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DEPARTMENT OF THE ARMY
OFFICE OF THE CHIEF OF ENGINEERS
WASHINGTON, D.C. 20314

REPLY TO
ATTENTION OF:

DAEN-CWE~-DS 13 March 1981

SUBJECT: 1Instruction Report K-81-7, User's Guide: Computer Program
for Design or Investigation of Orthogonal Culverts ‘CORTCUL)

All Corpos Elements with Civil Works Responsibilities

1. The subject user's guide documents a computer program named CORTCUL that
can be used for designing and reviewing reinforced concrete culverts with

a layout of members connected by orthogonal joints. The program specifica-
tions for CORTCUL were developed by the Computer-Aided Structural Engineering
(CASE) Task Group on Culverts and Conduits. As is the goal with all CASF
projects, the intent is to provide an organized, cost-effective avproach to
making available to the structural engineer applicable computer programs
ready for use when the design need arises.

2. Structural engineers will be readily able to tell by the description

of the programs and by the examples given in the report of the applicability
toward their needs. Detailed documentation of the programs may be obtained
from the Engineering Computer Programs Library (ECPL) of the U. S. Army
Engineer Waterways Experiment Station (WES) Vicksburg, MS.

3. We strongly encourage the use of these programs where applicable
throughout the Corps.

FOR THE CHIEF OF ENGINEERS:

}/ LOYD A DU‘%CHA
hief,

Engineering Division
Directorate of Civil Vorks

A et~ =

—— ——— -



——— e v
I , -’ T
s |
i il Unclassified '
’ SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered) |
READ INSTRUCTIONS :
REPORT DOCUMENTATION PAGE pereEAD INSTRUCTIONS ;
/a 1. REPORT NUMBER N 2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER
-« ¢ }Instruction~Report K-81-7 “ jﬂ //00 ?’é{ - )
J& TTLE (nd Subeinie) sfvps OF REPORT & PERIOD COVERED
}NVES’I‘IGA'X‘ION OF ORTHOGONAL CULVERTS (C?E’I“C.UL) . mﬂ, oWBER
7. AUTHOR(s). B. CONTRACY OR GRANT NUMBER(s)
~ fwilliam P.fDawkins , ) /Contract No. =y
! 7= 1~ DACW39-80-M-0334
I/ DY Su—— = e o
9. PERFORMING OGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT TASK
S . AREA & WORK UNIT NUMBER
William P. Dawkins
2801 Black Oak Drive i,
Stillwater, Okla. 74074 )~
11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE T
Office, Chief of Ingineers, U. S. Army / " Mareh 191
washington, D. C. 20314 - ""19“;"“”" FRees
TT MONITORING AGENCY NAME & ADDRESS(I{ different from Controlling Office) | 5. SECURITY CL ASS. (of thie report)
U. S. Army Engineer Waterways Experiment Station Unclassified
Automatic Data Processing Center e BECI RS ST IONTBSWRCRADH
. N P .. /!
P. 0. Box »3l, Vicksburg, Miss. 39180 SCHEDuLE C N TIONTDowN b
16. DISTRIBUTION STATEMENT (of this Report)
’ Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, {f diiferent trom Report)

18. SUPPLEMENTARY NOTES

Available from National Technical [nformation serviceo, sSporangtaeld, Va. A TR N
This report was prepared under the cComputer-Aided Structural Fnoornect g COALES
Project. A list of published CAGE reports is printed on the rnsude of the back
COVeXr.

19. K EY WORDS (Continue on reveres aide If neceasary and identify by block number)
computer-atded design

Computer-Atlded Structural Enginecring
computer programs
CORTCUL (Computer program)

Culverts

70, A‘r“c? (Contlaue en reveres side H neceseary and idensily By block numbers ) i
AT user s gnide descoriben g ot oo o L7 . :

bee gensd tor cdeaign aroinvestigat ton ot orthoenon,ad, e gt s oot \ '

by edther workieg stres. design awWoh) o strength s a0 o do P ot

the desian mode, the program determines the regquired *hickoe o ot 1 vt

ment arcas tor given gorl loadings and culvert opentneg aaeee, nothe ety oy

tion mode, material ctressen or tactors ol satety are ool ilated for e 16

structural geometvies and loadings,  The program was deve [opead o
xl‘ G e oy

DD .“.,, EDITILY ¥ ) NOY 85 1S OBSOLE TE v
_Uncbassantaed

SECUMITY CLASSIFICATION OF THIS PAGE (When Dot Enre ad)




Unclassified

SECURITY CLASSIFICATION OF THIS PAGE(When Dats Entered)

‘LZO. ABSTRACT (Continued)

specifications furnished by the Corps of Engineers' Computer-Aided Structural
Engineering (CASE) Task Group on Culverts and Conduits. The program follows

as a minimum the procedures outlined in Engineer Manual 1110-2-2902, "Conduits,
Culverts and Pipes," dated 3 March 19697&

Unclassified

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

e p—

s R Y

TR A~ WA TR PR B MBI T




-

PREFACE

This user's guide describes an interactive computer program called
"CORTCUL" that can be used for design or investigation of orthogonal, rein-
forced concrete culverts. The program employs either the ACI strength de-
sign procedure or the conventional working stress design procedure fcr all
flexure computations. The work in writing the program and the user's guide
was accomplished with funds provided to the U. S. Army Engineer Waterways
Experiment Station (WES), Vicksburg, Miss., by the Civil Works Directorate
of the Office, Chief of Engineers, U. S. Army (OCE), under the Computer-
Aided Stru:ctural Engineering (CASE) Project.

Specifications for the program were provided by members of the CASE
Task Group on Culverts and Conduits. The following were members of the
Task Group (though all may not have served for the entire period) during
the period of development of the program:

Mr. Garland E. Young, Fort Worth District (Chairman)

Mr. Byron E. Bircher, Kansas City District

Mr. Terry Cox, Lower Mississippi Valley Division

Mr. Marion M. Harter, Kansas City District

Mr. George Henson, Tulsa District

Mr. Peter Hradilek, Los BAngeles District

Mr. John Leong, sacramento District

Mr. J. J. Smith, St. Louis District
Responsibility for this user's guide was assigned to a subgroup consisting
of Messrs. Smith (Chairman), Cox, Henson, and Hradilek,

The computer program and user's guide were written by Dr. William P.
Dawkins, P. E., of Stillwater, Okla., under Contract No. DACW39-80-M-0334
with WES.

The work was managed and coordinated Ly Dr. N. Radhakrishnan, Special
Technical Assistant, Automatic Data Processing (ADP) Center, WES, and
Mr. Paul K. sentor, Computer-Aided Desiin Group, ADP Center.  Mr. Donald
L. Neumann was Chicf of the ADP Center. Mr. Donald R. Dress er was the
point of contact in OCE.

Directors of WES during the developmert of this program were COL J. L.

Cannon, CE, and COL N. P. Conover, CE. Technical Dircctor was Mr. F. R,

Brown.
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CONVERSION FACTORS, INCH-POUND TO METRIC (STI)
UNITS OF MEASUREMENT

Inch-pound units of measurement used in this report can be converted to

metric (SI) units as follows:

Multiply By _To Obtain L
feet (0.3048 metres
inches 2.54 centimetres

kips (10Q0 1lb force)

kip (force)-feet

kips (force} per square foot

pounds
pounds
pounds
square

square

(force} per sguare foot
(force) per square inch
(mass) per cubic foot
feet

inches

4.448222 newtons
1.355818 newton-metres
47.880263 kilopascals
47.880263 pascals
6.894757 kilopascals
16.0184634 kilograms per cubic metre
0.092903C4 square metres

6.4516 square centimetres




USER'S GUIDE: COMPUTER T’ _unAM

For CLoaoN OR INVESTIGATION

OF ORTHOGONAL CULVERTS {CORTCUL)

PART I: INTRCDUCTION

General

1. This user's guide describes a computer program called "CORTCUL"
that can be used for design or investigation of orthogonal, reinforced con-
crete culverts by either working stress design (WSD) or strength design (SD)
procedures. CORTCUL is designated X0024 in the Conversationally Oriented
Real-Time Program-Generating System (CORPS) library.* 1In the DESIGN mode,
the program determines the required thicknesses and reinforcement areas for
given soil loadings and culvert opening sizes. In the INVESTIGATION mode,
material stresses or factors of safety are calculated for specified struc-
tural geometries and loadings. The program was developed from specifica-
tions furnished by the Corps of Engineers' Computer-Aided Structural
Engineering (CASE) Task Group on Culverts and Conduits. The program fol=-
lows as a minimum the procedures outlined in Engineer Manual 1110-2-2902,

"Conduits, Culverts and Pipes," dated 3 March 1969.

Report Organization

2. This report is divided into the following parts:

a. Part II describes the general culvert and soil system to be
designed or investigated by the program.

b. Part III describes the loads and loading combinations used
for design and/or investigation.

c. Part IV describes the structural model of the culvert used to
determine internal forces.

* Three sheets entitled "PROGRAM INFORMATION" have been hand-inserted
inside the front cover of this report. They present general informa-
tion on the program and describe how it can be accessed. If pro-
cedures used to access this and other CORPS library programs should
change, recipients of this report will be furnished a revised version
of the "PROGRAM INFORMATION."




d. Part V reviews the methods and procedures employed in the
DESIGN mode.

e. Part VI discusses the methods and procedures used in the
INVESTIGATION mode.

f. Part VII describes the computer program.

g. Part VIII presents example solutions obtained with the
program.

Disclaimer

3. As stated above, the program was developed using criteria furnish-
ed by the CASE Task Group on Culverts and Conduits. The design procedures
and philosophy embodied in the program do not necessarily represent the
views of the author.

4. The program has been checked within reasonable limits to assure
that the results are accurate within the limitations c¢f the procedures em~
ployed. However, there may exist unusual situations which were not antici-
pated which may cause the program to produce questionable results. It is
the responsibility of the user to judge the validity of the results, and no

responsibility is assumed for the design or behavior of any structure based

on the results of this program.




PART II: THE SYSTEM

General
5. A cross section of the general system used in ‘the development
of the computer program is shown in Figure 1. It was assumed that the
conditions depicted in Figure 1 permit a planar analysis of a unit slice

to be representative of the behavior of the three~dimensional system.

Culvert

0. The culvert, shown in Figure 1, is assumed to be a monolithic
reinforced concrete structure possessing the following characteristics:
a. The thickness of the horizontal roof slab, T(l), is con-
stant throughout the width of the structure.
b. The two exterior vertical walls have the same thickness,
T(2).
<. All interior vertical walls have the same thickness, T(4).
d. The horizontal base slab has a constant thickness, T(3),
throughout the width of the structure.
€. The culvert encloses one (1) to nine (9) openings (1 <
NCELLS < 9).

The height of all cells (RISE) is constant.

Ire

g. 1In the DESIGN mode the cells are assumed to have the same

width (WIDTH(I) = constant).

=y

In the INVESTIGATION mode cell widths may differ.

i. 45° haunches may be specified at the intersections of ver-
tical and horizontal elements. Haunches of equal size, H,
are assumed to exist at every intersection.

The elevation of the invert, ELINV (Figure 1), is assumed

fa.

to be fixed. Adjustments in member thickness which occur

during the DESIGN process may result in variations in the

elevations at other locations in the structure.

- e W o
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Reinforcement

7. Non-prestressed reinforcement is assumed to exist in each cle-
ment of the culvert. The location and amount of reinforcement depends
on the mode-~DESIGN or INVESTIGATION--in which the program is operating.

8. In the DESIGN mode the program determines the reaquired area of
reintoreement in each element. A singly reinforced cross scotion is
assuncd with the location of the reinforcement dictated by the amount of
concrete cover provided as input for cach surface as follows:

a. Exterior surfaces.
b. Interior surfaces of roof and exterior vertical walls.

Interior surface of base.

le

Interior vertical walls (if zero is specified for these

1=

walls, the reinforcement is assumed to be at the center of
the walls).
©“. In the INVESTIGATION mode reinforcement areas are input for each
member to be considered. In the INVESTIGATION mode doubly reinforced

sections may be described.

Culvert Material Properties

10. The following material properties are provided as input, calcu-
lated by the program, or defined internally.
a. Concrete ultimate compressive strength
fé (psi) (input)
b. Concrete working stress

f = 0.45 f' (calculated)
ca c

c. Concrete unit weight
w (pcf) (input)

d. Concrete modulus of elasticity

T
E = 33 vw ' (psi) (calculated)
(94 C
¢. Concrete ultimate strain

£' = 0,003 (set)
c

f. Concrete Poisson's ratio

v = 0.2 (set)

11




g. Reinforcement yield strength

fy (psi) (input)

h. Reinforcement working stress

f = 0.5 f (calculated, < 20 ksi)
sa y
i. Reinforcement modulus of elasticity

6 .
ES = 29 x 10 (psi)* (set)

3. Modular ratio

n =E /E (calculated)
s’ ¢

Soil

11. The culvert is assumed to be imbedded in the general soil sys-
tem shown in Figure 1. The soil system is assumed to be composed of one
(1) to three (3) horizontal homogeneous layers. Each soil layer is
characterized by:

a. The elevation (ft) at the top of the layer, ELLAY ( ),
Figure 1.

b. The moist unit weight (pcf}.

c. The saturated unit weight (pcf).

12. The effective unit weight of the soil is determined by the pro-
gram according to the position of the groundwater elevation. For soil
above groundwater level the moist unit weight is used. For soil below
groundwater level the unit weight of water is subtracted from the satu-
rated soil weight to obtain the effective soil weight.

13, sSubsurface soil layers may begin at any elevation. However,
the elevation of the top soil layer must be at or above ELINV., The low-

est soil layer described is assumed to extend ad infinitum downward.
Water

14. Two water effects are considered by the program.

* A table of factors for converting inch-pound units of measurement to
metric (S1) units is presented on page 6.

12
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Groundwater

15. Groundwater level, GWATEL (Figure 1), may be at any elevation.
Groundwater has the dual effect of altering the effective unit weight of
submerged soil and of imparting hydrostatic loads on the external sur-

faces of the culvert.

Internal Water

16. In the DESIGN mode the cells of the culvert are assumed to be
empty. In the INVESTIGATION mode effects of internal water are imposed
on each of the standard load cases by specifying the elevation of the
water level in each cell. 1If the internal water elevation in a cell is
below ELINV, that cell is assumed tc be empty. An internal water eleva-
tion in any cell above ELINV may result in hydrostatic pressures on all

internal surtaces of that cell.

Surface Surcharge Load

17. A uniform surcharge load may be imposed on the ground surface,
SURCH (Figure 1). This surcharge iocad permits accounting for effects on

the ground surface such as pool water above a clay blanket, weight of a

structural slab or pavement, or weight of rock overburden.




PART III: LOADS ON CULVERT

General

18. Loads acting on the structure are separated into three cate-
gories:

a. Standard Loads--loads imparted by soil, groundwater, surface
surcharge, and weight of the structure. The magnitudes and
distributions of these loads are determined by the program.

b. Special Loads-~loads acting directly on individual members.
These loads are described member by member in the input data.

Internal Water Loads--loads imparted by water in individual
cells. The magnitudes and distributions are calculated by
the program and superimposed on the Standard Loads.

1o

19. In the DESIGN mode only the Standard Loads are considered.
These loads are self-equilibrating in the horizontal direction and do
not produce an unbalanced moment resultant.

20. 1In the INVESTIGATION mode the structure may be subjected to:

a. Standard loads.
b Standard loads with internal water loads.
c. Special loads with all loads provided as program input.

Standard Loads

21. In the following paragraphs the procedures used to determine
the magnitudes and distributions of the loads due to the surface sur-
charge, soil, water, and structure weight are described. As will be
discussed later, the relative magnitudes of these loads may be altered
by application of load coefficients. Unit coefficients are assumed in
the development below. Loads and distributions are shown schematically

in Figures 2, 3, 4, and 5.

Surface Surcharge Load

22. Pressures due to the surface surcharge are uniformly distributed

14
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[ SOIL SURFACE
Y e 77A77 ELLAY (1)

SLPRTP

(TITITITTT1T11T1Y¥

TOPEL

./—— GWATEL

? SOIL LAYER

BOUNDARY
//,7 -
SLPRRBT
a. Soil surface above TOPIL
z TOPEIL
SOIL SURFACH
ELLAY (1)
2 _ siereT
b. Soil surface helow TOPFL
Fiqure 4. Soil pressures (see Table 1 for effect of pres-

sure coefficients and load factors)
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Figure 5. Structure Weight
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¢. Member coordinates for
horizontal member

LEFT JOINT

/— (ORIGIN)
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h. Membher coordinates for
vertical member

Figure 6. Joint locations and member coordinate systems
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on the top and external vertical surfaces of the culvert, as shown in

Figure 2.

Groundwater

22. The magnitude and distribution of hydrostatic pressure duec to

groundwater depends on the groundwater elevation, Figure 3.

GWPRTP = (GWATEL - TOPEL)‘YW
(GWPRTP = 0 if GWATEL i.TOPEL)
GWPRBT =

(GWATEL - BOTEL)'YW

soil

24, Vertical and horizontal soil pressures on the top and exterior
vertical surfaces, respectively, are egual to the vertical soil pressure
due to the total effective soil weight above each point. Vertical soil
pressure on the top surface is uniformly distributed, Fiqure 4. Horizon-
tal soil pressures on the vertical exterior surfaces may vary,as illus-
trated in Figure 4,depending on the elevations of the groundwater and/or

soil layer boundaries.

Structure Weight

25, The weight of the top slab is applied as a uniform load on the
top members, as illustrated in Figure 5, where

DWPR = w*T(1)
The weights of the vertical walls are applied as concentrated lcoads, Figure
5, at the "joints" (see section on structure modeling) at the base slab,

where

)
1]

weT(2)*RISE

and

W

D

I we*T (4) *RISE

The weight of the base slab is assumed to have no influence on the inter-

nal forces in the structure.

18
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Load Coefficients

26. Relative magnitudes of the unit pressures described above may
be altered by specifying pairs of vertical and horizontal pressure co-
efficients, CV, CH, respectively. The combination of pressures altered

by these coefficients is referred to as a Standard Load case. Up to
four (4) Standard Load cases are permitted. These Standard Load cases

allow compliance with the provisions of Reference (5).

Load Factors

27. 1If the sD method is used, relative magnitudes of the above loads
are also amplified for live load and dead load factors, FLL and FDL, re-
spectively. All loads except those due to structure weight are consider-
ed to be live loads. Table 1 shows the various effects of Load Coeffi-

cients and Load Factors on each component of the Standard Loads.

Special Loads

23. Up to four (4) Special Load cases may be described for the
INVESTIGATION mode. These loads are considered separately from any Stan-
dard Load cases which may be present. Special loads are applied directly
to the members of the culvert and their description is related to a coor-
dinate system defined for each member, as shown in Figure 6. "Joints" of
the structural model are defined at the intersections of the centerlines
of the vertical and horizontal members, as shown in Figure 6a. A coordi-
nate system is then defined for each member, as shown in Figure 6b. For
purposces of describing Special Loads, a member 1s assumed to extend be-
tween the limits shown in Table 2. Eight load types are available for
special loads, as shown in Figure 7. Member loads are positive if they
act in the positive member couordinate direction. In all cases shown in
Figure 7, the dimensions defining member loads must satisfy the following
restrictions:

Ll < Dl < L2
Dl < D2 < L2

where L1 and L2 are the member limits given in Table 2. Several of these

19




TABLE 1

Load Multipliers

Culvert Multiplier

Load Component Member WSD sD
. Top 1 FLL
Surface Surcharge

b d Ext. Vert. | (CH/CV) | (CH/CV)-FLL

Groundwater All 1 FLL

. Top cv CV-FLL
Soil Ext. Vert. CH CH-FLL
Structure Weight All 1l FDL
Internal Water All 1 FLL
(Investigation Only)
Special Loads All 1 FLL
{Investigation Only)

20
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distributions may be applied to a single member. Loads applied in the

member x direction are assumed to act along the member centerline.

Special Load Coefficients and Factors

29. The loads described for each Special Load case are used without
alteration for WSD. All Special Loads are assumed to be live loads and

are multiplied by FLL (see Table 1) for SD.

Unbalanced Loads

30. As stated previously, Standard Loads for DESIGN are self-
equilibrating in the horizontal direction and have no resultant moment.
However, a vertical force equal to the resultant of soil, water, and
structure weight loads must be applied to provide for vertical equili-
brium. Special Loads may be described which produce unbalanced horizon-
tal, vertical, and moment resultants. In addition, when internal water
is present and is combined with the Standard Loads in the INVESTIGATION
mode, the combination may produce unbalanced vertical and moment resul-
tants. The manner in which forces are added to place the structure in
total equilibrium depends on the mode--DESIGN or INVESTIGATION-~in which

the program is operating as described below.

Reactions for DESIGN

31. Only Standard Loads are used in the DESIGN mode, hence only a
reaction equal to the resultant of the vertical loads due to soil, water,
and structure weight is required. The magnitude of this reaction depends
on the load coefficients described for each Standard Load case as well as
on the Method--WSD or SD--employed. The equilibrating reaction for the
resultant for each Standard Leoad case in the DESIGN mode is assumed to be
provided by a distributed foundation reaction acting on the base of the
structure. Three (3) options are provided for describing the distribu-
tion of the hase reaction, as shown in Figure 8. The user sclects which
distribution is to be used by providing values of two parameters I and J.
The values of I and J indicate the relative magnitudes of the vressures
at the edge and centerline, QF and QCL, respectively, as shown in Figure
8. Determination of QOF and OCL required to equilibrate the resultant VvV
of the soil, water, and structure weight is shown in Table 3.

23
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Figure 8. Base reaction for design
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Reactions for INVESTIGATION

32. In the INVESTIGATION mode combinations of Standard Loads and
internal water, or Special Loads, may produce unbalanced horizontal,
vertical, and moment resuitants. Prior to solution, four (4) resultants
for each load case are established:

H

resultant of all horizontal forces;
HM = resultant moment, about the lower lefthand joint

(Figure 6a), of all horizontal forces;

<
il

resultant of all vertical forces: and

VM = resultant moment, about the culvert centerline, of

all vertical forces.

When unbalanced resultants are encountered, it is assumed that equili-
brants of these unbalanced resultants are produced by forces acting
only on the horizontal members of the culvert as described below. The
user has the option of specifying self-equilibrating loads on the struc-
ture via the Special Load cases, in which case no additional reactions

are necessary.

Reactions for H and HM

72. Unbalanced resultants, H and HM, due to horizontal loads are
equilibrated by uniformly distributed horizontal forces on the top and

bottom members of the culvert, as shown in Figure 9.

Reactions for V and VM

34, Unktalanced resultants, V and VM, due to vertical loads are
equilibrated by vertical distributed forces acting on the horizontal mem-
bers of the culvert. It is implicitly assumed that these reactions are
due to pressures exerted on the culvert by the surrounding soil; hence
only compressive reactions are permitted. Consequently, the reaction
force may be applied to either the top or bottom of the culvert or to
both, depending on the magnitudes and directions of V and VM. The ex-
tent of the reaction distribution over the top or bottom surfaces depends

on the location of a single force equivalent to the combination of V and

26
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Figure 9. Reactions for unbalanced horizontal forces
for investigation (all directions shown positive)
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VM. The various reaction distributions and magnitudes used in the pro-

gram are shown in Figure 10.
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PART IV: STRUCTURAL MODELING AND ANALYSIS

General

35. The one~foot slice of the culvert is assumed to behave as a
lin~arly elastic, plane frame structure. A matrix stiffness method modi-
fied to account for conditions at the intersections of the members is
used to analyze the structure. This method includes the effcects of
translations and rotations on the internal axial forces, shears, and
bending moments. The effects of distortions due to shear stresses are
included in the assessment of member force-displacement relationships.
The stiffness method is well documented and only a summary description

is provided below.

Structural Modeling

3(,. The culvert slice is reduced to an assemblage of line frame mem-
bers which lie along the centerlines of the culvert walls and slabs.
Joints are defined at the intersections of members. Joint and member
numbers usecd 1n the program are shown in Fiqure 11. Lach joint 1t

structure undergoes three displacement comporents:

u - translation in the global x direction
v - translation in the global y direction
6 -~ rotation (positive counterclockwise).

