first (beginning) station and the last (ending) station. Therefore, the
Description codes "START" and "FINI'S" are entered only once. The Description code
"CONST" should not be used with Transition superel evation. No other Description codes
are valid.

2. At Station (c.c. 7-16). Form xxxx+xx.xxxx feet.

This colum is for entering the station of each break (change) in
superel evation transition. The initial station which is entered on the first |ine
nust be back of the beginning of the bridge since the superelevation rates are not
known back of the initial station, i.e., the program does not assune that the
superel evation rates back of the initial station are the sane as the rates at the
initial station. The last station entered nust be ahead of the end of the bridge
since the superelevation rates are not known ahead of the |last station, i.e., the
program does not assune that the superelevation rates ahead of the last station are
the sane as the rates at the |ast station

A maxi nrum of ten stations can be used to define the transition sequence.
However, only six lines are provided on the input form The stations nay be of
negati ve nmagnitude

3. Superel evation Rates (c.c. 17-52). Form XxX.Xxxxx inches per foot.
The rate of superelevation of each |ane defined in the Crown and Lane

Definitions i nput data nust be given at each station of transition break that is
entered in the Superelevation Data., i.e., At Stations.



Si x colums are provided on the input formto enter the rate of superel evation
of the lanes. The nunber in each heading indicates which | ane of superelevation is to
be entered in that colum. For exanple, the superelevation rates of |lane five are
entered in the colum headed by "S.E. 5".

NOTE:
Super el evati on defined as Constant cannot be used in conjunction with superel evation

defined as Transition.
Transition Superel evati on Exanpl es

Four exampl es of the nethod of entering Transition superel evation on the input
data formare given on the follow ng four pages for the purpose of illustration only.
The exanpl es do not represent actual cases of bridge transition



SUPERELEVATION DATA (continued)

Lane number

€)

@)

©

EXAMPIE £-3. TRANSITION SUPERELEVATION
. 18400 —
The exsmple shown here iz the Superelcvalion /8" /eel  1/8" /e /8% e
Date for Exampls 5-3 (page 38). The entire bridge 18"/ / /8
ie assumed to he loeseted within the tyonsition
rangs from station 16+00 $o stetlon 22400. The
eketoh shows the glven retes of superelevation of
each lanc at the stationa where the rate of transi- 2200 —— X
tion chenges. HNote that the rates of superelevation 1/8"/rt
of lapes 1 end 3 are the same &t both astetlons (no 2.6/ 1 m —_—
troneition); however, 11 1a regquired thet theee rates ) ) 1/8"/ 1%
te glven et hobh stations. The input deta is shown below.
FORM OF INPiFY
L S SUPERELEVATIUN DATA (MAX. NO. OF IGJJ . .
pEschtPTION AT STATIOM s o, _5;5,1 "] S8E 2 _ S E3 5E. 4 ] 3E B 5.E. B
o - wraveow 1 VPO 3 : 1 —r— ) i Fo L ] E ¥ i
B 5J:A.n 'T .:;I ‘L i|E"|":'|"I::"r"':"'.:.{}ul"::l_l.":’I i ILD;_I_Lglst 9 | 'g 0] ,0.1 'E'S‘D : i L 1 2.1 1 1 — ll.ﬁi-‘il:
E FII *Nil ,S ~|EJE-.FO|G.'DJO|O|D Iol! LE__J_E_.FD' UF _I_D'J [_} - :D'I 'g— 54{} e 1 1 i L I_ L. O
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SUPERELEVATION DATA (continued)

TYAMEIE &-4. MPRARSITION QUPRELRVATION

This exemple 1s the Superelevation
Date for Exemple 5-2 {page 37}. The
ataticns send rates of superelevetion are
assumed apd snown in the sketch, The
krigge is sdsumed o stert at station
1G+50, This 1s the reason thet two
stations (10400 snd 11+50) with the same
rates of spuperelevetlen sre requilred, 1.e.,
the bridge began belore the tranaibicn
atarted. The initjal sbation [10+0Q) 1e
an arbitrary statlon in this cese where
the suoerelevatlon rates mre constent
beck of atetdon 11+50, Howsver, the
initial atation was required to be back
of the beginning bLridge atatlon. A sta-
tion cquel to LO425 could have been used
Tor the initlal wisblon. The input dets
i8 shown belov.

@ Iane mumber

@

@

n—--"'-'____‘

— 10+HI0
—78 Tn. /1t

a

e
1/8 in./tt.

Pivnt elevation {typ.)
- 11450

T 1/8 1nu /e, 0 1/8 in./ft.
_—— S — — Lﬁ;‘"—‘_____..—-
0 12400 0 1/8 in./ft.
— . m———— _.-__-"""—-—_._
1/8 in./15. 300 38 tn.fee] /8 mufrel T

FORM OF IRPUT

__SUPEREL EVATION DATA (MaX. NO.OF 10) _

AT STATION % UBIE, § S.E 2 0 S E AL -

- S E. 4

. S.E. Bu: -}

s B IT

-k TY "

A1

CARTIL 11,0;0,0.0,0,0,0] .0,0,0,00] .0,1,2.50].0:0,0,0.0

101.0.0.0 |G

tr) £
Y

0

.2.5,0] ,0.0,0.00] -,

i 0 e5,0,0,0,0,00:,0,0,0,00] ,0,1,2,5,0{ :0,0,0,00] 10,00,00]
"2 I|2+0|Dp0|0|ﬂ|nlIlnlq_lﬂlo:p :

0,00,00

'_-.uu;l'xl;éiﬁaq* . TI‘

0.0,0,0,017

-.0.1,2,5,080:0.0
0t

L

I -k
" v
H. "

D
O0F,2, 5508 .0, 1525, Ole 030,0/,0:0

=0 Iﬁlm 5

B T



SUPERELEVATION DATA (continued)

FXAMPIE 6-5.,

TRANGITION SUFPEREIEVATION

This exemple shows the Sunerelewveticon Data

for Bxample 5-5 {(page bD).

Hole Enebk the super-

elevation rate Is constent between station 21+00
and stetion 22400, i.e., full superelevation.
However, these are stations of change (break) in
the rate of transltion.and, therefore, the rates
of superelevation mast be glven at these stations.
The bridge 1e assumed to be locAated betteen
atetion 20100 and station 23400,

i shown below.

The ionput dets

FORM QF JHFTUIT

SUPERELEERHON

Tana number

20400

21400

22400

23+00

@

e

e} Ln.fft-

e oy e

& An

g in. L

DATA (MAX. NO. OF_J0)

DESCAIPTION A‘I‘ STATION H# _?j‘;-. 5. E‘1 ,SE. 2 5.E3 JS:Ec 4 mpe - S E.B ST g F L A
e . | E— Fi E—— A Tt UG  TR—— 2
18 S|T|A1H|T e, 04+0,0.0 nDuD.u-ﬂ' v .1 GiDI.DIDLD |D:I - PT14] BN TR FO W LI R | ril'l"i_f':.l_i'ﬂ:"'"-'! 1
44, ,2,140,00,0000[ 0,000,0] 06,0005 ;o P, ) L L
.LEJE.I,Q.G.U.Q-'D,G ] ID‘DID.DIG ﬂ E‘lnlnI{] -.-1-- ] ;1 I. I.l:- Vo b 1 * 1 1 L ‘I ] | |
LE.|3+0|D-0td.i.ﬂlﬂ ']D.0|'D|U|U ' |D¢| .§|5|D . I - L - I T B | R | _» 'n:. I
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SUPERELEVATION DATA (continued)

Ian= number

Q® @

EXAMPLE 6-5, TRANSITION SUTERELEVATION 295400 1/8 ine Jit-
Mis example shows the Superelevation Deta
for Example 5-0 (page 41). The top of the side-
walks slopes [lenes 1 end ) ere constant at 2UH 0 /7;'4—
1/4 in./ft. The curb face slopes (lanes 2 end 3} 18 insfhe
are congtant ot 80 in./ft. The roadwsy {lanes 3
and 4) slopes ere shown in the gkstch. For aim-
plicity, the curb and sidewalk lanes are shown
gnly once. HNote that when & superelevition rate
of minus eighty Inches pur foot 1l entered on the 207+30 a iﬂ'ﬁt'
input form, the position of the decimal must be O
overridden by inserting the decimal in a card
column. This 1s required because the input form
dnes not provide enough card columms to the left "
of the implied decimul position. The input dete 300+00 & *31,*:1-1I ies
1s shown below. 0
031+00 /
’ o e/
o2+ le* in-.f'ft'
- FORM aF INPFUT
o . SUPERELEVATION DATA (MAX. NOQOFI0)

o jpEstRIPTION | AT STATIOM $.E. I;: TsE. 2 sE3. |. . SE4 S € 5 SE.6
T — - —-— n  — .:'-;.I;r..':;. 4 A _ !E re— = k1] A1 : [-ori L IS
lelsTART| ,29:5:0,8.00,00]-06.2,500-86,0,0,0,01",0.1,£,2,0 0.1,2,5,018,0,0,0,0:04550,2,5,0,0
. B T T .|' : j@;-g :E‘iﬂnﬂiﬂqo.ﬂ |D —|G;E|5-D|U f"’|18-0|'|_{}|0’ J.Orl 'la|5l{_} .',D'l -2|5'-_l::I BtG-D~IG‘|ﬂ|D :q:'hEt5|DgD
18l 1 28,740,0.,0,0,000{-.0,2,50,0/=8,0;2 ;0,0 ©0,6.0.0,0[%16:0:0018,0.0 0:0,0] :0:2 5,00
. E :|H$| .--i :-'I-_.:|- ;3 ‘ID I.O""D ID 'D.DIDID _I{}'E_l_&_lngo _"E‘D‘LEIULD _. |Glﬁ‘|0|:0':|0 - .JD-EI{)JF[}IG Brﬂ'n_rﬂ,.ulq :"..:.ID..EIEIDIO .
6| | I' Loy 3','3;0_11'4:0,0,0,0,0,0 —,0_235,0,0 —-'IB_D;-E‘."DI'D ';*D"I-;E-Fﬁflﬂ "'i.“;};l;{aﬁ L BID_D;Q‘.DID .0;2.5.0.0
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LONG TUDI NAL LI NES

The LONG TUDI NAL LINES input formis used to define longitudinal lines that the
Engi neer desires to be intersected with the bents and transverse |ines of each span. This
i nput form nust always be used with each problem and at |east one |ongitudinal |ine must
be defined on the sheet. This input formis required as the second sheet of each problem
i medi ately follow ng the LAYOUT DATA input form Usually only one sheet of this type is
requi red per problem However, on occasions the need will arise for a different set of

| ongi tudinal lines within the sane problem For exanple, the nunber of beanms may vary from
span to span. For illustration, let's assume a bridge has five spans, and the first two
spans have five beanms and the remmi ning three spans have four beans. A set of |ongitudina
lines will be used with the first two spans. and a different set of l|ongitudinal |ines
with the last three spans. In this exanple, the second set of |ongitudinal |ines nust

i medi ately follow the SPAN DATA i nput sheet of span two and i medi ately precede the SPAN
DATA input form for span three. In other words, the longitudinal |ines for a span or spans

nmust i medi ately precede the input data for those spans. Wenever a set of |ongitudina
lines are given in the input data of a problem they conpletely replace the previous
| ongi tudi nal lines. Any lines commn to both sets of l|ongitudinal |ines nust be redefined.

The program has the capacity for thirty (30) longitudinal |ines. Each |ongitudina
line is defined by entering the required input data on one line of the input form Note

that a Sequence Nunber is given in card colums 2 and 3. These nunbers will be assigned to
the longitudinal lines. For instance, the longitudinal line entered on the fourth line (04
inc.c. 2, 3) of the input formw |l be l|ongitudinal |ine nunmber four (4). The
| ongi tudi nal |ines should be defined by entering the first longitudinal line on the first
input line and continuing with one longitudinal line per input line. Lines on the form
shoul d not be skipped, i.e., no blank lines are allowed between the |ongitudinal |ines
defined on the form This is required because the longitudinal |ines nust be in nunerica
sequence.

I medi ately after entering the last longitudinal line, the code "END' nmust al ways be
entered in card colums 4-6 (Type Code) of the next input line. The total nunber of I|ines
of the input formthat nust contain data is the nunber of l|ongitudinal |ines (which may

vary fromone to thirty) plus one (the line that contains the "END' code). All renaining
lines of the input formshould be |eft blank

The order in which the longitudinal lines are listed on the input formis
imaterial. However, as a general rule, the longitudinal |ines should be given in sone
sort of l|ocation sequence, i.e., fromleft to right, or right to left, across the bridge.
After the user becones fanmliar with the program he will be able to give the |ongitudina
lines in the order that will be npbst beneficial to him The Engi neer should be thoroughly

famliar with the "Distance To Previous Point" dinmension (page 120) that is given in the
out put data before selecting the order of the |ongitudinal Iines.



Ten types of longitudinal lines are available to the user. Following is a list of

the different types of |ongitudinal lines:

1. Chord

2. Arc

3. Rai | i ng

4. Paral | e

5. Parallel thru Intersect Ahead

6. Paral l el thru Intersect Back

7. Curve O f set

8. Strai ght Taper

9. Curve Taper

10. Coordi nate

Following is a discussion of the input data that is common to all |ongitudina
l'ines.

1. Ski p Code (c.c. 49).

Sonetimes a |ongitudinal |ine nust be defined solely for the purpose of
being a reference line, i.e., aline fromwhich some other longitudinal line is
referred (dinmensioned). In this case, it may not be desirable to have the
i ntersection data of this longitudinal line in the output data. Therefore, to
elimnate a longitudinal line fromthe output data, the digit one (1) should be
entered in the Skip code colum. Oherw se, this card colum should be |eft
blank to obtain this intersection data in the output.

2. Remarks (c.c. 50-60).

This space is for entering any identifying and pertinent Remarks which

descri be each longitudinal line. These Remarks will appear with the
longitudinal line in the output data. It is suggested that Renarks be used
freely so that the longitudinal lines may be readily recognized in the output
dat a.

Following is a discussion of each type of |ongitudinal |ine which

i ncl udes the usage, the required input data, a sketch., and exanple of each type.



A CHORD

A Chord is by definition a straight line that joins two points on a circle.
Therefore, a Chord longitudinal line is a straight |ine between two points on a
curve that is concentric with the mainline. The two points that define the chord
longitudinal Iine are the points of intersection of the concentric circle with the
two defining bents (Ahead and Back) of each span. Therefore, the chord | ongitudina
line will vary fromspan to span if the mainline is a circular curve, i.e., the
chord longitudinal line will not be a continuous straight line, but rather a series
of straight segnents (chords). If the mainline is a tangent, the chord becones a
continuous straight line parallel to the mainline. Vote that a chord | ongitudi na
line is directly dependent on the type of nminline curve (tangent or circular).

If a bridge is on a curve, it is conmon practice to place the beans on chords
of concentric circles with the mainline. The primary purpose of the chord

longitudinal line is to define such a beamline. A chord |ongitudinal |line may al so
be used solely as a reference line, i.e., so other lines my be nmade parallel to the
chord. An exanple of this is when all the beans in a span are made parallel to a
chord of the centerline arc. In this case, a chord |ongitudinal |ine of the

centerline nust be set up so that the beamlines nmay be referenced (made parallel)
to the chord. If there is no beamon the centerline arc, then the chord is actually
bei ng used for reference only. If the nainline is a tangent, the chord | ongitudi na
line may be used to represent other lines, i.e., gutter, curb, centerline, and
structure limt |ines.

Structure limt lines are such lines as the outside edges of the roadway sl ab
or the outside edge of the sidewal ks, etc.

Any nunber (thirty or less) of chord |ongitudinal |ines may be defined and used
in conjunction with all other types of longitudinal lines. Followi ng are the
required input data for defining chord |ongitudinal Iines.

1. Type Code (c.c. 4-6).
The code "CRD' is used to define a chord longitudinal line. This code is

required with every chord line entered on the input form

2. Ref. Call (c-c- 7, 8).
The Reference Call is not required with |longitudinal |ines defined as
chords. The chord longitudinal line is always assunmed to be referenced fromthe

mai nl i ne. Therefore, the Reference Call should be |eft bl ank.
3. AR From Mainline (c.c. 9-18). Form XxxxxxX.xxxx feet.

This dinmension is the radial or perpendicul ar distance fromthe mainline
to the concentric circular arc of which the longitudinal line is a chord. If
the concentric arc is inside (toward origin) the mainline, the dimension is
negative. |If the concentric arc that defines the chord is outside (away from
origin) the mainline, this dimension is positive.

Card colunmms 19-48 of the input formshould be | eft blank when defining a chord
longitudinal line, i.e., no input data is required in these card colums. The Skip code
(c.c. 49) and Remarks (c.c. 50-80) are discussed on page 51. An exanple showi ng how t he
chord longitudinal line data is entered on the input formis shown on pages 74 and 75.



Following is a sketch showi ng the characteristics of the chord | ongitudinal
l'ine.

Chord Jongitudinel Lines

Conhcentric am

Chord Iongitudinel Line

oo OTAEER—

"CRD" IONGITUDINAL, LINE

..53_



B. ARC

An arc is by definition a portion of a circular curve. Therefore, an arc

longitudinal line is a circular curve that is concentric with the mainline. The arc
line will be a continuous line throughout the range of the bridge. However, if the
mainline is a tangent, the arc longitudinal line will actually be a straight line

parallel to the mainline. Note that the arc line is always the sanme type (circular or
straight) line as the nminline

If a bridge is on a curve, it is conmon practice to nake the curb, gutter, and
structure lines concentric with the mainline curve. These |ines can be defined as arc

l ongi tudinal lines; in addition, the centerline or survey line (rmainline) my be
defined as an arc. The arc line nmay be used as a reference line by a Railing

| ongi tudi nal line. Curved girders can also be represented by arc |ines. Any nunber
(thirty or less) of arc longitudinal |lines my be defined and used in conjunction
with all other types of longitudinal Iines. Following is the required i nput data for
defining arc | ongitudinal |ines.

1. Type Code (c.c. 4-6).

The code "ARC' is used to define an arc longitudinal line. This code is
required with every arc line entered on the input form

2. Ref. Call (c.c. 7, 8).

The Reference Call is not required with longitudinal |ines defined as
arcs. The are longitudinal line is always assuned to be referenced fromthe
mai nl i ne. Therefore, the Reference Call should be Ieft blank.

3. DR From Mainline (c.c. 9-18). Form xxxxxx.xxxx feet.

This dinmension is the radial or perpendicul ar distance fromthe mainline
to the concentric arc. If this dinmension is neasured toward the origin, the
di stance is negative. Oherwi se, the distance is positive (outside nmainline).

Card colums 19-48 of the input form should always be |left blank when defining
an arc line. The Skip code (c.c. 49) and Remarks (c.c. 5080) are discussed on page
51. An exanple showing how the arc longitudinal line data is entered on the input
formis shown on page 74.

On the followi ng page is a sketch showi ng the characteristics of the arc
| ongi tudi nal 1ine



Arec Tengitodinel Eine

"ARE" IONGITUDINAL LINE
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RAI LI NG

The railing line is a longitudinal line that is the sane type as sone ot her
longitudinal Iine fromwhich the railing line is referenced. For exanple, if a
railing line is referenced to an arc longitudinal line, the railing line will be an
arc line. If arailing line is referenced to a curve taper longitudinal |ine, the
railing line will be a curve taper line, etc. However, there is one characteristic of
the railing line that is different fromthe longitudinal line fromwhich it is ref-
erenced. That is, the bent and transverse lines may be intersected with a railing
line, or the bent and transverse lines may be intersected with the |ongitudinal |ine

to which the railing is referenced and then turned radially to intersect the railing
line. The sketch clearly shows this optional feature of the railing Iine. The option
of which intersection the programis to consider is controlled by the bent and
transverse line input data which will be discussed on subsequent pages

The railing line is used to enter the sidewalk railing (for railing post
spaci ngs) and structure lines (elevations for construction) since the sidewal k
construction joints are usually radial to the gutter line. Therefore, if a railing
line is referenced to the longitudinal line that represents the gutter line, the bent
and transverse lines may be intersected with the railing by turning radially from
their intersection with the gutter line. If both points (see sketch) of intersection
are desired in the output data, the railing or structure line nust be defined twce,

i.e., once as a railing longitudinal line and again as another type of |ongitudina
line (arc, curve taper, etc.). Note that when a bent or transverse line is coded to
intersect a railing without turning radially fromanother |ongitudinal Iine, the bent
or transverse line will intersect all railing lines in |like fashion

Any nunber of railing longitudinal |ines may be defined and used in conjunction
with all other types of longitudinal |ines. However, sone other type of |ongitudina
line nust al ways be defined when using railing lines so that the railing Iines my
be referenced to the other type of longitudinal line. Railing lines should not be
referenced to chord longitudinal lines when the mainline is a circular curve.
Following is the required input data for defining railing |ongitudinal |ines.

1. Type Code (c.c. 4-6).

The code "RLG' is used to define a railing longitudinal line. This code is
required with every railing line entered on the input form

2. Ref. Call (c.c. 7, 8). Form xx.

The Reference Call is the Sequence Nunber (c.c. 2-3) of the |ongitudina
line to which the railing line is referenced. The Reference Call nust always be

gi ven when defining a railing longitudinal |ine. The Reference Call nust not be
the Sequence Nunmber of a longitudinal line that is referenced (has a Ref. Call)
to some other longitudinal |line. Therefore, the railing |ine cannot be
referenced to the follow ng types of longitudinal |ines:

1. Rai | i ng
2. Par al | el
3. Parallel thru Intersect Ahead

4. Parall el thru Intersect Back



No other type of longitudinal line may be referenced to a railing |ongitudina

|ine because the railing longitudinal |line has a Reference Call. The railing |ine
Ref erence Call cannot be zero or blank, nor can the Reference Call be greater than
the total number of longitudinal lines. In addition, the Reference Call cannot be

equal to the Sequence Nunber of the railing line.



3. DR From Reference Line (c.c. 9-18). Form xxxxxX.xxxx feet

This dimension is the radial or perpendicul ar distance fromthe reference |ine
of the railing (another longitudinal line) to the railing line. Note that the railing
line is not referenced fromthe mainline. If the distance is neasured toward the
origin fromthe reference |line, the dinension is negative; otherw se (away fromthe
origin), the dinension is positive.

Card colums 19-48 of the input form should be ignored when defining railing
| ongi tudi nal lines. The Skip code (c.c. 49) and Remarks (c.c. 50-80) are discussed on page
51. An exanple showi ng how the railing longitudinal line data is entered on the input form

is shown on page 74.

On the followi ng page is a sketch showing the characteristics of the railing
[ ongi tudi nal |ine.

NOTE: The sane railing can be defined nore than one tine in one set of
[ ongitudinal lines, and each tine the railing is defined a different
reference line can be used. This may be advantageous when the transverse
lines turn radially fromdifferent railing reference lines to intersect

the railing |ine.
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PARALLEL

A parallel longitudinal line is a straight line that is parallel to some other
longitudinal Iine (reference line). The reference line of the parallel |ongitudina
line nmust be a straight line, i.e., chord, straight taper or coordinate |ongitudina
line. If the parallel line is referenced to a chord longitudinal line, the paralle
line will be a series of straight lines parallel to the chord line segnents. If the
parallel line is referenced to a straight taper or coordinate, the parallel line wll

be a straight line continuous throughout the range of the problem

A parallel line cannot be referenced to a longitudinal line that is referenced
to some other longitudinal line. Therefore, the follow ng types of |ongitudinal |ines
cannot be used as a reference line for a parallel longitudinal line, since each |ine

requires a reference line or the line is always a curve.

1. Rai | i ng

2. Paral |l e
3. Parallel thru Intersect Ahead
4. Parallel thru Intersect Back

5. Curve O f set

6. Curve Taper

A parallel line may be referenced to an arc longitudinal |ine provided the nainline

is a tangent throughout the range of the problem i.e., the arc line in this case
woul d be a straight |ine.

