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Accessing Metric Bridge Geometry

Accessing Metric Bridge Geonetry
For CDOT - Staff Bridge Enpl oyees

Metric Bridge Geonetry is available on the VAX cluster conputer
system at the Col orado Departnment of Transportation. At the main CDOT
Bridge menu, enter ‘'GEOM’ as follows:

Col orado Departnent of Transportation

Al ALL-IN-1 Office Applications EMS Equipment Management System
EM Electronic Messaging ENG Engineering Tools (MOSS, etc.)
DS Directory Services KER Kermit File Transfer

FS File Services FV File Viewer

PS Print file(s) DSUB Bridge design sub menu.

US User Services DSUP Bridge design super menu.

TK TK Solver (Equations) DVSC Bridge design misc. menu.
ARCH File archival system CGEOMBridge geometry menu.

BAMS Bid Analysis Mgt System RATE Bridge rating menu.

FSS Financial Subsystems I NV Bridge inventory menu.

F463 DOH Form 463 | RI SIRIS Beta test

GEOH GeoHwy

GGCC SNA link to GGCC

PM S ProMIS

Enter option and press Return: CGCEOWKRet ur n>

EXit <KP0> TOPmenu <PF1> Help <PF2> REFresh <PF3> LOGout <PF4>

Enter ‘MBGM'’ at the following Bridge Geometry menu:
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BRI DGE GEOMETRY MENU

Al ALL-I N1

EM El ectronic Messaging

DS Directory services

FS File services

US User services

KER Kernit file transfer

BRGM Bri dge Ceonetry

MBGM Metric Bridge Geonetry
CMBR Canber cutting di agram
COGO Coor di nate Geometry

DAT DATENT bridge data entry
PCSO Pi casso ||

BR2S Geomto stick figure data trans
BR2C Geomto Canber data trans

Enter option and press RETURN. MBGWKRet ur n>

EXit <KPO> TOPmenu <PF1> Hel p <PF2> REFr esh <PF3> LOGout <PF4>

This gives you access to Metric Bridge Ceonetry.
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Accessing Metric Bridge Geonetry

For Consul tant Enpl oyees

Metric Bridge Geonetry is available on the VAX cluster conputer

system at the Col orado Departnent of Transportation.
Consultant menu, enter ‘GEOM'’ as follows:

At the mai n CDOT

Col orado Departnent of Transportation

EM Electronic Messaging

DS Directory Services

FS File Services

US User Services

KER Kermit File Transfer

STAB Engineer’s Estimate Tabulation
ENG Engineering Tools (MOSS, etc.)
DSUB Consultant design sub menu.
DSUP Consultant design super menu.
DMSC Consultant design misc. menu.
GEOMConsultant geometry menu.
RATE Consultant rating menu.

I NV Consultant inventory menu.

Enter option and press Return: CEOWKRet ur n>

EXit <KP0> TOPmenu <PF1> Help <PF2> REFresh <PF3>

Enter ‘MBGM’ at the following Bridge Geometry menu:

LOGout <PF4>
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CONSULTANT GEQVETRY MENU

EM  El ectronic Messaging

DS Directory services

FS File services

US User services

KER Kernit file transfer

BR2S Geomto stick figure data trans
BR2C Geomto Canber data trans
BRGM Bri dge Ceonetry

MBGM Metric Bridge Geonetry
CMBR Canber cutting di agram
COGO Coor di nate Geonetry

Enter option and press RETURN. MBGWKRet ur n>

EXit <KPO> TOPmenu <PF1> Hel p <PF2> REFresh <PF3> LOGout <PF4>

This gives you access to Metric Bridge Ceonetry.
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Chapter 1 - Synopsis

The bridge geonetry program conputes three-di nensi onal coordi nates of
points on a structure and on the roadway approaches to a structure. The
i nput data consists of eight essential itens:

Hori zontal alignment data

Vertical alignnment data

Superel evati on and cross-sl ope data

Ref erence line and | ayout data

G rder/longitudinal |ines

Bent/transverse |ines

Dead | oad defl ecti ons

Roadway approach data

N~ WNE

The surface deck of the structure is considered a grid of
intersecting girder lines and bent lines. Qutput results include the
coordi nates of each intersection point, together with internediate
“fractional” points, printed sequentially along each girder line. Two
independent coordinate systems locate the points in the horizontal
plane: (1) the surveyor's station and offset from the horizontal
control line, and (2) a right-hand rectangular Cartesian coordinate
system (X,Y) with respect to a selected layout line.

Results printed for intersection and fractional points include:
finished elevation, elevation adjusted for dead load deflection, girder
line length, and roadway cross-slope (when continuous). For
intersection points, bent line length and the skew angle of the bent
line (with respect to the girder line) are also printed.

On roadway approaches, finished grade elevations and roadway
cross-slopes are printed at given stations for each designated offset
line.
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Chapter 2 - Metric Bridge Geometry Overview

TERMINOLOGY

“Col” means a column position (I to 80) of a Hollerith punch card.
Every input card begins with a two col Card Type field, precoded on
forms.

“Default” value refers to the number, amount or option that will
be used if a field is blank. In many cases default and zero have the
same effect.

Except in the instance of normal crown section, “normal” is used
in the sense of perpendicular (at right angles).

Directions such as left/right, back/ahead, in/out, or begin/end
are with respect to ahead station unless otherwise specified.

Throughout this manual, the term “girder line” is used in a
generic sense to mean any longitudinal line; i.e., a line running the
length of the structure which intersects each bent line. Thus outside
edge of deck, gutter line, back tangent, layout line, horizontal control
line, and profile line are all examples of girder lines. Similarly,

“bent line” is used generically to mean any transverse line (more
accurately, a transverse vertical plane); i.e., a line running across

the structure which intersects each girder line. Thus splice line,
diaphragm, centerline of bearing, face of cap, and back face of abutment
are all examples of bent lines. Girder lines have the attribute of
elevation; bent lines do not.

A “straight” line means that its projection in the horizontal
plane (disregarding elevation) is straight.

Unless otherwise specified the terms “reference bent,” “reference
line,” or “reference bent line” mean the primary reference (bent) line.
Each set of 04-07 cards is associated with a single primary reference
line; there may be many secondary reference lines or none in a set.
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After the programhas located all bent lines, they are sorted in
order of increasing station (at the point where they cross the
hori zontal control line). This neans that the order of 06 cards is not
significant: a group of 06 cards may be shuffled in any order w thout
significantly affecting output. References to order of bent lines (such
as “first,” “next” or “last”) refer to this sorted order, not to the
sequence of 06 cards on input.

Two girder lines are always known to the program: (l) The station
line controls horizontal alignment and is the line where, even through a
curve, one station is equal to 1000 meters; it is commonly coincident
with the profile (vertical control) line. (2) The layout line is a
straight line determined by parameters on 04 card.

The term “intersection point” is used for points at the
intersection of a girder line and a bent line. “Intermediate points” or
“fractional points” occur in a “span” between two (not necessarily
consecutive) intersection points. A “span” of deflection points
corresponds to a “span” of fractional points.

The skew of a bent line, with respect to a girder line, is the
angle measured from a normal on the girder line (drawn at the point of
intersection) to the bent line. When the angle turns to the right, the
skew is positive; to the left is negative, as shown in Figure 1.

“Finished” elevation does not necessarily mean finished grade. The
finished surface of the deck means top of concrete, which may be below
finished grade if, for example, a 50 mm asphalt overlay is to be
required. Finished elevation for a line representing bottom of girder
may be several hundred millimeters below finished grade.

When reference is made to an option being “selected” (or a card
being “designated”), it is frequently to be inferred that the option is
selected by coding ANY non-blank character in the indicated (single) col
position of the card.
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(ennpbau)
o|bup moxs
M@?fmogv 119
o|bup moys
/ yybL
\ /
\ /

Jou

oW

Figure 1: Skew Convention
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DECK ORGANIZATION

The input data deck consists of a set of 00 through 08 cards for
one structure. Only one structure nay be processed at a tine.

One data set for a structure consists of:

at least one (or arbitrarily many) 00 card(s)

optional 01 card

one 02 card

at least one (or up to 16) 03 card(s)

at least one (or arbitrarily many) sequence(s) of:
i. one 04 card
ii. at least one (or up to 30) 05 card(s)

iii. at least one (or up to 80) 06 card(s)
iv. (up to 200) optional 07 cards

f. optional 08 card

Pao o

Cards with Card Type 99 are transparent to the program they may be
used for comments anywhere in the deck

If the programfails to find a required card in this sequence, it

will ignore the card read and continue reading and ignoring cards unti
it finds the card type for which it is searching. In this case a fata
error nessage, listing (at |east sone of) the cards that were ignored

will be printed at the end of the output.
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Chapter 3 - Input Data

DESCRIPTIVE DATA
00 CARDS (refer: “IDENTIFICATION AND ALIGNMENT” Form)

STRUCTURE ID

(cols 3-12, first card only)

This field provides a ten character identification which will
appear in the banner line at the top of each page of output.

DESCRIPTION

(cols 3-80)

Provide a detailed description of the structure and its design
including: project number, designer, detailer, location, method and
materials of construction, span lengths, etc. An M in col 80 is
required on the first 00 card to distinguish Metric input from English
input files. In unusual or complicated situations, also include remarks
regarding special considerations made for the input data, such as:

a. nonstandard treatment of superelevation

b. station equations or curves resulting in begin or end station

coded in 04 card, cols 59-80

c¢. nonuniform elevation shifts on 05 cards

d. nominal offsets specified on 05 cards (line type 4)

e. reasons for any adjustment to alignment data taken from line

sheets

An unlimited number of 00 cards may be used, so make remarks
thorough, detailed and complete. If more than seven cards are
needed, eighty col forms may be used with first two cols blank.
Formatting for double spaced lines may be accomplished by
inserting blank cards as appropriate.

The information on these cards will be printed on the first page
of output.
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HORIZONTAL ALIGNMENT DATA
01 CARD(refer: “IDENTIFICATION AND ALIGNMENT” Form)

If the entire structure and roadway approaches lie on horizontal
tangent at nominal cross-slope (no superelevation transitions or
run-out), cols 3-43 may be blank.

When the entire structure and roadway approaches lie on horizontal
tangent, the profile offset is zero, and no station equation is used,
cols 3-80 may be blank. Equivalently, the card may be left out
entirely.

CAUTION: Itis usually better to code a proximal horizontal
(or vertical) curve than to assume it will not affect elevations.

For example, a bridge begins at station 1+120.0, just after a
horizontal curve with P.T. at station 1+020.0 and with 50 meter
transitions. The person coding the deck for a geometry run

figures that the end of transition (station 1+060.0) occurs before
the beginning of the 50 meter roadway approach (station 1+070.0);
so they omit the horizontal curve.

Later, someone else wants to run the same deck for elevation
sheet plots and decides to give 70 meter roadway approaches. If
they merely change the approach length on the 08 card to 70.0, the
translucent output will have errors in elevation at the first six
stations (three-meter stations) of the approach.

A similar problem can occur with vertical curves near the
structure. To prevent such problems, make full use of the Limits
of Valid Elevation and Cross-Slope Data field (04 card, cols
59-80). If, in this example, the person originally coding the
geometry deck had coded the end of transition station in the Begin
Station field (despite the fact that the P.T. is nearly 100 meters
before the structure), no errors would have cropped up in the
later run.

DELTA

(cols 3-12)

Code the central deflection angle (including spirals) in degrees,
minutes and seconds and indicate whether deflection is to the left (L)
or right (R). Equivalent to an L is a minus sign for left deflections;
equivalent to an R is a plus, a blank or any character other than L or
minus.

Allowable range for delta is:

0° 00’ 04.13” < |DELTA|< 179 ° 59' 55.32"
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P.I.STATION

(cols 13-23)

Code the station of the P.1. of the horizontal curve. This is a
tangent station, not a station on the horizontal control line.

DEGREE OF CURVE

(cols 24-31)

Not used in the netric version.

SPIRAL LENGTHS

(cols 32-37 & 38-43)

Code the length in meters of spiral transitions into and out of
the curve. |If spirals are not used (sinple curve), leave this field
bl ank; but see “Crown and Superelevation Data” (03 cards) regarding
smooth profiles.

PROFILE OFFSET

(cols 44-51)

If the horizontal control line is also the profile line, leave
this field blank. If not, code the offset in meters from horizontal
control to profile line. Positive offset indicates profile line is to
the right of horizontal control; negative indicates offset is to the
left.

RADIUS OF CURVE
(cols 52-58)

Code the radius in meters with EXPLICIT decimal point. The radius
will be shown in the output under “Horizontal Alignment Data.”

Allowable range for radius is: 43 m <rad < _ 30,784 m

Exception: If spirals are not used (simple curve), a shorter
radius may be used. The minimum radius permitted in this case is 3.1
meters.

STATION EQUATION

(cols 59-80)

If an equation occurs in the neighborhood of the structure, code
the back station and ahead station of the equation in these fields. A
station equation is permitted only at tangent alignment, never in the
middle of a horizontal curve.
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The first col of every station field (see list bel ow)
equation nunmber, a digit that “floats”in front of the station. If the
equation is non overlapping (i.e., back station is less than ahead
station), equation numbers are never required. For an overlapping
equation (i.e., back station is greater than ahead station), equation
numbers are required.

When equation numbers are required (for overlapping equations),
equation number in the Back Station field may be any digit from 0 to 8
(blank is equivalent to zero); equation number in the Ahead Station
field must be (at least) one greater than the digit in Back Station
field.

When equation numbers are used (whether equation is overlapping or
not), all stations in ALL station fields MUST be coded consistently with
the required equation number.

The following are station fields:

a. 01 card, cols 13-23

b. 01 card, cols 59-69 and 70-80
c. 02 card, cols 18-26 and 48-56
d. optional 03 cards, cols 3-11
e. 04 card, cols 3-13

f. 04 card, cols 59-69 and 70-80

(P.l. Station)
(Back and Ahead Stations)
(P.l. Stations)

(Reference Station)
(Begin and End Stations)

g. 08 card, cols 3-9 and 10-16 (Begin and End Structure)

is for an
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VERTICAL ALIGNMENT DATA
02 CARD (refer: “IDENTIFICATION AND ALIGNMENT” Form)

It is usually better to code this card fully for the two vertical
curves nearest the structure than to assume that roadway approaches will
not extend into curves. (See caution given under “Horizontal Alignment
Data.”) Certain abbreviated forms, however, are acceptable:

When the entire structure and roadway approaches lie on
vertical tangent, give either (1) two P.l. stations and
elevations, or (2) a grade (either field) and P.I. (either field).
For reasons of accuracy (see Percent Grade, cols 3-11) the first
method is recommended. Curve lengths are ignored in this case.
When the entire structure and roadway approaches lie on a
single vertical curve, give either (1) a grade (either field, as
appropriate) and two P.l.'s, or (2) two grades and a P.l. (either
field). Again, for reasons of accuracy, the first method is
recommended and a curve length for the P.I. not associated with a
change in grades is ignored.