Member Dcsqription

37.  Fach member in the frame is assigqred a local coordinate system
as described previously, Figure ¢, and is assumed to extend boetween the
limits defined in Table 2. As described in Feforences 1 oandl 4, tainate
member size near the joints is accounted for by asorananag anfanate sl
and flexural stiffnesses to portions of the membors an the vicinity o

the joints. F oexible and riqgid member representations are allantyoted an
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Figure 12. The lengths of these rigid portions beyond the joints associ-

55

ated with each member are established from the thicknesses of the walls
and slabs of the culvert (see Figure 12 and Table 2). The procedure re-
commended in Reference 1l is used for calculating the lcngths, Tl and ?2
(Figure 12b), of the rigid portions between the joints. ‘This procedure
is shown in Figure 13. Fach member then consists of two rigid vortions
and a flexible length between joints; members connected to external cor-
ner joints also contain rigid sections between the joint and the exterior

surface of the structure.

Member Forces at Joints

38. Free body diagrams of various parts of a typical member are
shown in Figure 14 with force and displacement components shown o the
member coordinate directions. The torces at the joints in the oxternal
rigid sections are unaffected by joint displacements.  Foroes ot the
ends of the internal portion are composed of two parts:  those ue to
joint displacements and those due to member loads i lied botween qcints.
Petermination of the contribution of applicd mendar doads to the gnter-
nal end forces (fixed end forces), including the offects ot the riaid
lengths 1s illustrated in Reference 1. The part of the anternal ad
forues resulting from joint digplacements as related to the rian: andd
flexibile lengths of the member, s shown o on Piroaare )

101rgwj>lsljg.«ygwg;.
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Figure 15. Member force-digplacement relationship:
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This sct of simultaneous equations is solved for the joint displacements.

Member Internal Forces

40. when a solution for joint displacements has been obtained, the
total end forces on a member between joints may be evaluated as the sum

of the forces due to joint displacements and the fixed end forces. The

total member end forces and the member loads are then used to calculate

axial forces, shears, and bending moments at other points in the member.

Interval Spacing for Member Forces .

41. Member internal forces for either DESIGN or INVESTIGATION are
calculated at intervals along each member as follows: ¥

Roof Members

At the structural joints.

j

b. At the faces of perpendicular members.
c. At the ends of haunches.
d. At the centerline of the clear span.
e. At one (1) or two (2) additional points between haunch and
centerline of clear span. !
f. At the points of application of each concentrated load for
Special Load cases.
g. At the beginning and end of each distributed load for

Special Load cases.
h. At the beginning and/or end of the distributed reaction for
each Special Load case.

Exterior Vertical Members

Same as for roof members (a through g).

I

o

At the elevation of each soil layer boundary intersecting
a vertical member.

At the elevation of the groundwater, if groundwater inter-

6o

sccts the member.
d. At the level of internal water in the adjacent cell, if

internal water elevation intersccts the member.
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Interior Vertical Members

a. Same as for roof members (a through qg).
b. At the eclevation of internal water in cells to either side

of the member.

Base Members
Same as roof members (a through h).

a.
b. At the location of the apex of nonuniform base reaction for

DESIGN (if apex falls within the span of the member).
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PART V: DESIGN

PART V-A: DESIGN ITERATIONS

General

42. In the DESIGN mode the computer program selects, by either WeD
or SD procedures, thicknesses and reinforcement areas for the roof, ex-
terior walls, base, and interior walls required to sustain one or more
standard load cases and to satisfy limiting thicknesses and reinforce-~
ment areas provided as input. The general iterative procedure described
below required to arrive at final design dimensions is the same regard-
less of the method, WSD or SD, employed. Details associated with the

WSD or SD methods are described subsequently.

Initial Conditions

43. As discussed in Part 111, the loads acting on the structure de-
pend on the structure dimensions. To begin the iterative process, the
dimensions of the structure are established with all members having the

minimum allowable thicknesses provided as input.

Loads and Member Forces

4. Trial member thicknesses allow the soil and water loads and
appropriate base reactions for each standard load case to be determined.
A stiffness analysis, Part IV, is performed for the trial geometry, and
the bending moments, shears, and axial forces are calculated at the

intervals described in Part IV for ecach member for c¢ach load case.

Flexurc Calculations

4%. Each member is analyzed for the bending moment, shear, and axial
force produced at each point by each load case. 1f the trial thickness

satisfies all flexural stress or flexural strength and reinforcement

39

H
i
}



requirements at every point, no alteration of that member is required.

If one or more members fail to satisfy flexural requirements, the con-
trol thickness (roof, exterior walls, base, or interior walls) correspond-
ing to the delinquent member is increased by one (1) inch, and the flexurc
investigation is repeated starting with loads and members forces describ-

ed in paragraph 44 above.

Shear Calculations

46. After a trial geometry is established which satisfies all flex-
ure requirements for all load cases, the structure is investigated for
shear strength. If one or more members fail to meet shear strength re-
quirements, tne control dimension associated with the delinquent member
is increased by une (1) inch, and the entire process beginning with
loads and member forces, paragraph 44 above, is repeated. A complete
cycle through flexural and shear computations is defined as one design
iteration. The program will perform twenty (20) iterations without inter-
ruption. If a final design is not achieved, the user is offered the op-
tion to continue for additional iterations or to examine the results from

the last iteration performed.

Reinforcement Areas

47. Reinforcement areas are calculated for final desian thicknesses
which satisfy both flexurce and shear requirements. Although only a sing-
ly reinforced section is used for design calculations, multiple load
cases may require reinforcement in both faces of a member at a single
location. The maximum reinforcement area required in cach face at cach
point is reported for the final design. If zcro reinforcement is calou-
lated at a point, the program reports "MIN" area at that location accord-

ing to the sign of the bending moment.
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PART V-B: WORKING STRESS DESIGH

(WSD) FOR FLEXURE
Genzral

43. Figure 16 shows a typical cross section, strain and stress dia-
grams, and the notation used for WSJ. Also shown are stress and strain
relationshivs for the assumed linearly elastic behavior. The cross sec-
tion width, b, is equal to one (1) foot; the reinforcemcnt cover, dc' is
provided as input; and the section depth, hi' is the trial depth used to
establish forces r and M as discussed in Paft V-A. If the trial depth,

hi' is insufficient to satisfy all requirements outiined below, the sec-

tion depth is increased by one (1) inch.

Uncracked Section

49. 1If the eccentricity, e (Figure 16), is less than or equal to hi/e,
then the entire cross section will be in compression. Because compres-
sion reinforcement is excluded :‘rom design consideration, a plain con-
crete section must carry the applied load and mcment. The maximum stress

in the concrete for this case is obtained from

P 1
f = }T + _.L;]/_&
c 1 .
(bh /12)
or
P be
£ == 11+ (V-1 1)
c bh [ h !
50. If f 1is less than or equal to the allowable concrete stregs f
% '
and the axial force P is less than or caual to pA = (L 212% bh (Reforence
2), trial depth, hi, is sufficient and no further caloculations are re-
quired. However, if fu is orcater than f . or b is greater than b, the
> Cy I

section depth 1s increased by one (1) inch.
Cracked Coction

51.  When the cccentricity, o, 1s greater than b /6, a fully cracked
1
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ca s sa
and Aqg_Asm; where fsa is the allowable tensile stress in reinforcement;

section must satisfy simultaneously the conditions: fcg f ; £ <f

AS is the required reinforcement area; and Asm is the smaller of the i
maximum allowable reinforcement area provided as program input or the
reinforcement required for balanced design under flexure alone.

52. The trial depth is initially assumed to contain the maximum
allowable reinforcement area Asm' Under this assumption material
stresses are obtained as follows (see Figqure 16 for notation):

a. Location of neutral axis from summation of moments

about P at eo
3 2
¢ + 3ec + o6n A (d +e)(c -d)y/b=20 (V-B.2)
o sm )

Neutral axis is located by smallest, real positive root

of Equation (V-B.2)}.

1

Concrete stress from summation of axial forces

f = P/[bc/2 - n(d ~c) A /c] (V-B.3)
c sm

c. Reinforcement stress from strain compatibility

f =1In{d - c)/c] f (V-B.4) '
s C

53. 1If either £ > f or £ > f , the section depth is increased 1
c ca s sa '

by one (1) inch.
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PART V-~C: STRENGTH DESIGN (SD) FOR FLFXURE
General
54. A typical cross section, with stress and strain diagrams arld no-
tation, is shown in Figure 17. The cross scction has b cqual to one (1)
foot; the reinforcement cover, d , is provided as input; and the scction
¢

depth, hi' is the trial depth used to establish forces P and M, bart V-i.

Maximum Permissible Reinforcement Arca

55. Maximum permissible reinforcement area, A, for Sh must satisty
sm

two requirements.
a. A < A provided as input.
= sm smax
b. A < R A where Asb is the reinforcement area which

sm max sb'
would produce balanced (Reference 2) conditions under tlox-
ure without axial load; and Rmax is a permissible reintorce-
ment ratio provided as input.
56. For balanced conditions under flexure without axial load (scc

Figure 17)

a=¢_d"/{e' + )
1 c c 3%
where fl = 0.85 for fég 4000 ps
fl = 0.85 - 0.05 (£'/100u =~ 4) > 0.65 for ' - quho pay
c ¢
A = 0.85 ' a/f
sb IS y

strength Reduction Factor--1

57. It a nonzero value for strength reduction factor §ois previded
as input, that value is used without alteration for all caloulation:,
Otherwise, the strength reduction factor |1s caloulated by the pronam

from (Reference 3)

e D0Y = 2p/(f bh)y Z 0.7 (V-
e
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Cheo koo Inrtaal e tion Deg thi =
58.  For the tmitial scection depth b, the imelnoolon ol the compres-—
s1on block a 1s obtained as tollows: \

a. Jdnmation of moments dbout boat e

..
ULy F ba tasl v e - A ' (4 v e ) .
[ T L AN (]
(934
/2 T
4 T ove o+ 2A Gl e e e e - A
(6] b3 B o o
b. Summation of axial forces
dP= 2 {0.8% ' ba - A c [
N v NI
59. If ¢PN S bPand P - 0.8 »lo.dh fU A ], the anatial Jdeptroa o .
[ o 1 n
adequate and no further calculations are necessary.  otherwise the oo .

tion depth 1¢ increased by one (1) inch.




PART V-D: DESIGN FOR SHEFAR
General
60. shear force at a section is assumed to be carried by shear
stresses in the concrete; no vertical shear reinforcement is used. Three
drfferent methods are provided for determining the allowable concrete

shear stress tfor either WSD or SD as described below.

Allowable sShear Stress by ACI 318-63

ol. ACI 318-63, Reference

shear stresses v

(o

and shear force V.

a. For WSD

(2), specifies the following allowable

for a section subjected to bending M, axial force P,

v = vf' + 1300 (A /bd)(vd/mM*} (Vv~D.1)
ca < S
where M' = M ~ I'(4dh - 4)/8 and Va/M' < 1
with
v < 1.75f' W1 + 0.004 p/(bh)
ca «
. For &L
v =2 l1.9 0 FY + 2500 (A /bd) (VA/M') ) (V-D.2)
Ca < 5
with
v < #03.57T" V1 ¥ 0.002 p/(bh))
A c
(liote § is ecither input value or ¢ = 0.85 if input value is
Zero.)

Allowable thear

stress by University of Illinols Report 440

62. U~of-1 report

stress qgiven by

440,

Reference (1), indicates an allowable

(V-1

shear

1)

——




where ¢ = 0.5 for WSD and ® = 1.0 for SDh; and Qm = clear span face-to-
I

face of supporting members, neqglecting fillets.

Allowable Shear Stress by University of Tllinois

Report 164

€3. U-of-I Report 164, Reference (4), provides an allowable shear

stress for workina stress design given by

11000 (0.046 + v) <l2 +

1
v = = et
ca SF (19 s i;) ( i)
d
where
p = tension reinforcement ratio, I = axial load;

Vv = shear force at point of contratlexiare;

£' = distance between points of cortraflexure; and

SF = safety factor.

Shealr Loestoan ot
A SRSALLN ;

64. Three shear desian op tlons are nr oo b0 0 0 e v b gl s

terior members:

Option

Option

Option

to

Design by ACI €3 only, with critical secstions at
from face of support.  Menper:s with A nLlh =
i
(1.e., "deep” member:s, Helerermse o3 gre not covered
by ACT 3. culverts with membeors in thys category
are not accoormmodated by the computer jrodram toan
option 1.
For -njd -9, dllowable shear stress by ACl 63; for
Vn/d < 9, allowable shear stress by U-of-1 440 with
critical sectilons ot o015 T
1
(For wWobh only.) ‘Ytor « /4 - 9, allowable shear

n
stress by ACT 63; for +» /d - 5, allowable shear
n
stress by U-ot-1 440; for % - . /3 - 9, allowable
n

shear stress by U-of-1 164 provided twe potngs of
contraflexure exist in the «lear span of the member
14

with ' - 0.6 ¢ and the allowable shear stres: by
n
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U-of-1 164 is less than the allowable by U-of-1 440
for the same %n/d.

65. All interior vertical walls arc designed by ACI 63 exclusively.

Required Depth for Shear

66. The allowable shear stress from the option exercised is compar-

ed with the actual shear stress

VC = V/ (bd) (V-D.5)

where d = h, - d . If v is less than or equal to v , the initial
i c c ca

depth hi is adequate. If vc is greater than Vca’ the section depth is

increased by one (1) inch.




PART V-E: FINAL REINFORCEMENT AREAS
General
67. When values have been determined for the four controlling thick-

nesses (roof, vertical exterior walls, base, and interior walls) which

satisfy all flexure and shear requirements, final reinforcement areas

are selected.

WSD Reinforcement Area

68. Required reinforcement area for WSD 1s selected for reinforce-

= 1 = o - Fi .
ment stress fS fsa(notlng fC fc/(d c)]fsa/n, igure 16)

a. Neutral axis is located from summation of moments about AS

c fsa bc c
d-c 2 W3 o rare) =0
or
3 2
c - 3d¢ - [6Pn (d + e )/ (f b)lc
o sa
+ 6Pn (d + e ) a/(f b) =0 (V-£.1)
o sa
The minimum, real, positive root of ILquation (V-I.l) locates

the neutral axis.

b. Required reinforcement area from summation of axial forces

c sa bc
- —- - P - = 0
d-c n 2 fsa As
or
2
bc
A = ——"— P -5.2
S 2(d - ¢)n /fsa v-1 )

If Ag from Equation (V-E.2) is less than or equal to zero,

only minimum reinforcement is required at that location.




SD Reinforcement Area

69. Required reinforcemert area for SD is calculated as follows,

see Figure 17.

a.

o

Compression block dimension a is obtained from summation of

moments about As

0.85 £' ba(d - as/2) ~ P/¢ (d + e )
c o

or

a=d- Ja> - 20 @+ e )/(0.85 £! bo) (V-E. 3)

Required reinforcement area, AS, is obtained from summation

of axial forces

0.85 f' ba-P/¢ ~-A £ =0
c s Y

oY

A = (0.85 f' ba ~ P/9)/f (V~E.4)
s c Yy

If AS from Equation (V-E.4) is less than or equal to zero,

only minimum reinforcement at that location is required.
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PART VI: INVESTIGATION

PART VI-A: GENERAL

70. In the INVESTIGATION mode the program determines the stresses
and/or factors of safety produced in the various components of the struc-
ture due to standard loads, combined standard and internal water loads,
or to special loads described in Part III. All dimensions of the system
are provided as input and no iteration for compatibility of loads and

geometry 1is necessary.

Loads

71. Loads for Standard Load cases are determined from soil, water,
and structure dimensions as described in Part III. Because internal
water may produce unsymmetric vertical loads, the basn~ reaction for Stan-
dard Load cases is limited to the distributions shown in Figure 10c, e,
f, 1, and j. Special Load cases are treated as described in Part ITI.

72. A stiffness analysis is performed for each Standard and/or Spe-~
cial Load case and internal shears, bending moments, and axial forces

are calculated for each member at the intervals described in Part IV.

Points for Investigation

73. Matcerial stresses and factors of safety due to flexure are cal-
culated and reported for each member to be investigated for cross sec-
tions at the left and right ends of the clear span, excluding haunches,
and at the centerline of the clear span. If reinforcement areas, pro-
vided as input, arc inconsistent with the internal forces at any cross
section, no attempt is made to calculate stresses or factors of safety
at that location. If reinforcement is described for both faces at a
location, a doubly reinforced cross section is employed. 1t should be
noted that unusual loading situations may result in a maximum bending

moment at locations other than those described above.

o= —



PART VI-B: FLEXURE INVESTIGATION WITH WSD

General

74. The typical cross section used for INVESTIGATION with WSD is
shown in Figure 18 along with strain and stress diagrams and notation.
The general states of loading permitted in the INVESTIGATION mode re-
quire consideration of each of the situations described below. Note:
Compression stresses in concrete and compression reinforcement are posi-

tive; tension stress in tension reinforcement is positive.

Shear Force V Only (M = P = 0)

75. All flexure stresses, fc' f;, and fs, are zero for this case.

Axial Compression P Only (M = 0)

76. Stresses are obtained as follows:

a. Transformed gross area

A =bh+ (n - 1A' +A) (VI-B.1)
g s s

b. Concrete compressive stress

f = pP/A (VI-B.2)
c g

c. Reinforcement stresses

i

fl

(n - 1) £ (VI-B.3)
s c

and

iy}
il

-(n - 1) fc (VI-BR.4)

Axial Tension Only (M = 0)

77. The reinforcement alone (fC = () 1s assumed to carry the axial

tension force. Stresses in the reinforcement are

[ T LIS - t
fs i/(hS AS) (VI-8.%)
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and
f = P/(A' + A ) (V1-B.0)
s s s
Uncracked Section With Axial Compression P and Moment M
78. For all locations with axial compression and bending moment,
the initial investigation is made for an uncracked cross section. An un-

cracked cross section is arbitrarily defined as one for which the con-

crete stress at the level of the tension reinforcement is compression,

i.e., ygreater than or equal to zero. The effective depth d at the end

locations includes the depth of the haunch if the haunch is i. compres-
sion.

a. Location of elastic centroid
2
c = [bh /2 4+ (n - 1)(A' d' + A d)]/A (VI-K.7)
s S q
b. Moment of inertia of transformed section

2
IT = bh3/12 + bh (h/2 - c)2 + (n - 1) Aé (¢ - d")

2
+ (n - 1) AS (a4 ~ ) (VI-1.8)

c. Concrete stress at level of tensile reinforcement
f =P/h ~-M (d - )/ (VI-1B.9)
CcS 1
If f s is greater than or equal to zero, the section is un-

cracked.

d. Maximum concrete stress

fC = P/bh + M(:/IT (VI-B. 1

e. Compression reinforcement stress

fé = n{P/bh + M (¢ - d')/IT] (VI-R.11

|

Tension reinforcement stress

£ = -nlP/bh - M(d - ¢)/1 ] (Vi-bB.12)

a
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g “_——“—____“

Cracked Cross Section With Axial Force and Moment

79. 1f the stress from kquation (VI-B.9) is negative (i.e., tension)
tor compression axial force or if the axial force is tension, a fully
cracked cross section is assumed.

a. Location of neutral axis from summation of moments about P

at e (see Figure 18)

£ be c c-d'
- (T +e) + (n-1(E——) f A" (@' + ¢ )
2 3 o) c c s e}
-0 ESS f A @re) =0
c s o
or
c3 + 3e c2 + & [(n=1) A" (d"+e ) + nA (& + e )]c
o b s o) s o
6
- = [(n=-1) A' (d' + e )d' + nA (d+ ¢ )d] =0
b s o) s fe)

(VI-B.13)

Equation (VI-R.13) will not yield positive, real roots if
there is excessive axial tension or if no tensile reinforce-
ment is provided, in which case no material stresses are
calculated. Otherwise, the smallest, real, positive root
locates the neutral axis and material stresses are calcou-

lated as follows.

b. Concrete stress from summation of axial forces
.- 1: 1_‘.
£ obe/2 v =D (S==) £ A =n (=) f A -1 -0
C (&4 S (&4 [ s
or
c ~ 4" d - ¢
fc = P/[bc/2 4+ (n ~1) (-—-—) A' - n b-v—iﬁ A
[ 5 C 5
(VI~B.14)
¢. Compression reinforcement stress
¢ - 4
f'=(n-1)(———) f -
S ) p ) o (VI-1.15)
56
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Tensile reinforcement stress

) f (VI-B.16)
C

d ~-c¢
c
Note: If the location of the neutral axis ¢ is such that
A; is in tension, n is substituted for (n - 1) for all
terms associated with the top reinforcement (Aé) in the

above equations.
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PART VI-C: FLEXURE INVESTIGATION WITH SD
General

80. The typical cross section used for INVESTIGATION with sD is
shown in Figure 19 with strain and stress diagrams and notation. The
capability of a cross section to support the applied forces M and T,
i.e., "Factor of Safety," is obtained by comparison of the "design" capa-
city of the cross section ¢PN, with the applied load P for an cccentric-
ity of the axial load equal to (M/P), or if the applied axial load is
zero, by comparison of the "design" moment capacity ¢MN with the applied
moment M. No attempt is made to determine factors of safety for cross

sections subjected to axial tension.

Interaction Diagram

8l. The generality of loading permitted in the INVESTIGATION mode
requires consideration of numerous combinations of axial force P and
moment M. The axial force-bending moment interaction diagram used for
determining factors of safety is shown in Figure 20. The processes used
to develop the interaction diagram are discussed below.

a. Nominal pure moment capacity--MN
a.l Compression block dimension a, from summation of axial
forces = 0: Because the stress in the compression
reinforcement must be less than or equal to fy, a
direct solution for the compression block dimension a
is not possible if A; # 0. The location of the nceu-

tral axis (i.e., ¢} is adjusted until

0.85 F' ba + A" f'" = A =0 (VI-C.1)
[9) s s s Vv

for £' <« £ .
s T Y
a.2 Nominal moment cajpacity Mu from summation of momenty
L

about A

MoT0LRS 0T ba (d=a/2) + AT (- at) (VI-c..n
< 5005
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b. Axial force PB and eccentricity eq at balance:
b.1l Neutral axis location from strain compatibility with

f /¥ )
Yy s

Il
il

®]
il

VA C N D e ! (VI-C.3)
I C c y

b.2 Compression block dimension

where 61 = 0.85 for fég 4000 psi, or K= 0.85 - 0.05
(£1/1000 - 4) 2 0.65.

o
w

Compression reinforcement stress

A

f' = P¢' = E - ] 1 £
s LiS LS[(CB d )/cB]z.C :

b.4 Balance axial force from summation of axial forces

P =0.85 f' ba_+A' f' - p f (VI~-C.4)
B c B s s s Yy

b.5 Balance eccentricity from summation of moments about

mid-section

0.85 f' ba_ (h/2 - a2_/2) + A" f' (h/2 ~ a")
c B B s s

+ A" f (d-h/2) -P ¢ =0
sy(( /2) B “B

or
e = [0.85 f' ba_ (h/2 - a_/2) + A' f' (h/2 -d4")
c B B 5 S

A f 1 ~ h/2 P VIi-C.5H
+ s Ty (c \/2)1/ B ( C.9)

c. Minimum cccontricity—-o,\1
- i
c.l Maximum axial load PM. Reference (3) limits the maxi-

mum axial load on a section to

£ s

Poo= 0.8 [0.85 f' (bh - A' -~ A )
M [ 3

v f (A + A (VI=ULn)

o}
o

Minimum oucontriv“y——vM. The limitation on axial

load to the value from BEquation (VI-C.6) implies a

ol




minimum eccentricity, Figure 20, below which the scc-

tion 1s to be considered in pure compression.

From summation of axial forces with P = P

0.85 f' ba+A' f' - A £ -P =0 (VI-C.7)
c s S s Yy M

The location of the neutral axis (i.e., ¢, hence a) 1is
adjusted until Equation (VI-C.7) is satisifed with
f' < F .

s T Y
The minimum eccentricity OM is obtained from summation

of moments about mid-section

e = [0.85 f' ba (h/2 - a/2) + A' £' (h/2 - d")
M c s s

+A_ £ (d-h/2)]/P (VI-C.8)
sy M

Flexure Factor of Safety

82. As stated above, if the applied axial force is tension, no
attempt is made to calculate a factor of safety for that location. If

the applied axial force is zero, the factor of safety is defined as

SF = M /M (V1-C.9)

where MN = nominal pure moment capacity, M = applied moment, and | =
strength reduction factor (sece subsegquent discussion for ).