It is conmmon practice to nake all the beans in a span on a horizontal curve

parallel for sinplicity in detailing and construction. The parallel longitudinal |ine
can be used to define such beam|lines. However, it is inportant to note that the
parallel |ines of adjacent spans if referenced to chords will not necessarily join at
the bent that separates the spans. Parallel |ines nay al so be used for curb, gutter

and structure lines if the mainline is a tangent throughout the range of the bridge

Any nunber of parallel |ongitudinal |lines my be defined and used in conjunction
with all other types of longitudinal |ines. However, sonme other type of |ongitudina
line must al ways be defined when using parallel lines so that the parallel lines can
be referenced to the other type of longitudinal Iine. Following is the required input

data for defining parallel |ongitudinal |ines.



l. Type Code (c.c. 4-6).

The code "PAR' is used to define a parallel longitudinal line. This code is
required with every parallel line entered on the input form

2. Ref. Call (c.c. 7, 8). Form xx.

The Reference Call is the Sequence Number of the longitudinal line to which the
parallel line is referenced (parallel to). The Reference Call rmust always be given
when defining a parallel longitudinal line, i.e., cannot be zero or |left blank. The
Ref erence Call cannot be greater than the total number of |ongitudinal |ines, nor
equal to the Sequence Nunber of the parallel I|ine.

3. DR From Reference Line (c.c. 9-18). Form xxxxxX.xxxx feet.

This dinmension is the perpendicular (nornmal) distance fromthe reference |ine of
the parallel line (another longitudinal line) to the parallel line. Note that the
parallel line is not referenced (dinmensioned) fromthe mainline. If the distance is
nmeasured toward the origin fromthe reference line, the dinension is negative;
ot herwise (away fromthe origin), the dinmension is positive.

Card columms 19-48 of the input formshould be ignored when defining paralle
| ongi tudi nal |ines. See page 51 for a discussion of the Skip code (c.c. 49)and Renmrks
(c.c. 50-80). An exanple showing how the parallel longitudinal line input data is entered
on the input formis shown on page 77.

On the followi ng page is a sketch snowing the characteristics of the parallel-
| ongi tudi nal |ine.
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PARALLEL thru | NTERSECT AHEAD.

This type of longitudinal line, which will be coded "PIA", is a straight line
parallel to some other longitudinal |line (reference line). The position of the PIA
longitudinal Iine is determined by the intersection of a concentric circle and the
Ahead bent. The radial distance fromthe nmainline to the concentric circle that

defines the PIAline is the sumof the "DR' dinensions of the reference line and PIA
line. Note that the PIA longitudinal line is not a chord |ine because the intersec-
tion of the PIA line and Back bent is not the same point as the intersection of the
concentric circle with the Back bent.

The reference |line of the PIA longitudinal Iine nmust be a straight line, i.e.
chord or straight taper longitudinal line. If the PIAline is referenced to a chord
line, the PIAline will be a series of straight lines parallel to the chord
segnents. If a straight taper is used as a reference line, the PIAline will be a
straight line continuous throughout the range of the problem A coordinate
| ongi tudi nal |ine should not be used as a reference Iine for a Pl A | ongitudina
line. The PIA line nay only be referenced to chord, straight taper and arc (when
mai nline is a tangent throughout range of bridge only) |ongitudinal |ines.

It is conmon practice to nmake all beans in a span parallel to some reference
I ine whenever the span is in a horizontal curve. The PIA |ine can be used to define
such beamlines. The PIA lines can be used in conjunction with PIB |ongitudina
lines (see page 75) in order to nake the parallel Iines of adjacent spans neet at a
common point at the bent commopn to both spans.

Any nunber of PIA |ongitudinal |lines may be defined and used in conjunction with
all other types of longitudinal |lines. Note that some other type of |ongitudina
line nust always be defined for reference. Following is the required input data for
defining PIA | ongitudinal |ines.

1. Type Code (c.c. 4-6).
The code "PIA" is used to define a Parallel thru I ntersect Ahead

longitudinal line. This code is required with every PIA line entered on the
i nput form

2. Ref. Call (c.c. 7, 8). Form XxxX.
The Reference Call is the Sequence Nunber of the longitudinal line to
which the PIAline is referenced (parallel to). The Reference Call nust always
be given when defining a PIA longitudinal line, i.e., cannot be zero or left

bl ank. The Reference Call cannot be greater than the total nunber of
| ongi tudi nal |ines, nor equal to the Sequence Number of the PIA |line.



3. DR From Reference Line (c.c. 9-18). Form xxxxxx.xxxx feet.

This dinmension is the radial distance fromthe concentric circle that defines
the reference line to the concentric circle that |ocates the intersection of the PIA
line with the Ahead bent. |If the distance is nmeasured toward the origin, the

di rension is negative. If the distance is neasured away fromthe origin, the
di nrension is positive.

Card columms 19-48 of the input formshould be |eft blank when defining PIA
| ongi tudi nal |ines. See page 51 for a discussion of the Skip code (c.c. 49) and Renarks

(c.c. 50-80). An exanple showi ng how the PIA longitudinal line input data is entered on
the input formis shown on page 76.

Following is a sketch showing the characteristics of the PIA |ongitudinal Iine.

— Conuentric ares
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PARALLEL thru | NTERSECT BACK

This type of longitudinal line, which will be coded "PIB", is a straight line
parallel to some other longitudinal line (reference Iine). The position of the PIB
longitudinal Iine is determined by the intersection of a concentric circle and the
Back bent. The radial distance fromthe mainline to the concentric circle that

defines the FIBline is the sumof the "D R' dinensions of the reference |line and
PIB line. Note that the PIB longitudinal line is not a chord |ine because the
intersection of the PIB line and Ahead bent is not the sane point as the inter-
section of the concentric circle with the Ahead bent.

The reference |line of the PIB longitudinal Iine nmust be a straight line, i.e.
chord or straight taper longitudinal line. If the PIBline is referenced to a chord
line, the PIB line will be a series of straight lines parallel to the chord
segnments. If a straight taper is used as a reference line, the PIBline will be a
straight line continuous throughout the range of the problem A coordinate
| ongi tudi nal |ine should not be used as a reference Iine for a PIB | ongitudina
line. The PIB line nay only be referenced to chord, straight taper and arc (when
mai nline is a tangent throughout range of bridge only) |ongitudinal |ines.

It is conmon practice to nmake all beans in a span parallel to some reference
I ine whenever the span is in a horizontal curve. The PIB |ine can be used to define
such beamlines. The PIB lines can be used in conjunction with PIA |ongitudina
lines (see page 75) in order to nake the parallel Iines of adjacent spans neet at a
common point at the bent commopn to both spans.

Any nunber of PIB |longitudinal |lines may be defined and used in conjunction with
all other types of longitudinal |lines. Note that some other type of |ongitudina
line nust always be defined for reference. Following is the required input data for
defining PIB | ongitudinal |ines.

1. Type Code (c.c. 4-6).
The code "PIB" is used to define a Parallel thru I ntersect Back

longitudinal line. This code is required with every PIB line entered on the
i nput form

2. Ref. Call (c.c. 7, 8). Form XxX.
The Reference Call is the Sequence Nunber of the longitudinal line to
which the PIB line is referenced (parallel to). The Reference Call nust always
be given when defining a PIB longitudinal line, i.e., cannot be zero or left

bl ank. The Reference Call cannot be greater than the total nunber of
I ongi tudi nal |ines nor equal to the Sequence Number of the PIB Iine.



D R From Reference Line (c.c. 9-18). Form xxxxxx.xxxx feet.

This dinension is the radial distance fromthe concentric circle that defines
the reference line to the concentric circle that | ocates the intersection of the PIB
line with the Back bent. If the distance is neasured toward the origin, the dinension

is negative. If the distance is nmeasured away fromthe origin, the dinension is
positive.

Card columms 19-48of the input formshould be left blank when defining PIB

| ongi tudinal lines. See page 51 for a discussion of the Skip code (c.c. 49) and Renmarks
(c.c. 50-80). An exanpl e showi ng how the PIB | ongitudina

line input data is entered on the
input formis shown on page 76

Following is a sketch showing the characteristics of the PIB | ongitudinal line.

Concentric arcs
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CURVE OFFSET

A curve offset longitudinal line is a circular curve that is independent of the
mai nline, i.e., not concentric with the mainline. The curve offset line is a
conti nuous curve throughout the range of the problem The curve offset is always
referenced fromthe mainline. The mainline can be a circular curve or tangent; that
is, a curve offset can be referenced froma tangent mainline as well as a circular
mai nl i ne.

Occasionally, a portion or one side of a bridge will be on a curve that is not
concentric with the mainline; for instance, when a ranp or |ane separates fromthe
mai nl i ne roadway. The curve offset |ongitudinal line can be used to define curb
gutter and structure lines in such a portion or side of the bridge. The program does
not have the capacity to conpute a chord of the curve offset |ongitudinal line.
However, the coordinates of the intersections of the curve offset line with the
bents of each span can be used to define longitudinal lines (coordinate lines) in
anot her run of the problem Therefore, beanms can be set up as chords of curve
of fsets by running the programtw ce.

Any nunber (thirty or less) of curve offset |ongitudinal |lines my be defined
and used in conjunction with all other types of longitudinal lines. Following is the
required input data for defining curve offset |ongitudinal |ines.

1. Type Code (c.c. 4-6).

The code "COS" is used to define a curve offset longitudinal line. This
code is required with every curve offset |line entered on the input data form

2. Ref. Call (c.c. 7, 8).

The Reference Call is not required with longitudinal |ines defined as
curve offsets. The curve offset longitudinal |ine is always assuned to be
referenced fromthe mainline. Therefore, the Reference Call should be |eft
bl ank.

3. DR From Mainline (c.c. 9-18). Form xxxxxx.xxxx feet.

This dimension is the comon radial distance fromthe mainline to the
curve offset |line when the mainline is a curve. When the mainline is a tangent,
this distance is the perpendicular distance fromthe mainline to a tangent of
the curve offset that is parallel to the mainline. Actually, both definitions
gi ven for this dinension are synonymous. If the distance is nmeasured toward the
origin, the dinmension is negative. Oherwi se (away fromorigin), the dinmension
is positive.



4, Mai nline Control Station (c.c. 19-28). Form xxxx+xx.xxxx feet.

The Control Station is the mainline station of the point where the "D RFrom
Mai nline" dinmension is given. This station is always required when defining curve
of fset longitudinal |lines. The Control Station may be of negative magnitude, and this
station is conpletely independent of any other station given in the input data. Note
that this station nust be a nmainline station and not a station along the curve offset
line. Atangent to the curve offset |ine at the Control Station will be parallel to a
tangent of the mainline curve at the Control Station

5. Radi us (c.c. 29-38). Form xxxxxx.xxxx feet.
Enter in this colum the radius of the curve offset longitudinal Iine. This
di rensi on shoul d al ways be given, and it is required that this dinension be greater
than zero

Card colunms 39-48 of the input formshould be left blank when defining a curve
of fset longitudinal line. The Skip code (c.c. 49) and Remarks (c.c. 50-80) are discussed
on page 51. An exanple showi ng how the curve offset longitudinal line data is entered on
the input formis shown on page 78.

Following is a sketch showing the characteristics of the curve offset |ongitudina
l'ine.
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STRAI GHT TAPER

A straight taper is defined as a |line whose distance fromthe nainline varies
lineally. If the main line is a circular curve, the straight taper varies lineally
froma tangent to the mainline curve. Therefore, the straight taper |ongitudinal |ine
will always be a straight line that is continuous throughout the range of the bridge
and which is conpletely independent of a change in the mainline fromtangent to curve
or vice versa

Occasionally, one side of a bridge will be on a straight taper fromthe
mai nline, i.e., the beginning of a new |lane or ranp, etc. The straight taper
| ongi tudi nal |line can be used to represent the curb, gutter and structure lines in

this case. In addition, straight taper lines may be used to enter splayed beans,
i.e., non-parallel beans.

A special case of straight taper line usage is when the rate of taper is set
equal to zero. In this case, the straight taper is parallel to the main |ine. For an
exanple, lets assune a four-span bridge where a short portion of one end span is in a
circular curve - the rest of the bridge is on a tangent. It is desired to nmeke this
a continuous unit and extend the beans straight into the curve portion. The beans can
be set up as straight taper longitudinal lines with a zero taper rate. No other type
of longitudinal line can be set up for this type of usage except the coordinate
| ongi tudi nal |ine. However, the coordi nates would have to be conputed to define a
coordinate Iine making this alternate sonmewhat cunbersone.

Any nunber (thirty or less) of straight taper |ongitudinal |lines my be defined
and used in conjunction with all other types of longitudinal lines. Following is the
required input data for defining straight taper |ongitudinal |ines.

1. Type Code (c.c. 4-6).

The code "STP" is used to define a straight taper longitudinal line. This
code is required with every straight taper |line entered on the input data form

2. Ref. Call (c.c. 7, 8).

The Reference Call is not required with longitudinal |ines defined as
strai ght tapers. Since the straight taper line is always referenced fromthe
main |ine, the Reference Call should be |eft blank

3. &R From Mainline (c.c. 9-18). Form xxxxxx.xxxx feet.

This dinmension is the distance fromthe mainline to a point on the
straight taper line and is neasured normal (perpendicular) to the nainline (or
mai nline tangent). If the distance is neasured toward the origin, the dinension
is negative; otherw se, the dinension is positive.



4, Mai nline control Station (c.c. 19-28). Form xxxxxx.xxxx feet.

The Control Station is the mainline station of the point where the "DR From
Mai nline" dinmension is given. This station is always required when defining straight
taper longitudinal lines. The Control Station may be of negative magnitude; and this
station is conpletely independent of any other station given in the input data. Note
that this station nust be on the nainline and not a station along the straight taper
I'ine.

5. Taper Rate (c.c. 29-38). Form xxxxxx.xxxx ft./100 ft.

The Taper Rate is the variation of the distance fromthe main line to the
straight taper line per one hundred feet along the main line. The Taper Rate is
actually the tangent of the angle between the nmainline and straight taper |ine
mul ti plied by one hundred. The Taper Rate sign convention is shown in the sketch
bel ow.

Card col unms 39-48 of the input formshould be |eft blank when defining a straight
taper longitudinal line. The Skip code (c.c. 49) and Remarks (c.c. 50-80) are di scussed on
page 51. An exanple showi ng how the straight taper longitudinal line data is entered on
the input formis shown on page 77.

Following is a sketch showing the characteristics of the straight taper |ongitudina
l'ine.
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l. CURVE TAPER

A curve taper longitudinal line is a curved |ine that varies lineally froma
circular curve. This actually nakes the curve taper line an Archi nmedes spiral, i.e., the
radius varies lineally with the distance along a circular arc. This takes the form

r = k*Q, in polar coordinates.
The curve taper will be continuous throughout the range of the bridge and, therefore, is
conpl etely i ndependent of any change in the mainline fromcurve to tangent or vice versa.

The curve taper longitudinal |ine can be used to represent curb, gutter, and
structure lines if a portion of the bridge is in this type of taper. Cccasionally, this
type of taper is used when the roadway is being widened in a circular curve. Arailing
line can be referenced to a curve taper |ine. The program does not have the capacity to

conpute a chord of the curve taper longitudinal |ine. However, the coordinates of the
intersection of the curve taper line with the bents of each span can be used to define
| ongi tudi nal lines (coordinate lines) in another run of the problem Therefore, beans can
be set up as chords of curve taper longitudinal lines by running the programtw ce.

Any nunber (thirty or less) of curve taper longitudinal |ines can be used in
conjunction with all other types of longitudinal lines. Following is the required input
data for defining curve taper |ongitudinal |ines.

1. Type Code (c.c. 4-6).

The code "CTP" is used to define a curve taper longitudinal Iine. This code is
required with every curve taper line entered on the input data form

2'. Ref. Call (c.c. 7, 8).

The Reference Call is not required with |Iongitudinal |ines defined as curve
tapers. The curve taper longitudinal line is always assunmed to be referenced from
the mainline. Therefore, the Reference Call should be left blank

3. AR From Mainline (c.c. 9-18). Form xxxxxx.xxxx feet.

This dinmension is the radial distance fromthe mainline to a point on the curve
taper longitudinal line. This distance nmust be given at a known station. If the
di stance is nmeasured toward the origin, the dinmension is negative. O herw se, the
di mension is positive.

4. Mai nline Control Station (c.c. 19-28). Form xxxx+xx.xxxx feet.

The Control Station is the mainline station of the point where the "DR From
Mai nline" dimension is given. This station is always required when defining curve
taper longitudinal lines. The Control Station is conpletely independent of any other
station given in the input data and may be of negative magnitude. Note that this
station nmust be a mainline station and not a station along the curve taper line.
This station must be in a circular curve mainline, i.e., the mainline cannot be
tangent at this station. Note that a tangent to the mainline curve of any station
will be parallel to a tangent to the curve taper at the same station.



5. Taper Rate (c.c. 29-38). Form xxxxxx.xxxx ft./100 ft.

The Taper Rate is the change in radius of the curve taper |ongitudinal |ine per
one hundred feet along the nmainline. The Taper Rate nust always be defined when
entering curve taper longitudinal lines, i.e., cannot be left blank or given a value

of zero. If the radius of the curve taper line increases as the stations increase,
the taper rate is positive. If the radius of the curve taper |ine decreases as the
stations increase, the taper rate is negative.

Card columms 39-48 of the input formshould be left blank when defining a curve taper
| ongi tudi nal line. The Skip code (c.c. 49) and Remarks (c.c. 50-80) are discussed on page
51. An exanple showi ng how the curve taper longitudinal line data is entered on the input
formis shown on page 78.

Following is a sketch showing the characteristics of the curve taper |ongitudina
l'ine.
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COORDI NATE

A coordinate longitudinal line is a straight Iine throughout the range of the
bri dge and, therefore, is conpletely independent of the mainline. The coordinate line
is defined by entering the X and Y coordi nates of two points on the coordinate line.
The coordi nates are assunmed or conputed by hand or another program Note that this
program can be used to compute coordinates that can be used to define coordinate

I ongitudinal lines in subsequent runs of the problem
This type of longitudinal line can be used to represent nost any kind of
straight line on the bridge provided, of course, the coordinates are known, i.e

curbs, gutter, beam and structure |ines.

Any nunber (thirty or less) of coordinate longitudinal |lines may be defined and
used in conjunction with all other types of longitudinal lines. Following is the
required input data for defining coordinate |ongitudinal |ines.

l. Type Code (c.c. 4-6).

The code "COR' is used to define a coordinate longitudinal line. This code
is required with every coordinate |line entered on the input data form

2. Ref. Call (c.c. 7, 8).

The Reference Call is not required with longitudinal |ines defined as
coordinate lines. Therefore, the Ref. Call should be | eft blank.

3. Coordi nates (c.c. 9-48). Form xxxxxx.xxxx feet.

Note that the input formhas a separate heading (format) for use when
entering a coordinate defined | ongitudinal |ine. The X-coordinate of point one
is entered in c.c. 9-18, and the Y-coordinate of point one is entered in c.c.
19-28. The X-coordinate of point two is entered in c.c. 29-38, and the Y-
coordinate of point two is entered in c.c. 39-48.

The Skip code (c.c. 49) and Remarks are discussed on page 51. An exanple
showi ng how the coordinate longitudinal line data is entered on the input formis
shown on page 77.

On the followi ng page is a sketch showing the characteristics of the coordinate
| ongi tudi nal Iine.
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LONGITUDINAL LINES

EXAMPIE T-1. CRD,ARG,RLG

THLS OXOMpIC Sa0wE the longl-
tudinal line input data for a two-
span bridge withv four heama. The
beams 6re placed on chords of clreles
cogncentrle to the meinline. The
ralling and gutier llnes will alsa
be defined in this example for
illustration. Note thet the main-
line (survey 1line) ig also entered
a5 a longitudinel 1line. The dimen-
alone required to define the longi-
tudingel lines are shown in the sketch.
Snown below fe  the longitwiinel line
Input data entered on the input form.

- Centerline Ralling
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LONGITUDINAL LINES (continued}

¥MAMPIE T-2. TIA,PIR,CRD

In this example, the beams of each
gpen are placed parallel to a chord of
the centerline arc. In order for the
beams iines to meet At the intermediate
bent, the beams of spen “a™ must be
coded as PIA longitwdinel linesz and the
beams of span "n + 1" must be coded as 2
FIE longitudina] }inez. For the purpose .
of {1lustration, twe sets of longlitudinal \Ef’fff-ﬁ
Tdneas will be glven, The flret et will be \\

n_m

uaed with span 'n, and the other set used

with span "n + 1". The input date ls shown oo
o the following pege. w
Howewver, it chould be noted that all the \\

longitudinal lines eculd be given 1n cre set. For

exumple, bean A could be def'ined twlee in the same group

of Jlongitudinel lines, as s PIA and PIB longitudinal line.

In this caze, the FIA longitudinel lines should be skipped when defining the
bents and T-lines of spen "n + 1", &nd the PIR longitudinal lines would be

skdpped in span "n", This would keep the outpat data frowm conteining extransous information.
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EXAMFLE T-2. Continued
FORM QF INPUT

These longitudinal lines are used with spaan “n" only.

" — — ' Thie input should immwediately precede span "n" (assuming the
CﬂGSHCTF;'RPMCHDE-JfMFIE iines are not common to some previous span}.
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LONGITUDINAL LINES (continued)
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define the gutter lines. Note that
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BUMMARY OF LONGITUDINAL LIKE INFUT REQUIREMENTS

T™FE CARD CDOLUMES
{c,c.h-6) 7-8 9 - 18 13 - 28 29 - 38 35 - 48 ho | 5o - 8o
ARG AR From gkip Eﬁﬂe Remarke
Mainline. {1 or blank}.
CRI AR From
Meinline. Skip Code
(1 or blank). | Remsrks
RLG Mumber of AR From
Fef.line. Baef. lina. Hemarks
FIA Yumber of AR From
Ref.line. Fef. line. o . Remarks
FIR Number of HE From
Hef.line. Ref. line. bemarks
FAR Hurber of Hormel dis- Remarke
fef.line. tapce from
Bef. 1line.
5TF AR From Btstlion of Taper Rate Skip Code
Mainline. AR dimen- {1 or blank)}. | Remarks
L . L gion. I .
CTF AR From station of Taper Rate Skip Code Remarks
Hainlice. AR dimen- {1 or blenk).
L . aion.
Co5 SR From Btation of Radius Skip Code Hemarks
Mainline. AR dtmen- (1 or blenk).
sion.
COR X-Coordl- Y-Coordl- X«Loordi- Y-Coordl- ip Code Reparks
nate of nate of nate of nate of 1 or blank).
point 1. paint 1. point 2. polnt 2.




SPAN DATA

The SPAN DATA input formis used to define each span of the bridge. One input sheet
is required for each span. However, exceptions can occur if nore than el even transverse
lines are used in a span, or if several spans are combi ned and entered as one span. The
program conmputes the output data in units of spans; that is, the first span is computed
and the answers printed before the second span is considered, etc. Therefore, there is no
l[imtation on the maxi mum nunber of spans that can be processed with each problem
Normal Iy, the SPAN DATA input form(s) shoul d al ways be used. However, when the coordi nates
of all the points on the bridge are known, i.e., conputed sone other method, the
COORDI NATE i nput form can be used in lieu of the SPAN DATA form Note that the SPAN DATA
i nput can al so be used in conjunction with the COORDI NATE i nput data.

The solution for each span is conmpletely independent of the solution for any other
span. The spans can be given in any sequence, but it is conmon practice to enter the spans
in the sane order that they are positioned in the bridge.