PERCENT GRADE

(cols 3-11)

Code the signed percent grade (i.e., rise in meters per 100 meters
of run) approaching the first vertical curve. Note: Grades on line
sheets are frequently given to four decimal places. Better accuracy can
be obtained by recomputing these grades (from P.I. stations and
elevations) to six decimal places, especially when the structure is some
distance away from the P.I.

LENGTH OF VERTICAL CURVE IN

(cols 12-17 & 42-47)

Code the prior length of the vertical curve (that portion of the
curve prior to the P.1.) in meters. In the usual case of a symmetrical
curve, this will be half the total curve length.

STATION OF P.I.

(cols 18-26 & 48-56)
Code the station of the P.I. of the vertical curve.

ELEVATION OF P.|.

(cols 27-35 & 57-65)

Code the tangent elevation of the P.l. (in meters above sea
level). There is a difference between “elevation of the P.l.” and
“grade elevation at the P.I. station”; this field is NOT a grade
elevation.
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LENGTH OF VERTICAL CURVE OUT
(cols 36-41 & 66-71)

If the vertical curve is asynmmetrical, code the post P.lI. length
of the vertical curve (that portion of the curve beyond the P.1.) in
meters. In the usual case of a symetrical curve, the half-Iength need

be given only once (in either the INor QUT field) with the other field
bl ank.

PERCENT GRADE

(cols 72-80)
Simlar to cols 3-11 (see above) for the grade beyond the second
(or only) vertical curve.
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CROWN AND SUPERELEVATION DATA
03 CARD (refer: “SUPERELEVATION AND LAYOUT DATA” Form)

The initial 03 card is required for each data set. It may
optionally be followed by up to fifteen superelevation override 03 cards
for nonparabolic crowns only; parabolic crowns are not superelevated.

To obtain smooth profiles along girder lines (especially important
for welded-plate steel girders and precast box girders), the program
will insert a transition vertical curve (of 15.24 meters) at every
station where the cross-slope changes nonlinearly. See Chapter 4,
“Table of Roadway Cross-Slopes,” for a complete description of
transition vertical curves. This applies to all superelevated crowns
(see Maximum Length of Transition Vertical Curve, cols 51-53). There
remain two situations where a kink (a discontinuity in the first
derivative of elevation as a function of length) can occur and the user
is cautioned to avoid them unless the significance of the kink is
clearly understood and is considered negligible.

One situation occurs at the P.C. or P.T. of a horizontal
curve that does not have spiral transitions (simple curve).
Regardless of whether the curve is superelevated, a kink will
occur at this station in any girder line that is some distance
from the horizontal control line. The severity of the kink
depends on the offset from horizontal control and on the radius of
curve. The best way to avoid this situation is to put spiral
transitions (of length 15.24 meters when not superelevated [e=NC]
or transition length when supered) in all horizontal curves.

The second situation occurs in the middle of a center crown
(crown type C) when a girder line runs across the crown at a
significant skew, or when curved and not superelevated with
segmented girder lines (line type 1). This situation may be
avoided by calling for a parabolic crown (crown type P) and
adjusting vertical P.l. elevations downward or by NOT selecting
offset option for segmented girder pattern shift (04 card, col
29).

CROWN TYPE

(col 3)
Indicate the typical section crown type by coding A, B, C or P in
this field:
A) shoulder crown, high side right
B) shoulder crown, high side left
C) center crown (center pivot or shoulder pivot)
P) parabolic crown (see cols 57-80 below)
(The characters 1, 2 and 3 are equivalent to A, B and C respectively.
Equivalent to a P is any character other than A, B, C, 1, 2 or 3.)
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NOMINAL CROSS-SLOPE

(cols 4-8)
Code the typical section cross-slope (on tangent) in neters per
meter with or without a sign.

SUPER RATE (¢)

(cols 9-12)

Code the maxi mumrate of superelevation (never less than zero) in
meters per neter for the horizontal curve. |f e=RC (renove adverse
crown), code this field the sane as nonminal cross-slope. If e=NC

(normal crown), leave this field and cols 21-50 bl ank

If the superelevation transitions nmeet in the nmiddle of the
hori zontal curve, a 15.24003 neters transition vertical curve wll
prevent the cross-slope fromactually attaining e. The table of
roadway cross-slopes printed on output will give the maxi num
cross-slope attained. |In such cases, it may be advantageous to
slightly augment the value given for e so that this maxi mum nore
nearly approxi mates the desired e val ue.

PIVOT OFFSET FROM PROFILE LINE

(cols 13-20)

Code the offset in meters fromprofile line to the pivot point.
Thi s di mension, usually found on the roadway typical section, rmay depend
on the direction of the horizontal curve. For exanple, a center crown
with shoul der pivot may have a pivot offset of +8.0 neters for a curve
to the right or -8.0 neters for a curve to the left.

TRANSITION LENGTH FOR SIMPLE CURVE

(cols 26-30 & 41-45)

If the horizontal curve does not have spiral transitions, code the
length of transition for superelevation in neters. Cols 41-45 nmay be
blank if transition out is the same length as transition in.

PERCENT OF TRANSITION OUTSIDE SIMPLE CURVE

(cols 31-35 & 46-50)

Code the percent of superelevation transition |length to be placed
before the P.C. (cols 31-35) and after the P.T. (cols 46-50) only if it
is not the standard 60 percent. See Standards M 203-10, -11, -12 and
-13.

3-8 4/16/96



Metric Bridge Geometry Input Data

MAXIMUM LENGTH OF TRANSITION VERTICAL CURVE

(col's 51-53)

Default value for curve lengths is 15.24003 neters. |f no curves
are desired, code zero in this field. See Chapter 4, “Table of Roadway
Cross-Slopes” for a complete description of transition vertical curves.

(cols 54-55, 56 & 57-65)

In general, these phantom fields should be blank.

Cols 54-55 are provided as an overflow for Maximum Length of
Transition Vertical Curve field, so that a maximum length greater
than 100 meters may be input by coding an explicit decimal point.

Col 56 provides an option to override the insertion of a
15.24003 meters vertical curve at a vertical P.l. that has no
vertical curve. Standard roadway design practice allows:

“Vertical curves are not required where algebraic difference” in
grades “is less than 0.20 percent.” (CDOH Roadway Design Manual,
January 1987, page 2-10.) When this condition is encountered (and
cols 51-53 are blank or nonzero), the program will automatically
insert a vertical curve at the P.l. unless overridden by selecting

this option.

Cols 57-65 provide a correction factor for superelevation of
type C crowns when the high point (profile line) is not in the
center of the roadway.

PARABOLIC CROWN DATA (cols 57-80)

When col 3 is a P, leave cols 4-56 blank and code the width (in
meters) and height (in millimeters) of the parabolic section in cols
57-65 and cols 66-70 respectively. The parabola is constructed
symmetrically about the profile line at its apex. Shoulder slopes (cols
71-75 and cols 76-80) should be negative. If either shoulder slope is
blank (or coded level), it will be constructed tangent to the parabola.
See diagram, “Parabolic Crown.”

Crown type P may also be useful in cases of a three-piece
template with a level median since zero (level) is a valid crown
height. Usefulness of this method is limited by the restriction
that parabolic crowns may not be superelevated.

Optional superelevation override 03 cards may not be used with
parabolic crown.
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OPTIONAL SUPERELEVATION OVERRIDE
03 CARD (refer: “SUPERELEVATION AND LAYOUT DATA” Form)

Superelevation transitions that conform to Standards M-203-10,
-11, -12, and -13, as well as most transitions that do not conform for
reasons of asymmetry, can be handled with the single 03 card. Some
nonstandard transitions, however, may require quite different methods.

One such case arises when the standard transition needs to be
overridden only in a localized area. For example, when a cross-street
forms an intersection in the middle of a spiral transition on the

mainline, the superelevation must be held constant across the
intersection. Code the initial 03 card for the standard superelevation
transition, calculate the super rate at the middle of the intersection,
and add two extra 03 cards with this cross-slope (adjusted for grade
when appropriate) specified at stations before and after the
intersection.

A sample table of roadway cross-slopes for such an instance might
resemble:

STATION SLOPE LEFT SLOPE RIGHT  VC LENGTH

(ON TANGENT) .0150 -.0150 15.24 (MAX)
1+059.9000 .0150 -.0150 15.24 begin
run-out
1+079.9000 0.0000 0.0000 15.24 begin
108 m
spiral
1+120.0000 -.0333 .0333 15.24 -U- 8m
Cross
-street
1+140.0000 -.0333 .0333 15.24 -U- at sta
1+130
1+187.9000 -.0750 .0750 15.24 end
spiral
. etc. ...

The “-U-" note indicates a user-specified cross-slope from
optional 03 cards. The three 03 cards used in this instance were:

03B .015.075-1.0

03 1+120-.0333

03 1+140 -.0333
Stations were adjusted to put most of transition vertical curves
outside of the 8 meter intersection. Cross-slopes were calculated
assuming mainline grade was negligible.
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O her such cases arise with conpound curves, reversing curves or
any instance where transitions are crowded together. In these cases, it
is often preferable to inhibit the program s standard superel evati on by
| eaving cols 9-12 blank (e=NC) and to code an optional 03 card for every
station where the cross-slope changes nonlinearly. Up to fifteen
optional 03 cards may be used in a structure data set.

STATION

(cols 3-11)

Code the station at which the given cross-slope is to be attained.
In any instance where this station conflicts (tolerance 0.3048 neters)
with a station conmputed by the program cross-slopes given on optiona
03 card will override those conputed by the program

SLOPE LEFT/SLOPE RIGHT

(cols 12-16 & 17-21)

Code cross-slopes in nmeters per neter using the sign convention
shown on forms. For crown types A and B, only one field need be coded;
if both are given, slope given in Slope Right field, cols 17-21, wll be
ignored. For crown type C, both fields nust be coded; a blank field
will be considered zero (level).
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REFERENCE AND LAYOUT LINE DATA
04 CARD (refer: “SUPERELEVATION AND LAYOUT DATA” Form)

The orientation of the rectangular coordinate system is determined
by the “reference line” and the “layout line.” The layout line is a
straight longitudinal line which may be defined in a number of different
ways (see Layout Line Definition, col 26). The reference line is a bent
line defined by station and skew given in cols 3-14 and 15-24. The
origin of the coordinate axes is located at the intersection of the
reference line and the layout line (unless altered by use of Transform
Constant field, cols 41-58). The Y-axis is directed along the layout
line, in the direction of ahead station unless reversed by col 30. The
X-axis is normal to the layout line directed by the right-hand rule
(i.e., i crossed into j is “up”).

REFERENCE STATION

(cols 3-13)

Code the station of a point on the reference line. This point
must be on either the horizontal control line, the back tangent or the
ahead tangent (of the horizontal curve).

STATION TYPE

(col 14)

Indicate whether the reference station in the previous field is a
station on horizontal control, back tangent or ahead tangent by coding,
0, 1 or 2 respectively. If no horizontal curve data were given on 01
card, these three options are all equivalent. If the reference station
is before the T.S. (or P.C.), options 0 and 1 are equivalent. Similarly
if the reference station is beyond the S.T. (or P.T.), options 0 and 2
are equivalent.

If the structure has been sectioned with more than one sequence of
04-07 cards (see Chapter 2, “Deck Organization”), any 04 card after the
first may have col 14 designated 3, indicating that reference and layout
lines from the previous section are to be left unchanged in the current
section. Any 04 card with a 3 in this field should have only blanks in
cols 3-13, 15-24, 26, 30, 34-80; information coded in these fields will
be ignored. Conversely, all other cols (* fields on form) must be
specified as needed.
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SKEW

(cols 15-24)

Code the skew angle of the reference line in degrees, nminutes and
seconds and indicate whether skewis to the left or right. Equival ent
toan L is a minus sign for left skews; equivalent to an Ris a plus, a
bl ank or any character other than L or m nus.

In col 24, indicate whether the skewis with respect to the

hori zontal control line, the layout line, the back tangent or the ahead
tangent by coding 1, 2, 3 or 4 respectively.
1) the horizontal control line

2) the layout line
3) the back tangent
4) the ahead tangent

In general, skew type 1 should be used only if station type (co
14) is designated O (on horizontal control). |If no horizontal curve
data were given on 01 card, skew types 1, 3 and 4 are equival ent.

DEFAULT SKEW

(col 25)

This option determ nes the skew to be used for bent lines (06
cards) that have distance type (col 11) 0, 1, 2 or 3 and that have bl ank
skew field (cols 12-21). These bent lines will be constructed either
parallel to the reference Iine or at the sane skew (with respect to
hori zontal control) as the reference line according as this field is
coded with O or 1 respectively. Equivalent to 1 is any character other
than 0 or bl ank.

This field has no effect for 06 cards having, distance types 4, 6
or 7 (default is parallel to primary or secondary reference line) or
havi ng skew type other than default.

In general, when col 25 is designated 1, any 06 card with default

skew (bl ank or zero in col 21) should NOT have di stance type (col 11)
designated 1, 2 or 3.

LAYOUT LINE DEFINITION

(col 26)

Code a 1 or 3 if layout line is to be the back tangent or ahead
tangent of the horizontal curve. |If no horizontal curve data were given
on 01 card, either of these options will locate the layout line at the
hori zontal control Iine.

Al'l other layout |ine defining nmethods should have col 26
designated 2 for “chord” definition. With this option, three methods
for defining the layout line are available: (1) all 05 cards have col 51
blank; (2) the 05 card designated in col 51 is a girder line of type O
(parallel to horizontal control); and (3) the 05 card designated in col
51 is a girder line of type 3 (flared girder line).
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First method: no girder line designated. 1In this case, the |ayout
line is constructed as a chord on the horizontal control |ine between
two bent lines (06 cards) designated in col 41 (define chord | ayout
line).

A line tangent to sonme point on the horizontal curve nmay be
approxi mated by making the two bent lines very close together. In
nost cases, ‘“very close” should be taken as not closer than
0.00012 meters; for a very short radius (less than 60 meters),

0.00006 meters will suffice.

Second method: type O girder line designated. In this case,
similar to the first method, the points of intersection of the
designated girder line with each of two bent lines (06 cards) designated
in col 41 (define chord layout line) are found. The layout line is then
constructed to pass through these two intersection points.

