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FOREWORD

This Implementation Package contains background information,
user instructions, and technical reference material for BOXCAR,
a microcomputer program for the structural analysis and design
of 51ngle cell reinforced concrete box culverts. A similar
manual is available for PIPECAR (FHWA-IP-89-019) a program for
structural analysis and design of circular and horizontal
elliptical reinforced concrete pipe. BOXCAR is intended to be
a design tool for the practicing engineer. It designs buried
reinforced concrete box culverts in accordance with AASHTO live
load and reinforcing design requirements. This manual provides
BOXCAR users with the information necessary to operate and
interpret the program. BOXCAR and PIPECAR have been designated
HY-10 in the FHWA Hydraulics Computer Program series.

Copies of each of the manuals are being distributed to Federal
Highway Administration regional and division offices and each
State highway agency. Program diskettes are being distributed
under separate cover. Additional copies of the manuals and
programs are available from McTrans, the Center for
Microcomputers in Transportation, Gainesville, Florida 32611
and the National Technical Information Service, Springfield,
Virginia 22161.

Thomas O Wlllett Director /Stanle R. Bylngto Dlrector
Office of Englneerlng Office of Implementatlon

NOTICE

This document is disseminated under the sponsorship of the
Department of Transportation in the interest of information
exchange. The United States Government assumes no llablllty
for the contents or the use thereof.

The contents of this manual reflect the views of the authors,
who are responsible for the facts and the accuracy of the data

. presented herein. The contents do not necessarily reflect the

policy of the Department of Transportation.

This manual does not constitute a standard, specification, or
regulation. The United States Government does not endorse
products or manufacturers. Trade or manufacturers' names
appear herein only because they are considered essential to the
objective of this document.
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CONVERSION FACTORS TO Si

Multiply by
inches tim 0.0254
inches (in) 2.54
inches (in} 254
feet (IO 0.3048
yards (yd) 0.9144
miies (mi) 1.608
degrees (°) 0.01745
acres (acre) 0.4047
acre-feet (acre-ft) 1233.
gallons (gah 3.785 x 1077
galions (gal) 3.785
pounds (b} 0.4536
tons (2000 Ib) 907.2
pounds force (ibf) 4.448
pounds per sq in (psi 6895.
pounds per sg ft (psh) 47 .88
foot-pounds (ft-Ib) 1.356
horsepowers (hp) 746.
British thermal units (Btw) 1055.

Some Definitions

METRIC UNITS

to obtaln

meters (m)
centimeters (cm)
millimeters (mm)

meters (m)
meters (m}
kitometers (km)

radians (rad)

hectares (hal
cubic meters (m3)
cubic meters (m3)
iters (D

kilograms (kQ)
kilograms (kg)

newtons (N
newtons per sq m (N/m2)
newtons per sq m (N/m2)

joules ()}
watt (W)
joules (J)

newton - force thai will accelerate a 1 kg mass at 1 m/s2
joule - work done by a force of 1 N moving through a displacement of 1 m

1 newlon per sq m (N/m2) = 1 pascal (Pa)
1 kilogram force (kgf) = 9.807 N

1 gravity acceleration () = 9.807 m/s?

1 hectare (ha) = 10.000 m2

]

kip (k) = 1000 Ib = 4448 N = 453.6 kgt =

- i-

0.5 ton
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To Potential Users of BOXCAR:

This Manual provides user and programmer information for the computer program
BOXCAR. To use this program you will need the fcllowing hardware and software:

(] IBM PC, XT, AT or a similar IBM compatible computer.

o Printer. The output is formatted for 8.5 in. wide paper.

. An operating system equivalent to PC DOS Version 2.0 or higher.

e An 8087 or 80287 math coprocessor.

o A minimum of 640k bytes of memory.

’ Two double density disk drives or a single dduble density disk drive and a hard
disk drive.

® A minimum of 3 FILES and 1 BUFFER must be specified in the CONFIG.SYS file

on the operating system boot disk. The number of FILES and BUFFERS are
normally set to values higher than these. |If you have not made any changes
since the purchase of your computer, the number of each should be adeauate.
Refer to your DOS Manual for further information on FILE and BUFFER sizes.

BOXCAR is a computer program that is easy to use. A user with little computer
experience may operate the program very quickly and with minimal reference to this
manual; however, please do not be deceived by the simple operating characteristics of the
program. Virually all input parameters are user controlled and many are specified by
various design codes and change for different applications and load conditions. Users
should be qualified engineers capable of selecting proper input values based on the
appropriate design code and capable of interpreting and evaluating the program output.
To emphasize this, the following warning is printed during program start up and with each
output file: '

The application of this non-proprietary software is the responsibility of
the user. The' user must select input values suitable to his specific
installation. The use of default parameters does not assure a safe
design for all installations. The information presented in the computer
output is for review, interpretation, application and approval by a
qualified engineer wha must assume full responsibility for verifying that
said output is appropriate and carrect. There are no express or implied
warranties. Use of this product does not constitute endorsemert by
FHWA or any other agents.

Users should note that box sections designed with BOXCAR will not reauire the same
reinforcing as shown in current ASTM and AASHTO standards for precast box sections.
Appendix C provides a brief explanation of the changes in analysis and design that result
in these changes.
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PART | — GENERAL
1. INTRODUCTION

BOXCAR is a computer program that performs structural analysis and design of single
cell reinforced concrete box culverts. The name BOXCAR is derived from the phrase
"BOX Culvert Analysis and Reinforcing design.” Internal dimensions of box culverts are
sized based on consideration of hydraulic requirements and site characteristics and are
then structurally designed to support the weight of earth, live and other loads that are
imposed on them. A large number of references are available for the hydraulic design of
box culverts. BOXCAR provides the structural analysis and reinforcing design. This
~ computerized method of design allows the user to obtain reinforcing stee! areas for user-
soecified box geometry, material properties and loading data.

BOXCAR completes the structural analysis and design of box sections by the following

steps:

® Compute loads on the structure.

o Apply the calculated load to the structure through an assumed pressure distribution.
@ Complete a structural analysis.

® Design reinforcing to carry the resulting moments thrusts and shears.

Cther structural analysis programs are available that model the structure and the soil
using the finite element technique; however, these programs offer a level of sophistication
that is not req'uired for the typical design situation and while some finite element
programs are being written for microcompute/r,s, they require considerable computer time to
process.

BOXCAR is intended to be a design tool for the practicing engineer. For routine designs
the engineer may input as little information as the span, rise, and depth of fill, and
vtilize a default file to generate the remainder of the input. For non-sltandard designs
tte engineer can override the default input parameters and use all the input menus to
address the special conditions of his project. The user may quickly evaluate the effects

-1 -



of varying any of the "input parameters in order to select the optimum design for a
particular set of conditions. Because of its flexibility, BOXCAR is intended for use by
engineers. Many of the input values require knowledge of design specifications which the
user must be familiar with. To emphasize this BOXCAR prints the following warning with
all output files:

The application of this non-proprietary software product is the responsibility
of the user. The user must select input values suitable to his specific
installation. Use of default parameters does not assure a safe design for all
installations. The information presented in the computer output is for review,
interpretation, application, and approval by a qualified engineer who must:
assume full responsibility for verifying that said output is appropriate and
‘correct. There are no express or implied warranties. Use of this product
does not constitute endorsement by FHWA or any other agents.

This manual assumes the user has some basic understanding of computer usage. The user
should be familiar with turning the computer on, activating the disk operating system
(DOS), changing disk drives, and basic DOS commands.

1.1 Purpose of Manual

This User and Programmer Manual provides BOXCAR users with the information necessary
to. operate and interpret the program. The user information includes step-by-step
procedures for running the program, entéring data, and obtaining structural designs.
Programming information includes general information on the program structure,
Input/Output (I/O) generation, and descriptive program listings. This manual is organized

as follows:
. Section 1 introduces the Manual and provides background information.
.- ] Section 2 summarizes the program in general detail.

° Section 3 is the User Manual which provides step-by-step operating procedures.

® Section 4 describes the program output.

® Section 5 offers four example designs.

] Section 6 describes the program structure including generat flow charts and program
listings.

K Appendix A lists all BOXCAR input parameters and their initial default settings.
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® Appendix B lists the reinforcing design method used in BOXCAR.

° Appendix C lists differences in the load assumptions and structural analysis that
result in reinforcing areas that are different than those used to develop the current
ASTM and AASHTO Standards.