Each span consists of two bents and from zero to twenty transverse |lines. Actually,
the bents are transverse lines but, since the bent |lines define the span, the bent and
transverse |lines nust be defined separately. The bents and transverse |ines of each span
are intersected with each longitudinal line unless a line is coded to skip the
i ntersection.

The Span | nput Data consists of the follow ng data:

1. Span ldentification (one input |ine).

2. Bent Data (two input |ines).

3. T-Line Data (zero to twenty* input |ines).

The data listed above will be discussed in detail on the foll ow ng pages Exanples
and sketches will al so be given.

An exception will be noted in the discussion of the T-Lines.



Span ldentification (8 SPANin c.c. 1-5).

The Span ldentification consists of data pertinent to the processing of the
span and Remarks that identify the span. The Span ldentification data is entered on
one line of the input form and this line is the first input line of the SPAN DATA
i nput form The Span ldentification should always contain data except as noted on
page 95. An exanple of the Span Identification input is not given since it is felt
that the instructions are adequate. Follow ng are the input data requirenents.

1. Span Nunber (c.c. 7, 8). Form xx

Enter in this space the span nunber. Either nunbers or characters may be
used, i.e., 1, 2, 3L, 4R etc. This nunber will be given in the output data of
the span. There is no sequence check on the order of the Span Nunbers.

2. Nunber of Transverse Lines (c.c. 10, 11). Form XX

The Nunber of Transverse Lines that are going to be defined in the span
shoul d be given in this space. If no T-lines are going to be defined, this
nunber may be left blank or given a value of zero. Since the nmaxi num nunber of
T-lines is twenty per span, this nunber cannot exceed twenty. Therefore, the
Nunmber of Transverse Lines will vary fromzero (0) to twenty (20). Note that
this nunber is the total nunber of T-lines in the span and not, necessarily,
the nunber of T-lines defined on one SPAN DATA input form i.e., two sheets can
be used when nore than el even T-1ines are defined.

3. Last Span Code (c.c. 13-16).

The code "LAST" should be entered in this space when filling in the input
data of the |last span of the problem This space should be left blank in al
precedi ng spans. This code indicates to the programthat no further input data
is going to be given after the present (last) span. Whenever coordinates are
used as i nput data (on COORDI NATE i nput data form after the last span,, the
Last Span Code should be | eft blank since additional input data nust be
processed.

4, Remarks (c.c. 16-73).

This space is provided so that the Engi neer can enter any pertinent

Remar ks descri bing the span. These Remarks will appear in the output data of
t he span.
5. Code for Additional Longitudinal Lines (c-c. 74-76).
Whenever another set of longitudinal |lines are going to be defined

i medi ately after a SPAN DATA i nput sheet, the code "YES" should be given in
card columms 74-76 of the Span ldentification. OQtherw se, these card col ums
can be used for Remarks. Therefore, if "YES" is given in these card col ums,
the programwi || expect the next sheet of input data after the span input data
to be LONG TUDI NAL LI NES.



Bent Data (B or Ain c.c. 1).

Two |ines on the SPAN DATA input form are provided so that the two bents that

define each span can be defined. The bent that begins the span will be referred to as
the Back bent and shoul d al ways be defined first, i.e., on the input Iine with the
letter "B" in card columm one. The bent that ternminates the span will be referred to

as the Ahead bent and shoul d al ways be defined next on the input Iine with the letter
"A" in card colum one. The Back and Ahead bent nust al ways be given when defining a
span. Note that a bent commn to two spans nust be defined twice, once with each
span.

Except as noted ot herwi se, the procedure for defining the Back and Ahead bent
is identical. Following is the input data required to define the bents.

1. RLG I ntersect Code (c.c. 2).

This code is used to indicate to the program which point of intersection the
programis to consider when intersecting the bent line with the railing |ongitudina
lines of the span. If the bent line is to extend straight and intersect the railing
lines, the digit one (1) should be entered as the RLG Intersect Code. However, if the
bent line is to turn at the intersection of the bent line with the reference line of
the railing line and extend radially fromthe reference line to intersect the railing
| ongi tudinal line, the RLG Intersect Code should be left blank or given a val ue of
zero. Note that the bent line will intersect all railing longitudinal lines in the
same fashion. A sketch showing this optional point of intersection is shown on page
58. This code has no effect on the intersection of the bent line with other types of
| ongi tudi nal |ines, nor on any longitudinal l|ines |ocated between the railing |ine
and its reference |line

2. Bent Number (c.c. 3, 4). Form xx.

This space is for entering the nunber of the bent. This nunber can be
nunmeric or al phabetic characters and will appear in the output data.

3. Remarks (c.c. 37-50).

This space is provided so that the user can enter any pertinent Remarks
that describe the bent. These Remarks will appear in the output data to assist
in the interpretation of the output.

4, Longi tudi nal Line Skips (c.c. 51-80).

The longitudinal Line Skip is used to instruct the programto by-pass the
intersection of the bent line with sonme particular longitudinal line. The digit
one (1) is used to indicate that the intersection is to be skipped. O herw se.,
the Longitudinal Line Skip is left blank. For exanple, if the intersection of
the bent with longitudinal line four (4) is not desired in the output data, the
digit "I" should be entered in card colum 54. Note that imrediately bel ow the
Longi tudi nal Line Skip heading there are numbers that correspond to the
| ongi tudi nal |ine number (1-30), and inmediately bel ow the | ongitudinal |ine
nunmbers are the card col um nunbers (51-80).

It is inportant to note that if the Longitudinal Line Skip is coded to skip a
| ongi tudinal |ine when defining the Ahead bent, the I ength of that |ongitudinal |ine
fromthe Back bent to the Ahead bent will not be given in the output data. Also, when
a bent is coded to skip a longitudinal line, the "Di stance to Previous Point"



di mension given in the output data will be zero in the output data of the
intersection of the bent with the next |ongitudinal line. For exanple, the distance
fromthe point of intersection of the bent with longitudinal line "n-1" to the point
of intersection of the bent with longitudinal line "n+l" is not given in the output
data when longitudinal line "n" is skipped. If a longitudinal |ine has been coded to
skip all intersections (the digit one entered in card colum 49 of the |ongitudina
Li ne i nput data) the bent Longitudinal Line Skip for that longitudinal line is
meani ngl ess, since the bent will not be intersected with the |ongitudinal in any
event.

5. Type Code (c.c. 5-8).

The Type Code is used to indicate to the program how the bent is going to be
defined. There are five codes available to the Engineer with which the bent can be
defined. They are:

1) SKEW ( Skewed at a station)

2) PARL (Parallel to reference line at a nornmal distance)

3) PSTA (Parallel to reference line at a station)

4) PREV (Parallel to bent B at a normal distance or a station)
5) SAME (Sanme as bent A of precedi ng span)

It is left up to the user to select the code and data that can nobst conveniently be
used to define the bent. Following is a discussion and sketch of each Type Code, the
required i nput data of each type, and exanpl es (pages 90-92) showi ng how the data is
entered on the input data form



1. " SKEW Bent

A SKEW type bent is defined by giving the Skew Angle and Station of the bent and
mai nline intersection. Therefore, the Skew Angle and Station of Bent nust be known before
this Type Code can be used to define a bent. This Type Code can be used to define both the
Back and Ahead bent. The SKEW code is not used exclusively to define bents that are skewed
with the bridge, i.e., the other Type Codes can be used to define bents that are not
per pendi cul ar or radial to the mainline.. Card colums 27-36 of the input |line should be
| eft blank when using the SKEWcode. Following is the additional input data required to
define a SKEW bent.

a. Station of Bent (c.c. 9-18). Form xxxx+xx.xxxx feet.

The station of the point of intersection of the bent with the nainline should
be entered in this space of the input form This station may be of negative
magni t ude.

b. Skew Angle of Bent (c.c. 19-26). Form xxx deg.,xXx mn.,XX.X sec.

The angl e between the bent line and a line that is radial to the mainline at
the Station of Bent should be entered on the input formas the Skew Angl e of Bent.
The angle is entered in degrees, minutes, and seconds (to tenths). The sign con-
vention of the Skew Angle is given on page 93. A negative angle is indicated by
entering a mnus sign (-) before the first significant digit of the degrees.

8 = Skew Angle

Statlon of Besnt

Radiel ¢or perpendicular

to mainline Back or Ah=ad BEent

curve or tangeat

[ 1] ﬂ{.‘?ﬁ' Fr BH'IT

a—Eul.]_-



2. "PARL" Bent

A PARL type bent is defined by first defining a reference Iine. The bent is defined
to be parallel to this reference line at a given normal distance fromthe reference line.
The reference |ine can be another bent or any arbitrary |ine; however, the skew angle and
mai nline station of the reference Iine nust be known. The reference Iine will not be
intersected with any of the longitudinal lines. The Back and Ahead bent nmay be defined by
this Type Code. Following is the additional input data required to define a PARL bent.

a. Station of Reference Line (c.c. 9-18). Form xxxx+xx.xxxx feet.

Enter in this space the station of the intersection of the reference line with
the mainline. This station may be of negative magnitude.

b. Skew Angl e of Reference Line (c.c. 19-26).
Form xxx deg.,xXx mn.,XX.X sec.

The angl e between the reference line and a line radial to the nainline at the
Station of Reference Line should be entered on the input formas the Skew Angl e of
Ref erence Line. The angle is entered in degrees, mnutes, and seconds (to tenths).
See page 93 for the Skew Angle sign convention. A negative angle is indicated by
placing a minus sign (-) before the first significant digit of the degrees.

C. Normal Distance (c.c. 27-36). Form Xxxxxxx.xxxx feet.
Enter in this space the Normal Distance fromthe reference line to the bent

line. If the bent is ahead of the reference line ' the distance is positive.
O herwi se (bent back of the reference Iine), the distance is negative.

Station of Referense Iins
urkrawn angle

reference 1line

unkrown station
Eadis]l or perpendisular

to mainline Faclk or Ahead bent is

v marallel to reference line

Curve or tengent

M

"PARL" Bent



3. “PSTA” Bent

A PSTA type bent is defined by first defining a reference Iine. The bent is defined
to be parallel to this reference line at a given station. The reference |ine can be
anot her bent or any arbitrary line; however, the skew angle and nmainline station of the
reference |ine nust be known. The reference Iine will not be intersected with any of the
| ongi tudi nal |ines. The Back and Ahead bent nay be defined by this Type Code. Following is
the additional input data required to define a PSTA bent.

a. Station of Reference Line (c.c. 9-18). Form xxxx+xx.xxxx feet.

Enter in this space the station of the intersection of the reference Iine with
the mainline. This station may be of negative magnitude.

b. Skew Angl e of Reference Line (c.c. 19-26).
Form xxx deg.,xXx mn.,XX.X sec.

The angl e between the reference line and a line radial to the nainline at the
Station of Reference Line should be entered on the input formas the Skew Angl e of
Reference Line. The angle is entered in degrees, mnutes, and seconds (to tenths).
See page 93 for the Skew Angle sign convention. A negative angle is indicated by
placing a minus sign (-) before the first significant digit of the degrees.

C. Station of Bent (c.c. 27-36). Form Xxxxx+xx.xxxx feet.

Enter in this space the station of the intersection of the bent with the
mai nline. This station may be of negative nagnitude.

tanment

reTarence lino 8 = Ekew Angle of Beference Lipe

Radjal or permeodiculer

to mainline | unkneown dissance

-
unkhown angle
nLgﬁﬁsfaﬁﬂﬂ— 5

ar d
& L Baeck or Ahesad bent is
%Y parallel to referesnce line
o 2 X

"y curve
il

"PETA" Bent



4, "PREV" Bent

A PREV type bent can only be used to define the Ahead bent (Ain c.c. 1). The PREV
code indicates that the Ahead bent (being defined) is parallel to the Back bent (already
defined). The Ahead bent is defined further by giving the normal distance fromthe Back
bent to the Ahead bent OR (not both) the mainline station of the Ahead bent. Card col ums
19-26 of the input data line should |eft blank. Following is the additional input data
required to define a PREV bent.

a. Station of Bent (c.c. 9-18). Form Xxxxx+xx.xxxx feet.

If the station of the Ahead bent is known (Normal Distance is unknown), that
station should be entered in this space. The station nmay be of negative nmagnitude.
If the station is not known, the Normal Distance nmust be given, and this space is
left blank. If both the Station and Normal Distance are known, either one may be
given in its proper place.

b. Normal Di stance (c.c. 27-36). Form xxxxxx.xxxx feet.
If the Normal Distance fromthe Back bent to the Ahead bent is known (Station of
Bent is unknown), that distance should be entered in this space. The di stance should
al ways be positive since the Ahead bent is ahead of the Back bent by definition. If

the Normal Distance is not known, the Station of Bent is given, and this space is
[ eft bl ank.

tLIﬁ'Gmal

ﬁiﬁ?ﬁ:e

Back DEh ———) .

\\\\\‘/;—- gtation of Bent (Ahe

Ahead bent is parallel to the
Back Dent, epnd Hormal Distance — o
or Strtion of Bent is ¥nown.

-ourve or tangent

¥

"PREV" Bent (Use <o define Ahead dent only)



5. "SAME' Bent

The SAME type bent can only be used to define the Back bent (Bin c.c. 1). This code
indicates that the Back bent is identical to the Ahead bent of the previous span
Therefore, this code cannot be used to define the Back bent of the first span of the
problem i.e., there is no previous span of that problem The only input data required are
t he Longi tudi nal Line Skips and Type Code (SAME). The other input data (RLG I ntersect
Code, Bent Nunber, Renarks, etc.) are not required

The SAME Type Code can be used even though a new set of longitudinal |ines may have
been defined i mediately before the Span Data, i.e., the previous Ahead bent is not
affected. The Longitudinal Line Skips are required since the previous Ahead bent skips nay
not be valid.

o ——— PBack bLert of span "n+l" is
«q% "SAME™ ag Aneed bent of
< spen "n".

"SAME" Bent (Use to d=Ffire Bacxk bent only)



SUMMARY OF BENT INFUT DATA

TYPE Code (c.c.5=8) and Input Deta

Cernd Columns
SKEW PART, PSTA | PREV SAME
2 BRIz INT. B1G INT. RKL: INT. BIG INT.
Code Code Code Code
3,h ;  Bent Bent Bent. Bent
Tunber Hunmber Numher Kumbe
G-15 ftetion Stetion Station Stetion
of Pent of Refer- of Refer- of Eent
ence line ance Line if Hormal
Irdstence
1z unknowm
13-26 Skevr Skew Skew
Angle of Angle of Angle of
Bent Referanoes Befersnoce
Lin= Line
27-35 | . Normel Stetion Tormal
Dictance oF Dent Distance
from Bef- 1f Stationm
arance of Bent la
Line unknown
3750 Remarks Remarka Femarks Femarks
51=80 Ilongi- Long? - Longl- Longi~ longl-
tudingal tudinal tudinal tudingel tudinal
Line lipe ;7 Line Line Line
Skipa fkips Ekipa Skipa Skips




FORM OF INPIT WSE DG CFoR]

BENT DATA STAK
RLG Ref. line £

EXAMPLE {-1. &KEW, PARL unknown angle iy
27 -
Btation

Thie example showa the Input dete 20400 Statian

that i reguired to defins a “BKEW" unknown stetlon
and "PARL" type bent. The Bkew hngle
&nd Stetion of the Pock bent arz um-

known; however,this bent 1 parallel
to & llne that h28s 8 known {given) Bent L4{Back)

Skew Angle and Station. Therefors,

the Back bent will be defined ms "PARL" Al Refs
since the Hormal Dietance is known. Tpiling 1ine ||'

Note that the RNormel Platance lg nege- Reference line

Elve, i.e., Stetlon of Bent 1s lass }L""-—-ﬁ,__jiﬁ.\?{ for Back bent.

than Statlon of Reference Idne. The

Skew Angle and Staticn of the Ahbead

bent are known {given); therefore, the

Ahend bent cen convenlently be defined

aa &8 "OKEW" bent. The Beiling longitudinel lines end their reference line are shown for the purpose of
illustrating the RLZ Intersect Code. Note thet the Beck bent 1s coded {RLG Intersect Code = 1) to extend
gtraight and intersact the Redling 1ine. Bent 5 (head) hea been voded {RLG Intersect Code left blenk) to
turn redialliv et the referance line of the Rallilng &nd extend to intersect the Ralling. Any other type {not
Railing)} of longitudinel line, whether located between the Railing line snd its refersnce line or not, 1=
intersected wlth the bent extended straight (nc turn). Note that both bente heve been coded to skip the
intersection with loogitudinel line four (4). Tais 1s done by entering the digit one (1) in card column 54
of the Iongltudingl Line Skips. The imput dete is shows belew on the laput form,
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BENT DATA {continued)

EXAMPLE 8-2. PSTA, PREV,

Thie example shows the loput date
that iz required to define a "PSTA"
pnd "PREV" type bent. The Skew Angle
of the Back bent La unknownj however,
this bent 1ls parallel to & line that
hes a koown Statlion end Skew Angle
{given)., Therefore, Lhe Back bent
can be defined as "P3TA" since the
Station of the bent is known {given).
The Ahead bent 15 at & known Stetion
{given) and perallel to the Back bent.
Therefore, the Ahead bent can he defined
2z o "DPREVY" bent. The inpubt dete i1z
ghown on the input form below.
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BENT DATA (continued)

EXAMPLE 8-3. SAME, PREV

This exenple ahowa the apsn 2:;1-:‘:' :ig(‘]::::tim (Ahead)
(n+l) inmedlately after the apan in ﬁxam le §-2
{n} of Exemple 8-2. Slnce the ol ’
Beck bent of this apan (n+l) hes

already been defined as the Ahead Staticn 21+00 unkown
bvent of spen "m", thig bent can be angle
ageal d g th k b il

gned ae the Back bent of this Redial

span {n+1)} by ueing the "SAME"
code. The enly other data that
is required with the "SAME" code
is the Iongltudinal Line Skips.
The Ahead bent is parallel to the
Back bent, but the Ztation and Skew e

Angle are unknown. However, the 1__“\/
Hormal Diatance from the Back hent

is ¥nown (given) and, therefore, the

B Ahead bent can be definaed ss & "PREVY"
¢ type bent. MNote that the Normal Dlatance
is positive, i.e., the Ahesad bent station
1a greater thap the Back btent station. The
inpat data 1g shown con the input form below.
FORM GF INFUT
W USE DG TFOR[ oo EN SKEW ANCLE 1=USE THIS FORMAT FOR "SKEWM CODE. ' S L
bl o INT, congf S TATION OF BENT OF BENT —USE THIS FORMAT FOR YPSTAY OR “"PARL" CODES. RS
RFMI] TYRE STATION OF SKEW AMCLE OF | STa. OF BENT VRSTAT REMARKS L ONGITUDINAL rLIﬁE-.ﬂ‘Eﬁﬁ.l
1| Ne | cobE REFEREMCE LINE |[REFERENCE LINE |NORMALDIST. IF "PARLT [z [2 #5178 [s]ton [z [ahelels LT E
T.a ENRE B B T ] ez T4 f&d —_ Y SONE b5 —h E#I
B CISAMEL - 4, L] _l_..:t_.__l.__L_.L.__!l_,..L.!,.J._l...J W1 S - Y J I t L W 3 T
s STAOF GENT IF "pRgw]=— F -« ]NGRMAL DIST. IF "PREV S -I' R T )
W derev e oo Lo LT U noeeecol BENT G e LD L EELTTETE




_EE_

\ B(+)

-

15t Huadrent

Redial or porpen-
dAleular to mainline

. CSULW A2
Bent, T-Lipe ¥ve or tangent
nr Hef. line

LHJ.{-:hl.‘. Curve
I' Ak pey

0 *X
L +A
L=t Curve
LaTt Shew
Bent, T-Line
or Hef. lige
\ curve or tangent
Budial or perpen-
‘dicular to meinline
1t Guedrant
+Y

Bent, T-Line

ar Bef. line 1t Quadrant

curve or tangent

hadial or perpendicular
o mailnline

) Hight Curve N
I e T e T +x
01 A
Teft éurve
Right Skew rﬂ
Fadial or perpendicuza
ier to meiniline
curve or tang
Bent, T-Line or
Ref. line i {-3
lat Yuedrant
+Y

SKEW ANGLE {8} SIGN CONVENTIDH




Transverse Lines (T-Lines).

Transverse lines are lines that normally run across the bridge and are not
classified as bent lines. The program has the capacity for twenty such |ines per
span. T-Lines usually lie between the Ahead and Back bent. However, this is not a
program requi renent since the T-Lines are allowed to be outside the range of the
span. Each T-Line along with the Ahead and Back bent will be intersected with each
| ongitudinal line and the various data of each intersection point given in the
output. T-Lines can be used to represent nost any type of transverse line. Foll ow ng
is alist that shows several exanples of T-Line usage, and the purpose for each
usage.

1. Centerline of bearings

The finished grade el evations (output) at the centerline of bearings can
be used for substructure el evations when adjusted for slab, beam depth, etc.
During construction, these elevations can be used to check the top of beam
el evation for any adjustnent in the coping depth.

2. Di aphr agns

The |l ength, distance from bent, and angl e between the di aphragm and
various longitudinal |ines, which are given in the output, can be used for
detailing purposes.

3. Substructure |ines

Ot her substructure lines can be used to conmpute elevations in order to
obtain the substructure elevations, i.e., face of substructure cap. The face of
the substructure cap in the case of the end bent can be used in nmany instances
to assist in conputing railing post spacings.

4, Construction joints

The finished grade el evations at the construction joints can be used by
the field Engineer during construction to set screed el evations.

5. Splice points of beans
The finished grade elevations at the splice points can be used to
determ ne beam sl opes. This is particularly true if a continuous unit is used in
a vertical curve or transition superelevation
6. Span division |ines
The span can be arbitrarily divided by lines in order to conpute el evations
for construction purposes, i.e., quarter points, third points, tenth points,

7. Road underneath |ines

The edge of paving, shoulder, etc. of the road underneath can be entered as
a T-Line of the bridge above in order to assist in conputing clearances.



The list of T-Line usage given on the preceding page is by no neans a conplete |ist.
However, the lines listed are probably used nost often, and they are listed for the
purpose of illustrating how and why T-Lines are used.

The input data necessary to define each T-Line is entered on one line of the input

form (an exception will be noted |ater). The SPAN DATA i nput form provides el even i nput
data lines for entering the T-Lines. If nmore than eleven T-Lines are going to be entered
in any one span, additional |lines can be attached to the bottom of the input form or an

addi ti onal SPAN DATA input formcan be used to enter the additional T-Lines. However, when
an additional input formis used, the Span Identification and Bent Data should be |eft
bl ank on the second SPAN DATA input form of the span since a new span is not being

defined, i.e., used solely to enter T-Lines. Note that when using an additional sheet for
T-Lines, or attaching T-Lines to the bottom of the SPAN DATA input form the Line Nunber
(c.c. 2, 3) which is given on the input formw |l have to be changed so that two T-Lines
wi |l not have the same nunber, i.e., T-Lines must be defined in numerical sequence

The letter "T" is required in card colunm one of each T-Line input data line. This
is used by the program for identification purposes. A Line Nunber is required in card
colums 2 and 3 of the input data lines. This nunber is assigned to the T-Line and will be
associated with the output data of the T-Line. When nore than el even T-Lines are used per
span, make sure that the letter "T" and the appropriate Line Nunber are entered on the
additional T-Line input data lines. Note that the letter "T" and Line Nunber have already
been entered on eleven lines of the input form Following is the input data comon to al
types of T-Lines.

1. RLG I ntersect Code (c.c. 36).

The RLG Intersect Code for the T-Line functions in the same manner as the RLG
Intersect Code for the bent lines. See the discussion on page 82 and the sketch on
page 58. Note that the intersecting of a T-Line and any type of |ongitudinal other
than a railing longitudinal line is found by extending the T-Line straight
regardl ess of the position of that |ongitudinal Iine. Wien defining a "CONS" First
Code T-Line, the RLG Intersect Code has no neaning and should be | eft blank.