This method may be used to construct a layout line parallel
to and offset from the back (or ahead) tangent by putting the two
bent lines before the T.S. (or after the S.T.). A better
alternative in this situation would be to define the layout line
as the back (ahead) tangent by coding a 1 (3) in col 26 and to
shift the Y-axis by coding the appropriate offset in the X field
(cols 41-49) of the transform constant for layout coordinates.

With either first or second method, when no horizontal curve data
have been given on 01 card, col 41 of 06 cards is ignored.

Third method: type 3 girder line designated. In this case, the
flared girder line is constructed in the usual manner (see “Girder Line
Data” [05 cards], line type 3), and the layout line will be that same
line. Col 41 of 06 cards is ignored in this case.

When this method is used, care must be taken to ensure that
the designated flared girder line is located independent of the
layout line; that is, e.g., a 06 card designated in col 40 may not
have distance type 1 (along layout line).

SEGMENTED GIRDER LINESTO BE BROKEN AT REFERENCE LINE
(col 27)
This field has the same effect for the reference line as 06 card,

col 39 has for other bent lines. See “Girder Line Data” (05 cards),

line type 1.

SUPPRESSLISTING

(col 28)

Select this option to suppress listing of reference line
intersection points on translucent output. This option does not affect
output on either 8.5X14 stripe or page printer.
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OFFSET OPTION FOR SEGMENTED GIRDER PATTERN SHIFT

(col 29)

The purpose of this option is to nmake base chords bal ance on the
curved girder line. Wen this option is selected, each base chord for
segrmented girder lines is shifted (before segnented girder offsets are
measured) by an offset equal to half the nmaxi mum di vergence (from base
chord) of the girder line chosen for base chords (05 card designated in
col 50).

The effect is to shift the entire girder pattern toward the
outside of the curve by an offset that is independent for each
span and is proportional to the net change in central deflection
through the span. O fsets depend on radius of the girder line
chosen for base chords, length of span, and eccentricity of
spirals; but are independent of bent l|ine skews, offsets of
segnented girder |ines, and whether or not fractional points are
used.

This option is particularly useful in a situation of slight (or
no) skew where the girder line chosen for base chords represents
centerline of the structure. Selecting this option will then make base
chords that are nore nearly balanced in the center of the structure.

REVERSE LAYOUT LINE

(col 30)

In unusual situations it may be desirable to have points on output
listed in order of decreasing, (rather than increasing) stations, or to
have the positive Y direction in the direction of decreasing (rather
than increasing) stations. Using, this field, four options are
avai | abl e:

0) print by increasing station, layout |line not reversed

(defaul t)

1) print by DECREASI NG station, |ayout |ine REVERSED

2) print by DECREASI NG station, |layout |ine not reversed

3) print by increasing station, layout |ine REVERSED

In general, options O and 1 will print in order of increasing Y
ordinate, options 2 and 3 in order of decreasing Y ordinate.

Note: For a data set that already has a non zero Transform
Constant field (cols 41-58), deciding to reverse the |ayout line (by
options 1 or 3) will require reversing the sign of both el enents of the
transform const ant .

This option may be used when the horizontal control line
reverses on itself (as by a cunulative delta greater than 90.0
degrees), the structure is broken into nore than one structure
data set (see Chapter 2, “Deck Organization”), and it is necessary
to use the same layout line in both data sets: use option 3. This
option may also be useful when two station lines are stationed in
opposite directions: use option 1.
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This option affects listing of girder lines only (not roadway
approaches). Use of this option has no effect on the progranis
orientation of back/ahead, left/right, begin/end.

REQUEST X-0 POINTS

(col 31)

Select this option to request X-type fractional points (X-0 and
X-n points) opposite the intersection points at begi nning and end of
each span of fractional points (in addition to those opposite the
intermedi ate points). X-0 points will not be plotted on el evation
sheets. See “Girder Line Data” (05 cards), X-type Fractional Points,
cols 52-53.

EXTENDED PRINT CAPABILITY

(col 33)
Because a slight error in punching Fractional Points fields (06
cards, cols 22-28) may result in an excessive number of points on output
of girder lines, the program will estimate the number of points to be
printed, and if it seems to be a large number, will terminate (after
printing one girder line) with a fatal error. A “large number” means
more than 200 points per girder line, approximately five pages of
output, with more than three girder lines.

If Fractional Points fields have been carefully checked, one may
select this option to override the error detection and indicate to the
program that a large number of points is expected. When this option is
selected or when fewer than four girder lines are being run, the program
has the capacity to handle up to 2,000 points (per girder line),
approximately 50 pages of output.

TRANSFORM CONSTANT FOR LAYOUT COORDINATES

(cols 41-58)

To move the origin of the coordinate axes to any desired location
(by translation without rotation), code the desired coordinates of the
reference-line-layout-line intersection in these fields.

For example: If the origin is currently at the intersection
of reference line and layout line and the desired location of the
origin is a point that currently has coordinates (-16.47, 23.85),
one would code these fields as:

X Y

16.47 -23.85

For a data set that already has a non zero Transform Constant
field, deciding to reverse the layout line (by use of col 30, see above)
will require reversing the sign of both elements of the transform
constant.
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LIMITSOF VALID ELEVATION AND CROSS-SLOPE DATA

(cols 59-69 & 70-80)

Code in these fields the linmts of valid station, elevation and
cross-slope data known to the program Any intersection point,
fractional point, or roadway approach point that has a station before
the Begin Station entry or after the End Station entry will not be
printed.

The Begin (or End) Station limt is generally deterni ned by
whi chever of the followi ng four conditions occurs nearest the begi nning
(end) of the structure:

a. a station equation not given on 01 card

b. a superelevation transition not given on 03 cards

c. the P.T. (P.C) of a vertical curve not given on 02 card

d. the SST. or P.T. (T.S. or P.C.) of a horizontal curve not given

on 01 card

Use of these fields is optional; if either field is blank, valid
station and elevation data are assuned to be unlinmted at that end. See
caution given under “Horizontal Alignment Data”; also see Chapter 4,

“Table of Roadway Cross-Slopes,” for other limiting conditions.

This field may be used only on the first 04 card (following a set
of 03 cards). When more than one set of 04 thru 07 cards occurs (in the
same set of 00 thru 08 cards), this field is ignored on all 04 cards
after  the first set of 04 thru 07 cards.
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GIRDER LINE DATA
05 CARD (refer: “GIRDER LINE DATA” Form)

LINE TYPE

(col 3)
Code 0, 1, 2, 3 or 4 accordingly as the girder line being
described is:

0) a curved line parallel to the horizontal control line (used
principally for outside edges, gutter lines, profile line,
or pivot point)

1) a segmented girder line

2) a straight line parallel to the layout line (used
principally for parallel girders where the layout line lies
along one of the girder lines)

3) a flared girder line

4) a curved line whose offset varies with superelevation (used
principally for box girder structures)

LINE TYPE 1
A segmented girder line is a broken line composed of line segments
which are parallel to the base chords on a girder line (05 card, line
type 0 only) designated in col 50 (see col 50 below). The program first
locates the points where the designated type 0 girder line intersects
each bent line (06 card) designated in col 39 (segmented girder lines to
be broken). Through each consecutive pair of such intersection points,
a base chord is constructed (and then shifted if 04 card, col 29 has
been selected). For each span subtended by a base chord, the segmented
girder line offset (offset type 5) is measured perpendicular from the
base chord to determine the line segment used for the girder line in
that span.

Output for segmented girder lines will show two intersection
points for each bent line where segmented girder lines are broken (06
card designated in col 39, except first and last). The first of these
two intersection points is where the segment in the previous span
intersects the bent line; the second is where the segment in the next
span intersects the bent line.
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LI NE TYPE 3

A flared girder line is a straight |line passing through two points
whi ch are deternined by the given offset distances and by two bent |ines
(06 cards) designated in col 40 (bent to define offsets for flared
girder lines). The programfirst |ocates the two designated bent |ines
and sorts themin order of increasing, station (at the point where they
cross the horizontal control line). On the first bent line, the point
that has the initial offset (cols 4-12) is |located; on the second bent
line, the point that has the ternminal offset (cols 13-21) is |ocated,
then the girder line is constructed to pass through these two points.
Note that the sequence of initial/terninal offsets is independent of the
sequence of 06 cards on input; that is to say, reversing the card
positions of the two 06 cards designated in col 40 will not change the
out put .

LINE TYPE 4

For a box girder structure, the dinensions of a section in the
vertical plane of a station nust be kept constant. \When the cross-slope
of the deck is constant, type O girder lines my be used to represent
points on the box. Under conditions of varying cross-slope, however,
type 4 girder lines nust be used to keep a section of constant shape.
The offset of a type 4 girder line varies (when the cross-sl ope changes)
in such a way as to keep a constant distance fromthe point of finished
grade at horizontal control (or other type O girder line, 05 card
designated in col 56, see bel ow).

Type 4 girder lines may be used only with shoul der crowns (03
card, col 3, crown type Aor B). Failure to neet this requirenent will
cause a fatal error.

The noninal offset of a type 4 girder Iine is calculated by the
program by first finding an average cross-slope and t hen determ ning,
what the offset of the girder Iine would be at that cross-slope. The
nom nal offset then is like a type O girder line (parallel to horizonta
control) for which the actual offset of the type 4 girder line is
expected to be as often to the left of this nonminal offset as to the
right. Qutput fromthe programw |l include the stations between which
the average cross-slope is calculated and the resultant average.

Grder line lengths are calculated al ong the (inaginary) type O
girder line at the nominal offset. Oher than the location of
fractional points, the determination of girder line lengths is the only
significance of nomi nal offset.
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OFFSET DISTANCE

(col s 4-21)

For type 0 and type 2 girder lines, code the offset in cols 4-11
and the offset type (1, 2, 3 or 4) in col 12 and | eave cols 13-21 bl ank.
For type 3 (flared) girder lines, code both initial and terminal offsets
and of fset types (1, 2, 3 or 4).

1) along bent line fromlayout |ine
2) along a normal fromlayout |ine
3) along bent line fromhorizontal contro
4) along a nornmal from horizontal contro

Ofset types 1 and 3 nmean that the given offset is to be measured
along the bent line (reference line for type O or type 2 [parallel]
girder lines; bent line [06 card] designated in col 40 for type 3

[flared] girder lines) fromthe layout line or horizontal control |ine.
O fset types 2 and 4 nean that the given offset is a perpendicul ar
of fset, fromthe layout line or horizontal control line, |located at the

reference line (parallel girder Iines) or designated bent line (flared
girder lines).

For type 1 (segnmented) girder lines, code the perpendicul ar of fset
frombase chord in cols 4-11 and offset type 5 in col 12 and | eave cols
13-21 blank. Ofset type 5 nust be used on all segnented (type 1)
girder lines and only on segnmented girder lines. |If any offset other
than type 5 is specified for a segnented girder line, a nonfatal error
message (indicating that col 12 is assuned to be 5) will be printed: COL
3 CONFLICTS WTH COL 12

For type 4 girder lines (offset varies with super), code the
of fset in cols 4-11 and the offset type (1, 2, 3 or 4) in col 12

1) from horizontal control at nom nal cross-slope

2) from horizontal control at |evel cross-slope

3) from pivot point at nominal cross-slope

4) from pivot point at |evel cross-slope

O fset types 1 and 3 nean that the given offset is the offset that
the type 4 girder line would have if the deck attained nom na
cross-slope (03 card, cols 4-8). O fset types 2 and 4 nean that the
given offset is the offset that the type 4 girder line would have if the
deck attained |evel cross-slope. See diagram “Offsetsfor Type 4
Girder Lines.”

Also code an elevation shift (in meters, not millimeters) in cols 22-29
see cols 22-29 below). Leave cols 13-21 blank unless a hominal offset
is to be specified.
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In nost cases it is preferable to |l et the program cal cul ate the
nom nal offset of a type 4 girder line (see col 3, line type 4, above).
In certain cases however, it may be desirable to specify a noninal
of fset for the programto use regardl ess of the average cross-slope.
Such a case nmay arise, for exanple, when the structure is broken into
nmore than one structure data set (see Chapter 2, “Deck Orientation”) and

it is necessary to use the same nominal offset in both data sets. Code
the nominal offset from horizontal control in cols 13-20 (Terminal
Offset field) and code offset type 8 in col 21. Offset type 8 may be

used only in col 21 and only for nominal offset of a type 4 girder line.

ELEVATION SHIFT

(cols 22-29)

For line types 0, 1, 2 or 3, the “elevation shift” is a bias term
(measured in millimeters vertically) which will be added to the
calculated finished grade elevations at every point on the girder line

before elevations are printed. If elevations on the girder line are

desired at finished grade, this field may be blank. Otherwise, code the

desired elevation shift, in millimeters and decimals of a millimeter, in

this field; e.qg;., if elevations 50 millimeters below finished grade are

desired, code -50.0 in this field. Note: For line types 0, 1, 2 or 3,
implied decimal place is between cols 26 & 27.

For line type 4 (offset varies with super), the elevation shift is
measured in meters at a normal to the cross-slope of the deck. See
diagram, “Offsets for Type 4 Girder Lines.” Note: For line type 4,
implied decimal place is between cols 24 & 25.

If any girder line does not represent top of concrete deck, be
sure to select Suppress Listing option (see col 57 below) so that the
girder line will not be plotted on the elevation sheets. When elevation
sheet plots are requested, a check is made for all girder lines having
constant elevation shift, since the plotted sheets have a “top of
concrete deck” note. If elevation shift varies from one girder line to
another, a nonfatal error message will be printed (on plotter output
only): ELEVATION SHIFT IS NOT CONSTANT.

DESCRIPTION

(cols 30-49)

Provide a twenty character description of the girder line in this
field. Longer descriptions stand out better in headings on output, so
use abbreviations only where necessary.
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SEGMENTED GIRDER LINESARE PARALLEL TO CHORDSON THISLINE

(col 50)

Wien type 1 (segnmented) girder lines are used, a girder line
parallel to horizontal control (line type 0), which is toward the
outside of the curve fromcenter of the structure, should be designated
inthis field. Base chords will then be constructed as chords on this
girder line, each chord determ ned by bent |ines (06 cards) designated
in col 39 (segnented girder lines to be broken). See col 3, line type
1, above.

By default, when all 05 cards are blank in col 50, the horizontal
control line will be used to construct base chords; this option should
only be used when horizontal control is toward the outside of the
hori zontal curve at the center of the structure or when skew is very
slight.

For exanple: Were a severe skewis involved with a
structure curving to the right, one might use a line near (or even
beyond) the |left outside edge of deck to construct base chords.
This construction has benefits of shorter girder lines and snaller
skew angl es than base chords constructed at center of the
structure. Using a line that is too far to the left will cause an
extreme overhang in the acute corner on the right side of the
structure.