1.2 Program History

BOXCAR and a similar program PIPECAR (for the design of reinforced concrete pipe
culverts) were first released in 1982 as part of a Federal Highway Administration (FHWA)
project to develop standard designs for improved inlets. This project v&as initiated to
produce a design method for tapered culvert end structures. After an initial review,
however, the method selected was to analyze and design one foot wide slices without
consideration of the taper. This resulted in a program that was applicable to all box
culverts, and hence the project report was titled "Structural Design Manual for Improved
Inlets and Culverts" (Reference 1). As originally released, BOXCAR ran only on mainiframe
computers, and did not include any provisions for treatment of live loads.

BOXCAR is an extension of the programs that were used to develop the standard box
culvent designs that are contained in American Association of State Highway and
Transportation Officials (AASHTQO) Standards M 259 and M 273, which are the same
standards as ASTM C 789 and C 850, respectively. These standards provide reinforcing
designs for precast concrete box sections reinforced with welded wire fabric and buried
between zero and about twenty feet. These programs used the American Concrete
Institute ultimate strength design method for obtaining steel areas. The development of
these programs and test programs used to verify their designs is well documented
(References 2, 3, and 4). This work was carried out under the sponsorship of the
American Concrete Pipe Association and Wire Reinforcement Institute.

Subsequent to the development of the AASHTO Culvert Standards, a new design method
was developed for reinforced concrete box and pipe culverts by Heger and McGrath
(Reference 5). This method is included in Section 17 of the 13th Edition of the AASHTO
Standard Specifications for Highway Bridges (Reference 6, referred to here as "AASHTO"
and is the design method used by BOXCAR for obtaining steel reinforcing areas. The
upgraded version of BOXCAR presented in this manual has the following new features:




BOXCAR now runs on an IBM or IBM compatible personal computer (PC).

input and output routines are designed to make the program accessible to the
inexperienced computer user.

Capability of analysis and design for truck loading in accordance with AASHTO
specifications and for railroad locomotives in accordance with American Railway
Engineering Association (AREA) Manual for Railway Engineering (Reference 6).

Capability for analysis and design of vertical and horizontal surcharge loads.

Interactive stirrup design when stirrups are required.

These additional features provide greater usefulness and versatilty as well as ease of use
to BOXCAR users. The related program for pipe culverts called PIPECAR has also been

upgraded.




2. PROGRAM OVERVIEW
2.1  Application

BOXCAR designs buried reinforced concrete box culverts in accordance with AASHTO or
AREA live load requirements and AASHTO reinforcing -design requirements. The'program
is general and can be used to design any single cell rectangular box culvert with or
without haunches. Parameters that may be specified by the user include the following:

e Culvert geometry — span, rise, wall thicknesses and top and bottom
haunch dimensions.

° -Loading data — depth of fill, density of fill, minimum and
maximum lateral pressure coefficients, soil-
structure interaction factor, depth of internal
fluid, density of fluid, truck locading, direction of
truck loading, and vertical and lateral surcharge
loads. -

] Material pfoperties - reinforcing tensile vyield strength, concrete com-
pressive strength, and concrete density.

° Design data - load factors, concrete cover over reinforcement,
reinforcing diameter, reinforcing spacing, type of
reinforcement used, layers of reinforcing used,
and capacity reduction factors.

Cnly the span, rise, and depth of fill need to be specified by the user. |f no values are
specified for the remaining parameters the computer program will use standard default
values. These default values may be easily changed to suit the user's particular needs.

The program has the following limitations.

(] Only single cell box culverts can be considered;

] The range of spans permitied is 3 to 14 feet;

® The range of rises permitted is 2 to 14 feet;

¢ Longitudinal reinforcing requirements for shrinkage and temperature are not
calculated.

e Anchorage and splice lengths of steel reinforcement must be calculated manually.

-5 -



2.2 Method of Analysis and Design
2.2.1 Load Cases

BOXCAR completes a separate structural analysis for each of the load conditions listed in
Table 2-1 and shown graphically in Figure 2-1. For purposes of computing maximum
design forces at each design location, the load cases are grouped into three categories:

] Permanent Dead Loads - Permanent dead loads are considered to be acting on the
structure at all times. Service forces due to permanent dead loads are modified by
the dead load factors to determine the ultimate forces.

e Additional Dead Loads - Additional dead loads are considered to be acting on the
structure only if’ they increase the design force at the design section being
considered. Service forces due to additional dead loads are meodified by the dead
load factors to determine the ultimate forces.

* Live Loads - Live loads are considered to be acting on the structure only if they
increase the design force at the design section being considered. Service forces due
to live loads are modified by the live load factors to determine the ultimate forces.

Culvert weight is computed based on the user specified wall thicknesses and concrete
density.

Vertical soil load is computed as the soil prism load modified by a soil structure
interaction factor. This allows the use of load theories other than the soil prism load
when required by a particular installation condition. ‘

Lateral soil loads are taken as the vertical soil pressure times the user input lateral soil
pressure coefficient. Separate values for the lateral soil pressure are computed at the top
and bottom of the section, creating a linearly varying load. Computation of lateral loads
neglects the effect of the soil structure interaction factor. Load case 5 applies the
amount of lateral load that represents the difference between the minimum lateral pressure
condition and the maximum lateral pressure condition. ' '




-%' jJ‘L '

4 L 4 4

1. Culvert Welght 4, Interngl Fluid Load

4 f

+ 8. Approaching Truck or Traln

. 2. Vertical Earth Load ‘
6. Unlform HS-Series Truck
or Cooper E-Searies Train

7. Unlform Interstate Truck
9. Vertical Surcharge Load

3. Min. Lateral Sall Load '

5. Max. Lateral Soll Load \ W

10. Lateral Surcharge Load 11-21. Moving HS—Serles Truck Wheel Loads
22-32. Moving interstate Truck Wheel! Loads

FIGURE 2-1 SINGLE CELL BOX SECTION LOAD CASES
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TABLE 2-1

BOXCAR LOAD CASES
Load Case : Load Category (1) Description
1 P Culvert weight
2 P Vertical soil weight
3 P Minimum lateral soil pressure
4 A internal fluid weight (gravity only)
5 A ' Additional lateral soil pressure
6 L Uniform HS-Series truck load or railroad
locomotive load
7 L Uniform interstate truck load
8 L Approaching vehicle load
9 P,AL (2) Uniform vertical surcharge load
10 P.AL (2) Linearly varying lateral surcharge foad
11 to 21 L Non-uniform HS-Series truck load (11 truck

positions over culvert)
2210 32 o L ©  Non-uniform interstate truck load (11 truck
positions over culvert)

Notes: 1. P = Permanent dead load

A = Additional dead load
L = Live load
2. User specifies load category for surcharge conditions

The internal fluid lcad is-computed based on the user spebified depth and density of fluid
in the culvert. This is a gravity force only, no internal pressure may be specified.

BOXCAR provides two truck loading options: the HS-series truck, where the user may
specify the magnitude (i.e. HS-20, HS-15, etc) and the interstate truck, called the
alternate military loading by AASTHO. When the interstate truck is specified BOXCAR
also checks the HS-20 truck and designs for the most cldnservative condition. BOXCAR
distributes truck loads through ‘earth fills in accordance with AASHTO 3.24.3.2 for culverts
with less than two feet of fill and Section 6.4 for culverts with more than two feet of
fill. - Two conditions are considered to allow for passing trucks:

Condition A - Condition A is a single lane with a fully overloaded truck.




Condition B - Condition’ B is a four lane road with a truck in each lane; however,
to consider the low probability of overloaded trucks being in each lane at the same
time, the beta factor {(see AASHTO Section 3.22) is taken as 1.0.

Condition B controls service loads at all depths. Condition A controls the ultimate loads
to a depth of about 10 ft.

For culverts where the load distribution length is less than the outside span of the
culvert, eleven different truck positions (Load cases 11 to 21 or 22 to 32) are analyzed.
If the load distribution width is more than the outside span of the culvert the analysis is
based on a uniformly distributed load (Load cases 6 and 7). The effect of live load is
considered at all depths of cover unless the user specifies no live load. Loads from
individual wheels are only allowed to spread laterally to a width of 6 ft, which represents
half of a lane width. This provides consideration of the passing truck condition. For HS
vehicles only, the user may specify if the truck is moving transverse to the culvert flow
(the typical load condition) or parallel to the culvert flow.

