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FOREWORD

"The Analysis of Continuous Beams for Highway Bridges' computer program
has been used by the Bridge Division of The State Highway Department of Georgia
for fourteen years resulting in the savings of untold thousands of dollars in
the design of continuous span bridges. There has been vast savings by the
elimination of the voluminous amount of computations required in the analysis.
Moreover, the Engineer has been able to make a more thorough economic study of
each design, This has resulted in a more economical structure than would other-
wise have been practicable. The results have exceeded by far our fondest ex-
pectations,

The program was originally written in 1957 by Mr. Jose M. Nieves-Olmo to
be used with an IBM 650 computer, the computer system being used at that time.
In order to have the program function as efficiently as possible, the program
was written in absolute machine language. As a result the computer time re-
quired per analysis was approximately fifteen minutes.

In 1962, after the installation of an IBM 1620 computer, the program was
recoded by Mr, Nieves in a symbolic language (SPS II) for use with the 1620
system, The 1620 program utilized essentially the same input, output and
Method of Solution as the 650 program but required only one-fifth the running
time (approximateky three minutes). The 1620 program was a ''one pass' program
if used with a 60" core storage 1620, whereas the low core storage capacity of
the 650 necessitated the subdivision of the program into five phases for
execution.

Since the delivery of an IBM 360 was expected during the latter part of
1966, the decision was made to rewrite the program for use with the IBM 360
computer system using Fortran IV programming language. Again the Method of
Solution and Flow Charts of the 650 program were followed closely although
several new features were added to the program. The rewriting and testing
of the program was completed in June, 1967, with very satisfactory results.
The computer time required per problem varied from ten to forty seconds. It
is significant to note the evolution of the programming language with each
succeeding generation of computer system,

The program has again been rewritten (4th version) and includes many new
features which make the program more versatile and comprehensive. Whereas,
the first Fortran version was written in Basic Fortran IV, this new version
is written in F-level Fortran IV. The same method of solution used in the
earlier versions is still used in this new version, but the method has been
expanded as required by new features of the program. This new version was
developed during the latter part of 1970 and has been tested since the first
of 1971 with excellent results. It includes the provisions of the A.A.S.H.O.
Specifications through the 1971 Interims.

This volume, then, presents complete operating instructions and a detailed
description of the Fortran IV-F level program which will enable the user to
apply the program without referring to the manner in which the problem is solved.
For information on the Method of Solution and Flow Charts, refer to Volume 1 and
2 of the write-up "The Analysis of Continuous Beams for Highway Bridges', written
for the IBM 650 computer (these volumes give general information of the Method
of Solution that is still wvalid).
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RESTRICTION

THIS VOLUME MAY BE REPRODUCED FOR USE SOLELY BY THE ORGANIZATION
TO WHOM IT WAS PRESENTED BY THE STATE HIGHWAY DEPARTMENT OF
GEORGIA. UNDER NO CIRCUMSTANCES IS THIS MANUAL, OR ANY PART
THEREOF, TO BE REPRODUCED FOR AND/OR DISTRIBUTED TO ANY OTHER
ORGANIZATION WITHOUT THE EXPRESSED WRITTEN PERMISSION OF THE
STATE HIGHWAY DEPARTMENT OF GEORGIA.

DISCLAIMER

ALTHOUGH THIS PROGRAM HAS BEEN SUBJECTED TO MANY RIGOROUS TESTS -
ALL WITH EXCELLENT RESULTS - NO WARRANTY, EXPRESSED OR IMPLIED,
IS MADE BY THE STATE HIGHWAY DEPARTMENT OF GEORGIA AS TO THE
ACCURACY AND FUNCTIONING OF THE PROGRAM, NOR SHALL THE FACT OF
DISTRIBUTION CONSTITUTE ANY SUCH WARRANTY, AND NO RESPONSIBILITY
IS ASSUMED BY THE STATE HIGHWAY DEPARTMENT OF GEORGIA IN ANY
CONNECTION THEREWITH,
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FEB 10, 1986

- -PROGRAM REVISION--

The "Analysis Of Continuous Beams For Highway Bridges" Computer :
Program has been revised.

The output values for the Allowable Fatigue Stresses as discussed
on page 67 of the 1976 program user'’'s manual have been deleted and
replaced by the Actual Range in Stresses for the Top and Bottom of the
steel. The Allowable Fatigue stresses can mnow be found in table
10.3.1A of the 1983 AASHTO Specifications. ‘

The Actual Range in Stresses is calculated by taking the
difference between the positive (D.L. + L.L.) stresses and the
negative (D.L. + L.L.) stresses.
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THE ANALYSIS OF CONTINUOUS BEAMS FOR HIGHWAY BRIDGES IV
ENHANCEMENT 4.1
INFLUENCE LINE DATA OUTPUT
JULY 15, 1974

The "Continuous Beam Analysis" computer program has been modified to allow the
Bridge Designer to obtain influence line data as output from the program. This will
alleviate having to make several conventional rumns to obtain this data. The program
will not output both influence line data and conventional data (moments, deflectioms,
etc.) in the same run. To do this would make the program too combersome and, overall,
less efficient. If both outputs are required, the problem should be processed twice,
once for normal output and again for the influence line output.

INPUT DATA

The designer should enter the digit one (1) in card column 57 of the Beam Constants
card (1 in c.c. 1) to request influence line data output. For conventional output,
leave this column blank. No other revisions to the input data have been made. Note
that influence line data depend on the beam being properly and completely defined and
do not depend on beam loads being defined except as noted in the input requirements,
i.e., the Live Load Class in still required.

OUTPUT DATA

The output data for a conventional run have not been altered. The following dis-
cussions is for influence line data output only.

The influence line data output will consist of influence line ordinates and areas
for moments, shears, deflections and reactions. The sign convention of ordinates and
areas are the same as conventional output, i.e., a negative ordinate/area produces a
negative moment, shear, etc. In the following discussion refer to an example output.

MOMENTS

The output data will contain influence line ordinates at span twentieth points for
moments at each span tenth point and over the intermediate supports. For points in the
end spans, the ordinates are given in the end span and the adjacent interior span. For
points in the interior spans, the ordinates are given in that interior span and the two
adjacent spans. Therefore, no more than three spans of influence line ordinates are
given for any one point, i.e., the entire line is not given.

The moment influence line data are listed first, that is, immediately after the
printout of the input data and beam section and span properties. Moment influence data
are listed for each span on separate pages. For each span tenth point in an exterior
span there will be two lines of influence line ordinates and one line containing influence
line areas. For each span tenth point in an interior span there will be three lines of
influence ordinates and onme line containing influence line areas. The point for which
the ordinates and areas are given is identified in the output column "M.P". The first
digit is the span number and the second digit (decimal) indicates the tenth point
location. The span in which the ordinates are located is given under the output column
"S".  The influence line areas are given immediately after the ordinates and consists of
the positive portion area, negative pettion area, and net area (sum of positive and
negative areas). The influence line’areas are given for the ENTIRE influence line
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July 15, 1974

(end of beam to end of beam) and NOT for that portion of the influence line presented.
Of course, with two-span units and three-span units (considering points in interior
span) the entire influence line ordinates are presented. The influence line ordinates
at the span(s) twentieth points are listed from left to right (forward along beam)
under the heading "1 2 3 ... 19". Negative influence line areas are for negative
moment, etc. The influence line ordinates are given in unit-feet per unit of load;
that is, a one kip load will produce the ordinate value in kip-feet of moment. The
influence line areas are in unit-feet per unit per foot. A uniform load of ome kip
per foot would produce the area value in kip-feet of moment.

SHEARS, DEFLECTIONS, REACTIONS

The influence line data for shear, deflection, and reaction at intermediate
supports are given for each span on separate output pages. That is, one page will
contain the influence line data for shear, deflection and reaction for one span. The
shear influence line data are listed first, the deflection influence line data second,
and the reaction influence data third, if appropriate.

Shear

Influence line ordinates for shear are given at the ends of the span and at the
span twentieth points. Two lines of ordinates are given: first, shear ordinates for
loads immediately to the right (V RT.) of the point for which the ordinates are valid,
and second, shear ordinates for loads immediately to the left (V LT.) of the point
for which the ordinates are valid. It should be clearly understood that these two
lines of ordinates completely defined the influence line for shear for any point in
the span due to a unit load in that span. This is true since shear for a concentrated
load (unit load) is constant from point of load to adjacent support. The shear influ-
ence line ordinates for loads to the left (V LT.) are equal to the shear influence line
ordinates for loads to the right (V RT.) minus a unit value (1.0). The influence line
for shear at the span 4/10 point, for example, would simply be the ordinates on the VLT.
line from the beginning of the span to the 4/10 point, and the ordinates on the VRT.
line from the 4/10 point to the far (right) end of the span, etc. Influence line
ordinates are given in units, i.e., a one pound load produces the ordinate value of
shear in pounds. The twentieth points are identified by the heading, "1 2 3 ... 19",
Influence line ordinates for shear are not given for a unit load in the adjacent spans.

Influence line areas for shear are given at the ends of the span and at the span
tenth points. Positive areas are listed first, negative areas are listed second, and
net areas are listed last. These areas are for the entire influence line and not just
for that portion given within the span. Areas are given in units per units per foot.
A one kip per foot load would produce the influence line area of shear in kips.

Deflection

The deflection influence line ordinates and area are listed immediately after the
shear influence line data. Influence line ordinates are given for deflection at only
one point within a span, and the ordinates listed for only that span (no ordinates given
in adjacent spans). The influence line ordinates are computed for that point where live
load deflection is assumed to be a maximum. It actually is the point where maximum
deflection occurs (considering tweatieth points) when a uniform load is placed on that
span only. Ordinates are listed at each twentieth point in the span under the heading
"1 2 3 ... 19". The point for which the influence line ordinates are given is
identified in the output column "M.P" where M is the span number and the fraction part
(.P) indicates the twentieth point location as a fraction of the span. Ordinates are
given in inches per kip.

The positive area (downward deflection) of the entire influence line is given in
inches per kips per foot. Negative and net areas are not given.
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Reaction

Reaction influence line ordinates and area are listed after the deflection influ-
ence line data for the interior support at the right end of the span (ahead). Two
lines of ordinates at span twentieth points are listed. The first line is for the span
to the left (back) of the support and the second line is for the span on the right
(ahead). The influence line ordinates at the span twentieth points are listed for each
span from left to right under the heading "1 2 3 ... 19". The numbers of the two
spans adjacent to the support are listed in the output column "R" and the number of
the span in which the ordinates are given is listed in the "S" column. Note that the
influence line ordinate at the support is not listed. It will always be equal to one
(1.0) for an unyielding support. The positive area of the entire reaction influence
line is given. However, the negative and net areas of the influence line are not given.
The units of the reaction influence line data are the same as the shear influence line
data.
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I. PROGRAM ABSTRACT

TITLE: THE ANALYSTIS OF CONTINUOUS BEAMS FOR HIGHWAY BRIDGES IV

AUTHOR: Glenn H. Sikes
Highway Bridge Engineer (CE IV)

This program is a revision of the original computer program, "The
Analysis of Continuous Beams for Highway Bridges'", written by Mr.
Jose M. Nieves-0Olmo.

PURPOSE/DESCRIPTION: This program performs the complete analysis of a continuous
beam for a highway bridge and reports the moments, stresses, shears, reactions,
deflections and shear connector spacings produced by the dead loads and the standard
highway live loads (including the special military loading and the sidewalk live
load) defined by the A.A.S.H.O "Standard Specifications For Highway Bridges,'" 1969,
Interims 1970, 1971.

MATHEMATICAL METHODS: Classical theories for the analysis of statically inde-
terminate structures are used. Simpson's method is used to evaluate the integrals
required to compute the elastic properties of the beam and influence line areas.
Moment-Area Theorems and Maxwell's Law of Reciprocal Deflections are used to
compute deflections and influence lines for deflections. One-Cycle Moment Dis-
tribution is used for the distribution of fixed-end moments., For a detailed
description of the Method of Solution, see Volume 1 of the write-up, "The Analysis
of Continuous Beams for Highway Bridges," written for the IBM 650 computer.

RESTRICTIONS/RANGE: The beam may be of concrete, steel or composite concrete-
steel construction. The number of spans may vary from two to eight, with any com-
bination of lengths. The minimum span length for accurate truck live load is
fourteen feet., The program recognizes practically any type of variation of the
cross section. Accuracy is well within that required for design. All possible
live loading conditions are considered to insure that a maximum is obtained for
each value under consideration. The program will not analyze a continuous beam
that acts as a rigid frame with the substructure, nor a continuous beam with inter-
mediate hinges.

PROGRAMMING LANGUAGE: Fortran IV - F programming language was used with floating-
point arithmetical computations. The Fortran IV high-level language was used to
obtain computer independency.

ADDITTONAL REMARKS: Core storage requirements are approximately 122,000 positions
(bytes in the IBM 360). Running time varies from 15 to 60 seconds (IBM 360, Mod.
50) depending on the number of spans, variation of cross section, and type of beam
(composite or non-composite). Input is from punched cards with printer output.

No other intermediate I/0 devices are used.

FOR MORE INFORMATION DIRECT INQUIRIES TO: Russell L. Chapman, Jr.
State Highway Bridge Engineer
State Highway Department of Georgia
#2 Capitol Square
Atlanta, Georgia 30334
Telephone No. 656-5280




IT. DESCRIPTION OF THE PROGRAM

This program performs all the necessary computations and logical
decisions for a complete analysis of a continuous beam for a highway
bridge. The analysis will solve for the final moments, stresses,
shears, shear connector spacings, reactions, and deflections produced
by the dead loads and the Standard Highway Loads defined by the
American Association of State Highway Officials' "STANDARD SPECIFICA-
TIONS FOR HIGHWAY BRIDGES," 1969, Interims 1970, 1971.

Some of the common types of beams that the program can analyze
are:

A. Concrete Beams or Girders.
1. Flat slab or rectangular beams with constant or variable depth.
2. T-Beams with constant or variable depth.
3. Box Girders with constant or variable depth.

B. Steel Beams or Girders.
1. 1I-Beam of variable WF sections or beams of other shapes.
2. I-Beam with cover plates of variable size and length.
3. Plate girder with web of variable width and depth, and
flange plates of variable size and length.

C. Composite Concrete-Steel Beams or Girders.
1. Any of the above Steel Beams or Girders with composite
action for any part of the beam or girder length,

Loads considered in the analysis:
A. Dead Loads.
Four typeé of dead loads are considered in the analysis as follows:

1. Dead load due to the weight of the beam itself, which takes into
account the variation of the cross-section.

2. Superimposed uniformly distributed dead load along the beam.
Composite and non-composite uniform dead loads are computed
separately.

3. Concentrated dead loads along the beam. Composite and non-
composite concentrated dead loads are computed separately.

4. Partial uniformly distributed dead load. Composite and non-
composite partial uniform dead loads are computed separately.

The effect of each one of these loads is computed independently
of the others.




B. Live Loads
The live loads considered in the analysis are:

Standard Highway Loads (H or HS Truck and Lane).
Special Military Loading (optional).

Impact Allowance.

Live Load on Sidewalks.

W N

The highway loading on the roadway of the bridge consists of a standard
truck or of lane loads which are equivalent to truck trains. Two systems
of loading are provided for in the program; the H loading and HS loading as
defined in the A.A.S.H.0. Specifications, 1969. For either type of loading
the program computes the effect of the standard truck and the corresponding
lane loading, and selects the maximum of the two. Military loading is con-
sidered if requested, The program also has a provision for omitting the
truck or lane live load or both.

The analysis of HS loading considers the following loading conditions
in selecting the maximum effect due to truck loading:

1. Tractor truck with no trailer (H Truck).

2. Variable axle spacing of the tractor truck and semi-trailer
(14 feet to 30 feet inclusive).

Live load effects produced by H or HS loadings are increased automati-
cally for an impact allowance which is computed as a variable factor depend-
ing on the span length and the type of data under consideration in accordance
with Section 1.2.12. of the A,A.S.H.0. Specifications, 1969.

The live load on the sidewalk is considered as a uniformly distributed
load which is placed on a portion or portions of the beam as required to
produce maximum moments, shears, etc., at the point under consideration.

The input information required for the solution consists basically of
the loads to be considered, the properties of the material, and the actual
dimensions of the beam to be analyzed. Expressed in very general terms the
program will perform the following operations during each complete run:

1. Compute the physical properties of the cross section along the
beam, such as area, moment of inertia, etc.

2. Compute elastic properties of the beam,such as stiffness factors,
carry-over factors, etc.

3. Solve for the dead load moments, stresses, shears, etc.
4., Develop influence lines for moments, shears, etc.

5. Place or move the live load as required to select maximum moments,
shears, reactions, etec.

6. Compute maximum actual stresses and allowable fatigue stresses,

7. Compute dead load deflections and maximum live load deflections.
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A composite concrete-steel beam is automatically analyzed by the program
three times (runs) as follows:

1. The purpose of run number 1 is to compute the effect of the loads
on the non-composite steel beam. Four loads are considered in
this run: the weight of the beam, non-composite uniform dead
load, non-composite concentrated dead loads, and non-composite
partial uniform dead load. All other loads are ignored! This
run is represented by the initial phase of construction when
the beam must carry a portion of the structure by itself, i.e.,
no composite action.

2. Run number 2 computes the effect of dead loads acting on the
composite properties of the beam., In computing the properties
of the composite beam section a modular ratio equal to 3N
(3 times normal value of N) is used to transform the concrete
slab into equivalent steel area. This factor is used to com-
pute the long-term effect on the concrete and steel due to
creep in the concrete, Three loads are considered in this
run: composite uniform dead load, composite concentrated dead
loads and composite partial uniform dead load. All other
loads are ignored.

3. Run number 3 computes the effect of live loads acting omn the
composite properties of the beam. In computing the properties
of the composite beam section a modular ratio equal to N
(normal value) is used to transform the concrete slab into an
equivalent steel area, This factor is used to compute the
short-term effect on the concrete and steel due to live loads.
The live loads are the only loads considered in this run.