33. For combined axial compression and moment the followina jroce-
dure is used to evaluate the factor of safety dat a cross soction.  The
eccentricity corresponding to the applied loads M and ' ois o - M7b 7L
point corresponding to arplied loads on the interaction diagram 1o 3 lluo-
trated in Figqure 20. The load line (at eccentricity o©) is exteraded te
its intersection with the interaction curve to establish the norional )

capacity }‘Vat ¢ for the scction. The factor of safety 1s dethined o

SF o= fi’w/l‘ (-

Utrength keduction Factor

84. I[f a nonzero value ror @i supplicd as anenat, that calae




used throughout INVESTIGATION with sSD. Otherwise, a value of @ for cacil

cross section is calculated by the program as the minimum (but not less

than 0.7) of

¢ = 0.9/[1 + ZPN/(f(; bh) ] (VI-C.11: ]
or

b= LY - . > /b Vi-oolld

+ 0.9 0.2 IN/ 5 \ 1.
{
]
i
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PART VI-D: SHEAR INVESTIGATION
General ;

85,  shear faoctors of sarety are caloculated at two locations for .

cach member as described below.
Allowable shoear Stress by ACTH O3

S - " ' N - Cerariaes
[RLEIN Allowat Do shiear Stroesses

are determined at o Jdistance d from
the cle oy pan for all members.  Allowable shear stresses

CorLations (V-D.1) for Wsh and Paguations (V=D 2)

Silow s le shear stress by U-of -1 440

700 Allowws | fe-ar ctresses are carculated using fuation (V=i 9

at a distance ool fror ocach end of the clear span.
1

shear Factors of Satoety

. The actual shear stress at cach location is obtalned from
v = V/bd
The shear factor ot safety is given by
sEo- v v
89.  shear factors of safely arce not calculated:
a. I the shear force at a section is zero.
by, 1f axial tension foree is present at the crocs scotion. .

By U-of-T 4o of v 73 - 115,
1

d. by AcT it d Julh o

n’




PART VI1l: COMPUTER PROGRAM

Program Description

90. The computer prouar.m, CORTCUL, which implements the procedures
described above is written 1n FPORTRAN for interactive execution from a
remote terminal. All arithmetic operations are performed in single pre-
cision. For computer systems employing fewer than fifteen significant
figures for real numbers it may be ncecessary to perform some operations

in double precision.

Input Data

91. Input data may be provided interactively from the user terminal
during execution or from a previously prepared data file. When data are
input from the terminal during exccution, prompting messages are provided
to indicate the type and amount of data to be entered. The characteris-
tics of a previously prepared data file are described in the Input bata
Guide contained in Appendix A.

92. When the input sequence is complete, cither from a data file or
from the user terminal, the program offers the opportunity to change any
or all parts of the input data in an BEDL'T mode.

93. Whencver any data are entered from the terminal, the existing
data may be saved in input file format in a permanent file.

94. All input data are checked for consistency at the time of cntry.
liowever, more extensive checking for accuracy is performed on data enter-
ed from a data file. If it is desirable to enter data during execution
from the user terminal, these data should be saved in a data file and
the program should be restarted with input from the saved file. The pro-

gram provides this option at the end of the input data sequence.

Qutput Data

95. Several options are available regarding the amount and destine-

tion of output from the program as deseribed below.

- ——-
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Echoprint of Input Data

96. The echoprint contains a complete tabulation of all input read

from the user terminal or from an input file, with control data calculated

by the program and preset material properties. The user may direct this

section of the output to the terminal, to an output file, to both, or the &

echoprint may be omitted entirely.

Design Results

97. Results generated in the DESIGN mode are presented in threce

parts:

a.

I3

1a

DESIGN THIZKNESGES: A tabulation of design thicknesses for
roof, exterior walls, base, and interior walls with the gov-
erning stress condition (flexure or shear), the member which
produced the required thickness, and the load case dictating
the thickness. This section also contains the concrete area
in the cross section.

DIEISIGN REINFORCEMENT AREAS: A tabulation of required rein-
forcement at each calculation point on each member. Whon
multiple load cases require reinforcement in both faces of a
member at a single location, two lines are printed for that
location giving the maximum reinforcement required along
with the load case, bending moment, and axial force control-
ling the reinforcement area.

DESIGN MEMBER LOAD/FORCE DATA: A tabulation of lateral leoad,
bending moment, shear force, and axial force at cach calcula-

tion point for each member for cach load casc. .

Options for Design Results

98. All design results may be directed to the user terminal or to

the output file containing the echoprint of input data. If the echoprint

of input data was omitted or directed only to the terminal, an output

file for results may be defined and the results may be directed to the
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file, to the user terminal, or to both. Thicknesses and reinforcement
data may not be omitted.
99. Member load/force data may be omitted entirely, or the data for

any or all members may be selectively output.

Investigation Results i

100. Results generated in the INVESTIGATION mode are separated into
two parts.

a. SUMMARY OF RESULTS: A tabulation of bending moments and

axial forces with material stresses for WsD or factors of

safety for sSD at the left end, centerline, and right end,
and shear forces and factors of safety at cach end of cach
member to be investigated for each load casc. These re-
sults may be directed to either the user terminal or to an

output file and may not be omitted.
b. MEMBER LOAD/FORCE RESULTS: A tabulation of lateral load,

bending moment, shear, axial load (for special load cases),
and axial force for each member to be investigated for cach
load case. These results may be omitted from the output or

selectively output for any or all members.

Extent of Qutput

101. The number of printed lines of output depends on the options
exercised for a particular problem. Following are estimates of the num-
ber of lines generated by each part of the output described above.

a. Echoprint of Input Data
100 + number of member load data lines for special
load cases
L. DESIGN Thicknesses and Reinforcement Areas
40 + (NCELLS + 1)*WIDTH + (NCELLS/2 + 1)+*RISE
¢.  besign Member Load/Force Data: For cach member selected
for output for each load case selected

10+ WIDTH for horizontal members

10 + RIE for vertical members
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d. Summary of Results for INVESTIGATION
14 lines for each member investigated
e. Member Load/Force Results for INVESTIGATION
Same as for DESIGN Member Load/Force Data
102. when multicell culverts are DESIGNED or INVESTIGATED for multi-
ple load cases, it is recommended that the output be saved in a perma-

nent file and subsequently listed on a high speed printer.
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| PART VIII1: EXAMPLE SOLUTIONS

General

103. Presented below are example solutions demonstrating the use of
the program for both DESIGN and INVESTIGATION of orthogonal culverts.
Cutput from the program and supporting information are presented in Apon-

dix B.

Design of one Cell Culvert

104. The one cell culvert shown in Figure B-1 was desianed tor three

situations. For the first case data were entered from the terminal Jdur -

ing execution. Program prompts (upper case) and user response (lower
case) are shown on pages B4 and B5. When all necessary inpat data have
been provided, the program offers the opportunity for the uscr to et -
the input data, to save data entered from the terminal in a permanent
file, and tn view an echoprint of the input data. In this case an e no-
print only at the user terminal was requested. The echoprint 16 shown on
pages B6 and B7. It should be noted that the c¢choprint also includes
material properties (working stresses and moduli) calculated or preset by
the program usced during the design process. Appended to the cochoprint g
a schematic of the culvert with coordinate systems and sian conventions
required for interpretation of output data, page B, subscauent to tha
cchoprint, the user is offcered the opportunity to continue or abort th
solution of this problem. If the uscer elects to abort at this point, the
progyram ofters the opportunity to edit the input data just com leted, 1
restart the program, or to terminate the run entirely. It the usor cles b
to continue the solution, the program requests information reaardineg -
tionation of results; as indicated on page BR, results werc printed
the terminal.

105, FPollowing a repetition of the problem heading, b0 rooalt,
padges BY through F11, consist of throe parts: fenian thloknesoe s tor e
appropridate pdrts of the structnre along with the load oo, ctyore o=
dition, and the member dictating the required thickneos . Adoo provide:

i the gross concreto area in o the stroacture crose oo Uron e i s
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haunches. The second section of the DESIGN results presents the required
reinforcement area and location of the reinforcement at each calculation
point. (Note that locations of reinforcement are described as "TOP" or
"BOT." Top and bottom for horizontal members are self-explanatory; top
and bottom of vertical members are the left and right sides, respective-
ly.) Reinforcement areas reported as "MIN" indicate that the plain con-
crete section is sufficient to carry the load at that point. These data
are presented for the left half of the symmetrical system. The third
part of the DESIGN results is a tabulation of loads and intcrnal forces
at the joints of the member and at the calculation points, page Bll.
These data are optional and may be output selectively for any or all
members in the culvert or may be omitted.

106. After all output is complete, the user has the opportunity to
revise the input data for the problem just completed, page B1l2. To illus-
trate the edit feature of the program, the input data for the one cell
culvert design were altered, as shown on pages B1l2 and B13. oOnly the
problem heading and the standard load case pressure coefficients were
altered; all other data remain unchanged. An echoprint of the amended
input data and the DESIGN results are shown on pages R14 through Bls#.  As
indicated on page B13, when output is complete, the input data may again
be revised, the program may be restarted, or the run may be terminated.
The notation "NORMAL TERMINATION" indicates that all files generated by
the program have been placed in permanent status. Any intervention by
the user or other abnormal termination prior to this message may result
in loss of files genecrated by the program.

107. The culvert in cach of the preceding examples was desianed for
a single load case. A working stress design of the one cell culvert tor
two load cases is illustrated on pages B1Y through K27, In this case,
input data were stored in a permanent file, listed on page B2O, prior to
rxecution.,  Program prompts and user responses are cshowi on bage B1O,
For this problem all output data were directed to a permancnt filoe which
was subseqguently listed after normal termination of the program.  The
~vhoprint of input data is given on pages B21 throwgh B2 and DEDICN re-

sults are provided on pages B24 through BR27.0 0 Sianificant difforences an

DEETGN results for maltiple load cases occur in the tabulation of desian




reinforcement data, pages B24 and B25. Load cases may produce reversal
of bendirjy at a single point, in which case tension reinforcement in each
face of tne member is required at that location. The maximum reinforce-
ment required in each facv at each point is presented. DESIGN load/force

data were selectively output for both load cases and are given on pages

B26 and B27.

S

108. 1t should be noted that the lateral load indicated on the base
members of the culvert is the total reaction (soil and water, excluding

base slab weight) calculated by the program.

Six Cell Culvert Design

109. The six cell culvert shown in Figure B2 was designed for two
load cases by the ACI strength design procedure. Input data were stored <

in a permanent file, listed on page B3l, prior to execution. Program N

prompts and user responses required to execute the program are shown on
page B30.

110. The e¢choprint of input data is shown on pages B32 through B34.
The necessary material property parameters for ACI strength design re-
place those previously noted for working stress design. The notation
that the strength reduction factor (¢) is "VARIABLE" indicates that this
factor is calculated by the program at each point in the structure. The
notation that the reinforcement cover for interior walls is "CL" indi-
cates that a single reinforcement area is to be considered at the center-
line of these members.

111. DESIGN results are contained on pages B35 through R42. The ro-

sults indicate that the design thickness of the interior walls was dic-

tated by the minimum thickness for these walls supplied as input and not '

by the applied loads.

Three Cell Culvert Investigation

112. The three cell culvert shown in Figure B3 was investigatoed ton

two standard load cases using the ACI Strength Design Procedure.  Input

e mgiont - 1o

data were stored in a file, listed on page B46, prior to execution.
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Program prompts and uscr responses required to execute the program are
shown on page B45.

113. The echoprint of input data is shown on pages B47 through B49.
As indicated in section 1l.F of the echoprint, six members were selected
for investigation. Because the structure and loading are symmetric,
these six members are sufficient to indicate the response of the cutire
structure. Note also that no foundation reaction coefficients arc pro-
vided, since the program determines the foundation reaction distribution
from the applied loads (uniform in this case).

114. oOutput data, pages B50 through B54, consist of two parts. A
summary of results, pages B50 through B53, provides the forces and attoen-
dant factors of safety for each member designated for investigation. fe-
cause the strength reduction factor was not specificd as input, the
strength reduction factor determined by the program 1s also printed.
These data are output for ecach load case. 1t should be emphasizea that
the results for three locations may not coincide with a local maximum
stress condition.

115. The summary of results may include one or more of the foliowing
messages:

a. "FACTOR OF SAFPETY UNDEFINED DUEF TO TENSTON AMIAL FOoRCE ok
4ERO TENSTON REINFORCEMEWT'™
No attempt is made to calcvulate a flexure factor of satoty
under these conditions. Tension axial rforce may boe produc-
ed by high internal water pressurcs or by unusual spoecaal
load cases.

b, "FACTOR OF SAFETY = 'L * MN/M DU T OLRO AXIAL FORCE®
Ordinarily the factor of satety i1s calculated for the nomi-
nal axial load strength at actual eccentricity as indicated
on page BA0 0 T internal water proesouares or specilal load
cases result o in o sero axtal load gt ot pon, the facton ¢

satety 1 based onopare bending strenstn,

CLTEREINSAG U UHEAR TRCCLDURE et N0 i R L e
This meessade 1 qonerated whe never vl .
lle. The gecond jart of oatpat data corearat 0 0t alar oo ot
forces and loads asaoctate Do waith eac b membaer, Thie oo st ot e bt
only for thoso membors deopgnatea for o vt o Me ey




data are optional and may be selected for any or all members investigat-

ed for any or all load cases, see page B45.

Four Cell Culvert Investigation

117. The four cell culvert shown in Figure bd was investigated with 4
the working stress design procedure. Loads werce applied as o single spe-
cial load case which includes concentrated loads on the roof and internal
water in the third cell. Soil loads and the weight of the roof have been
combined into the distributed rwof load shown; weights of the vertical
walls have been applied as distributed loads. Interactive entry of data

» from the terminal is depicted on page B57, and a listing of the predefined
input data file is given on page B59. An echoprint of the input data is
shown on pages B60 through B62. As indicated in part 1.F of the echoprint,
eight members were selected for investigation.

118. The dimensions shown in Figure B4 indicate different covers for
the interior of roof and end wall reinforcement. However, the program ac-
cepts only a single value of cover to describe both locations. For this
illustration the cover for the interior roof reinforcement was used. To
obtain a more accurate assessment of the factors of safety for the end
walls, a second run using the end wall interior cover would be necessary.
Note that cover dimensions do not affect internal forces calculated by the
program.

119. Attention is directed to the reinforcement information provided

for the interior vertical walls of the struc-ture. Part 1.D indicates
the reinforcement for these members is located on the member centerline.
Consequently, it is necessary that botly "POoP” and "ROT1- 0 reanforcement

areas be provided at each location for these membe. aa e total

reinforcement area, see data for member 1, part Lo, page Bol.

120. The output data aqgain consist of two par’-,. e sammary of re- ;
sults gives the internal torces and matertal strocses gt the Loeft and l
right ends and the centerline of the clear s an and shear forocs and
tacturs of safety for cach membor Jdesimated for anvestiigat 1on. IThus

intformation will be pranted ‘or cach loagd cane.
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121. The summary of results may include the following messages:
a. "STRESS UNDEFINED DUE TO EXCESSIVID TENSTON AXTAL FORCE OR
NO TENSION REINFORCEMENT AT SECTION"
This message is generated whenever a tension axial force would result in
tension stress in the concrete over the entire cross section or whenever
zero reinforcement area occurs in the tension face of a member subjected
to bending moment.
g. "NNNNNN-U-OF~-I 440 SHEAR PROCEDURE DOES NOT APPLY FOR THIS
MESSAGE"
This message is generated whenever Qn/d > 11.5.

122. The second part of the output, pages B65 through B67, consists
of a tabulation of loads and forces for each member designated for in-
vestigation. This section of the output is optional. These tabulations
provide the foundation reaction necessary to equilibrate the unbalanced
loads specified in the input data. Whenever a dual value of load and/or
force occurs at a single location (i.e., sudden changes in shear due to
concentrated lateral loads, see results for members 23 and 24) two lines
for that location are printed giving the values immediately to the left

and right, respectively, of the discontinuity.
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Notes and General Requirements for

Culvert Description

1. Culvert (see Pigure 1)

a. The culvert is assumed to be composed of vertical and horizon-
tal, straight, prismatic members.

b. A one foot slice perpendicular to the longitudinal axis of the

culvert is analyzed.

¢. The top slab has a constant thickness--T(1).

d. The end walls have the same thickness-~T(2).

e. All interior walls have the same thickness--T(4).

f. The base slab has a constant thickness--T(3).

g. The height of all cell openings is the same--RISH.

h. Haunches are assumed to be at 45° with the axes of the members
and, if used, are assumed to be the same size for all cells.

1. The culvert is assumed to be composed of 1 to 9 cells.

j. For DESIGN the cell width is assumed to be constant.

K. For INVESTIGATION the cell width may vary.

2. Llevations

| &

Blevations are assumed to be in feet, decreasing downward.
b. The elevation of the culvert invert EFLINV, Figure 1, is fixed.

3. soil
a. The soil surrounding the culvert is assumed to be composcd of
one (1) to three (3) horizontal, homogencvous laycrs for DESTGN;
or, zero (0) to three (3) layers for THVESTIGATION, (Note:
Zero (0) soil layers indicate that all louads are applicd by
Gpecial Load cases.)

b. The top elevation of the uppermost soil layer must be at or
above the elevation of the invert.

<. The tops of other soil layers may be at any clevation.

4. The last soil layer described 1g assumed to extend ad intinitam
downward.

e Two (2) unit wetghts are required ‘or ceach sorl layer.

(1) Moildst Unit Weight, SAMMET, (PCFY 1o ased 10 the coil o

above gronndwater e lewvat porn.

() Saturated Unit Woerahit, GAaMoAT, (e 1o used to et orm ne

H
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Water--"wo water effects are consiacred for ecach Standard Load case.

a.

Standard Loads

a.

b.

special Loads

a.

L.

'nt

.

Load

.

b.

- vy ) for

the submerged unit weight =
s e e (‘submerqod 'sat w

s0i1l below groundwater elevation.

sroundwater--Groundwater elevation, GWATEL, (Figure 1) may be
at any elevation. Groundwater eclevation influences the effec-
tive weight of the soil and hydrosta .ic pressures on the cul-
vert.

Internal Water--For INVESTIGATION water pressures may be im-
posed on the internal surfaces of any or all of the cells.
Internal water pressures are determined from the effective
water elevation specified for each cell. Internal water pres-

sures are not permitted in the DESIGN mode.

only loads Jdue to soil, groundwater, surface surcharge, and
structure weight are used for DESIGN.

Nominal soil and surcharge loads are altered by vertical and
horizontal pressure cocfficients. One (1) to four (4) pairs
of standard load coefficients (nonzero) with cor.. sponding
surcharge and groundwater elevation are required if Standard

Lhads are specified.

Spectal Loads are permittv . only for the INVESTIGATION mode.
Up to four (4) sSpecial Load o ses are permitted. Each load
case may contain up to eighty-four (84) lines of data describ-

ing the distribution of special loads.

Water Loads

. rnal water loads are permitted only in the TNVDESTICATION
mode with standard Loads.  Tf internal water is present, its
effects are combined with all Standard Load cases.

Factor:

I't the D method 1s specitfied, live (FPLID and dead (FDL) load |
factors (nonzero) must be provided. ‘
All sStandard Loads oxcept those due to structure weiaht are
considered to ve live loads,

Al coecial boads are constdered to be live loads.




11.

a.

L.

Reactions for Unbalanced

Loads

For DESIGN, distribution of the base reaction is defined by two

parameters, I and J (see Figure 8), viz:

[:0]0E:QCL

For INVESTIGATION, distribution of reactions for unbalanced

leads is established by the program, see Figure 10.

Member Data for INVESTIGATION

a.

In the INVESTIGATION mode, reinforoement arcas are required for
4

at least one (1) member.

Input Data

a.

o

.\

Input data may be entered during execution from the user's ter-

minal or may be stored in a permanent tile before tle rroqvar

is exccuted. The file name must be one (1) to six (6) alpha-

numerice characters beginning with an alphabetic character.

Data arv read in free field format.

b (1) ALl data items must be separated by one or more blanhes;
comma scparators are not allowed.

Eﬁ2) All variable names beginning with [, J, &, L, M, and N
indioate inteyger values.

b(3) Integer number values must be of form “INHIL

b (4} Real number valucs may be of form XX¥X, XX.XX, X.XMItee.

rach line in a data file must begin with a nonzero integer line

number denoted LN below. Line numbers are not required when

data are entcred during execution from the user's terminal.

Input data lines must be in the sequence described below. Line

descriptors enclosed in brackets [ ] or braces { ! may not be

required.

Lower casce words enclosed by single quotes in the description

below indicate alphanumeric information.

All alphanumeric keywords may be abbreviated with the under-

lined character (s).

Input Data Scquence and hescription

él.

tHeader--une (1) to four (4) lines arc provided tor identif{ying

the run.




r—-———-———-———-—_-—-—————-____“

a(l) Header Line 1
(a) Contents
[LN] NLINES 'heading’

(b) Definitions

—

[LN] = line number (not required if data entered
during execution from user's terminal)
NLINES = total number of header lines = integer 1 '
to 4
‘header' = any alphanumeric information
(c) Total characters on Header Line 1 including LN, NLINES, ]
'heading,' and embedded blanks must be < 80. Blank
'heading' is not permitted.
a(2) Header Lines 2 to NLINES ([data] not recuired if NLINES= }) j
(a) Contents :
{LN] [{'heading') p
(b) Total characters including LN, 'heading,' and cembedded J
blanks must be < 80. Blank 'hecading’ is not permittaod.
E, Mode, Method-~One (1) linc (alphanumeric)
b(1l) Contents 1
[IN] 'mode' 'method' [sHROPT] -
b(2) Definitions
‘mode' = DESIGN OR INVESTIGATION !
'method' = WSD or 8D ; ;
SHROPT = Design Shear Option (see paragraph 64, page 44)
=1, 2, or 3 if 'Modc' - DESTON and 'Method ' = Wal; !
= 1 or 2 if 'Mode' = DESIGN and 'Method' = £D;
omit 1f 'Mode' = TNVESTIGATION
<. Material Properties and Design Factors--one (1) line {(numeriod ‘

c{l) Contents
[IN] PO FY WICONC [RMAX PHIT]

c(2) befinitions

o= ultimate concrete atrenagth (PP91)
FY = reinforcement. yield strenath (Pot)
WICONC = concrete unit welight  (BCF)




“ﬁ

RMAX = maximum steel ratio (0 < RMAX < 1) (A /Asb);
omit if 'method’ = WSD 5

PHI = strength reduction factor (0 < PHI < 1); omit if

'method’ = WSD; if input = zero, calculated by
program for 'method' = SD.

d. Culvert Geometry~-One (1) or two (2) lines
d(1) Control-~One (1) line ‘
(a) Contents %
LN} NCELLS RISE HAUNCH ELINV WIDTH

(b) Definitions

NCELLS = number of cells (1 to 9)
RISE = height of cell opening (FT)
HAUNCH = haunch width (IN.)