AREA locomotive loads are considered as uniform loads and are distributed through earth
fill in accordance with AREA Section 8-16.. Due to the stiffness of the ties and rails, a
railroad loading is treated as a uniform load at depths greater than 1.5 fi. BOXCAR does
not complete designs for railroad loadings with less than 1.5 ft of cover. ‘

Loads due to approaching trucks are calculated using the method prescribed in AASHTO
Specification M 259 and M 273. The lateral load pressure is equal to 700 psf divided by
the depth of fill. For depths of fill less than 1 ft, a maximum value of 800 psf is
applied. When the live load condition "Other” is used, the approaching wheel load lateral
pressure distribution is the same as for HS-20 loading, modified by the magnitude of the
user-specified wheel load magnitude relative to a HS-20 wheel load.- For the approaching
locomotive live load condition, the lateral pressure is 40 percent of the vertical live load
pressure at the depth of the culvert in accordance with AREA Specifications.

Surcharge loads are user specified vertical. and lateral pressures. The vertical surcharge
load is a uniform load. The lateral surcharge load may vary linearly according to the
user specified top and bottom load magnitudes. The load category is also user specified.



if the surcharge load is s;p'eciﬁed as a live load, the program assumes that the vertical
and horizontal surcharges can act at once but not at the time as a vehicle live load.

2.2.2 Structural Analysis

Design moments, thrusts, and shears, are determined by the stiffness matrix method of
analysis. Box culverts are idealized as 4 member frames with a one foot unit width. The
computer model coordinate system, member and joint designations, and support conditions
are shown in Figure 2-2. For a given frame, member stitfness matrices are assembled into
a global stiffness matrix; a joint load matrix is assembled; and conventional methods of
matrix analysis are employed. Flexibility: coeﬁ‘icients for a member with linearly varying
haunches are determined by numerical integration. The trapezoidal rule with 50
integration points is used and a sufficiently high degree of accuracy is obtained.

The moments, thrusts, and shears due to each load case are summed separately for each
design section. There are 11 design sections for the evaluation of flexural criteria and 12
design sections for the evaluation of diagonal tension strength (Figure 2-3). Design forces

are determined by assuming the forces due to permanent load cases always act on the
 structure andladdiing the forces due to additional dead load and live load cases if they

increase the maximum force.
2.2.3 Design of Reinforcing

Reinforcing design is in accordance with AASHTO. design criteria. At flexural design
locations the following criteria are evaluated:

. ‘Ultimate flexural strength based on yielding of the tensile reinforcement.

° Minimum reinforcement.

® Maximum reinforcement based on concrete compression to ensure ductile behavior.
® Control of cracking at service loads.

° Fatigue.

- 10 -



t A | Member 1 - B
Node 1 - — A\ A Node 2
‘ N B ' | - Mha
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B
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A
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Notes : 1. Member directions are taken clockwise. Thus end A of
member 1 Is at node 1 and end A of member 3 {8 at node 3.

2. Rotations are positive counterclockwise.

FIGURE 2-2 FRAME MODEL USED FOR COMPUTER ANALYSIS
OF BOX SECTIONS

- 11 -



¥ maximum reinforcement governs, an informative message is printed, warning the user
that concrete compression governs, and the design is halted for that particular design
section. '

BOXCAR incorporates the basic design equations of AASHTO Section 17.4.6. Although
AASHTO has adopted this design method for reinforced concrete pipe, the equations are
applicable to all reinforced concrete sections and in some instances are simpler to use in
computer programs. For instance AASHTO Equation 17-9 for ultimate flexural strength is
a direct solution of AASHTO Equations 8-16 and B-17 with the additional consideration of
the effect of axial thrust. The derivation of AASHTO Eq. 17-9 is presented in
Reference 5. The use of this equation in the program eliminates the need to use an
iterative solution.

Flexural reinforcing‘is 'designed for the negative moments at Sections 1t to 11 and for the

positive moments at Sections 1, 6, and 11. Final reinforcing is selected based on the
assumed reinforcing layout presented in Figure 2-4. This is accomplished as follows:

® Reinforcing area AS?1 is taken as the maximum reinforcing area required for
" negative moments at Sections 2, 3, 4,5,6,7,8,9,and 10. Co
P Reinforcing area AS2 is 'taken as the reinforcing required for positive moments at
Section 1. o
(] Reinforcing area AS3 is taken. as the reinforcing required for positive moments at
Section 11.
® Reinforcing area AS4 is taken as the reinforcing required for positive moments at
Section 6.
® Reinforcing area AS7 is taken as the reinforcing required for negative moments at
Section 1. :
@  Reinforcing area AS8 is taken as the reinforcing required for negative moments at
‘ Section 11. - ' . '

- 12 -




Flexure Design Shear Design
~aly— —

O\

®

@ Locatlons | Locations
@ e

®® W @

Flexure Design Locations: 1-11
Shaar Design Locatlons:
Method 1 12-19 .
Method 2: 20-23 (Qccura where moment Is positive and —:% = 3.0)
Nota: For 45 degree haunches soctions uvd from the face of the wail, such as 13
occur at the same location as the ssction @ d from the tip of the haunch
_‘auch as 12. |

FIGURE 2-3 LOCATIONS OF CRITICAL SECTIONS FOR SHEAR AND
- FLEXURE DESIGN IN SINGLE CELL BOX SECTIONS
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BOXCAR determines the required extension of AS1 into the top and bottom slabs (Zmt and
Zmb in Figure 2-4) by comparing the required reinforcing area for negative moment along
the slab with the required area for AS7 or ASB. AS1 must be extended to the point
where AS7 or ASB provide adequate reinforcem'ent, Since BOXCAR does not select
specific reinforcement bar sizes and it does not require a specific reinforcing layout, it
cannot design splices or determine required development lengths. Therefore, the user
must calculate the required lap length (Il in Figure 2-4) to meet AASHTO requirements.
For many designs AS7 and ASB provide adequate negative reinforcement for the entire top
or bottom slab, thus AS1 need only be extended into the slabs sufficiently to make a
tension lap splice with AS7 or ASB as required by AASHTO. The design summary sheet
provides a note giving the required extension of AS1. The user must add the development
or splice length. ‘

Shear strength is evaluated by two methods. Method 1 evaluates shear strength in
accordance with AASHTO Sections 8.16.6.2.1 Eq. 8-48 and Section 8.16.6.7. Only the
minimum shear strength requirement 3 / f'c of Section 8.16.6.7 is checked. AASHTO
allows the use of Section 8.16.6.7 whenever the depth of fill is greater than -2 ft.;
however, BOXCAR does not apply the provisions of this section until the live load is
uniformly distributed over the entire top slab. Method 2 applies ‘the shear - sfr’ength
- equation of AASHTQO Section 17.4.6.4.5. Method 2 is more comprehensive than ‘Method 1
.and more accurately reflects the true shear strength of reinforced sections. If - either
Method 1 or 2 indicates that the shear strength of the section is exceeded,‘:‘ informative
messages are printed and the interactive stirup design routine of BOXCAR is activated
(see Section 3.3). ‘

Method 1 evaluates shear strength at design sections 12 to 19 which are a distance equal
to the strength reduction factor times the depth of the reinforcing ¢,d from the faces of
walls and the tlips of haunches. For sections with 45 degree haunches these are the
same location. Method 2 checks the shear strength at all Method 1 locations as well as
at Sections 20 to 23 which are where the ratio of moment to shear, taken as M/Vg,d,
equals 3.0 ‘
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2.3 Input/Output Description
23.1 input

BOXCAR data input files are created or modified through a series of displayed menus and
screens that pfompt the- user tor the various input parameters. Section 3 of this manual
gives detailed. instructions for entering data into the program. The amount of data that
the user needs to enter is flexible. Only the span, rise, and depth of fill are required as
input for the program to run. Parameters not specified by the user‘ are assigned default
values that are stored in a file on the Program Disks. A list of the parameters the user
may specify along with their initial default values are listed in Appendix A of this
manual. The user may change default parameters to structure the program for his or her
typical design requirements such as cast-in-place or precast box sections as discussed in
-Section 3.2.6 of this manual.

The input parameters listed in Appendix A are grouped into categories such as Culvert
Geometry, Material Properties, Loads, etc.. Each screen that is displayed corresponds to a
different category. Menus and screens used in the program are discussed in Section 3.2
of. this manual. For each screen, input parameters are displayed along with the default
values assigned to them. The user may overwrite or accept the values displayed. After
data is entered, the progrém will store the created or modified input file on a disk for
execution and later modifications.