2. Remarks (c.c. 37-50).

This space is provided so that the user can enter any pertinent Renarks that
describe the T-Line. The Remarks given here will appear in the output data to assi st
in the interpretation of the output.

3. Longi tudi nal Line Skips (c.c. 51-80).

The Longitudinal Line Skips for the T-Lines function in the sane manner as the
Longi tudi nal Line Skips for the bent lines. See the discussion on page 82. Note that
when an intersection is skipped, the output will contain no data relating to that
poi nt of intersection



Two codes are used to indicate how the T-Line is going to be defined: First Code and
Second Code. The First Code denotes how the direction or slope of the T-Line is defined,
and the Second Code denotes how the position of the T-Line is going to be defined. There
are five available First Codes. Fromone to three different Second Codes are available in
conjunction with each First Code. Following is a list of the five First Codes and the
Second Codes that are available with each

First Code Second Code
1. PARL NORM
DI ST
PROP
2. ANGL DI ST
PROP
3. PTPT DI ST
PROP
COOR
4. SKEW STAT
5. CONS DI ST
PROP

From the above list, it can be seen that there are el even possi bl e conbinations of
First and Second Codes. For every T-Line that is defined, the user nust decide how t hat
line can be nobst conveniently defined. That is, what data is available to define the line
and what Codes can best be used with the available data to define the T-Line. The five
avail abl e First Codes are discussed in detail on the follow ng pages. The required input
data for each avail abl e Second Code is given in the discussion of each T-Line First Code.
Exanpl es of T-Lines defined on the input formare given on pages 110 to 113.



1. "PARL" T-Line

The "PARL" First Code defines a straight T-Line that is parallel to either the Ahead
or Back bent. A T-Line cannot be defined as being parallel to any other type of |ine,
i.e., another T-Line or reference line. A T-Line is designated as parallel to a bent when
the Code "PARL" is entered in card colums 4-7 of the T-Line input data |ine. The position
of the "PARL" T-Line can be defined by any one of three avail able options. The option or
met hod that is used nust be indicated by the Second Code. The three Second Codes and the
required input data for each are as foll ows.

First and Second Code Requi red | nput Data

PARL/ NORM Ref erence Bent, Normal distance

PARL/ DI ST Ref erence Bent, Distance, Reference Line

PARI / PROP Ref erence Bent, Proportion, Reference Line
a. Ref erence Bent (c.c. 12). A or B

The Reference Bent indicates the bent to which the "PARL" T-Line is parallel
Therefore, this Reference Bent designation is always required with a "PARL" First
Code, regardless of the Second Code that is used. Enter the letter "A" to indicate
that the "PARL" T-Line is parallel to the Ahead bent, and the letter "B" is used to
orient the "PARL" T-Line parallel to the Back bent. Any other character or nunber
entered in this card colum will cause an Error Message and terminate the processing
of the problem The programwi |l not assign a bent by default when an invalid
character is found.

b. Normal , Di stance, or Proportion (c.c. 13-22).
Form xxxxxx.xxxx feet or ratio.

The data entered in this space on the input form depends on the Second Code
used with the "PARL" T-Line.

If the Normal distance fromthe bent to the T-Line is known, the Second Code
can be given as "NORM' and the Normal distance entered in this space on the input
form The Nornal distance can be given in either direction fromeither bent.

If the Distance, neasured along a longitudinal line, fromthe bent to the T-
Line is known, the Second Code can be given as "DI ST" and the Distance entered in
this space on the input form This Distance can be nmeasured in either direction from
ei ther bent and al ong any type of longitudinal |ine (curve or straight).

If the distance fromthe bent to the T-Line is to be a Proportion of the length
(fromthe Back bent to the Ahead bent) of the longitudinal line that the distance is
measured al ong, the Second Code can be given as "PROP" and the Proportion (ratio)
entered in this space on the input form The Proportion distance can be neasured in
either direction fromeither bent and al ong any type of |ongitudinal Iine.

C. Reference Line (c.c. 23, 24). Form xx
If the Second Code is "DIST" or "PROP', the nunber of the |ongitudinal |ine

that the Distance or Proportion distance is nmeasured al ong nust be entered in this
space. |If the Second Code is "NORM', this space should be left blank



Card columms 25-35 should be |left blank when defining "PARL" T-Lines. Following is a

sketch showi ng "PARL" T-Lines and the sign convention for the various data.
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2. “ANGL” T-Line

The "ANGL" First Code defines a straight T-Line that is at a known angle with a
| ongi tudinal line. A T-Line cannot be defined as being at an angle with a curve
longitudinal line, i.e., the longitudinal line nust be straight. A T-Line is defined at an
angle with a longitudinal line by entering the Code "ANGL" in card colums 4-7 of the T-
Line input data line. The position of the "ANGL" T-Line can be defined by either one of
two avail abl e options. The option or nethod that is used is indicated by the Second Code.
The two Second Codes and the required i nput data for each are |isted as foll ows.

First and Second Code Required |nput Data
ANGL/ DI ST Reference Bent, Di st ance, Reference Line, Angl e
ANGL/ PROP Ref erence Bent, Proportion, Reference Line, Angle
a. Reference Bent (c.c. 12). A or B

The Reference Bent is the bent fromwhich the Distance or Proportion distance
is measured to |ocate the "ANGL" T-Line. This Reference Bent is always required with
a "ANG." First Code, regardless of the Second Code. Enter the letter "A" to indicate
that the "ANGL" T-Line is going to be |ocated by neasuring fromthe Ahead bent, and
the letter "B" is used to designate that the di stance (absolute or proportion) is
nmeasured fromthe Back bent. All other characters are invalid and will cause an
Error Message and ternminate the processing of the problem

b. Di stance or Proportion (c.c. 13-22). Form xxxxxX.xxxx feet or ratio.

The data entered in this space of the input form depends on the Second Code
used with the "ANGL" T-Line.

If the Distance (nust be neasured along a longitudinal line and fromthe Ahead
or Back bent) froma bent to the T-Line is known, the Second Code can be given as
"DI ST* and the Distance entered in this colum of the input form However, the
Di stance nmust be along the same longitudinal line fromwhich the Angle is going to
be nmeasured. Therefore, the Distance nust be neasured along a straight |ongitudina
line. However, the Distance can be neasured in either direction for either bent.

If the distance fromthe Reference Bent to the T-Line is to be a Proportion of
the length of the longitudinal line that the distance is neasured al ong, the Second
Code can be given as "PROP" and the Proportion (ratio) entered in this colum of the
input form All other criteria is the sanme as for the "DI ST" Second Code.

C. Reference Line (c.c. 23, 24). Form XX.
The nunber of the longitudinal |ine along which the Di stance or Proportion

di stance is nmeasured, and from which the Angle is neasured, should be entered as the
Reference Line. Only the nunber of a straight longitudinal line is valid.



d. Angle (c.c. 25-32). Form xxx deg., XX mn.,XX.X sec.

Enter in this space the Angle between the T-Line and the |ongitudinal |ine
(Reference Line). This Angle should al ways be given in degrees, mnutes and seconds
(to tenths) and should al ways be nmeasured fromthe sane longitudinal line that the

Di stance or Proportion distance is neasured along. The Angl e should al ways be an
acute (< 90 degrees) angle. However, the Angle may be of negative magnitude. Note
that an Angle equal to zero nakes the T-Line collinear with the |ongitudinal |ine

and, therefore, a value of zero is invalid. Note that a dotted line on the input form
separates the colunms for degrees, mnutes, and seconds.

Card columms (33-35) should be left blank when defining "ANGL" T-Lines. Following is
a sketch showi ng "ANG" T-Lines and the sign convention of the required input data.
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3. "PTPT" T-Line

The "PTPT" (Point Point) First Code is used to indicate that the T-Line is going to
be defined by identifying two points on the T-Line, i.e., a straight Iine between two
points. Such a T-Line is indicated by entering "PTPT" in card colums 4-7 of the T-Line
i nput data line. The two points, if not defined by coordi nates, nmust be |ocated on the
[ ongitudinal lines. The points that determ ne the T-Line can be defined by any one of
three avail able options. The option or nethod that is used is indicated by the Second
Code. The three Second Codes and the required i nput data for each type are as foll ows.

First and Second Code Requi red I nput Data
PTPT/ DI ST (Point 1) Ref erence Bent, Di st ance, Ref erence Line
(Point 2) Ref erence Bent, Di st ance, Ref erence Li ne
PTPT/ PROP (point 1) Ref erence Bent, Proportion, Reference Line
(Point 2) Ref erence Bent, Proportion, Reference Line
PTPT/ COOR (Point 1) X- Coor di nate, Y-Coordinate
(Point 2) X- Coor di nate, Y-Coordinate
a. Ref erence Bent (c.c. 12 and c.c. 33). Aor B

The Reference Bents are the bents from which the Di stances or Proportion
di stances are neasured in order to |locate the points that define the T-Line. The
Ref erence Bents are not required when defining a "COOR" Second Code T-Line since the
input will actually be coordinates, i.e., independent of the Ahead or Back bent.

Each point (except coordinate point) is identified by measuring a Distance or
Proportion distance fromthe Reference Bent (Back or Ahead bent) along a Reference
Line (longitudinal Iine). Either point of the T-Line can be |ocated fromeither
bent. That is, each of the two points that define the "PTPT" T-Line is independent
of the other. "A" is used to indicate that the point is located fromthe Ahead bent,
and "B" is used to indicate that the point is |ocated fromthe Back bent. Any
character other than "A" or "B" will cause an Error Message and terminate the
problem Note that two Reference Bents (one-for each point) nust be given. The
Ref erence Bent (A or B) for point one is given in card columm 12, and the Reference
Bent (A or B) for point two is given in card colum 33. Wiich point is designhated as
poi nt one, or point two, is arbitrary.

b. Di stance, Proportion, or X-Coordinate (c.c. 13-22).
Form Xxxxxxx.xxxx feet or ratio.

The data entered in this space of the input form depends on the Second Code
that is used with the "PTPT" T-Line.

If the points that define the T-Line are |ocated by Distances fromthe
Ref erence Bents (Ahead or Back) along the Reference Lines (longitudinal |ines), the
Second Code should be given as "DI ST" and the Distance fromthe Reference Bent (c.c.
12) to point one given in this colum of the input form The D stance can be
measured fromeither bent, in either direction, and along any type of |ongitudina
line.



If the distances fromthe Reference Bent to the points that define the T-Line
are given as Proportions of the length (fromthe Back bent to the Ahead bent) of the
Ref erence Lines (longitudinal lines), the Second Code should be given as "PROP" and
the Proportion (ratio) for point one entered in this colum of the input form The
Proportion distance can be neasured fromeither bent, in either direction, and al ong
any type of |ongitudinal line.

If the T-Line is defined by the coordinates of two points, the Second Code
shoul d be given as "COOR" and the X-coordinate of point one entered in this colum of
the input form

C. Reference Line (c.c. 23, 24 and 34, 35). Form XX

If the Second Code is "DI ST" or "PROP", the nunber of the |ongitudinal |ine
(Reference Line) on which each point is |ocated nust be given in these input data

colums. The nunber of the longitudinal |ine on which point one is located is given
in card colums 23 and 24, and the nunber of the |ongitudinal |ine on which point two
is located is given in card colunmm 34 and 35. Note that both points of a "PTPT" T-

Li ne cannot be | ocated on the sane |ongitudinal I|ine.

If the Second Code is "COOR', these colums should be |eft blank, i.e., the
coordinate input data is independent of the longitudinal |ines.

d. Di stance, Proportion, or Y-Coordinate (c.c. 25-32).
Form xxxx.xxxx feet or ratio.

The data required in this colum depends on the Second Code and the data that is
entered in card colunmm 13-22, i.e., the sane type of data should be entered in this
columm that was entered in card colums 13-22

If the Second Code is "DIST", the Distance (along the longitudinal line given in
card colums 34, 35) fromthe Reference Bent (c.c. 33) to point two should be entered in
this colum of the input form This Distance can be neasured fromeither bent, in either
direction, and along any type of longitudinal I|ine.

If the Second Code is "PROP", the Proportion used to |locate point two should be
entered in this colum. This Proportion distance can be neasured fromeither bent, in
either direction, and along any type of |ongitudinal |ine.

If the T-Line is defined by coordinates, the Y-Coordinate of point one should be
entered in this colum of the input form



If the T-Line is defined by coordinates, an additional input line is required to
enter the coordinates of point two. The X and Y Coordi nates of point 2 are entered in the
same card columms of the second line that was used to enter the coordinates of point one,
i.e., the X-Coordinate is entered in card colums 13-22, and the Y-Coordinate is entered
in card colums 25-32. It is suggested that the blank space between the input |ines be
used to enter these coordinates. The only other data required in the second coordi nate
input line is the letter "T" which should be put in card colum one. However, the next T-
Line input data line can be used to enter the coordinates of the second point. But, if
additional T-Lines are used, the Une Nunber (c.c. 2, 3) nust be adjusted on the subsequent
T-Lines, i.e., the two lines required to enter the coordinates of the two points define

only one T-Line.

Following is a sketch showi ng the "PTPT" T-Lines.
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4. "SKEW T-Line

The "SKEW First Code defines a straight T-Line that is at a known Station and Skew
Angle with the mainline. Therefore, the "SKEW T-Line is conpletely independent of the
bent and longitudinal lines. There is only one type of "SKEW T-Line available, and the
Second Code for this T-Line is "STAT". Actually, since there are no alternate Second
Codes, the "STAT" Second Code is not required. The required input data is as foll ows.

First and Second Code Requi red I nput Data
SKEW STAT Mai nline Station of T-Line, Skew Angl e of T-Line
a. Station (c.c. 13-22). Form Xxxxx+xx.xxxx feet.

The mainline Station of the intersection of the T-Line and nainline should be
given in this colum. The Station may be of negative nagnitude.

b. Skew Angle (c.c. 25-32). Form xxx deg.,XX mn.,XX.X sec.

The Scew Angle that should be entered in this colum of the input formis the
angl e between a line radial (or perpendicular) to the mainline, at the Station of
the T-Line, and the T-Line. The Skew Angle is given in degrees, ninutes and seconds
(to tenths). Note that a dotted line on the input form separates the degree, mnute,
and second columms. The sign convention for the Skew Angle is the sane as for the
bents.

Card columms 12, 23, 24, 33-35 should be left blank when defining it SKEW T-Lines.
Following is a sketch showi ng the "SKEW T-Line.
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5. "CONS" T-Line

The "CONS" T-liines are not straight lines but rather a series of points that may or
may not lie in a straight line. These points are |located on the |longitudinal |ines. Each
It “CONS” T-Line | ocates one point on each |ongitudinal |ine that has been defined. The

| ocations of the points are determined by a given Distance, or Proportion ratio for dis-
tance, fromeither the Ahead or Back bent. The Distance or Proportion is constant to al

poi nts. Note that although the Proportion remains constant for all |ongitudinal |ines, the
actual distances (Proportion rmultiplied by the lengths of the longitudinal lines) fromthe
bents to the points can vary since the length of the longitudinal lines (frombent to
bent) may vary. If the actual Distance is given, the variation in the |lengths of the

[ ongitudinal lines has no effect on the location of the points. Since the "CONS" T-Line is
a series of points, the RLG Intersect Code is nmeaningless and should be |eft blank.
Following is the input data requirenents.

First and Second Code Requi red I nput Data
CONS/ DI ST Ref erence Bent, Distance
CONS/ PROP Ref erence Bent, Proportion
a. Ref erence Bent (c.c. 12). A or B

Enter the letter "A" if the Distance or Proportion distance is neasured from
the Ahead bent. The letter "B" will indicate that the Di stance or Proportion
di stance is to be neasured fromthe Back bent. All other characters are invalid,
i.e., cause an Error Message.

b. Di stance or Proportion (c.c. 13-22). Form XxxxxxX.xxxx feet or ratio.

The data that is entered in this colum of the input form depends on the Second
Code used with the "CONS" T-Line.

If the Distance (constant for all |ongitudinal |ines) neasured along the
| ongitudinal lines fromthe bent to the points is known, the Second Code can be
given as "DI ST" and the Distance entered in this colum of the input form This
Di stance can be neasured in either direction fromeither bent and al ong any type of
| ongi tudi nal |ine.

If the distance fromthe bent to each point is to be a Proportion of the length
of the longitudinal line that the distance is neasured al ong, the Second Code can be
defined as "PROP" and the Proportion (ratio) entered in this colum of the input
form This Proportion distance can be neasured in either direction fromeither bent
al ong any type of |ongitudinal line.

Card columms 23-36 should be left blank when defining "CONS" T-Lines. On the
foll owing page is a sketch showing the "CONS" T-Line and the sign convention of the input
dat a.
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I..j = Leopgth of longlitwdinael Line ] from bent to bent.

"CONS' T-LINES
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T-LINE INPUT DATA SUMMARY

Summary of "PARL" T-Line Inyut Data Requirements

First and Second Codes,snd Input Deta

Card
Columns
§-11 PARL/ NI FARL/DIET PARL/FROF
12 Bent (A or B) to which the Bent (A or B) to which the Eent (& or EB) to which the
T-Line 1= parallel. T-Line iz parellel. Toline dg perallel.

13-22 Hormal distance Irom hent Dlstance from hent to T-Line Proportlon ratic for distence

tn T-Idne. along & longltudipel line. from bent o T-Linec.

23,24 Nusber of longitudinal line Number of longitudinel line
that Platance 1s meagured that Froportlon disteacs is
along. measured B1ohg.

Summary of "ANGL" P-Line Input Date Requirements
Firob and Beoond Todoo;end Inpuk Dala
Card
Cojuans

411 ANGL/DIST ANGY/ BPROE

12 Bent {A or B) from which the Diatence is Bent (A or B) from which the Froportion ratio

medsnred. for dietance 15 measured.

13-22 Matance from bent to T-Iine along a longitudinal . Froportion ratio for distance from bent to

lina. T-Line along & longltudinal lipe.

23,2k Number of longitudinal 1line that Distance is Number of longitudinomal line that Froportioo

measured Along, and [row whilch the Angle 1s ratio for distance is wespursd along, and
meamured. from which the Angle ia momsured.

25732 Angle betwemen longitudinel line and T-Line. Angle between longitudinel 1ine and T-Line.
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Card
Columme
3-11

Sumary of "PPPT' Tdine Input Data Requirements

Firet and Second Codes,and Input Imta

PTPT/DIST

PTFT/PROF

PTET/ 200K

12

Bent (& or B) trom which the
Distence to point 1 1 mesa-
sured.

Bent {4 or B} from which the
Proporticn ratilo for distance
to polnt 1 la messused.

13-22

DMetance to point 1 8long A
longitudinal line.

Proportion ratle for distance
to point 1 elong e lomgltudi-
nel line.

X-Coordinate of point 1 {first
line}

¥~Coordinate of polot 2 {second
1line)

Humbper of the leongitudiael
line thet the Distence to
peint 1 1 mensured aleng.

Wumber of toe loogltudinal
line that the Proportion ratio
for distence to puink 1 is
measured slong.

Distance to point 2 elong &
longitudinal Line.

Froportion ratic for distence
e point 2 aluag 8 leugltudl-
nal line.

Y-Coordinate of polnt 1 {first
iine )
Y-Cgurdinate of gpolnt 2 (second
iine)

33

Bent (A or B} from which the
Distence to point 2 1s mee-~
surwed .

Bent {A or B) from which the
Proportion retio for distance
ko point 2 1s measared.

3k,35

Fumber of the longitudinel
line that the Distance to
point 2 is measursd Blong.

Humber of the longitudinel
Line that the Proporticn retio
for distance to point 2 is
meRpured alohg.
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Summary of "SKEW' T-Iilpne Input Dats Heuulremsuts

Flrat and Second Codea, and Inout Dote

Card
o lumn
h-11 SKEW/STAT
13-22 Mainline Btatlon of T-line
2h=-32 Skew Anpgle of T-Line
Summery of "CONS™ ToIine Input Data Hequirements
Firet wnd Second Codes, and Input Data
Card
Column
4-11 CoN3/DIST CONns/FROP
1= Berik (A or B} from which the Distence is Bent (A or B) from which the Proportion retio
measured. for disgtance iz measured.
13-22 PBigtence from the bent to the varicus pointa Fropaortion ratic for distance from the bent
on the longitudinal lines. to the warious points on the longitudinal
lines.
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T-LINES RLO

F- Longitudinal Lineg

_-___-—"—-—-_
EXAMPLE -1, PILBE}’DISI', PARL/PROP / <4 Ref.line \{‘z@m
PARL/HORM .
a5t | |
Tis evample shows how the

PARL" T-Lines are defined., By Back bent .51 / Q) Ahead
definition these T-Lines are parallel o, C bent
to the Bsck or Ahead bent. T-Idna e S
L haa been defined az & "PARL/PROP" PARL/FROP T —
T-Iine thet iz parallel to the Back T-Line (1) -12.5"
bent and located at one-fourih the PARL/DIST
distance from the gack bent to the r_Line {2) - - PARL/NORN
Ahead bent along Iengitudinel - T-line (3}
Line 4. Note thet the leagth of Lﬂzf“““ﬁwhﬂ
longitudingl Line L does not have
to be known. In the Remerks, this Parallel to Bagck hent / \\-\
line is identified as & comstruction ’ i l+— Parallel to
Joint. For the purpose of 1llustra~ Aheed bent
tion, P-Lina 1 hes been coded to ex- (n) = Iongiéudinal Line Number
tend strajight to ilntersect the Ralling
lines 1 and 8. T-Iine 2 is a "PARL/DIST" I, = Length of Iongitudinel Line 4 from the
T-Line thet is paraliel to the Back bent and Back bent to the Ahead bent {unknown),

located &t A DistAance of twenty-~tfive feet from the

Beck bent along Longitudinel Idne 3. Thia line is

1dentified as & dlaphragm 1n the Remarks colum. Hote

thet this T-Line has been coded to skip Longitudinel line 1 and 8. T-Line 3 is 8 "PARL/NORM" T-Line that ig
parallel to the Ahead bent spd located at & Normel Digtance of 12'-6" from the Ahead bent. Note that this type
of T-Iine 1n independent of the Iengitudinal Linees. T-Lins 3 nea been labeled & vunsiructlon Joint in the FRemaris

eglumn. Fellowing is the 1nput data shown on the input form.

FORM QF INFUT
o L STATION or NORMAL ANGLE or SKEW | [ REFERENCE BENT o
REFERENCE BENT ar DISTANCE E% ANGLE or DIST. ||ffiw | UsE DIGIT I FoR '
LINE FIRST [SECOND[|| or PROPORTION WIS of PROPORTION | | (b2 RLG INT COCE LONGITUDINA
i Nﬁ CHBE L‘DﬁE or X COORDINATE or Y COORDINATE | |- REMARK S 2 [afaln]s]7 [a[awlnfe]d
HE ] [Pk F’& I!D 3333 3a(3T Lfa! - '.f
FTO:I I'!\lHL P.H,'D'PEB Y I | lE-SDD I‘4 I Il 1 i P & 1 I CIOLNISLT| 1 IJ|T| ] ||| | " . |
T ETA.—-* - 2%}" iy “T--DIST. or PROP or COOR. AL | 55 R 1
i ”é]P AREI0I s {25000l dhin [T TT, [ ente Reoiapriy UL LU O]
£ . : . A A T e i o h-' T .ir,,'"“ _I_F_-\,rL,,r R .
—- - - , - P R ! LR ?-3!' - - - T,
|T]?.:.3|EAE.L' NoRMAl L T2 5000 10 Jonsmi in e AL
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T—LINES {continued}

EMAMPLE 9-2. PTPT/CCOR, PTPT/LIST, PTPT/PROP
This =xemple 1lluatrates the

"PIET" P-Idnes, This type of P-Idne

1s defined by identifying two polnts

on the T-Line. T-Line 1 (FTPT/CCOR)

i defdned Wy gilving the X and ¥

Coordinaten of two points which wars

computed by some othey mesns. Theae

coordinates must be from the same

axla sysfem on which the bridge ia

oriented. HNote thet two T-Line input

lines are usad to entar the coordinates,

Talas neceszitates that the Line Humber

be chianged on the fellowlng T-Line input

lines. T-Iine 2 is e "PIPT/PROP" T-Tine

that joilns the midpolnts of [ongltudinal

Line 1 and 4. T-Idne 3 ig a "PTPI/DIST"

T=-Iine that 1s defined by B point laoceted

twanty feet from the Book bent oalong Longl -

tudinal Line 1, end 2 polnt located tweniye

five feet from the Beek hent along Longlitudinal

Line 3. The input dets for sll three T-Lineg
ghown on the Iaput form below.

ig

Book hent

PTPT/DIST

T-1dne (3}

PTET/FROP
T-Line (2}

PTPT/COOR

T-Line {1)

X = 53000000

~aLy . ¥ = hO20.0000
1N
W"f‘kq g
1 l.“_“"
|
Ahend
ﬁigj besz

201

2Ly

@:
L, =

Af 5289,4231

Y = 4000.0060

Iongitudinal ILine HMumbe:r

Iength of Iongltudinal Line n from

the Back to the Ahead bent.