In a situation of nmild skew, the girder line representing
centerline of the structure may be designated in col 50. See “Reference
and Layout Line Data” (04 card), col 29.

If this option is selected for a girder line of line type other
than 0, a nonfatal error message (indicating that col 50 has been
ignored) will be printed: COL 3 CONFLICTS WITH COL 50.

4/16/96 3-27



Metric Bridge Geometry

LAYOUT LINEISA CHORD ON THISLINE

(col 51)
See “Reference and Layout Line Data” (04 card), Layout Line
Definition, col 26. This option may be selected only if line type (col
3) is 0 (parallel to horizontal control) or 3 (flared), and offset type
(cols 12 and 21) is 3 or 4 (from horizontal control). If these
conditions are not met, a nonfatal error message (indicating that col 51
has been ignored) will be printed: COL 51 CONFLICTS WITH COL 3, 12 or
21.

When 04 card, col 26 is designated 2 and all 05 cards are blank in
col 51, the horizontal control line will be used to construct a chord
layout line (by default).

X-TYPE FRACTIONAL POINTS

(cols 52-53)
X-type fractional points (commonly used along outside edge of deck
and gutter line) are located at perpendicular offsets from fractional
points (whether F-, D-, E- or X-type) on the nearest (exterior) girder.
When 04 card, col 31 is designated, X-0 and X-n points are also located
at perpendicular offsets from intersection points at the beginning and
end of each span of fractional points.

Note: It is recommended that X-type fractional points be used only
when the exterior girder is a straight line (i.e., line type is not O or
4). When the exterior girder is curved, fractional points on the gutter
line may be projected as X-type points from F-type fractional points on
the outside edge (designated as “exterior girder”).

Designate the exterior girder (alternatively, any desired girder
line) with a unique alphabetic character or non-zero digit (Ato Z or 1
to 9) in col 52. Designate the outside line(s) whose fractional points
are to be X-type (from this exterior girder) with this same character in
col 53.

For example: Left outside edge of concrete deck and left
gutter line each have a 1 in col 53. Girder G-l has a 1 in col
52. Girder G-6 has a 6 in col 52. Right gutter line and right
outside edge each have a 6 in col 53. Left outside and left
gutter will each have X-type fractional points at perpendicular
offsets from fractional points on girder G-I; similarly, right
outside and right gutter will each have X-type fractional points
at perpendicular offsets from fractional points on girder G-6.

No more than one girder line may have the same nonblank character
in col 52, though any number may have the same character in col 53.
X-type fractional points may be nested iteratively but not recursively.
That is, e.g., different girder lines may have this field coded: 2b, 42,
14, 51, ad infinitum; but two different girder lines may NOT have this
field coded: 42 and 32.
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Col 53 may also be used to select girder lines that are to
intersect bent lines (06 cards) using col 43 (see “BentLine Data,”
Selective Intersections) even when no exterior girder is designated. In
this case, the character in col 53 does not occur in col 52 of any other
05 card, and this girder line will not have X-type fractional points.

MATCHING CHARACTER FOR DEAD LOAD DEFLECTIONS

(col 54)

See “Dead Load Deflection Data” (07 cards). When girders of
different type or different length occur in the same span, different
deflection values can be assigned for different girder lines by coding
in this field an alphabetic character (A to Z) which is to match col 3
of a 07 card. Any number of 05 cards may have the same character in col
54.

LINE OF CONSTANT OFFSET

(col 56)

When type 4 girder lines (offset varies with super) are used, a
point on finished grade is taken as a center for rotation of the section
(as cross-slope changes). See col 3, line type 4, above. A girder line
parallel to horizontal control (line type 0) may be designated in this
field to indicate that the point on finished grade is to be used for the
center. A type 4 girder line (with zero in Elevation Shift field, cols
22-29) at this offset would then be identical to a type 0 girder line
(with zero elevation shift) at this same offset.

By default, when all 05 cards are blank in col 56, the horizontal
control line will be used for line of constant offset.

If this option is selected for a girder line of line type other
than 0, a nonfatal error message (indicating that col 56 has been
ignored) will be printed: COL 3 CONFLICTS WITH COL 56.

The diagram, “Line of Constant Offset,” shows an example of how
the program uses this line in keeping, a constant shape for sections of
a box girder. Note that type O (parallel) girder lines should be used
for edge-of-concrete-deck in the case of welded-plate steel boxes; but
type 4 (offset varies with super) girder lines should be used for
edge-of-deck in the case of segmental (concrete) boxes. The top portion
of the diagram shows how the various girder lines are defined (on 05
card), in this case, at level cross-slope (regardless of whether the
superstructure ever really attains level cross-slope); the bottom
portion shows a superelevated section and the offsets calculated by the
program.
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SUPPRESSLISTING

(col 57)

The girder line defined by a 05 card designated in this field will
not appear on the plot file. This option does not affect output on
either 8.5X14 stripe or page printer. This option should be used
particularly for any girder line that does not represent top of concrete
deck. See Elevation Shift, cols 22-29, above.

This option may not be used when col 52 (X-type fractional points) is
nonbl ank, unless all girder lines (05 cards) with sane character in co
53 are al so suppressed.
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BENT LINE DATA
06 CARDS (refer: “BENT LINE DATA” Form)

Bent lines that intersect, either on the deck of the structure or
between horizontal control and outside edge, should be avoided.
Consequently, one should not use more than one 06 card to describe the
same bent line, though a 06 card may be used to describe the reference
line.

One may use more than one 06 card to represent the same bent
line only if they never intersect the same girder line; this may
be useful when different Fractional Points fields are required at
different girder lines.

Considering each substructure feature (abutment or pier) as
a family of parallel bent lines (e.g., centerline of bearing, face
of cap, spring line, centerline of piling, etc.) one may choose a
principal member of each family to be defined by a distance from
the primary reference line (or from the previous family if
parallel). Designating the principal member as a secondary
reference line permits other members to be defined by
perpendicular offsets from it. Certain program features are
designed to work consistently and predictably when the principle
member is used for attributes of cols 39, 40, 41 and 45. Unless
explicitly forbidden, these options may be used for other than
principle members; but performance of such features as distance
type 7 and offset option for segmented girder pattern shift may
seem inconsistent.

DISTANCE FROM PRIMARY OR SECONDARY REFERENCE LINE

(cols 3-11)

Positive distances are measured ahead from the (primary or
secondary) reference line; negative distances are measured back from the
reference line.

If the bent line is to be described by a distance from the primary
reference line, code the distance in meters to a point on the bent line
in cols 3-10 and specify how the distance is to be measured by coding 0,
1,2, 3 or 4in col 11 according as distance is to be measured along:

0) the horizontal control line

1) the layout line

2) the back tangent

3) the ahead tangent

4) a line perpendicular to the primary reference line

If no horizontal curve data were given on the 01 card, distance
types 0, 2 and 3 are equivalent. If distance type 4 is used for a bent
line not parallel to the primary reference line, results may be
unpredictable.
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Di stance types 6 and 7 are |located froma secondary reference |ine
i ndi cated by col 46 (see Secondary Reference Lines, cols 45-46).
Di stance type 6 neans that the distance given in cols 3-10 is to be
nmeasured fromthe secondary reference line by a nornal offset. Distance
type 7 means that the given distance is to be neasured fromthe
secondary reference line along the base chord of segmented girder |ines
(before the shift option is applied).

Bot h of these distance types nay only be used where the bent |ine
is parallel to the secondary reference line; col 21 (skew type) MJIST be
bl ank or zero. Default skewin this case is parallel to the secondary
(not primary) reference Iine. |If col 11 is designated 6 or 7 and skew
type is not default, a nonfatal error nessage (indicating that cols
12-21 have been ignored) will be printed: COL 11 CONFLICTS WTH COL 21.

Bent lines that use distance type 6 or 7 nust have cols 40 and 41
bl ank; that is, they may not be used to define a chord |layout |ine nor
to define offsets for flared girder lines.

A bent line that uses distance type 7 may have col 39 (segnented
girder lines to be broken) selected only if the secondary reference line
al so has col 39 selected. Wien this condition is not net, a nonfatal
error nessage (indicating that col 39 has been ignored) will be printed:
A BENT LI NE WHERE SEGVENTS ARE BROKEN MAY BE REFERENCED BY A CHORD
DI STANCE ONLY FROM A SECONDARY REFERENCE LI NE WHERE SEGVENTS ARE BROKEN.

For distance types 6 and 7, if col 39 is used with a negative
di stance (in cols 3-10), results may be unpredictable.

SKEW

(cols 12-21)
If the bent line is to have the default skew, |eave this field
bl ank. Default skew depends on distance type (col 11): (1) For distance
types 0, 1, 2 or 3, default skew is determ ned by 04 card, col 25 (see
“Reference and Layout Line Data,” Default Skew). (2) For distance type
4 (along normal to primary reference line), default is parallel to the
primary reference line (regardless of 04 card, col 25). (3) For
distance types 6 and 7, default is parallel to the secondary reference
line (the ONLY valid skew type). When col 21 is blank or zero, cols
12-20 are ignored.

When the skew of the bent line is to be specified, code the skew
angle in degrees, minutes and seconds and indicate whether skew is to
the left or right. Equivalent to an L is a minus sign for left skews;
equivalent to an R is a plus, a blank or any character other than L or
minus.
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Indicate the skew type in col 21 by coding 1, 2, 3 or 4 according
as skew is nmeasured with respect to:

1) the horizontal control line

2) the layout line

3) the back tangent

4) the ahead tangent

In general, skew type 1 should be used only if distance type (col 11) is
designated 0 (along horizontal control line). |f no horizontal curve
data were given on 01 card, skew types 1, 3 and 4 are equival ent.

FRACTIONAL POINTS

(col s 22-28)

A span of fractional points begins froma bent line with any
number coded in this field. Except when segnented girder lines are
used, the end of the span is determined by the next bent line with a
nonbl ank Fractional Points field (default is the last bent line). Hence
to indicate the terninal bent of a span of fractional points wthout
initiating a new span of fractional points, it is necessary to code the
integer 1 in this field ("oneth”points).

In the context of X-0 points or dead load deflections, a 06
card with the integer 1 coded in col 24 may still be considered to
“begin” a span of (nil) fractional points.

When segmented girder lines are used, the end of the span is
determined by the next bent line with either col 39 selected
(segmented girder lines to be broken) or with a nonblank
Fractional Points field. This means that fractional points may
not span across a bent line where segmented girder lines are
broken.

F-type fractional points are nth points (i.e., quarter points,
tenth points, twentieth points, etc.) where the span is divided into n
equal lengths, and are selected by coding the integer n, right
justified, in cols 22-24 (cols 25-28 MUST be blank) on the 06 card
representing the bent at the beginning of the span.

D-type fractional points are located at intervals of length d
along the girder line (the last interval on the span having length less
than or equal to d), and are selected by coding the distance d in meters
in cols 22-28 (with trailing zeros if necessary to insure that cols
25-28 are not all blank) on the 06 card representing the bent at the
beginning of the span.

Thus the integer 10 in this field requests tenth points (F-type)
on the span, whereas the number 10.0 requests D-type points at every ten
meters on the span.
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E-type fractional points are similar to D-type except that it is
the first (rather than the last) interval on the span which will have
length less than or equal to d. Select E-type fractional points by
coding the distance d in neters (as with D-type) preceded by a m nus
si gn.

DESCRIPTION

(cols 29-38)
Provide a ten character description of the bent line in this
field.

SEGMENTED GIRDER LINESTO BE BROKEN AT THISBENT LINE

(col 39)

See “Girder Line Data” (05 cards), line type 1; also see cols
3-11, above, for restrictions on use of this field with distance types 6
and 7 (from secondary reference line). In simple span cases, segmented
girder lines should be broken only once at each pier (at centerline),
not at each bearing. Suppress Listing (col 42) and Selective
Intersections (col 43) fields on this 06 card must both be blank for
this option to be functional.

BENT TO DEFINE OFFSETSFOR FLARED GIRDER LINES

(col 40)

See “Girder Line Data” (05 cards), line type 3. A 06 card
designated in this field may not use distance type (col 11) 6 or 7 (from
a secondary reference line); failure to meet this requirement will cause
a fatal error.

If only one bent line has col 40 selected where two are required,
the reference line is used for the other bent line (by default). If
more than two 06 cards are designated in this field, the first two
encountered on input sequence are used; col 40 is ignored on remaining
06 cards.

BENT TO DEFINE CHORD LAYOUT LINE

(col 41)

See “Reference and Layout Line Data” (04 card), Layout Line
Definition, col 26. A 06 card designated in this field may not use
distance type (col 11) 6 or 7 (from a secondary reference line). A 06
card designated in col 41 may have distance type 1 (along the layout
line) ONLY IF the other 06 card designated in this field has distance
type O (or can be otherwise located independent of the layout line), and
layout line is a chord on horizontal control line. Further, for a 06
card designated in col 41, skew type (col 21) may be 2 (with respect to
layout line) ONLY IF distance type is 0 (along horizontal control) or 1
(along, layout line) and layout line is a chord on horizontal control
line.
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If these conditions are not nmet, a nonfatal error nessage
(indicating that col 41 has been ignored) will be printed: COL 41
CONFLICTS WTH COL 11 OR 21

If only one bent Iine has col 41 selected where two are required,
the reference line is used for the other bent line (by default). |If
nmore than two 06 cards are designated in this field, the first two
encountered on input sequence are used; col 41 is ignored on remaining
06 cards.

SUPPRESSLISTING

(col 42)

A bent line defined by a 06 card designated in this field will not
appear on the plot file. Fractional Points field (cols 22-28) on this
06 card nust be blank for this option to be functional. This option
must not be used if col 39 (segnented girder lines to be broken) has
been selected. This option should be used only when intersections with
girder lines are desired on 8.5X14 stripe but not on plot file; for
fictitious bent lines it is better to use an asterisk in Selective
Intersections field (see col 43 bel ow).

SELECTIVE INTERSECTIONS

(col 43)

A bent line defined by a 06 card that is blank in this field will
intersect every girder line. This conditionis required if col 39
(segnented girder lines to be broken) has been sel ected.

It may be desirable for certain bent lines (e.g., splice line or bent
line to locate end of wingwall) to intersect only selected girder lines
(centerline of web or gutter line and outside edge of concrete deck).
Any bent |ine having a character (Ato Zor 1to 9) in col 43 will be
intersected only with girder lines (05 card) having the sanme character
in col 53. A bent line having the digit zero in this field will be
intersected only with girder lines having any digit (1 to 9) in col 53.
A bent line having an asterisk in this field will not be intersected
with any girder line; using this option, a fictitious bent line (used to
establish a chord layout Iine or flared girder lines) can be del eted.