232 Output

Upon completion of program execution, BOXCAR will write the reinforcing requirements
to the screen. At this time the user may elect to save the file, using one of the several
possible output levels, or, if a visual examination is adequate, to destroy the output file.
The amount of output is controlled by the user as discussed in Section 4.1 of this
manual. The minimum amount of output printed is an echo of the input data and a one
page summary of the design. Additional available output includes displacements, member
end forces, moments, thrusts and shears at critical sections, and shear and flexure design
tables. Output is printed to a disk file. The complete output file can be reviewed using
a text editor (not part of this software package) or sent to a printer for a hard copy.
Printer output is formatted for 8.5 x 11 in. paper.
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2.4 Hardware and Software Requirements
The following is a list of the hardware and software required to run the program:

® IBM PC, XT, AT or a similar IBM compatible computer.

(] Printer. The output is formatted for 8.5 in. wide paper.

® An operating system equivalent to PC DQOS Version 2.0 or higher.
° An 8087 or 80287 ma’;h COpProcessor.

e A minimum of 640K bytes of memory.

] Two double density disk drives or a single double density disk drive and a hard
disk drive.

e A minimum of 3 FILES and 1 BUFFER must be specified in the CONFIG.SYS file
on the operating system boot disk. The number of FILES and BUFFERS are
normally set to values higher than these. If you have not made any changes since
the purchase of your computer, the number of each should be adequate. Refer to
your DOS Manual for further information on FILE and BUFFER sizes.
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PART li — USER MANUAL

3.

3.1

OPERATION

Installation and Start-up

BOXCAR is supplied on three double sided, double density floppy diskettes. To use
BOXCAR you must have the hardware and software described in Section 2.4 of this
manual. Before running BOXCAR, make a working copy of Program Disks 1, 2, and 3 so
that the original disks may be used as 'backups. The procedure for this and for program

installation and start-up is as follows:

Dual Disk Drives:

Use the DOS command “FORMAT" to format four blank diskettes. If you are
unfamiliar with this procedure refer to your DOS manual for instruction. Three of
these diskettes will be used for making working copies of the Program Disks. The
fourth disk will be your Data Disk and will be used for storing input and output
files.

Set your default drive 1o A. Place one of the formatted blank diskettes in drive B
and Program Disk 1 in drive A.

Copy the centents of Program Disk 1 to the new blank diskette by typing the
following:

COPY A:*.* B: [Enter]

Place the second formatted blank diskette in drive B and Program Disk 2 in drive A
and copy the contents of Program Disk 2 to the blank diskette with the same
"COPY" command. Repeat this procedure for Program Disk 3.

The new diskettes are now your working Program Disks. You should use these
diskettes when running BOXCAR and keep the original diskettes in a safe place.

Copy the "COMMAND.COM" file that resides on your DOS diskette onto Program
Disks 1, 2, and 3. Do this for each disk by placing your DOS disk in drive A, your
program disk in drive B and typing:

COPY A:COMMAND.COM B: [Enter]

With your default drive still set to A, insert the working copy of Program Disk 3
into drive A and type the following:

INSTALL [Enter]
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When prompted, select the option that you will use to execute BOXCAR. Presg "4"
to run BOXCAR on dual floppy disk drives. The Program Disks must alwavs be nimn
from drive A and the Data Disk from drive B.

8. When execution of the INSTALL Program is completed, insert Program Disk 1 into
drive B and copy the "SYSTEM.DEF" file that resides on Program Dick 3 to
Program Disk 1 in the same manner that you copied COMMAND.COM above.
Replace Program Disk 1 with Program Disk 2 and repeat the above procedura.

9. To begin execution of BOXCAR, insert Program Disk 1 into drive A and the Data
Disk into drive B and type:
BOXCAR [Enter]
Aftar executing this statement the Introductory Screen of BOXCAR appears. You
~ay now run the program as shown in Section 3.2.
Hard Drive
1. Start from the main directory of your hard drive and create a subdirectory called
‘BOXCAR" by typing the following:
MD\BOXCAR [Enter]
2. Log into the newly created_subdirectory by typing:
CD\BOXCAR [Enter]
3.  Place Program Disk 3 in drive A and type the following:

A: [Enter]
INSTALL [Enter]

Whan promnatad, select the option that specifies the system configuration vr will
use to everite BOXCAR. Options 1, 2, or 3 are to run ROXCAR writh a hard dick
drive.  Follow tha displayed instructions for inserting the Program Disks. [If ontinn
2 rr 3 is selected, refer to dual disk drive instructions far making wanrking conieg
of tha proaram and copying the COMMAND.COM and SYSTEM.DEF files onto the
flnppy ‘diele,

4. 'Log back into the BOXCAR subdirectory of your hard disk by typing:
C: [Enter]
The hard disk is now your working Program Disk. The original Program Disks

shovld pe stored in a safe place. Always log into the BOXCAR subdirectory
whanayer running BOXCAR, ‘
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5. To begin execution of BOXCAR, type:
| BOXCAR [Enter]

After executing this statement the Introductory Screen of BOXCAR appears. You
may now run the program as discussed below.

Running the Proaram

Aftar typing BOXCAR program execution begins by printing the Introductory Screen. This
lists the version number and date of the program that you are using. By pressing any
key the user warning will be printed to the screen. This screen reminds the user of the
responsibility they have when using BOXCAR, as discussed in Section 1, of this Manyal,
By again pressing any key the Main Menu will appear. The Main Menu controls the
execution of BOXCAR. It offers seven choices that lead to additional screens.

For each screen displayed, enter the input data when prompted. General features of the
program are:

@  The number of characters for each parameter inout must be less than or equal to
the highlighted space provided on the screen for that parameter.

] After typing in the data requested for any field, press the [Enter] key to move on
to the naxd input parameter.

] Within each screen, the arrow, [Home], and [End] keys mav bea used ta move around
ta the different input fields displayed.

° To move to the next screen or to view a previous screen, press the [PgDn] or
[PgUp] key, respectively.

e Help screens are available for each input menu. ~“hese =rreans ara quick
references far explaining the input parameters for that particilar screern. 7o
display a help screen, press the [F2] key. To leave a help screen, prese any key,

® You may leave the input menu at any time by pressing the [F1] key. The program
will ask it you wish to save the file and execute BOXCAR, save the file and return
to the Main Menu or not save the file and return to tha Main Menu.

° Decimal points are optional for whole number input.

Before the program can bhe executed, you must first create an input fil>. The data “sat
you enter is stored on your disk with the filename you assign to it.
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All input and output files are stored on your daté disk. If a file is no longer needed, you
may use the DOS command ERASE to delete it from your disk. .
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3.2

Main Menu Choices

PROGRAM: BOXCAR

MAIN MENU

Input Options 1. Create a new box culvert file
2. Retrieve an old box culvert file

Execute Option 3. Execute BOXCAR

S

Print input file
5. Print output file

Print Options

System Options 6. Reconfigure default parameters
7. Exit
Selection

<F2> HELP

The seven options provide 1hé following functions:

Selection 1 allows you to create a new input file. The input data you supply is
saved on disk for program execution and for later modifications.

Selection 2 allows you to relrieve a previously created input file that you may wish
to review or modify. The file may then be re-saved with the same file name or a
different name as you desire.

Selection 3 executes the program and completes the analysis and design of a box
section based on the specified input file.

Selection 4 allows you to print any previously created input file. This selection
also formats the file for printing on 85 by 11 in. paper. It puts headings and page
numbers on each page and inserts form feed commands where appropriate.

Selection 5 allows you to print an output file after program execution. This
selection also formats the file for printing on 85 by 11 in. paoer. it puts
headings and page numbers on each page and inserts form feed commands where
appropriate.

Selection 6 aliows ‘you to change the default values that are stored on the Program
Disk. The default values supplied with the BOXCAR program you have received
are listed in Appendix A.

- Selection 7 exits the program and returns you to the operating system.

Additional details on each of these selections is provided in the following sections,
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321 Main Menu Selection 1: Create aFile

Entering Selection 1 from the Main Menu leads to a series of screens that create a new

box culvert inout file.

F‘ PROGRAM: BOXCAR
Filename . BOX :
Job Description
Span ft
Rise ft
Depth of Fill 0 ft
to Culvert Top
SCREEN 1
<F1> = FINISHED EDITING - RETURN TO MAIN MENU ‘ <F2> = HTLP

‘ Filename -

Job Description —
Span -
Rise -

Depth of Fill —

<PgDn> View Next Screen -
Enter the name unaer which you wish to save the input file. Do
not provide an extension because the extension .BOX is
automatically appended. See your DOS manual for rules
pertaining to filenames.

Any project description containing up to 50 characiers cf text.
The job descriptions must not contain any quotations ().