ELINV = elevation of invert (FT)
For DESIGN = width of cell openings (FT)

For INVESTIGATION, if > 0 = width of all cell
WIDTH openings (FT)

For INVESTIGATION, if = 0, width of cell open-
ings varies as given in line 2 below

d(2) Cell Widths--One (1) line if 'mode' = INVESTIGATION and
WIDTH = O above; omit if 'mode' = DESIGN
(a) Contents
[LN] [WIDTH(l) WIDTH(Z) . . . WIDTH(NCELLS)]
{(b) Definition
WIDTH(I) = width of Ith cell opening (FT)
e. Reinforcement Cover--One (1) line
e(l) Contents
[LN] COVER(1l) COVER(2) COVER(3) [COVER(4)]

e(2) Dpefinitions

COVER(1) = distance (IN.) from centroid of reinforcement
to exterior surface of all exterior members
COVER(2) = distance (IN.) from centroid of reinforcement

to interior surface of roof and exterior walls

COVER(3)

i

distance (IN.) from centroid of reinforcement
to interior face of base

i

COVER(4)

distance (IN.) from centroid of reinforcement
to tension face for all interior walls: omit
1f NCELLS = 1; reinforcement assumed at middle
of membey if input equal to zero




f. Member Thicknesses--One (1) line
f(1) Contents
[LN}] T(1) T(2) T(3) {T(4)]
£(2) Definitions
T(1l) = thickness (IN.) of roof
T(2) = thickness (IN.) of exterior walls

T(3) = thickness (IN.) of base

T(4) = thickness (IN.) of interior walls; omit if
NCELLS = 1
Thicknesses are minimum acceptable thickness if 'mode’
= DESIGN
Thicknesses are actual thicknesses if 'mode' = INVESTIGA-
TION
g. Maximum Reinforcement Areas--One (1) line if 'mode' = DESIGH;

omit if ’'mode’ = INVESTIGATION
g(l) Contents

[LN ASMAX(1) ASMAX(2) ASMAX(3) {ASMAX(4)}]
g (2} Definitions

ASMAX(1l) = maximum permissible reinforcement area for
roof (IN.2)

ASMAX(2) = maximum area for exterior walls (IN.2)
ASMAX (3) = maximum area for base (IN.2)

ASMAX (4) = maximum area for interior walls (IN.2); omit if
NCERLLS = 1

h. Soil Data--One (1) to four (4) lines
h(1l) Control--One line
(a) Contents
[LN] NLAYER
(b) Definition

NLAYER = number of soil layers; one (1) to three (3)
if ‘'‘mode' = DESIGN; zero (0) to three (3) it
'mode’ = INVESTIGATION

h(2) Soil Layer Data~-NLAYER lines (Layer 1 is surface layer,
layers proceed sequentially downward); omit if NLAYER - 0
(a) Contents
CILN] BLLAY (1) GAMSAT(1) GAMMST (1)
(b) Definitions
ELLAY (1) = e¢levation at top of layer (1)

GAMSAT(D) = saturated anit weight of layer (10V)
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GAMMST (I) = molst {(submerged) unit weiltht of layer
(1CF)

1. Standard Load Case Data--Zero (0) to five (5) lines; omlt ontin

section if NLAYER = 0O
i(l) Control--One (1) line
(a) Tontents
{ [LN] NSTCAS [GAMWAT]}
(b) Definitions
NSTCAS = number of Standard Load cases (1 to )
GAMWAT = unit weight of water (PCF); sct to o205 ot
input as zero or omitted
1(2) Standard Load Case Coefficients-~NSTCAS line
(a) Contents
{ (LN] VCOLFF(I) HCOFFF (1)} {[SURCH (1) GWATLL(1)]"
(b) Definitions

VCOEFT (I)* coefficient for vertical soil pressurcs

it

cocfficient for horizontal soil pressuren

i

HCOEFF (1) *

i

SURCH (1) ** surface surcharge (PSF) tor load case !

.

GWATEL(I)** = groundwater elevation (FT) for Lowd e

*Coefficient for horizontal pressure due to sarchara
HCOLFF (1) @ VCOEFF (1)

**1f both SURCH(I) and GWATEL(I) are omitted, surcharae
and groundwater effects are ignored.

Special Load Data--One (1) to three hundred forty (340) lines;

-

omit entire section if ‘'mode' = DESIGN
3 (1) Control--0One (1) line
(a) Contents
{ [LN] NsSPCAs?
(b) Definition
NSPCAS = number of Special Load cases (0 to 4)
J(2) special Load Case Data--Two (2) to cighty-five (25 Jinces;
omit if NSPCAS = 0
(a) Control-~One (1) line
(al) Contents
TlnN) NLDMEM (N)
(a?2) Definition

NLDMEM (1) = number of member load lines an freecial
Load case (1 to #d)

A¥




(b) Member Load Lines--NLDMEM(N) lines
(bl) Contents

{ [LN) LDMEM(N,I), LDDIKR(N,I), LDTYPE(N,I), 0 (H,1),
DIST(N,1,1), [DIST(N,I,2)), [IEND(, 1))}

(b2) Definitions
LDMEM (N, I) = member number
LDDIR(N,I) = load direction in member coordinate

system = X or Y

LDTYPE (N,I) = Load type

= for concentrated load
for uniform load
for trianqgular load

i
[E=NisTle

9(N,1) = load magnitude for concentrated load
(PLF)
= load magnitude for uniform load (i'sh)

= maximum load magnitude for triangu-
lar load (PSF)

DIST(N,1,1) = distance from member coordinate ori- .
gin to concentrated load or to start i
or distributed load (FT) .
DIST(N,I,2) = distance to end of distributed load

(FT); omit if LDTYPL(N,1) =

TERD(N,I,1) = indicator for trianaular load; omit
for other load types
= 1, if maximum occurs at left (start)
B ond
= R if maximum occurs at right end

j(3) Repeat section §(2) NEPCAS times
k. Load Factors--once line 1f 'method' = Sb; emat if 'method! LT
k(1) Contents
{ 1LN] FLL FDL}
k(2) befinitions
FLIL, = live load factor (= Q)
FDL = dead load fector (» 0)
1. Base Reaction Distribution Indicators--one (1) line if ‘mode’
DESTIGN; omit if 'mode’ = INVESTIGATTON
(1} Contents

{1 %1




1(2) Definitions

XI, XJ indicate relative values of edge and centerline

base reactions

XI:XJ|QE:QCL

m. Internal Water Data--One (1) or two (2) lines; omit entire sec-
tion if 'mode' = DESIGN or if NSTCAS = O
m{l) Control--One (1) line
(a) Contents
[LN} IWAT
(b) befinitions
IWAT = indicator for internal water
= 0, no internal water
= 1, internal water clevations specified
m(2) Internal Water Llevations--Zero (0) or one (1) linc; omit
if 'mode’ = DESIGN, if IWAT = 0, or if NETCAS = O
(a) Contents
{[LN] CELWAT (1) CELWAT(2) . . CELWAT(NCELLS) }
(b) Definition
CELWAT(I) = effective clevation (F'T) of internal water
in cell 1; if less than ELINV, no internal
water in cell 1
n. Member Data for INVESTIGATION-~Zcro (0) or two (2) to twenty-

nine

(a)

b)

()

(h)

(29)

n(l) Control--One (1)

lines; omit entire section if 'mode' = DLSIGH

line
Contents

{[LN] NMINV)
Definition
NMINV =

investigated (1 to

in culvert)

number of members to he
total numboer of members

n(2) Member Data--NMINV lines

Contents

fLH] INVMEM () ASTL(N) ACEL (1) ASTOH) ACRC ()
AUTRAI) ASBR(D

Lefinitions

[HVMEM (D member number

Al




ASTLA

ASBL(

),

) ’

AT

ASBC(

) L

) 1

ASTHA

Aol (

All

)

)

o

arca (in. ) ot Steel in

e

i fomembier gt ettt
cred, ccenterline, ot right
wctively
’_)
area s (1n. ) ot o stee] o an
"ROTTOMY of member ot lett
end, centerline, and right
end, respectively

)
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Abbreviated Input Guide

Notation
a. Data 1tems enclosed in brackets |} may not be reguired
b. Data items enclosed in braces { § indicate choose one
Input
a.  Header--0One (1) to four (4) lines

L HLINES  ‘heading!

{LN  'heading')

[LN 'heading')

[LN  'heading')
b, Mode, Method, troceture-= rae (1) i

U EI e e

[LNVI,IS'I‘IG,\’I'IUNf G

C. Material Propertics and besian Factors--imne (1) line

L FC  FY WICONC [RMAX  PHT)
d. Culvert Geometry--oune (1) or two (2) lines

g(l) Control--une (1) line

LN NCLLLS  RIsE HAUNCH  PLINV S WIDTH
d(2) Cell widths--idcro (0} or wne (1) tine
(L WIDTH (LY WIDTH(Z) . . . WIDPH(NCELLO Y]

o Reintorcement Cover--one (1) {ine

L CovER(D) COVER{2) COVER(3) [CrwWER ()}
f Membor Thicknesses~=One (1) line

L Ty T2y T3 [ () )
. Maximum Reinforceement Arcas--lero (0) or one (1) Tl

[LI: ASMAX (1) ACMAX (2) NEMAX(3) {ACMAX (D) 1)
l,‘,' Coil Data--mne (1) to four () linesg

h(l) Control--tme (1) Tine

i HLAYER
h(2) Sorl hayer Data-=-NLAYEE Lines
[t BLLAY (L) GAMONT (D) GAMMOT (1))

1. tandard Load Case Data=-omit o entire section 18 LAY E

wice two (<) to five (5 bines
L) Control=-"ne (1) dine

VLo L TTOA. WA

Al




i
"4
1(2) standard load Case Cocfficients--One (1) te four (1) lines
[LN  VCORFF () HCOLFF (1) SURCH(T) GWATEL (T |
J.  Special Load Pata--oumit entire section if 'mode’ = DIFIGL; othoer- |
wise one (1) to three hundred forty (340) linces }
l(l) control--one (1) line
[LN  MNSPCAS)
A(E) special Load Case Data--Two (2) to ciahty=-five (45) lines
(a) Control--One (1) line
LN NLDMEM (1))
(b) Mermber Load Lines--one (1) to cighty-tour (1) lines
y o\l
(L LDMEM(N,I) YJ\ §\1§ (1),
()
DIST(N,T,1) [DIST(N,1,201 [IEND(N,1)]]
1(3) Repeat scction 3(2) NEPUAR times
K. Load Factors--One (1) line if 'method’ = iy omtt 1t

‘method!' = Web
(1 FLL  FOLJ

1. Base Reaction Digtribution Indicators--one (1) line 1 'modd!
DESIGH, otherwise omit

(LD XT  XJ

m.  Water bata--one (1) or two (2) lines 1f "mode’ s DIVETTTOAT
and NSTCAS » 0; otherwise omit
m(l) Control--Onc¢ (1) line
Ly TWAT)
m(2) Internal Water Blevations--lVere () or one (1) Tine
Lt CELWAT(L) CELWAT (2) . . o CHULWALT L) ]
n. Member Data for TNVECTTGATION=~Dero () or two (U0 o twe nity-roane

(29) lines
n(l) Jontrol--0Onc (1) Yine

fire My

{0y Member bata--LMIBV lines

(P THVMEM (1D ArtL e AR (0 S VN S R
AT AOBE (MO

Nl

|
!
l

St G s A siecins e oot o e e



APPENDIX B:

SOLUTIONS




ONE CELL CULVLRT DLESIGHN

BY WORKING

STRIISS

DESIGHN PROCEDURE

F




M~ GROUMD SURFACE Lo o+ 3

RS VL 7R 77

1o'=0"

Flepare Bl Cpater ror one oo DD calvert by oy




AD-A100 968

UNCLASSIFIED

DAWKINS (WILLIAM P) STILLWATER OK F/6 13/13

USER'S 6UIDE: COMPUTER PROSBRAM FOR DESI6N OR INVESTIOAT!ON OF 0==ETC(U)

MAR 81 W P DAWKINS l39—l°-ﬂ-03
IES-!NSTRUCTION-K'BI-7




FROGRAM CORICUL DESIGN/INVESTIGATION UF OKTHOGONAL CULVERTS
DATE: 08/22/80 TIMES 063149114

ARE INFUT DATA TO BE READL FROM TERMINAL OR FILE?
ENTER ‘TERMINAL’ OR ‘FILE’

ENTER NUMBER OF HEADER LINES (1 TO 4)
1>4

ENTER HEADRER LINE 1 (72 CHARACTERS MAXIMUM)
I!desien of one cell culvert

ENTER HEADER LINE 2 (72 CHARACTERS MaxXIHUM)
I'working stress design rrocedure

ENTER HEADER LINE 3 (72 CHARACTERS MAXIMUM)
I shear design with combination of ui440 and aci163

ENTER HEADER LINE 4 (72 CHARACTERS MAXIMUM)
I>one load case -~ 1 to 1 loading

MODE? ENTER ‘DESIGN’ OR ‘INVESTIGATION‘
I-d¢

METHOD? ENTER ‘WSD* OR ‘SD’
Ixwsd

SHEAR DESIGN OFTION? ENTER 1» 2 OR 3
1>2

MATERIAL FROFERTIESs ENTER VALUES UNDER HEADINGS

CONCRETE REINF CONCRETE
COMFRESSIVE YIELD UNIT
STRENGTH STRENGTH WEIGHT
(FSI) (FSI) (FCF)

I:4000 40000 150
GEOMETRY DATA

NO OF CELL HAUNCH INVERT CELL
CELLS HEIGHT WIDTH ELEV WIDTH
(1 70 9 (FT) (IN) (FT) (FT)

I*1 10 0 0 10
COVER TO CENTROILI' OF REINFORCEMENT

EXTERIOKR INTERIOR SURFACES
SURFACES ROOF/7EXT . WALLS BASE SLAB
(IN) (IN) (IN)
14 4 4
MINIMUM ALLOWABLE THICKNESSES
ROOF EXTERIOR EASE
SLAE waLLS SLAE
(IN) C(IN) (IN)
1>12 12 12
MAXIMUM FPERMISSIBLE REINFORCEMENT AREAS
ROOF EXTERIOR EBASE
SLAR WALLS SLAER
(SQIN) (SQIN) (SQIN)
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STAND'AKRD LOADF DATA. ENTER NUMBER OF SOIL LAYERS (1 TO 3)

11
SOIL LAYER DATA. ENTER ONE LINE FER LAYER
ELEV AT UNIT WEIGHTS
LAYER TOF SATURATED MOIST
(FT) (FCF) (FCF)

I>38 125 125

ENTER NUMBER OF STANDARD LOAD CASES (1 7O 4)
I

ENTER GROUND WATER UNIT WEIGHT (PCF)

1:62.5

ENTER 31 LINES OF STANDARD LOAD CASE DATA. ONE LINE AT A TIME.

FRESSURE COEFFICIENTS SURFACE GROUND WATER
VERTICAL HORIZONTAL SURCHARGE ELEVATION
(PSF) (FT)

I>1 1 0 -1000
ENTER FOUNDATION REACTION DISTRIBUTION COEFFICIENTS
1 J

INFUT COMFLETE. NO ERRORS DETECTED.
DO YOU WANT TO EDNIT INFUT DATA? ENTER 'YES’ OR ‘NO’

In

DD YOU WANT INFUT DATA SAVED IN A FILE? ENTER ‘YES’ OR “NO’
Ixn

DO YOU WANT INPUT DATA ECHOFRINTED TO YQOUR

TERMINALy TO A FILE:, TO EOTHs OR NEITHER?

ENTER ‘TERMIMAL vy ‘FILE’y ‘FOTH’¢ OR ‘NEITHER’
It
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FFROGRAM CORTCUL DESIGN/INVESTIGATION OF ORTHOGONAL CULVERTS
DATE: 08/22/80 TIME: 0A:55:09

1. INFUT DATA

1.A.--HEADING

DESIGN OF ONE CELL CULVERT
WORKING STRESS DESIGN FROCEDURE

SHEAR DESIGN WITH COMRINATION OF UI440 AND ACI&63
ONE LOAD' CASE -- 1 7O 1 LOADING

1.,B,--MODE AND FROCEDURE
NESIGN USING WORKING STRESS DESIGN FROCEDUREs AND
SHEAR DESIGN OFTION 2

1.C.--MATERIAL FROFERTIES

CONCRETE? N
ULTIMATE STRENGTH = 4000, (FSI) H
WORKING STRESS = 1800, (FSI)

MODULUS OF ELASTICITY = 3.8E406 (FSI) ’
UNIT WEIGHT = 150. (FCF)

REINFORCEMENT ¢
YIELD STRENGTH = 40000, (FSI)?

WORKING STRESS = 20000, (FSI)
=

MODIWULUS OF ELASTICITY 29.E406 (FSI)
MODULAR RATIOQ (ES/EC) = 7.563
3
1.D.--GEOMETRY '
NO OF CELL HAUNCH INVERT CELL
CELLS HEIGHT WILTH ELEV WIDTH
(FT) (IN) (FT) (FT)
1 10.00 0.00 0.00 10.00
y
REINFORCEMENT COVER (IN)? MINIMUM THICKNESS (IN): ’
EXTERIOR SURFACES = 4,00 ROOF SLAR = 12.00
INTERIOR ROOF/ENI' WALLS = 4.00 EXTERIOR WALLS = 12.00
INTERIOR EASE SLAR = 4,00 BASE SLAB = 12.00
MAXIMUM REINF AREA (SQIN):
ROOF SLAR = 2,00

EXTERIOR WALLS = 2.00
EASE SLAR = 2,00




1.E.--LOAD DATA

1.€£.1.~--STANDARD LOAI+ CASES

SOIL DATAS

ELEV AT SATURATED MOIST
LAYER TOP OF LAYER UNIT WEIGHT UNIT WEIGHT
NO (FT) (FCF) (FCF)
1 38.00 125.00 125.00

STANDARD LOAD CASE [ATA
WATER UNIT WEIGHT = 62.5 (FCF)

LOAD FRESSURE COEFFICIENTS SURFACE GROUND WATER
CASE VERTICAL HORIZONTAL SURCHARGE ELEVATION
(FSF) (FT)
1 1.00 1.00 0.00 -1000.00

FOUNDATION REACTION COEFFICIENTS?
OUTER EDGES = 1,00
CENTERLINE = 1.00

1.E.2--SFECIAL LOAD' CASES
NO SFECIAL LOAI' CASES

1.E.4--INTERNAL WATER L[ATA
NO INTERNAL WATER




SCHEMATIC OF CULVERT!?

k--21--% ;
! ] i
] ' :
11 12

' ]

! ]

e

LOCAL COORDINATE SYSTEMS:
HORIZONTAL MEMBERS! ORIGIN AT LEFT END, X-AXIS TO RIGHT, Y-AXIS UP
VERTICAL MEMBERS ¢ ORIGIN AT ROTTOM» X-AXIS UFr» Y~-AXIS TO LEFT

SIGN CONVENTIONS:
POSITIVE LATERAL LOAD ACTS IN PLUS Y DIRECTION
POSITIVE BENDING MOMENT PRODUCES COMFRESSION
ON PLUS Y FACE OF MEMEBER
FOSITIVE SHEAR TENDS TO MOVE MEMBER IN FLUS Y DIRECTION
FOSITIVE AXIAL LOAD ACTS IN PLUS X DIRECTION
POSITIVE AXIAL INTERNAL FORCE IS COMPRESSION

e

INFUT SEQUENCE COMFLETE.
DO YOU WANT TO CONTINUE SOLUTION? ENTER ‘YES’ OR ‘NO’

1>y
DO YOU WANT RESULTS FRINTEDN AT YOUR TERMINAL» !
WRITTEN TO A FILEy OR EKOTH?
ENTER ‘TERMINAL’y ‘FILE‘’y OR ‘EOTH’

I>¢

SOLUTION COMPLETE




PROGRAM CORTCUL - DESIGN/INVESTIGATION OF 'ORTHOGONAL CULVERTS
DATE: 08/22/80 TIME: 0635%5:29

2,--DESIGN RESULTS
2,A,--HEADING

DESIGN OF ONE CELL CULVERT

WORKING STRESS DESIGN PROCEDURE

SHEAR DESIGN WITH COMBINATION OF UIA440 AND ACIé3
ONE LOAD CASE -- 1 TO 1 LOADING

2.B.--DESIGN THICKNESSES
DESIGN USING WORKING STRESS DESIGN FROCEDURE» AND
SHEAR DESIGN OPTION 2

DESIGN Kemuma= CONTROLLING-=~~=- >
THICKNESS LOAD STRESS
(IN) CASE CONDITION MEMBER
ROOF SLAB H 18. 1 SHEAR 21
EXTERIOR WALLS: 18, 1 SHEAR 11
BASE SLAB : 18, 1 SHEAR 1

CONCRETE AREA IN CROSS SECTION = 69,00 (SGFT)

2.C.~~DESTGN REINFORCEMENT DATA FOR LEFT HALF OF SYSTEM
DESIGN USING WORKING STRESS DESIGN PROCEDURE, AND
SHEAR BESIGN OPTION 2

MEMBER XUMBER 1

Cmmmmmm CONTROLLING~--~~ ~>
DIST FROM LOAD BENDING AXIAL REINFORCEMENT
LEFT END CASE MOMENT FORCE LOCATION AREA
(FT) (K-FT) (KIPS) (SAINY
.75 1 32.07 29.12 BOT .49
3.25 1 -4,33 29.12 ToP MIN
5.75, 1 -14.47 29.12 ToF HIN
8.2% 1 -4.33 29.12 Top MIN
10.75 1 32.07 29.12 BOT .49
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MEMBER NUMBER 11

Lmmmmmm CONTROLLING-----~ >
DIST FROM LOAD BENDING AXTAL REINFORCEMENT
LEFT END CASE MOMENT FORCE LOCATION AREA
(FT) (K~FT) (KIPS) (SQIN)
.75 1 ~30.28 25,08 TapP V72
3.2% 1 9.84 24.51 BOT MIN
5.7% 1 22,23 23,93 BOT ' 34
8,25 1 8.84 23.39 BGT MIN
10075 i "28038 22093 TOP .68
MEMBER NUMBER 21
Ko CONTROLLING-~--~- >
DIST FROM LOAD BENDING AXIAL REINFORCEMENT
LEFT END CASE MOMENT FORCE LOCATION AKEA
(FTY’ (K-FT) (KIPS) (SQIN)
.75 1 -29.70 24.%0 Tar .70
3.25 1 3,47 24,%0 BGT MIN
5.7% 1 14,52 24.%0 BOT MIN
8.25 1 3.47 24.%0 BOT MIN
10.75 1 -29.,70 24,50 TOoF .70

DO YOU WANT DESIGN MEMBER LOAD/FOGRCE DATA OUTPUT?
I>y

WHICH MENBER LOAD/FORCE DATA ARE DESIRED FOR LOAD CASE 17

ENTER LIST OR RANGE OF MEMBER NUMBERSs OR "ALL’s DR ‘NONE‘» OR ‘HELP'
I>a

B1O




3.--DESIGN MEMBER LOAD/FORCE DATA:»

LOAD CASE 1

DESIGN USING WORKING STRESS DESIGN PROCEDURES
SHEAR DESIGN OPTION 2

DESIGN LOAD/FORCE DATA FOR MEMBER

1

DIST FROM LATERAL BENDING AXIAL
LEFT END LOAD MOHENT SHEAR FORCE
(FT) (KSF) (K=FT) (KIPS) (KIFS)
0.00 3.88 47.73 ~22.33 29.12
75 3.88 32.07 -19.42 29,12
3.25 3.88 -4,33 -9.71 29.12
$.75 3.88 ~16.47 -.00 29.12
8.25 3.88 -4,33 9.71 29.12
10.75 1.88 32,07 19.42 29.12
11.50 3.88 47.73 22.33 29.12
DESIGN LOAD/FORCE DATA FOR MEMBER 11
DIST FROM LATERAL BENDING AXIAL
LEFT END LOAD MOMENT SHEAR FORCE
(FT) (KSF) (K-FT) (KIPS) (KIPS)
0.00 -4.84 -48.02 25.45 25.24
73 -4.75 ~-30.28 21.86 25.08
3.25 -4.,44 9.84 10.37 24.51
3.73 -4.13 22.23 -+33 23.99
9.25 -3.81 8.84 -10.295 23.39
10,75 -3.50 -28,38. -19.39 22.83
11.50 -3.41% -43.%90 -21.98 22,66
DESIGN LOAD/FORCE DATA FOR MEMBER 12
DIST FROM LATERAL BENDING AXIAL
LEFT END LOAD MOMENT SHEAR FORCE
(FT) (KSF) (K~FT) (KIPS) (KIFS)
0.00 4.84 48.02 ~25.45 25.24
735 4.73 30.28 -21.86 25.08
3,235 4,44 -9.84 -10.37 24.51
3.75 4.13 -22.23 +33 23.95
8.295 3.81 -8.84 10.235 23.39
10.73 3.350 28.38 19.39 22.83
11.50 3.41 43.90 21.98 22.66
DESIGN LOAD/FORCE DATA FOR MEMBER 21
DIST FROM LATERAL BENDING AXIAL
LEFT END LOAD MOMENT SHEAR FORCE
(FT) (KSF) (K-FT) (KIPS) (KIPS)
0.00 -3.54 -43.96 20.34 24,30
+73 -3.54 -29.70 17.69 24.50
3.25 -3.34 3.47 8.84 24.50
$.7% -3.54 14,32 +00 24.50
8.25 ~-3.54 3.47 -8.84 24.50
10.73 ~3.34 -29.70 -17.69 24.50
11.30 -3.354 -43.96 ~20.34 24.50

OUTPUT COMPLETE.
DO YOU WANT TO EDIT INPUT DATA FOR THE PRECEDING PROBLEN?
ENTER 'YES’ OR ’‘NO’

I>w
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00 YOU WANT A LISTING OF CURRENT INFUT DATA?
ENTER ‘YES’ OR 'NO‘

FOLLOWING ARE IDENTIFIERS FOR SECTIONS OF INFUT DATA
SECTION ID SECTION CONTENTS

Aesesveoeee  HEADING
BeovooerossMOLEy METHOD
Cevvereeess s MATERIAL FROFERTIES
Deeoereeses s GEOMETRY
Eeeesveosee s LOADR DATA
Feveveresso o INTERNAL WATER [IATA
Goesrvereses s MEMBER DATA FOR INVESTIGATION

ENTER ID FOR D'ATA SECTION TO EE CHANGED
OR ‘NONE‘ IF NO SECTION TO BE CHANGED

ENTER NUMBER OF HEADER LINES (1 70O 4)
I-4

ENTER HEADIER LINE 1 (72 CHARACTERS MAXIMUM)
I:-desidgn of one cell culvert

ENTER HEADNER LINE 2 (72 CHARACTERS MAXIMUM)
I*workind stress desidn rrocedure

ENTER HEADER LINE 3 (72 CHARACTERS MAXIMUM)
Ixshear design with combination of uidd40 and aciéd

ENTER HEADER LINE 4 (72 CHARACTERS MAXIMUM)
I:orne load casse -- 1.5 to % loadinsg

[0 YOU WANT TO CHANGE ANOTHER SECTION?
ENTER ‘YES’ OKR ‘NO”
Iy

ENTER ID FOR DATA SECTION TO BE CHANGED
OR 'NONE’ IF NO SECTION TO BE CHANGED

Bl2




FOLLOWING FARTS OF LOAD LATA
MAY BE CHANGED INRIVIDUALLY?
FART NO CONTENTS

liveoresees s SOIL DATA
2itevosere o o STANDARD LOAD CASE DATA
Jerveeeeaeee s FOUNDATION REACTION COEFFICIENTS
4ieseeseeees LOAD FACTORS FOR ACI STKENGTH DESIGN METHOD
Seeeenseees o SPECIAL LOAL CASE DATA

ENTER FART NUMEER FOR FART TO BE CHANGELD

OR 'ALL’ TO CHANGE ENTIRE SECTION

OR "NONE‘ IF NO FART TO BE CHANGED
I-2

ENTER NUMBER OF STANDARD LOAI! CASES (1 T0 4)
Ix1

ENTER GROUND' WATER UNIT WEIGHT (FCF)
I362.5

ENTER 1 LINES OF STANDARD' LOADL CASE DATA. ONE LINE AT A TIME.