After completing the three runs, the moments, shears, deflections,
stresses, are summed for presentation in the output.




ITI. PREPARING THE INPUT DATA

In the following discussion of the input data refer to the blank input data
forms or the input forms used in the example problems. The input data is filled-
in on two types of input data forms: Design Data and Span Data. Only one sheet
of the Design Data is required per problem and this must be the first sheet of
each problem. The Design Data contains the data that remains constant for the
entire length of the continuous unit, i.e., does not vary from span to span.

The Span Data input form describes the individual spans by defining the
beam cross section and the loads that are unique for that span. One Span Data
input sheet must be filled-in for each span, and these forms must be given in
the same order as the spans in the continuous unit. Since the number of spans
can vary from two to eight, the number of Span Data input forms will vary like-
wise. The total number of input sheets will then be the number of spans plus
one (Design Data).

Note that the position of the implied decimal point is shown on the input
data forms. However, the implied position of the decimal can be overridden by
entering a decimal in the appropriate card column of the data field. The
decimal is then punched along with the data and becomes the controlling position.
Otherwise, the decimal is not punched, i.e., does not occupy a card column.

A negative quantity is denoted by a minus sign (-) placed before (immediate
preceding card column) the first significant digit of the data field. However,
for simplicity and to prevent possible data processing system errors due to key-
punching, it is suggested that the minus sign be placed in the first card column
of the data field. The card columns between the minus sign and the first digit
can be left blank or filled-in with zeros.

All input data will be printed out as part of the formal output data.
To facilitate the processing of the data, the input data sheets should

be numbered, arranged in sequence, and attached in some manner so that the
sheets will not become separated.

The input data forms contain considerable instructional data so that the
designer usually will not have to refer to this manual for information after
becoming familiar with the program,




DESIGN DATA

One Design Data input sheet is required per continuous unit and this form
must be the first sheet of the input data. Following is a discussion of the
input requirements of the Design Data.

A. IDENTIFICATION (* in c.c. 1)

Card columns one through four contain data for program identification and
axe of no significance to the user. Card columns five through eight are reserved
for the Problem Number. *This space should be left blank by the designer, since
a unique number will be assigned to each problem and recorded in the log book
of the Bridge Division computer runs. This helps expedite the processing of
the problem and also assists in subsequent runs of the problem after minor
revisions have been made. The Problem Number will be associated with any
"Error Messages" received and will appear in the output listing. Card columns
nine through eighty are used to enter any pertinent alphabetic or numeric
remarks that describe the continuous unit. The project number, county, date,
designer's name, etc., should always be given in the Identification.

The program has provision for any number of Identification lines. If
another Identification line is to follow the line being filled-in, the con-
tinuation code "CONT'" must be entered in card columns 77-80 of the line being
filled-in. Otherwise, leave these card columns blank or use them for remarks.
The Tdentification data will be listed in the output data for easy recognition.

%* Procedure used by Bridge Division, State Highway Department of Georgia.




B. BEAM CONSTANTS (1 in c.c. 1).

The digit one (1) in card column one is used for identification purposes
and is of no significance to the user.

1. BEAM IDENTITY (c.c. 2-13).

The Beam Identity is the name of the beam or continuous unit. This data
will head every page of the output listing. The data can be alphabetic or
numeric. For example: "BEAM 1 LT." could be used to designate beam one of
the left bridge. ’

2. NS (c.c. 14).

"NS" is the number of spans in the continuous unit. The program can
analyze any continuous unit from two (2) spans to eight spans. Therefore,
the digit entered in this column must be one of the following digits: 2, 3,
4, 5, 6, 7 or 8. A blank, zero, or other digit or character will cause the
program to abort.

3. §,Class (c.c. 15-18)

Enter the standard highway live load designation in this data column.
For example: HS20, H20, HS15, H15. Always place the numeric portion of the
designation in card columns 17 and 18. The letter "H" is always placed in
card column 15. Therefore, card column 16 would be blank in the case of "H"
loading.

Do not leave this data field blank even though no highway loads exist
(the elimination of highway loads will be discussed in a later section).
So, always enter a valid highway live load designation. The program will
not assign one by default. The numeric portion of the live load classifica-
tion cannot be zero or blank. This numeric data is used to compute the truck
wheel loads,and lane uniform and concentrated loads.

Assume the numeric portion of the live load classification (xx) is twenty
(20). Then the large wheel load is computed as 0.80 (XX) = 16.0 kips. The
lane uniform live load is computed as 0.016 (xx) = 0.320 kips per foot
(equivalent to one row of wheels)., The lane concentrated load(s) for moment
is computed as 0.45 (xx) = 9.0 kips. And, the lane concentrated load for
shear is computed as 0.65 (xx) = 13,0 kips. Note that the concentrated loads
are equivalent wheel loads, i.e., one-half the total load. The small wheel
is taken as one-quarter of the large wheel = 4.0 kips. These proportions
are the same with the other live load classifications.

4. TYPE (c.c. 19-21).

The beam Type is used to define the type of beam to be analyzed. Card
column 19 is used to indicate whether the beam is composite or non~composite.
The digit one (1) indicates the beam has no composite action (non-composite)
and a blank or zero (0) denotes a composite beam. No other digit or character
should be used.

The second column (card column 20) is used to indicate whether the beam
is concrete or steel, The digit one (1) defines a reinforced concrete beam,




and a blank or zero (0) denotes a steel beam. No other digit or character
should be used. A concrete beam should also be defined as non-composite,

The third column (card column 21) is used to designate an exterior or
interior beam. A blank or zero (0) defines an interior beam, and the digit
one (1) denotes an exterior beam. No other character is valid. The exterior/
interior beam code is used by the program only when the distribution factors
are computed by the program, i.e., when these factors are not given in the
input data. Therefore, this input item can be skipped over when the user
enters his computed distribution factors. However, it is usually a good
idea to define the beam as interior or exterior anyway, since it will be so
noted in the output data and can be used at a later date for clarification.

5. WDLnc <(c.c. 22-26) Form: xx.xxx kips per foot.

"WDLnc" is the superimposed uniformly distributed non-composite dead
load acting on the beam. Under ordinary circumstances, the weight of the
beam should not be included in WDLnc. The part of the beam that should not
be included in WDLnc is the beam proper. Such things as stiffeners, shear
connectors, utility supports and diaphragms would be included in WDLnc if
they could not be more conveniently defined as concentrated loads. The
weight of the beam could be included if the weight of the beam material is
set equal to zero so that the beam weight would not be included twice, i.e.,
the program automatically computes the effects due to the weight of the beam.

If the beam is non-composite, WDLnc is the plain dead load and consists
of the deck slab, coping, curbs, railings, future wearing surface, etc.
However, if the beam is composite, WDLnc should consist only of the dead
load that acts on the beam before it has obtained composite action with
the concrete slab, i.e.,, slab, coping, stiffeners, etc. The weight of the
composite slab (including the portion of the slab that is not effective but
carried by the beam) should be included in WDLnc since the weight of the
composite slab is not included in the weight of the beam proper. In the
event of composite shored construction, all dead load would be designated
as composite and WDLnc would be zero.

In the analysis of a continuous concrete T-Beam, the portion of the
roadway slab that acts as the beam flange should not be included in WDLnc
since it is considered a part of the beam proper (cross section).

6. WDLe (e.c. 27-31) Form: xx.xxx kips per foot.

Enter in this data field the uniformly distributed composite dead load.
This load is applied to the beam after it has obtained composite action with
the roadway slab. Loads that are normally included in WDLc are weight of
curbs, railings, future wearing surface, etc. If the beam is non-composite
this load would not exist and the value of WDLc would be zero or left blank.
Note that for shored composite construction, WDLc should contain all the
dead loads.

7. WSW (c.c. 32-36) Form: xx.xxx kips per foot.

"WSW" is the portion of the live load from the sidewalks acting on the

beam as a uniformly distributed load. The program assumes that the intensity
of the live load from the sidewalks is constant regardless of what portion




or portions of the beam are loaded to produce maximum moments, etc.
8. WG (c.c. 37-40) Form: =xxx.x pounds per cubic foot.

Enter as "WG" the unit weight of the material of which the beam is made.
For example:

Concrete beams: WG = 150.0
Steel beams : WG 490.0

I

If the beam is composite concrete-steel, enter the unit weight of the
beam proper, i.e., steel portion. A value of zero eliminates the beam weight.

9. E (c.c. 41-44) Form: XX.XX (106) pounds per square
inch.

"E" is the modulus of elasticity of the material of which the beam is made
in million pounds per square inch. For example:

Concrete beams: E 2.90
Steel beams : E =29.00

1f the modulus of elasticity is given a value of zero or left blank, the
program will by-pass all computations for deflections. In the case of com-
posite concrete-steel beams, E should be the modulus of elasticity of the
steel beam.

10. BM.SPAC. (c.c. 45-50) Form: xx.xxxx feet.
This space is for entering the beam spacing. The beam spacing is used
in conjunction with the interior/exterior beam type code to compute the live
load distribution factors. The program computes the moment, end shear and

deflection distribution factor as follows:

Distribution Factors

Beam Interior Exterior
Material All values of § S$=<6 § = 6
Steel $/5.5 S S _

5.5 4+5/4
Concrete §/6.0

Where: S = average beam spacing in feet.

If the designer chooses to enter his own distribution factors (all three)
as explained in a later section, then the beam spacing should be ignored, i.e.,
left blank. If only one or two distribution factors are entered by the designer,
the beam spacing and interior/exterior type code are required so that the remain-
ing distribution factors can be computed.

11. z:Zr (c.c. 51-56) Form: =xxx.xxx kips.

Enter in this space the total design range of one transverse row of shear
connectors. Of course this data would not be required with a non-composite
continuous unit. See following page for examples.
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Example 1: Channels

Assume a ten inch length of channel and 500,000 cycles of maximum stress;
Then: W = 10 and B = 3,000 pounds

Therefore ) Zr = 10 (3,000) = 30.0 kips

Example 2: Studs

Assume four % inch diameter studs per transverse row and 100,000 cycles
of maximum stress;

Then: &K = 13,000 and d = 0.75

2
Therefore ) Zr = 4 (13,000) (.75)° = 29.25 kips  (H/d = 4)
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C. OPTIONAL BEAM CONSTANTS (2 in c.c. 1)

The Optional Beam Constants Card provides a flexible means by which the
designer can alter the constants and procedures used in the analysis. This
data card is always required for processing. Therefore, some data must be
entered (zeros if nothing else) so that the line will be key-punched, i.e.,

a blank line is not punched. The digit two (2) in card column one is for
identification purposes,.

1. Dﬁ (c.c. 2-6) Form: x.xxxx row of wheels

If the designer wishes to compute the distribution factor for live load
moment (or if the distribution factor is different from what the program would
compute) rather than have the program do the computation (which requires that
the beam spacing and interior/exterior type code be defined), the distribution
factor should be determined and entered in this data field., 1If the distribution
factor for live load moment (Dﬁ) is given a value of zero or left blank, the
factor is computed by the program as shown in a previous section. Dﬁ is that
portion of a row of wheels (not axle) that is resisted by the beam. The program
works on the assumption that the lane uniform live load is two rows of wheels
like the truck live load, and the concentrated loads are axle loads consisting
of two wheels. This factor, Dﬁ , 1s also used for distribution of live load
shear for loads placed away from the end of the span.

F
2. Dye (c.c. 7-11) Form: x.xXxxx wheel

This data field is for entering the live load distribution factor for
end shear. This factor is only applied to a wheel load when that wheel is at
the end of the continuous unit or at an intermediate support. Therefore, it
is only used when computing maximum reactions and end shear. If this factor
is_not given in the input data, the value of the distribution factor for moment
(DE) is used, i.e., the program does not attempt to compute this value. See
Article 1.3.1 (A) of the A.A.S.H.0. Specifications, 1969.

3. DE (c.c. 12-16) Form: x.xxxx row of wheels

npfr is the live load distribution factor for deflections, i.e., that
portion of a row of wheels that is applied to the beam to compute maximum live
load deflections. If a value of zero is given or the space is left blank,
the program will use the distribution factor for moment, Dﬁ. See Article 1.7.13
of the A.A.S.H.0. Specifications, 1969.

4. Modular Ratio: N and 3N (c.c. 17-20) Form: xx and xx

These two data columns are used to enter the modular ratio of the modulus
of elasticity of steel to the modulus of elasticity of concrete. If the beam
is steel and non-composite, these values are not used by the program, and there-
fore, they can be ignored, i.e., left blank. On other types of beams (concrete
or composite) the program will assume a value of ten (10) if no value is given
for "N". Otherwise, the program will use the input value. If no value is
assigned "3N", the program will use three times the value of "N'", The "3N"
modular ratio is used only in the analysis of composite beams. Note that the
designer has the option of using values other than 3 times N by entering the
desired modular ratio for "3N'". For example,. if the value of ™IN" is entered
as "3N", the composite dead loads would be applied to the same beam properties
as the live loads, i.e., the long term effect of creep due to dead loads is not

considered.
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5. Live Load Skip (c.c. 21-23) Form: 1 or blank (or zero)

If the designer desires that the truck live load be omitted, the digit
one (1) should be entered in card column 21 under "T". No other digit is wvalid.
Leave the card column blank if truck live load is to be considered.

In order to eliminate the lane live load, the digit one (1) is entered
in card column 22 under "L". ©No other digit is allowed. Otherwise, the data
column is left blank for lane loading to be considered.

Military (sometimes called special Interstate Loading) live loading can
be eliminated by entering the digit one (1) in card column 23 under "M". No
other digit is valid. Leave this column blank if military loading should be
investigated.

Note that the designer can effectively eliminate all highway live loads
in this manner, as in the case of a pedestrian bridge.

6. No. Live Load Cycles (c.c. 24-30) Form: xxxxxxx Cycles

Enter in this data field the number of cycles of maximum live load stress.
This data is not used if the beam is concrete, and in that case the number of
cycles can be left blank. If a value of zero is given or if the data field is
left blank, the program will assume a value of 500,000 cycles when the beam is
steel. The number of cycles is constant for all portions of the continuous
unit regardless of the length of loaded portion. The number of maximum live
load cycles is used to compute allowable fatigue stresses. See Article 1.7.3
of the A.A.S.H.0. Specifications, 1969 and Interims 1970, 1971.

7. Fy (c.c. 31-36) Form: =xxx.xxx ksi.

"Fy" is the minimum yvield strength of the beam material (steel). This
value is used in the computations for allowable fatigue stresses and would not
be required if the beam is concrete. A magnitude of 36.0 (A36) ksi is assumed
by the program if this space is left blank and the beam is steel.

NOTE A:

The type of steel is assumed to be the same throughout the entire continuous
unit. So, if more than one type of steel is used in the same continuous unit,
enter the type that is predominate. Later, corrections can be made by the
designer for the other type of steel fatigue stresses.

8. Fu (c.c. 37-42) Form: xxx.xxx ksi.

"Fu'" is the minimum tensile strength of the beam material (steel). This
stress is used in the computations for allowable fatigue stresses, and would not
be required if the beam is concrete. A magnitude of 58.0 (A36) ksi is assumed
by the program if the space is left blank and the beam is steel. Refer to Note
A in the discussion of Fy.

9. TFc (c.c. 43-47) Form: =xx.xxx ksi.

"Fc" is the allowable concrete compressive stress in flexure. This stress
is used to compute resisting moments, steel areas, etc., and would not be required
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if the beam is steel (composite or non-composite). If the stress is not given
in the input, the program will assume a value of 1.200 ksi. Note that this
allowable stress is assumed to be constant throughout the continuous unit.

10. Fs (c.c. 48-52) Form: xx.xxx ksi.

"Fs" is the allowable reinforcing steel stress in tension. This stress
is used to compute resisting moments, steel areas, etc., and would not be
required if the beam is steel (composite or non-composite). If a value is not
given for "Fs'" in the input, the program will assume a value of 20.0 ksi. Note
that this allowable stress is assumed to be constant throughout the continuous

unit.




SPAN DATA

The Span Data input form is used to describe each span of the continuous
unit, One sheet is required with each span. The write-up assumes that the
spans are numbered from left to right with span one being the leftmost span.
The Span Data forms are then filled~in beginning with span one. These forms
(spans) must be kept in numerical sequence for processing. The Span Data
consists of a Span Card and a variable number of Load Cards. Note that each
span is completely independent of the other spans.

A, SPAN CARD (3 in c.c. 1)

The digit 3 in card column one is for identification purposes and is of
no significance to the designer.

1, M (c.c. 2)

Give the span number of the span being defined in this colummn, i.e., 1,2,
.e... 8. For example, enter M=l for the first span; M = 2 for the second span,
etc. The last span number must be equal to the total number of spans entered
as '"NS" in the Beam Constants Card. This is used by the program for a sequence
check and must always be given even though the span may be identical to some
previously defined span (see following discussion of §).

2, S (c.c. 3)

When the span being defined (M) is identical (symmetrical) to some pre-
viously defined span, the "Repeat Span S'" code can be used. In such a case
enter the number of the previously defined span as "S" in card column 3. No
other remaining data should be given on the Span Data Sheet. Note that the
span number '"M" is required and should have already been entered as discussed
earlier. Using this procedure when possible saves the designer considerable
time. It also saves key-punch and verifying time, and also saves time lost
from possible errors. In order to use this code, the two spans must be com-
pletely identical in cross section and loads. The program assumes the two
spans are symmetrical and will rotate (turn around) Span "S" for use as Span
"M" rather than translate the span. For example, if Span 3 (M) is defined as
being symmetrical and identical to Span 1 (S), then the left end of Span 1
becomes the right end of Span 3; and the right end of Span 1 becomes the left
end of Span 3. See Example Problem number two.

NOTE B: TIF THE SPAN HAS BEEN DEFINED AS IDENTICAL TO A PREVIOQUSLY DEFINED
SPAN (S # O OR BLANK), THE REMAINING DATA IN THE SPAN CARD SHOULD BE LEFT
BLANK AND NO LOAD CARD DATA GIVEN.