Interior span of the culvert (ft}. The allowable range of spans is
310 14 ft. See Figure 3-1. .

Interior of the culvert (ft}. The allowable range of rises is 2 to
14 ft. See Figure 3-1. :

~ Height of earth cover (ft} from the ground or highway surface to

the top of the culvert. For railroad loading, depth of fill is
measured from bottom of tie. See Figure 3-1.

After entering the depth of fill, the program will compute all remaining parameters using
the default file. At this point you may accept the default values by pressing [F1] or you
may view the remaining input screens by pressing [Enter] or [PgDn].
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Ground or Highway surface

Depth
. of fili
/-Top siab thickness
/ '
| | —Top vert. | \
(~—— | hsaunch |
Top horlz. 7 Span -
——] )
I'Blgftltio " N:H o ' 8 Side well
haunch = thickness ‘
17— Bottom vert.
I haunch , / |
N

\—Bottom slab &hﬂékness

FIGURE 3-1 SINGLE CELL BOX CULVERT GEOMETRY
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PROGRAM: BCOXCAR —=——=———=— CURRENT FILE:

BOX GEOMETRY

SLAB THICKNESSES HAUNCH DIMENSIONS

Top Slab in. Top Haunches - Bottom Haunches
Bottom Slab in. Horizontal in. Horizontal in.
Sidewall in. Vertical in. Vertical in.

CONCRETE COVERS

Top Slab Outside Face in.
Bottom Slab Outside Face in.
Sidewall Outside Face in.
Top Slab Inside Face in.
Bottom Slab Inside Face in.
Sidewall Inside Face in.
SCREEN 2
<Fl> = FINISHED EDITING - RETURN TO MAIN MENU <F2> = HELP
<PgUp> View Previous Screen <PgDn> View Next Screen
Slab and Wall Thicknesses — ~ (in.), See Figure 3-1.
Haunch Dimensions — (in.), See Figure 3-1.
Concrete Cover Over Steel Reinforcement —  Clear concrete over tensile reinforcing (in.).

See Figure 3-2.
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FIGURE 3-2 SINGLE CELL BOX CULVERT REINFORCEMENT
NOTATION
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PROGRAM: BOXCAR ==——====== CURRENT FILE: ==

| “ROJECT:
MATERIAL PROPERTIES
Main Reinforcing Yield Strength ksi
Main Reinforcing Type 3 No. of Layers
Design Concrete Strength : ksi
Concrete Density pcf
LOAD FACTORS
Dead Load Factor (Shear and Mocment)
Dead Load Factor (Thrust)
Live Load Factor (Shear and Moment)
Live Load Factor (Thrust)
PHI FACTORS
Shear .
Flexure : SCREEN 3
<Fl> = FINISHED EDITING ~ RETURN TO MAIN MENU <F2> = HELP
<PaUp> View Previous Screen <PgDn> View Next Screen:
Main Reinforcing Yield Strength - Yield strength of reinforcement parallel with
the direction of the span of the box culvert,
(ksi).
Main Reinfcrcing Type - 1) Smooth wire
2) Smooth welded wire fabric
3) = Deformed welded wire fabric, deformed
bars, or any reinforcing with stirrups
No. of Layers ~ - Enter the number of iayers of reinforcing
that you anticipate will be required to
achieve the required design steel areas. The
choices are limited to 1 or 2.
Design Concrete Strength — : © 28 day compressive strength of concrete (ksi).
Concrete Density — (pcf). .
Load Factors - Load factors used for ullimate strength
design. Note that AASHTO and AREA require
different dead and live lcad factors. “
Bhi Factors ~ Capacity reduction factor used in ultimate

strength design.
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PROGRAM: BOXCAR =——=—======== CURRENT FILE: =

=
 PROJECT:
REINFORCING DIAMETERS

Top Slab Outside Face, (AS7) in,

Bottom Slab Outside Face, (ASB) in.

Sidewall Outside Face, (AS1) in.

Top Slab Inside Face, (AS2) in.

Bottom Slab Inside Face, (AS3) in,

Sidewall Inside Face, (AS4) in.

SCREEN 4
<Fl> = FINISHED EDITING - RETURN TC MAIN MENU <F2> = HELP
<PgUp> View Previous Screen . <Pghn> View Next Screen

Reinfercing Diameters - Diameter of wire or bar used for reinforcement (in.). See

Figure 3-2 for steel designations. The wire diameter is
used to ‘compute the depth from the compression face to
the centroid of the tension reinforcing.
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PROGRAM: BOXCAR

CURRENT FILE:

PROJECT:
MAXTMUM REINFORCING SPACING
Top Slab Cutside Face, (AS7) in.
Bottom Slab Outside Face, (AS8) in.
Sidewall Qutside Face, (AS1) in.
Top Slab Inside Face, (AS2) in.
Bottom Slab Inside Face, (AS3) in.
Sidewall Inside Face, (AS4) in.
SCREEN 5
<Fl> = FINISHED EDITING - RETURN TO MAIN MENU <F2> = HELP

<PgUp> View Previous Screen

Maximum Reinforcing Spacing —

<PgDn> View Next Screen

Center to center spacing of main
reinforcement (in.). See Figure 3-2 for steel
designations.

Note: If the reinforcing design is governed
by the crack control equations (see 4.1.2 for
instructions on determining this) the user may
be able to reduce the required area by
decreasing the reinforcing spacing.
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. PROGRAM: BOXCAR ==——==————= CURRENT FILE: ——

PROJECT:
SOIL LOAD DATA
Soil Density pct
Minimum Lateral Pressure Coefficient
Maximum Lateral Pressure Coefficient
Soil Structure Interacticn Factor
LIVE LOAD DATA
Live Load (H/T/C/0/N) HS~-SERIES
‘ INTERSTATE
COOPER E-SERIES
OTHER
NONE
SCREEN 6
<F1> = FINISHED EDITING - RETURN TO MAIN MENU <F2> = HELP
<PgUp> View Previous Screen <Pgln> View Next Screen
Soil Density — Density of fill material above the box culvert
(pcf).
. ~ Minimum Lateral Pressure Coefficient — Minimum fraction of vertical earth pressure
‘ “ acting as lateral pressure. Allowable range is
Oto 1.
Maximum Lateral Pressure Coefficient — -~ Maximum fraction of vertical earth pressure
acting as lateral pressure. Allowable range is
. from minimum lateral pressure coefficient to
9. Lateral pressure that is additional to the
minimum lateral pressure specified above will
be considered as additional dead load.
Soil Structure Interaction Factor — Ratio of actual load imposed on the box
culvert to the soil prism load.
Live Loads — H) AASHTO HS-series truck load
T} AASHTO interstate truck Ioad (See
AASHTO Section 3.7.4)) This live
load case also evaluates loads due to 3
HS-20 truck.
C) Cooper E-series railroad lcad
0) User specified load
N) No live load
If “H,” "G," or "0O" is selected, a screen will appear prompting you for additional input
. pertaining to the type of live load you selected.
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PROGRAM: BOXCAR ——=———==== CURRENT FILE: T

PPOJECT:
LIVE LOAD DATA
You have chosen an AASHTO HS-SERIES load condition.
Enter the series magnitude (i.e. 10,20, etc.)
tons
Enter the directicn of travel of the truck
(P/T) Parallel to culvert flow
Transverse to culvert flow
SCREEN 6H
<F1> = FINISHED EDITING - RETURN TO MAIN MENU <F2> = HELP
<PgUp> View Previaous Screen <PgDn> View Next Screen
AASHTO HS-Series Truck Load
Magnituda — Weight of truck as defined by AASHTO Specifications
(tons).
Direction of Trave| — P) Truck moves in the direction parallel to the culvert
. flow.
T) Truck moves in the direction transverse to the
culvert flow. ’
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PROGRAM: BOXCAR =———====== CURRENT FILE:
PROJECT:
LIVE LOAD DATA
You have chosen a COCPER E-SERIES load condition.
Enter the series magnitude (i.e. 72,80, etc.)
Kips
SCREEN 6&C
<Fl> = FINISHED EDITING -+ RETURN TO MAIN MENU <F2> = HELP
<PgUp> View Previous Screen <PgDn> View Next Screen
Cooper E-Series Railroad Loading
. Magnitude — Locomotive axle weight as defined by AREA Specifications (kips).
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-ROJECT:

LIVE LOAD DATA

PROGRAM: BOXCAR =————=———— CURRENT FILE: =

You have chosen a wheel load OTHER than the
standard AASHTO load conditions given.

Enter the maghitude of the live load kKips

Live Load wWidth 1 in.
Live Locad Length in.