FHEM O TNRTM

h WAL WA LAtk AR

REFERENCE BENT K ETATION or NORMAL " ANGLE or SKEW rﬂHEFEHEHCE BENT T
BENT - or DISTANCE AMGLE or DIST. |{|Huw! rUSE DIGIT | FOR '
:'='-1L|NE FiRST |secondl|l| o PRoPORTION or PROPORTION | ! [4Z RLG_1NT CODE T LGNGITUDHNAL
[NO.| CODE | CODE |4] o X COORDINATE or ¥ COQRDINATE | i~ ~ REMARWS Tz [2[a Y [e |71 a] sTe[n e
|t ™ [T R {a]

[rotprericoon] |, 5300,000 1 biaeHracsm g LTI
cL T 5Ta—F mﬂlmi 'L““"I:NST or PROP or COGR. oo bl g !
fﬂ(lz”'fl L . _535552:9353- @ DKhD{}D{) i I N T Y Y [ Y O T O ! L i 2
Uo:—z[PTPTIP R.GF'ES]’ ai i ,,,5.0,0101 ﬂJ_H. 5:L45100,0 olp] ,1l; I'HLLJ!:iLBEJv&G.M. 200 i | 1 f PR

T i - TR ST
T T' - \ i S

F@@bTFTb.ﬁﬂd,x1 ; -




T—=LINES {continued) | ' —~27

Back thent — A Iy
EXAMPLE 9-3. SKEW/STAT, ANGL/FROF, B85 =0
MGUDIST RBadiel to mainline ___.ﬂ.HGIJDIST
Station 20425.0 T-LINE (3}
The exemple shown here | - == fAHead bent
1llustrates the "ANGL" and "KFEW" — = S
T-Lines. Traneverse line 1 is ’."*‘ W
ApTinad sa n "SRR ETAT! TuTinae. f{:ﬁﬁ ET'E

This lin= iptersects the mainline
et Station 20+25.0 and at an angle
of 8° with a radial line. Transverse ]

1ine 2 is an "ANGL/PROP" T-Line defined & -ohig
as being at an angle of T79-30'-19,1"

with Longitudinal Line Lk, and at a .
Froportion (0.5439) of the length (from i,
bent to bent) of longitudinal Tine b

from the Back bent. Transverss line 3

1e a "ANGL/DIST" T-Line defined by a
Diztance of twenty=-one feet from the
Ahend bent along Iongltudinel Line 1, and &t &an angle of 859 with that same longitudinal Line. The input data

glvan in the sketch 18 shown on the input form below.

ANGL/FROF
I j@ T~-Line (2)

& Igngltudinel Line Number
length of Longitudinal Line L from the Beck
to Aheed Bent.

; LN NN
vl U T LT W Lt

B LESTATION or MHORMAL [oc | ANGLE or SKEW REFERENCE BENT o
. REFERENCE BENT — ar DISTANGE [-".-_'E AMGLE or DIST. By ‘Ufﬁfﬁmm'{_ Eggg oM GTTODRAL
LINE| FIRST |SECOND or PROPORTION 3|  or PROPORTION ﬁ% Mk — -
* we | cooe cobE |fl o ¥ COORDINATE or ¥ COQRDIMATE| § [ REMAPRKS 121342 {6 [z [a[o]ofuleele
Iz [} 7 I T3 4 . B ) TR _[Te 3T B . -
IPJSﬁ£w@:AJ L 20250000 , 1 —800000 | .1 ISPLIGE PTS.: (i Fli ;u
.  STA-t  NGRM orDIEL or "=-DI5T. or PAOR of COOR. cz 5l . an o
. ; |
o2lancLlproplE |\ S438] 4-7,7300 8,1 AT BN

: R B
MPlhnclol sl ~ei000d il asio0ionol |, | spiice prs.y 2 HEEREERN
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T—LINES {continued}

EXAMPLE o h, Cowg/PRop, coMg/DIRT, PTRT/O00R .10T, i@ c f o
) J Fl

Thig exampla zhows how the CONS/PROR k\_ J:E = iggﬂoﬂ

"CONS" T-Idnes are defined. The T-Line {1} ®7 j

“BTPT/COOR" type T-line is also

showr. Trmlsverae liﬂe 1 1s de~ 10T, mﬂsjmsil

fined &8s a "CONS/FROP” T-Line which Beok PIPI/COOR. T-Line {3}

will locate a eeries of polnte on ek bent T-Ling (2) Ahead bent

the Iongltudinal Linasg at m Propor-

tion of the length of each Iongitudi- j ' on

nel Line from the Back bent. If the - 1014 '® X = 200.0 i ft

lengths of the Longitudinel Lines ¥ = 500.0

very, the distance from the Back bent @ ) f

bw Lhwe pulnlbs wlll vary sluue Lhe FPro- 17

i
& £
porktlon remeins constent. The T-Lins
shown here lochtes the first tenth point L’ L. - 0L, ' l——l-— 6"

of each Iongitudinal Line. Tranaverae

line 2 18 defined a3 & "CONS/DIST" T-Idne {1} = Iongitudinal Line Number

which lpeateg 8 series of pointa a Distence

of eix inches fprom the Ahead bent along each I, = ILangth of Iongitudinal Line n
Ioogitudinal Idne. Here the centerline of from the Back to Ahend bent (unkoown).

bearing of each beam &t the Ahead bent ls belng
located. ™-Line 3 {PTPT/COCR) is shown here for

the purpnge of 1llugtrating how the Coordinates of
the second point can be entered an the input form between the T-Line input 1ines. The input date ls shown below

on the input form.

FORM OF INFOT

;,M REI;ERENCE BEN;*" lxsTATION bt NORMAL[: ] ANGLE of sREw. || REFERENCE BENT | i

A or MSTANCE ANGLE or DIST. w| YSE DIGIT | FGR : o ey
% ILINELEIRST (SECOND[L1. or PROFORTION: . or PROPORTION | |[wZ | | _ RLG INT CODE LONGITUNNAL
PN EouE | Ccous 38 or X COORDINATE: |- | or ¥ COpHDINATE - HEMARAL . T1ETaTa [F e [7 fa sl iz e
fﬁ_ E;:'“'.'.,"_-_\-'f',_'_'_‘:_ L 17— il - I B L R Ne AT L0 : .

i 0.{51;‘5591'“;5 P.H.GPE"-":L [ EE I .LDOD L [l 1 | = 1 L. IL|%| |D1 IVI ! |P|TI§I _

- “;-1',. T ] . 5 Tﬁ. e NOAM. or DIST. m . "'H-_._DIST or PACE or CODRST . - (:‘,r:, o “. 0

rl' G‘P%FIEF:T F;nglﬁ ' i"'l 12010.0000| , I DID!DID OJD.UI . C'IDN S'TIH l-“:-T| AN A TR
il ﬂl' E:L':'jmis Dr._al_ﬁsl_lTA NN E '-1Ti?:|UI-GID i IR B 'ti: va by LGl BEARI |N.Gl s 2Lt

F )



COORDI NATE TYPE | NPUT

Til e COORDI NATE input formis used to enter the coordinates of known points on the
bri dge. Therefore, the coordinate input nust be conputed by hand or by sonme other program
The programrequires that the bridge and the coordinate input data be oriented on the same
X and Y coordinate axis system The Coordinate input data can be used in lieu of, or in
conjunction with, the Span input data. That is, the program can conpute the intersections

of T-Lines and longitudinal |ines of a span and then conpute the various output data from
Coordi nate input data, or vice versa, all in the sane problem I|f the point defining input
data consists solely of coordinates (no Span Data), the first Coordi nate i nput sheet
shoul d follow the Longitudinal Line input data sheet. Although the I|ongitudinal |ines are
not used when conputing the output data for the coordinate input data, at |east one

| ongi tudi nal |ine nust always be defined when using point defining input data that

consists entirely of coordinates. When Coordi nate and Span input data are used in the sane
probl em the sequence of the Coordinate and Span input data is i muaterial

The program has the capacity for related coordinate points to be grouped into units,
anal ogous to the Span input data, by using two or nore sheets of Coordinate input data.
The programwi |l skip to the begi nning of a new page when a new unit (another input sheet)
is given.

The COORDI NATE i nput data form consists of two types of input data lines. They are:
Coordi nate ldentification and Coordi nate Point.

A Coordinate ldentification (8COOR in c.c. 1-5).

The Coordinate ldentification is used to identify each unit of related points.
This input line should always be filled in except in the following case. If nore than
thirty points are in a unit, a second Coordi nate i nput sheet can be used to enter the
remai ning points after thirty points have been entered on the first Coordi nate sheet.
The Coordi nate ldentification of the second sheet of Coordinate input would be |eft
bl ank.

The total Nunber of Points in the unit should be entered in card colums 10, 11.
Thi s nunber should not be zero nor greater than ninety-nine. Whenever the last unit
of coordinates are entered, and no Span Data is to follow, the code "LAST" should be
entered in card colunns 13-16. This signifies that after processing the unit of
coordi nate points the problemis to be term nated. Any pertinent Renmarks that
describe the unit of coordinate points are entered in card colums 18-48. These
Remarks will head the output listing of each unit.

B. Coordi nate Point (CPin c.c. 1,2).

Each COORDI NATE i nput formcontains thirty (30) Coordinate Point input |ines.
The X and Y coordi nates of each point are entered on one Coordinate Point input |ine.
There is no limtation on the nunber of points that can be entered except that only
ninety-nine are allowed per unit. However, any nunber of units may be used. A
Sequence Nunber is given it card colums 3, 4. However, the sequence of the points is
not checked by the program This nunmber will appear in the output data of each point.



1. Point ldentification (c.c. 5-8).

This space is provided so that each point can be |abeled with a short al phabetic

or nuneric code. This information will be given in the output data of each point. If
the Sequence Nunber is sufficient to identify the point, this space can be |eft
bl ank.

2. X-Coordinate (c.c. 9-18). Form xxxxxx.xxxx feet.

Enter in this colum the X-Coordinate of the point. This coordinate can be zero
only when the Y-Coordinate is not zero

3. Y-Coordinate (c.c. 19-28). Form XxXXXXX.xxxx feet.

Enter in this colum the Y-Coordinate of the point. This coordinate can be zero
only when the X-Coordinate is not zero

4, Remarks (c.c. 29-48).

Enter in these card colums any pertinent Renmarks that describe the point. These
Remarks will be given in the output data of each point.

The out put data of each point consists of the follow ng information.

1. Sequence Number of point.

2. Station of point.

3. Fi ni shed grade el evation of point.

4, Di stance (radial or perpendicular to mainline) frompoint to mainline.

5. X- Coor di nate of point.
6. Y- Coor di nate of point.
7- Point Ildentification.

8. Remar ks.



V. THE QUTPUT DATA

In the follow ng discussion of The Qutput Data,, refer to the output data of one of
the exanpl e problens. All dinensions (Distances), Stations, Elevations)and Coordi nates are
given in feet. Angles are given in degrees, nminutes, and seconds (to tenths).

The output data will contain in addition to the data conmputed by the program the
i nput data given on the input data forms. This input data |isting can be used to check
agai nst the data entered on the input forns and, in addition, used as a permanent part of
the record of the problem The first page of the output data is a listing of the |ayout
Data which is given on the first page of the input data forns. Suitable headings are given
so that this output is easily recognized. Al blank nuneric input data fields are listed
as zero.

The second page of the output data is a listing of the Longitudinal Lines, also with
headi ngs. The heading "DR/ X" indicates that the data in that colum is a "DR"
di nension or X-Coordinate. The heading "STA./ YI" identifies the data in that columm as a
Station or Y-Coordinate. The heading "TR/ R/ X2" indicates a Taper Rate, Radius, or X-
Coordinate is listed in that colum. The data listed in the colums of the headi ngs

menti oned above depends on the type of longitudinal |ine. Whenever nore than one set of
Longi tudinal lines is used, the additional Longitudinal Lines are listed in the output
data when they appear in the input data, i.e., imediately follow ng the output data of

t he precedi ng span.

The input data of each span with headings is listed in the output data i mediately
precedi ng the conputed output data for that span. The heading "STA./NORM" given in the
Bent Data identifies the data in that colum as a Station or Normal distance. The heading
"SINND P/ X" given in the listing of the T-Line input data indicates that the data in that
colum is a Station, Normal distance, Distance, Proportion or X-Coordinate, dependi ng on
the type of T-Line being listed. The heading "A/S/IDP/Y" identifies the data in that
colum as an Angle, Skew angle, Distance, Proportion, or Y-Coordinate, again dependi ng on
the type of T-Line being listed.

THE SPAN OUTPUT DATA

The Span Qutput Data will contain the various conputed data for each point of
intersection of the longitudinal lines with the T-Lines. The first line of the Span Qutput
will contain the Span Nunber and Probl em Nunmber for identification

Bent Dat a

The Bent Data of the Span Qutput Data contains the Bent designation (A or B), Bent
Number, Station, Skew Angle, Remarks, and Type for each of the two bents that defines the
span. The Station of the bent is the station of the point of intersection of the bent with
the mainline. The Skew Angle is the angle between a line radial to the mainline at the
Bent Station and the bent line. The sane sign convention applies to the output Skew Angle
that applies to the input Skew Angles. If the Station and Skew Angle of the bent are not
given in the input data, the programw |l compute this data. Therefore, the program can be
used to compute bent Skew Angl es and Stations when they are not otherwi se known. The Bent
Nunmber, Remarks and Type are a repeat of the input data. The Bent designation "A"
identifies the Ahead bent, and "B" identifies the Back bent. The Bent Data of the Back
bent is listed first, and the data for the Ahead bent is listed inmediately follow ng.



Longi tudi nal Line CQutput

The data conputed for the points of intersection of the bents and T-Lines with a

longitudinal line is given in the output of that longitudinal line. The heading for the
out put of each longitudinal |ine will contain the Sequence Nunber, Type and Renarks t hat
were given in the input data when defining the longitudinal line. Following is an exanple.

"LONG. LINE 4 CRD BEAM C'

The next line of the output data contains the headings for the data conputed at the points

of intersection of the bent and T-Lines with the |ongitudinal line.

All intersections with longitudinal line one (1) are listed first. The data for one
i ntersection point is given on each |line, and this data is |isted inmediately bel ow the
| ongi tudi nal |ine and data headi ngs. The nunber of intersection points (lines) given in
each longitudinal |line output will depend on the nunber of T-Lines, and the nunber of T-
Lines coded to skip that longitudinal |ine. For exanple, if T-Line two (2) has been coded
to skip longitudinal line one (1), this T-Line will not appear in the output of
| ongi tudi nal |ine one. The data for the Back bent intersection with the longitudinal line

is listed first. Next, the data for the intersections of the T-Lines with the |ongitudina
line is given, and in the same order that the T-Lines were defined in the Span Data input.
After the T-Line intersection data is |listed, the data for the Ahead bent intersection
with the longitudinal line is given. This process of listing the intersection point data
for the Back bent, T-Lines, and Ahead bent with a longitudinal line is repeated for each
| ongi tudinal |ine beginning with longitudinal Iine one (1). Note that when a | ongitudi na
line has been coded to be skipped (used as reference line only), the longitudinal |ine
wi |l not appear in the output data and, therefore, the intersection point data of the
bents and T-Lines with that longitudinal line will be omitted in the output data. In
contrast, when a T-Line is coded to skip a longitudinal line, only one intersection point
is skipped in the output for each code used. For exanple, if T-Line two (2) is coded to
skip only longitudinal line four (4), the intersection data of this T-Line with the other
longitudinal lines will be given in the output data of those |ongitudinal |ines.

The Di stances, Stations, Elevations, and Coordinates listed in the output data are
given to four decinmal positions and have been rounded off to the nearest ten-thousandth.
If the fractional part is exactly equal to zero, only one decimal position (a zero) is
gi ven. Begi nning on the next page is a discussion of the data given in the output of each
point of intersection of a T-Line or bent with a |longitudinal |ine. The output data
headi ngs are shown in parentheses.



1. Transverse Line Notation (T-LINE)

The data for the intersection point of a T-Line or bent with the |ongitudina
line is given on one output data line. The T-Line Notation is used to identify the

transverse line for which the data is given. The longitudinal Iine will have been
noted in the longitudinal |ine heading. The letter "B" indicates the transverse |ine
is a bent, and the letter "T" identifies a T-Line. In addition to the letter Code (B
or T), the T-Line Notation will include the Bent Nunber or Line Nunber of the T-Line,
whi chever the case may be. Following is an exanple of the T-Line Notations. Assune
that the intersection data being given is for longitudinal line two (2). Explanations

are given in parentheses.

T- LI NE (Qut put data headings listed on this line.)

B 1 (Bent 1 (Back) intersection with longitudinal line 2 data.)
T1 (T-Line 1 intersection with longitudinal line 2 data.)

T2 (T-Line 2 intersection with longitudinal line 2 data.)

T4 (T-Line 4 intersection with longitudinal line 2 data.)

B 2L (Bent 2L (Ahead) intersection with longitudinal line 2 data.)

Note that T-Line 3 is not shown in the above exanple. This indicates that T-Line 3
was coded to skip the intersection with longitudinal line 2.

In order to locate the output data for the intersection of T-Line | with
longitudinal Iine J, first locate the output data of longitudinal line J. Then find
the Transverse Line Notation for T-Line | in the colum headed by "T-LINE". The line
on which the Transverse Line Notation (T I) is found contains the desired data.

Station of Intersection Point (STATION).

The output data in this colum is the station (nmeasured along the mainline) of
the point of intersection of the T-Line (or bent) with the longitudinal line. Since
the point usually will not be located on the mainline, the mainline station is found
by projecting the point radially (or perpendicular) to the mainline. Note that a plus
sign (+) has been included in the station for clarity and consi stence with nornal
practi ce.

El evati on of Intersection Point (ELEVATION).

The elevation listed in this colum of output data is the finished grade (bridge
surface) elevation of the point of intersection of the T-Line (or bent) with the
longitudinal line. This elevation is conputed by first determ ning the profile grade
el evation of the station of the intersection point. Then the elevation is corrected
for the bridge crown whether the crown is a parabola or superel evated (constant or
transition).



If an asterisk appears with the elevation (immediately to the right), this denotes
that the intersection point is not |ocated within superel evated | anes or parabolic crown.
If the point falls outside a parabolic crown, the elevation is the sane as the el evation
at the edge of the parabola, i.e., the crowmn is level fromthe edge of the parabola to the
poi nt. Wen a point is not |ocated within the superel evated | anes, the el evation of the
point is level with the edge of an exterior lane. Since |anes one, twd, and three are
adj oi ning, and |l anes four, five, and six are adjoining, the point (if not |ocated within a
| ane) must be located either between the origin and | ane one, between | ane three and four
or outside of lane six. If the point is |ocated between the origin and | ane one, the
el evation is level with the inside edge of |ane one. If the point is |ocated between | anes
three and four, the elevation is always level with the outside edge of |lane three. If the
point is located outside of |ane six, the elevation is level with the outside edge of I|ane
six. In the follow ng sketch, the dotted |ines show how the el evations are determn ned when
points are not located within the superelevated | anes or parabolic crown.
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If a point is |ocated exactly on the inside edge of lane four, it is possible for
the el evation of that point to be conputed as if the point was between lane 3 and 4, i.e.
level with the outside edge of |lane 3. For exanple, the distance fromthe mainline to the
i nside edge of lane 4 is given as 15.0000 feet. An intersection point on this |ine nmay be
conputed by the programto be 14.99999999999999 feet (the program uses sixteen significant
digits for all conmputations) fromthe mainline. In this case., the elevation of the point
is level with the outside edge of |ane three, i.e., the point is not located within the
range of |ane 4. However, this type of error presents no problemif the Engineer is aware
of this possibility and adjusts the | ane dinension in the input data.



The program assunes that the width of each | ane of superel evation rennins
constant throughout the range of the problemand that the rate of superelevation is
given radial (or perpendicular) to the lane. If the width of a |lane actually varies,
or for some reason the superelevation rate is not radial (or perpendicular) to the
mai nl i ne, sonme elevations given in the output may have to be corrected. These
corrections woul d depend upon their |ocation

Di stance from Point to Mainline (DT TO M.).

The distance listed in this colum is fromthe point of intersection of the T-
Line (or bent) with the longitudinal line to the mainline. This distance is always
measured on a radial or perpendicular line to the mainline depending on the type
(curve or tangent) of mainline. If the distance is negative, the point is |ocated on
the origin side of the mainline; otherwi se (positive), the point is |ocated on the
side of the mainline away fromthe origin. If the dinmension is zero, the point is
| ocated on the mainline.

Di stance from Point to Back Bent (DT TO BT).

The output data listed in this colum is the distance fromthe point of

intersection of the T-Line (or bent) with the longitudinal line to the Back bent.
This distance is neasured along the |ongitudinal |ine, regardl ess whether the
longitudinal line is a curve or straight line, or a conbination of both. If the

di stance is negative, this indicates that the point is back of the Back bent and

| ocated on the |ongitudinal |ine extended back fromthe Back bent (the point is not
necessarily located on the same |ongitudinal |ine of the previous span). If the point
i s ahead of the Ahead bent, the point is |located on the |ongitudinal |ine extended

forward fromthe Ahead bent. This distance will be zero if the transverse line is the
Back bent.

Note that the distance given for the Ahead bent intersection point will be the
I ength of the longitudinal line fromthe Back bent to the Ahead bent. If the Ahead
bent is coded to skip the longitudinal line, the Iength of the longitudinal line wll
not be listed in the output.

Di stance from Point to Previous Point (DT TO PP).

This dinmension is the distance fromthe point of intersection of the T-Line (or

bent) with the longitudinal line to the point of intersection of the same T-Line (or
bent) with the preceding longitudinal line. This distance, then, is measured al ong
the T-Line (or bent) fromlongitudinal line to longitudinal line. Al distances given
for longitudinal line one are zero since in this case there is no preceding

I ongitudinal line in the span



If the T-Line is a "CONS/ DI ST" or "CONS/ PROP" transverse line, this distance will be
given a value of zero, since these types of T-Lines are actually a series of unrelated
poi nts and not necessarily a straight line. If the points fall on a straight line, then
the "CONS" T-Line can be defined as sone other type of T-Line, and the distance between
the points would be given in the output.

If the T-Line (or bent) has been coded to skip the preceding longitudinal line,, this
"DT TO PP" dinmension is given as zero. That is, the programw ||l not conpute the distance
to the last point conputed on that T-Line unless it is the point of intersection with the
i medi ately preceding longitudinal line. Therefore, this dinension is the distance between
adj acent | ongitudinal |ines. However, if the preceding |ongitudinal |ine has been coded to
skip all intersections (used as reference line only), the distance given will be to the
poi nt of intersection of the T-Line (or bent) with the longitudinal |ine preceding the

I ongitudinal line that is skipped conpletely.