3. L (c.c. 4-9) : Form: xxx.xxx feet.

"L" is the span design length, which is normally the distance between
the center line of bearings. A minimum span length of 14 feet is required
for accurate truck live load effects. However, the other loads are accurate
for span lengths less than 14 feet. There is no set maximum length of span.
The span length should not be left blank or given as zero except when Note
B applies.

4. Number of Ranges (c.c. 10-25)

Card columns ten through twenty-five are used to enter the Number of
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Ranges of each data item used to define the span. There are eight data items
for which the number of ranges must be given. IListed below are the data items
and the minimum and maximum number of ranges allowed.

Number of Ranges Allowed

Data Item Minimum Maximum
Beam or Web 1 10
Top Plates 0 10
Bottom Plates 0 10
Composite Slab 0 10
Non-composite P-loads 0 20
Composite P-loads 0 20
Non-composite Partial Uniform Load 0 10
Composite Partial Uniform Load 0 10

A range is defined as a portion or length of a span for which the data
item (top plates, etc.) remains constant. In the case of concentrated loads
(P-loads) the number of ranges is simply the number of loads. The position
of the range within the span is defined by giving the distance (range) from
the left support to the right end of the range. In the case of a linear or
parabolic variation in web depth, a range is that portion of the span for
which the slope and parabolic constant remain constant, If a data item does
not exist, the Number of Ranges for this data can be left blank. For example,
if there are no top plates, the Number of Ranges of top plates (c.c. 12, 13)
can be left blank,.

EXAMPLES OF RANGE DEFINITION

R
" 3
Ry
o |
Ry 1
Range 1 Range 2 Range 3
W36X194 W36X135 W36X19%
L

BEAM OR WEB: NO, OF RANGES = 3

4 i .
!
T Range 1 Range 2
W36X150 Girder Web

: A

BEAM OR WEB: NO. OF RANGES = 2 -
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R
2 i
Ry N
Range 1 R 3
ange
2" x 12" Plate Range 2 " x %O" Plate
No Plate
| [
| Beam or Web
L
TOP OR BOTTOM PLATES: NO, OF RANGES = 3
R2 |
R1 ¥
Range 1
Composite Slab
o . . * 48 9 Range 2
:ﬁgﬁ;ff;;g?;}iﬂéﬁ?ﬁﬂ Non-composite
Beam
| L
! ™
COMPOSITE SLAB: NO, OF RANGES = 2
X
¢ 2 |
X
’ VAW
L .
1

CONCENTRATED DEAD LOADS: NO. OF RANGES (LOADS) = 2
(Non-composite or Composite)

R
1 3
I *2 I
Ry
. Range 2 Range 3

Range 1 I W kips/foot

No load  FITHRIOIINOIILI Mo 'oad
| L

PARTTIAL UNIFORM DEAD LOAD: NO, OF RANGES = 3
(Non-composite or Composite)
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BM. (c.c. 10, 11)

Enter the number of ranges of the beam or web, or combinations
of beam and web. Do not leave blank (unless Note B applies) or enter
zero,mor enter a value greater than ten (10). A negative value is
meaningless.

T.R§ (c.c. 12, 13)

Enter the number of ranges of top plates in this column. TIf
no top plates are defined in the span, leave this data column blank
or enter zeros. Top plates can be used to define cover plates on
wide-flange beams (the entire wide flange section is considered a
web), flange plates for plate girders, the flange for concrete T-

beams, and top slab for a box girder. .

B.Rg (c.c. 14, 15)

Enter the number of ranges of bottom plates in this column.
If no bottom plates are defined in the span, leave this data column
blank or enter zeros., Bottom plates can be used to define cover
plates on wide flange beams, flange plates for plate girders, and
bottom slab for a box girder.

CS (c.c. 16, 17)

Enter the number of ranges of composite concrete slab in this
data column. This would not be required if the beam is non-composite.
Even though the beam may be composite, it is not required that the
span have composite slab ranges. Leave blank or enter zeros if no
composite slab ranges are to be defined in the span, i.e., in span
IIMH'

PN (c.c. 18, 19)

The number of non-composite concentrated dead loads (P-loads)
in the span should be given in this column. Leave blank or enter
zero if no such loads exist.

PC (c.c. 20, 21)

Enter the number of composite concentrated dead loads (P-loads)
in the span in this data column. If no such loads exist, leave blank
or enter zero.

WPN (ec.c. 22, 23)
Enter the number of non-composite partial uniform dead load ranges

in the span in this input column. If the span does not contain any such
loads, leave this input column blank or enter zeros.

WPC (c.c. 24, 25)
This column is for the number of ranges of composite partial uniform

dead load in the span. 1If the span does not contain any such loads, leave
this input column blank or enter zeros.
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5. Beam Type (c.c. 26-28)

The Beam Type is used to define the basic type or types of beam section
within the span. There are three basic types of beam sections as follows:

BASIC BEAM TYPE EXAMPLES

1. Wide-flange (WF)

=t

W24X%X55 through W36X300 series.

Flat slab.

Steel H pile.

Wide-flange not in above series.

Any symm. section with known properties.

2. Non-standard (N)

LN
IR

Steel plate girder.
Concrete girder (T-beam).
Flat slab.

Box girder.

3. Girder (G)

W N

If the beam (within the span being defined) or any portion of the beam is
composed of wide-flange sections within the series shown, enter the digit one
(1) in card column 26. Then it will be possible to describe the beam section
by giving the standard wide-flange beam designation, i.e., W36X150, since the
properties of the beam are stored in the program, If the beam cross section is
symmetrical and the properties are known (depth, area, moment of inertia),
the beam can be defined as a non-standard beam by entering the digit ome (1)
in card column 27. The non-standard beam designation is used whenever the
wide-flange and girder types do not apply. For example, it would be a waste
of time to define a W36X194 beam as Non-standard since this would require that
the properties (depth, area, I) be given instead of the standard notation.

If the beam is comprised of web and flange sections(plate girder, T-Beam, etc.),
define the beam type as a girder by entering the digit one (1) in card column
28. Whenever a particular beam type does not apply, leave the appropriate card
column blank or enter a zero.

The Beam Type also indicates to the program which Load Cards are going
to be used to describe the beam section. Following is the beam types and the
Load Cards required with each type.

Beam Type Codes of Load Cards Required
Wide-flange 400, 401
Non-standard 400, 411, 412, 413
Girder 400, 421, 422, 423, 424, 425

The beam section within a span may be a combination of any of the three
types. 1In this case the Beam Type must contain the digit code one (1) in each
appropriate card column. Following are examples of the Beam Type and required
Load Cards. (See next page).
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Beam Type
WFIN|G Required Load Cards
1 400, 401
1 400, 411, 412, 413
1 400, 421, 422, 423, 424, 425
111 400, 401, 411, 412, 413
1 1 400, 401, 421, 422, 423, 424, 425
1{1 400, 411, 412, 413, 421, 422, 423, 424, 425
1{1]1 400, 401, 411, 412, 413, 421, 422, 423, 424, 425

By "required Load Card" it is meant that input data must be entered in that
Load Card so that the Load Card will be key-punched, i.e., that card is required
by the program for processing.

The Beam Type must always contain at least one digit code. No other digit
except a one (1) can be used.




B. TLOAD CARDS (4 in c.c. 1)

The Load Cards are used to enter the data that describes or defines the
beam section for the entire length of the span under consideration, and to
enter dead loads that are unique for that span. There are four basic elements
of the beam cross section. Following are the four basic elements, the required
Load Cards, and the type of data to be entered in the Load Cards.

Basic Element of Load Cards
Beam Cross Section Required Type of Data
1. Beam or Web 400 Range of beam, feet.
Wide-flange 401 Wide-flange designation.
Non-~standard 411 Depth of beam, inches.
412 Area of beam, in.2 4
413 Moment of inertia, in.
Girder 421 Slope of web at origin, in./ft. 9
422 Parabolic constant at origin, in./ft.
423 Depth of web at origin, inches.
424 Thickness of web for range, inches.
425 Distance to origin, feet.
2. Top Plates 431 Range of plate, feet.
' 432 Width of plate, inches.
433 Thickness of plate, inches.
3. Bottom Plates 441 Range of plate, feet.
442 Width of plate, inches.
443 Thickness of plate, inches.
4, Composite Slab 451 Range of composite slab, feet.
452 Width of composite slab, inches.
453 Thickness of composite slab, inches.
454 Distance from top of beam or web to
bottom of composite slab, inches.
455 Area of tension reinforcement where slab
is ineffective in resisting tension, in.2

All the Load Cards used to describe the Beam or Web usually are not required to
define the beam section. Only Load Card 400 is always required.

Beam or Web Load Cards not used should be left entirely blank. Also if
any of the other basic elements do not exist (no top plates, or no bottom plates,
or no composite slab) leave all that element's series of Load Cards blank.

There are four types of dead loads that may be placed in the span being
defined. These loads are non-composite and composite concentrated loads, and
non-composite and composite partial uniform loads. Following are the different
loads, their associated Load Cards, and the type of data entered in each Load
Card.




Load Cards
Loads Required Type of Data
Non-composite P~loads 461 Distance to P-load from left end of
span, feet.
462 Magnitude of P-load, kips.
Composite P-load 471 Distance to P-load from left end of span,
feet.
472 Magnitude of P-load, kips.
Non-composite Partial 481 Distance to right end of partial uniform
Uniform Load load from left end of span, feet.
482 Magnitude of partial uniform load, kips/feet.
Composite Partial 491 Distance to right end of partial uniform
Uniform Load load from left end of span, feet.
492 Magnitude of partial uniform load, kips/fest.

If any of the loads do not exist, the Load Cards for those loads should be
left blank.

Immediately to the left of card column one is a letter or symbol which will
assist the designer in determining the type of data that should be entered in the
Load Card, i.e., R = Range, D = Depth, W = Width or Uniform Load, A = Area, I =
Moment of Inertia, T = Thickness, P = Concentrated P-loads, etc. Each Load Card
has provision for ten entries (ranges) of data. Only the range columns used
should contain data, the other columns should be left blank. Note that the units
of the Load Card data are shown to the right of Range 10 column. The sign conven-
tion for the slope (So) and parabolic constant (Ko) for a variable depth web is
shown in the upper right hand portion of the Span Data form.

1. CODE (c.c. 1-3)

The data in this column is the Load Card Code which is used to identify the
type of data that is contained in the card (line).

2. RANGE I (c.c. 4-73) I=1,2, ...10

The data for each range is given in these columns in the associated Load Card;
for example, the width of the top plate for range 3 is entered in card columns 18-24
of Load Card 432,

Examples are given on the following pages showing how the Load Card data is entered
on the input form, and also examples of the Span Card data. The examples are very
informative and should be studied thoroughly before using the program. It should
be noted that each example represents data or conditions in one span only.

It should also be noted that the conditions of variation of the cross section must
be defined for each span in the continuous unit, but these conditions can vary
within each span independently of the conditions of variation in any other span

of the continuous unit.

NOTE C: Since the program considers only the cross sections at the exact 1/40th
points in the span, abrupt changes of cross section should be avoided at these
points. Thus, the R distance for the ranges should be given so that the change

in cross section occurs at some point other than an exact 1/40th point in the span.
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Note C (continued)

For symmetrical spans or symmetrical continuous units, opposite hand ranges
should be consistent (will be if "Repeat Span S'" code is used) in order to
obtain symmetrical results in the output data.

If a series of related data is defined (i.e., composite slab), all Load Cards in
that series must contain some form of data; if nothing else, enter zeros.
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BEAM OR WEB

EXAMPLES :

WIDE-FLANGE BEAM

1-1.

Assume that Span 2 of a continuous unit is 105.5 feet in length and

consists of a W36 X 300 wide-flange rolled beam throughout the entire

span length.

’_' SPAN CARD
) REPEAT |, BEAM
FORM OF INPUT:  SEAR"" [T NUMBER OF RANGES __ §¥|Tvee|
S Imlsle Lo Bm.[tRs[eRs| cs | Pn | Pc [wen]wec|win|s]:
Blel lroses00l A L 1 L L L AT
| A ]
ICODE [, RANGE |
RANGE[4,0,0] 7,06,50,0]
W Bml4.0 1 W, 56X 300
Sggo4lll| 1.l 1. &t i1
1® é;gA‘4H|2 L1 1 e 1}
ggjr‘hlls lllLl.;‘
:$3%4121' L& 11 13
:‘ zb’ 41212 L& 1 1 4 1
@ 8%ﬂod4}2;3 L i1 e 1
ggT‘hZ.‘* Ll et
‘ ofX442 5] |, | |, o,
1-2. Consider the following beam as Span 3 of a continuous unit.
80.000"
%59,999'
%20.001" )
RANGE 1 I RANGE 2 RANGE 3
I W36X194 W36X150 W36X194 l
20'-0" 40'-0" 20'-0""
SPAN LENGTH = 80'-0" )
FORM OF INPUT: REPEAT e SPAN CARD BEAM
fspan's"  [I_ NUMBER OF RANGES __ 8| TYPE
 Imlsls L Bm.trs[Brs| cs | Pnv | Pc [wen|wec|win|6
Bollsa ol 3, | . 1, 1. 1.1, 01}k
, I[CODE|, RANGE | |I RANGE 2 [i RANGE 3
| Raneelaoo]l |, 20007 | 538999 | 8O
| ¥emla0 1|W 36X 7IFFWIEX.250W.FE6XLFGE|

Note that Load Cards 411, 412, 413, 421, 422, 423, 424, and 425 are not
Any cover plates,

required in either example and should be left blank.
composite slab, etc., that exist should be entered as shown in later

examples.

*See Note C, page 21, 2
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BEAM OR WEB (continued)

EXAMPLES: NON-STANDARD BEAM

2-1. Say the beam in Span 1 consists of a W21 X 62 wide-flange beam throughout
the entire span (35 ft.). This beam is not stored in the program table
of beam properties. Therefore, the properties must be given. See AISC

Manual. \ "
ICODE |, RANGE 1
FORM OF INPUT:
RANGE[40,0] |, 35,0 0|
VFBm-4,0.| wL. 1 Lxl' I |
= . - =1
REPEAT SPAN CARD BEAM gr:{_’gi:l:l; l ?ﬁg?'z:g
fsPan's' [T _NUMBER OF RANGES TYPE | §§I4'|'3 — -3' ‘
1 IM|Sla L 11 Bm.[TRs[BRs} CS | PN | Pc |WPN|Wrc [WIN|G g ﬁ 4'2'| : M
N mma ey
I3 lﬁiﬁ.‘al_m I-[ 1 1 I 1 1 1 " L] | Egg 4!212 u 1 11 l L
ol 423l i e
zoitlazal L ey
o425 , |, e i1 |

2-2. Consider Span 2 (30 ft.) of a reinforced concrete slab bridge. The slab
is a constant 20 inches deep let's say. The properties for a one foot

strip are:
D = = 20.0 in.
A = 12 (20) = 240.0 in.2
I = 12 (200312 = 8,000.0 in.
FORM OF INPUT: i
[CODE], RANGE I
RANGE|4, 0,0] , I‘?p. 1 “U,l
SPAN CARD weml40, 1w, , x , I
REPE BEAM -

‘_SPANATS" 6 NUMBER OF RANGES TYPE |. SEQD 4\, 20, D
CImlsl. L Bm[TRs[BRs| CS | Pv | Pc [wen|wecwin]o 3é§A4.|.2 A0 10|
32 ]3|G. 1 IU 11 1 1 1 1 1 i 1 k _}‘ ggf14l|l3 1 8'0@-

zﬁtﬁ 4,211 , a1 i-a g
g

(254,22 |

°§8,74.2.3 L e
soltle2a] | |\, o,

LL8pda25] .,

The one foot strip of Example 2-2 could be defined as a girder web. See Example 3-1.

Note that Load Cards 401, 421, 422, 423, 424, 425 are not required and should be

left blank. Any cover plates, composite slab, etc., that exist should be entered
as shown in a later section.
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BEAM OR WEB (continued)

The examples of the girder web on the following pages will illustrate several
conditions of variation in the depth of the web and the form of the required input
data. 1In all examples the variation of the girder web is given and no attempt is
made to illustrate the conditions of variation of the top plates (flanges), bottom
plates, composite slab, etc. The latter items are discussed in following sections
of this write-up. For the purpose of this problem the web may be considered as
the web plate of a plate girder, the stem of a concrete T-Beam or box girder,
the slab thickness of a concrete slab bridge, etc.

NOTES:

1. Within any range n, the depth of the web "Dw" at any point Xm feet from the
left end of the span "m" is computed by the program from the general parabolic
equation:

web depth at origin.

distance to origin.

2 Do
Dw = Do + (Xm-Xon)(Sorp+-(Xm-Xon) (Xoy,) xo

2. The slope (So) at the origin is positive (+) when the tangent tends to increase
the depth as Xm increases, and negative (-) when the tangent tends to decrease
the depth as Xm increases.

3. The parabolic constant (Ko) is positive (+) when the parabolic offset from
the tangent tends to increase the depth, and negative (-) when the offset
tends to decrease the depth.

4. When a "Girder" type of beam has been indicated, all related Load Cards
(421, 422, 423, 424, 425) must contain some form of input data so that these
cards (lines) will be punched. This is also true of the Beam or Wzb range
card (400).

5. Load Cards 401, 411, 412, 413 are not required to define a girder web and
should be left blank unless the span also contains a wide-flange section or
non-standard beam.

- 25 -




BEAM OR WEB (continued)

EXAMPLES: GIRDER WEB

3-1., CONSTANT DEPTH, CONSTANT THICKNESS

This example is the same as Example 2-2 except that the one foot strip is
defined as a girder web.