This load will be modelled as a single wheel
load distributed over the indicated area.
No increase in load will be made for impact.

SCREEN &0

<Fl> =

FINISHED EDITING - RETURN TO MAIN MENU : <F2> = HELP

<PgUp> View Previous Screen <PgDhn> View Next Screen

Usef Specified Live Load

Magnitude —

(kips).

Effective Width of Resistance -~ The distance parallel to the direction of

Effective Length of Resistance —

culvert flow over which the load will be
applied to the culvert surface, (in). See
Figure 3-3.

The distance transverse to the direction of
culvert flow over which the load will be
applied to the culvert surface, (in.).

NOTE: The specified length and width of load are applied at the culven surface. The
load is not spread through the fill.
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Effective Width
of Resistance

\i—\ P = User - Defined Magnitude
- Effective Length
\ - \ \ ~ of Reslistance ~

S

: P
P =
Applied Pressure to Culvert Surface Width x Length

- FIGURE 3-3 TERMINOLOGY FOR USER ~ SPECIFIED LIVELOAD
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CURRENT FILE:

i

rr=mem——=ce—=—=== PROGRAM: BOXCAR T
~ROJECT:
SURCHARGE LOADS
UNIFORM VERTICAL LQAD
Magnitude psE
VARYING LATERAL LOAD
Magnitude at Top psf
Magnitude at Bottom psf
APPLICATION CODE (P/A/L) PERMANENT DEALD LOAD
ADDITIONAT, DEAD LCAD
LIVE LOAD
FLUID LOADS
Depth of Fluid ft
Fluid Density pcf SCREEY 7
<F1> = FPINISHED EDITING -~ RETURN TO MAIN MENU <F2> HELP

<PgUp> View Previous Screen

Vertical Surcharge Load -

Magnitude -

Lateral Surcharge Load —

Magnitude at Ton -

Magnitude at Bottom —

Application Code —

Denth of Fluid -

Fivid Density —

NOTE: This is the last input screen.
file create maode by pressing [F1] or you may review your input by pressing

culvert.

(psf).

<PgDn> View Screen 1

culvert with top and bottom magnitudes as specified.

(psf).
(psf).

P)  Treated as permanent dead load
A)  Treated as additional dead load
L) Treated as live load

Depth of fluid inside the box culvert /ft).

Density of fluid inside the box culvert (pcf).

[PgDn], which returns to Screen 1.

to save and execute the file, save the file and return tc the main menu or

destroy the file and return to the main menu.
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322 Main Menu Selection 2: Retrieve a File

You may rétrieve‘input files for review or modification by selecting Option 2. When you
make this selection, a list of all available input files appears on the screen. Type in the
name of the input file you wish to review, omitting‘the .BOX filename extension, and
press [Enter). When Screen 1 appears, you may make modifications to the input file by
proceeding through the input screens as discussed in Section 3.2.1. When you select the
retrieve mode, the default file is not activated. Any changes you wish to make to the
retrieved file must be input manually. If you wish to save both the original file and the
modified file, you must change the filename on Screen 1. You may return to the main
menu at any time by pressing the [F1] key. When returning to the main menu, you are
asked if you want to save (and execute if desired) the input file. If you are saving a file
‘that already exists, you are also asked if you wish to overwrite the existing file. If you
choose not to overwrite the existing file, the program returns back to Screen 1 for you
to change the filename. ‘

3.23  Main Menu Selection 3: Program Execution

Execution of the program from the Main Menu is performed by selecting Option 3. When
this selection is made, a list of all the available input files appears on the screen. Type
in the filename of the desired input file, omitting the .BOX filename extension, and press
[Enter].

After completion of the design of the flexural reinforcing the program will print the
required reinforcing areas to the screen for review by the user. This screen also
indicates if stirrups are required to provide adequate shear strength. After reviewing this
screen the user may select the level of output that he desires (Output options are
presented in Section 4. of this Manual) or elect not to save any output and return to the
Main Menu. |If the file is saved and stirrups are required then the stirup design module
is activated and the user completes the stirrup design, which is appended .to the output
file. The stirrup design module is described in Section 3.3 of this Manual.
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3.2.4 Main Menu Selection 4: Print an Input File

You may obtain a hardcopy of any input file by selecting Option 4. When you make this
selection, a list of all available input files appears on the screen. Type in the name of
the input file, omitting the .BOX filename extension and press [Enter]. A listing ot the
input, formatted for 8.5 in. by 11 in. paper is sent to your printer.  The print subroutine
inserts form feeds where appropriate and places headers and page numbers on each page.

3.25  Main Menu Selection 5: Print an Output File

After program execution, the output is stored as a file on your disk. You may obtain a
hardcopy of the output by selecting Option 5 on the main menu or you may view the file
by using text editor software (not included in this software package). When you select
Option 5, a list of all the available output files is displayed on the screen. Qutput files
have the same filename as the input files except that they are given the filename
extension .OUT. Type in the name of the output file, omitting the filename extension,
and press [Enter]. The program will first process the output for printing on 8.5 by 11
inch paper. Form feeds are inserted where needed, and headers and page numbers are
placed on the top of each page. After processing, the output is sent to the printer.

3.26  Main Menu Selection 6: Changing Default Values

The default values listed in Appendix A of this manual are stored as a file that you may

change to meet your own particular typical design requirements. You may change the

default parameters by selecting Option 6 on the main menu. The default parameter menus

are used in the same manner as the menus for creating a new file using Selection 1.

The default screens use equations to determine some parameters as follows:

e  Defaults for wall thicknesses and haunch dimensions are a function of the culvert
span: ,

Thickness = SPAN(in.)/x + y

- 38 -




The user may specify values for x and y. To set a default to an absolute number,
set x equal to 99.' ' .This will cause the program to ignore the first term of the
-equation. ' : .

-] Defaults for wire diameter are a function of the thickness of the member in which
- they are placed: ‘ ‘

Wire Diameter = x = Thickness(in.) +'y

The user may specify values for x and y. This allows the wire diameter to default
to either a fraction of the wall thickness by specufylng y = 0 or to an absolute
diameter by specifying x =

® The depth of fluid is determined as .a fraction of the culvert rise. The user inputs
the desired fraction.

To exit the default screens, press [Esc] and [PgDn].

327  Main Menu Selection 7: Exiting the Program

Selection 7 on the main menu exits the program and returns you to the operating system.

3.3  Stirrup Design

If BOXCAR determines that the shear strength of the top, bottom, or sidewalls is
inadequate for resisting the applied loads, it activates a subroutine to design stirrups.
The following screen will appear:

PROGRAM: BOXCAR STIRRUP DESIGN ROUTINE

Stirrups required in ‘ TOP SLAB

Developable Stirrup Yield Stress ksi
" Ultimate Applied Shear k/ft

Shear Capacity of Concrete k/ft

Required Shear Capacity of Stirrups k/ft

Stirrup Spacing (maximum=d/2) in.

Required Steel Area for Stirrups in.? /ft/line <— CONTROLS
Minimum Steel Area for Stirrups in,*/ft/line

Uniform Ultimate Load . k/in.

Required Number of Lines .
Location of First Line of Stirrups TIP OF HAUNCHES
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User input for this routine is the developable stirrup vyield strength and the stirrup
spacing. All other information on the screen is taken from program output. Note that
some concrete producers use bent sections of smooth cold drawn wire for stirrup
. reinforcement that do not provide sufficient anchorage to develob the full yield strength
of the wire. This is why BOXCAR uses the terminclogy "developable* yield strength‘ and
defaults to a value of 40 ksi. Users should be cautious in selecting a design value for the
stirrup yield strength. \

You may accept the stirrup yield strength and spacing displayed by pressing the |[Enter]
key or make changes to these values as required. Press the [Enter] key after making
changes to each parameter. The program will compute the required stirrup area and
number of lines required, display the information on the screen, and ask if this is" a final
design. If you say no by pressing "N', the program allows you to make changes to the
stirrup yield strength and spacing. The arrow keys aliow you to move from one parameter
to the other to make changes. If you say yes by pressing "Y', then the program appends
the design information to the output file. This design procedure is iterated for the top,
bottom, and sidewall, as required.
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4, REPORT QUTPUT
4 Outonet Control

The first program output that the user sees is the summary of the flexural reinforcing
that is printed to the screen after program execution:

REI ﬁ FORCING STEETL DATA

ARFA
LOCATION SQ. IN. STIRRUPS
: PER FT REQUIRED?
TRANSVERST ,

SIDE WALL - OUTSIDE FACE (Asl) .259 NO
TLP SLAB - INSIDE FACE (As2) .372 NO
BCTTOM SLAB - INSIDE FACE (As3) .413 NO
SIDE WALL - INSIDE FACE (As4) .240 _ NO
TGP SIAB - OUTSIDE FACE (As7) .240 NG
BCTTOM SLAB - OUTSIDE FACE (AsB) ©o.240 NO

DO YOU WISH TC SAVE AND/OR PRINT THIS OUTPUT ? (D/PB/N)

D = WRITE TO DISK AND RETURN TO MAIN MENU.
P = WRITE TO DISK AND PRINTER AND RETURN T0O MAIN MENU.
N = RETURN TO MAIN MENU WITHOUT SAVING GUTPUT.