Following is a sketch showing the characteristics of this dinmension.
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output of longitudinal line two and four, respectively. Note that |ongitudinal line three
has been coded to skip all intersections (used as reference only). The dinmensions C, D or
E are not conmputed since T-Line (or bent) one has been coded to skip |ongitudinal |ine

five.



If the longitudinal line is a Railing and the transverse line is coded to intersect
the Railing line by turning radially at the railing reference |ine, the "DT TO PP"
di rensi on may be neani ngl ess since the di nension nay not be neasured al ong the transverse
line. In the sketch below the di nension A would be given in the output data of

longitudinal line two if the transverse line is not coded to skip longitudinal |ine one or
two. Note that the Railing reference line, which is |ocated between longitudinal line 1
and 2, is defined out of location sequence as longitudinal |line seven for illustration.

Transverse line

When t he Engi neer becones nore fanmiliar with the above characteristics of

this dinmension, "DI TO PP", the sequence of the |ongitudinal |ines, and the skips of

the 1l ongitudinal or T-Lines (or bent) can be used nore effectively. In no case should
the first longitudinal line be coded to skip all intersections. It is suggested that

all longitudinal lines so coded be defined last in the input data of the |ongitudina

l'i nes.

7. Angl e or Skew Angl e (ANGLE).

The angle listed in this colum of the output data depends on the type of
transverse and longitudinal line. If the transverse line is a "CONS/ DI ST" or
"CONS/ PROP" T-Line, the angle is always given as zero, i.e., this type of T-Line is a
series of points and not a straight line. For all other types of T-Lines (and bents)

the angl e depends on the type of longitudinal line. If the longitudinal line is
straight at the point of intersection with the T-Line (or bent), the angle given in
this colum is the acute angle between the longitudinal |ine and the transverse line.
VWhen the longitudinal Iine is a curve at the point of intersection with the
transverse line, the angle listed in this colum is neasured between a line radial to
the longitudinal line at the intersection point and the transverse line, i.e., Skew
Angl e. However, if the longitudinal line is a Railing line and the transverse line is
coded to turn radially at the Railing reference line and extend to intersect the
Railing line, the angle is always given a value of zero for sinplicity, i.e., the

transverse line is always radial or perpendicular to the Railing line at the point of
i ntersection.



The sign convention for an output Skew Angle is the same as the sign convention
for a Skew Angle entered in the input data. An angle between the transverse and
| ongi tudi nal |ine has the sane signh convention as the angle required in the input
data to define an "ANGL/DI ST" or "ANGL/"PROP" T-Line.

8. X- Coordi nate (X).

The X-Coordi nate of the point of intersection of the transverse line with the

longitudinal line is listed in this colunm of the output data. This coordinate is
dependent on the orientation of the bridge given in the Location Data of the input
dat a.

9. Y- Coordi nate (Y).

The Y-Coordi nate of the point of intersection of the transverse line with the

longitudinal line is listed in this columm of the output data. This coordinate is
dependent on the orientation of the bridge given in the location Data of the input
dat a.

10. Transverse Line Renmarks ( REMARKS).

The identifying renmarks given in the input data of the transverse lines are
listed in this colunm so that the intersection point can be easily recognized.

11. Transverse Line Type or Code (TYPE LINE).

This colum contains the First and Second Code of a T-Line, or the Bent Type
when the bent intersection point data is given.

This procedure of listing the data for the points of intersections of the transverse
lines (Bents and T-Lines) with a longitudinal Iine is repeated for each longitudinal line
beginning with longitudinal |line one. After the last longitudinal line data is given, the
processing of that span is conplete, and the program proceeds to process any subsequent
span or unit of coordinate input.

THE COORDI NATE OUTPUT DATA

The out put data given for the coordinate type input data is simlar to the Span
Qut put Data. The input data for each point is listed with the conmputed data for that
point. The conputed data output (Station, Elevation, DI TO M) is the same as for the
out put data of the spans except that the point is defined by input data coordi nates rather
than by intersecting two lines. Note that the "Distance to Bent" and "Di stance to Previous
Poi nt" di mensi ons and Angles are not given in this type of output since the coordinate
points are not associated with any transverse or |ongitudinal |ines.



¥. FERRUR MESZAGES

The progrsm checks the vwalidity of the procedure used to enter the input
date and will print the followlng error message when &n error is detected:

ERRUR i PROB. NO. m

Where i is the error oumber and n is the number of the problem that was entersd
in the Identification Card.

Following is & list of the error numbers and the poesible canses of each

ETTor.

ERROR NUMBER (1} CAUSE OF ERROR
1 l. The first eard of the problem does mot contain &n
asterigk in c.c. 1,
2. An additioms]l ID. cerd hes been indicated but not
found.
2 1. The locetion Date card is missing or not in correct
BEQUEnCE.
2. The Referenes Stetion iz not in curve 2.
3 L. The Horizoptal Curve Data card is missing or out of
DPropar sequence.
2. The F.C. Station 1s sheed of the P.T. Station.
i 3. & degree«cf-curve is megetive.

=
=

The Vertical Curve Data station card is missing or in
improper sequence.



ERROR WBMBER (1} ° CAUSE OF EREOH

5 . 1. The Vertical Curve Data grade end vertical curve
length card 1s mi{ssing or out of correct seguence.

2. T™e length of & wertical curve is negative.

& L The Crown and Iape Defipitions cerd is missing or
out of proper seguenge.

2. ‘'The S.R. values mre not 1n Incressring sequence.

3. The inside Jlanes ere not usad End the putside lanes
are used.

K | 1 The Buperslevation Data card is expectsed but not
found inn proper ssQuencea,

2. An 1ll=sgal Superelevetion Dets Desaription code hasz
been used.

3. Toe Description code does not contmin "CONST" or
"START" im the first Superelevation Dete card.

4., More then ten Stations of tramsition superel=vation
are epbersd. .

5. The lest Deacription code of "FINIS" 1s missing wvhen
transition superelevation is being used.

©. The Staticne of trensiticn superelevetion have oot
heen entered In proper sequence.

& | 1. & Ioogitudinal Jine caprd is miesing or cut of seguence.
2+ An ifllegel Icogitudinel Line Type Code has been used.
3. A 1llegsl reference iine has heen used.
4. A Curve Taper Fate is zero {0).

5. More than thirty (30) longitudinel Iines have heen
entered.



ERROR NUMBER (1)

8 {con'd)

G

CAUSE OF ERROR
An i1llegal Longitudinal Line skip nas been used.

The Contraol Stetion of & Curve Teper Longitudinal
Line is not locsted in a meinline curve.

1l

A "BFaN" or "COOR" type card is missing or out of
proper sequence.

The mumber of T-Idnes is negative or greater than
twenty {20).

The Back bent is mot the first bent of the Span inpub.
An illegel bent Type Cpde hes been nzed.

The "FREV" code hes been used with the Back bent.

The “SAME" code hss been used with the Ahead bent.

The "SAME" code iz used with the first spen of the
problem.

Bent A bhas not been foand, or ie out of proper sequence.

An itlegal "ALS INT" code has been entersd.

A T-Line iz expected but not found.
A T=Idne iz ocut of sequeace,

An illegn]l First or Second Code heg oveen found in &
T-Iine cerd.

e Heferenced Bent 1s oot A or B in A T-Line= card.

Ap 1llegel Reference Line has been wsed in a3 T-line
sard.

An angle of zero magnitude has been used wlih an
"ANGL" First Code T-Lina.

More then twenty (20) T-Lines have been defined.



CAUSE QF ERROR

—-——rr

12 1. & "CooR" type card is expected but mot found.
[
|
I
L
13 5 1. An elevation error hes been found. A station com-
{ puted by the program I1s behind the P.V.I.Z. Station.
I
! 2, A stetiom computed by the program is outside the
| transition beginning and ending stations.
14 ‘ 1. A Coordinete Point input cerd is missing.
2. The number of points in the "COOR" type card is in
| errIoT.
15 1. The program hes attempbed to interzect two pARrEllel
lines., ©Check the ILongituwdinal snd Transverse lines.
2. An sttempt hes been made to intersect & stralght iine
l and circie that do rot intersect. Check the Treas-
; verse Linesz.
16 E 1. This error is <aused by an intermal date error, i.e.,
; an error that should not bhave happened. The éctusl
' cause of this error is unknown.
17 1. A staticp bas heen foupd outaide the Limiting Staticos.

Cheek the Limiting Etations, Bents, end Trangveree
Iines.



VI. EXAMPLE PROBLEM

Four Exampl e Problens are given on the follow ng pages for the purpose of
illustrating the procedure used to enter the input data on the input forns. In addition to
the input fornms that contain the input data, a sketch of the bridge geonetry and the
output data will be given with each exanple. These problens do not represent an actua
bri dge structure. The exanples are designed only to illustrate the numerous
characteristics of the program

Exanmpl e Nunber One

Exanpl e 1 shows a two-span bridge located in a 30 curve. The four beans of each span
are placed parallel to a centerline chord of that span, and the beans in the adjacent
spans neet at a conmon point (concentric arc intersection) at the centerline of Bent 2.
Bents 1 and 3 are parallel to Bent 2 and | ocated by the known normal distances from Bent
2.

The Station of Bent 2 will be chosen as the Reference Point Station. Bents are
pl aced parallel to the Y-axis by using a Reference Angle of 720. The Limiting Stations are
arbitrarily chosen as 19+00 and 21+00. The roadway surface is at a constant rate of
superel evation. The curb faces and sidewal ks are set up as |anes of superelevation. This
requires that six |lanes of superelevation be defined. The Vertical Curve Data and
di mensions for defining the | anes of superelevation are given in the sketch along with the
superel evation rates.

Two sets of Longitudinal Lines are defined in the problem The beans of Span 1 are
defined as PIA, and the beans of Span 2 are defined as PIB. Note that the centerline chord
and beamlines are fromthe centerline of Bent 2 to the B.F.P.R (Back Face Pavi ng Rest)
line of the end bents. The center lines of the railings are defined for the purpose of
conmputing lengths for rail spacings. In addition, the finished grade el evations at the
intersection of the railing lines with the bents will be given. Since the centerline chord
and gutter lines are used only as reference lines in this problem these lines are coded
to be skipped in the output data.

The centerline-of-bearings and di aphragns are set up as T-Lines in each span. The
di aphragnms of Span 1 are located at the one-third points of the centerline chord. The
positions of the diaphragns in Span 2 are detailed in the sketch. The centerline-of -
bearings in Span 1 are defined as "CONS/ DI ST* T-Lines. In Span 2 the centerline-of -
bearings are defined as "PARL/DI ST" T-Lines. Note that in many instances a T-Line can be
defined by several conbinations of T-Line Codes.

The purpose of this problem in addition to the ones already stated, is to conpute
the foll owi ng data.

1. Fi ni shed grade el evations at centerline-of-bearings.
2. Lengt hs of beans and di aphragns.
3. Position of diaphragns al ong each beam

4, Di stance between beans al ong bent |ines.
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EXAMPLE PROBLEM 1 {Continued) e centerline-of-bearings are locsted 6 inches from the
centerline of Bent 2 and 1'-6" from the H.F.P.R. of the
and bente, 8lohg the beams.

Haphregms &re perpendicular to bLesms.

Stablon 10+00 Benms are placed perallel to the fenterline chod.

Flev. 720.00 Pegn spacings shown are concentrie arc dimenslcons.
Eotire bridge is in 3° curve.
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CROSS SECTION



Exanpl e Nunmber Two

Exanple 2 is a three-span bridge |ocated on a tangent and 20 curve. Note that Span 1
is located entirely on a tangent; that Span 2 is |located on the tangent and curve; and,
that Span 3 is |located entirely in the curve.

The Limting Stations are chosen as 33+95 and 36+30. The P.C. Station is selected as
the Station of Reference Point, and a Reference Angle of 450 is arbitrarily used. A value
of 3,000 is assigned to the Reference Distance since the tangent portion will be defined
as Curve No. 2. The 20 curve will be defined as Curve No. 3. Therefore, Curve No. 1 will
not exist. The Vertical Curve Data is shown in the sketch

In this problem assune that the curb and railing |ines are of no concern. Therefore,
only one | ane of superelevation is required to represent the bridge roadway. Since at
| east three |anes nust be defined, lanes 1 and 3 will be given a zero width. lane 2 will
be the roadway surface. The information required to define the | anes, and the
superel evation transition, are given in the sketch of this exanple.

All beans (4) are placed on chords of concentric circles. The mainline arc is defined

as a longitudinal line for use as a reference line and will be skipped in the output data.
Note that if the distance neasured along the bent lines fromthe mainline to the beans is
desired in the output data, this longitudinal |ine should not be skipped.

The centerline-of-bearings and construction joints in each span are defined as T-
Lines. The construction joint in Span 1 is located at m d-span. The construction joint in
Span 2 is located at mid-span along the mainline and parallel to the adjacent bents. And,
the construction joint in Span 3 is located on a |line that connects the md-points of the
exterior beans.

The purpose of this problemis to conpute the foll owi ng data.

1. Fi ni shed grade el evations at centerline-of-bearings and construction joints.
2. Length of beam chords.

3. Position of construction joints along each beam

4, Di stances between beans al ong bent |ines.

Note that the P.C. Station (35+00) is actually the P.C. Station of Curve No. 3 (20 curve)
and, therefore, the P.T. Station of Curve No. 2 (tangent).
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EXAMPLE FROBLEM 2 {Continued)

Sta. 20400
Elev, 00,0

Bent 1 is located at Station 34+00 with 8 zerc skew Bogle.
Deul £ 1o perollel to Bent 3 and loweted wt Statlon Jh+7s.

Bent 3 has 8 zero skew angle at Statlon 35+50. Bent 4 is
located at Stetlon 36+25 with a skew angle equal to zero.
A1l centarline-of'-heArings are located & inches from the

-0 ('  bents along the besm lines.
- 210 peen spacings shown are concentric src dimensions.
L)

o7
1,000 ft. 5
g
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SKEWED BRIDGE PROGRAM INPUT DATA FROB.NO, EX,2
EXAMPLE PROBLEM WUMBER TWQ. NO PROJECT MUMEER CONT
AURUST 1, 1968 ¢.H.8.

LOCATTON TATA
BACK 8TA4.,  AHEAT 8TA, KEF, aPA, FHEF. ANGIE REF, DIST.
3395.0000 3630.0000 3500.0000 h5- O- 0.0 2000.0000

HORLZONTAL CURVE DATA
CURVE NO. 1 7.0, 578, CURVE NO. 2 P.T, 5TA. OCURVE NG, 3
Q- 9- G.0 33595.0003 0- 0~ 0.0 /000000 2= 0= 0.0

YERTICAL CURVE DATA
FVI Z 5BA. FVI 1 STh. PVI 2 STh.

2000, 0000 L4000, QOO0 a.,a
EL. PVIZ % GR. 2-1 I¥'1 %GR, 1I~2 1¥C2 % GR, 2-3
500.0000  -0.500000 1000.000  -1.500000 0.0 2.0

- T4T -

CROWN AND TANE DEFINITIONS
CODE S5.R.INS. S.H. 1  IHS.PIV. &8.R. 2 B«R. 3 8,R.0UTS, B.R. 4 CUTB.FIV. B.R. 3
-14,0000  -1k.0000 .0 14,0000 34.0000 0.0 2.0 0.0 0.0

BUFERELEVATION DATA

DESC. AT STATION S.E. 1 8.E. 2 S.E. 3 S8.B. 4L S8.,E.5 B3.E:.

START 20000000 0.0 0.2250 0.0 0.0 0.0 0.0
3425,0000 0.0 2.1250 0.0 C.0 0.0 0.0
3575.0000 0.0 .6000 0.0 0.0 .0 0.0

FINTS 3700 .0000 0.0 C.6000 .0 0.0 . G.0D

3.R. 6
L
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No. TYPE REF, DR/ XL sta./ ¥t TR/ R/ X2 i SK. REMARKS
L CED O ~12.0000 0.0 0.0 0.0 O REAM &
2 CRD Q =4, D000 .0 0.0 0.0 g BEAM B
3 CRD O % 0000 0.0 0.0 0.0 0  BEAM C
L ¢ o 12,0000 0.0 0.0 0.0 0 BEAM D
5 ARC © 0.0 0.0 0.0 0.0 1 MAINLINE
6  END
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2 CONS/PROP B 0.5000 O GG 0 0 CONSP, JT. 1 00000000000 QQ00000CG00000D
A ¥

3 PTPT/DIST -0.5000 1 -0.5000 A 4
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34+00.0 0-00«00,C BFFR BT. 1 SKEEW
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IONG. ILINE 1 CED BEAM A
STATION EIEVATION DT T ML DT T0 BT DT TO FP ANGIE
3+00.5000 Lo2 8725 -12.0000 D.5000 0.0 K} DI 0300 . O
3373953 HO2.64B8 -12.0000  37.3953 0.0 0=30-00,0
3herri.2oos Lozl3hTs -12.0000 0 Th.2505 0.0 85-05-00.,0
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FL+00,5000  Lo2.95u8 =000 0.5000 B.0000  90-00-00.0
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CL.ARCGE,BT.2EK

CL. BT, 2

REMARKS
CL.BRGS. BT. 1

CONST,

JT. 1

CL.BRGSG,. BT, 2BK

¢L. BT. 2

REEMARKS
CL.BRGS. BT. 1
CONST. JT, 1
CL. BERGS . BT.2EK

ClL. BT. 2

REMARES

CLe. BROG .

CONST. JT. 1

BT,

1

{L.BRGS.BT.Z2BK

Cl. BT 2

WO. RX.9

TYPE LINE
PARL/HORM
CONS/PROP
FTET/DIST
FSTA

TYPE LINE
PARL/NORM
CONS/ PROF
PTPT/DIST
PSTA

TYPE LINE
PARL/NORM
CONS/PROP
FTPT/ DIBT
PATA

TYPE LINE
PARL/NORM
CONS/PROP
PP/ DIST
FH1A



3 T-LINES

1i0. LINE CODE
1 CONg/DIST
2 PARL/PROF
3 CONS/DIST

3 FRRY

= o e

SPAN Z{TANGENT ARD CURVE)

STATICN
0.0
35500000

a/N/D/B/X
0. 5000
0. 5000

w0, SO0

BPAN 2 INPUT DATA

SKEW ARGLE  STA./NORM,
0- 0= 0.0
G- 0= 0.0

RL. A/S/D/E/T B RL

0

2
0

.0
0.0
0.2

0.0
0.0

0
0
0

BENT DATA
HEMA RES

CL. BT 3

TLINE DATA
REMARKS
CL.BRGH.BT.24H

CONST. JT. 2
CL.BRGS.ET.3EK

L=
o
o
Qe
O O
o o
oo

CNODNDOO0D0
Goo00O0O0D0
CoO00000

IONGITUDINAL LINE SKIFS8
DOODLOCODOO0QD

QoQOoOOC0
Q000000 QODC0DO0GO000

LONGITUDINAL LINE BKIF3
DO0000O0ODOOGOA0O0DDOD

CO0O0OGOO0OQO0O0CQQOO000
OoOoQO00OQ0000QGQGO00D0



SPAN 2 GUYFUT DATA  SPAN 2{ TANGENT AND CURYVE)

HENT DATA
BT, NO. ETATION SKEW ANCLE REMARKE TYPR
B 2 IL+T5.0000 -1-00-00.0 OL, B, 2 GAME:
A 3 35+50.0 0-00-00.0 CL. BT, 3 PREV
IONG. LINE 1  CRD BRAM A
T-LINE STATION EILEVATION DI TO ML DT TO BT DT T PP ANGLE
T 1 3Wp5.2008 ho2 33048 _12 00829 0,500 0.0 0-00-00.0
T 2  35+12,3397  huv2.02ub  -12.1908 37.L4O973 0.0 £9-19-55.0
T 3 35+49.4079  L491.7208 -12.005%8  74,LGB8 0.0 0-00-00.,0
3 3 35+50.0 917167 12,0000 th,9988 0.0 £5-19-55.0
IonG, LINE 2 CORD RRAM B
T-LINE  STATION EIEVATION DT TO ML DT TO BT DT 10 PP ANGLE
T 1 3b+e7s_ hing hoo | s270 TR aTal <Ts D.5000 0.0 O-_00_00.0
v T 20 3R418.4451 492.2066 -L.1509 37.4973  8.0006 89-19-58.3
2 T 3 35+49,4903 hoR.0669  -L.0058  th.boB7 0.0 Q0000 .3
o B 3 35+450,0 ho2.0633 L0000 Th.9o87  B.0000  B89-10.58.3
10MG, IINE 3 CRD BEAM €
T-LINE STATION EIEVATION DT 10 ML DP TQ BT DT TO PP ANCGLE
T 1 34+75.5688  k92.T1T1 3.9971 0.5000 0.0 Q=000 . (3
T 2 35+12.54098  Lkg2,5641 3.8091 37.4973  8.0006  89-20-01.7
T 3 35+h9.5007 hoz2. k133 3.9942  Th.boBT 0.0 Q-00-00,0
B 3 35+50.0 Loz, h111 hooooo  Th.ogBr 8,0000 89-20-01.7
I0NG, LINE b CRD EE&M D
T«LINE  STATION EIEVATION DT 7O ML DT TQO BT BT TO PP ANGIE
™ 1 3757005 Loo goPn 1:.G971 0.5000 0.0 0-00-00.0
T 2 35+12.65h0  Loo.8321 11,8090 37.h973  8.0006 89-20-05.0
T 3  35+49.5021 h92.7592 1l.99Lk2  TL.WOBT 0.0 0-00-00.0
P 3 35+30.0 byz.ys83 Lewwouu yh.weSr B.0000 Bu-20-05.0

X

2005, 3608
2121.3698
21h7.3818
£1bT.7333

X
21011264
2127 .1250
2153.1365
21531880

X
2106.68720
2132.8601,
2158,8¢12
2159,2427

x
21126275
2138.6353
21646460
21649974

Y
2130.3052
2103.5%31
20776780
2077.3784

1
5135 863k
2109.5508
2083 ,2358
2082.8796

Y
2141.4h215
2115.1085
2080, 7925
20868.4369

Y
21069706
2120.6662
2094 ,3408
2093 .95L2

FROR. HKO. EX_F
REMARKS TYFE LINE
CL.BROS.PT.CAH CONS/DIGT
CORET. JT. 2 PARL/FROP
CL.BRGS.BT.3BK CON&/DIST
CL. BT, 3 FREV
REMARKS TYPE LINE
¢L.BROE.PT.2AE CONE/DICT
CONST. dT. 2 PART/FROP
CL.PRGS.ET.3BK CONS/DIST
CL. BT. 3 - PREY
REMARKS TYPE LINE
CL.BRGB.ET.2AH CONS/DIST
CONST. JT. 2  PAHT/PROFP
CL.BR3S.BT.JBK CORS/DIST
CL. BT. 3 PREY
REMARKS "YPE LINE
CL.BRGS.BT.2AH CONS/DISD
CONST. JT. 2  PARI/PROP
CL.BR3IG.BT.3BK CONS/DIST
CL. BT. 3 PREY



SPAN 3 INPUT DATA
3 T-LINES TAST SPAW 3{IN CURVE)

C N, TYPE STATION BKEW ANCIE  STA./NORM,
B O SAME 0.0 0- O- 0.0 0.0
A 0O 4 sKEw 3625 .0000 0- 0- 0,0 0.0

RO. LINE CODE B S/N/DI/F/X RL A/3/D/FfY B RL ¢
1 CORs/DIST B 0,5000 0O 0.0 o 0
2 FIPNFROE B D.5000 1 0.5000 B L4 o
3 CONS/DIST A -0.500 O 0.0 0 0