FORM OF INPUT:

[coDE

| s RANGE |
[rancefa 00| | 2O TO
WBm40 I IW, X -
] = D ENINL A
u}‘;’w 1 Ll l.e 1
3 M y
REPEAT . SPAN CARD vl il 5 C AT I |
fsean's’ [T NUMBER OF RANGES _ ltvee| |ecfo@T[4 3]
 [M|S]sa L 1. Bm.|TRs[BRs| CS | PN | Pc |WPN|WPC|WIN|G :md 4,21 ——
Wi 1
Bellsoe—ol A L T T T, 44:53:;,341212 A
olixDda 23] | 200 0|
e e |
8X"1412|5 1.1 IGLL IO

3-2. CONSTANT DEPTH, VARTIABLE THICKNESS

Consider Span 2 in a continuous plate girder in which the web plate varies

as shown below.

40.000!

60.000'

Tﬁ RANGE 1

RANGE 2

55" % 1/2" Plate

55'"x5 /8" Plate

SPAN LENGTH = 60'-0"

SPAN CARD

.i REPEAT ,, BEAM
FORM OF INFUT:, SPan 's" __[L__NUMBER OF RANGES _ B|TveE|.
o fM]sls L. Bm|TrRs|BRs| cS | Pv | Pc [wen|wec|wiN|G
E”Z 16LGJ A ID 2' i L 1 1 i A A
JcobE], RANGE | || RANGE 2
RANGE|400] , AR O, 6G . O
wemaoijw , x W, X ]
$E§D4'l'| P 11 &1 | 1 1 & 3 1 -
= é;gA‘4J|2 T Y T | 111 & ) |
lx|8a]1]4,1,3 ‘
o )
=@y 4,21
g;:;, 422
PlEspdaz3]
- 26 - I EU
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BEAM OR WEB (continued)

3-3. CONSTANT THICKNESS, LINEAL VARIATION IN DEPTH

The girder web shown below can be defined with only one range. Use the
left end of the span as the origin.

RANGE 1 = 40.000'

¢ -
2'-0" 1: 3/8"Plate 3'-o"
- A
SPAN 7 LENGTH = 40'-0"
FORM OF INPUT: CODE |, RA‘NGEhl
So = 12"/40' = 0.30 in./ft. RANGE|4)0,0] | #Ch |\ D
. WBmia0, IlW, , X , |
mlom ’
REPEAT" SPAN CARD BEAM ;upu_)l;lo 41'1‘ 1.1 . & i 1 1
- _fsean's” [T "NUMBER oF RaNGEs _ Fltvee||¥|f3lalan2l 0, ]
Lo misfs L Bm.|TRs[BRs| CS | Pn | Pc Win:»cw‘NsigSml'“.'.?’ T |
ll37 ﬁoj e, ! 1 ! ) ] 1 I 1 285 42 | G ‘D;
5:5 422 G
IPlusPe4,2,3]| | ZAT O
| Bell424] | CGaZ
3 8“4|2|5 [ AO. 146'

The girder web could also be defined with the origin at the right end of
the span. Only the depth and‘disZance to origin change as shown below.

FORM OF INPUT:

CODE[, RANGE |
RANGE 4,0,9 N ,4L_.__L_L_CJZ7*
‘ W8m4loll wl L lxl A4 1 "
‘ E}E;Q DJ4,1,! i e
;égA“l'lz i | @ 1 1§
ggfI‘h'ns A W |
=@y 42, \| Q39
2EbKdaze g o
‘m g‘é 423] | TEa&a O
gltlazal | osz7s]
| 8)"141215 1‘#’10.‘1 lDﬁ
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BEAM OR WEB (continued)

3-4.

CONSTANT THICKNESS, STRAIGHT HAUNCH

The girder web shown below must be defined with 2 ranges.
(0 to 40') has constant depth.

Range 1
The origin for range 2 (40' to 60')

can be positioned at 40 feet from the left end of the span. 1In this
case: Doy = 30" and Sop = 15"/20' = 0.75 in./ft.
60.000' R
RANGE 1 = . !
; G 40,000 ﬁ RANCE 2
]
30":1: ' 5/16" Plate 30" 45n
\‘-—’ 15'1
40'-0" L 20'-0"
ol =‘“ Lot
Span 4 Length = 60'-0"
. REPEAT , SPAN CARD BEAM|
FORM OF TNPUT: fspan's" [T NUMBER OF RANGES __ 3| TYPE |
yIM]s|e L Bm.|TRs|BRs| cs | Pn [ Pc [wen|wec|win|6]
Bk lseg ol 2 | [, . 1T [T, 1 ]
ICODE |4 RANGE | || RANGE 2
Note that the position |Rance 400} #AG 0, &6C D, L
of the decimal has beer [WBm4O0, I1lW, , X , , W, X ,, 1
changed so that the oooplg ) . L
exact thickness could l; P2lala.1 2 [
be entered. z; [ i 11 @ 1 1 i@ 1 1
g2f1'4,l,3 £ 111 i@ a1 11 e |
z{ﬂﬂjsj4lznl QK O OW750_ 0]
g:"‘;’ 41212 |0.1| 1 0.1’:11
@ gEﬂDJ4.2.3 1 h5¥?.4L,ZD 1 :JZC% L O
Eg% T14,2,4] , n-:éi(éaif 1 lnxé;ZEEEE;
SX4425| , , G O Fh a2

The origin of range 1 can be placed

can be positioned at the right end of the span.

follows.

FORM OF INPUT:

at 40' and the origin of range 2

This is shown as

[CoDE

s RANGE | |! RANGE 2
[rancela 00| , A0 | 6% 0
wBml40 1w, . X , W, X,
8!&?}041'1' 1 1 | & 1 | 1 |1 1 @&t
;éEA“’lllz 1L i | @& 3 4 111 &1 b ¥
%20I4l|13 Illll‘ 11111._;
zag%mzn W2wwwnwe, WeXi-tewe.
ﬁz"’ 4@12 0‘4 [ | 101 j W T
offxind423| | FET0 | #50
EoIT|42,4] | 1o Fl25| \ 10,5l 25)
oPe425| A0 O 65 0}
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BEAM OR WEB (continued)

3-5. CONSTANT THICKNESS, STRAIGHT HAUNCH

The girder web in this example must be defined with two ranges. Range
2 (15" to 40') has constant depth. The origin of range 1 is taken at
the left end of the span. Note the negative value for the slope (So).

So; = -10"/15' = -0.666667 in./ft.
+ 15.000" 40.000"
RANGE 1 RANGE 2 B
5" 3/8" Plate 15"
S I »
10"
v——*”TETtGZ’——"i 251 -Q"

SPAN 2 LENGTH = 40'-0"

FORM OF INPUT:

REPEAT . SPAN CARD BEAM]
{spaN's" [I_NUMBER OF RANGES 3| TYPE
yImlsls L sm|TRs|eRs| cs | Pn | Pc [wen|wec|wn|G]
Bé_ 7 1L ,2 1 ] ] 1 \ L L ;
[CODE], RANGE | | RANGE 2 |
RANGE 4|0|0 ) 115]0_4_0 1 ﬁm\
F Bm 4lol I wl ) lxl 1 1 wl i Jxl [ Il '
@caiplg,1, | ‘
wlu-,m [ | L1l 1 & 1 1 1 1 1 & ¢
;égAmuz...,.. L iey
. ggj14lll3 | T . | bd Ll & L
283%412” ",Q.Q@éé, a1 O
lafFelad22l gol G o
oligida23| | 2500 | 2500
gLZj T14,2,4] |, |, |0.3175 L1 C375]
| L8das] " aro| , zsad

The origin of range 1 could have been set at 15' from the left end of
the span. Range 2 could also be defined with the or1g1n at the right
end of the span. This is shown below.

FORM OF INPUT:

ICODE], RANGE | ]| RANGE 2

[rRancelq 00| | ssa ol | et Z MW 2§
WBmj4a 0O, IlwW, ., X , , IW , X , .,
$|§§D4||1| 11 1 & 1 1 [ S T W
;£2A4||12 I 1 1l et 4 1.2 1 o 1 3
‘gng41|13 T Y L1 11 1 e )
|= g@%mz.l ~b6667| Go O
3 azuj 4|2|2 0. | I J\ IO. L 1 1 g
= ggIDJ4,2,3 L W5 A | LSO
gg T 4|214 [ | |0é7l5 L] 0.322
S4.2,5] \ JEOT O\ Fih 1 O]
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BEAM OR WEB (continued)

3-6.

90"

STRAIGHT HAUNCHES, VARIABLE THICKNESS

The girder web shown below requires five ranges to define the variation

in depth and web thickness throughout the span.

So, = -45"/20' = -2.25 in./ft., So, = 30"/16' = 1.875 in./ft.
75.750" A
tg 74.750" _
58.750"
21.000"
" RANGE 5
1.000" —1
RANGE 2 RANGE 3 RANGE &
L RANGE 1 5/16" Plate 45" 3/8" Plate
3/8" Plate —_—
1|L 20'_0” 37'_9" 16!_0" 1|

SPAN 3 LENGTH = 75'-9"

-
-

FORM OF INPUT:

REPE
SPAng"

SPAN CARD

& NUMBER OF RANGES [

BEAM|
TYPE

{

75"

CImsfs L Bm[Trs[BRs] cs | Pn | Pc |wen|wec|win]6
B | 75750 s | L 1 1 1, 1 1117
I(':ODE « RANGE | || RANGE 2 |¢ RANGE 3 ¢ RANGE 4 B RANGE 5
RANGE|4.0,0| \ | Z | \ 220 0 | 55750 | \ZHARZSA | 171907
wBml40 1w, , X, , W , X , W X WX ’
86804\':' ) 1 & L1 Lol o1 e 1 L 11 e 4t [ Y N
;:éfz-A 4I||2 1 ] @ 1 | | 1 1 & | ] 1 1l & 1 1 1.1 1 & 1 1
gng4||13 1 Ll 1. it 1 1 | @ L1111 e 1 3.3 1 1 1 @8 ’
slefisd42 | T oA25000 G O LB 7500
535 4,2,2| 2 | S Ol Gy O Ca 1
ofzids23] | 9GO | OGOl FAI D AT O
5%74@14 1 CaRZ5| | OATSE] O Tl 25) | AT
Ux°i4|2|5 L.l m i Jl.m i IZJJTO 1 5‘912,@:9
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BEAM OR WEB (continued)

3-7. PARABOLIC HAUNCH

The web in this example will require two ranges to define the variation
in depth throughout the span. It will be most convenient to place the
origin of the second range at the point where the tangent slope is
equal to zero. The paraboliec constant is computed as:

2 2
= 15"/(20 ft.)" = 0.0375 in.fft.

Ko2
N 40.667" .
L 20.667" o
RANGE 1 RANGE 2
20"1: 3/8" Plate [ 20"
xi 35t

\ 15"
20"-0"

207-8"
e
SPAN 1 LENGTH = 40'-8"

¢ »

FORM OF INPUT:

. REPEAT SPAN CARD BEAM
' _{sPan's'" [I__NUMBER OF RANGES TYPE
1 [MIS]e L 1t Bm.TRs|BRs| CS | PN | Pc |WPN]WRC N|G
EJM? 4 L 1 il I i 1
ICODE|, RANGE | [I RANGE 2
RANGE|4,0,0| | . 2O667] | FOL66 7]
wBm‘“nojl wl 1 Jxl Ll wI 1 Jxl | | '
8§§D4llll 1 ! . & 1 Lt 1 & 1 3
2 é;EA‘4”|2 1 1 1 @ 3 1 [ A S T e i
g SGDI 41'13 I T T T I T T T .
s $E§Ej4JZII e 1 O Gy O]
2Foie4.22| T 0 Qoszsol
olixid423] |, 2o | 2O
Egg T 41214 .1 .CZ§?725 [ | 1725
Sk425]| g0 | SA667]

Note that range 2 could also be defined by placing the origin of the
equation for the depth at the right end of the span. However, in this
case the slope of the tangent at the origin must also be computed, thus
making the form of the input more inconvenient than the form shown
above.




BEAM OR WEB (continued)

3-8. PARABOLIC HAUNCH

The following web requires two ranges. The origin for the parabolic
variation in depth should be taken at the point where the slope of
the tangent is equal to zero, i.e., at 27.5 feet from the left end
of the span. The parabolic constant is computed as:

2
Ko, = 21/(27.5)% = 0.0277686 in./ft.
55.000"
T 27.500"
T RANGE 1 RANGE 2
S 3/8" Plate 24"
45 .
21” /
271'-6" 27'-6"
SPAN 2 LENGTH = 55'-0"

FORM OF INPUT:

REPEAT , SPAN CARD BEAM |
fseans” [ NUMBER OF RANGES __ 8| TvPe |
1 IM|S]ls L 11 Bm.|TRs[BRs| CS | Pv | Pc |Wen|Wec|WIN|G]
R =l I-=wn= = N T T T T P 74
[CODE], RANGE | || RANGE 2
RANGE[4,0,0] , 27800 , S55d g
! w:Bm4|O|| W. 1 Lxl [ | wl L lxl L1 |
8§§D4|||| 11 t &1 | [ T W N T W |
I;é;A4l|12 1 11 @ 1 1 I T N S |
iggfI4||13 L1 41 1 e bt o401 et
:gm 4|2|' VIUU L1 10 LOQ | I | é
g:t;, 42216 27769 O, L O
®|.i%|D44,2,3 | EFAA0O | 20O
ggT4.2.4 L L G378 1 Ca375]
| SIx44,25] , 27500 L a700
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BEAM OR WEB (continued)

3-9. PARABOLIC HAUNCHES

The span in this example is symmetrical and the intrados curve is con-
tinuous throughout the entire length of the span. Therefore, the
variation of the girder depth can be defined with one range only.

The origin of the equation is taken at mid-span for convenience.

The parabolic constant is equal to:

Ko, = 12"/(30.0')2 = 0.0133333 in./ft.>

& 60.000'
RANGE 1
30" 3/8" Plate 30"
421 ‘i’_ : ,__\[ 4om
12" / \ 12"
\
30'_0" 30'_0"
et —
SPAN 2 LENGTH = 60'-0"

FORM OF INPUT:

REPEAT . SPAN CARD Y
{span’s" [ NUMBER OF RANGES 3| Tvpe
 IM]s]le L sm.[TRs[Brs| cs | Pn | Pc [wen]weciwin|G
l32 m V4N |' ' S ST N | 7
[CODE|, RANGE 1|
lrancela 00| \ BT O
wemlao ilw, , x ., |
88804,'.' Lol i & 1 i
PFlEdalae] .
’523141“3 [ENEN T W |
s[eglsds2 | O
- ;55&;%&&521344325§L§L§E2_
olizipds 23] | ST D)
| Egltle2e] \ |\ 7S
1‘ 8Xq441215 L IC. L lz
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BEAM OR WEB (continued)

3+11. GIRDER WEB AND WIDE-FLANGE BEAM

This example shows a span that consists of a wide-flange beam and plate
girder. This practice is becoming rather common. A sketch of the span
is shown below along with the input data. Note that the plate girder
flange plates would be defined as top and bottom plates as discussed

later.
. 100.000" .
& 70,000
RANGE 1 RANGE 2
W36X160 3471 3/8" plate
70'-0" 30'-0Q"
SPAN 1 LENGTH = 100'-~-0"
FORM OF INPUT: Sog = 12"/30' = 0.40 in./ft.
REPEAT SPAN CARD BEAM
{ sPan s y _ NUMBER OF RANGES TYPE._
iMisl, L Bm|TRs[BEs| Cs | Pv | Pc [wen]wec|wn|G
13 M~ e i | Z 1 1 1 | 1 i A m_éj
. ODE|, RANGE | ]| RANGE 2
f RANGE|4,0,0] | .Zm fe) P Q
‘ w: Bm, 410| | wl‘3161x4!16'10 wl 1 Jxl | ‘
8'5?04‘“' 11 1 & I | 1 ! 1 & ¢ 1 1
‘;é;A“,llz I A ) 11 @ i 1
552?14“,3 Ll 11 1 @ i1 1 1 e 1
>3 aga4|2|| ) & 1 4 1 pﬁm
gz‘n 41212 Le 11 3 i .q i1 9 QV_
?‘D 8290441213 L 1 1 @1 ! pihﬁzZ::EZ
‘ g% T|4,2,4] |, | Y Wil 11 0.3L715
e 8X"|41215 Ll 1 e [ O.; 10!
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TOP PLATES

The examples given on the following pages will illustrate several conditions
of variation in the top plates, and the manner in which the input is entered on
the input data form. 1In all examples the figures represent the variation in the
top plates and no attempt is made to illustrate the variation of the beam or web.
This was done in the preceding examples (Beam or Web). For the purpose of this
problem, the top plate is considered as a flange plate of a plate girder, cover
plate for a wide-flange or non-standard beam, concrete slab for a concrete T-Beam
or box girder, deck plate for a steel box girder, etc. A composite concrete slab
for a steel beam should never be defined as a top plate. The input form has Load
Cards for such a slab. If no top plate exists, leave the Top Plate Load Cards

(431, 432, 433) blank.

NOTE: The width or thickness of the top plate (or bottom plate) cannot vary
within a range, i.e., a tapered plate is not allowed. A reasonably accurate
simulation of a tapered plate can be defined by dividing the plate into several
ranges of constant plate segments where the size of the plate in each segment is
increasingly larger or smaller according to the taper rate.

EXAMPLES: TOP PLATES

The flange of a rolled beam is not considered a top plate. It is included
as part of the "Web".

4-1,

60.000'

40.000" .y RANGE 2
l 8" x 5/8" Plate
RANGE 1 (No Plate) I
Beam or Web [
40°'-0" L 20'-0"

b |

SPAN LENGTH = 60'-0"

FORM OF INPUT:

4 NUMBER OF RANGES 8
Bm|TRsjars| cs | Pn] Pc [wen]wee

W |_2_| 1 1 1 )

ag Rl43,1| , #FG, O, .6.CI_T‘.0'1
oqwas2l, aio, ., Sa
Q.

714331, G A L QaLS5]




TOP PLATES (continued)

4-2.