FRESSURE COEFFICIENTS SURFACE GROUND WATER
VERTICAL HORIZONTAL SURCHARGE ELEVATION
(FSF) (FT)

I»>1.5 «5 0 -1000
DO YOU WANT TO CHANGE ANOTHER FART OF
LOAD DATA? ENTER ‘YES’ OR ‘NO”’

[0 YOU WANT TO CHANGE ANOTHER SECTION?
ENTER ‘YES’ OR ‘NO‘

I>n

[0 YOU WANT INFUT DATA SAVED IN A FILE? ENTER ‘YES’ OR ‘NO’
1n

DO YOU WANT INFUT DATA ECHOFRINTED TO YOUR

TERMINALs TO A FILEs TO EOTH» OR NEITHER?

ENTER ‘TERMINAL‘» ‘FILE’s "HOTH’» OR ‘NEITHER’
I*t
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FROGRAM CORICUL DESIGN/TIVESTIGATION OF OKTHOOORAL CULVERTS
DATE: 08/22/80 TIMES 07:00:18

1. INFUT DATA

1.A.~--HEADIIING

DESIGN OF ONE CELL CULVERT
WORKNING STRESS DESIGN FRQCEDURE

SHEAR DESIGN WITH COMEINATION OF UI440 ANDII ACIA3Z
ONE LOAl' CASE -- 1.5 TO .S LOALING

1.EH.--MODE AND FROCEDUKE
DESIGN USING WOKKING STRESS LDESIGN FROCEINUREs AND
SHEAR DESIGN OFTION 2

1.C.~-~MATERIAL FFOFERTIES

CONCRETE
ULTIMATE STRENGTH = 4000, (FSI)
WORNING STRESS = 1800, (FSI?
MODULUS OF ELASTICITY = 3.8E10¢6 (FSID
UNIT WEIGHT = 150. (FCF)
REINFORCEMENT:
YTELD! STRENGTH = 40000. (FST)
WOKKNING STRESS = 20000. (FSI)

MODULUS OF ELASTICITY 29.E+06 (FSI)

MODULAR RATIO (ES/EC) = ?7.563
1.0, ——GEQOMETRY
NO OF CeLL HAUNCH INVERT CELL
CELLS HEIGHT WIDTH ELEV WIDTH
(FT) (IN) (FTO (FT)
1 10.00 0.00 0,00 10.00

REINFORCEMENT CQUER (IN) MINIMUM THICKNESS (IN):

EXTERIOR SURFACES = 4,00 ROOF SLAE = 12.00
INTERIOR ROGF/ZEND WALLS = 4,00 EXTERIDR WALLS = 12.00
INTERIOR RASE SLAE = 4,00 BASE SLAH = 12.00

MAXIHMUM REINF AREA (S5QIN)S

ROOF SLAR = 2.00
EXTERIOR WALLS = 2.00
BASE SLAR = 2,00

Bl4
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1.E.--LOAD DATA

1.E.1.~--STANDARD LOALD CASES

LOAD
CASE

sOIL DATAS
ELEV AT SATURATED
LAYER TOP OF LAYER UNIT WEIGHT
NO (FT) (FCF)
1 38.00 125.00

STANDARD LOADI CASE DATA
WATER UNIT WEIGHT = 62,5 (FCF)

FRESSURE COEFFICIENTS SURFACE

VERTICAL HORIZONTAL SURCi:AKGE
(FSF)

1.%0 + 50 0,00

FOUNDATION REACTION COEFFICIENTS!
QUTER EDGES = 1.00
CENTERLINE = 1.00

1.€.2--SFECIAL LOAD CASES

N0 SFECIAL LOAD' CASES

1,E.4--INTERNAL WATER DATA

NO INTERNAL WATER

Bl5

MOIST
UNIT WEIGHT
(HCF)
125.00

GKOUNDT WATEK
ELEVATION
(FT)
-1000.00




SCHEMATIC OF CULVERT:

LOCAL COORDINATE SYSTEMS:
HORIZONTAL MEMRERS? ORIGIN AT LEFT END» X-AXIS 7O RIGHTs» Y-AXIS UF
VERTICAL MEMEKRERS ¢ ORIGIN AT EOTTOM, X-AXIS UFr Y-AXIS TO LEFT

SIGN CONVENTIONS:
FOSITIVE LATERAL LOAD ACTS IN PLUS Y DIRECTION
FOSITIVE BENDING MOMENT FRODUCES COMFRESSION
ON FLUS Y FACE OF MEMBER
FOSITIVE SHEAR TENDS TO MOVE MEMEER IN FLUS Y DIRECTION
FOSITIVE AXIAL LOAD' ACTS IN FLUS X DIRECTION
FOSITIVE AXIAL INTERNAL FORCE IS COMFRESSION

[
INFUT SEQUENCE COMFLETE.
10O YOU WANT TD CONTINUE SOLUTION? ENTER ‘YES’ OR ‘NO’

Ibw
DD YOU WANT RESULTS FRINTED AT YOUR TERMINAL»s
WRITTEN TO A FILEs» OR EOTH? N
ENTER ‘TERMINAL’» ‘FILE’y» OR "EBOTH’

Ixt

SOLUTION COMFLETE

Blé




PROGRAM CORTCUL - DESIGN/INVESTIGATION OF QRTHOGONAL CULVERTS
DATE: 08/22/80 TIME: 07:00:49

2.--DESIGN RESULTS
2.A.--HEADING

DESIGN OF ONE CELL CULVERT

WORKING STRESS DESIGN FROCEDURE

SHEAR DESIGN WITH COMRINATION OF UI440 AND ACISé3
ONE LOAD CASE -- 1,5 TO .5 LOADING

2,B.~-DESIGN THICKNESSES
DESIGN USING WORKING STRESS DESIGN FPROCEDUREs ANI
SHEAR DESIGN OPTION 2

DESIGN Leommem CONTROLLING=--=-~ >
THICKNESS LOAD STRESS
(IN) CASE CONDITION MEMEER
ROOF SLAB : 19, 1 SHEAR 21
EXTERIOR WALLS!? 16. 1 SHEAR 11
BASE SLAB : 19. 1 SHEAR 1

CONCRETE AREA IN CROSS SECTION = 66.78 (SQFT)

2.C.-~DESIGN REINFORCEMENT DATA FOR LEFT HALF OF SYSTEM
DESIGN USING WORKING STRESS DESIGN PROCEDURE,» AND
SHEAR DESIGN OPTION 2

MEMBER NUMBER 1

Commm=— CONTROLLING~-~=-~>

DIST FROM LOAD BENDING AXIAL REINFORCEMENT
LEFT END CASE MOMENT FORCE LOCATION AREA
(FT) (K=-FT) (KIPS) (SQIN)
1X-Y4 1 20.13 14.85 BOT A4
3.17 1 -31.49 14.85 TOP .92
5.67 1 -48.70 14.8%5 TOP 1.79
8.17 1 -31.49 14.8% TOP 97
10.67 1 20.13 14.8% ROT 44
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MEMBER NUMEBER 11

o=~ CONTROLLING-=--~-~">
DIST FROM LOAD BENDING AXTAL
LEFT END CASE MOMENT FORCE
(FT) (K-FT) (KIFS)
79 1 -29.79 34.72
3.29 1 ~9.352 34.22
5.79 1 -3.13 33.72
8.29 1 ~9.62 33.22
10.79 1 -28.03 32.72
MEMBER NUMBER 21
mo=m=- CONTROLLING--~--- >
DIST FROM LOAD BENDING AXIAL
LEFT END CASE MOMENT FORCE
(FT) (K-FT) (KIPS)
.47 1 -18.36 12.31
3.17 1 30.30 12.31
S5.67 1 45.52 12.31
8.17 1 30.30 12.31
10.67 1 -18.36 12.31

DO YOU WANT DESIGN MEMBER LOAD/FORCE DATA QUTPUT?
ENTER ‘YES’ OR 'NO’

REINFORCEMENT
LOCATION AREA
(SQIN)
TOP b4
TO0P MIN
TOF MIN
ToP MIN
T0F .59

REINFORCEMENT
LOCATION AREA
(SQIN)
TOP 43
BOT 44
BOT 1.7%
BOT .99
T0F .43

I>n
OUTPUT COMPLETE.
DO YOU WANT TO EDIT INPUT DATA FOR THE PRECEDING PROBLEM?
ENTER ‘YES’ OR 'NO’
I>n
DO YOU WANT TO MAKE ANOTHER RUN? ENTER 'YES’ OR 'NO’
Ion

AEKXREEXRK NORMAL TERMINATION XkRXXBAXKR
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FROGRAM CORICUL NESIGN/INVESTIGATION OF ORTHOGONAL CULVERTS
DATE: 08/22/80 TIME: 07:56:53

ARE INFUT DATA TO BE READ FROM TERMINAL OR FILE?
ENTER ‘TERMINAL’ OR ‘FILE’
It
ENTER INFUT FILE NAME (6 CHARACTERS MAXIHMUM)
I>clwd2
INFUT COMFLETE., NO ERRORS DETECTEU.
DO YOU WANT TO ENIT INFUT DATA? ENTER 'YES’ DR ‘NO‘

Ikn
[0 YOU WANT INFUT DATA ECHOFRINTED TO YOUR
TERMINALy TO A FILE. TO BROTHy OR NEITHER?
ENTER ‘TERMINAL’y ‘FILE’» ‘ROTH’» OR ‘NEITHER’
Ixf

ENTER OUTFUT FILE NAME (&6 CHARACTERS MAXIMUM)
>ecl1wd20
INFUT SEQUENCE COMFLETE,
DO YOU WANT TO CONTINUE SOLUTION? ENTER ‘YES’ OR ‘NO’

I>y
DO YOU WANT RESULTS FRINTED AT YOUR TERMINAL»
WRITTEN TO FILE ‘CiWD20‘y OR EROTH?
ENTER ‘TERMINAL'y ‘FILE‘» OR “EBOTH~
It
SOLUTION COMFLETE
It0 YOU WANT DESIGN MEMBER LOAD/FORCE DATA OUTFUT?
ENTER ‘YES’ OR ’NO’
1w
MEMBER LOADI/FORCE DATA AKE AVAILABLE FOR 2 LOAD CASES
ENTER DESIRED LOAD CASE NUMEER (1 TO 2) OR ‘ALL’ OR ‘'NONE’
1>a

WHICH MEMEER LOAD/FORCE DATA ARE DESIRED FOR LOAD CASE 17

ENTER LIST OR RANGE OF MEMEER NUMBERSy OR ‘ALL‘y OR ‘“NONE'» OR 'HELF’
I>1 11 21

DO YOU WANT LOAD/FORCE DATA FOR OTHER MEMHERS FOR LOAD CASE 17

ENTER ‘YES’ OR ‘NO’

WHICH MEMBER LOAD/FORCE DATA ARE DESIRED FOR LOAD CASE 27

ENTER LIST OR RANGE OF MEMEBER NUMBERS, OR ‘ALL‘s OR ‘NONE‘s OR ‘HELP’
Ix1 11 21

DO YOU WANT LOAI/FOKRCE DATA FOR OTHER MEMRERS FOR LOAD CASE 27

ENTER °YES’ OR ’‘NO”

I>n
OUTFUT COMPLETE.
DO YOU WANT TO EDIT INPUT DATA FOR THE FRECEDING FROBLEM?
ENTER ‘YES’ OR ‘NO‘
Iin
1O YOU WANT TO MAKE ANOTHER RUN? ENTER ‘YES' OR “NO‘
I>n

AXKXKXEKXE NORMAL TERMINATION XXkXEXkxkxy

B19




1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150

LISTING OF DATA FILE ‘C1lWD2’

4 DESIGN OF ONE CELL CULVERT
WORKING STRESS DESIGN FROCEDIURE
SHEAR LESIGN WITH COMRINATION OF

TWO LOAD CASES -- CASE 1 = 1 T0 1.

o wspe 2

4000. 40000. 150.

1 10. 0, 0. 10,

4., 4., 4,

12. 12. 12,

2, 2. 2

1

38. 125. 12S.

2 62.5

1. 1. 0. ~1000,

1.5 .5 0. -1000.

1. 1,

.

UI440 AND ACI63

CASE

B20
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I'ROGRAM CORICUL DESIGN/INVESTIGATIUN OF ORTHOGONAL CULVEKTS
DATE: 08/22/80 TInE: 071572136

1. INFUT DATA

1.A.--HEADING

DESIGN OF ONE CELL CULVERT
WORNING STRESS DESIGN FROCEDURE

SHEAR LESIGN WITH COMEINATION OF UI440 AND ACI63
TWO LOAD' CASES -~ CASE 1 = 1 YO 1, CASE 2 = 1.5 70 .S

1.B.--MODE AND FROCEDOURE
DESIGN USING WORNING STRESS DESIGN FROCEDUREs AND
SHEAR DESIGN OFTION 2

1.C.--MATERIAL FROFERTIES

CONCRETE:
ULTIMATE STRENGTH = 4000, (FSI)
WORKING STRESS = 1800, (FSI)
HODULUS OF ELASTICITY = 3.8E406 (FSI)H
UNIT WEIGHT = 150, (FCF)
REINFORCEMENT
YIPLD STRENGTH = 40000. (FSI)
WORKING STRESS = 20000, (FSI)

MODUILUS OF ELASTICITY 29.E404 (FSI)
MODULAR RATIO (ES/EC) = 7.563

1.0, --GEOMETRY

NO OF CELL HAUNCH INVERT CELL
CELLS HEIGHT WIDTH ELEV WIDTH
(FT) C(IN) (FT) (FT)

1 10.00 0.00 0.00 10.00
REINFORCEMENT COVER (IN): MINIMUM THICKANESS (IN):
EXTERIOR SURFACES = 4,00 ROOF SLAE = 12.00
INTERIOR ROOF/END WALLS = 4,00 EXTERIOR WALLS = 12.00
INTERIOR KASE SLAE = 4,00 RASE SLAER = 12.00

MAXIMUM REINF AREA (SQIN)!

ROOF SLAR = 2.00
EXTERIOR WALLS = 2,00
EASE SLAPR = 2,00
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1.E.-~LOAD DATA

1.E.1.,--STANDARD LOAL* CASES

SOIL DATAS

ELEV AT SATURATED MO1ST
LAYER TOP OF LAYER UNIT WEIGHT UNIT WEIGHT
NO (FT) (PCF) (PCF)
1 38,00 125.00 12%.00

STANDARD LOAD CASE LDATA
WATER UNIT MEIGHT = 62.5 (FCF)

LOAD FRESSURE COEFFICIENTS SURFACE GROUND WATER
CASE VERTICAL HORIZONTAL SURCHARGE ELEVATION
(FSF) (FT)
1 1.00 1.00 0.00 -1000.00
2 1.50 50 0,00 -1000.00

FOUNDATION REACTION COEFFICIENTS:
OUTER EDRGES = 1,00
CENTERLINE = 1.00

1.E.2--SFECIAL LOAD CASES
NO SFECIAL LOAD CASES

1.E.A--INTERNAL WATER UDATA
NO INTERNAL WATER
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SCHEMATIC OF CULVERT:

*--21--%
] ]
! ]
11 12
] ]
' ]
et |

LOCAL COORDINATE SYSTEMS:
HORIZONTAL MEMEERS: ORIGIN AT LEFT END» X~AXIS TO RIGHT, Y-AXIS UF
VERTICAL MEMEBERS : ORIGIN AT HOTTOMs X-AX1S UF, Y-AXIS TO LEFT

SIGN CONVENTIONS:
, FOSITIVE LATERAL LOAD ACTS IN PLUS Y DIIRECTION
POSITIVE BENDING MOMENT PRODUCES COMPRESSION
! ON PLUS Y FACE OF MEMBER
FOSITIVE SHEAR TENDS TO MOVE MEMBER IN FLUS Y DIRECTION
FOSITIVE AXIAL LOAD ACTS IN PLUS X DIKECTION
POSITIVE AXIAL INTERNAL FORCE IS COMFRESSION




PROGRAM CORTCUL -~ DESIGN/INVESTIGATION OF ORTHOGONAL CULVERTS
DATE: 08/22/80 TIME: 07:37:51

2.--DESIGN RESULTS
2.A.--HEADING

DESIGN OF ONE CELL CULVERT

WORKING STRESS DESIGN PROCEDURE

SHEAR DESIGN WITH COMBINATION OF UI440 AND ACI63

TWO LOAD CASES -~ CASE 1 = 1 TO 1, CASE 2 = 1.5 T0 .5

2,B.--DESIGN THICKNESSES
DESIGN USING WORKING STRESS DESIGN PROCEDURE, AND
SHEAR DESIGN OPTION 2

DESIGN (om=m=== CONTROLLING-~--~- »
THICKNESS LOAD STRESS
C(IN) CASE CONDITION MEMEBER
ROOF SLAB : 19. 2 SHEAK 21
EXRERIOR WALLS!? 18. 1 SHEAR 11
BASE SLAB : 19, 2 SHEAR 1

CONCRETE AREA IN CROSS SECTION = 71.17 (SQFT)

2.C.--DESIGN REINFORCEMENT DATA FOR LEFT HALF OF SYSTEM
DESIGN USING WORKING STRESS DESIGN PROCEDURE, AND
SHEAR DESIGN OPTION 2

MEMBER NUMBER 1

Cmmmmem CONTROLLING--=---- >

DIST FROM LOAD BENDING AXIAL REINFORCEMENT
LEFT END CASE HOMENT FORCE LOCATION AREA
(FT) CK-FT) (KIPS) (SQIN)
.75 1 32,65 29.53 BOT .61
3.25 2 -29,94 14,89 ToP .90
5.75 2 -47.2% 14.89 TOF 1.72
8.25 2 -29.94 14.89 TOP .90
10.75 1 32,645 29,53 BOT .61
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MEMBER NUMBER 11

Cerm——— CONTROLLING=--=--~ *

DIST FROM LOAD BENDING AXTAL

LEFT END CASE MOMENT FORCE

(FT) (K-FT) (KIPS)

79 1 -29.96 25.08

3.29 2 -13.64 35.25

1 10.14 24.52

5.79 2 -7.14 34,69

1 22.50 23.95

8.29 2 -13.54 34.12

1 ?.09 23.39

10.79 1 -28.16 22,83

MEMBER NUMBER 21

(mmmm—— CONTROLLING---~-~ >

DIST FROM LOAD BENDING AXIAL

LEFT END CASE MOMENT FORCE

(FT) (K-FT) (KIPS)

75 1 -30.28 24.79

3,25 2 28.68 12.27

5.75 2 44.%90 12.27

8.25 2 28.468 12.27

10.7% 1 -30.28 24.79
B25

REINFORCEMENT
LOCATION RREA
(SAIN)
TOP +70
Tap MIN
BOT MIN
TOF MIN
BOT .34
TGF HIN
BOT MIN
ToP IX-Y4
REINFORCEMENT
LOCATION AREA
(SGIN)
TOP +63
BOT 71
BDT 1.68
BOT ' 91
ToF ' 63




3.--DESIGN MEMBER LOAD/FORCE DATA:»

LOAD CASE 1

DESIGN USING WORKING STRESS DESIGN PROCEDURE:
SHEAR DESIGN OPTION 2

DESIGN LOAD/FORCE DATA FOR MEMBER
DIST FROM
LEFT END

(FT)
0.00

' 75
3.25
3.75
8.25
10.75
11.50

LATERAL

LOAD
(KSF)
3.89
3.89
3.89
3.89
3.89
3.89
3.89

1

BENDING

MOMENT
(K-FT)
48,31
32.65
-3.78
-15.92
~3.78
32.65
48.31

DESIGN LOAD/FORCE DATA FOR MEMBER 11,

DISY FROM
LEFT END

(FT)
0.00
79
3.29
3.79
8.29
10.79
11.58

LATERAL

LOAD
(KSF)
-4.85
-4.75
-4.44
-4,13
-3.81
-3.50
~3.40

BENDING

MOMENT
(K-FT)
-48.76
-29.96
10.14
22.50
?.09
-28.16
-44,60

DESIGN LOAD/FORCE DATA FOR MEMBER 21

DIST FROM
LEFT END

(FT)
0.00
.73
3,25
3.73
8.2%
10.75
11.50

LATERAL

LOAD
(KSF)
-3.54
-3.54
~3.34
-3.54
-3.54
-3.54
-3.54

BENDING

MOMENT
(K-FT)
~44,55
-30.28
2.90
13.96
2,90
-30.28
-44.53

SHEAR
(KIPS)
-22.34
-19.43

~9.71

.00
?.71
19.43
22.34

SHEAR
(KIPS)
25.65
21.85
10.36
-+34
~10.26
~19.40
-22.13

SHEAR
(KIPS)
20.35
17.70
8.85
-,00
-8.83
-17.70
-20.35

AXIAL
FORCE
(KIFS)
29.353
29.53
29.53
29,53
29.53
29.53

29.53

AXIAL
FORCE
(KIFS)
25.26
25.08
24,52
23.93
23,39
22,83
22,45

AXIAL
FORCE
(KIPS)
24,79
24.79
24.79
24,79
24.79
24,79
24,79




3.--DESIGN MEMBER LOAD/FORCE DATAs LOAD CASE 2
DESIGN USING WORKING STRESS DESIGN PROCEDURE,» AND
SHEAR DESIGN OPTION 2

DESIGN LOAD/FORCE DATA FOR MEMBER 1

DIST FROM LATERAL BENDING AXIAL
LEFT END LOAD MOMENT SHEAR FORCE
(FT) (KSF) (K~FT) (KIFS) (KIPS)
0.00 5.54 44,28 -31.84 14.89
s 5.54 21.96 -27.48 14.89
3.25 5.54 -29.94 -13.84 14.89
5.75 3.54 -47.,2% -.00 14.89
8.2%5 5.54 -29.94 13.84 14,89
10,73 S5.54 21.96 27.68 14.89
11.50 S5.54 44.28 31.84 14.89