Using the asterisk option causes the fractional points field (cols
22-28) to be ignored.
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For exanple: Wngwalls at abutnment 1 are to be 3 meters at
the left end and 5 neters at the right end; w ngwalls at abutnent
3 are both 3 neters long. Left outside edge of deck and Ieft
gutter line each have a 1 in col 53 (for X-type fractional points
fromleft exterior girder); right outside edge and right gutter
line each have a 6 in col 53 (for X-type fractional points from
right exterior girder). The bent line which |ocates the end of
the abutnent 1 left wingwall should have a 1 in col 43; that which
| ocates the end of the abutnment 1 right wi ngwall should have a 6
in col 43; and that which |ocates the end of both abutnent 3
wi ngwal I' s should have a 0 in col 43

A bent line locating end of wingwall may be skewed parallel to
back face of abutment, intersecting outside edge only (elevation at
gutter to be calculated at same station fromprinted cross-sl ope) or nay
be skewed zero to the horizontal control line, intersecting both outside
edge and gutter line.

In the case of welded-plate box girders, an initial run with
skewed splice lines may be used to |ocate splice at centerline of each
box. The final run should be nmade without these skewed lines and with a
radial splice line (one for each box) which intersects both webs (and
centerline), using col 43 to prevent intersections at other girder
lines. Each radial line can be located by difference in stations (with
di stance type 0), skew of zero and skew type 1.

MATCHING CHARACTER FOR DEAD LOAD DEFLECTIONS

(col 44)

For a bent |ine beginning a span of fractional points (06 card
with non-blank Fractional Points field, cols 22-28), elevations adjusted
for dead | oad deflection will be calculated and printed at each point in
the span if this field is coded with an al phabetic character (Ato 2)
which is found to match col 4 of a 07 card.

More than one 06 card may have the sane non-bl ank character in col
44 only if they all begin spans that are to have the sanme deflection
val ues applied. See “Dead Load Deflection Data” (07 cards).

SECONDARY REFERENCE LINES

(cols 45-46)

A bent line may be selected as a secondary reference line by
coding an alphabetic character (A to Z) in col 45. Other bent lines
that use distance type 6 or 7 (see cols 3-11 above) from the indicated
secondary reference line must have this same character coded in col 46.
A bent line using distance type 6 or 7 must be parallel to the secondary
reference line from which it is measured
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No nore than one 06 card may have the same non-bl ank character in
col 45, though any nunber may have the same character in col 46
Secondary reference lines nmay be used recursively; that is, a bent |ine
whi ch has distance type 6 or 7 (froma secondary reference |ine
indicated in col 46) may itself be used as a secondary reference |ine by
coding a different character in col 45. A truly cyclic recursion (as,
e.g., a 06 card with this field coded: CD, and a 06 card with this field
coded: DC) causes a fatal error

Note: If col 39 (segmented girder lines to be broken) is used in a
recursive sequence, results nay be unpredictable.
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DEAD LOAD DEFLECTION DATA
07 CARDS (refer: “DEAD LOAD DEFLECTION DATA” Form)

In addition to finished elevations, the program calculates and
prints elevations adjusted for dead load deflection if 07 cards are
included in the data set. The adjusted elevation (printed under column
heading “ELEV+DL" with significant digits dropped) is to represent the
elevation to set concrete forms so that, after deflecting, the top of
deck will attain the finished elevation. Deflection values for adjusted
elevations are coded on 07 cards with col 6 blank.

Deflection values may be specified at tenth points with a single
07 card. If more than tenth points are needed, the initial 07 card
(with cols 3-6 properly coded) may be followed by an arbitrary number of
continuation 07 cards coded with cols 3-6 all blank. This sequence of
initial and continuation 07 cards may be repeated for any number of
spans or any number of girder lines.

For example: If it is desired to specify values at quarter
points in the span, one would code two 07 cards: the initial card
having a value specified in the 5 field (cols 45-50, for the fifth
20th point) and a value specified in the 10 field (cols 75-80, for
the midpoint or tenth 20th point); the continuation card having a
value specified in the 5 field (cols 45-50, for the fifteenth 20th
point).

An initial card and nine continuation cards allow values to
be specified at hundredth points. The generalized case: n-|
continuation cards allow values to be specified at 10 n th points.

Field 05/54

(col 3)

When all girder lines are to have the same deflection values
applied, leave this field (and 05 cards, col 54) blank. When different
girder lines require different deflection values (whether due to
different girder lengths, different girder designs, or significant
weight of formwork and reinforcing steel for screed rails), an
alphabetic character in col 3 means that these deflection values are to
be applied to all girder lines (05 cards) having the same character in
col 54.

More than one initial 07 card may have the same character in col 3
only if they have different characters in col 4.
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Field 06/44

(col 4)

Each initial 07 card nust have a non-blank character in this
field. |If this same character is found in col 44 of a 06 card (bent
line) with non-blank Fractional Points field, cols 22-28, the specified
deflection values will be applied to all internediate and intersection

points in the span. The ternminal bent for the span is defined by the
next 06 card with a non-blank Fractional Points field (see 06 card,
“Fractional Points” discussion for segmented girder lines).

More than one initial 07 card may have the same character in col 4
only if they have different characters in col 3.

M (METERS)

(col 5)

If deflection values are in millimeters, leave this field blank.
Code an M in col 5 to indicate that deflections are specified in meters.
07 cards may be mixed meters with millimeters, but all continuation
cards must have the same unit of measure as specified on the
corresponding initial card.

DEFLECTION VALUES

(cols 15-80)

Deflection values must always be specified for the 0 and 10 fields
(i.e., the O field, cols 15-20 of the initial card and the 10 field,
cols 75-80 of the last continuation card). Blank entries in these two
fields are assumed to specify zero deflection (the typical deflection at
a bearing point); default is the same as specifying zero. The
intermediate fields 1 to 9 (and intermediate 0 and 10 fields when
continuation cards are used) may have values specified or be left blank;
default means unspecified. Hence if the span of fractional points
determined by corresponding 06 cards (see “Bent Line Data,” cols 22-28)
begins or ends at a point other than a bearing line (splice point, for
example), be certain to specify a non-zero deflection at that end (0 or
10 field).

Positive values mean downward deflection; negative values mean
upward.

The number or location of deflection values given on 07 cards has
no necessary relation to number or type of fractional points selected on
the corresponding 06 card. The deflection given in the O field is to be
applied at the bent line beginning the span of fractional points and the
deflection given in the 10 field is to be applied at the bent line
ending the span.
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Fi

Fi

Fi

Fi

Fi

Fi

Fi

Fi

Fi

Fi

Fi

eld

eld

eld

eld

eld

eld

eld

eld

eld

eld

eld

G ven deflection values are never applied directly to an
el evation; instead the programw |l first fit a polynonmial curve
to the points given in a span and then cal cul ate defl ections (for
adj usted elevations) fromthe fitted curve. For this purpose, a
“least squares” curve fitting, method (polynomial of degree no
greater than six) is employed by mapping the scatter points into
the interval from 1.0 to 2.0. Coefficients of the polynomial are
then converted to millimeters on the interval from 0.0 to 1.0 and
printed along with polynomial deflection values at tenth points.
See Chapter 4, “Dead Load Deflection Data.”

A measure of control over the degree of polynomial to be fit
may be provided by restricting the number of deflection values
given. For an nth degree polynomial, give only n-l intermediate
values; in particular, if a linear curve fit is desired, give
deflection values only at the two end points (0 and 10 fields).

15-20 Inplied decimal place is between cols 16 & 17 for neters.
I mplied decimal place is between cols 18 & 19 for nmillineters.

21-26 Inplied decinmal place is between cols 22 & 23 for neters.
Implied decimal place is between cols 24 & 25 for millinmeters.

27-32 Inplied decimal place is between cols 28 & 29 for mters.
I mplied decimal place is between cols 30 & 31 for millinmeters.

33-38 Inplied decinmal place is between cols 34 & 35 for neters.
I nplied decimal place is between cols 36 & 37 for mllinmeters.

39-44 Inplied decinmal place is between cols 40 & 41 for neters.
I nplied decimal place is between cols 42 & 43 for mllinmeters.

45-50 Inplied decinmal place is between cols 46 & 47 for neters.
I nplied decimal place is between cols 48 & 49 for mllineters.

51-56 |Inplied decinmal place is between cols 52 & 53 for neters.
Implied decimal place is between cols 54 & 55 for millineters.

57-62 Inplied decimal place is between cols 58 & 59 for neters.
Implied decimal place is between cols 60 & 61 for millineters.

63-68 Inplied decimal place is between cols 64 & 65 for neters.
Implied decimal place is between cols 66 & 67 for millinmeters.

69-74 Inplied decimal place is between cols 70 & 71 for neters.
Implied decimal place is between cols 72 & 73 for millinmeters.

75-80 Inplied decimal place is between cols 76 & 77 for neters.
Implied decimal place is between cols 78 & 79 for millinmeters.
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ROADWAY APPROACHES
08 CARD (refer: “ROADWAY APPROACHES” Form)

The program calculates and prints finished grade elevations at 3
meters stations for 45.7201 (or more) meters of roadway approaches
before and after the structure if 08 card is included in the data set.
Stations beyond limits of valid elevation and cross-slope data (04 card,
cols 59-80) are not printed. Particularly in the case of a severe skew,
it is recommended that approaches should lap well onto the deck of the
structure.

BEGIN STRUCTURE

(cols 3-9)

Code a station at least 3 meters ahead of the beginning of the
structure (usually back face of abutment). Elevations on the roadway
approach will begin 45.7201 meters back of this station. If this field
is blank, no approach elevations at this end will be printed.

END STRUCTURE

(cols 10-16)

Code a station at least 3 meters back of the ending of the
structure (usually back face of abutment). Elevations on the roadway
approach will end 45.7201 meters ahead of this station. If this field
is blank, no approach elevations at this end will be printed.

APPROACH LENGTH

(cols 17-24)

If more than 45.7201 meters of approach is needed, code the
desired approach length in meters in this field. Maximum length is 277
meters.

OFFSETSFROM HORIZONTAL CONTROL

(cols 25-80)

Code up to seven offset distances for lines where approach
elevations are to be calculated. These offset lines should be where
roadway grade stakes (“blue-tops”) are being run; i.e., edge of
shoulder, edge of travel lane, profile line, etc. (Dimensions can
usually be found on the roadway typical section). Offset values will be
sorted by the program; input fields are order independent.
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Chapter 4 - Output Results

At the top of each page of output (8.5X14 stripe or page printer)
is a one-line banner conposed of the “structure identification” (taken
from cols 3-12 of first 00 card), a sequence number in parentheses (when
more than one sequence of 04-07 cards are used), program name (and
version), date and time of run, and page number. Beginning on page one,
six left-justified headings label the input data from 00-04 cards:

“Description,” “Horizontal Alignment Data,” “Vertical Alignment Data,”
“Table of Roadway Cross-Slopes,” “Limits of Valid Elevation and
Cross-Slope Data,” and “Layout Line Data.” Following this information,
selected input data from 05, 06 and 07 cards are echoed (interspersed
with appropriate warning messages).

If 05 card, col 21 (terminal offset) is used for a girder line of
line type (col 3) other than 3 (flared) or 4 (offset varies with super),
a nonfatal error message (indicating that cols 13-21 have been ignored)
will be printed: COL 3 CONFLICTS WITH COL 21. See Chapter 3, 05 cards,
cols 4-21.

Various warning messages describe nonfatal error conditions
involving girder lines with incorrectly coded X-type Fractional Points
field (05 card, cols 52-53). Each message describes the condition
encountered and the action taken by the program: col 52 or col 53 of the
indicated girder line is ignored. See Chapter 3, 05 cards, cols 52-53.

A bent line that does not intersect both the horizontal control
line and the layout line will cause a nonfatal error message with the
result that the indicated bent line is discarded.

DESCRIPTION
A direct listing of all 00 cards is printed under this heading.
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HORIZONTAL ALIGNMENT DATA

If no horizontal curve data were given on 01 card, the coment
HORI ZONTAL TANGENT will be printed. Oherw se, input and cal cul at ed
curve data (for conparison with line sheets) will be printed: stations
at critical points (P.C., T.S., T.S.C, S.C., P.I., SSCS., etc.),
tangent lengths (T), spiral lengths (LS), spiral deflection angles (SA)
in degrees, mnutes and seconds, |length of circular curve (LC), tota
defl ection angle (DELTA), and radius of curve (RADI US).

If a station equation has been given (01 card, cols 59-80), it
wi Il be echoed under this heading. The followi ng conditions will cause
a nonfatal error nessage to be printed: AMBI GUOUS OR NONEXI STENT STATI ON
USED.
a. if an anbiguous station is used (when equation is overl apping)
b. if a nonexistent station is used (when equation is
nonover | apping,) or
c. if equation nunbers are not used consistently (See Chapter 3,
01 card.)

For an equation that occurs at the T.S. (P.C.) or S.T. (P.T.) of a
hori zontal curve (tolerance of 0.009 neters), the programw || nake an
adjustnent to put the equation precisely at the critical point. (An
adjustnent to the station of the P.I. nay be used to negate this
effect.)

If a non zero profile offset has been given (01 card, cols 44-51),
it will be echoed i mediately bel ow hori zontal curve data

VERTICAL ALIGNMENT DATA

Cal cul ated vertical curve data are printed under this heading for
conmparison with line sheets. G ades between P.l.’s, station and
elevation at P.C., P.I. and P.T. and tangent elevation at P.l. are
formatted to show crest or sag condition

If a P.1. is found to have an associ ated change in grades but a
zero length vertical curve (and transition vertical curves are not
i nhibited), a nonfatal error message will be printed: P.1. AT STATI ON
.+... HAS BEEN ASSI GNED CURVE LENGTH = ... METERS. See Chapter 3, 03
card, col 56

PARABOLIC CROWN DATA

For crown type P, crown wi dth and hei ght and shoul der sl opes are
echoed under this heading.
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TABLE OF ROADWAY CROSS-SLOPES

For crown types A, B and C the printed table provides al
information used by the programin calculating finished elevations from
profile grade el evations. Wen the station and offset of a point have
been determi ned, the elevation of the pivot point at that station is
calculated fromvertical alignnent data (profile grade elevation), pivot
of fset and nominal cross-slope. Next the table is consulted to find
final (finished grade) cross-slopes at that station. Then the el evation
of the given point is calculated from pivot point elevation, pivot and
profile offsets, final cross-slopes and el evation shift.

For type 4 girder lines (offset varies with super), since the
final offset cannot be determnined without first determ ning the
cross-slope, an iterative procedure is invoked which adjusts station and
of fset, calculates a new cross-slope, then adjusts station and of fset
again, etc.