60.000"

20.000" N

RANGE 1
10"x 1%" Plate

\ RANGE 2 (No Plate)

L\‘_ Beaml or Web 44#”—1

20'-0" | 40" =0""

¢ 3 >

SPAN LENGTH = 60'-0"

FORM OF INPUT:

[F__NUMBER OF RANGES _ %
Bm|TRsleRs| cs | Pn | Pc [wen|wee

|2 ] 4 1 1 1 L

Rl43,1]| , 2070, 64 O
432 AT O, &A1 O

tlaz3| | z250 L aTo

TOP
PLATES
E

4-3
80.000' .
%59,999" ¥
*20,001' RANGE 3
RANGE 1 11"x 15/16"
11"x 15/16" Plate
Plate 1 RANGE 2 (No Plate) -
Beam lor Web l )
20'-0" J‘ 4Ot -0" ‘l 20'-0"
y >
SPAN LENGTH = 80'~-Q" X
*See Note C, page 21, 22,
FORM OF INPUT: 5 NUMBER OF RANGES s
Bm.fTRs[BRs| CS | Pn | Pc [wenjwee
1 2_[_1 1 1 1 A 141

FE N . | N S SR T S Y

RI4,3, 1}, 20007 , S%999|
432 2zad . gTol
T[433] QG785 GO

TOP
PLATES|,
==t
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TOP PLATES (continued)

4-4, T-Beam

Consider a 61'-6" span from a continuous concrete T-Beam. In addition to
the web (stem) the flange must be defined also. This is conveniently done by
considering the slab above the stem as a Top Plate. Assume the beams are spaced
at 5'-0" center to center and the thickness of the slab is 6 inches. Then the
width of the slab (top plate) is 60 inches. Also assume the slab is constant
throughout the span. Then only one range will be required to define the top

plate (slab).

FORM OF INPUT:

T NUMBER OF RANGES 1§
Bm T Rs|BRs] CS | Pn | Pc |WPN wec

1 Il i

\ 1 ] ]

2

TOP
PLATES]
F

RI43,1]| , 67500
4,3,2] , 6;@
1T14,3,3] , | .q ‘g :’
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TOP PLATES (continued)

4-6. BUILT-UP FLANGES

THIS EXAMPLE ILLUSTRATES THE MANNER IN WHICH THE INPUT IS GIVEN IN THE CASES
WHERE THE FLANGES OF THE BEAM ARE NOT RECTANGULAR IN SHAPE,

Consider the top flange of a riveted plate girder as shown on the next page.
Since the program always assumes that the top plate is rectangular in shape and
rests directly on top of the web (the corresponding assumption is also made for
the bottom plates), the actual shape of the flange must be reduced to an equivalent
plate and given as such in the input.

The first step is to select a reference line throughout the entire length of
the beam to divide the area of the cross section into the part that is to be con-
sidered as the web and the part that is to be considered as the flange. 1In this
example say that this line is chosen 2 inches above the toe of the vertical legs
of the flange angles. Then the web dimensions to be defined are the dimensions
between this line and a similar line chosen accordingly for the bottom plates.

The web properties shall then be given in one of the forms previously explained.

The next step is to compute the equivalent flange plate. For this purpose
the area of the actual web which lies above the reference line, as well as the
area of the flange angles which lies below the reference line, shall be considered
as part of the flange area. The object of the computation is to find an equivalent
plate which has the same area as the flange and the thickness is such that the
centroid of the equivalent plate coincides with the centroid of the actual flange
area. That is, the thickness of the equivalent plate shall be equal to twice the
distance from the reference line to the centroid of the flange area.

It should be noted that when the above criteriaare used, the only error that
will result will be in the computation of the moment of inertia of the flange
about its own centroid. However, this error will be small, and since the moment
of inertia of the flange about its own centroid is very small in comparison to
the total moment of inertia of the cross section, the effect of using the
equivalent flange plate instead of the actual flange will be negligible in the
final answer to the problem. Note also that the reference line can be chosen
so that the resulting error is negligible in itself.

The computations for the actual example are shown on the next page and are
self-explanatory.

-4]1-




TOP PLATES (continued)

4-6. BUILT-UP FLANGES (continued - see discussion on the preceding page)

2-18" x ¢" P1
8 x5 ates NOTE: Stresses computed here
§;2-8" x 6" Angles - Z,_ — ———
1

-
E=———% |_g— %" Clear T J
1 n T il | TT
2.65" T M ~ - ; ‘fa :
\ T
T c.g. of
8" T/2
1 flange |
cg.ﬁ~/<i: i IFm%e : I i 1
angles 2" _2_‘ IWeb /" Reference Line :
; Web
~—é*— 9/16" Web Plate
ACTUAL FLANGE EQUIVALENT PLATE
COMPUTATION FOR THE EQUIVALENT PLATE:
A y M
R.L
. . = . T
2 plates : 18 x 3/4 : 27.00 x 6.75 182.25 Tr zgg.gg - 4.956 in.
2 angles* : 8x6=x1 : 26.00 x 3.35 = 87.10 2 '
1 plate : 5 3/4 x 9/16 : 3.23 x 2.875 = 9.30
A, = 56.23 in? 278.65 ind T = 9.912 in.
w. = 20:23 = 5,673 in.
*See A.I1.S5.C. Steel Manual. T 9.912

Thus, the input for the top flange shown above must be entered in the input data
form as follows:

A N ML A
| o @ [RIA311] | XXaXxX
cIMa32l | 5673
a|T1433] , G322 ‘

NOTE :

In some cases the centroid of the flange area may be below the reference line,
in which case the reference thickness of the equivalent plate must be entered as a
negative quantity. This is accepted by the program and the resulting moment of
inertia will be correct. 1In this case the width must also be given as a negative
quantity,




TOP PLATES (continued)

ADDITTONAL NOTES:

When entering an equivalent plate to represent a built-up section as shown on
the preceding pages, it is suggested that a check be made on the moment of inertia
of the "Top Plate'" (and Bottom Plate) about its own centroid (WTTT3/12) compared
to the moment of inertia of the total section - the bottom plate included- to de-
termine if the error is insignificant. This check need only be done for large

values of TT!

When using an equivalent plate as shown on the preceding pages, the output
stresses in the extreme top fiber will be in error. This is due to the fact that
the stresses are computed at the extreme fiber, i.e., top of top plate, see sketch
on preceding page. The stresses at the actual top (and bottom) of the beam may
easily be computed from the output stresses by using the '"lineal variation of
stress" theory.

As an alternate to the "equivalent plate'" method shown on the preceding pages
it is suggested where possible to include the built-up section as part of the 'web'".
This can easily be done if the section is symmetrical and the depth of the web does
not vary. Using this approach the properties of the total section are computed by
the designer and entered as a "Non-standard beam'". Also the topmost (and bottom-
most) plates may be entered separately as "Top Plates" and "Bottom Plates" to
facilitate in filling in the input data when these plates vary. Note that the
output stresses in the top (and bottom) fibers of the steel beam will then be

correct.




BOTTOM PLATES

No examples are given since the form of input for bottom plates is the same
as the form of input for top plates, except for the Load Card Codes. The plates
illustrated in examples 4-1 to 4-6 can be used as examples of bottom plates by
considering the figures to be turned upside down. The form of the input can
then be illustrated by substituting the Bottom Plate Load Cards (441, 442, 443)
for the Top Plate Load Cards (431, 432, 433). 1In addition the number of ranges
should be entered in the appropriate column for number of bottom plate ranges
in the Span Card.




TOP AND BOTTOM PLATES - ceneral Comments.

The program will recognize any one of four combinations of top and bottom

plates in any span.

1.

NO TOP PLATES AND NO BOTTOM PLATES:

In this case the Load Cards for the top and bottom plates are left
blank and the number of ranges given as zero.

TOP PLATES AND NO BOTTOM PLATES:

In which case the Top Plate Load Cards are filled in, and the Bottom
Plate Load Cards are left blank.

BOTTOM PLATES AND NO TOP PLATES:

This condition requires that the Bottom Plate Load Cards be filled in,
and the Top Plate Load Cards be left blank.

TOP PLATES AND BOTTOM PLATES:
In this case both the Top Plate and Bottom Plate Load Cards must be
filled in. It should be noted that in this case the variation in the

bottom plates is completely independent of the variation in the top
plates, and vice versa,

45



COMPOSITE SLAB

Composite concrete sections can be used with any of the types of steel
cross sections which have been discussed on the preceding pages. Thus, in
addition to the dimensions of the composite slab shown in the following examples,
the input data for the span must also include the load cards that define the
steel cross section in one of the forms previously discussed.

The input quantities and the loads given for the analysis of a composite
continuous beam must be consistent with the assumptions made in the design.
For example, if the spans are not shored during construction, the dead loads
from the weight of the beam and the slab will act on the non-composite steel
section, but if the spans are shored during construction these loads will act
on the composite concrete and steel section.

A continuous composite beam is analyzed three separate times (automatically)
by the program as follows:

1. Analysis of non-composite dead loads.

This analysis is made by using the properties of the steel section
only (non-composite) and setting all composite dead loads and live
loads equal to zero, i.e., ignoring them. In this analysis the program
will compute the effects due to the weight of the beam, non-composite
uniform dead load (WDLnc), non-composite P-loads, and non-composite
partial uniform dead load.

2. Analysis of the composite dead loads.

This analysis is made assuming a modular ratio equal to 3N (three
times normal value of N) to compute the transformed area of the com-
posite concrete slab in order to compute the long term effect (creep
in the concrete) due to the composite dead loads. All live loads
and non-composite dead loads are automatically ignored by the program
in this analysis. During this analysis the program computes the
effects due to the composite uniform dead load (WDLc), composite P-
loads and composite partial uniform dead load only.

3. Analysis of the composite live loads.

This analysis is made assuming a modular ratio of N to compute the
transformed area of the composite concrete slab in order to compute
the short term effect due to the composite live loads. All dead loads
are ignored and the only loads considered by the program are the high-
way and sidewalk live loads.




COMPOSITE SLAB (continued)

In the analysis of composite beams, the program always assumes that the weight
of the beam consists only of the weight of the steel section. That is, the
weight of the transformed concrete is not included as part of the weight of

the beam. Therefore, if the initial dead loads are assumed to act on the non-
composite section, the weight of the beam material given in the input as "W;"
shall be the unit weight of steel, and the weight of the portion of the concrete
slab acting on the beam shall be included in the uniformly distributed dead

load "WDLnc".

In general, the user should keep in mind that the dimensions of the com-
posite concrete slab given in the input are used by the program to compute the
moments of inertia of the composite sections throughout the beam, and that
these properties are the values used to compute the elastic properties of the
spans in the continuous unit and stresses at the various sections.

The examples given on the following pages illustrate how the composite
concrete slab is entered on the input data sheet. No attempt is made to
define the variation of the steel cross section (see earlier discussions),
nor to define the loads acting on the beam.

Note: When defining a composite slab, always enter data (zeros if nothing else)
in the reinforcing steel Load Card (455).




COMPOSITE SLAB (continued)

5-1. COMPOSITE WELDED PLATE GIRDER

5 90.000"
60.000" R
¢ RANGE 1 A
y— COMPOSITE SLAB [" RANGE 2
Y Y R S R A S R R R :A: SRR NON-COMPOSITE
STEEL SECTION
60'-0" L} A 301-0"

SPAN LENGTH = 90'-0Q"

Effective Slab Width = 72"

AN s LS s E L \
.‘d".-_.‘ \,. <p ". . “'"U. ; ; . ~_>' N \o @
| 1" 2 _ 3
Top Plate {_ L CoPmﬁ LE“ 13"
2 1 N tTop of Web
N
N
Web Plate 5 Steel Section

SECTION A-A

No Scale

FORM OF INPUT:

-532Eif2::I 6%" = Slab Thickness

6 NUMBER OF RANGES

COMPOSITE |i
SLAB

Bm.]TRs[BRs| CS | PN | Pc [WPN|Wre
1 1 1 2 1 A 1 L
Rlas.1| , s | 9!
wia,52| , \F2d O, GO
T1453] . 6500, L &4 A
e 4|5|4 1 14lZi7EECD L1 £5If7727
455| , & T Ol GO




COMPOSITE SLAB (continued)

5-2, COMPOSITE WIDE FLANGE~-BEAM
60.000'
41,000' ol
19.000" N RANGE 2
RANGE 1 -
l COMPOSITE SLAB F’A' RANGE 3
NON~COMPOSITE  (rormrars s — NON-COMPOSITE
l STEEL SECTION l
i
L.A
19!_0" 22|_0|| 19! Oll

SPAN LENGTH = 60'-0"

Assume the beams are spaced at 5'-0" center to center. Effective flange width

equals 60 inches.

Effective Width = 60"

L€ e Y '«lf/.{i;"f." N T oy X, | 6" slab Thickness
R R IR SIS S L
] | _4—E
1" Top Plate -l —-34 1"
Wide-Flange  —sof — Top of Web
Section
SECTION A-A
No Scale
FORM OF INPUT: ) .
L NUMBER OF RANGES  §
Bm|Trs[aRs| CS | Pv | Pc [wen|wec
N 1 1 Pﬁ 1 ] 1
u R|4,5,! LT O, AL O GG O
gg[: w452 G O 6O Ol Ca O
|23 0ass Iz swe - 2w N2 W 2|
8 e4|5|411m11; 1 1.&.115
A=141515..0.10...5..311ﬁ..231
~49-




CONCENTRATED DEAD LOADS (P-LOADS)

The program has provision for two types of concentrated dead loads: non-
composite and composite. In the case of a non-composite beam, only one type of
P-load could be used, i.e,, the composite P-loads would not be in existence.

The examples and discussions that follow will refer to the non-composite P-loads.
However, the procedure for filling in the composite P-loads is the same as for
non-composite P-loads. The input form provides space for both P-loads with
different Load Card Codes for identification purposes. Note that the composite
and non-composite P-loads are completely independent of each other, and the
limitations and restrictions on the P-loads are for each type of P-load rather
than the combination of both types of P-loads.

A maximum of twenty (20) concentrated loads can be entered per span.
Note that the input form has ample Load Cards for the non-composite P-loads;
whereas, space for only ten composite P-loads is provided. 1In the case of
more than ten composite P-loads, additional lines can be added or other blank
Load Cards can be used with appropriate Load Card Code changes. The sequence
of the Load Cards must be maintained as given in the input data form. The
data for ranges 11 through 20 must immediately follow the corresponding data
for ranges 1 through 10. The Load Card Code for range 11 through 20 data is
000. When using more than ten composite P-loads, use the non-composite P-load
Load Card sequence as a guide.

Two types of data are required to define each concentrated load:

Xn = distance from the left end of the span to the load Pn in feet.

Pn

the magnitude of the P-load (Pn) in kips.

-50-




P-LOADS (continued)

GENERAL NOTES:

1. If there are no concentrated loads in a span, the P-load Load Cards need not
be filled in for that span.

2. 1If there are concentrated loads in a span the number of P-loads must be entered
as the number of ranges of the P-loads.

3. P, loads must be given in consecutive order from left to right along the span
under consideration.

4., Only one concentrated load can be placed within any 1/20th segment of the span
length. If two or more loads do actually occur within any such segment, these
1oads should be resolved into one resultant and entered as such in the input data
form. The following figures will illustrate this provision.

Pn the span length.

] i } } | —
AJ T

T 10 11 12 13 14 15 16 17 18 19 20

U N
o+
w4
~
wu
O\

X. A=_L =1
% 1 20 20 th Segment of
0
I

1L = SPAN LENGTH 4J

/ X}{/ﬁn-k/l/p/lP +1/ ——-—}(f—-ég.‘-%-—liesultant of loads

A — L3,
Al e

DO NOT USE USE

The following loading conditions are accepted by the program:

BN Ll

Al oalaloal sl Lo

7T

The following loading conditions SHOULD NOT be used:

AL AN V
Vo Vo 1 Vo L L)

i ol

51~




P—LOADS (continued)

EXAMPLES:

NON-COMPOSITE CONCENTRATED DEAD LOADS

6-1. ONE CONCENTRATED LOAD IN THE SPAN.

‘ 25.000'

Py = 1.5 kips

VAN

25'-0"

25'-0"

SPAN LENGTH = 50'-0"

-t

FORM OF INPUT:

$

NUMBER OF RANGES 3

NON-COMP.

Bm.|TRs|BRs| CS | PN | Pc |WPN|WPC
[l 1 1 J lv 1 i
oas] 25072 '
g X ololo 1 11 @ 1.1
JIPlas2| | 2500
o e ololo 11 1 & 1 3

6-2. TWO CONCENTRATED LOADS IN THE SPAN.

40.000"

15.000'

P1=

4

5.0 kips

15'-Q"

25'-0"

20" -0"

jPz = 3,0 kips
i

SPAN LENGTH = 60'-0"

FORM OF INPUT:

[ _NUMBER OF RANGES __ §
Bm. T Rs|BRs| Cs | Pn | Pc |wen|wec
L T | 1 2 1 I L
Solas ], suool . wa
$gxololo 1 1 1. ® 1 1 1 1 ) & 1 1
z27IPla62l , SO, SO 0|
Z o Pololo S N | Ll !‘!!!!!‘!




P—-LOADS (continued)

6-3.
P-LOAD CARDS.

THIS EXAMPLE ILLUSTRATES THE USE OF MORE THAN ONE LINE TO FILL IN THE

Assume that there are fourteen (14) concentrated loads in the following
span, three kips each and placed at the span fifteenth points.

[

15 Spaces at 10'-0" = 150'-Q"

P

8 9

HEREREENE

10 11

2 13 14

B

-

SPAN LENGTH = 150'-0"

™
-

Two Load Cards are required to enter the distances, and two Load Cards
are required to enter the magnitude of the P-loads.