Make Selection....Then Press Enter

At this time the user selects ‘D to save the output file on disk. "P" to save the file on
dick and post-process the file for orinting, or "N" to retwn to the Main Menu ‘without
saving the fila, If the user elects to save the output file the following screen aopears,
allowing selection of an output level:

OUTPUT SELECTIONS

1. Print Input data and summary shee=. .

2. Print Above + ultimate forces at design locations,
. flexure and shear design tables. ‘

3. Print Above + service forces at design locatlions.

4. Print Above + displacement matrix, service forces for
each load case and end forces.

Make Selection....Then Press Enter
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The four options give the user control of the type and amount of data written to the
output file. Options 1 through 4 may be specified. Each increasing option number
provides more output, as listed below. Tables 4-1a to 4-1i show sample output in the _
order that it is printed.

4.1.1-  Qutput Option 1

Listing of input data: The program prints the input screens with the assigned values
for each parameter, allowing the designer to check the input and to identify the design
(Table 4-1a).

- Summary table for design: = Table 4-1i presents all important design input and output
parameters for the box section. A row of stars (****) under the steel area column
indicates that the steel design at the particular location is governed by concrete
compression and the member must either be designed with a thicker section, or as a
compression member according to AASHTO ‘ultimate strength design methods. If stirrups
are required, the program prints the shear reinforcement design as part of this table. |

41.2  Output Option 2

Ultimate forces at design locations: Table 4-1f presents the forces at the 23 design
locations in the box section shown in Figure 2-3. Locations 1 through 11 are flexural
~ design locations. Locations 12 through 19 are locations where shear stresses are checked
by Method 1 and Method 2 as discussed in Section 2.2.3. Locations 20 through 23 are
positive moment locations where shear stresses are evaluated only by Method 2 shear
design. The table lists both maximum and minimun’i ultimate design forces that occur at
each section. This range occurs because the program considers different combinations of
- the three load categories; permanent dead ‘loads, additional dead loads, and live loads to
obtain the maximum and minimum critical design forces as discussed in Section 2.2.1.

For any given design section these forces can be derived from the service forces listed in
Table 4-1e as follows:

Max M+ = Moments due to
(permanent dead load x dead load factor + positive additional dead load x
dead load factor + positive live load x live load factor).
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Max M- = Moments due to
{(permanent dead load x dead load factor + negatwe additional dead load x
dead load factor + negative live load x live load factor).

If_ no positive moment exists at a section, M+ is set to zero, and if no negative moment
exists at a section,-M- is set to zero.

Shear and thrust forces are totalled in the same manner except that thrust forces are not
set to zero regardless of sign.

The sign convention on the forces is as follows: positive thrust is tensile, positive shear
decreases the moment from the A to the B end of the member, and positive moment
causes tension on the inside steel.

Summary table for flexure design: Table 4-1g presents information required to design
steel reinforcing based on flexure, minimum steel, maximum steel, crack control, and
fatigue. AS1 is taken as the maximum of the steel areas required to resist negative
moments at Section 2, 3, 4, 5,6, 7, 8, 9, and 10. ASZ AS3, and AS4 are the steel areas
required to resist positive moments al Sections 1, 11 and 6, respectively, and AS7 and
AS8 are p}ovided to resist negative moments at Sections 1, and 1‘1, respectively. The
table also lists the governing design criteria at each section. The governing -cutput notes
are defined as follows:

] MIN STL - The amount of flexural reinforcing is governed by the minimum steel
requirement of AASHTO 17.7.4.7 (0.002 times the gross section area).

® FLEXURE - The amount of reinforcing steel is governed by requirements for
ultimate flexural strength.

(] CRACK - The amount of flexural reinforcing is governed by the crack control
requirements.

® COMPRES - The amount of reinforcing required to meet the flexural reinforcing
requirements causes excessive concrete compression. No reinforcing area is
provided. The user must redesign using a thicker wall or some other adjustment to
the input.

8 'STL STRS - The amount of flexural reinforcing is governed by. AASHTO fatigue
requirements that limit cyclic stress under live load.

- 43 -



Summary tables for shear design: Table 4-1h presents information used to evaluate the
diagonal tension strength. Design Sections 12 through 19 are for shear design by Method
1 which compares the ultimate shear stresses at a location ¢,d from the face of the wall
or haunch against the allowable shear stress value of 2/fc or 3/fc as discussed In
Section 2.2.3 and by Method 2. Design Sections 20 through 23 are for shear design by
Method 2 when M/V¢,d equals 3, live loads are uniform, and the moment is positive.

413  Output Option 3

Service forces at design locations: Table 4-1e presents the service load .moments,
thrusts, and shears at each of the design locations shown in Figure 2-3. Maximum and
minimum forces due to permanent dead loads, additional dead loads, and live loads are
listed separately. ‘

Thrust due to additional dead and live loads is considered if the associated moment (for
flexure design locations ‘1 to 11) or the associated shear (for shear design locations 12 to
23) is included in the design force. Consider, for example, design section 1, load case 5.
It the moment is positive, then it is treated as a positive additional dead load. In this
case the thrust at design section 1 due to load case 5 will also be treated as a positive
additional dead-load even though it has a negative sign.

4.1.4  Output Option 4

Displacements:  Table 4-1b presents the joint displacement for each load condition in a
global coordinate system, as shown in Figure 2-2, These displacements are based on an
elastic analysis of an uncracked concrete section and are not estimates of expected field
displacements. They are used only for consistency checks.

Service forces for each load case: Table 4-1d presents the service load moments,
thrusts, and shears for each load case at each of the design locations. Load cases are
discussed in Section 2.2.1.

Member end forces: Table 4-1c presents the member end forces resulting from the
analysis.
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BOXCAR DESIGN - Description of Qutput

BOX CAR

A Microcomputer Program for the Analysis and
Design of Reinforced Concrete Box Culverts
VERSICN 1.0 - 1 NOVEMBER 1988

Developed by

Simpson Gumpertz & Heger Inc.
Arlington Massachusetts
in cooperation with

The Federal Highway Administration
and
The American Concrete Plpe Association

The application of this non~preprietary software product is
the responsibility of the user. The user must select input
values suitable to his specific installation. Use of
default parameters does not assure a safe design for all
installations. The information presented in the computer
output is for review, interpretation, application, and
approval by a quallfled englneer who must assume full
responsibility for verifying that said cutput is appropriate
and correct. There are no express or implied warranties,
Use of this product does not constitute endorsement by FHWA
or other agents.

DATE: 12-14-1988
TIME: 14:49:20

TABLE 4-1a LISTING OF INPUT DATA
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BOXCAR DESIGHN - Description of Qutput

outT
Des

Filename )
Job Description

Span

Rise

Depth of Fill
to Culvert Top

BOX GEOMETRY

Top Slab Thickness
Bottom Slab Thickness
Sidewall Thickness

HAUUNCH DIMENSIONS

Top haunches

Bottom haunches
CONCRETE COVERS
Top Slab Outside Face
Rottom Slab Outside F
Sidewall Outside Face
Ton Slab Inside Face
Bnttom $lab Inside Fa
Sidewall Inside Face

MATDRIAL PROPERTIES

“.Main Reinforcing Yiel
Main Reinforcing Type
Deajicon Corcrete Stren
Concrete Nensity

PUT.BOX
cription of Output

8 ft
6 ft
10 ft
8 1in.
g8 in
8 in
Horizontal Vertical
8 in. 8 1in.
R in. 8 in.
1.5 1in.
ace 1.5 in.
1.5 in.
1.5 1in.
ce 1.5 in.
1.5 in.
d Stress . 60  ksi
3 No. of Layers 1
gth 4 ksi
150 pct

nNead Lnad Facter (3hear and Momant) 1.5

naad Joad Factor (Thrust) 1

Live Load TActor (Shear and Moment) 2.17

Live Load Factor (Thrust) 1
PEL TRIUGRS

Shear .85

Flexure .9

TABLE 4-1a CONTINUED
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BOXCAR DESIGN - Description of Output

REINFORCING DIAMETERS

Top Slab Outside Face(AS7) .4

Bottom Slab oOutside Face(AS8) .4
Sidewall Qutside Face(AS1) -4
Top Slab Inside Face(AS2) .4
Bottem Slab Inside Face(AS3) .4
Sidewall Inside Face(AS4) . -4

These diameters are used to estimate depth
from compression face. They do not represen
diameters.