DESIGN LOAD/FORCE DATA FOR MEMBER 11,

DIST FROM LATERAL BENDING AXIAL
LEFT END LOAD MOMENT SHEAR FORCE
(FT) (KSF) (K-FT) (KIPS) (KIPS)
0.00 -2+.42 -43.50 12.95 35.99
79 -2.38 -34.00 11.0S 35.81
3.29 -2.22 -13,64 3.31 35.29
5.79 -2.06 -7.14 ~. 09 34.69
8.29 -1.91 -13.54 -3.01 34.12
10.79 -1.7% ~31.85 -9.58 33.56
11.58 -1.70 -39.97 -10.94 33.38
DESIGN LOAD/FORCE DATA FOR MEMBER 21
DIST FROM LATERAL BENDING AXIAL
LEFT END LOAD MOMENT SHEAR FORCE
(FT) (KSF) (K-FT) (KIPS) (KIPS)
0.00 -5.19 -40.91 29.83 12.27
' 73 ~5.19 -19.98 25.95 12.27
3.2% ~35.19 28.48 12.98 12.27
3.75 -5.19 44.90 .00 12,27
8,25 -%5.19 28.48 -12.98 12,27
10,735 -5.19 -19.98 -25.99 12.27
11.50 -5.19 -40.91 -29.895 12.27
B27




SIX CELL CULVERT DESIGN

BY ACI STRENGTH LESIGN PROCFDURE

B28
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I1.f
ENTER INFUT FILE NAME (6 CHARACTEKS MAXIMUM)
I.céedin
INFUT COMFLETE. NO ERROKS DETECTED.
IO YOU WANT TO EDIT INFUT DATA? ENTER ‘YES’ OR ‘'NO’
I'n
DO YOU WANT INFUT DATA ECHOFRINTED TO YOUR
TERMINALs TO A FILEs TO HOTH» OR NEITHER?
ENTER ‘TERMINAL‘s ‘FILE‘» ‘EOTH’s OR ‘NEITHER'’
I-f
ENTER OUTFUT FILE NAME (6 CHARACTERS MAXIMUM)
I.cébsdot
INFUT SEQUENCE COMFLETE.
DO YOU WANT TO CONTINUE SOLUTION? ENTER 'YES’ OR ‘NO°
1y
DO YOU WANT RESULTS FRINTED AT YOUR TERMINAL:Y
WRITTEN TO FILE ‘C6SIOT‘s OR BOTHT
ENTER 'TERMINAL‘s ‘FILE’» OR ‘HOTH’
I-f
SOLUTION COMFLETE
10 YOU WANT DESIGN MENBER LOAD/FORCE DATA OUTFUT?
ENTER ‘YES’ OR ‘'NO’
Iy
MEMEER LOAD/FORCE DATA AKE AVAILABLE FOR 2 LOAD' CASES
ENTER DESIRED LOAD CASE NUMEER (1 TO 2) OR ‘ALL‘ OR 'NONE’
1-a
WHICH MEMBER LOAL/FOKCE DATA ARE DESIRED FOR LOAD CASE 17
ENTER LIST OR RANGE OF MEMBER NUMBERS: DR ‘ALL’» OR “NONE’.»
IX1 2 3 11 21 22 23
D0 YOU WANT LOAL/FORCE DATA FOR OTHER MEMEBERS FOR LOAL CASE
ENTER ‘YES’ OR ‘NO’
I:on
WHICH MEMEER LOATI/FORCE DATA ARE DESIREL FOR LOAI' CASE 27
ENTER LIST DR RANGE OF MEMEBER NUMEERSs OR ‘ALL’» OR “NONE‘»
I*1 23 11 21 22 23
DO YOU WANT LOAD/FORCE DATA FOR OTHER MEMEERS FOR LOAIN CASE 2
ENTER ‘YES’ OR 'NO’
Ion
OUTFUT COMFLETE.
00 YOU WANT TO EDIT INFUT DATA FNR THE FRECEDING FROBLEM?T
ENTER "YES‘ DR ‘NO°
I:n
DO YOU WANT TO MAKE ANOTHER RUN? ENTER ‘YES’ OR 'NO°
I.n

FROGRAM LOKICUL DESIGN/INVESTIGATION OF OKTHOGUNAL CULVERTS
DATE: 08,22/80 TIME: 12:09:36

ARE INFUT DATA TO BE READ FROM TERMINAL Ok FILE?
ENTER ‘TERMINAL’ OR "FILE’

Kkkkkiokkk NORMAL TERMINATION %KaKkkkkkk

B30
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1000
1010
1020
10350
1040
L0%0
1070
1070
1080
1100
1110
1120
1130
1140
1150
1160
1170

LISTING UF INFUT DATA FILE ‘COSDIN’

4 DESIGN UF SIX CELL CULVERT
ACT SIKENGTH DESTIGN FROCEDURE
GHEAR LESIGN BY ACl FROCENUKRE

TWG (anlt CASES -- CAGSE 1 = 1 TO 1s CASE

b s 1

1000 40000 150 .45 O
6 60 -4 6

3330

? 999

W79 079 .79 W79
1

210125 125

64

<

b4
S 09

- et
Lo
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PROGRAM CORTCUL - DESIGN/INVESTIGATION OF ORTHOGONAL CULVERTS
DATE: 08/22/80 TIME: 12:10:14

1. INPUT DATA
1.A.--HEADIING

DESIGN OF SIX CELL CULVERT

ACI STRENGTH DESIGN FPROCEDURE

SHEAR DESIGN BY ACI FROCEDURE

TWO LOAD CASES -- CASE 1 =1 TO 1, CASE 2 = 1,5 T0 .S

1.B.--MODE AND' FROCEDURE
DESIGN USING ACI STRENGTH DESIGN FROCEDUREs AND
SHEAR DESIGN OFTION 1

1.C.--MATERIAL PROFERTIES

CONCRETE:
ULTIMATE STRENGTH
ULTIMATE STRAIN
COMP., BLOCK RATIO
UNIT WEIGHT

3000. (FSD)

Wouonou
[+ <}
4]

150. (FCF)

REINFORCEMENT?
YIELD STRENGTH
MODULUS OF ELASTICITY
MAXINUM REINF RATIO

40000, (FSI)
29.E406 (PSD)
45

STRENGTH REDUCTION FACTOR = VARIABLE

1.D,~~GEOMETRY

NO QF CELL HAUNCH INVERT CELL
CELLS HEIGHT WIDTH ELEV WIDTH
(FT) (IN) (FT) (FT)

é 6.00 0.00 -4.00 6.00
REINFORCEMENT COVER (IN): MINIMUM THICKNESS (IN):
EXTERIOR SURFACES = 3.00 ROOF SLAB = 9,00
INTERIOR ROQOF/END WALLS = 3.00 EXTERIOR WALLS = 9.00
INTERIOR BASE SLAB = 3,00 BASE SLAB = 9.00
INTERIOR WALLS = cL INTERIOR WALLS = 9.00

MAXIMUM REINF AREA (SGIN):

ROOF SLAB = W79
EXTERIOR WALLS = .79
BASE SLAB = .79
INTERIOR WALLS = .79
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1,E.--LOAD DBATA
1.€.1,~--STANRDARD LOADL CASES
SOIL DATA?
ELEV AT SATURATED
LAYER TOF OF LAYER UNIT WEIGHT
NO (FT) (FCF)
1 21.00 125.00
STANIARD LOADL CASE DAYA
WATER UNIT WEIGHY = 64.0 (FCF)
L.OAD FRESSURE COEFFICIENTS SURFACE
CASE VERTICAL HORIZONTAL SURCHARGE
(FSF)
1 1.00 1.00 0.00
2 1.50 +50 0.00

FOUNDUATION REACTION COEFFICIENTSS
QUTER EDLGES = 1.00
CENTERLINE = 1.00

1.E.2~--GFECTIAL LOAD
ND SPECIAL LOAD

CASES
CASES

1.E.34--L0AD
LIVE LOADIL FACTOR
DEAD LOAD FACTOR

1,00
1,00

1.E.4--INTERNAL WATER DATA
NO INTERNAL WATER

B33

FACTOKS FOR ACI STRENGTH DESIGN?

MOIST
UNIT WEIGHT
(FCF)
125,00

GROUNDI WATER
ELEVATION
(FT)
9.00
?.00




SCHEMATIC OF CULVERT:

¥——21 - —R-=22--K-=23-—-K—-24--%X--25-~%~~246--%
' ! ! } ! ! !
! ! ! ! ! ! !
11 12 13 14 15 16 17
! ! ! ! ! ! !
! ! ' ' 1 ! !
L Iatulnd Sl St SR DR EES St bt S Bl Sty Tt

LOCAL COORDINATE SYSTEMS!

SIGN

HORIZONTAL MEMBERS: ORIGIN AT LEFT END» X-AXIS TO RIGHT» Y-AXIS UP
VERTICAL MEMEERS ! ORIGIN AT BOTTOM» X-AXIS UF» Y-AXIS TO LEFT

CONVENTIONS:
POSITIVE LATERAL LOAD ACTS IN PLUS Y DIRECTION
FPOSITIVE EBENDING MOMENT FRONUCES COMFRESSION
ON FLUS Y FACE OF MEMEER
FOSITIVE SHEAR TENDS TO MOVE MEMEER IN PLUS Y DIRECTION
FOSITIVE AXIAL LOAD ACTS IN PLUS X DIRECTION
FOSITIVE AXIAL INTERNAL FORCE IS COMFRESSION

B34

—y—




PROGRAM CORTCUL - DESIGN/INVESTIGATION OF ORTHOGONAL CULVERTS
DATE: 08/22/80 TINE: 12:110:27

2.--DESIGN RESULTS
2.A.~-HEADING

DESIGN OF SIX CELL CULVERT

ACI STRENGTH DESIGN PROCEDURE

SHEAR DESIGN BY ACI FROCEDUKE

TWO LOAD CASES -- CASE 1 = 1 TQ 1, CASE 2 = 1.5 TO .S

2.B.~-DESIGN THICKNESSES
DESIGN USING ACI STRENGTH DESIGN FROCEDURE,» AND
SHEAR DESIGN OPTION 1

DESIGN e ——— CONTROLLING-~-=-~-~-
THICKNESS LOAD STRESS
CIND CASE CONDITION MENEER
ROOF SLAB H 2. 2 SHEAR 21
EXTERIOR WALLS!: 10. 1 SHEAR 11
BASE SLAB : 12, 2 SHEAR 1
INTERIOR WALLS: 9. {emmem=- MINIMUM------~~~ .

CONCRETE AREA IN CROSS SECTION = 115.33 (SOFT)

2.C.--DESIGN REINFORCEMENT DATA FOR LEFT HALF OF SYSTENM
DESIGN USING ACI STRENGTH DESIGN PROCEDUREs AND
SHEAR DESIGN OPTION 1

MEMBER NUMBER 1

omwmmm CONTROLLING------ >

DIST FROM LOAD BENDING AXIAL REINFORCEMENT
LEFT END CASE MOMENT FORCE LOCATION AREA
(FT) (K=-FT) (KIPS) (SAIN)
.42 1 8.80 12.00 BOT 13
1.92 2 -4.84 7.59 ToP 205
3.42 2 ~7.57 7.59 TOF 16
4,92 2 -2.54 ?7.59 ToF MIN
4.42 2 10.23 7,59 BOT .27

-

~ R




— — R

MENBER NUMBEK 2
Nmme——— CONTROLLING------
DIST FROM L0aD HENDING AXIAL REINFORCEMENT
LEFT END CASE MOMENT FORCE LOCATION AREA
(FT) (K-FT) (KIFS) (SQIN)
.38 2 10.80 7.77 BEOT .29
1.88 2 -1.28 7.77 TOF MIN
3.38 2 -%.59 7.77 TOF .07
4.88 2 -2.15 7.27 TOF MIN
6.38 2 9.07 7.77 BOT .21
MEMBER NUMBER 3
(mme==— CONTROLLING-~---- .
DIST FROM LOAD BENDING AXTAL REINFORCEMENT
LEFT END CASE MOMENT FORCE LOCATION AREA
(FT) (K-FT) (KIPS) (SQIN)
.38 2 9.39 7.87 EOT W23
1.88. 2 -2.22 7.87 TOF nin
3.38 2 -6.07 7.87 TOF .09
4.88 2 -2.15 7.87 ToF MIN
6.38 2 9.54 7.87 ROT 2
MEMBER NUMBER 11
(mmmm—— CONTROLLING------ >
DIST FROM LOAD BENDING AXIAL REINFORCEMENT
LEFT END CASE MOMENT FORCE LOCATION AREA
(FT) (K-FT) (KIFS) (SQIN)
+ 50 1 -7.73 10.01 TOF 20
2.00 2 -.72 12.21 TOP MIN
1 2.04 9.82 BOT MIN
3.50 1 5.20 9.63 BOT 07
5.00 2 ~.45 11.84 TOP MIN
1 2.17 9.45 BOT MIN
6.50 1 ~6.63 ?.26 TOP 16
MEMBER NUMBER 12
{omomme CONTROLLING-~--~- >
DIST FROM LOAD BENDING AXTIAL REINFORCEMENT
LEFT END CASE MOMENT FORCE LOCATION AREA
(FT) (K=FT) (KIPS) (SQIN)
+ 50 2 -.29 24,29 TOF MIN
2.00 2 -.02 24,12 ToF MIN
3.50 1 -.10 16.19 TOF MIN
2 + 29 23.95 BIT MIN
5.00 2 .52 23.78 EOT MIN
6.50 2 79 23.62 BROT MIN
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MEMBER NUMBER 13

Cmmwm=~— CONTROLLING-=-=~~-~ >

DIST FROM LOAD BENDING AXIAL

LEFT END CASE HOMENT FORCE

(FT) (K-FT) {(KIPS)

+ 50 2 -.37 22.92

2.00 2 =21 22.7%

3.350 2 -.095 2.58

1 »02 16.64

$.00 2 .10 22,43

6.50 2 26 22,29
MEMBER NUMBER 14

{mm=~=- CONTROLL ING--==-~~ >

DIST FRONM LOAD BENDING AXIAL

LEFT END CASE MONENTY FORCE

(FT). (K~FT) (KIFS)

+ 50 2 ~.00 23.29

2.00 2 ~.00 23.142

3.50 2 ~+00 22.95

1 0.00 16.50

3.00 2 +00 22.78

5.50 2 +00Q 22.41%
MEMEBER NUMBER 21

Kommmm= CONTROLLING-~--~~ =

DIST FROM LOAD RENDING AXIAL

LEFY END CASE MOMENT FORCE

(FT) (K-FT) (KIPS)

42 1 ~7.43 10.0¢

1,92 2 S5.34 5.97

3.42 2 7 .49 5.97

4,92 2 2.195 5.97

6,42 2 -10.69 5.97
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REINFORCEMENT
LOCATION AREA
(SQIN)
T0F MIN
TOF MIN
TO0F MIN
BOY MIN
BOY HIN
BOY MIN

REINFORCEMENT
LOCATION AREA
(SAIN)
Tae MIN
TQF nIN
TOF HIN
B8QT NIN
BOT MIN
BOT Win

REINFORCENMENT
LOCATION AREA
(SAIN)
TaF 11
BOY .10
BOT 18
BOT MIN
TOP 31




 —

MEMBER NUMBER 22

DIST FROM
LEFT END
(FT)
.38
1.88
3.38
4.88
. 6.38

MEMBER NUMBER 23

BIST FROM
LEFT END
(FT)

.38
1.88
3.38
4.88
6.38

CONTROLLING

CONTROLLING

[SH SN SN Ny XY

REINFORCEMENT
LOCATION AREA
(SQGIN)
TOF 29
BOT MIN
BOT .09
BOT MIN
TOP W27

REINFORCEMENT
LOCATION AREA
(SOIND
TOF 25
BOT MIN
BOT 11
BOT MIN

TOF 2




3.-~DESIGN MEMBER LOAD/FORCE DATA» LOAD CASE 1
BESIGN USING ACI STRENGTH DESIGN PROCEDURE,
SHEAR DESIGN OFTION 1

DESIGN LOAD/FORCE DATA FOK MEMBER
DISYT FROM
LEFT END

(FT)
0.00

£ 42
1,92
3.42
4,92
6.42
6.79

DESIGN LOAD/FORCE DATA FOR MEMBER
DIST FROM
LEFT END

(FT)
0.00

+38
1.88
3.38
4.88
6.38
6.75

DESIGN LOAD/FORCE DATA FOR MEMBER
DIST FROM
LEFT END

(FT)
0.00

.38
1.88
3.38
4,89
4.38
6.7%

LATERAL

LOAD
(KSF)
2.52
2,32
2,52
2.52
2.352
2.52
2,352

LATERAL

LOAD
(KSF)
2.52
2.52
2.32
2.52
2,32
2.352
2.32

LATERAL

LOAD
(KSF)

2.3

2,52
2,52
2.32
2,32
2.52
2,352

1
BENDING
MOMENT
(K-FT)
12.34
8.80
=.33
-3.79
-1.59
6,78
9.13

2,
BENDING
MOMENT
(K=-FT)
?.84
6.83
-1.48
-4,53
-1,71
6.77
?.78

3
BENDING
HOMENT
(K-FT)
10.12
7.09
-1.49
-4,40
-1.64
6.78
9.77
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SHEAR
(KIPS)
~9.02
~7.97
-4,20
~.42
3.36
7.13
8.08

SHEAR
(KIPS)
-8.31
-7.56
-3.79
-.01
3.77
7.54
8.49

SHEAR
(KIPS)
-8.55
-7.61
-3.83
-.05
3.72
7.50
8.45

AND

AXIAL
FORCE
(KTIFS)
12,00
12.00
12.00
12.00
12,00
12.00
12.00

AXTAL
FORCE
(KIPS)
12,17
12.17
12.17
12,17
12,17
12.17
12.17

AXTAL
FORCE
(KIFS)
12.28
12.28
12.2
12.28

12,2

12,2
12.28




BESIGN LOAU/FORCE DATA FOR MEMBER 11
DIST FROM LATERAL RENDING AXTAL
LEFT END LOAD MOMENT SHEAR FORCE
(FT) (KSF) (KR-FT) CRIFESH (NIFSH
0.00 -3.19 -12.%3 10.39 13,07
-11] -3.13 -7.23 8.81 10.01
2.00 ~2.94 2.04 4,26 9.82
3.50 ~2.7% 5,20 -.00 9.63
$.00 ~2.56 2417 -3.%99 9.4%
4.30 -2.38 -6.43 -7.69 Gl
7.00 -2.31 -10,7? -8.86 ?.20
DESIGN LOAD/FORCE DATA FOR MEMBER 21
BIST FRON LATERAL BENDING AvlAaL
LEFT END LOaD MONMENT SHEAR FURCE
(FT) (KSF) (K=~FT) iNIFS)H (N1FS)
0.00 ~2.40 -19.69 3.32 10.990
.42 ~2.40 ~7.43 7.32 13.00
1.92 -2.40 . 8% 3.72 10.00
3.42 -2.40 3.74 2 10.00
4.92 ~2.,40 1.22 -3.48 10.00
4,42 -2.40 -6.70 -7.08 190.900
6.79 ~2.40 -9.%2 -7.98 10.0¢
DESIGN LOAD/FORCE DATA FOR MEMBER 22
DIST FROM LATERAL BENDING AXIaL
LEFT END LOADR MOMENT SHEAR FOKCE
(FT) (RSF) (N-FT) (RIS (KPS
Q.00 -2 .40 -9.01¢ 7.93 ¢.83
.38 -2.,40 -6,20 7,03 9.3%
1.88 -2.40 1.6% 3.43 9.8
3J.38 -2.40 4,09 -.17 9.83
4.88 -2.490 1.14 ~-3.77 .83
6.38 -2,40 ~7.22 ~7.37 9.83
6.7% -2.40 -10,1% -8.27 9.83
DESIGN LOAD/ ORCE DATA FOR MEMPER 23
DIST FROM LATERAL BENDING AxTAL
LEFT END LOAD MOMENT SHEAR FORTE
(FT) (NGF) (R-FT) (RIFS)H (RTFS)
0.00 -2.40 -7 8.0¢9 e.r2
.38 -2.40 -6.90 7.19 9.2
1.88 ~2,40 1,19 3.5¢9 9. "L
3.38 ~-2.40 3.88 .01 9.22
4.86 -2.40 1.17 -3.61 9.72
6.38 -2.40 -4,99 ~7.21 .72
6£.7% -2.40 -9.82 ~-8.11 9.7
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3.--NESIGN MEMBER LOAD/FORCE DATAs» LOAD CASE 2 '
DESIGN USING ACI STRENGTH DESIGN PROCEULURE, AND |
SHEAR DESIGN OFTION 1 .