FORM OF INPUT:

5~ NUMBER OF RANGES __§
Bm.|TRs|BRs| cS | Pn | Pc [wen|wee
i 1 1 »l 114 i 1
$oplasal., ool 2o ol sa ol saol . sa ol 6aTD '
‘L')gxololo L/l]lmm l]l'-?loﬂjla :/4'101110 L1 1 @& )1 13 1 1 1 e 1 1

g;lT' P 41612 11 h5262_737 11 ,5;C?_TZ7 14 p5i§3_7?9 11 h3161"727 11 LEQCZ—TZD JI LEHQI:EZ;
zn:Pololo llb?mlln?mllpigm ||l3.q_-l—o LA 1 8 1 | 111.171#‘
Ao, SG 0] 9@:2@@ .
111 @ 1 AR M L1 1 @ 1 L1 l»l_L_L;pr:'
e W 1 n-?ﬂ_u_é.@ If’pll
[T WS N WA N T Y I\ La | kips




PARTIAL UNIFORM DEAD LOAD

The program has provision for two types of partial uniform dead loads: nen-
composite and composite. In the case of a non-composite beam, only one type of
partial uniform load could be used, i.e., the composite partial uniform load
would not be in existence. The examples and discussions that follow will refer
to the non-composite partial uniform load. However, the procedure for filling
in the composite partial uniform load is the same as for the non-composite
partial uniform load. The input form provides space for both partial uniform
loads with different Load Card Codes for identification purposes. Note that
the composite and non-composite partial uniform loads are completely independent of
each other.

A maximum of ten ranges of each load type may be used. A partial uniform
load that begins and ends within a span fortieth segment should be entered as
a concentrated load. Also for the sake of accuracy, a partial uniform load
beginning and ending in adjacent span fortieth segments should be entered as
an equivalent concentrated load.

1f there are no partial uniform dead loads, the Load Cards for these loads
should be left blank. If there are partial uniform loads within the span, enter
the number of ranges in the Span Card and fill in the appropriate Load Cards.
The ranges must be given from left to right in the same order that they appear
in the span. The last range distance must be equal to the span length.

Two types of data are required to define each partial uniform load:

Xn = distance from left end of the span to the right end of the
partial uniform load.

Wn = magnitude of the partial uniform load in kips per foot.
When defining a partial uniform load, all portions of the span must be

defined as having a partial uniform load. For that portion of a span where no
load exists, use a magnitude of zero.

-5




PARTIAL UNIFORM DEAD LOAD (continued)

EXAMPLES: NON-COMPOSITE PARTTAL UNIFORM DEAD LOADS.

7-1, 1In this example the left half of the span contains a partial uniform load
of 1.0 kips per foot.

80.000"
T: *4,0.001"
] RANGE 1 RANGE 2
+ ¢+ ¥ ¢t ¥ ¢ ¥ ¢ F ¥F ¥ ¢ ¢ %
40T -0" 40" -0" vét\
SPAN LENGTH = 80'-0"

*See Note C, page 21, 22,

FORM OF INPUT: .
6 NUMBER OF RANGES

I smjrrs|ars| cs | P | Pc |wen|wee|

I} ] 1 | | 1 12

S alxlas ], #oaosl . ST
ZWasel o2 o

7-2, This example shows the middle third of the span.containing a partial uniform
load of 0.234 kips per foot,

J 60.000"
40.000"
Q-
1 20.000 ., RANGE 2
RANGE 1 o B 5 e
v‘.lcx
20'-Q" 20'-0" 20'-0"
- - »
SPAN LENGTH = 60'-0" .

FORM OF INPUT:

[ NUMBER OF RANGES

Bm.[TRs|BRs] CS | PN | Pc [WPN]WPC




IV. THE OUTPUT DATA

In the following discussion of the output data refer to the output of
one of the Example Problems. The output is fully edited with headings for
ease in reading and interpreting.

A. INPUT DATA.

The input data will be printed out as part of the formal output. Com-
puted data (distribution factors) and assumed data (modular ratio, stresses,
ete.) are also included in the output listing of the input data. It is
suggested that the input data output be compared with the input data forms
to check the validity of the input data. The print-out of the input data
will head the output listing and occupy one or more pages of the listing.

Note that each page of the output data will be headed by the informa-
tion given as the Beam Identity.

B. BEAM SECTION PROPERTIES AT SPAN TWENTIETH POINTS.

The properties of the beam cross section at each twentieth point in
each span and also at the ends of the spans are listed in the output data.

If the beam is of composite concrete-steel construction, three pages
of Beam Section Properties will be given. The first listing will contain
the non-composite properties, the second listing will contain the composite
properties using a modular ratio of 3 N, and the last listing contains the
properties computed by using a modular ratio of 1 N. These properties are
computed during the three complete analyses of a composite beam. If the
beam is concrete or steel (non-composite construction) only one listing
of properties will be given in the output.

The properties for the even twentieth points (tenth points) are
printed on the left side of the listing, and the properties for the odd
twentieth points are given on the right side of the listing.

1. S-PT

This column of data contains the span point and identifies
the point where the properties are computed. The span point has
the form: m.xx, where m is equal to the span number and .xx is
the fraction of the span length to the point where the properties
are computed. For example: 3.25 denotes the first quarter point
of span 3. Note that the fractions are from the left end of the
span.

2. D.WEB Units: inches

The depth of the beam web is given in this column of the out-
put listing. This depth does not include any top or bottom plate
thicknesses nor composite slab thickness., If the beam is a wide-

-56-




flange steel type, the depth given is the depth of the rolled shape
since the wide flange beam is considered a web by the program. If
the beam is concrete, any top or bottom slabs defined as top or
bottom plates are not included in the web depth.

The type of data given for the cross section depends on the type of
beam, i.e., concrete or steel, as follows:

Steel Beams

If the beam is steel or composite concrete-steel the following cross
section properties are given,
4

3. I Units: dinches

The moment of inertia of the cross section is given in
this column of the output. This value includes any top and
bottom plates and composite slab if appropriate. If the con-
crete composite slab is included, the area of the slab is con-
verted into an equivalent steel area by dividing the width by
the appropriate value of the modular ratio.

3
4, SM.BS Units: inches

The values given in this column of the Beam Section
Properties are the section moduli of the extreme bottom steel
fiber. If a bottom cover plate exists, the value is computed
at the bottom of the plate. If the distance from the neutral
axis to the bottom of steel is desired, divide the moment of
inertia (I) by the section modulus (SM.BS). This value will
not be given in the output data.

3
5. SM.TS Units: 1inches

The section modulus of the extreme top steel fiber is given
in this column of the Beam Section Properties. If a top cover
plate exists, the section modulus is computed at the top of the
cover plate. 1In order to compute the distance from the neutral
axis to the top steel fiber, divide the moment of inertia (I)
by the section modulus (SM.TS). This data will not be given
in the output.

3
6. SM.TC Units: inches

The section modulus of the top of the concrete composite
slab is given in this column of output data. If the beam is
non~-composite, this value will always have a value of zero.
The distance from the neutral axis to the top of the concrete
slab can be determined by dividing the moment of inertia (I)
by the section modulus (SM.TC). This value is not given in
the output data. The section modulus is computed with the
concrete slab transformed into an equivalent area of concrete.
Therefore, if concrete stesses are going to be computed using
this value, a factor of N (modular ratio) must be introduced
to convert the stresses to concrete stresses:




Fc M

" Sm(M)
Where: Fc = Concrete stress, ksi.
M = Moment in kip-inches.
Sm = Section modulus given in output (SM.TC).
N = Appropriate modular ratio (N or 3N).
7. Q/I Units: inches ~1

This column of output data contains the ratio of the moment
of area (Q) of the composite concrete slab to the moment of
inertia (I) of the cross section. The moment of area is com-
puted using the transformed area of the concrete slab. This
value is used to compute shear connector spacings during the
composite (1N) analysis of the live loads. If the beam is
non-composite the Q/I ratio will always be given as zero.

Concrete Beams

TIf the beam is of concrete construction the following cross section
properties are given. The moment of inertia and section moduli of the
cross section are not given since these factors are not used in the con-
crete design process. Rather, factors are given so that the Engineer
can determine the adequacy of the beam section by inspection.

Reinforced in Top Only.
The data (JD, AS, RM) given under this heading of the output is

computed assuming a balanced design and no reinforcing steel in the
bottom of the beam, i.e., no compression steel.

3. JD " Units: inches

"JD" is the distance from the reinforcing steel (tension
force) to the centroid of the compression block (compression
force).

4, AS Units: inches2

The area of steel required to produce the resisting moment
is given in this column. The steel is stressed to the allowable
(Fs) given in the input data.

5. RM Units: kip-feet
"RM" is the resisting moment of the cross section assuming
the reinforcing steel (AS) and concrete are stressed to the
allowable values, i.e., balanced design.
Reinforced in Bottom Omly.
The same data (JD, AS, RM) is given under this heading of the output

assuming that the beam is reinforced in the bottom only and also a balanced
design. See the above discussion of these data values.
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The Engineer should be aware of the following assumptions which are
made for the computations of resisting moments, steel areas, etc.

1. The reinforcing steel area is assumed to be concentrated
in one layer four (&) inches from the face of the concrete
section.

2. The resisting moment is computed on the basis of cracked
section theory, assuming balanced design, for the allow-
able extreme fiber concrete compressive stress (Fc) and
an allowable reinforcing steel tensile stress equal to
Fs.

3. A modular ratio of N is used.

4. All concrete areas in the tension side of the neutral
axis are ignored,

5. The compression flanges of the concrete section are equal
to the top or bottom plates defined in the input data.

6. The reinforcing steel is always on the tension side and
no compression steel is considered.

The designer should be able to check the adequacy of the cross section
provided by comparing these resisting moments with the maximum moment given
on the next page of the output data. A quick visual inspection will reveal
whether the depth of the web is adequate or not. A quick approximation of
the area of reinforcing steel required can be made (assuming that the
section will be under reinforced) by multiplying the area of steel given
(AS) times the maximum moment and dividing the product by the resisting
moment (RM).

C. SPAN PROPERTIES.

The Beam Span Properties for each span in the continuous unit are
given in the output and listed on the same page as the Beam Section
Properties. If the beam is of composite construction, three listings
of Span Properties will be given as explained in the explanation of the
Beam Section Properties.

1, SPAN

The span number (M) is given in this column for identifying
the properties.

2. DL Units: ratio

"pLY is the moment distribution factor at the left end of the
span.

_ KILMm
DL = RRMp-1 + Ky
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3
3. KL Units: feet

The relative stiffness of the left end of the span, assuming
the far end (right end) is fixed, is given in this column of the
output. See Note D,

4., KIM Units: feet3

"KIM" is the relative stiffness at the left end of the span
assuming the far end (right end) is in its actual state of fixity,
i.e., modified for one-cycle moment distribution. See Note D,

5. CLR Units: fraction

The value given in this column of the output is the moment
carry-over factor from the left end of the span to the right
end assuming the right end is fixed.

6. CLRM Units: fraction

"CIM" is the moment carry-over factor from the left end of
the span to the right end assuming the right end is in its
actual state of fixity.

7. CRILM Units: fraction

The moment carry-over factor from the right end of the span
to the left end assuming the left end is in its actual state of
fixity is given in this column of the output.

8. CRL Units: fractiomn

"CRL" is the moment carry-over factor from the right end of
the span to the left end assuming the left end is fixed.

9. KrRM Units: feet3

The relative stiffness of the right end of the span assuming
the far end (left end) is in its actual state of fixity is given
in this column of output. See Note D.

10. KR Units: feet3

"KR" is the relative stiffness of the right end of the span
assuming the far end (left end) is fixed. See Note D.

11. DR Units: ratio

"DR" is the moment distribution factor at the right end of
the span.

KRMm
KRMm + KIMptl

DR =

Note D. The stiffness factors given in the output are relative
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values, To obtain the true stiffness of any member in kip-feet,
multiply the output value by 4.62963 E; where E is the modulus
of elasticity in kips per square foot. The true stiffness is
defined as the moment required to produce an angular rotation
of one (1) radian at the end of the member when the far end

is in the assumed state of fixity. For more information on
the one-cycle moment distribution method see pamphlet No.

ST 73, "Influence Lines Drawn As Deflection Curves', published
by the Portland Cement Association.
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D. MOMENTS (KIP-FEET) AT SPAN TENTH AND MISCELLANEOUS POINTS.

The program computes and reports dead load and live load moments at the
span tenth points and at the intermediate supports. In addition, moments are
computed and printed for all abrupt changes in moment of inertia, i.e., at ends
of cover plates, change in beam size, etc. First, the moments at the tenth
points and intermediate supports for all spans are listed. Then the moments
2t the abrupt changes in section are given. All moments are given in kip-feet
rounded to the nearest tenth. A negative moment causes tension in the top of
the beam (compression in the bottom), and a positive moment causes tension in
the bottom of the beam (compression in the top).

The moments at abrupt changes in section are computed by a curve fitting
technique with a high degree of accuracy, i.e., more accurate than plotting
and scaling.

1. S.P.

"S.P" identifies the span point and has the following form:
m.x, where m is the span number and x denotes the tenth point.
If x is zero (o), the moments are for an interior support,
between span m and m-1. However, the span points identifying
abrupt changes in section are in the following form: m.xxx,
where xxx is the fraction of the span length to the point where
the moments are computed measured from the left end of the span.

NON-COMPOSITE DEAD LOADS

The non-composite dead loads are the loads applied to a
composite steel beam without any composite action with the
concrete slab, i.e., first stage of construction when no
composite action exists. If the beam is non-composite
(either steel or concrete) these loads would be normally
termed plain dead loads.

2. BEAM,

The moments due to the weight of the beam are given in
this column of output. The weight of the beam includes the
area of the web (or wide flange section, or area of non-
standard beam) plus the top and bottom plates. Composite
slab areas are not included. Moments due to the beam weight
are not given at abrupt changes in section.

3., PN

This column contains the moments due to the non-composite
concentrated P-loads. Note that these moments are not given
at abrupt changes in moment of inertia.

4. WDLNC.

These moments are caused by the uniform non-composite dead
load (WDan) given in the input data. Moments due to this load




are not shown at abrupt changes in section.
5. WPN

This column contains the moments due to a partial uniform non-
composite dead load. These moments are not listed for the abrupt
change in section points.

6. TOT.NC

This column of moments contains the summation of the four non-
composite dead load moments. Note that this total moment is given
at abrupt changes in section. The total dead load moment at a
change in cross section is computed by a curve fitting method using
the total non-composite dead load moment curve rather than each
individual dead load moment curve.

COMPOSITE DEAD LOADS

The composite dead loads are applied to the steel beam which
has composite action with the concrete slab. A modular ratio equal
to 3N is used to determine the long-term effects of creep in the
concrete., If the beam is non-composite (either steel or concrete)
these loads would not exist, and the moment values will always be
given as zero (0.0).

Note that moments at abrupt changes in cross section are not
given for the individual composite dead loads, but will be given
for the total composite dead load in the same manner as the non-
composite dead loads.

7. PC

This column contains the moments due to the concentrated com~
posite dead loads.

8. WDLC

The moments due to the uniform composite dead load are given
in this column of output. This load was given as "WDL¢" in the
Beam Constants line of the input form.

9. WPC

This column contains the moments due to the partial uniformly
distributed composite dead load.

10. TOT.C

The summation of the three composite dead load moments is
given in this column.

LIVE LOADS

The moments due to the highway live loads (truck, lane and
military) contain impact and the distribution factor for moment (Dﬁ).
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Only the moment with the largest magnitude is given in the output.
For example, if the lame load moment is greater than the truck or
military moment, the lane load moment is printed. The other moments
are not given in the output. A letter code is printed after the
highway live load moments to identify the type of controlling live
load:

Lane load moment
Truck load moment
Military load moment

Il

L
T
M

The letter code is not given with the live load moments at
abrupt changes in the beam cross section. The military live load
is considered only when computing positive live load moments. It
has been found that military loading controls negative moments so
seldom and in such a small degree that the consideration of military
loading is unwarranted.

Sidewalk live load moments are due to the input value (WSW)
and do not include any provision for impact or distribution.

11. SWK.+

The moments given in this column are the maximum positive
moments due to the uniform sidewalk live load.

12. SWK.-

This column contains the maximum negative moments due to the
uniform sidewalk live load.

13. LIL+I+

The moments in this column are the maximum positive moments
due to the highway live loads considered by the program: lane,
truck or military.

14, 1LIAI-

This column contains the maximum negative moment due to the
highway live loads, i.e., the maximum of lane ox truck.

TOTALS

15, MAX.+-

This column contains the total maximum positive moment.
Actually this column is the sum of the total non-composite (TOT.NC)
and composite (TOT.C) dead loads, the sidewalk maximum positive
moment (SWK.+) and the highway live load maximum positive moment
(LL+I4).

16, MAX.-

The total maximum negative moments are given in this column.
These moments are the sum of the dead loads and the maximum negative
live load moments.




E. STRESSES AT SPAN TENTH AND MISCELLANEOUS POINTS.

Actual stresses and allowable fatigue stresses are computed by the program
and listed for the top of a composite concrete slab, top steel fiber, and bottom
steel fiber at the span tenth points, intermediate supports, and on both sides
of all abrupt changes in cross section. All stresses are given in pounds per
square inch; and, due to the insignificance, the stresses are not rounded-off,
i.e., truncated.

Stresses will not be given if the beam is concrete. TIf the beam is steel
and non-composite, the "top of concrete'" stresses will always be given as zero.
However, if the beam is composite, actual concrete stresses are given at the
top of the slab, i.e., the stresses have been adjusted by the modular ratio.
When computing composite beam stresses, the non-composite dead loads are
applied to the non-composite properties, the composite dead loads are applied
to the composite (3N) properties, and the live loads are applied to the com-
posite (IN) properties.

Sign Convention: A negative stress indicates tension, and a positive
stress denotes compression.

Note: Stresses in reinforcing steel in composite slabs over inter-
mediate supports (or elsewhere) are not given in the output. These
stresses can be easily computed by hand since moments and section moduli
are given in the output data.

1. S.PT.

This column of data locates the Span Point where the stresses
are given and has the following form: m.xxx. Where "m" is the span
number and "xxx" is the fraction of the span length from the left
support to the point where the stresses are given. Note that the
stresses at the tenth points are listed first and at the abrupt
changes in section secondly. Stresses at changes in section
require two lines of output (the S.PT. is repeated) since the
stresses are given based on the section properties of the beam
section immediately on the left and on the right of the change
in section. The first line gives the stresses on the left of the
abrupt change in section, and the second line gives the stresses
on the right.