To obtain snmooth profiles along, girder |ines (“smooth”in the
sense that elevation is a continuously differentiable function of line
length), the program will insert a transition vertical curve (typically
one half station in length) at every station where there is a break in
the rate of change of cross-slope. An entry in the table does not mean
that final cross-slopes at the given station are those specified; on the
contrary, final cross-slopes are generally not those specified. The
entry means that at the given station the cross-slope changes at a
nonlinear rate and a transition vertical curve (centered at the given
station) has been provided.

The “VC LENGTH” column gives the length of the transition vertical
curve in meters at horizontal control. Curve length will be greater (or
less) than the given length when outside (inside) of horizontal control
in a region of horizontal curve.

The note “-U-,” appearing to the right of curve length column,
indicates that cross-slopes were specified with an optional
superelevation override 03 card.

At any point where the rate of change of cross-slope changes from
increasing to decreasing (or from decreasing to increasing), a relative
maximum (minimum) cross-slope is attained at some point in the
transition vertical curve. When this condition is encountered, the
program prints a line in the table (informative only, not a true table
entry) giving the station at which the relative maximum or minimum is
attained and the final (finished grade) cross-slopes at that station.

A table entry that is found to represent the linear variation
between its two neighboring entries is deleted from the table since the
transition vertical curve would be flat. Hence when using optional 03
cards, it is possible that no table entry will be shown for a station
specified on one of the override cards. This does NOT mean that the 03
card is superfluous (unless Super Rate field, cols 9-12 on initial 03
card, is blank).
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The algorithmused to find final cross-slopes fromthe table is
denonstrated by the foll owi ng exanpl e.

Assune the fourth, fifth and sixth entries in the table are:

STATI ON SLOPE LEFT SLOPE RI GHT VC LENGTH
etc.
1+623. 4000 -. 0500 . 0500 15.24
1+763. 4000 -. 0150 . 0150 15.24
1+883. 4000 -. 0150 -. 0150 15. 24
etc.

representing the transition of a type C crown (center pivot) out
froma left curve: P.T. at station 1+703.40, transition length =
60 neters, e = 0.0500 mMm run-out = 20 neters.

CASE 1: sta 1+842.60

Since the station is between the fifth and sixth entries and
does not occur within either vertical curve (occurs after 1+788.40
and before 1+858.40), cross-slopes are the straight line
i nterpol ations between fifth and sixth entries:

-. 015000
-.004800

slope left
sl ope ri ght

CASE 2: sta 1+762.10

Since the station is between the fourth and fifth entries
and occurs within the latter transition vertical curve (occurs
after 1+738.40 and before 1+788.40), cross-slopes are the
parabolic interpolations between cross-slopes at 1+738.40 and
cross-slopes at 1+788.40 (found as in case 1):

at 1+738. 40 slope left = -.021250
sl ope right = .021250 *

at 1+788. 40 slope left = -.015000
sl ope right = .008750 *

at 1+762. 10 slope left = -.016729
slope right = .015325 *

* Note that these are the sane as the straight line interpolations
between fourth and sixth entries.

When the first entry in the table does not have nonina
cross-slopes (and Begin Station [04 card, cols 59-69] does not exclude
the first transition vertical curve), this condition will result in a
begin station entry for limts of valid elevation and cross-sl ope data.
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Simlarly if the last entry in the table does not have noni nal
cross-slopes (and End Station [04 card, cols 70-80] does not exclude the
last transition vertical curve), this condition will result in an end
station entry for linmts of valid elevation and cross-sl ope data.

If transition vertical curves have not been inhibited and tabul ar
stations are so crowded that a transition vertical curve is shorter than
6.0960 neters, a nonfatal error nessage will be printed: SHORT
TRANSI Tl ON VERTI CAL CURVES / G VEN ALI GNVENT |'S NOT SUl TABLE. Possi bl e
remedies for this condition include: (1) conmbining two or nore
transition breaks; (2) straightening a series of conplex transition
breaks; or (3) coding 03 card Nominal Cross-Slope field (cols 4-8) blank
and controlling transitions entirely using optional 03 cards. See
Chapter 3, “Optional Superelevation Override.”

Offset from profile line to the pivot point is echoed below the
table.

LIMITSOF VALID ELEVATION AND CROSS-SLOPE DATA

When a Begin or End Station entry is found in cols 59-80 of 04
card, it is echoed under this heading.

LAYOUT LINE DATA

Under this heading is printed a description of how the layout line
is defined; girder line (05 card, col 51) and bent lines (06 card, col
41) defining a chord layout line; station, offset and X-Y coordinates of
reference-line-layout-line intersection; and how the layout line crosses
horizontal control (including skew). If a “chord” layout line does not
cross horizontal control, the description will show how it crosses the
back and ahead tangent lines. Skew of the layout line with respect to
horizontal control (or back/ahead tangent lines) is measured from the
tangent (not the normal) since layout line is a longitudinal (rather
than transverse) line.

BENTSTO DEFINE OFFSETSFOR FLARED GIRDER LINES

When flared girder lines (05 card line type 3) are used, initial
and terminal bent lines (06 cards designated in col 40) are echoed under
this heading.

SEGMENTED GIRDER LINE DATA

When segmented girder lines (05 card line type 1) are used, the
girder line chosen for base chords (05 card designated in col 50), bent
lines where broken (06 cards designated in col 39), and offset option
for segmented girder pattern shift (when selected by 04 card, col 29)
are printed under this heading.
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If relatively large skew angles affect the suitability of
segnented girder lines, a nonfatal error message will be printed: DUE
TO LARGE SKEW ANGLES, USE OF SEGMENTED G RDERS... Besides reducing
skews of bent lines, other nmeans of alleviating this condition include
shortening the span lengths, flaring the exterior girders, or noving the
girder line for base chords further toward the outside of the horizonta
curve.

For segmented girder lines, two intersection points are printed
for each bent Iine where segnented girder |lines are broken (06 card
designated in col 39, except first and last). The first of these two
intersection points is where the segnent in the previous span intersects
the bent line; the second is where the segnent in the next span
intersects the bent I|ine.

DEAD LOAD DEFLECTION DATA

For each 07 card (or set of initial and continuation 07 cards),
the programprints an initial line (describing cols 3, 4), coefficients
of the polynomial (fitted curve), and deflection values at tenth points
(inmllimeters and in neters). The initial line gives a bent |ine
description (cols 29-38) froma 06 card found to have a character in co
44 whi ch matches col 4 of the 07 card. |If no matching character was
found, UNKNOM is printed. The initial line shows the nunber of 07
cards in the set (greater than one if continuation cards are used) and
al so gives the character in col 3 (to be matched with 05 cards, col 54).

The pol ynoni al coefficients, printed in a colum to the right, are
| abel ed A4 through AO and represent the curve

ALY+ A3 Y3 A2* Y2 L ATHY +AO

for Y on the closed interval fromO to 1. |If either end point has a
zero deflection value, the coefficients are those of a reduced

pol ynom al whi ch nust be expanded by the corresponding factor to find
the curve which was fit to the input deflection values. |If the left end
point is zero, the polynom al nust be expanded by a factor of Y; if the
right end point is zero, the polynonial nust be expanded by a factor of
(1-Y); and if both end points are zero (the typical case when the span
goes frombearing to bearing), the polynom al nust be expanded by a
factor of (Y-Y%).

The expanded pol ynomni al (representing deflection values in
mllimeters as a function of the proportionate span length) is used by
the program so that deflections at any internedi ate point (whether
intersection or fractional point) may be cal cul ated wi t hout
interpolation. Fromthe larger view, the curve fitting procedure itself
is an interpolation nethod; but a nmethod which applies uniformy over
the entire span.
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Defl ection values at tenth points on the span are printed in
mllimeters (top line) and in nmeters (bottomline). These values are
calculated fromthe fitted curve and shoul d al ways be conpared with
i nput values to be certain that the pol ynom al cones reasonably close to
the desired dead | oad defl ections.

For exanpl e, assune that deflection values were input in
mllimeters at quarter points (with zero values at the end points)
on two 07 cards:

> =20.1422
20
10 =261874
20
L =20.0152
20

On output, deflection value at the nmidpoint (0.5) is shown
as 26.1874 nmillimeters and the coefficients are given

A4 = 0.0

A3 = 0.0

A2 = 38.4658
Al = -39.0449
A0 = 114.6048

By inspection, the deflection at the nidpoint is close
enough; but the question remains: how close to the input val ues
would the first and third quarter points be, when cal culated from
the fitted curve. Rather than interpolating between tenth points,
the direct calculation is done by expandi ng the pol ynoni al and
evaluating at Y=025 and Y=0.75. The expanded pol ynom al becones:

(38.465801Y 2 —39.044901Y +114.6048) XY - Y?)

at Y=0.25 (107.2477) * (0.1875) 20. 1089 mm

at Y=0.75 (106.9581) * (0.1875) 20. 0546 mm
and it is seen that the (fourth degree) polynonial curve fits the
i nput val ues very accurately.

Beneat h deflection values is a line giving the slope of the fitted
curve at each end of the span. |If the slope at the left end is |ess
than zero or if the slope at the right end is greater than zero, the
coment DEFLECTI ONS SHOW SI GNI FI CANT UPLIFT will be printed. This
i ndicates a condition that should occur only for continuous (not sinple

span) girders
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When a girder is continuous across a bearing, the slope at the
ahead end of the previous span should be conpared with the slope at the
back end of the next span to ensure that the two fitted curves do not
forma cusp at the bearing. Printed slopes are in units of neters per
span; so for spans of unequal |ength, each sl ope must be divided by the
I ength of the span (in neters) to find slopes in nmeters per neter which
can then be conpared for equality.

If the first 07 card is found to be a continuation (rather than
initial) card, a nonfatal error nessage will be printed: | MPROPER USE
OF DEAD LQOAD DEFLECTI ON DATA CARDS.

When continuation cards are used, the 10 field of one card and the
0 field of the next card represent the sane point. Though both fields
may be coded, if the values given do not agree a nonfatal error nessage
will be printed: | NCONSI STENT DEFLECTI ONS G VEN AT THE SAME PO NT.

AVERAGE CROSS-SLOPE

When a girder |ine whose offset varies with superel evati on (05
card line type 4) is used, the program conputes an average cross-sl ope
for purposes of determ ning nomnal offset. The stations between which
the average is conmputed and the resulting average are printed under this
headi ng.

* HORI ZONTAL CONTROL LINE * and * LAYOUT LINE *

Begi nning on the next page is a listing of each bent line and the
poi nt where the bent line crosses horizontal control, followed by a
simlar listing for the layout line. These listings do not include
fractional points; hence, when fractional points are needed or when the
line is needed on deck elevation plot file, the line nust al so be input
as a girder line (05 card). Al elevations in these listings are at
finished grade. Points which are outside limts of valid elevation and
cross-slope data (04 card, cols 59-80) are printed nonethel ess.
Information in these ten colums is essentially simlar to that provided
for other girder lines; see “General Girder Line,” below.

In the listing for intersections at horizontal control, an extra
column, printed between elevation and X-offset, indicates value found in
Fractional Points field (06 card, cols 22-28) and condition of Selective
Intersections field (col 43).

In general, both horizontal control and layout lines should always
be run as girder lines for deck elevation sheets.
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* BACK TANGENT LINE * and * AHEAD TANGENT LI NE *

Wien reference is made to either of the two tangent lines on the
hori zontal curve, intersection points for each bent line are listed for
the tangent line(s). Stations given here are horizontal contro
stations (NOT tangent stations, which nay be cal culated from G rder
Length colum). In addition to intersection points, critical points

(T.S., S.T., P.C, or P.T.) at beginning and end of the horizontal curve
are also listed.
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GENERAL GIRDER LINE

On succeedi ng pages i medi ately beneath the banner |ine and above
the col um headings, is a line giving:
a. the girder line description (05 card, cols 30-49)
b. the line type (col 3)
c. the notation (CONT) for “continued” only ifitis not the
first page for the specified girder line
d. the offset from the base chord if girder line is segmented
(line type 1)
e. the nominal offset from horizontal control if girder line
offset varies with super (line type 4)
f. the elevation shift (cols 22-29) in meters above or below
finished grade (at normal to cross-slope of deck if line type
4, vertical otherwise)
Beneath this are headings for eleven columns of information describing
each intersection point or fractional point on the indicated girder
line.

BENT LINE

This column gives either the bent line description (06 card, cols
29-38) if the point is an intersection point, or a fractional point
designation in the form F-n, D-n, E-n or X-n.

STATION and OFFSET

These columns give the coordinates of the point with respect to
the surveyor's station and offset from the horizontal control line.

ELEVATION

This column gives finished (deck) elevations (in meters above sea
level), which differ from finished grade elevations by the elevation
shift (05 card, cols 22-29).

ELEV+DL

If 07 cards are used, this column gives the elevation (with
significant digits dropped) adjusted for dead load deflection.

OFFSET (X) and ORDINATE (Y)

These columns give the coordinates of the point with respect to a
coordinate system determined by the reference line and the layout line
(see Chapter 3, 04 card). These coordinates are in the horizontal plane
and, together with the elevation, make a three-dimensional Cartesian
system useful in finding distances between points by the Euclidean norm.
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BENT LENGTH

At intersection points, this columm gives the horizontal |ength
(measured along the bent line) fromthe point of intersection of the
bent line with the Y-axis to the point of intersection of the bent line
with the girder line. Positive lengths are right of the Y-axis;
negative lengths are left of the Y-axis. At X-type fractional points,
this colum gives the horizontal offset of the point fromthe
corresponding fractional point on the exterior girder. (See Chapter 3,
05 cards, cols 52-53.)

SKEW

At intersection points, this colum gives the skew (in degrees,
nm nutes and seconds) of the bent line with respect to the girder line.
Negative skew is to the left; positive skewis to the right. Skew
angles are not printed on el evation sheets.

GIRDER LENGTH

For girder lines of type O and type 2 (parallel), this colum
gives the horizontal length (measured along the girder Iine) fromthe
point of intersection of the girder line with the reference line to the
desi gnat ed point (whether intersection or fractional point). For type 1
(segnented) girder lines, girder line |lengths are nmeasured independently
on each line segment fromthe initial bent |ine where segnmented girder
lines are broken (06 card, col 39). For type 3 (flared) girder lines,
girder line lengths are neasured fromthe initial bent |ine defining
offsets for flared girder lines (06 card, col 40). For type 4 girder
lines (offset varies with super), girder line |lengths are nmeasured from
the reference Iine along the corresponding parallel line at the nonina
of f set.

Positive lengths are ahead of the reference or initial bent I|ine;
negative lengths are back. |If the girder line is curved (line type O or
4), this length is an arc |ength.