MAXIMUM REINFORCING SPACING

FPAGE

in.

“in.

in.
in.
in.
in.

to tension reinforcing
t required reinforcing

Top Slab Outside Face(AS7) 8 in.
Bottom Slab Outside Face(AS8) 8 in.
Sidewall Qutside Face(AS1) + 8 in.
Top Slab Inside Face(AS2) 8 in.
Bottom Slab Inside Face(AS3) 8 in.
Sidewall Inside Face(AS4) g8 in. -
SOIL IOAD DATA
Scil Density 120 pcf
Minimum Lateral Pressure Coefficient .25
Maximum Lateral Pressure Coefficient .5
Soil Structure Interaction Factor 1
LIVE LOAD DATA
Live Leoad HS- 20
Direction of travel : Transverse to culvert flow

TABLE 4-1a CONTINUED
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BOXCAR DESIGN - Descripticen of Cutput PAGE 4

SURCHARGE LOADS

UNIFORM VERTICAL LOAD
Magnitude 0 pst
VARYING LATERAL ILOAD

Magnitude at Top 0 pst
" Magnitude at Bottom 0 psf
APPLICATION CODE PERMANENT DEAD LOAD
FLUID LOADS
Depth of Fluid 6 ft
Fluid Density 7 €62.5 pcf
AASHTO HS-20. 120.00 INCHES OF FILL

TRAFFIC TRANSVERSE TO CULVERT FLOW

CONDITION B GOVERNS SERVICE LIVE LOADS
CONDITION B GOVERNS ULTIMATE LIVE LOADS

TABLE 4-1a CONTINUED
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BOXCAR DESIGN - Description of Output

NODE LOAD

OV~ NdLNP

= - =
oVEOICUEWNP

CVBPIONH WP

[

COURIAUTEWNP

DISPLACEMENT MATRIX ~ INCHES

AND RADIANS

HORIZONTAL

-.1444E-08
.5579E-08
.424B8BE-03

-.1589E-03
.4248E-03

-.2167E-08
.0000E+0Q0
.5718E~04
.0000E+0Q0O
.Q000E+00

.4430E~-04
.5588E-08
.4611E-04
~.5749E-04
.4611E-04
~.2154E-08
.0000E+00
-.6208E-05
.0000E+Q0
.0000E+00

.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+0Q0
.Q000E+00

-4431E-04
.5821E-10
-4709E-03
-.2164E-03
.4709E-03
.3638E-11
.0000E+00
-5097E-04
.0000E+00
.0000E+00

VERTICAL

-.1739E-03
-.1217E-02

.7971E~-11

-.2655E-12

.7971E~-11

-.1027E-03

.0000E+00
.9663E-14
.0000E+00O
.0000E+00

~-.1739E-03
-.1217E-02

.0000E+QO
.0000E+00
.0000E+0Q0

-.1027E-03

.0000E+00
.0C0QE+00
.0000E+00
.0000E+00

.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00

.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
. 0000E+00
.0000E+00
.0000E+00
.0000E+00

ROTATION

-.1256E~-03
-.9601E-03
.1964E-03
~.7540E~-04
.1964E-03
-.8102E-04
-0000E+00
.2746E-04
.0000E+00
.0000E+0Q0O

.1256E-03
.9601E-03
-.1964E-03
.7540E-04
-.1964E~03
.8102E-04
.0000E+00
-.2746E-04
.0000E+00Q
.0000E+00

-.1698E-03
-.9601E-03
.2040E-03
-.8246E-04
.2040E-03
-.8102E-04
.0000E+00
.2643E-04
.0000E+00
.0000E+00

.1698E-03
-9601E~03
-.2040E~03
.8246E-04
-.2040E-03
.8102E~-04
.0000E+0Q0
-.2643E-04
-0000E+00
-0000E+00

TABLE 4-1b DISPLACEMENTS
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BOXCAR DESIGN - Description of output

MEMBER
MEMBER
MEMBER
MEMBER
MEMBER
MEMBER
MEMBER
MEMBER
MEMBER
MEMBER

MEMBER
MEMBER
MEMBER
MEMBER
MEMBER
MEMBER
MEMBER
MEMBER
MEMBER
MEMBER

MEMBER
MEMBER
MEMBER
MEMBER
MEMBER
MEMBER
MEMBER
MEMBER
MEMBER
MEMBER

MEMBER
MEMBER
MEMBER
MEMBER
MEMBER
MEMBER
MEMBER
MFMBER
MEMBER
MFMBER

B RHPB PR

L i S L S

LOAD
CASE

[

END FORCES,

KIPS/FT AND INCH-XIPS/FT

QURNAIL LN

OWVWRNITAWU & WP

AXIAL

-.15681
.00000
1.34013
-.35904
1.34013
.00000

. 00000 |

.22434
. 00000
.00000

.80000
5.60000
. 00000
.00000
.00000
-47256
. 00000
.00000
.00000
. 00000

.15681
.00000
1.66653
-.76596
1.66653
. 00000
.00000
.18040
.00000
.00000

.80000
5.60000
. 00000
.00000
.C00000
.47256
.00000
.00000
.00000
.00000

A-END

SHEAR

. 43333
£.20000
.00000
.00000
.00000
.43881
.00000
.00000
. 00000
. 00000

-.15681
. 00000
1.24013
-.35904
1.24013
. 00000
00000

.20101 .

-00000
. 00000

1.16667
5.20000
. 00000
-.11538
. 00000
.43881

.00000

.00000
. 00000
. 00000

.15681
.00000
1.49320
-.76596
1.49320
.00000
.00000
.16694
. 00000
.00000
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MOMENT
M

2.92450
59.78034
8.85528
-3.40057
8.85528
5.04461
.00000
1.23848
.00000
.00000

2.92449
59.78035
8.85528
-3.40057
8.85528
5.04461
+ 00000
1.23848
-00000
.00000

15.46945
59.78033
9.20012
-6.17773
9.20012
5.04461
. 00000
1.19206
. 00000

. 00000

15.46946
59.78032
9.20012
-6.17773
9.20012
5.04461

.00000
1.19206

. 00000

. 00000

TABLE 4-1c MEMBER END FORCES
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BOXCAR DESIGN - Description of Output

MEMBER
MEMBER
MEMBER
MEMBER
MEMBER
MEMBER
MEMBER
MEMBER
MEMBER

~ MEMBER

MEMBER
MEMBER
MEMBER
MEMBER
MEMBER
MEMBER
MEMBER
MEMBER
MEMBER
MEMBER

MEMBER
MEMBER
MEMBER
MEMBER
MEMBER
MEMBER
MEMBER
MEMBER
MEMBER
MEMBER

MEMBER
MEMBER
MEMBER
MEMBER
MEMBER
MEMBER
MEMBER
MEMBER
MEMBER
MEMBER

N O O N N

FRPPHBER R

LoAD
CASE

[

OV JdOU & WP

Ova~JounswnpP

AXIAL

FX
.15681
.00000
-1.34013
.35904
-1.34013
.00000
.0000Q0
-.22434

.00000 -

. 00000

-.80000
~5.60000
.00000
.00000
.00000
-.47256
.00000
.00000

. 00000

. 00000

~.15681
.00000
-1.66653
.76596
-1.66653
.00000

. 00000
-.18040
.0D00O
-00000

-.80000
=-5.60000
. 00000
» 00000
.00000
-.47256
.00000
»00000
.00000
.00000

B-END
SHEAR
FY
.43333
5.20000
.00000
.00000
.00000
.43881
©.00000
.00000
. 00000
.00000

.15681
. 00000
1.49320
~.76596
1.49320
» 00000
. 00000
.16694
. 00000
.00000

1.16667
5.20000
.00000
-.11538
. 00000
.43881
.00000
+ 00000
-0D000
. 00000

-.15681
. 00000
1.24013
-.35904
1.24013
.00000
.00000
.20101
.00000
.00000

MOMENT
M

-2.92