ACTUAL STRESSES

The actual stresses due to the applied loads are listed on the left
side of the print-out. Three major groupings of stresses are given as
follows:

TOTAL DEAD LOAD

The total dead load stresses are the result of all non-composite and
composite dead loads applied to the beam. Three columns of stresses are
given as follows:

2. TOP CONC.

This column of data contains the total dead load stress in the
top of the composite concrete slab, Therefore, this column contains
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D.L.

real stress values only when the beam is composite, and then only in the
regions where the beam has composite action.

3. TOP STEEL.

The total dead load stresses in the topmost steel fibers are listed in
this column of the output.

4, BOT, STEEL.

This column contains the total dead load stresses in the bottom-
most steel fibers.

+ L,L. POS.

The three columns of stresses given here are the result of the total dead
moments plus the maximum positive live load moments.

5. TOP CONC,

This column contains the composite concrete slab stresses due to dead
loads and maximum positive live loads, i.e., maximum compression stress.

6. TOP STEEL.

The maximum positive moment stresses in the topmost steel fiber are
given in this column of the output, i.,e., maximum compression stress.

7. BOT. STEEL.

This column contains the maximum positive moment stresses in the bottom-
most fiber of the steel beam, i.e., maximum tension stress.

+ L.L. NEG,

The three columns of stresses given here are the result of the total dead

load moments plus the maximum negative live load moments.

8. TOP CONC,

This column contains the composite concrete slab stresses due to dead
loads and maximum negative live loads, i.e., maximum tension stress.

9. TOP STEEL.

The maximum negative moment stresses in the topmost steel fiber are
given in this column of the output, i.e., maximum tensile stress.

10, BOT, STEEL.

This column contains the maximum negative moment stresses in the
bottommost fiber of the steel beam, i. e., maximum compression stress.
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ALLOWABLE FATIGUE STRESSES

Five types of allowable fatigue stresses are computed at the span tenth
points, intermediate supports, and on each side of abrupt changes in cross
section. Four of these fatigue stresses are computed and given for the top
and bottom steel fibers. The "R'" factor used in the fatigue stress computa-
tions is the algebraic ratio of the minimum stress to the maximum stress
rather than moment, etc., ratios. All computations are based on Article
1.7.3 AASHO Specifications, 1969 and Interims 1970, 1971. The fatigue
stresses will not exceed the basic allowable stress. All allowable fatigue
stresses are given as positive unless noted otherwise.

BASE METAL.

If the beam fibers (top or bottom) are subjected to tension or reversal
(tension and compression), the base metal allowable fatigue stress is com-
puted as follows:

Fr = fro
1-Rr
No. of maximum stress eycles fro
100,000 60
500,000 36 -
2,000,000 24

Note that this fatigue stress does not depend on the type of steel.

However, if the top or bottom fibers are always in compression, the
allowable fatigue stresses are computed as follows:

Fr = Fa
17k, ()
Where:
Fa = 0.55(y)
k2 = Fa -1
kltfro)
k, = 1.0 +x|fy) -1} = 1.0
No. of maximum stress cyecles l fro I or
100,000 13.3 1.06
500,000 13.3 0.78
2,000,000 13.3 0.54

The type of fatigue stress given (tension or compression) is determined
by whether the steel beam fibers are always in compression or otherwise.

11. TOP STEEL.

) This column contains the allowable base metal fatigue stress
in the topmost fiber of the beam.
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12. BOT. STEEL

The allowable base metal fatigue stresses in the bottommost
fiber of the beam are given in this column of output data.

BASE METAL. ADJ. FILLET WELD.

The allowable fatigue stresses for base metal adjacent to or connected
by fillet or plug welds are computed as follows:

f

Fr = ro
1-R
No. of maximum stress cycles fro
100,000 21
500,000 12.5
2,000,000 8

Note that this fatigue stress is independent of the type of steel, and
that tension and compression allowable fatigue stresses are the same.

13, TOP S

This column contains the allowable fatigue stresses for the top-
most beam fibers.

14. BOT. S

The allowable fatigue stresses for the bottommost beam fibers
are listed in this column.

BASE M. ADJ. CON. FIL. WELD

The allowable fatigue stresses for base metal adjacent to continuous
flange-web fillet welds are computed as follows:

Fr = fro
1-R
No. of maximum stress cycles fro
100,000 45
500,000 27.5
2,000,000 18

Note that this fatigue stress is independent of the type of steel, and
compression and tension allowable fatigue stresses are the same.

15, TOP S

This column contains the allowable fatigue stresses for the top-
most steel beam fiber.

16. BOT. S

The allowable fatigue stresses for the bottommost steel beam
fibers are listed in this column.
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BASE M. ADJ. BUTT WELD

The allowable fatigue stresses in tension for base metal (or weld metal)
adjacent to butt welds are computed as follows:

Fr = k1(fro)
I-ky (R)
Where:
= Fa) . =1
k; = 1.0+ 0‘[[58) 1:l = 1.0
No. of maximum stress cycles l ko I oc | fro
100,000 0.55 0.65 20.5
500,000 0.62 0.23 17.2
2,000,000 0.67 0 15.0

The allowable fatigue stress in compression for base metal adjacent to
butt welds is computed by the following formula:

= _Fa =
Fr = T-ky (R) Fa = 0.55(Fy)
Fa
kg = —=— -1
2 ky (fro)
- Fu' > 1.0
ki = 1 + X '5§ -1 —_— .

No. of maximum stress cycles l oc ‘ £ o
100,000 0.65 13.3
500,000 0.23 10.6

2,000,000 0 9

If the top or bottom of the beam is subjected to reversal of stress the
program selects the fatigue stress (tension or compression) which is more
critical. Therefore, if the output fatigue stress is negative, the control-
ing fatigue stress given is for tension. If the fatigue stress is positive,
the controling fatigue stress is compression.

17. TOP S

This column contains the allowable fatigue stresses for the
topmost steel beam fiber.

18. BOT. S

The allowable fatigue stresses for the bottommost steel beam
fibers are listed in this column.

FLANGE W STUD

The allowable fatigue stress in tension for base metal with attached
stud shear connectors is computed as follows:
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Fr = k1gfro)
1-k2 (R)

=1 +ocﬂg_‘-§) - 1] =1.0

k P
No. of maximum stress cycles | oC fro ] k2
100,000 1.06 20.5 0.55
500,000 0 16.5 0.65
2,000.000 0 11.5 0.75

These stresses are computed and listed only for the top flange of the beam.
The stresses are headed by "TOP S",

A visual comparison of the maximum actual stresses with the allowable fatigue
stresses will determine if a portion of the beam is overstressed. Then adjustments
can be made as required, A plot of some of the stresses may be beneficial; for
example, a plot of maximum stress versus base metal adjacent to fillet welds can
be used to assist in cutting off cover plates, or indicate if it is possible to
cut them off,




F. SHEARS AND SHEAR CONNECTOR SPACINGS AT SPAN TENTH POINTS AND REACTIONS.

Dead load and live load shears are computed by the program at the span
tenth points and ends of the span. 1In addition, reactions at the intermediate
supports due to dead and live loads are computed and listed in the output data.
If the beam is of composite concrete-steel construction, shear connector
spacings are given in the output. The shears, etc., are not given at abrupt
changes in cross section. Shears and reactions are given in kips, and shear
connector spacings are in inches.

Shear Sign Convention:

—_— o —
Positive Shear Negative Shear
1. S.PT

The first column of the output contains the span point which identifies
the span and the tenth point where the shears are given, i.e., m.xx. For
example, 2.00 identifies the right end of span 1 or the left end of span 2.
There should be no confusion since the shear at the right end of span 1 is
listed first, and the two lines of shears are separated by the intermediate
support reactions. The reactions are identified by "RM-N", where M and N
are the span numbers of the adjacent spans.

DEAD L.OADS

2. BEAM

The shears and reactions due to the weight of the beam are given in
this column. The weight of the beam includes the area of the web (or area
of wide flange or non-standard section) plus the top and bottom plates.
Composite slab areas are not included.

3. PN

This column contains the shears and reactions due to the non-composite
P-loads (concentrated) given in the input data.

4. WN

This column of shears and reactions are caused by the uniform non-
composite dead load, WDLnc, that was given in the input data.

5. WPN

YWPN" heads the column that contains the shears and reactions due to
the non-composite partial uniform dead load.

1

6. TOT.C

This column of shears and reactions is the sum of all composite dead
loads, i.e., uniform composite dead load (WDLc) plus composite P-loads plus
composite partial uniform dead load. The effects of each dead load are not
listed separately.
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7. TOT.DL

This column contains the sum of all dead load shears and reactions, com-
posite plus non-composite.

LIVE LOADS

The live load shears and reactions consist of the maximum negative and
positive effects due to sidewalk and highway live loads. Only the maximum
value from the highway loads (truck, lane, military) is printed in the out-
put. A letter code identifies the type of load that governed (L for Lane,
T for Truck, and M for Military). Note that negative reactions (uplift)
are not given at intermediate supports. The shears and reactions are
given to the nearest pound, i.e., thousandth of a kip.

8. SWK.+

This column contains the maximum positive sidewalk live load shears
and reactions. These values are due to the input value for WSW.

9. SWK.-

The maximum negative sidewalk live load shears are given in this out-
put data column,

10. LI+I+

This column contains the maximum positive shear and reaction due to high-
way live loads (truck, lane or military) distributed for moment and including
the varying impact value. The letter code after the value indicates which
live load controlled the shear or reaction. When computing shears at the
ends of the spans or reactions at the intermediate supports, the following
factor (Ve) is added to the shear to compensate for end shear distribution:

Ve = (DFV-DFM)W
Where:

DFV and DFM are input values.
W is the truck's largest wheel distributed for moment
and impact,

This gives exact values when truck loading controls. However, when lane
or military loading governs, the results will be slightly conservative. 1In
any event the designer can correct the results easily, or else use the same value
for DFV and DFM.

11, LIA+I-

This column contains the maximum negative shears due to highway live loads.
A letter code identifies the controlling live load, i.e., truck (T), lane (L),
or military (M). The negative live load shear at the ends of the spans is
adjusted for end shear distribution in the same manner as the positive live

load. See item 10 (LL+I+) discussion,

12. MAXIMUM V OR R

This column contains the maximum magnitude of shear or reaction from the
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summation of total dead load and positive or negative live loads (sidewalk
and highway), whichever gives the largest magnitude, i.e., absolute value,

13, LL SHEAR RANGE

This column of data contains the range of live load shear. These values
are used to compute shear connector spacings and will not be listed if the
beam is not of composite construction. The range in live load shear is com-
puted as follows:

+ -
\ + vt - Vgy

V-
SW LIA+I LLA+I

The symbols are self-explanatory.
14, SHEAR CON. SP.

If the beam is of composite construction, this column will contain the
shear connector spacings. The spacings in regions of non-composite action

will be given as zero. The program assumes the maximum spacing to be twenty-
four (24) inches. The spacings are computed as follows:

Where; ZEr is given in the input data, kips.
Vr is the live load shear range, kips.

Q/TI is the ratio of moment of area to moment of inertia
(IN), in~!

.

S is the shear connector spacing in inches.

MISCELLANEOUS DATA

At the bottom of the output page of shears, two factors are given for
the first (1) and last span. These values are computed at the ends of the
continuous unit, i.e., left end of span one and right end of the last span.

15. V LANE Units: kips

"V LANE" is the maximum reaction (end shear) produced at the end of the
continuous unit by the uniform lane live load, distributed for moment and
including impact. The concentrated lane load is not included.

16. V 14 FT.

This data item is the reaction (end shear) produced at the end of the
continuous unit by one of the heavy wheels of the standard truck, distributed
for moment and including impact, when that wheel is placed 14 feet from the
end support,

The purpose of "V LANE" and "V 14 FT." is to assist the designer in computing
the maximum reaction at an intermediate support or pier when that support is
common to the ends of two continuous units, or a continuous unit and simple span.
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G. DEAD LOAD DEFLECTIONS AT SPAN TWENTIETH POINTS.

Dead load deflections in inches are computed and listed for each twentieth
point of all spans. All deflections are given to the nearest thousandth of an
inch. A negative deflection indicates an upward deflection and a positive
deflection is downward. Deflections for the odd twentieth points are on the
left, and even twentieth (tenth) point deflections are listed on the right
of the output sheet. TIf the modulus of elasticity (E) is given a value of
zero in the input data, no deflections will be given. Deflections of concrete
beams are based on the gross section, i.e., a transformed section is not con-
sidered.

1. S.PT

The span point is given in this column which locates the position where
the deflections are given. It has the form: m.xx; where m is the span
number and .xx is the twentieth point fraction designating the distance from
the left support to the point.

2. BEAM

These columns contain the deflections due to the weight of the beam.
The beam weight includes the area of the web (wide flange or non-standard
area) plus the top and bottom plates. )
3. PN

This column contains the deflections due to the non-composite P-loads.

4. WN

This column contains the deflections due to the non-composite uniform
dead load, WDInc.

5. WPN

The deflections due to the non-composite partial uniform dead load are
given in this column.

6. TOT.NC

This column gives the total of all non-composite dead load deflections,
BEAM + WN + PN + WPN.

7. TOT.C

This column contains the total composite dead load deflectioms, i.e.,
the sum of the uniform (WDLec), P-loads, and partial uniform composite dead
loads. The deflections of each individual load are not listed. If the
beam is non-composite, these deflections are given as zero.

8. TOT.DL

This column contains the total of non-composite plus composite dead
load deflections.
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H. LIVE LOAD DEFLECTIONS

The live load deflections are listed on the bottom of the page containing the
dead load deflections. All live load deflections are given in inches., These
deflections include distribution for live load deflections (DFD) and impact.
1. SPAN

This column contains the span number for which the deflections are given.
2. AT

The data in this column locates the point where the deflections were computed.
The distance to the point from the left support is given in terms of a fraction
of the span length (L). For example: 0.500 L is the midpoint of the span.
3. LANE

This column contains the maximum deflection due to lane live load,
4, TRUCK

The maximum deflection due to truck live load is given in this column,
5. MIL.

The maximum deflection due to military live load is given in this columm.
6. SIDEWALK

This column contains the maximum deflection due to the sidewalk live load.

7. L/800

This columm of data contains the normally allowed live load deflection.
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V. MISCELLANEQUS APPLICATIONS

"The Analysis of Continuous Beams for Highway Bridges' computer program is
primarily designed for the solution of continuous beams for highway bridges.
However, the program can be used to obtain information which can be of great
help to the Engineer in several other phases of design. Some of these applica-
tions are discussed below.

ESTIMATE OF QUANTITIES.

An accurate check on the weight of steel, or volume of concrete, in the
beam can be obtained from the output. For example, the summation of all the
reactions due to the weight of the beam must be equal to the total weight of
the beam. These values will be of particular help in the case of beams of
variable cross section.

INFLUENCE LINES.

For the design of highway bridges the Engineer will usually not need the
influence lines and areas since all the work on these curves is performed by
the program., However, these curves will be of help in the case of other types
of live loading as in the case of a railroad bridge. In this case the analysis
for dead loads can be performed by the program and the highway live loads can
be eliminated by omitting them in the input data form. During the course of
the program influence lines are developed with twenty (20) ordinates per span.
These ordinates can be obtained by modifying the source program to include a
routine for printing these ordinates in the output and recompiling the source
program. Also by including a routine to print out the table of span constants
the Engineer will obtain additional information such as the areas of the curves,
magnitude and location of the maximum ordinates, etc.

An alternate procedure can be used to develop influence lines by making
several runs of the program. In this case, the Engineer can place a unit con-
centrated load (for instance 10,000 pounds) at the one-tenth point in span 1,
then make another run with the same load placed at the two~tenth point, etc.
Each run will yield the moments, shears and reactions throughout the beam due
to the respective concentrated load. The final results can be then transformed
into influence lines with ordinates at each tenth point in each span. Note that
by using a unit non-composite and composite concentrated load, the effects due
to two unit loads can be obtained in one run.

The positive and negative areas of the influence lines can be easily ob-
tained by making a run with a sidewalk live loading of unity, say 1,000 pounds
per foot.

The complete influence line for deflection at any twentieth point of any
span can be developed by ome run of the program by placing a unit concentrated
load (for instance 1,000 pounds) at the point where the influence line is needed.
The output of deflections due to the concentrated load will then be the influence
line ordinates for deflections at the point where the concentrated load is placed,
i.e., Maxwell's Law of Reciprocal Deflections.
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BEAM SECTION PROPERTIES.

The beam section properties given in the output (moment of inertia, etc.)
can be used to obtain properties for designing and developing charts or tables
of beam properties. This is very helpful when computing the properties of
composite sections where the computations can become very time-consuming.
These properties can be of particular assistance when designing, for instance,
a composite simple span.

BEAM SPAN PROPERTIES.

The beam span properties (stiffness, carry-over) given in the output may
be of benefit when analyzing another type of structure, for instance a rigid
frame where the members have a varying moment of inertia. 1In this case the
members may be entered as spans in a continuous unit to obtain the properties
of the members to be used in an analysis.

SETTLEMENT OF THE SUPPORTS.

The program can be used very conveniently for the investigation of the
stresses produced by a settlement of the supports. For example: Let it be
required to find the effect of settlement of support number 2 in a three-span
continuous beam. For the solution, the Engineer can consider an imaginary
two span beam in which the first span has a length and shape equal to those
resulting from combining the first and second span of the actual beam. The
second span of the imaginary beam will be the same as the third span in the
actual beam., Then the imaginary beam can be analyzed for a concentrated
load of a unit value placed at the point corresponding to support No. 2 in
the actual beam. The solution will yield the moments, shears and deflections
produced in the imaginary beam. Since the settlement of the support in the
actual beam is known its effect in the beam can then be computed by direct
proportion from the analysis of the imaginary beam. If more than one support
needs to be investigated, a separate run can be made for each support and the
effects can then be superimposed.

SIMPLE SPANS.