DESIGN LOAD/FORCE DATA FOR MEMBER 1

BIST FROM LATERAL HENDING AXTAL
LEFT END LOAD MOMENT GHEAR FORCE
(FT) (KSF) (K-FT) (RIFS) (NIFS)
0.00 3.45 9.96 -11.03 2.59
.42 3.435 S.66 -9.59 7.5
1.92 3.45 -4.84 ~4,41 7.9
3.42 3.49 -7.57 74 7.39
4.92 3.45 -2.,54 $.94 7.59
6,42 3.4%5 10.2 11.12 7.99
6.79 J.45 14.66 12.41 7.59

DESIGN LOAD/FORCE DATA FOR MEMBER 2

DIST FROM LATERAL BENDING AXTIAL
LEFT END LOAD MOMENT SHEAR FORCE
(FT) (KSF) (K-FT) (KIFPS) (KIFS)
0.00 3.45 15,04 -11.94 7.77
.38 3.45 10.80 -10.64 7.77
1.88 3.45 -1.28 ~5.47 7.77
3.38 3,45 -5.59 -.29 7.77
4.88 3.45 -2.15 4.89 7.7?
6.38 3.45 9.07 10.06 7.77
6.75 3.45 13.08 11.36 7.77

BESIGN LOAD/FORCE DATA FOR MEMBPER 3

DIST FROM LATERAL BENDING AXTAL
LEFT END LOAD MOMENT SHEAR FORCE
(FT> (KSF) (K-FT) (KIPS) (KIFS)
0.00 3,45 13.50 -11.62 7.87
.38 3.45 9?.39 -10.33 7.87
1.88 J.45 ~2.22 -9.15 7.87
3.38 3,45 -6.07 .03 7.87
4.88 3.45 ~2.19 $5.20 7.87
6.38 3.45 ?.54 10.38 7.87
6.75 3.45 13.67 11.67 7.87
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DESIGN LOAD/FORCE DATA FOR MEMEER 11t

DIST FROM LATERAL BENDING AXIAL
LEFT END LOAD MOMENT SHEAR FORCE
(FT) (NSF) (K-FT) (NIFS) (NIFPS)H
0.00 -2.03 ~9.92 6.56 12.46
.50 -1.98 -6.89 5.56 12.40
2.00 -1.84 -.72 2.70 12.21
3.50 -1.70 1.32 ] 12,03
3.00 -1.5% -.45 -2.38 11.84
6.350 -1.41 -35.73 ~4,61 11.65
7.00 -1.3s -8.20 -5.30 11.39

DESIGN LOAD/FORCE DATA FOR MEMBER 21

DIST FROM LATERAL EENDING AXIAL
LEFT END LOAD MOMENT SHEAR FORCE
(FT) (KSF) (K-FT) ‘KIFS) (KIFS)
0.00 -3.33 -8.33 10.32 5.97
.42 -3.33 -4,31 8.94 5.92
1.92 -3.33 S5.34 3.94 35.97
3.42 -3.33 7.49 -1.06 S5.97
4,92 -3.33 2,15 -6.06 5.97
6.42 -3.33 -10.649 ~11.06 5.97

6.79 -3.33 -15.08 -12.31 5.97 N

DESIGN LOAD/FORCE DATA FOR MEMBER 22

DIST FROM LATERAL BENDING AXIAL
LEFT END LOAD MOMENT SHEAR FORCE
(FT) (KSF) (K-FT) (KIFS) (KIPS)
0.00 -3.33 -14,20 11.36 $.79

+ 38 -3.33 -10.17 10.11 5.79
1.88 -3.33 1.24 5.11 5.79
3.38 -3.33 S.16 P11 $.79
4.88 -3.33 1.57 -4.89 5.79
46,38 -3.33 -9.51 -9.89 5.79
6.75 -3.33 -13.45 -11.14 S.79

DESIGN LOAD/FORCE DATA FOR MEMBER 23

DIST FROM LATERAL BENDING AXTAL
LEFT END LOAD MOMENT SHEAR FORCE
(FT) (KSF) (K=-FT) (KIPS) (KIFS)
0.00 -3.33 -13.14 11.16 5.69
.38 -3.33 -9.19 9.91 5.69
1.88 -3.33 1.93 4.91 S.67
3,38 -3.33 5.595 -.09 5.69
4.88 -3.33 1.67 -5.08 5.69
6.38 -3.33 -9.70 ~-10.08 5.69
6,75 -3.33 -13.72 -11.33 S.69

[
.
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THREE CrLL CUIVERKT INVESTIGATION

BY ACT STRENGTH DESIGN PFROCEDURE
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Figure B3. System for investigation of three cell culvert

B44

’




FRACEAM  CORICUL T SIURZIRCESTIGATION OF OKTHOULONAL CULVEKRTS

LATE: 0B/22/80 TINE: 15:00

ARE INFUT ULATA TO KE KREAD FROM TERMINAL OR FILE?
ENTER ‘TERMINAL® OR ‘FILE’
If
ENTER INFUT FILE NAME (6 CHARACTERS MAXIMUM)
I c3sdin
INFUT COMFLETE. NO EKRRORS DETECTELD.
DO YOU WANT TO EDIT INFUT DATAY ENTER ‘YES‘ OR ‘NO’

1M
[0 YOU WANT INFUT DATA ECHOFRINTED TO YOUR
TERMINALYy TO A FILE, TO EOTH» OR NEITHER?
ENTER ‘TERMINAL'» ‘FILE‘y 'HOTH’y OR ‘NEITHER’
I-f

ENTER OUTFUT FILE NAME (6 CHARACTERS HAXIMUM)
I ec3sdot
INFUT SEQUENCE COMFLETE.
D0 YOU WANT TO CONTINUE SOLUTION? ENTER ‘YES’ OKR 'NO”

1w

[0 YOU WANT RESULTS FRINTED AT YOUR TERMINAL»

WRITTEN TO FILE ‘C3SI0OT’y» OR EBOTH?

ENTER ‘TERMINAL’» °‘FILE’y OR 'HOTH’
I:f

DO YOU WANT MEMKER LOAL/FORCE DATA OUTFUT®

ENTER “YES’ OR “NO°
Iy

RESULTS ARE AVAILARLE FOR 2 STaNLDARD LOAD CASES

ENTER DESIRED LOAD CASE (1 YO 2)
I1

RESULTS ARE AVAILARLE FOR FOLLOWING MEMEBERS

1 2 11 12 21 22

RESULTS ARE AVAILAELE FOR & MEMEERS

ENTER LIST OF MEMHER NUMEERS (UF TO 6 MEMEBERS) OR ‘NONE~’
Ix1

DO YOU WANT KRESULTS FOR OTHER MEMERERS? ENTER ‘YES’ OR 'NO’
I'e

ng YOU WANT RESULTS FOR AHOTHER LOALN CASE? ENTER “YES’ OR
Iry

RESULTS ARE AVAILARLE FOR 2 STANDARD LOAD CASES

ENTER DESIRED LOAD CASE (1 70O 2)
12

RESULTS ARE AVAILAELE FOR FOLLOWING MEMRERS

1 2 11 12 21 22

RESULTS ARE AVAILARLE FOR & MEMEBERS

ENTER LIST OF MEMHER NUMRERS (UF TO 6 MEMEERS) OR ‘NONE”
Ix21

DO YOU WANT RESULTS FOR OTHER MEMBERS? ENTER ‘YES’ OR ‘'NO°
I1%n

[0 YOU WANT RESULTS FOR ANOTHER LOAD CASE? ENTER ‘YES’ OR
I*n

QUTFUT COMFLETE.

00 YOU WANT TO EDIT INFUT LATA FOR THE FRECEDING FRORLEM?

ENTER "YES‘’ OR “NO”
I'n

DO YOU WANT TO MAKE ANOTHER RUN? ENTER ‘YES’ OR “NO’
I

KEXRKKXKKY NORMAL TERMINATION ¥Xkkkxxkkx
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LISTING OF INFUT DATA FILE ‘CASLIN’

1000 2 INVESTIGATION OF THKEE CELL CONDUIT

1010 USING ACI STRENGTH LESIGN FROCEDURE ANDN TWO LOAL CASES
1020 1 sh

1030 4000 40000 150 .5 ©

1040 3 12 12 0 6.5

1050 4.71 3.56 4.56 3.38

1060 S4 48 5S4 346

1070 1

1080 210 140 135S

1090 2

1100 1 1 0 209

1110 1.5 .5 0 205

1110 ©

1120 t 1

1130 0

1150 6

116C 1 1 1.5%6 1 1.956 1 1,96
1170 21 1.5%5 1 1.56 1 1.56
118C 11 1,56 1 1.96 1 1.56 1
119¢ 12 .88 .88 .88 .€8 .88 .88
1200 21 1.96 1 1.56 1 1.56 1
1210 22 1.56 1 1.96 1 1.56 1
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FROGRAM CORTCUL - DESIGN/INVESTIGATION OF ORTHOGONAL CULVERTS
TIME: 15:01:30

DATE: 08/22/80
1. INPUT DATA

1.A.-~HEADING

INVESTIGATION OF THREE CELL CONDUIT
USING ACI STRENGTH DESIGN PROCEDURE AND TWO LOAL CASES

1.B.--MDODE AND FROCEDURE

INVESTIGATION USING ACI STRENGTH DESIGN FROCEDURE

1.C.-~MATERIAL PROPERTIES

CONCRETE &
ULTIMATE STRENGTH
ULTIMATE STRAIN
COMP. BLOCK RATIC
UNIT WEIGHT

REINFORCEMENT
YIELD STRENGTH

MODULUS OF ELASTICITY

MAXIMUNM REINF RATIO

STRENGTH REDUCTION FACTOR

1.D.-~-GEOMETRY

NO OF CELL HAUNCH

CELLS HEIGHT WIDTH
(FT) (IND

3 12,00 12,00

REINFORCEMENT COVER (IN):

EXTERIOKR SURFACES
INTERIOR ROOF/END WALLS
INTERIOR BASE SLAR
INTERIOR WailsS

4000,
.003
.85
150,

[T O T 1]

40000.
29.E+06
.50

oo

= VARIABLE

INVERT
ELEV
(FT)

0.00

(FSI)

(PCF)

(FSDH
(PSI)

CELL
WIDTH
(FT)
4.50

THICKNESS (IN):

4.71 ROOF SLAB

3.56 EXTERIOR WALLS

4.56 BASE SLAB

3.38 INTERIORK WALLS
B47

54.00
48.00
54.00
36.00




1.€.--Laal vata

1.E.1.--STANDARD LUAL CASES

SQIL DATA?
ELEV AT SATURATED MO1ST
LAYER T0F OF LAYER UNIT WEIGHT UNIT WEIGHT
NO (FT) (FCF) (FCF)
1 210.00 140.00 139.00

STANDARD LOADY CASE DATA
WATER UNIT WEIGHT = 62.5 (FCF)

LOAD FRESSURE COEFFICIENTS SURFACE GROQUNLD WATER
CASE VERTICAL HORIZONTAL SURCHARGE ELEVATION
(FSF) (FT)
1 1.00 1.00 0.00 205.00
2 1.50 50 0.00 205,00

1.£.2-~SFECIAL LOADl CASES
NO SFPECIAL LOADR CASES

1.€.3,-~LOAD FACTOKS FOR ACI STRENGTH DESIGN:
LIVE L0AD FACTOR = 1,00
DEAD LOAL FACTOR = 1,00

1L E.4--INTERNAL WATER DATA
NO INTERNAL WATER

1.F.--REINFORCEMENT AREAS (SRIN)Y FOR INVESTIGATION

MEMERER LEFT END CENTERLINE RIGHT END
ND TOF EQTTOM TOF BOTTONM TOF KOTTOM

1 1.00 1.56 1.00 1.96 1.0¢ 1.564

2 1.00 1.56 1.00 1.96 1.¢0 1.5%48

11 1.5%6 1.00 1.56 1.00 1.54 1.00
12 .88 .88 .88 .88 .88 88
21 1.56 1.00 1.56 1.00 1.54 1.00
22 1.5¢6 1,00 1.56 1.00 1.%6 1.00
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SCHEMATIC OF CULVERT?

¥--21--%-~-22--%-~23--%
! ! ! !
! ! ! !
11 12 13 14
! ! ! !

! ' ! !
Bl B oty TS T, B

LOCAL COORDINATE SYSTEMS.S
HORIZONTAL MEMRERS: ORIGIN AT LEFT ENDy X-AXIS TO RI1GHTr» Y-~-AXIS UF
VERTICAL MEMBERS : ORIGIN AT BOTTOM, X-AXIS UFr Y-AXIS TO LEFT

SIGN CONVENTIONS:

FOSITIVE LATERAL LOAD ACTS IN FLUS Y DIRECTION

FOSITIVE EBENDING MOMENT FRODUCES COMFPRESSION
ON PLUS Y FACE OF MEMBER

FOSITIVE SHEAR TENDS TO MOVE MEMBER IN FLUS Y DIRECTION

FOSITIVE AXIAL LOAD ACTS IN FLUS X DIRECTVION

POSITIVE AXIAL INTERNAL FORCE IS COMFRESSION

UNLESS OTHERWISE NOTED FACTOR OF SAFETY FOK
INVESTIGATION USING ACI STRENGTH DESIGN FROCEDURE
IS DEFINED BY FS = FHI x FN / P

WHERE FN = ULTIMATE STRENGTH AT ACTUAL ECCENTRKRICITY
P = ACTUAL AXIAL FORCE

B49
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FPROGRAM CORTCUL -~ DESIGN/INVESTIGATION OF ORTHOGONAL CULVERTS
DATE: 08/22/80 TIME: 15:01:44

2.A.~-HEADING
INVESTIGATION OF THREE CELL CONDUIT
USING ACI STRENGTH DESIGN FROCEDURE AND TWO LOAD CASES

2.B.~--SUMMARY OF RESULTS FOR STANDARD LOAI CASE 1
INVESTIGATION USING ACI STRENGTH DESIGN FROCEDURE

MEMBER I LEFT END CENTERLINE
BENDING MOMENT (N=-FT) 351.33 60.63
AXIAL FORCE (KRIFPS) 306.99 306.99
FLEXURE FACTOR OF SAFETY 3.78 4.19
STRENGTH REDUCTION (PHID» .70 .70
SHEAR FORCE AT D (NIPS) NNNNNN
SHEAR FS AT O (ACI&D) NNNNNN
SHEAR FORCE AT 0.15LN (KIPS) -107.97
SHEAR FS AT 0,15LN (UI440) 5.43

NNNNNN -~ ACI63 SHEAR PROCEDURE DOES NOT
APFLY FOR THIS MEMBER
------ ~ SHEAR FS 15 GREATER THAN TEN

MEMBER 2 LEFT END CENTERLINE
BENDING MOMENT (K-FT) 18.66 -131.82
AXIAL FORCE (KIPSH 307.18 307.18
FLEXURE FACTOR OF SAFETY 5.08 4.19
STRENGTH REDUCTION (PHI) , 70 .70
SHEAR FORCE AT D (KIFS) NNNNNN
SHEAR FS AT D (ACI&D) NNNNNN
SHEAR FORCE AT O0.13LN (nIFS)H ~64.,82
SHEAR FS AT O.15LN (UI440) 9.08

NNNNNN - ACI63 SHEAR PROCEDURE DOES NOT
APPLY FOR THIS MEMBER

MEMBER 11 LEFT END CENTERL INE
BENDING MOMENT (K-FT) -233.79 282.80
AXIAaL FURCE (KIPS) 248.3¢ 244,75
FLEXURE FACTOR OF SAFETY 4.50 2.84
STRENGTH REDUCTION (PHD) .70 70
SHEAR FORCE AT D (RIPS) NNNNNN
SHEAR FS AT D (ACI&3) NNNNNN
> EAR FORCE AT 0.13LN (KIPS) 120.73
SHEAR FS AT 0.15LN (UI440) 3.54

NNNNNN - ACI63 SHEAR PROCEDURE DOES NOT
AFPLY FOR THIS MEMBER
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RIGHT END
70.88
306.99
2.8

.70
NNNNNN
NNNNNN
21,67

RIGHT END
18.66
307.18
$.08

.70
NNNNNN
NNNNNN
64.82
9.08

RIGHT END
-227.89
241,14
3.63

\70
NNNNNN
NNNHNN
-118.96
3.57

o m——ta

I AT
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MEMBER 12 LEFT END CENTERLINE FIGHT END
BENDING MOMENT (K-FT) -12.06 -10.90 -9.73
AXIAL FORCE (KIFS) 226,52 223.82 221,12
FLEXURE FACTOR OF SAFETY 5.00 3.84 S.12
STRENGTH REDUCTION (PHD) .70 .70 .70
SHEAR FORCE AT D (KIPS) NNNNNN NNNNNN
SHEAR FS AT D (ACIé3) NNNNNN NNNNNN
SHEAR FORCE AT 0.1SLN (KIPS) 19 19

SHEAR FS AT O0.I5LN (UI440)  -=-w=--  —eeca
NNNNNN - ACI&3 SHEAR PROCEDURE DOES NOT
. AFPLY FOR THIS MEMRER
------ - SHEAR FS IS GREATEK THAN TEN

MEMBER 21 LEFT END CENTERLINE RIGHT END
BENDING MOMENT (K-FT) ~346.18 -6%.13 -77.08
AXIAL FORCE (KIPS) 292,25 292.25 202.25
FLEXURE FACTOR OF SAFETY 3.90 4,40 3.34
STRENGTH REDUCTION (PHI) .70 70 .70
SHEAR FORCE AT D (KIPS) NNNNNN NNNNNN
SHEAR FS AT D (ACI6&I) NNNNNN NNNNNN
SHEAR FORCE AT 0,15LN (KIPS) 104,51 -21.7%
SHEAR FS AT 0.15LN (UI440) 5.3 e-mee--

NNNNNN - ACI63 SHEAR PROCEDURE DOES NOT
APPLY FOR THIS MEMBER
------ - SHEAR FS IS GREATER THAN TEN

MEMBER 22 LEFT END CENTERLINE RIGHT END
BENDING MOMENT (K-FT) -24.,28 122.22 -24.23
AXTAL FORCE (KIFS) 292,06 292.06 292,06
FLEXURE FACTOR OF SAFETY 3.34 4.40 5.34
STRENGTH REDUCTION (FHD) 70 +70 .20
SHEAR FORCE AT D (KIPS) NNNNNN NNNNNN
SHEAR FS AT D (ACI6&3) NNNNNN NNNNNN
SHEAR FORCE AT 0.15LN (KIPS) 63.11 -63.11
SHEAR FS AT 0.15LN (UI440) .40 ?.40

NNNNNN - ACI63 SHEAR PROCEDURE DOES NOT
APPLY FOR THIS MEMBER




4 e o I

2.B.~~SUMMARY OF RESULTS FOR STANDARD LODAD

caASE 2

INVESTIGATION USING ACI STRENGTH NESIGN FROCEDURE

MEMBER 1
BENDING MOMENT (K-FT)
AXIAL FORCE (RIPS)

FLEXURE FACTOR OF SAFETY
STRENGTH REDUCTIAN (FHID
SHEAR FORCE AT D (NIFS)
SHEAR FS AT D (ACI&D)

SHEAR FORCE AT 0.1%LN (KIFS)
SHEAR FS AT 0,15LN (V144D

NNNNNN - ACIb43 SHEAR PROCEDURE DOES NOT
AFPPLY FOR THIS MEMBER

MEMBER 2
BENDING MOMENT (K-FT)
AXIAL FORCE (KIPSH

FLEXURE FACTOR OF SAFETY
STRENGTH REDUCTION (FKI)
SHEAR FORCE AT U (KIFS)
SHEAR FS AT D (AaClised)

SHEAR FORCE AT 0,135LN (KIPS)
SHEAR FS AT 0,15LN (UX1440)

NNNNNN - ACI63 SHEAR PROCEDURE DOES NOT
AFPLY FOR THIS MEMBER

MEMBER 11
BENDING MOMENT (K-FT)
AX1AL FORCE (KIFPS)

FLEXURE FACTOR OF SAFETY
STRENGTH REDUCTION (PHI)
SHEAR FORCE AT D (KIPS)
SHEAR FS5 AT D (ACI&D)

SHEAR FORCE AT 0.15LN (KIFS)
SHEAR FS AT 0.15LN (UTI440)

NNNNNN - ACI43 SHEAR PROCEDURE DOES NOT

LEFT END
214.4)
220.67

S.74
.70
NNNNNN
NNNNNN
-102,46

29
v 22

LEFT END
42.06
220.88
7,04

.70
NNNNNN
NNNNNN
~-82.21
6.93

LEFT END
-209.94
280.88
4.42

.70
NNNNNN
NNNNNN
86.92
4,92

APPLY FOR THIS MEMBER

B52

CENTERLINE KIGHT END
-a7.27 82.77
220.67 220,87

5.83 7.07

70 .70
NNNNNN

NNNNNN

61.95

8.43
CENTERLINE RIGHT END
-128.78 82.06
220.88 220.88
5.52 7.06
.70 .70
NNNNNN

NNNNNN

82.21

6.53

CENTERLINE RIGHMT END
162,35 ~202.82
277.28 273.48

3.7 .55
.70 .70
NNNNNN
NNNNNN
-a5.1°
4.99

e




a S

MREMBER 12 LEFT END CENTERLINE RIGHT END
BENDING MONENT (K-FT) ~9.29 -8.01 -6.76
AaxIAL FORCE (RNIFS) 322.00 319.30 316.00
FLEXURE FACTOR OF SAFETY 3.3%52 2,49 1.98
STRENRGTH REGBUCTION (PNI) .7 .70 .70
SHEAR FORCE AT [ (KIFS) NNNNNN NNNNNN
SHEAR FS AT D (aClaed) NNNNNN NNNNNN
SHEAR FORCE AT 0.1SLN (NIFS) .21 .21

SHEAR FS A 0.15LN (UI44Qy --ww--~ oo
NNNNNN -~ ACI63 SHEAR PROCEDURE DOES NOT
APPLY FOR THIS MEMEER
------ - SHEAR FS IS GREATER THaAN TEW

MEMEER 21 LEFT ENU CENTERLINE RIGHT ENL
BENDING MOMENT {(K-FT) -209.14 37.89 -82.81
AX1AL FDRCE (KIFS) 209.5 209,54 AR
FLEXURE -FACTOR OF SaFETY 5.98 6.14 7 .85
STRENGTH REDUCTION <(FHI) W70 » 70 .70
SHEAR FORCE AT D (KIPS) NNNNNN NNNNNH
SHEAR FS aT D (ACI&D NNNNNN NNNNNN
SHEAR FORCE AT 0.15LN (KIPS) ?9.01 -61.93
SHERR FS AT O.15LN (Y1440 5.33 8.51

NNNNNN -~ ACI63 SHEAR PROCEDURE DOQES NOY
AFPLY FOR THIS MEMBER

MEMBER 22 LEFT END CENTERLINE RIGHT END
BENDING MOMENT (K~-FT) -47.33 119.593 -67.33
AX1AtL FORCE (KIPS) 209.33 209.33 209,33
FLEXURE FACTOR OF SAFETY 7.45 %.87 7,49
STRENGTH REDUCTION (FHI) .70 .20 .70
SHEAR FORCE AT D (KIPS) NNNNNN NNNNNN
SHEAR FS AT D (ACTI&3)Y NNNNNN NNNNNN
SHEAR FORCE AT 0.13LN (KIPS) 80.49 -80.,49
SHEAR FS AT 0.1SLN (UI440) 6.73 6.73

NNNNNN - AC1463 SHEAR PROCEDURE DOES NOT
AFPLY FOR THIS MEMBER
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FROGRAM CORTCUL - DESIGN: INVESTIGATIAN JF JRTHOGONAL Clit vERT S !
DATE: 08-22.80 TImE: 1S10114-

J.A.- -HEADING
INVESTIGATION OF THKEE CELL CONDULT

USING ACL STRENGTH DELION FROCEDLRE AND TWD (uUall CASES

3.8, -RESULTS FOR STANLARD L0AD UASE 1
INVESTIGATION UniINL AUT STRENLGTH UESIGN FROCE [IURE

KESUL Ty FOR MEMBER Le LOAD CASE 3

LIST FROM LATERAL RENDING Axla
LEFT &ND LUALD MOMENT SHE AR FGROE
F1) (RSF KN-F Ty (NTES TAIFS
Q.00 28.49 679.81 190,73 106.9%
2.00 28,49 3151433 ~13%,7% 1146.99
3.00 28,49 229.83 -107.2% 30a.9¥9
4.13 28. 4% 27.20 ~?5.20 304.99
5.29% 28.49 50,63 -43.1% 306.99
6.38 28,49 30.12 -11.09 306.99
7.%0 28,49 3%.68 20.94 306.99
9.%0 28,49 ?0.88 49,43 30s6.99
10.00 28.49 177.32 92.19 3106.99

3.B.--RESULTS FOR STANDARD LOAD CASE 2
INVESTIGATION USING ALl STRENGTH DESIGN FROCELURE

RESU'.TS FOR MEMBER 21, LOAD CAasSE 2

DIST FROM LATERAL BENDING AXIAL
LEFT END LOAD MOMENT SHE AR FOFCF
(FYT) (KSF) (K-F1) (RIF3) iINLFS)
0.00 -3%.38 ~546.91 204,27 209,94
2,00 -35.38 ~209.14 133,50 209.5%4
3.00 -35.38 -93.33 98.12 209.94
4,13 ~-3%5.38 ~5.33 58.32 209.%4
$5.29 -3%.38 317.89 18,51 209.%4
6.38 -35.38 34.32 -21.29 209.5%4
7.%0 -35.38 -10.02 -61.,10 209.94
8.50 ~35.38 -88.81 -96.48 209.%4
10.00 -335.38 -2723.33 -149,55%5 20v .54
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FOUR CFLL CULVERT INVESTIGATION

RBY WUKKING STRESS DECIGN PROCEDURE
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) - s Lo . oo ~ N [
LA 3 [ ot
N T I T L T L T N S O

WD N g PR LDIND S ol T 4

g TDOCHARAC TR A [Mem)
' culvert
CHAR AT TENS M ingm:
- : 188 LUSION PROLUTURE
! DER LINE 3 00D CHARAL DRSS MaAaxXIhumM:e
oo “oocial load cate waitit
MENELR LINE 4 072 CHaRAUTERS MAYIMUM:
- ~3te leaus on oract and internsl water

MOLUT ENTER CTESISNT OR O INVESTIGATION

ALYHATT ONTER CWED T QR /8D

»
- aakn

MATER[AL FEAFERTIES, CNTER VALUES UNLER HEADINGT j
CONURETE REINF CONCRETE =

COMPRESSIVE YIZLD UNIT

STRENGTH STRENGTH WEICGHT

(FSI (FSID (RCFD

I 4CC0. 40C00. 150,

P

A i

“ ST [IATA
NG OOF CELL HaunCH INVERT CoLe
TOLLY HE IGHT WInm ELEY WIli™™
1T 9y T CIND FTH (5T
X¥yxx CNTICTOTOOO T ShOTARLT
I 4 E 0. Q. 7, 4
COVER T CONIRZILD P REINCORCEMENT 1
EXTELIOR INTERICK SURMACLES INTORICR
SJETACTS RO CxT.WALLS BAST SLAL INETOR .
N CIND CIN? [ 1
1 T.a4 2.5 2.63 D
TN THIUANESSODS
~QCF Ex7 INTERTCR
SLAR WALLE
{IND CIMY
H 14, 7. !
SYANBARI LOAD DATH, SOIL LAYDED (0 Too3 i