CROSS-SLOPE

This colum gives the roadway cross-slope at the station of the
desi gnated point when the slope is continuous. For crown types A and B
cross-slopes at the profile line are printed in absolute value (with
“+/-" sign). For crown type C cross-slopes are typically discontinuous
at the profile line (due to the sign convention). For crown type P,
cross-slopes in the parabolic section are instantaneous values;
cross-slopes are typically discontinuous only at the edge of the
parabolic section. Roadway cross-slopes are not printed on elevation
sheets.
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ROADWAY APPROACHES

When 08 card is used, station, offset, elevation and cross-slope
are printed for each station on the roadway approaches. Al elevations
are at finished grade. Cross-slope is blank where di scontinuous (see
“General Girder Line,” Cross-Slope, above). Portions of approaches that
extend beyond limits of valid elevation and cross-slope data (04 card,
cols 59-80) are deleted.

On elevation sheets, approach elevations are arranged in a table
format: stations printed in the left column, offsets printed across the
top. Roadway cross-slopes are not printed on elevation sheets.

When the Approach Length field (08 card, cols 17-24) is used, the
program will sometimes extend the approaches (in the direction that laps
further onto the structure) by 5 or 10 meters. This is done to make the
number of stations (where approach elevations are output) a multiple of
four.
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Chapter 5 - Fatal Error Messages

Fatal errors have different effects according to their severity.
Any fatal error will inhibit the printing of alternative nedia files
(el evation sheets or page printer) and will limt output on 8.5X14
stripe to no nore than one girder line. Sone errors will prevent
printing of even one girder line; sonme will prevent printing of
hori zontal control and layout lines. FErrors associated with horizontal
or vertical alignment data will abort the run inmediately.

FATAL ERROR -- NO n CARD FOUND
Where n = 00, 02, 03, 04, 05 or 06; the indicated card type was
not found due to cards out of sequence or required card m ssing.

THE FOLLOW NG | NPUT LI NES WERE | GNORED:
The program found a card out of sequence (see Chapter 2, “Deck
Organization”) or an invalid Card Type field, cols 1-2. Comment
cards with card type 99 will not be listed.

INVALID STATION EQUATION
Equation number of back station was found to be greater than
equation number of ahead station. See Chapter 3, “Horizontal
Alignment Data” (01 card).

RADIUS OF CURVE OR DELTA ANGLE OUT OF RANGE
See Chapter 3, “Horizontal Alignment Data” (01 card), for
allowable range for radius of curve and delta.

SPIRAL LENGTH OUT OF RANGE
Spiral lengths must (each) be less than Ttimes radius of curve.

SPIRALS LAP
Sum of the two spiral angles was found to be (significantly)
greater than the given delta.
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HORI Z Cl RCULAR CURVE NOT LONG ENOUGH TO PREVENT SUPER TRANSI TI ONS FROM
LAPPI NG

End of transition in was found to be nore than 0.3048 neters ahead
of beginning of transition out. GCenerally indicates an error in coding
03 card, cols 21-50 for a sinple curve. (See Chapter 3, “Crownand
Superelevation Data.”) May also be caused by incorrect delta, or radius
given on 01 card. (See Chapter 3, “Horizontal Alignment Data.”)

VERTICAL CURVES LAP
P.T. of first vertical curve was found to have station
(significantly) ahead of P.C. of second vertical curve.

FATAL ERROR -- O2 CARD
In the absence of a more detailed diagnostic, this indicates
insufficient or redundant data on 02 card. See Chapter 3,
“Vertical Alignment Data.”

INVALID TRANSITION LENGTH FOR SIMPLE CURVE
A superelevated horizontal curve that does not have spiral
transition at one end (or both ends) must be given a non-zero
transition length for superelevation on 03 card (cols 26-30 or
41-45).

INVALID PARABOLIC CROWN WIDTH
A parabolic crown must be given a non-zero crown width (03 card,
cols 57-65). This error may also be due to incorrect crown type
(col 3). See Chapter 3, “Crown and Superelevation Data.”

IMPROPER USE OF OPTIONAL 03 CARDS
Stations on optional superelevation override cards were found to
be in conflict or too close together.

COL 14, 24, 25 OR 26 OUT OF RANGE (OR LAYOUT LINE NOT FOUND ON PREV
SECTION)

See Chapter Il, “Reference and Layout Line Data” (04 card), for

allowable range for these fields. Col 14 is considered “out of

range” if it is a 3 and a fatal error in the previous section of

04-07 cards resulted in an undefined layout line.

COL 14 CONFLICTS WITH COL 24
If skew of the reference line is with respect to horizontal
control, then reference station must be on horizontal control.
(Applies only when reference station is in horizontal curve.)

ESTIMATED NUMBER OF POINTS EXCEEDS DEFAULT MAXIMUM
See Chapter 3, “Reference and Layout Line Data” (04 card),
Extended Print Capability, col 33.

GIRDER LINE TYPE 4 MAY BE USED ONLY WITH CROWN TYPE A OR B
See Chapter 3, “Girder Line Data” (05 cards), line type 4.
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COL 3, 12 OR 21 QUT OF RANGE -- G RDER LI NE:
See Chapter 3, “Girder Line Data” (05 cards), for allowable range
for these fields.

COL 11 OR 21 OUT OF RANGE -- BENT LINE: . ..
See Chapter 3, “Bent Line Data” (06 cards), for allowable range
for these fields.

COL 11 CONFLICTS WITH COL 21 -- BENT LINE: ...
If a 06 card has skew type 1 (with respect to horizontal control),
then distance type must be designated 0 (along horizontal control
line). (Applies only when horizontal alignment is not tangent.)

COL 11 CONFLICTS WITH COL 40 -- BENT LINE: . ..
A 06 card designated in col 40 (bent to define offsets for flared
girder lines) may NOT use distance type 6 or 7 (from a secondary
reference line). See Chapter 3, “Bent Line Data.”

COL 46 CONFLICTS WITH COL 11 OR 45 -- BENT LINE: . ..
Indicates improper use of secondary reference lines. See Chapter
3, “Bent Line Data” (06 cards), cols 45-46.

BENT LINES NOT LOCATED BECAUSE SECONDARY REFERENCE LINE WAS NOT FOUND
Indicates improper use of secondary reference lines. See Chapter
3, “Bent Line Data” (06 cards), cols 45-46. This message may
result from a combination of: 06 card with distance type 7 but no
05 card for segmented (line type 1) girder line.

EITHER (1) 04 CARD HAS ERROR IN COL 24 OR 26
OR (2) NOT ENOUGH 06 CARDS HAVE VALUE IN COL 41
OR (3) NO 05 CARD HAS VALUE IN COL 51

A chord layout line was requested but one of two rules was
violated. If reference line is used as initial or terminal bent

to define chord layout line (i.e., only one 06 card has been
designated in col 41) and if skew of reference line is with
respect to layout line (skew type 2), then layout line must be a
chord on horizontal control line. Only two cases permit no 06
cards designated as initial or terminal bent to define chord
layout line, viz.: (1) 05 card designated in col 51 is a girder
line of type 3 (flared), or (2) 05 card designated in col 51 is a
girder line of type 0O (parallel to horizontal control) AND
horizontal alignment is tangent (i.e., no curve data given on 01
card). See Chapter 3, “Reference and Layout Line Data” (04 card).

NOT ENOUGH 06 CARDS HAVE PUNCH IN COL 39
When segmented girder lines are used, at least two bent lines (06
cards) must be designated in col 39 (segmented girder lines to be
broken). See Chapter 3, “Girder Line Data” (05 cards), line type
1.
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NOT ENOUGH 06 CARDS HAVE PUNCH I N COL 40
A flared girder line was requested but no bent line (06 card) was
designated in col 40 (bent to define offsets for flared girder
lines). See Chapter 3, “Girder Line Data” (05 cards), line type
3.

FATAL ERROR -- LAYOUT LINE IS RECURSIVELY DEFINED
Generally results from using a bent line to locate a “chord”
layout line when the location of the bent line itself depends on
the layout line.

FATAL ERROR -- INTERSECTION OF REFERENCE LINE WITH HORIZONTAL

CONTROL OR WITH LAYOUT LINE OR WITH TANGENT
LINE IS ILL-CONDITIONED

The reference line must intersect both horizontal control and

layout line. (It must intersect back or ahead tangent only if a

06 card has distance type 2 or 3.) This message indicates that

the point of intersection could not be found (as, e.g., reference

line being parallel to layout line).

FATAL ERROR -- INTERSECTION OF INITIAL OR TERMINAL BENT WITH
HORIZONTAL CONTROL OR WITH LAYOUT LINE OR WITH
TANGENT LINE IS ILL-CONDITIONED

For initial or terminal bent line to define offsets for flared
girder lines (06 card, col 40), point of intersection could not be
found (due to, e.g., bent line being defined so as to make it
exterior to the horizontal curve).
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Chapter 6 - CDOT Forms

INDENTIFICATION AND ALIGNMENT : Page 6-2
SUPERELEVATION AND LAYOUT DATA : Page 6-3
GIRDER LINE DATA : Page 6-4

BENT LINE DATA : Page 6-5

DEAD LOAD DEFLECTION DATA and ROADWAY APPROACHES : Page 6-6
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INDENTIFICATION AND ALIGNMENT see following page
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COLORADO DEPARTMENT OF TRANSPORTATION

METRIC BRIDGE GEOMETRY

IDENTIFICATION AND ALIGNMENT

2y DESCRIPTION

3 SRUGTURE PROJECT NUMBER, DESIGNER, DETAILER, LOCATION, REMARKS, ETC.

1 2|13 4 5 6 7 8 9 10 11 12|13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80
OIO | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |

HORIZONTAL ALIGNMENT

HORIZONTAL ALIGNMENT

ow A SPIRAL LENGTHS STATION EQUATION
<>|®| DEG IMIN| SEC L IN Le OUT _ BACK AHEAD
S % S S (+RIGHT/—-LEFT) STATION STATION
1 2|13|4 5 6|7 8|9 10 11 12|13 14 15 16 17 18 19 20 21 22 23|24 25|26 27|28 29 30 31|32 33 34 35 36 37|38 39 40 41 42 43|44 45 46 47 48 49 50 51|52 53 54 55 56 57 58|59 60 61 62 63 64 65 66 67 68 69|70 71 72 73 74 75 76 77 78 79 80
OI /| | | | | N | | | + | | N | | | | | | | | | | N | | | | | | | | | | | | | | | | | | | | + | | | | | | | | + | | | | | |
N
PER e
% | LENGTH OF LENGTH OF | ;
‘ VC IN VvC ouT
\0/
- AHEAD STATION LENGTH OF LENGTH OF
S - " Ve N VC OouT o
T

VERTICAL ALIGNMENT

VERTICAL ALIGNMENT

aw VERTICAL CURVE NO 1 VERTICAL CURVE NO 2

o | PERCENT GRADE | LENGTH OF LENGTH OF || LENGTH OF LENGTH OF | PERCENT GRADE
<

S Ve IN STATION OF PI ELEVATION OF PI VC OUT Ve IN STATION OF PI ELEVATION OF PI VC OUT

1 2|3 4 5 6 7 8 9 10 11[12 13 14 15 16 17|18 19 20 21 22 23 24 25 26|27 28 20 30 31 32 33 34 35|36 37 38 30 40 41|42 43 44 45 46 47|48 49 50 51 52 53 54 55 56|57 58 50 60 61 62 63 64 65|66 67 68 69 70 71|72 73 74 75 76 77 78 79 80
O|2||'|||||||'||||+||'|||||||||||'||||'||||+|||||||'||||||'||||'|||||
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SUPERELEVATION AND LAYOUT DATA see following page
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COLORADO DEPARTMENT OF TRANSPORTATION

METRIC BRIDGE GEOMETRY

SUPERELEVATION AND LAYOUT DATA

§ CROSS—SLOPE AND TRANSITION DATA PARABOLIC CROWN DATA
PIVOT OFFSET TRANSITION IN TRANSITION OUT
gg £ %g'glstAl‘ SFLQJ;ER FROM TRANSITION [ PERCENT OF TRANSITION | PERCENT OF LE’&AgXTH WIDTH HEIGHT SI|__I-§)I-EI'E SR||'8|5-|I::
OF |8 Slope | (e) | PROFILE LUNE | mpwour | ‘NG | TEOSEN | pvour | UG | TERRRON | gl (m) (mm) | (m/m) | (m/m)
© (+RIGHT/—LEFT) SIMPLE CURVE | SIMPLE CURVE SIMPLE CURVE | SIMPLE CURVE | VC
OIB | | | [ | | | | | | | | | | | | | - | | | | N | | | N | | N | | | | . | | . | | | | | | | | | i | | | i | | |
OPTIONAL SUPERELEVATION OVERRIDE
ea SLOPE | SLOPE
Se STATION LEFT RIGHT .
(m/m) | (m/m) — TYPE A TYPE B
(1)% 3 4 5 6 7 8 9 10 11[12 13 14 15 16|17 18 19 20 21|22 23 24|25 SLOPE LEFT SLOPE RIGHT
OI3 | | + | | | | | | | | | | | TYPE C
OI3 | | + | | | | | | | | | | | CROSS_SLOPE
03 . SIGN CONVENTION
03 . — =1 (SECTION LOOKING AHEAD STATION) CROWN TYPES
OI3 | | | | | | | | | | | | | (COL 3)
. REFERENCE LINE DATA TRANSFORM CONSTANT LIMITS OF VALID ELEVATION
%% SKEW FOR LAYOUT COORDINATES AND CROSS—-SLOPE DATA
REFERENCE STATION | |L
RPECIMIN SEC L] AL RRLS X v BEGIN STATION END STATION
OI4 | | + | | i | | | | | | | | | | | | | | | | i | | | | | | | M| | | | + | | | | | | | | + | | | | | |

STATION IS ON:

HORIZONTAL CONTROL

BACK TANGENT

0
1
2) AHEAD TANGENT
3

t

L———— LAYOUT LINE IS: 1
2
3

3

BACK TANGENT
CHORD

DECR/REVERSED
DECR/NOT
INCR/REVERSED

> REVERSE LAYOUT LINE: Og INCR/NOT

2
3

AHEAD TANGENT

——— DEFAULT SKEW ANGLE FOR BENT LINES:

PARALLEL TO REFERENCE LINE
SAME SKEW (TO HORIZ CONTROL) AS REFERENCE LINE

—— > SKEW IS WITH RESPECT TO: 1

SAME REFERENCE AND LAYOUT LINES AS PREVIOUS SECTION
(ONLY * FIELDS MUST BE SPECIFIED)

2
3
4

HORIZONTAL CONTROL
LAYOUT LINE

BACK TANGENT
AHEAD TANGENT

SELECT OPTIONS:

1. SEGMENTED GIRDER LINES TO BE BROKEN
AT REFERENCE LINE (COL 27)

(coL 32)

o Or WN

. SUPPRESS LISTING (COL 28)

. OFFSET OPTION FOR SEGMENTED GIRDER
PATTERN SHIFT (COL 29)

. REQUEST X—0 POINTS (COL 31)
ADJUSTED ELEVATIONS ON TRANSLUCENT

. EXTENDED PRINT CAPABILITY (COL 33)
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GIRDER LINE DATA see folloing page
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COLORADO DEPARTMENT OF TRANSPORTATION GIRDER LINE DATA

METRIC BRIDGE GEOMETRY

OFFSET DISTANCE ELEVATION GIRDER LINE DATA CARDS
(+RIGHT/—LEFT) SHIFT DESCRIPTION 34| 5 |6|7|8|9 (30 MAX PER SECTION)
INITIAL 2] TERMINAL  |2| (+ABOVE/-BELOW)

4 5 6 7 8 91011121314-15161718192021222324252627282930313233343536373839'4-04-1424344-45464-7484-950515253545556575859

| 1. LINE TYPE (coL 3)
R R R A A R ! ! 0) PARALLEL TO' HORIZ CONTROL

|
I 1) SEGMENTED GIRDER LINE
IR T T T N A N B | | 2) PARALLEL TO LAYOUT LINE

3) FLARED GIRDER LINE
4) OFFSET VARIES WITH SUPER

2. OFFSET TYPE

! FOR LINE TYPE 0,2 OR 3 (COL 12 OR 21)
I IR N N B I I N N ||'|||||||||||||!||||||||| 1 1 1) ALONG BENT LINE FROM LAYOUT LINE

2) ALONG A NORMAL FROM LAYOUT LINE
[T T R N B [T T T N B AN N NN YT NN Y N TN S NN T N AN M N A YT AN AN N M I I 3) ALONG BENT LINE FROM HORIZ CONTROL

4) ALONG A NORMAL FROM HORIZ CONTROL

| FOR LINE TYPE 1 (COL 12)
5) NORMAL OFFSET FROM BASE CHORD

FOR LINE TYPE 4 (COL 12)

I R I N N | I I NN N N | I I T N AN T N T N N I TR T T S N 1 1 1) FROM HORIZ CONTROL AT NOMINAL C/S
2) FROM HORIZ CONTROL AT LEVEL C/S
I I N N B I I N N B I I N N B I T I Y T T T T Y Y Y T | | 3) FROM PIVOT POINT AT NOMINAL C/S

| 4) FROM PIVOT POINT AT LEVEL C/S

3. SEGMENTED GIRDER LINES ARE PARALLEL TO
CHORDS ON THIS LINE (LINE TYPE O ONLY)

(CoL 50)

| I I (N N | | I I N N | | I I N N | [ A ) N NN N I | I [ A [N N N I N | 1 1 4. LAYOUT LINE IS A CHORD ON THIS LINE
(LINE TYPE 0 OR 3 ONLY) (COL51)

5. X—TYPE FRACTIONAL POINTS (COLS 52-53)

DESIGNATE THE EXTERIOR GIRDER WITH A
[ R T R R [T R T R I T T TN TN A AN T T R A T TN N AN SN TN N A SN TN N MO A I I CHARACTER IN COL 52

DESIGNATE THE OUTSIDE LINE(S) WITH THE

CORRESPONDING CHARACTER IN COL 53

| I I (N N | | I I N N | | I I N N | [ A ) N NN N I | [ A [N N N I N | 1 1 FRACTIONAL POINTS ON THE OUTSIDE LINE
WILL BE LOCATED ON NORMALS FROM THE
| I I (N N | | I I N N | | I I N N | N N N S S Y N [ Y [N Y N N N N | 1 1 FRACTIONAL POINTS ON THE EXTERNAL GIRDER

I I I I R O coeocov e e b e o 1 1 6. CHARACTER TO MATCH 07 CARD COL 3 FOR

DEAD LOAD DEFLECTIONS (COL 54)

7. REQUEST CAMBER CUTTING SCHEDULE (COL 55)

| 8. LINE OF CONSTANT OFFSET FOR TYPE 4 GIRDER
LINES (LINE TYPE 0 ONLY) (COL 56)

9. SUPPRESS LISTING (COL 57)
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BENT LINE DATA see following page
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COLORADO DEPARTMENT OF TRANSPORTATION

METRIC BRIDGE GEOMETRY

BENT LINE DATA

DISTANCE
meters) 1L

(+AHEAD/—BACK) or| DEG | MIN SEC |2

FRACTIONAL
POINTS

DESCRIPTION 3|4|5|6(7|8

4 5 6 7 8 9 10[11]|12(13 14|15 16|17 18 19 20| 21|22 23 24 25 26 27 28

29 30 31

32 33 34 35 36 37 38(39(40|41|42(43|44

45 46

47 48 49 50

BENT LINE DATA CARDS

(80 MAX PER SECTION)

1. DISTANCE TYPE (COL 11)

DISTANCE IS FROM REFERENCE LINE ALONG:
0) HORIZONTAL CONTROL LINE
1) LAYOUT LINE
2) BACK TANGENT
3) AHEAD TANGENT
4) NORMAL TO REFERENCE LINE

DISTANCE IS FROM BENT LINE REFERENCED BY COL 46:
6) NORMAL OFFSET
7) SEGMENTED CHORD LENGTH

(MAY NOT USE COLS 40 OR 41
MUST HAVE A DEFAULT SKEW)

2. SKEW TYPE (COL 21)

SKEW IS WITH RESPECT TO:
0) DEFAULT
1) HORIZONTAL CONTROL LINE
2) LAYOUT LINE
3) BACK TANGENT
4) AHEAD TANGENT

3. SEGMENTED GIRDER LINES TO BE BROKEN AT THIS BENT
LINE (COL 39)

4. BENT TO DEFINE OFFSETS FOR FLARED GIRDER
LINES (COL 40)

5. INITIAL OR TERMINAL BENT TO DEFINE CHORD LAYOUT
LINE (COL 41)

6. SUPPRESS LISTING (COL 42)

7. SELECTIVE INTERSECTIONS (COL 43)
A BENT LINE WITH A CHARACTER (A—Z OR 1-9) IN
THIS COL WILL BE INTERSECTED ONLY WITH GIRDER
LINES (05 CARD) HAVING THE SAME CHARACTER IN
CoL 53
A BENT LINE WITH THE DIGIT ZERO IN THIS COL
WILL BE INTERSECTED ONLY WITH GIRDER LINES
HAVING ANY DIGIT (1-9) IN COL 53

A BENT LINE WITH THE CHARACTER * IN THIS
COL WILL NOT INTERSECT ANY GIRDER LINE

8. CHARACTER TO MATCH 07 CARD COL 4 FOR DEAD LOAD
DEFLECTIONS (COL 44)

9. SECONDARY REFERENCE LINES (COLS 45-46)

INDICATE A SECONDARY REFERENCE LINE WITH A
CHARACTER IN COL 45

BENT LINES REFERENCED BY DISTANCE TYPE 6 OR 7
MUST HAVE THIS CHARACTER IN COL 46
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DEAD LOAD DEFLECTION DATA and ROADWAY APPROACHES see following pages
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COLORADO DEPARTMENT OF TRANSPORTATION

METRIC BRIDGE GEOMETRY

DEAD LOAD DEFLECTION DATA AND ROADWAY APPROACHES

DEAD LOAD DEFLECTION DATA DEAD LOAD DEFLECTION DATA
Dugﬁ/g DEFLECTIONS AT TENTH POINTS (+DOWNWARD/—UPWARD)

N

o|oM

1 2|3|4(5(6 7 8 9 10 11 12 13 14|15 16 17 18 19 20|21 22 23 24 25 26|27 28 29 30 31 32|33 34 35 36 37 38|39 40 41 42 43 44|45 46 47 48 49 50|51 52 53 54 55 56|57 58 59 60 61 62|63 64 65 66 67 68|69 70 71 72 73 74(75 76 77 78 79 80
0,7 T T I B B R AR A A IR IR T
0,7 T T I B BT R R I AT AR IR TR
0,7 T T I B BT R R I AT AR IR TR
0,7 T T I B BT R R I AT AR IR TR
0,7 T T I B BT R R I AT AR IR TR
0,7 T T I B BT R R I AT AR IR TR
0,7 T T I B BT R R I AT AR IR TR
0,7 T T I B BT R R I AT AR IR TR
0,7 T T I B BT R R I AT AR IR TR
0,7 T T I B BT R R I AT AR IR TR
0,7 T T I B BT R R I AT AR IR TR
0,7 T T I B BT R R I AT AR IR TR
0,7 T T I B BT R R I AT AR IR TR
0,7 T T I B BT R R I AT AR IR TR
0,7 T T I B BT R R I AT AR IR TR
0,7 T T I B BT R R I AT AR IR TR
0,7 T T I B BT R R I AT AR IR TR
0,7 T T I B B BT R I I IR IR T
ROADWAY APPROACHES ROADWAY APPROACHES
oy BEGIN END AFL’EE(%SH OFFSETS FROM HORIZONTAL CONTROL (+RIGHT/—LEFT)

S| STRUCTURE | STRUCTURE (45.72 'm DEF) TO EDGE OF SHOULDER, EDGES OF TRAVEL LANES, PROFILE LINE, PIVOT POINT ETC.

1 2|13 4 5 6 7 8 9(10 11 12 13 14 15 16|17 18 19 20 21 22 23 24|25 26 27 28 29 30 31 32|33 34 35 36 37 38 39 40|41 42 43 44 45 46 47 48|49 50 51 52 53 54 55 56|57 58 59 60 61 62 63 64|65 66 67 68 69 70 71 72|73 74 75 76 77 78 79 80
T T T T T T e e
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Chapter 7 - Example

The foll owi ng exanpl e shows a five span structure which had to be
split into two structure data sets because of a reversing horizonta
curve. The coding forns used to prepare each input deck are on the
followi ng pages. A listing of each data deck foll ows the coding forns.
After each deck listing is the actual output fromthe program pages 1
through 16 in upper-right-hand corner, for each structure. The

hermaphroditic aspects of this exanple are nerely to denonstrate use of
program f eat ures
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Use of Cartesian Systems Chapter 8

Chapter 8 - Use of Cartesian Systems

The foll owi ng summari zes sonme of the basic fornmulas for Cartesian
coordi nate systenmns.

For inplicitly distinct points:

P(1) represented by coordi nates (Xl,Yl)

P(2) represented by coordinates (XZ,Yz),
P(3) represented by coordinates (XS,Y3), etc.

P(1), P(2) and P(3) lie on the same line (are colinear) if

()%
=

(%~ %:)(4 %)

(%%

Xl Yl
OR det X, Y, =0
X3 Y3

Y, =Y, + R X=X, +

Di stance fromP(1) to P(2) (in the horizontal plane)

JO = %,)2 +(Y, =Y, )?

The Eucilidean norm (including difference in elevation)

JO% = X,)2 +(Y, = Y,)% + (ELV, - ELV,)?

Li ne through P(1) and P(2) is perpendicular to line through P(3) and
P(4) if and only if

) N R Vi

Li ne through P(1) and P(2) is perpendicular to line through P(3) and
P(4) if and only if

(=% J0xs =)= (- s )
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Area of triangle with vertices P(1), P(2) and P(3)

=X + Xa Y + Xg¥s = XY = Xo Y, = XY, |12

:‘(xl—xz)(\(3 -v,)- (%, —Xz)(Yl—Yz)‘IZ
Area of quadrilateral with sequential vertices P(1), P(2), P(3) and P(4)
= ‘xly2 + X, Y + XY, + X, Yy = XY, = XYy = XY, = X, Y| /2

Di stance of P(3) fromthe line through P(1) and P(2) is equal to tw ce
the area of triangle P(1), P(2), P(3) divided by distance fromP(1) to
P(2)

) -)- )

(% - x2)2 +(% —Yz)2

Transit at P(0), the angle turned fromthe line x=X, (parallel to Y-
axis) to sight P(1) is given by

Xl_XO

tan (9) Y.,

The angle turned fromsight on P(1) to sight P(2) is given by

(1 %)Xz =)~ (x = X6 (. - o)
(X=X ) (%2 = %0 )+ (%Yo )(¥ =)

tan(6)=

| f tan(@) is > 0,0 may be either to the right 0<f8<90 or to the |eft
-180<6<-90
| f tan(B) is < 0,6 may be either to the left -90<€<0 or the right

90<6<180
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| NDEX OF NONFATAL ERROR MESSAGES

(For fatal errors, see Chapter 5)

A

A BENT LINE WHERE SEGMENTS ARE BROKEN MAY BE REFERENCED BY A CHORD
DISTANCE ONLY FROM A SECONDARY REFERENCE LINE WHERE SEGMENTS ARE

BROKEN ..o bbb e 3-34
AMBIGUOUS OR NONEXISTENT STATION USED ......ccooioiiiiiiiiiiii s 4-2
C
COL 11 CONFLICTSWITH COL 21....ccuiiiiiiiiiieiirieeeieeeeeee s s s sne e s n o 3-34
COL 3 CONFLICTSWITH COL 12......cciiiiiiiiiiiieneeeeeeeee et sn e s e 3-24
COL 3 CONFLICTSWITH COL 21......ooiiieeieieneeesre st e 4-1
COL 3 CONFLICTSWITH COL 50......cccuiiiriiiriiiririnieiseeesieseseses e s sne s e s seen s 3-27
COL 3 CONFLICTSWITH COL 56......ccceiiiririiiiiririnieineeesieseee s sne e sne e seen s 3-29
COL 41 CONFLICTSWITH COL 11 OR 21 ..ottt s 3-38
COL 51 CONFLICTSWITH COL 3, 1206 21 ....coeiiiieiiiieeieeiiseeeeee e s 3-28
D
DUE TO LARGE SKEW ANGLES, USE OF SEGMENTED GIRDERS...........cccccoociiniiniiiies 4-6
E
ELEVATION SHIFT ISNOT CONSTANT ..ottt 3-26
I
IMPROPER USE OF DEAD LOAD DEFLECTION DATA CARDS.........ccoooiiiiieci s 4-8
INCONSISTENT DEFLECTIONS GIVEN AT THE SAME POINT ..o 4-8
P
Pl AT STATION ...+... HASBEEN ASSIGNED CURVE LENGTH = ......cccoiiiiiriieneceeeeeins 4-2
S
SHORT TRANSITION VERTICAL CURVES/ GIVEN ALIGNMENT ISNOT SUITABLE............... 4-5
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