A simple span can be effectively analyzed by this program by including
the span in an imaginary two span continuous unit. The other span must be
very long and have a very small moment of inertia. This in effect makes the
span have a stiffness equal to zero. The remaining span (the actual simple
span) will then act essentially as a simple span in the analysis.

COMPOSITE BEAM DEFLECTIONS.

This program can be used effectively to compute deflections due to the
alternate sequence of pouring of composite bridge decks, where earlier poured
sections have obtained composite action before later composite areas are
poured. The procedure would be to make several runs with each pour section
entered as a partial uniform load. This will give the deflections due to
that pour which then can be summed with the deflections from other pours to
give the final deflections.
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VI ERROR MESSAGES

The Continuous Beam Analysis computer program checks the validity of the
input data as it is read into the computer and processed. Checking the data will
consist mainly of checking the procedure used in entering the input data and the
The program is unable to check the validity of the data
itself. For instance, the value of the length of span entered in the input form
cannot be checked; however, the program knows the value entered should mot be zero.

omission of required data.

If an error is detected by the program, processing of the problem is terminated
and, after an "Error Message' is printed, proceeds to process the next problem.
Exrror Message is in the following form:

Where:

e
]

=}
I

The error number.

SPAN m PROB, NO. n CONTINUOUS BEAM ANALYSIS

The number of the span in which the error was detected. If m is

equal to zero, the error was detected prior to the first span.

n

The problem number that was given in the Identification data.

Following is a list of the error numbers and the cause of the error:

Error Number (i)

Cause of Error

The

1 1. The first card of the problem is missing.
2. An asterisk is not in card column one of the
m=0 Identification card.
3. The continuation code indicating additional
Identification lines is used erromneously.
2 1. The Type digit code (s) is not equal to zero (blank)
or one (1).
m=0 2. Beam Constants card is missing or doesn't contain the
digit one (1) in card column one.
3. The number of spans is less than two or greater than
eight.
4. The live load class is invalid.
5. Beam spacing is zero and the distribution factor for
moment is zero.
3 1. Optional Beam Constants card is missing or doesn't
contain the digit two (2) in card column one.
=0 2. An illegal digit is used in the live load skip code.
4 1. Span card is missing or out of sequence.
2. Length of span is equal to zero.
3. The number of ranges of a related group of data (beam,
top plates, etc.) is invalid.
4L, An illegal beam type code has been used.
5. Span "m" has been defined as identical to an undefined

span (i.e., not processed).
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Error Number (i)

Cause of Error

5 1. A beam or web load card is missing or out of sequence.
2. The last range of beam or web is less than the span
length.
3. An illegal wide~flange beam designation has been given,
6 1. A top plate load card is missing or out of sequence.
2. The last range of top plates is less than the span length.
7 1. A bottom plate load card is missing or out of sequence.
2. The last range of bottom plates is less than the span
length.
8 1. A composite slab load card is missing or out of sequence.
2, The last range of the composite slab is less than the
span length.
9 1. A non-composite P-load load card is missing or out of
sequence.
10 1. A composite P-load load card is missing or out of
sequence.
11 1. A non-composite partial uniform load load card is missing
or out of sequence.
2. The last range of a non-composite partial uniform load
is less than the span length.
12 1. A composite partial uniform load load card is missing
or out of sequence.
2. The last range of a composite partial uniform load load

card is less than the span length.

After receiving a problem that has been aborted with an error message, correct
the error if possible noting the correction to be made, and resubmit the problem.
If the error appears to be in key~punching, resubmit the problem so noted for
correction in the Data Processing Center.
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VII EXAMPLE PROBLEMS

The example problems on the following pages are given for the purpose of
illustrating how the input data is prepared and to show the form of the output
data. These examples are not intended to represent an actual beam as used in

normal design practice.
Each example consists of a layout of the beam with the required input infor-

mation given, the completed input data forms from which the input data cards are
punched, a listing of the formal output, and a commentary on the example problem.

Five example problems are given as follows:

Example No. 1: 100-100-100 Continuous Unit,
Constant Beam Section.

Example No. 2: 45-60-45 Continuous Unit,
Variable Depth Plate Girder.

Example No. 3: 82-104-82 Continuous Unit,
Variable Wide-Flange Sections with Cover Plates.

Example No. 4: 57-77-77-57 Continuous Unit,
Variable Depth Reinforced Concrete T-Beam.

Example No. 5: 82-104-82 Continuous Unit,
Composite, Variable Wide-Flange Sections with Cover Plates.
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EXAMPLE NO.I: 100 -100 - 100 CONTINUQUS UNIT

CONSTANT CROSS SECTION

This example is given only to illustrate an actual run of the

problem and the form of the input and output. It does not re-
present an actual structure as used in practice.

The cross section is set constant throughout the beam and the

loads are given as unity so that the effects of the different

loading conditions can be

P P P P

| WDL nc

easily compared.

P P P P P

/
T T T T T TP T T T T T TTd

y /
T T T T I T T T T T T T T TP A T i LT T

RI R2
L, =100.00 FT )

75
R3
Lp =100.00 FT j L =100.00 FT

-t >

SET: W,, = 1,000 Lb/Ft;

DLine

Live Load: SET:
HS20
&

Military

SET: Wy = 120.0 Lb/Ft®;

SET:

100"

|2"

P = 10,000 1Lb. at 0.25L, 0.50L, and
0.75L in each span.

pfy = 2.0 Dfve = 2.0
DFD = DFM = 2.0

W, = 1,000 Lb/Ft.

E = 1.00 10°Lb/in?

12"x 100" CONSTANT CROSS SECTION

D = 100.00 in.
A = 12 X 100 = 1,200 inZ®
3
I = -1—2-§§}-9-9 = 1,000,000.0 in*

Note that the cross section is set so as to

have an equivalent weight of 1,000 Lb/Ft.,
which is the same as W . Since the wvalue

of I (1,000,000.0) is togclarge to enter in
the input form, a value of 999,999.9 is used.
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EXAMPIE NO. 1: COMMENTS

In this example the uniform superimposed dead load has been set equal to the
weight of the beam. An inspection of the output data reveals that the effects of
these two loads are the same which is as it should be. However, the effects of
these loads were computed by two different methods. Since the sidewalk live load
was set equal to the uniform dead load and beam weight, the sum of the negative and
positive effects of the sidewalk will equal the beam and uniform dead load effects.
This proves to be the case and gives a third independent check on the accuracy of
the results.

In the problem the stresses are of no consequence, so the input stresses and
live load cycles are ignored. The live loads considered will be one truck (and
equivalent lane) and/or military. A whole lane gives a distribution factor of
two (2.0). Since the distribution factors are given, the beam spacing and
Int./Ext. beam type are not required. The shear connector value CZ?r) and uniform
composite dead load (WDLc) are not required since the beam is non-composite. 1In
addition, the modular ratio (n) is not involved in this problem. The beam is
designated as steel although it could have been designated as concrete just as
conveniently.

In the Span Data input, a non-standard beam type is indicated and the proper-
ties (depth, area, moment of inertia) are given. It should be noted that the beam

could also be désignated as a girder type and the following values given instead
of the depth, area and moment of inertia.

So = 0.0; Ko =0.0; Do =100.0; T =12.0; Xo = 0.0

Spans two and three are symmetrical with span one so they are defined as such.
This saves time when entering the input data on the forms.
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EXAMPLE NO, 2: COMMENTS

The beam in this example is a variable depth plate girder of A36 steel and
subjected to 2,000,000 stress cycles., Live load consists of H20 truck and lane
with military live load eliminated. Since the beam is non-composite the input
data for WDBLc, ) Zr and n are not used in this problem. The distribution factors
for moment and end shear will be computed by the program. However, the distribution
factor for live load deflections is computed as 0.8 and given in the input. Noting
that this is a two lane bridge, the distribution factor for live load deflections
assigns eight~tenths of a wheel to each beam,

Note that in Span 2 the variable depth web can be defined with only one range.
This is true because only one equation for the web depth is required to compute the
depth at any point in Span 2. Span 3 is identical to Span 1 and is so defined.

A quick inspection of the output indicates that the beam is understressed
with regard to basic and fatigue allowable stresses. Also the live load deflection
will present no problem. Therefore, the beam in this problem would not be an
economical design,
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EXAMPLE NO. 3: COMMENTS

The continuous unit given in Example 3 is comprised of wide-flange rolled
beam sections with cover plates. Note that only the standard beam designation
is required to describe each beam section, for example: W36X160. The properties
of the beam sections are stored in the program for use in the analysis.

An inspection of the output data shows that the beam is about 10% under-
stressed over the supports and in the end spans. In the center span the beam
is about 157% understressed. The allowable fatigue stress adjacent to butt
welds (beam splice) has not been exceeded. However, the allowable fatigue
stress adjacent to fillet welds (end of cover plate) has been exceeded at two

points in each of the three spans.
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EXAMPLE NO, 4: COMMENTS

Example four is a continuous reinforced concrete T-beam of variable depth.
The stem is entered as a girder web and the T slab is entered as a top plate. That
portion of the slab that acts as part of the beam is not included in the uniform
dead load (WDLnc). Note that the type of beam is defined as non-composite, concrete,

and interior. The data (zgr, WDLc, Fu, Fy, No. Live Load Cycles) are not required
with a concrete beam.

The concrete stress (1.350), steel stress (24.0), and modular ratio (8) are
different from normal values, and therefore, must be given in the input data.

An inspection of the output indicates that the depth of beam is almost ideal
over the interior supports, a resisting moment of 2065.8 compared to a maximum
moment of 2032.6 at support 3. In the positive moment areas, the area of rein-
forcing steel can be reduced since a balanced design is unfeasible and not required.
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EXAMPLE NO., 5: COMMENTS

The beam in this example is the same as the beam given in Example number 3
except that the top cover plates in the positive moment areas have been replaced
by a section of composite slab. Also the beam section in these areas has been
decreased, i.e., W36X160 to W36X135. The shear connector capacity is based on
four %"é studs (H/d = 4) per transverse row. Note that the weight of the effective
area of the composite slab (78" x 6%") is included in the uniform non-composite
dead load (WDLnc).

In this type of problem (composite) the beam is actually analyzed three times.
Note in the output the three pages of beam section properties. The maximum range
of concrete stresses in the composite slab is given in the output. These stresses
will indicate if a need exists for reinforcing steel. Observe also that the live
load deflection is much less than in Example problem number 3 due to the stiffness
of the composite slab.




VIII. OPERATING PROCEDURE

The State Highway Department of Georgia at the present time (April, 1971)
is using an IBM 360 model 50 with 256% core storage in its data processing
applications, Both the Disk Operating System (DOS, Release 24) and the full
Operating System (0S, Release 17 MFT) are used. The "Continuous Beam Analysis"
computer program has been compiled and tested under both systems. The F-level
compiler was used under DOS, and the G-level compiler was used with the
Operating System,

A, COMPATIBILITY.

The "Continuous Beam Analysis'" computer program is written in Fortran 1V
F-level programming language primarily to obtain computer independency, and
to be able in the future to incorporate the program into a Total Design System.
At the present time the program has not been compiled and tested under other
manufacturer's computer systems. However, this program should be computer
independent and compatible both in terms of models and manufacturers. It
should be noted that low core storage capacity or the unavailability of a
Fortran IV compiler would restrict the use of this program.

B. COMPILING THE PROGRAM.

The "Continuous Beam Analysis'" computer program consists of a mainline
program and two subroutines, SUBRI and SUBRII. The mainline program is com-
prised of four phases, Phase I, II, III and IV. Following is a brief descrip-
tion of the function of each phase.

PHASE FUNCTION
I Reads, checks and prints the input data.
i1 Integration of the spans is performed by computing

the various properties of the beam section at the
span fortieth points. In addition, influence lines
for moments over the intermediate supports and
various other factors (stiffness, carry-over, etc.)
are obtained. The output obtained consists of the
Beam Section Properties and Beam Span Properties.

IIT Computes and prints the moment and stresses, due to
the various live and dead loads, and allowable fatigue
stresses,

v Computes and lists the shears, reactions, shear

connector spacings, and dead and live load deflections.




Subroutine I consists of several routines used by the mainline program.
Subroutine II consists of two routines used by the mainline program and
Subroutine T.

Core storage requirements are approximately 122,000 positions (bytes),
not including any supervisor. If the computer system has a sufficiently
large core storage capacity, the compilation process will consist simply
of compiling the mainline with the two subroutines, linkage-editing and
cataloging the program into the systems library (relocatable and/or core
image) with appropriate names.

If the computer system has less core storage than required by the
program and operating system supervisor, the mainline program can be
divided into program phases and an overlay technique used. The mainline
program already is structured so that the reorganization of the program
will require a minimum amount of program changes. The procedure would
be to divide the mainline program into the four phases previously dis-
cussed and compile each one separately. Then write a master program to
"CALL" each phase (overlay) as it is required in the processing. The
master program and the two subroutines would remain in core at all
times. Routines that are used exclusively by one phase should be re-
moved from Subroutine I and placed in that phase. Note that when com-
piling each phase the COMMON statements and other appropriate specifica-
tion statements must be included with each phase in which they are re-
quired. The FORMAT statements are already placed in the phase in which
they are used. The DATA statements go in Phase I and the labels assigned
data by these statements need not be placed in COMMON.

When writing the mainline overlay program two conditions must be
taken into account. First, provision for an Exit from the program in
Phase I must be provided in case the last problem being processed con-
tains an error. Secondly, some problems require that Phase II, III and
IV be processed three times with one problem (Phase I is required only
once). Refer to the last few statements of Phase IV, These two condi-
tions should not present much of a programming problem.




KEY-PUNCH INSTRUCTIONS.

The input data will consist of three to nine sheets per problem with
each line of the input data sheets representing a card, The number of
the card columns are given in the headings of the various types of input
cards for reference during and after punching. The position of the deci-
mal is shown on the input form; however, the decimal does not occupy a
card column and should not be punched. In some cases a decimal will be
entered as data and will occupy a card column. In this case, the decimal
is punched. Care should be taken to prevent the overlooking of a minus
sign (a dash) in the input data fields.

All blank fields or card columns may be punched as zeros except in
the Tdentification Card and Beam Identity of the Beam Constants Card.
These data fields are read as alphabetic data and a zero or blank would
have a significant meaning. One other exception occurs when a minus
sign is used in a data field: a zero should not be punched in a data
field before the minus sign. Following are examples of data fields,
how the data fields are most likely to be filled in on the input data
forms, and how the data field should be punched:

Input Data Form Punched Data Form

(Punched form also)

1, ool

1, .1.0.000]|

T Y| el B T__.|_1_.|...I_.l_..l_J.
| 1 1% 1., 152000} 0,0,0,5,0,0,0]

lo.0,7,0s00.0]

Lol J__.é3l/ OR 0|0|0|0.2|3|/_i

10,000,231

-_I._L-_'_lél_.l__l_. 1 |—16L|010 ’ :—|0|0|6.0'0|0_‘
| G | L5000} [-0.05,0,00]

In general the input data should be punched exactly as given on the
input data form.

The first sheet of the input data (Design Data) will consist of three
cards which should always be punched. Each subsequent sheet (Span Data)
will consist of a Span Card, which should always be punched, and several
Load Cards. Only the Load Cards that contain data entered by hand (data
that is not a part of the input data form green ink) should be punched.
Note that all data in the Span Card and Load Cards will be numeric.

The input data cards should be punched in the same order as given in
the input forms. Any exceptions to this will be clearly noted on the in-
put forms by the Engineer.




COMPUTER OPERATOR INSTRUCTIONS.

No instructions as to the manual operation of the computer will be
given here. The computer operator is assumed to be fully versed on the
computer operation. This discussion, primarily, will present the charac-
teristics of the program which the computer operator is required to know
in order to be able to process the program.

The input data cards for each problem should be in the following
order (See input data forms):

1, Tdentification Card.

2. Beam Constants Card.

3. Optional Beam Constants Card.
4. Span Card, Span 1.

5. Load Cards, Span 1.

6. Repeat 4 and 5 for all subsequent spans (Span Data Input Sheets).

Actually the cards should be punched in this order and there should
be no reason for rearranging any of the input data cards.

The program has the ability to process one or several problems re-
quiring only the Execute Control Card(s) with the first problem, i.e.,

the program automatically continues from one problem to another.

The input data cards should be entered in the card reader device
in the following order:

1. Execute Control Card(s) (EXEC CONTBEAM) .

2. Input Data Cards, Problem 1.

3, TInput Data Cards, Problem 2.

Repeat for each problem.

i. TInput Data Cards, Last Problem,

j. End of Data Control Card (/* in card columns 1, 2).

The Execute Control Card and End of Data Control Card are dependent
on the operating system being used, and the method of compiling and

operation, and will not be discussed in this report.

All input to the program is from punched cards and all output from
the program is listed by the printer. No intermediate I/0 devices are




used. The form is automatically skipped by the program before printing
the output data of each problem. The output will consist of from two
to several sheets. The running time required per problem will vary
from ten to forty seconds (IBM 360, Model 50) depending on the type of
input data with the average run taking about twenty seconds.

After completing the processing of several problems, separate the
output data of the various problems and return the output data along
with the input data form to the Engineer., 1In order to be able to
separate the output data properly, the first lines of the first sheet
of the output data of each problem will contain:

STATE HIGHWAY DEPARTMENT OF GEORGIA
BRIDGE DIVISION
THE ANALYSIS OF CONTINUOUS BEAMS FOR HIGHWAY BRIDGES PROB. NO. xXXX

where xxxx is the Problem Number that is given in the TIdentification
Card.

The program has a procedure for checking the validity of the input
data and will print an error message after detecting an error in the
input data. The error message will be given in the list of the output
data of the problem in error. After an error the rest of that problem's
input data cards are read out and the program proceeds to the next
problem. Actually the only way the computer operator will know that
an error has been found is to observe the output data.

The procedure after an error message is to check the input data
cards of the problem in error for key-punch errors and sequence of the
input data cards. If the input data cards are found to be punched
correctly and in the correct sequence, return the output data with the
error message and input data forms to the Engineer; if not, make the
appropriate correction and rerun the problem from the beginning.