BENT DATA
REMARKS

BFPE BT. L

T-LINE DATA

REMARKS
CL.BRGS. BT.3AH
CONST, JT. 3
CL.BRGS. ET. &

1
o

1l
Q

IONGITUDINAL LINE SKIPS

LeQ000Q0Q00000DOOD0O0000Q
0000 OCCVOQODO0DO0ANQ00AO0

oo

LONGITUDINAL LINE SKIES
QO O00GOO0ND0D0D DD

QOO000GO00QQO0O0O0N
COo00000000CQQ00O00

o000
Qa0
anan



SFAN 3 OUTPUT DATA

BENT DATA
B, TO. FOVTION SKFVY ANGLE AEMARKS
B 3 35+50.0 ¢-00-00.0 GCL. BT. 3
A L 35+25.0000 0-00-00.0 PBFPR BT. &
1OWG. LIRE 1
T-LINE  STATION RLEVATION DI T0O ML DT TO BT
T 1 354505021 491,710 12,0065 £..5000
T 2 35+487.5000 Lo1.h320 -12. 2444 37,3410
T 3  3oc+2h.ho79 L9l.1997  -12.0065 TL.837
B b 35425,0000 hDL.1560 -12.0000  Th.&B3T
I0NG. LINE 2
T-LINE  STATION EIEVAPTON DT T ML DY T0 BT
T 1 35+50.5007 h52.0603  -A.0065 0. 5000
, T 2 35+87.5000 k91.8i20 L2451 37.4466
= T 3 36+2L.4993 LOl.599T7  -h.0065 Th.393L
B OB 4 36+25.0000 BO1.5969  -4.0000  Th.8u3l
ICHG. LINE 3
T-IIKE  STATION EIEVATION DT TO ML DT TO ET
T 1 35+50.490% 4592 4085 3.9935 0. 5000
T 2 35+87.5000 492,2110 3.7542 37.5513
T 3 36+2L.5007  bor.gour 3.0035 74,6026
B b 36425.0000 49L.9969 L0003 76,1026
IonG, LIRE L
T-LINE  STATION ELEVATION DT T0 ML DT TO ET
T 1 35+50.h079  hg2.7569 11.5935 0.5000
T 2 35+87.5000 L92.611%  11.75%35  37.6560
T 3 36+04,5021 492,3997  11.953% 74,8120
B4 364+25,U000 YR, 3uny L2000 rh L0

SPAN 3{IN CUEVE)

TYFE

8AME

JKEW

CRD BEAM 4

IT IO EP ANGLE X

0.0 0-00-00.0 2148,0759
0.0 Gr=-00=-00.0 2173.3193
0.0 0-00-00.0 2148.5627
0.0 Bu-15-00.0 21080053
CRD BEAM B

DT TO FP ANGLE X
0.0 0=00-00.0 21538306
T.0993 90-00-00,0 2179.1458
0.0 0-00-00,0 2204, 4600
B.0000 89-15-00,0 2204.8035
CRD BRAM C

DT TG PP ANGLE X
0.0 0-00-00.0 2155,.5853
7.9093 90-00.00.0 2184.9722
0.0 0-00-00,0 2210.35%1
B.0000 BE9-15-00.0 2210.7017
CRD LBEAM D

DT T) PP ANGLE X
0,0 0-00-00.0 2165.3100
7.9993  90-00-00.0 2120.7987
0.0 D-00-00.0 2215,2574
BLULLD  By-lheusay FRLIG.SYYY

Y
2075.9582
205G, 1237
2023.2891
2022.920h0

Y
2082,5155
2055, 6046
2028, 6938
208, 3E0T

Y
2088,0727
20610056

20734 .0586
2035. 734k

Y
2093 .6300
2066 , 5666
2039.5033
203¥. 4351

REMARRS

CL.BRG3.BT.3AH

PROYH. MO, BEY.P

CONST. JT. 3
ClL.FRGS. BT. &4

BFPR BT. L

REMARKE

CL.BRGS.BT.3AH
CONST. JF. 3
CL.BRG8, BET. b

BFFR Bl. b

REMARKS

CL. BRGE.PT. JAR
CONST, JT. 3
CL.BRGS. BT. 4

EFFR ET. &4

REMARKS
CL.BROS.BT.3AH

CONBT. JT. 3

{L.BRGS. BT. 4
Bred Br. 4

TYFE LINE
DONS/DIST
PTPT/FROP
CONS/DIST
BREW

TYPE LINE
CONS/DIBT
PTPT/FROF
CONS/DIST
SHE

TYPE LINE
CONS/DIBT
FTFT/PROP .

CONS/DIST
SKEW

TYFE LINE
¢oNs,/ bIsT
PTFT/FROP
CONS/DIST
a8 ]



Exanpl e Nunber Three

Exanple 3 is a two-span bridge that is |located on a tangent and 3 degree curve. Span
2 is located entirely within the curve, whereas Span 1 occupies a portion of the curve and
tangent. The Limting Stations are chosen as 19+00 and 21+50. The Station of Reference
Point is selected as the P.C. Station, and a Reference Angle of 90 degrees is used in

order to place the tangent parallel to the X-axis. Therefore, a portion of Span 1 will be
pl aced in the second quadrant. Placing a bridge or portion of a bridge outside the first
quadrant is not recomrended; however, this programsolution will be valid. In this exanple

a working line is set up parallel to the tangent. The offset distance fromthe working
line to any intersection point given in the output can be conmputed conveniently by
subtracting a constant (Radius of 3 degrees curve plus four) fromthe Y-Coordinate of the
i ntersection point. And the distance along the working |line fromthe P.C. Station to the

intersection point will be equal to the X-Coordinate of the point of intersection. The 3
degree curve will be defined as Curve No. 2, and the tangent will be defined as Curve No
1. Curve No. 3 will not exist. Note that the Distance to Reference Point is not required

since Curve No. 2 is actually a circular curve

In this exanple, it is assuned that the el evations are of no concern. Therefore, al
Grade Data is assigned a value of zero, and the roadway crown is defined as |evel

The left side of the bridge (looking ahead) is in a taper throughout the entire
length of the bridge. In the tangent portion the gutter will be a Straight Taper, and in
the curve the gutter will conformto a Curve Taper (Spiral). The railing line is always at
a constant distance fromthe gutter line. The right gutter line in the tangent portion is
parallel to the mainline. However, in the curve portion the right gutter is a curve with a

radius of 1,500 feet and will be defined as a curve offset.

In this exanple, the gutter and railing |ines nust be defined twice, i.e., defined
for the tangent portion and again for the curve portion. The longitudinal |ines defined
for the curve portion of the bridge will be skipped in the tangent portion of the bridge,

and vice versa. Note that if finished grade el evations were being conputed, the el evations
in the shaded portion (varying w dth) and/or on the curbs would have to be adjusted
depending on the width assigned to the | ane of superelevation that represents the roadway.

The |line separating the tangent and curve (P.C. Station) will be defined as a T-Line
in Span 1. (An alternate way to set this problemup is to divide Span 1 into two spans
with the radial line at the P.C. Station as a bent |ine. Then define two sets of
I ongitudinal lines.) No beanms or additional T-Lines are given in this exanple. The purpose

of the exanple is to conpute the data necessary to define the curbs and railing in
relation to a working line, and the |lengths along the railing lines.



EXAMPLE PROELEM 3 (Continued)
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20400 ;
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HOTE HEGATIYE
HUMBERY aRE
QEXIGHATED BY A
LMY -1 5P

PRECEQING THE FIRAT

SIGHIFICANT BIG|T

aF

(L L1}

THE FIELD,

5T LOMTAIN THO %L

FORTIGM S l:]l‘ HRII’I"'E
FOR wrHEILA

SOLJTION |5nr*,||ntu

o*
L)
g =
i
v
5,9
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Gin L ]
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DESCRIPTION

CC. 2 3 4 &
5
R
|

oA

o
T
I

Z2rZ

WRITE "COMT™

N CC. ¥ T B0 'WHEHN A

¥BRIDGE DIVISON

_F'RSE.. - P‘RDELEM IDENTIFICHTIDN PROJECT, CDUNTY, DATE BY. ETC ADDITAL IDENT. CARD 15 T0 BE USED:
i M NN NEN dE g TER, . T 1T
*EX . 3 EKA,M,F‘L.E. PR GEI.LEM NU.MH.ER. .THHE E. o MO PROJECT, MUMBER., 0 4 0y v i s Lot oo JCOMNT
-:AJJGUE.T. | [+ |J_|g_|_ﬁ_[_a_|__,E¥| Jc'l H. |S| el N I R B N T U T N SR T N N S SO RN T A I T T T TS T O Y Y Y R T T A COMNT

LOCATION DATA

LIMITING STATIONS

Rach

MHE AD

STATION OF

REF, ANGLE 4

DIST FROORIGIN X, 13

REFEREWLCE POIMT

'TD AEFEREMNTE POIHIT

r

o

) 9,000

0.0

o

2.1 450.0.000]

2.0:0,0,0 0.0.0

" BEG. |[MIM. SEC.
F LA ™"

- S o0 L,

EH

0,0

WIS ON THIS SIOESE

LURVE GRS

L=t
=

HORIZONT AL CURVE DATA

RECUIREN OMNLY wHEHN
CLAYE 2 18 OM & TANGENT

EURVE NG

CLRWE MO, 2 (MUST CONTAIN THF HEFEREHL[-. PLHMNTY

CURVE MO 3

it

LG,

3CC,

F'C STATION & ¥

EG.

MIM.

LR
=

Li]

c|

Q

00lco00

aumnuﬂu

ol 3

i

a,0

HEG. MM, su—:c I

FT a'l."-TIC-Nt# _|REG .. SEC_|
B EL I Cr- T

G

__._"il
2uise.eno.el L] X, ¥

BEL. i‘_
. I i
Il Io‘i'ﬁl0 1
g i

VERTICAL CURVE DATA %%

— alWars DEFINE.D. ALL CASES (Tvm)

FYIl ? STA

PYEL | GSTA

_E¥MI o 5TAL

0,00 0000

L._.1. 1

1 .1 =

1 L 1

I
1
1
’

kL JFIN U

+y

W RT CURYE ]

REF. ATA,

M LT CURVE

ELEY Fvl 2

TUGRADE F
g

Lve, |

i ‘FqGFmDF I-E [ __L¥c 2 Ij.g;ﬁ';_{m;_g;&

lu'ﬂoln'ﬂtn

|

.0.0,0,0,00,0

1 L_* I

L.b_a_4 1 r 0 0 i1 1 oaa. w1 oa oy

CROWN AND |LAMNE DEFINITIONS

C45T. FROM
CROWH o
RPL GUTTER

&R FROM
B TO CROWN

DIST F ROk
oM TO
c.nn'rnm_ AT

BROr Une 4G sY
FltomM CAowH
T2 cONTRAL BT

R
& GijiE
a

AAF TO B0G I

5R.1

AR5 FROM $ 70 INS_II_IE_E_ LAMFS

INSICE_FIveT
1

F|

LBA_2

LY.L
*Iwmt: "L\rL" I R

iHEIGE E€
g

-

1 1 1 w.] |1

WRITE "PAR" FOR paARABOLIC CROWN,
THOAE FOR SUPERELEYATED LANES.

L L% L 1.
OWH CCRRECT|OM 15 TO BE (GNORED.

SUPERELEVATION DATA (MAX

REF. ANGLE SKETCH
A s MAY BE WITHM

OR QUTSIDE aF
LIMITIMG STATIONS

(*URE THIS FORMAT TO DEFINE A FARABOLIC CHOWM,

__YSE THIS FORMAT TO DEFINE
|an rescon

#i's FREM ¥ Yo QUTSIDE Lag: -

SUPERL_LVATED LANES

L
g PR

OUTHIDE SE.
-

)
- = —mx —

5.1

L

3R 8

CUTSIDE Frwal] ~
I el [

N N UL TSN TN SO N T TN TN A N | U N N N U N

-

.

NG OF 103

NOTE: THE FROGRAWM WILL mNif
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FESCRIETION
E

aT STA.TION i

SEZ

EXE] S, 4 SE B 5. 8
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F5] LL{ (1| £T

i

i 1

L L L

1 1 1 1 L] 1 1 1 P I ] 1 1 1 ] L] 1 1 1 T ) 1 i
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i

L L | d

-d i i 1 » L 1 L E L Fl ] (| L L L L4 11
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il mlmlm|mi

T

i v F 1 ) = I | | N | T T L]

GIVE SUPERELEVATIOME yra INCHES PER FOQT

SHEET 1 oF <




“39-[-

HO o 4p8-L, 3-68

THE LAST CODE

SHEWED BRIDGE LONGITUDINAL LINES  tiax NUMBER OF LINES I3 THIRTY (o).
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WHITE "LAanT" IF L&3l aPah : .
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=] A H |_ N0.| CORE REFEAEMCE LINE [REFERGHCE LIHE [NORKAL DHST. 1T "PRRL" = ) | FRE] 4"u—|_l LJ'_I; ofila i [1a] [ ||:r T :_;#.?lﬂi:hqln se]z7]zal=nla
BAT A PO T - — el i i LA _Iz'r AL
S5AME E ! .JI..E_L'P'IHJ_ L Ia!::"|'I?"-:"--{:rl!.':'lﬂlﬂI .':-_I.Iﬂ Dlu ula ul 1 |_IEI'?IOJ?I'.:.I'::I F F CI_LELH TJ ol T Y [—|_l | | ] U J_ |_kJ J | | I i l
B oMLY ) . [stadE pENT o vpRewl=— -7 VP oo [RORMAL DIST.TF REV ] _ e e
I - A & == - - ; T T - — -
PREV | 2prey|, posopoel 1 1.1, . ML”.BENJ.A;.JI!fTIIHWﬂH_JLJELIILﬂJTH JJJTTJ

e | ;| am y —AEFCREMNCE BENT
T-LINE CODES  gerepence pEnt ST*T'GNI:‘;)‘E:H#L - :SE,I__: iy iﬁ\: o USE [A3IT | FOR - -
E'S:'S’Er TEooe ing| Frear [sEconD rL!I"'I'I.gFDRTk{iN % o PREPORT ,OM u.E; RLG INT COOE LOMGTUCIMAL LMNES ZHIFE—usf aism ]
S EERE Mp | coDE | CODE ur % COGRDINATE ar 7 coorpiMate| | JET T REMARKEE [2 L i 3 0 I T L [ i-] vﬂﬂﬂu v '|a|d {ECR n].qu-
SKEW[STAT T 1~ [0 8 s PO N1 . ——————— s
S o kewlsTaT |, Boop,ee60] |, 088000 T, IR & STATION, |l|| [ OO T T

CDNS gég; 4 -+ .0 e ST o PAGE o CODF. s

= PROR LU.-HH”“Zﬂlijunwmﬁui”JﬁJnH|umwu¢wmﬂﬂﬂEL
|

' M
g FPARLIR RS Meal L LT L L DL T s o WL O O
' mag%:muML“ﬂu“uA#J;nnnrwuwU:$'nuunuuuuﬂuﬂuuiﬂ

e STASE DL L I T L L L O s e T T O T T

PROP

- Jeoor fEar L T L T T e T TTIT L TR T OO

x:"ﬁi".'u."l- Al 3T
e o TeE

«~mm;-mrfmLﬂL;;Aggwuh&jEu#;_@m._Hu|uwunnunn7ﬂnn1
HcE et P DT i vt o PO L0 S T L A A s e R R A E A A A Ne
ea| | T muwtugUYRet TS TS N1 Y ubwovwwwwenn 1 R E NI LR R R RENARRRANARNRUANN

1 ] P I B P L_JJJJ;U e GO PO TTU T TV
P e T L T PR L T

B&X M2 OF —LNES 15 TYWENTY () SHEET3 aF 4 _




- hE;T -

HD 498-5

-8 SKEWED BRIDGE-SPAN TYPE TRANSVERSE LINE DATA
HUMBER QF I'T = L INES THI® B3PA | WRITE “TESY |F LUMG ELHNAL LIME ESTA
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SKEWED BRIDGE PROGRAM INPUT DATA PROB.NO. EX.3
EXAMPLE PROBLEM NUMBER THREE. HO PROJECT NUMEER. conT
AUGUST 1, 1968 BY G.H.S. CONT
BRIDGE DIVISICN

LOCKRTION DATA
BACK 3TH. AHEAD STA., REF. £TA4, REF. ANGIE  REF. DIST.
1930, 0000 21500000 20000000 C0- 0= 0.0 0.0

HORTZONTATL CURVE DATA
CURVE NO. 1 F.C. 574, UCURVE KNO. 2 P.T. BTA. CURVE NO, 3
Q- 0= 0.0 2000.0003 3~ 0~ Q.0 21500000 0 0= 3.0

VERTICAL CURVE DATA
PVI 2 8TA. PVI 1 BTA.  PVL 2 S5TA.

0,0 0.0 0.0
| EL. FVI 2 % @R. 2-1 Lve 1 % GR. 1-2 e 2 % GR. 2-3
- 0.0 0.0 0.0 0.0 0.0 a.0

1
G,
S

| CROWN AND IANE DEFINITIONS

CGDE suRiIHE# S-R¢ 1 IHEIPI‘LI! B&Rn 2 S‘u-Ri 3 SHRIGUTEII SiHi J'I- GU‘PS.PIVG

LYL 0.0 0.0 0.0 2.0 0.0 0,0 0.0

8.R. &
0.0

&3. 8.

a.

6



NG, TYPE

-

S0 D= Tvia 2 L e

RIG

CTF
Cos

RIC
oTF
RL:
5TF
STF

END

00D O =] o DDM%

-

DR / X1
3.0000
1%.0000
-1h, 0000
~3.0000
“IGGDG
3.0000
17.0000
~14 . 0000
-3.0000

LONCITUDINAL LIKES
gTh./ Y1 TR/ R/ X2

Q.0 8.0
2150 ,.0000 —2..0000
2000, 0000 1500 .0000

0.0 0.0
200000 (tR

2.0 G0
2000, 0000 -2.0000
2000 JHH00 A,

G0 Q.0

GQGOQDDDGE&

REMARKS

LEFT RAILING{CURVE)

LEFT GU@TER[CUREE)

RIGHT GUTTER(CURVE)

RIGHT RATLINC(CURVE)

WORKING LINE{CURVE AND TANGENT)
LEFT RAILING(TANGENT)

LEFT CUTTER (TANGENT)

RIGHT GUTTER(TANGENT)

RIGHT RATLING(TANGENT)



SPAN 1 INPUT DATA

1 T-LINES SPAN ONE HANDRATI, LENGTHS
BENT TATA
C NO. TYFE STATION SKEW ANGLE  STA./NORM. REMARKS IONGITUDIRAL LINE SKIPS
B 1 1 PARL  2025.0000 -10- 0- 0.0 -65.0000 FFC BENT 1 11110000000000000000G0000
A O 2 PREY  2025.0000 Q- 0- 0.0 0.0 CL. BENT 2 0000111100000 0000Q00QQ00 ¢
T-LINE DaTH
NO. LINE CODE B S/N/D/P/X RL A/3/D/¥/Y B RL C REMAHKS LONGITUDINAL LIKE SKiPg
lElG:W'STRT 2000 0000 0 O0- 0- 0.0 D 1 P.0. STHWTION D000 0000C00000G000000CO00C0CGO

-‘,|_|.9‘E -



SPAN 1 QUTPUT DATA

EFAK ONE HANDRATIL LENGTHS

BENT DATA
BT, NO. STATION SKEW ANGLE REMARKS TYER
B 19+58,5692 -10-45-00.0 FFC BENT 1 PART,
A 2 20425.0000 =10-00-00.4 CL. BENT 2 PREV
IOKG. LINE 1 RIG IEFTr RATLING{CURVE)
T-LINE  STATION ELEVATION DT TO MI, DT T BT DT 1¢ PP ANGLE X Y
™ 1 20+00.0 3.0 PoLoncs 3T.e6kk oLno =000 .3 .0
B 2 2p+27.87Th1 J.0 13425  65.4319 0.0 0=00-00,0 24,1569
LONG. IINE 2 OTP IEFT GUTTER(CURVE)
T-LINE  STATION EIEVATION DT TO ML I/ T0 BT DT TOQ FP ANGIE X Y
™ 1 20+00.0 3,0 17.0000 37.8339 3.0000 Om0-00,0 O.0 1026,8593
B 2 20+27.8741 0.0 16.4425 85,9576  3.0000  ~8-54-49.6 28.1131 1926.0967
u%wfza
T e 10HG, LINE 3 CO0S RIGHT GUTTER{CURVE)
' T-LINE STATION ELEHRTIGH DT 70 ML D To BT DT TO FP ANGIR X Y
g; T 1 20+00,0 0.0 =14, 0000 A3.9171  31.0000 O=00=00,0 0.0 1895 .8533
C B2 20432, 5067 0.0 140347 66,2307 30.9488 9-53-47.8 02, 3408 18G5, 5009
L I0NG. LINE b ERLG RIGHT RATLING(CURVE]
T=IINE  STATION BIFVATION DT TO ML DT 170 BT DT IO PP ANGLE X Y
T 1 2OHI0.O0 0.0 -17.0000 L4 L858 3.0000 -00-00,0 (- 1832 .8593
B 2 20+22.hu73 0.0 =17.0347 66ATEDE 3,0000 0-00-00.0 22.296]  1892.6933
IONG. LINE 5 STP WORKING LINE{CURVE AND TANGENT)
T-LINE  STATION EIEVATION DT TO ML DT TO BT DT TQ FF ANGLE X ¥
B 1 19+549.f2A7 0.0 h_ocon 0.0 0.0 TO-15-00.0 -hQ,3713  1013.8%93
T 1 20+30.0 0.0 Yooa0  LOL3TII 21.0000 90-00-00.0 0.0 1913.68593
B 2 20+25.73h3 0.0 L,1738 66,1611 21.452L 79-15-00.D 25,7898 1913.8593

R
e

FROB, WO, EX.3

REMARKS

1526.8503 0.0, STATION
192,096  CL. BENT 2

RIMARKS
P.C. STATION
Cl. BENT 2

REMAFKS
F.C. BTATTON
CL. BENT 2

HEMAHES
FP.C. BTATTION
CL. BENT 2

REMARKS
FFC BENT 1
P.C. STATION
CL. BENT 2

TYPE LINE
EKEW/ OTAT
PREV

TYER LIKE
SEEW/STAT
PHEY

TYFE LINE
SKEW/STAT
PREV

TYFE LINE
SKiw/STAT
FREV

TYFE LINE
'ARTL
SKEW/ S7AT
FREV



J
[
1T
R
r

X
-44.3583
0.0

IONG. LINE 6 HIG LEFT RAILING(TANCEKT)

T-LINE STATION EIEVATION DT TG ML DT TO Br' DT T PP MIGLE X
B 1 13+62.8077 0.0 20.Thhk 3.0 17.0b36  Bo-23-hh.7  -37.1923
T 1 20+00.0 0.0 20.0006  3T.1997 16.0006 =B88-51-15.3 0.0

IONG. LINE 7 STP IEFT GUTTER( TANGENT)

T-1INE  STATION ELEVATION DT T0 ML DT T0 BT DT TO FP ANGLE x
Bl 19+62.2402 0.0 17.7552 0.0 3.0kaé  Bo-23-4L.T  -37.7598
T 1 20400.0 0.0 I7.0000  37.767k 3.0006 «B88.51.15.3 0.0

IONG. TINE B STP RIGIUT GUTTER( TANGENT)

. T-LINE  STATION EIEVATION DT TO ML DT T) BT DT T0 FP ANG1E X
1 19+55.0113 G0 - 1h L 0000 O JO.308L 79-15-00.0 -L3.7887
T 1 20+00.0 0.0 ~1h 0000 43.7887  31.0000 90-00-00.0 0.0

I0BG, LINE 9 FL3 RIGHT BRATLING({ TANGENT}
T-LINE  STATTON ELEVATION DT TC ML DT TO BT DT TO PP ANGLE
B 1 1455.68417 0.0 -17.0000 0.0 3.0536 79-15-00,0
T 1 20+00,0 0.0 -17.0000  L4.3583  3.0000 90-00-00.0

Y
1930.0038
1929,.8559

Y
1527.6145
192685053

Y
1895.8533
1895.8593

¥

REMARKS
FFC BENT 1
F.{. STATION

REMARKS
FFC BENT 1
F.C., STATION

REMARKS
FIre OENT 1
P.C. STATION

REMARKS

1852.4593  FFC BENT 1
1992.5593 P.C. STATION

FE LINE
PARL
SKEW/ STAT

TYPE LINE
AT,
SKEW/STAT

TYFE LINE
TARL
SKEW/ 3PAT

TYPE LINE
PARL
SERW/STAT



SPAN 2 INPUT DATA
O T-LINES IAST BPAN TWO HANDRAIL LENGTHS

EENT DATA
L N3. TYFE STATION SKEW ANGIE  STA./NORM, FEMARKS IONGITUDIRAY. LINE SKTFS
B O AAME 0.0 O- a- 0.0 Q.0 COooHP1l111100020000000000020
A 1 3 TEEY 0.0 Qo 0= 0.0 65.0000 FFL BENT 3 COo000111100000000000000040



BT. WO.

B 2
A 3

T-LINE

- TLT -

B 2z
B3

T-LTHE

B 2
B 3

T-1LINE
E 2

B 3

T-LINE
B 2
B 3

SPAN & QUTPUT DATA  SPAN TWO HANDRATIL LENGTHS
BENT DATA

STATION

T 20425 ,0000
20490,8158

STATION
20+27. 8741
20+93,. 3482

STATTON
2042789741
20+32.9337

BIATION

20+08

oo B0aT
20+88. 7499

BTATION

20422 W73
20+58. 3203

SPATION
20425 .73h3
20451 6882

SEEW ANGIE

REMARKS

=10-00-00.0 CL, HENT 2
-5-01-31.9 FFC EENT 3

LONG,

LINE L

EILEVATION DT TC ML DT TQ BT

0.0
0.0

19. khos
14,1330

LONG .

0.0
66.131)

LIWE 2

EIEVATION DT TO ML DT TQ BT

a.0o
0.0

e
0.0

ELEVATION
2.0
.0

ELEVATION
2.0
(U

16 hios
15.2413

IONG. LINE 3
ELEVATION LT T0 ML DT TO RT

-1k.03l?
=1.5L01

TORG. TINE 4
DT TO ML, 0T 70 ET

=17.a347
-17.5351

0,0
A5.6104

Oalr

65,7515

Q.0

69,8501

10NF. LINE 5%
DT 0 ML DT TO BT

o138
6.2076

0.0
66,1611

TYFE
SAME
FREY

RIS LEFT RAILING{CURVE)

DT TO PP ANGLE X Y
0.0 D=00-00 .0 28.1569  1929.0064
0.0 TubB-58,4 24,1970 1925,5899

CTP LEFT GUTTER{CURVE)

DT TO FP ANGLE X Y
3.0000 —g-Ghong. 4 28.1131 1026.0067
3.0208 -7-57-343.0 93,6335 1922.7221
COS RIGHT GUTTER(CURVE)

DT 90 PP ANGLE X ¥
IGeHHGD  —u=53e=b4T7.0 22.3400  109%.6929

29.9743  -7-23-06.3  BB.glas  1893.2733
EL3 RICHT RAILING{CURVE}

DT TQ PP ANGLE X Y
3.0000 On00-00 .0 22,2061 1592.6933
3.0251  -7-23-59.9 O7.4782  1890,3012

STF WORKING LINE{CURVE AND TANGENT)

T 7o PP ANZLE X ¥
21,4884 To9-15%-00.0 25,7898 1313.8%93
23.9789  79-15-00.0 3L.3509  19513.85%3

CADDI TIONAL SPAN 2 OUTRUT DATA CONTAINS ONLY HEADINGS )

REMARKS
CL. BENT 2
FFC BENT 3

REMARKS
CL:. EERT 2
FFC BENT 3

REMARKS
CL. EENY &
FFC BENT 3

HEMA RKE
CL. BERT 2
FFC BENT 3

REMARKS
CL. BENT 2
FFC BENT 3

FROB. NO. EX.3

TY¥FE LINE
SAME
FPREY

TYPE LINE

POEY

TYFE LIRE
alMe
PLREY

TYFE LIRE
BAME
PREV

TYFE LIRE
GAME
PREV



Exanpl e Nunber Four

Exanple 4 is a three-span (continuous unit) bridge that is |ocated on a tangent. The
bridge is placed parallel to the Y-axis by using a Reference Angle equal to zero. The
Ref erence Point Station is chosen as 25+00 in order to place the entire bridge in the
first quadrant. The Linmiting Stations are selected as 22+00 and 25+00. The mainline is
pl aced at a distance of 1,000 feet fromthe Y-axis by the Reference Distance. The tangent
is defined as Curve No. 2 with a zero degree-of-curvature. Note that the bridge is in a
portion of two vertical curves. The Grade Data and parabolic crown di mensions are given in
t he sketch of this exanple.

The centerline beam (B) is defined by coordinates since the coordinates are readily
known. This definition by coordinates is for illustration only, since this beam could have
been defined nore conveniently as a Chord or Arc. Beans A and C are defined as Parallel to
Beam B. These beans could al so have been defined as Chords or Arcs.

The purpose of this exanple is to conpute the elevations at the centerline-of-
beari ngs of the end bents and splice points of the beans in order to conpute the slopes of
t he beam segnents and top of beam el evations. The entire bridge is set up as one span, and
the centerline-of-bearings and splice points are defined as T-Lines within that span. Al
the bent lines will be skipped. For the purpose of illustration, the centerline-of-bearing
of Bent 4 is defined by coordinates.

Bents 2 and 3 and all splice points are parallel to Bent 1. Bent 4 is perpendicul ar
to the mainline, i.e., a Skew Angle equal to zero.

The coordinates of the intersection points that will be given in the Span Qutput
Dat a have been conputed beforehand and entered as Coordi nate Type Input. This is done in
order to illustrate the usage of the Coordi nate Type-Input.
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HMOME: MECATIWE
HiLIHE RS ARE
CEMCHATED BY &
MIMUE = 3ropM
PRECERING THE FIR ST
SIGHIFICANT DISIT
a° TIE FICLD.

FOETIOH S 0T ARNZUE
FR HHICH &
SOLITITN

WLTGT COMIAIN '-m:srj|

“EOCLIRED

PAITMINT OF GEORGIA
wid BOE BT

,_
-
o

- #i1 -
BRIDGE DIVISIOM
SKE'WED BRIDGE FROGRAM

H O 498 -p
HWAY D

Si-A8
-
\J

TATE Hi
4 CUAVE ORIGIN & O T

s

CESCRIPTIGH
CC. 2 2 4 % B

o 5
TAR
I |

M a0
praly
v

WRITE “COMT

IM C.C. FT_BOWHEN AN

P TR T TN T T T TN T N T T N T M TN TN T N TN N N N 00 TR O OO B O N ) D B T |

IIII.

| W TN TN TN N T T T T N Y T N SO I T T P Oy Ay I AU S R I N N N T

LOCATION DATA

[PROE. PROBLEM IDENTIFICATION, PROJECT, COUNTY, DATE, BY, ETC. ‘00T DERE £ARD 12 T8 38 94tk
SE.

oy x 0, £ 2 83, Ju, '=L L.__nui
*Elxl'ld' EIXHQHLF_JL.ﬁI IFF|°|-E|L'|EMJ HJUHP.IE.IR] I.FDUIH|-I |H|D| |P:H|G|JIE'CIT| LH;UMIEiEiFtl L lhlUIGlUlslTl |I|,| |llg|B| 11 Lci HI | 1 Ao

-

- LIMITING STATIONS [ STATION OF REF. ANGLE & |DFST. FR.ORIGIN Ko ¥a— REQUIRED ONLY WHEN
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SKEWED BRIDGE FROGHAM INFUT DATA PROB.NO. EX.L
FXAMFLE PROCLEM NUMBER FOUR. NO PROJECT NUMHSER AUCUST 1, 1968 G.H.S.

LOCATTON DATA
BACK STh. AHEAT BTA. REF. BTA. HEF. ANGLE  BRF. BIST.
2200.0000 200, 0000 2500 . 0000 Q= 0= 0.0 10400 0050

HORTZONTATL CURVE DATA
CURVE KO. 1 F.C. BTA. CURVE NO. 2 P.T. 8T4., CURVE NO. 3
Q- 0- 0.0 0.0 O- 0= 0.0 0.0 O- O~ Q.0

VERPICAL CURVE DATA
FYE ¥ 8iA. PVI 1 8Th, PVI 2 STA,
1500.0000 15000000 2900.0000
EL. P¥I 2 % GR. Z-1 Ve 1 % GR. 1-2 LVC 2 % BR. 2-3
pl3.9200 -0.500000 TO0.G00  -1.500000  1100,000 -5.000000

CROWN AND IANE DEFINITIONS
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A O L SKEN 2L, DHI00 U~ - 0.0 a,0 BT L 1110000330000 00000000002030
T-LIRE DATA
Wo. LINE cobe B 8/W/D/P/X ®mL  A/S/D/P/Y B RL € REMARKS LONGITUDINAT, LINE SKIPS
1 PARL/DIST & 15000 e G.o 0 O CL.BEG.RENT 1 Qg0 000Q0000C0OR0000C00O00
2 PARL/DIST B 60,0000 2 0.0 C O SPLICEPT. 1 Q000000000 CO00000GO0000000Q0
3 PARL/DIST B 100.0000 2 0.0 0 O SPLICEPI. 2 ©0000000000000000000000CDO
It PAHL{DLSE b 150 LU & O, UoU HPLICE KU 3 00 Q0 g 000000 DR od 0D Qrn
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SPAN  OUTPUT DATA  SPAN 1,2,3
BERT DA%
STATION AVEY ANGLE FEMARKS TYFE
22+19,0 18-00-00.0 BENT 1 SKEW
2h+70.0 0-00-00.0 ATNT b SKEW
IONG, LINE 1 PAR BEAM A
STATION EIEVATION DP 70 ML DT B0 BT DT I PP ANGLE
2A+0R. Q006 937,194k & . onoo 1.5000 0.0 ~72-00-00,0
22+47.4000 936,3290 £.,0000  60.0000 0.0 S TR0 =00 .0
2341070006 935,7200  8,0000 100.0000 0.0 “T2-D0-00 .0
OIAT. 4006 P3L.Bohe B8.0000 160.00C0 Q.0 “TEeOD-00 .0
2h+0T U006 G3L4.1TEE B.0000  200.000G 0.0 =T72-00-00.0
2h+68.5000 933.0801 8.0000 261.0064 0.0 JO-00-00,J
108G, LINE 2 COR BEAM B
STATTON ELRVATION 7T TO ML DT T BT 0T TO PP ARGLE
22+1L.5000  037.2368 Q.0 1.5002 8.,4117 -72-00-00.0
224700 234, 3700 0.0 60,0003 8.4117  -72-00-00.0
DI+20.0 235, 700 0.0 00,0000 8.,4117 -72-00-00,0
23470.0 93k .8636 0.0 160,.0000  8.4117  -72-00-00.0
24+10.0 93L.,2127 0.0 200.0000 8.4117  -72-00-00.0
24+65.5000  533.1691 0.0 258,5000  8,0000 G3-00-00.0
[ONG. LINE 3 PAR BEAM C
STATION ELEVATION DT TO ML DT T0 BT DT 70 FP ANGLE
22414 .00990 937.1193  -B.0000 1.5000 8.4h117  -72-C0-00.0
2e+72,590L  936,2520 S8.0000 50,0000 B.4117  -72-00-00.0
23+12.5994 935.6510  -8.0000 100.0000 B.4iit  ~72-00.00.0
23FfLHUW o3boTheg -3.0000  160.0000  8.4ll7  =72-C0-00.0
2h+12,5004 0340887  -B.0000 200.0000  B.U117  -7E2-00-00.0
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X
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i
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g9 000

Y
291 . 009k
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152.5994
1325994

22.5%94
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Y
288, 5000
230.0000
150, 000D
130 . S00

90,0000
31,5000

Y
28¢5 . 0006
227 L4006
187.0006
127 . L0006

87 . 5006
31.5000

PROZ. N2, EX.h

REMARKS TYPE LINE
CL.BRG.BENT 1  PARL/DIST
SPLICE PT. 1  PARL/DIST
SPLICE PT. 2  PARL/DIST
SPLICE PT. 3 PARL/DIST
SPLICE PP, 4 PARL/DIST
CL.BRG.BENT &  PTPT/COOR
REMARKS 'PYPE LINE
CL.BRG,BENT 1  PARL/DIST
SPLICE PT. 1  PARL/DIST
SPLICE PT, 2 FARL/DIST
SPLICE PT. 3 PARL/DLST
SPLICE PP. L  PARL/DIST
UCL.BRC.EFNT 1 PPPT/CO0R
HEMARES TYFE LINE
CL.BRG,EENT 1  PARL/DIST
SPLICE PT. 1  PARL/DIST
SPLICE PT. 2 PARL/DIST
SPLICE PT. 3 PARL/DIST
SPLICE PT. 4  BAREL/DIST
DL.GRG.EBENT ¥  PIPT/COOR
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COORDINATE OUFPUT DATA
ELEVATICN

STATION
2o4nB anng
20457 . 4006
23407 006
23457, 4006
al+07 L WO06
2l+58 . 5000
221115000
224700
23+10.0
23+70.0
2u+10.0
21+60.5000
22414090k
22+72.5994
23+12,59%94
23+12.599h
24+12, 5994
2l+68. 5000

037,12k
§36.3250
35,7250
934.8242
934, 1766
933.08¢1
93t .276%
936.3700
9357700
434,8536
O3h.213a7
933.1691
93T.1193
336.2510
¥35.6510
934,7L20
934.0887
933,081

T TD ML
R.0N0N0
8.0000
B.0000
8.0000
8.0000
8.,0000
0.0
0.0
0.0
0.0
3.0
0.0
~5.0000
-8.0003
-8,0000
-8.0000
=8 ,0000
-8.0000

X
1008.0000
1008, 0090
1008, 0000
1008 0000
1008,0000
1008 ,0000

100G, Qa00
1000,0000

1000, 0000
1000,0000
1000, 0000
1000,0000
592 ,0000
992 .0000
392 . 0000
992, 0000
992 ,0000
992,0000

T
291.0994
232.5994
1592, 599k4
132,599k

G2 . 5994
31.5000
288 ..5000
230.0000
60,0000
130.0000
0. 0000
31.5000
285,9006
227 Jo0é
187 . 4006
127 . 4Do6
87.Lo0b
31.5000

O R oD g EE =2 F

PROBEREERE

CENTERLINE BRGS., SPLICE POINTS

Pr.

Bl
31

BEAM
BEAM
BEAM

Qoo Dme o

CL.ERG.BT. 1
SFLICE PT.1

SPLICE PT.2
SPLICE PT.3
SPLICTE PT.h
CL.BRJ.BT. 4
CL.BR3.BT.1
SFLICE FT.1
SFLICE PT.2
SPLICE PT.3
SPFLICE PT.h4
CL.BRCG.BT. 4

CL.BRG.BT.1
SFLICE PT.1

SFLICE PT.2
BFLICE PT.3
SPLICE PT.4
CL.BRG.BT, L

FROR. NO. EX.L



VI |. OPERATI NG PROCEDURE

The State Hi ghway Departnment of Georgia has in operation at the present tinme (August,
1968) an | BM 360 Model 30 Conputer Systemwith 65 thousand core storage positions. This
Systemis to be replaced by a Model 50 IBM 360 with 262 thousand core storage positions in
January of 1969.

The "Skewed Bridge" conputer program has been conpiled, tested, and is currently
bei ng run on our present computer system using the Di sk Operating System (DOS)., Release
13.

COVPATI BI LI TY

The "Skewed Bridge" conputer programis witten in Basic Fortran |V progranmm ng
| anguage primarily to obtain conputer independency. However, there are two features of the
program whi ch may not be conpatible with other conputer systens,, and following is a
di scussi on of each

1. Al phabeti ¢ Constants.

One, three, and four character al phabetic constants are used by the programto
check the various codes that are used in the input data. These al phabetic characters
are defined by their integer binary equivalent. The integer equivalents are assigned
by program statenments (instructions). If this programis conpiled on a conputer
system ot her than an | BM 360, the procedure would be to change, if required, the
i nt eger equival ent of the al phabetic characters. This should require only a few
mnutes. Following is a list of the characters in the order that they are defined in
t he program

1, 2, 3, 4, 5 6, 7, 8 9, * A B C T, LVL, PAR CRD, ARC, RLG PIA PIB,
COR, STP, CTP, COS, END, YES, CONT, CONS, STAR, blank, FIN, SPAN, COOR, LAST,
PARL, SKEW PSTA, SAME, PREV, ANGL, PTPT, DI ST, PROP, NORM

2. Doubl e Preci si on

Al'l floating-point conmputations are done using the | ong (double precision) form
of floating-point data representation. Constants are defined at the begi nning of the
program and used in the program by using the “D’' code, which indicates double
precision data. This form of data representation may have to be revised or altered
when conpiling on a conputer system other than an | BM 360.

Except in the case of the aforenmentioned features, this program should be conputer
i ndependent, both in terms of npdels and manufacturers. However, |ow core capacity and the
unavailability of a Fortran IV conpiler would naturally limt the use of the program



COWPI LI NG THE PROGRAM

The "Skewed Bridge" conputer program which is witten in Basic Fortran IV
programm ng | anguage, is divided into two parts: a Mainline programwhich is referred to

as Phase I, and a Subroutine which is referred to as Phase Il. This division was
necessitated by the 500 statement nunber limtation of the Fortran IV conputer (COS
Rel ease 13). The Minline or Phase | program CALLS the Subroutine or Phase Il portion of

t he program

The core storage requirenments are approxi mately 58,000 positions (bytes) which does
not include any supervisor program This capacity plus the supervisor require alnost the
entire core storage of a 65k conputer. If the programis going to be used on a conputer
systemwith | ess than 65k core storage, the program could be divided into individua
program phases. Then, a master program could be witten to call and overlay the different
phases as required by the conputations. If the conputer systemhas a sufficiently |arge

core storage capacity, the conpilation process will consist sinply of conpiling the

Mai nline (PH 1) and Subroutine (PH. 11), linkage-editing, and catal oging the programinto
the systens |ibrary (core inmge and/or relocatable) with an appropriate nanme. Following is
t he sequence of the Control Cards and source decks that is used when conpiling, |inkage-

editing, and catal oging (core image library) the program under the Di sk Operating System
/1 JOB SKEWBR
/1 OPTI ON CATAL
PHASE SKEWBR, *
/1 EXEC FORTRAN

Source Deck (PH. 1)
/*

/| EXEC FORTRAN

Source Deck (PH. 11)
/-k

/'l EXEC LNKEDT
/&

Not e that the nane "SKEWBR' has been chosen for the program however, the nane
assigned to the programis inmterial. The nane of the programis left to the user's
prerogative



KEY- PUNCH | NSTRUCTI ONS

The input data will consist of several input sheets per problemw th each Iine of the
i nput data sheets representing a card. The nunbers of the card columms are given in the
headi ngs of the various types of input lines for reference during and after punching. Note
that the position of the decimal that is shown on the input form does not occupy a card
colum and shoul d not be punched. However, on occasions a decimal wll be entered in a
card colum and, in this instance, the decimal should be punched. Plus signs (+) are in-
cluded in some of the input data. However, these signs do not occupy a card col unm and
shoul d not be punched. Care should be taken to prevent the overlooking of a mnus sign (a
dash) in the input data fields.

Al'l blank data fields or card colums may be punched as zeros except in the
al phabetic fields. These data fields are read as al phabetic characters and, therefore, a
bl ank or zero would have a significant nmeaning. In addition, zeros should not be punched
in a data field inmediately preceding a mnus sign of that field. In general, the input
data shoul d be punched exactly as given on input data forns. Followi ng are exanpl es of how
the input data is nost likely to be entered in the input data fields and how the data
fields may be punched.

Form of Input date Key-punched data fomm

[ T R B DN L i . L1
L 12345 er 10000,0, 1,834,595
1 .10 ¢y 1 J R I T P !

011,230,006 or 40000.1,23000

| I . I T IO S L 1Lt 1 1 =% g 1=

L1, 000000 or -*H()H?!lpfl(}ijjjﬁhtl

k)

Only the Iines that contain data entered by hand (data that is not a part of the green ink
of the input data form should be punched. The input data should be punched in the sane
sequence as given on the input data forns. That is, the key-punch operator should punch
the input data in the same sequence that it is received. Any exception to this will be
clearly noted on the input forns by the Engi neer. On occasions, input data will be entered
on the forms between the input data lines. In this case, punch the data in the sequence
given as if the space between the input Iines was another input line.



COVPUTER OPERATOR | NSTRUCTI ONS

No instructions on the nanual operation of the conputer will be given here. The
conput er operator is assuned to be fully versed on the conputer operation. Primarily, this
di scussion will present the characteristics of the program which the conputer operator is

required to know in order to process the program

The input data (cards) should be received fromthe key-punch section in the correct
sequence, i.e., there should be no reason to rearrange the sequence of the input data
cards. All input data to the programis from punched cards, and all output fromthe
programis listed by the printer. No other I/0 devices are used. The program has the
ability to process one or several problens requiring only one EXECute Control Card with
the first problem i.e., the program automatically conti nues from one problemto another
The output formis automatically skipped by the program before printing the output data of
each problem The output data will consist of fromthree to several sheets per problem
The running tine required per problemw || vary depending on the anmount and type of input
data with the average problem requiring approxi mtely one and one-half mnutes. The input
data cards should be entered in the card reader device in the follow ng order

1. /1 JOB SKEWBR (Job Control Card)

2. /1 EXEC SKEWBR ( Execute Control Card)

3. I nput data for all problens (Input data cards)
4. 9 ( "Last Card" Control Card to Program

5. /* (End of Data Control Card)

6. /& (End of Job Control Card)

Al'l Control Cards except the "Last Card" Control Card are dependent on the operating
system The Control Cards shown above are for the IBM Disk Operating System The "Last
Card” Control Card is used by the programto indicate the end of the |last problemand to
transfer control to the Supervisor. This type of Control Card makes it possible for the
programto read out all the remaining cards of a problemwhen an error is detected and
proceed to the next problem The "Last Card" Control Card should have a nine (9) in card
colum one (1) with all other card colums |eft blank

After conpleting the processing of all problenms, separate the output data of the
various problenms and return the output data along with the input data forns to the
Engi neer. The first line of output of each problemw |l contain:

" SKEWED BRI DGE PROGRAM | NPUT DATA PROB. NO. XXXX"
where XXXX is the Probl em Nunmber which is given in card colums 2-5 of the Identification

card of the Layout Data (first sheet of each problenm). This will be of assistance when
separating the output data of the various problens.



The program has a procedure for checking the validity of the input data, and wll
print an error nessage after detecting an error in the input data. The error nessage wil |
be given in the list of the output data of the problemin error. After an error the rest
of that problem s input data cards are read out and the program proceeds to the next
problem Actually, the only way the conputer operator will know that an error has been
detected is to observe the output data.

The procedure after an error nessage is to first, check the input data cards of the
problemin error for key-punch errors, and second, check the sequence of the input data
cards. If the input data cards are found to be punched correctly and in the proper
sequence, return the output data with the error nmessage and input data fornms to the
Engi neer; if not, make the appropriate correction and rerun the problemfromthe
begi nni ng.
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