EMTER NUMBER OF SFECIAL LOAL CASES (1 TO 4

157




TAn S0 ES

SNTER DAY TTCR 20 1 ONDTD mEmInTiG

Ml O LuAT MaX e .
N LDIRCTTIoN TerL R L
(S DR [ERCT i
4 S
k¥ OmMIT ¢ i o
M 21 3 . -315.0G670 - e3400
N oo 3 u -315.0200  0.0204 h
{- s = [ 41000 PREVINIAIY) 7.0
[ g = J -9 JEVIRE-ETIV
{ 22 I N =380
[ 23 5 2 -313C.
{ 22 o & -3190 EEE S
{ 24 B c -3180.000uw  4.8300
I 11 w t 77€.0000  -.3490  1G.710¢ L
T i1 B t -120.,0000 -,9400 12,710 =
I 18 E t 295.0C00  -.5400 10,7100 .
s 15 9 t 120.0C00 -.5400 0.7100C [N
I 11 b ] ~162.5CC0 .5400 ?.5400
I 12 [} -112,5000 5400 Y.5420C
- 12 [ ~112.3000 .5400 ?.5400
I 14 ] -112.3000 «S400 ?.5400
I 15 s = ~162.5000 .35400 ?.5400
I i3 9 t 375.0000 +.5400 6.5400 L
T 3 o 5] ~375.0000 +3750 ?.3750
I- 14 o t -375.0000 +5400 &.54C0 i
MEMRER DATA FOR INVESTIGATION
ENTER NUMEBER OF MEMRBERS TO BE INVESTIGATED (1 TO i3 )
I-C
MEMBER TiaTA FOR INVESTIGATION
ENTER NUMBER OF MEMBERS TJ BE INVESTIGATED (1 TQ 130
18
ENTER 8 LINES OF MEMBCR REINFORCEMENT AREAS (SQIN)
MEMEER LEFT END CENTERLINE RIGHT ON!
NUMEER TOP ROTTOM TCF EOTTCM TOF FOTTTH
I 23 -] .79 & .79 S L9
[ 24 -] W79 X 79 , o Y
I 14 .44 +44 .44 4 A4 L A4
1" 15 .44 -] .44 - 44 &
I 1 .31 -3 31 - .31 .
I 2 31 -3 231 6 W38 .6
I 3 .31 ) 31 -] .31 ]
I: 4 .31 Iy .31 b .31 . b
INFUY COMFLETE. NO ERKRORS LETECTELD.
10 YOU WANT TQ EDRIT INFUT DATA? ENTER “YES’ OR ‘NUO’
In
DO YOU WANT INFUT DAaTa SAVEDR IN A FILE? ENTER ' YES® OF “NOC
} In
|
]
]
| B58
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LISTING OF INFUT DATA FILE FOR FOQUR CELL CULVERY INVESTIGATION

1000 4 INVESTIGATION OF FOUR CELL CULVERT

1010 WITH WORKING STRESS DESIGN FROCEDURE

1020 ONE SFECIAL LOAD CASE WITH

1030 CONCENTRATED LOADS ON ROOF AND INTERNAL WATER
1040 I WSD

10S0 4000. 40000. 150.

1060 4 9, 0, 0. 9.

1070 2.44 2.5 2,63 0.

1080 14, 13, 13, 7,

1090 0

1100 1

1110 2
1120 21 vy U -415.0000 -.5400 ?.,9200

1130 22 vy U -415.,0000 0.0000 9.7500

1140 23 Y U -4135.0000 0.0000 ?.7500

1150 24 v U -415.0000 0.0000 10.4600
1160 22 Y C -3180.0000 8.4900
1170 23 v C -3180.0000 4.8300
1180 23 v C -3180.0000 8.4%900

1190 24 Y C -3180.0000 4,.8300 ;
1200 11 v T -795.0000 -.5400 10.7100

1210 11 v T ~120.0000 -+3400 10.7100 R a
1220 1S ¥ 7 795.0000 ~-.5400 10,7100 L 4
1230 15 ¥ T 120.0000 -.5400 10.7100 R %
1240 11 X U -162.3000 +5400 9.5400

1250 12 x U -112,35000 + 3400 9.35400
1260 13 X U -112.5000 +5400 9.5400 .
1270 14 X U -112,3000 + 5400 ?.5400 '
1280 15 X U ~162.5000 +3400 ?.5400 "
1290 13 ¥ T 375.0000 +5400 6.5400 L .
1300 I Y U -375.0000 + 3750 9.3750
1310 14 Y 7T -375,0000 »5400 6.5400 L

1330 0

1340 8

1350 23 .6 .79 b6 79 b .79

1360 24 .& .79 .6 .79 .6 .79

1370 14 .44 .44 ,34 ,34 .44 .44

1380 15 .44 .46 .44 .46 .44 .6

1390 1 .31 .6 .31 .6 .31 .6

1400 2 .31 .6 .31 .6 .31 .6 ’
1410 3 .31 .6 .31 .6 ,31 ,6

1420 4 .31 .6 .31 .6 .31 .46
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FROGRAM CORTCUL - DESIGN/INVESTIGATION OF ORTHOGONAL CULVERTS
DATE: 08/22/80 TIME: 13:33:4¢

1. INPUT DATA

1.,A.,-~HEADING

INVESTIGATION OF FOUR CELL CULVERT
WITH WORKING STRESS DESIGN PROCEDURE

QNE SPECIAL LOAD CASE WITH
CONCENTRATED LOADS ON ROOF AND INTERMAL WATER

1.B.--MODE AND FROCEDURE
INVESTIGATION USING WORNING STRESS DESIGN FROCEDURE

1.C.--MATERIAL FROFERTIES

CONCRETE?
ULTIMATE STRENGTH = 4000, (FSD)
WORKING STRESS = 1800, (PSD)
MODULUS OF ELASTICITY = 3.8E+06 (PSI)
UNIT WEIGHT = 150, (PCF)
REINFORCEMENT?
YIELD STRENGTH = 40000, (PSI)
WORKING STRESS = 20000, (FSI)

MODULUS OF ELASTICITY 29.E406 (FSI)

MODULAR RATIO (ES/EC) = 7,563
1.D.~-GEOMETRY
ND OF CELL HAUNCH INVERT CELL
CELLS HEIGHT WIDTH ELEV WIDTH
(FT) (IN? (FT) (FT)

4 9.00 0.00 0.00 ?.00
REINFORCEMENT COVER (IN)? THICKNESS (IN):
EXTERIDR SURFACES = 2.44 ROOF SLAU = 14.00
INTERIOR KOOF/END WALLS = 2.50 EXTERIOR WALLS = 13.00
INTERIDR BASE SLAR = 2.63 BASE SLAB = 13.00 ,
INTERIOR WALLS = cL INTERIOR WALLS = 9.00
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1.€.~-LOAD PATA
1,€E.1.~-STANDARD LDAD CASES
NQ STANDARD LOAD CASES

1.E.2-~SPECIAL LOADT CASES

SPECIAL LOAD CASE NO. 1

MEH LOAD LOAD LOAD DISTANCE (FT) WEIGHTED
ND DIRECY TYFE (LB (FLF) START END END
21 Y UNIF ~415.00 ~.54 ?.92
22 Y UNIF ~-415.00 0.00 P75
23 Y UNIF ~41%5.00 0.00 9.7%

24 Y UNLF -415.00 0.00 10.46

22 Y Ccanc ~-3180.00 §.49

23 Y CONC -3130.00 4.83

23 Y CONC -3180.00 B.A9

24 ¥ CONC -3180,00 4,83

11 Y TRIA -795.00 -.08 10.71 L
11 Y TRIA -120.00 -.54 10.71 R
135 Y TRIA 795.00 ~.54 10.71 L
15 Y TRIA 120.00 ~.54 10.71 R
11 X UNIF -162.%0 54 9.354

12 X UNIF -112,50 1) 9.54

13 X UNIF -112.50 1) 9.54

14 X UNTF -112.50 Sa 9.54

135 X UNIF -162.50 .34 ?.54

13 Y TRIA 375.00 .54 6,54 L
3 Y UNIF -3735.00 +38 9.38

14 Y TRIA -375.00 +54 6£.54 L

1.F.--REINFORCEMENT AREAS (SGIN) FOR INVESTIGATION

MEMBER LEFT END CENTERLINE RIGHT END
NO Tae BOTTOM ToP BOTTOM TofF BOTTOM
23 50 +79 +40 79 + 60 V79
24 80 .79 » 40 W79 60 79
14 44 +44 44 44 44 44
15 144 + 60 .44 460 +44 60

1 31 &0 $ 31 4Q 31 » 60
2 + 31 + 60 31 140 31 40
3 31 .60 3} + 40 .31 « 60
4 31 + &40 +31 + 60 ' 31 60
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SCHEMATIC OF CULVERT?

k--21--k—-22--%--23--%k--24--%
! ! ' ! )
' ! i '
11 1 13 14 15
'

)

- -

' ' '
] ' ' ' '
K---1--K--=2--K-==3o—k--—4-—%

LOCAL COORDINATE SYSTEMS:
HORIZONTAL MEMBERS! ORIGIN AT LEFT ENDs X-AXIS TO RIGHTs Y-AXIS UF

VERTICAL

MEMBERS ¢ ORIGIN AT BOTTOMs X-~AXIS UFe Y-AXIS TO LEFT

SIGN CONVENTIONS:

FOSITIVE
FOSITIVE

LATERAL LOAD' ACTS IN FLUS Y DIRECTION
BENDING MOMENT FRODI'UCES COMFRESSION

ON FLUS Y FACE OF MEMEER

FOSITIVE
FOSITIVE
FOSITIVE
FOSITIVE
FOSITIVE
FOSITIVE

SHEAR TENDS TO MOVE MEMBER IN FLUS Y DIRECTION
AXIAL LOAD ACTS IN FLUS X DIRECTION

AXIAL INTERNAL FORCE 1S COMFRESSION

CONCRETE STRESS IS COMFRESSION

STRESS IN COMFRESSION REINFORCEMENT IS COMFRESSION
STRESS IN TENSION REINFORCEMENT IS TENSION
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PROGRAM CORTCUL -~ DESIGN/INVESTIGATION OF ORTHOGONAL CULVERTS

DATE: 08s22/80

2.R.-~HEADING

INVESTIGATION OF FOUR CELL CULVERT
WITH WORKING STRESS DESIGN PROCEDURE

ONE SPECIAL LOAD CASE WITH
CONCENTRATED LOADS ON ROOF AND INTERNAL WATER

2.B.-~SUMMARY OF RESULTS FOK SFECIAL LOAD CASE

INVESTIGATION USING WORKING STRESS UESIGH

MEMBER 23 LEFT END
BENDING MOMENT (K-FT) -2.48
AXIAL FORCE (KIPS) 3.01
CONCRETE 'STRESS (KSTD) 16
COMP. REINF. STRESS (KSD) .48
TENS. REINF. STRESS (KST) 2.16
SHEAR FORCE AT D (KIFS) 3.13
SHEAR FS AT D (ACI&D) 5.06
SHEAR FORCE AT 0.15LN (KIFS) 2.96
SHEAR FS AT 0.15LN (UIl440) 3.19

MEMBER 24 LEFT END
BENDING MOMENT (K-FT) -3.70
AXIAL FORCE (KIFS) 2.359
CONCRETE STRESS (KSI} .25
COMP. REINF. STRESS (KSI) .48
TENS. REINF. STRESS (KSI) 4.73
SHEAR FORCE AT D (KIPS)H 2,635
SHEAR FS AT D (ACI6&63) 5.96
SHEAR FORCE AT 0.1SLN (KIFS) 2.49
SHEAR FS AT 0.,1SLN (UI440) 3.78

MEMBER 14 LEFT END
BENDING MOMENT (K-FT) ~3.85
AXIAL FORCE (KIFS) 10.95
CONCRETE STRESS (KSI) 48
COMP, REINF. STRESS (KST) 0.00
TENS. REINF, STRESS (KST) 31.87
SHEAR FORCE AT D (KIFS) 1.28
SHEAR FS AT D (ACIl&3) —~=--=-
SHEAR FORCE AT 0.15LN (KIPS) NNNNNN
SHEAR FS AT 0.15LN (UI440) NNNNHN

------ ~ SHEAR FS5 IS GREATER THAN TEN

NNNNNN -~ U~OF-1 440 SHEAR PROCEDURE DOES NOT

APPLY FOR THIS MEMBER

63

R
™
TIME: 1S5:34:00
b
i
FROCEDURE
i
CENTERLINE RIGKHT END |
°.04 -4.83
3.0l 3.01
.58 L3
1.08 .58,
11.10 6.47
~2.99
.29
-2.83
3.34
CENTERLINE RIGHT END
S.68 -7.5%0
2.59 2,59
.36 .93
W27 .98
6.53 11.80
-3.46
2.76
-3.30
2.93
CENTERLINE KIGHT END
W27 2.20
10,44 ?.93
.11 » 2
0,00 ¢.00
-.57 86
.42
NNNNNN
NNNNNN



MEMBER 13 LEFT END CENTERLINE RIGHT END
BENDING MOMENT (K-FT) 1.47 17 8.17
AXIlAlL FORCE (RIFSH $5.78 5.04 4.31
CONCRETE STRESS (NS » 09 »04 67
COMP. REINF. STRESS (KNSTH .50 26 86
TENS. REINF, STRESS (AST) ~.04 - 21 13.08
SHEAR FORCE AT D (RNIFS) “1.11 2.22
SMEAR FS AT p <aCls3)y =----- 3.75
SHEAR FORCE AT 0.15LN (NKIFS) -.80 2.10
SHEAR FS AT 0.135LN (Ul440) 6.73 2,41

------ - SHEAR FS IS GREATER THAN TEN

MEMBER 1 LEFT END CENTERLINE RIGHT END

BENDING MOMENT (K-FT) 2.64 -4.00 3.37

AXIAL FORCE (NIFS) 3.25 3.29 3.2%

CONCRETE STRESS (RST) .20 .42 .27

COMP. KEINF. STRESS (KRST) .49 .08 .50

TENS. REINF, STRESS (KS1) 2.68 10.02 4.12

SHEAR FORCE AT I (KIPS) -2.37 2,65

SHEAR FS AT I (ACI63) 6.16 5.51 4

SHEAR FORCE AT 0.1SLN (KIFS) -2.07 2.2

SHEAR FS AT 0.15LN (UI440) 2.13 1.93 :
MEMBER 2 LEFT END CENTERLINE RIGHT END

BENDING MOMENT (K-FT) 144 -3.33 10.55 ;

AXIAL FORCE (KIPS) 2.61 2.61 2.61 :

CONCRETE STRESS (KST) .03 .35 .88 {

COMP. REINF, STRESS (KSI) .19 .04 $16

TENS. REINF, STRESS (KST) -.05 8.49 19.33 ‘?

SHEAR FORCE AT D (KIPS) ~1.98 4.34 )

SHEAR FS AT D1 (ACI63) 4.18 1.98 :

SHEAR FORCE AT O0.15LN (KIPS) ~1.59 3.99 g

SHEAR FS AT 0.15LN (UI440) 2.75 1.34 E
MEMBER 3 LEFY END CENTERLINE RIGHT END

RENDING MOMENT (K-FT) 6.64 .71 B.46

AXTAL FORCE (KIPS) 1.01 1.01 1.0t

CONCRETE STRESS (KST) +55 .05 .70

COMP. REINF. STRESS (KSI) -.03 13 ~.10

TENS. REINF. STRESS (KSY) 12,73 63 16,46

SHEAR FORCE AT D (KIPS) -2.19 2.71

SHEAR FS AT D (ACI&3) 3.83 3.08

SHEAR FORCE AT 0.15LN (KIPS) -1.90 2.36

SHEAR FS AT 0.15LN (UI1440) 2,72 2.18 oo
MEMBER 4 LEFT END CENTERLINE RIGHT END

RENDING MOMENT (K-FT) 11.89 -6.48 .05

AXIAL FORCE (KIPS) 2.56 2.56 2.3

CONCRETE STRESS (KSI) ' 99 .72 .02 ‘

COMP. REINF., STRESS (KSD) .10 -.71 13

TENS., REINF. STRESS (KST) 22.12 20.8% -1

SHEAR FORCE AT D (KIPB) -5.72 3.2

SHEAR FS AT D (ACI&3) 1.53 2.58

SHEAR FORCE AT 0.15LN (KIPS) ~S.16 2.59 ;

SHEAR FS AT 0.15LN (U[440) t.o1 1.69

[
{

B64




PROGRAM CORTCUL - DESIGN/INVESTIGATION OF ORTHOGONAL CULVERTS
DATE: 08/22/80 TIME: 15:34:29

3.A.--HEADING
INVESTIGATION OF FOUR CELL CULVERT
WITH WORKING STRESS DESIGN FROCEDURE

ONE SPECIAL LOAD CASE WITH
CONCENTRATED LOADS ON ROOF AND INTERNAL WATER

3,B.,--RESULTS FOR SPECIAL LOAD CASE 1
INVESTIGATION USING WORKNING STRESS UDESIGN PROCEDURE

RESULTS FOR MEMEER 23» LOAD CASE 1t

DIST FROM LATERAL RENDING AXTAL AXIAL
LEFT END LOAD HOMENT SHEAR LOAD FORCE
(FT) (KSF) (K~FT) (KIFSH (KSF) (KIFSH
0.00 -.42 -3.83 3.68 0.00 3.01
.38 -.42 -2.48 3.93 0,00 3.01
2,63 ~.42 4.40 2.59 0.00 3.01
4.83 -.42 ?.11 1.68 0.00 3.01
4,83 -.42 ?.11 -1.50 0.00 3.01
4.88 ~.42 9.04 -1.52 0.00 3.01
7.13 -.42 4,58 -2.46 0.00 3.01
8.49 -.42 .82 -3.02 0.00 3.01
8.49 ~.42 +82 -6.20 0.00 3.01
9.38 -.42 -4.83 -6.57 0.00 3.01
9.75 -.42 -7.32 ~6.73 0.00 3.01

RESULTS FOR MEMBER 24, LOAD CASE 1

DIST FROM LATERAL BENDING AXIal AXTAL
LEFT END LOAD MOMENT SHEAR LOAD FORCE
(FT) (KSF) (K~FT) (KIPS) (KSF) (KIFS)
0.00 -.42 -4.88 J.21 0.00 2.59
.38 ~.42 -3.70 3.05 0.00 2.59
2.63 ~.42 2.11 2.12 0.00 2.59
4.83 -.42 5.77 1.20 0.00 2459
4.83 ~. 42 5.77 -1,98 0.00 2.59
4.88 ‘-, 42 5.68 -2.00 0.00 2.59
7.13 ~.42 14 -2.93 0.00 2.59
9.38 -.42 -7.50 -3.86 0.00 2.59

9.92 ~.42 ~9.65 ~4.09 0,00 2.59




RESULTS FOR MEMBER 14, LOAD

D1ST FROM
LEFT END

(FT)
Q.00

V1)

- 34
2.79
5.04
6.54
7.29
9.54
9.54
10.13

LATERAL

LOAD
(KSF)
0.00
0,00
~.38
~.23
~,.09
-,00
0,00
0,00
0.00
0.00

RESULTS FOR MEMBER 135, LOAD

DIST FROM
LEFT END

(FT)

, 0.00
| .54
.54
2.79
S.04
7.29
9.54
9.54
10,13

(FT)
0.00

+ 354
2.79
5.04
7.29
?.54
9.92

RESULTS FOR MEMBER
DIST FROM
LEFT END

LATERAL

LOAD
{XSF)
.76
.73
.73
.40
Y
33
19
19
16

1y LOAD
LATERAL

LDAD
(KSF)
b0
61
&3
69
W73
V77
.78

CASE 1
RENDING
HOMENT
(K-FT)
~4,48
-3,8%5
-3.8%
-1,20
.27
.93
1.25
2,20
2.20
2,45

CASE 1
BENDING
MOMENT
(K-FT)
2.52
1.47
1.47
-, 469
17
3,35
8.17
8.17
?.41

CasE 1

BENDING
HOMENT
(K~FT)
4.31
2.64
-2.33
~4.00
-2.17
3.37
4.64

SHEAR
(K IFPSH
1.9%9
1,55
1.53
84

+ A9
VA2
42
A2
A2
.42

SHEAR
(KIFS)
-2.13
-1,73
~1.73
-.24
]
1.83
2,41
2.4
2.5t

SHEAR
(KIFS)
-3.24
-2.91
-1,49
.02
1,62
3.32
3.461

AXTAL
LDAD

(KRSF)
0.00
0.00
-1
-1
~.11

~.11
~.11
04,00
0.00

AXIAL
LaAD
(KSF)
0.00
0.00
-, 14
-.16
~.16
=14
~. 16
Q.00
0.00

AXIAL
LQAD
(KSF)
0.00
0.00
0.00
¢.00
Q.00
Q.00
0.00

AXIAL
FORCE
(K1F5)
10.99
10.9%
10.95
10.69
10.44
10.27
10.19
?.93
?.93
f.93

AXTAL
FORCE
(KIFS)
S.78
.78
S.78
5.41
3.04
4.68
4.31
4.3
4.31

3,25

[SESESES U
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RESULTS FOR MEMBER

DIST FROM

LEFT END
(FT)
0.00
.38
2.463
4.88
7.13
9.38
9.7%

RESULTS FOR MEMEER

DIST FROM

LEFT END
(FT)
0.00
.38
.38
2.63
4,88
7.13
9.38
9.38
9.735

RESULTS FOR MEMBER

BIST FROM

LEFT END
(FT)
0.00
+ 38
2.63
4.88
7.13
9.38
9.92

2+ LOAD CASE 1

LATERAL

LOAD
(KSF)
.78
.79
.83
.87
.91
99
.96

3> LOAD

LATERAL

LOAD
(KSF)
.96
97
.59
63
.68
.72
76
1.13
1.14

4y LOAL

LATERAL

LOAD
(KSF)
1.14
1.15
1.19
1.23
1.27
1.31
1.32

BENDING

MOMENT
(K=-FT)
1.49
.44
-3.55
-3.33
1.30
10.55

12,55

CASE 1
BENDING

MOMENT
(N-FT)
7.73
6,64
4.464
2.07

» 71
2.77
8,46
8.46
?.80

CASE 1
BENDING

MOMENT
(K~FT)
14.49
11.89
~.31
-6.48
-6.43
.03
2.60

SHEAR
(L1IFSH
-2.97
2467
~.85
1.06
3.07
5.17
5.53

3.37

SHEAR
(KIFS)
-7.15
-6.72
-4,10
-1.38
1.44
4.34
5.06

B67

AXlAL
LOALD
CrSFD
L]
0.00
9.00
0,090
0.00
0.00
0.90

AXTAL
LOAD
(NGF)
0,00
0.00
0.00
0.00
0,00
0,00
0.00
0.00
0.00

AXIAL
LOAD
(KSF)
0.00
0.00
Q.00
0.00
0.00
0.00
0.00

AXTAL
FOFCE
(RIFSH
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
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APPENDIX C: VERIFICATION OF
LOAD AND FORCE CALCULATIONS

Introduction

1. This appendix presents calculations to demonstrate procedures used
by CORTCUL and to verify program results. Details and computer program re-
sults for the culvert-soil systems used for illustration are given in
Appendix B.

2. The remainder of this appendix is organized as follows:

a. The first section following this one illustrates conversion of
soil and structure weights to applied loads.

b. The next section compares member forces calculated by CORTCUL
with those obtained by other methods.

c. The next section verifies stresses and reinforcement areas
produced by CORTCUL in the DESIGN mode for the WSD and SD
procedures.

d. The last section validates stresses and factors of safety
generated by CORTCUL in the INVESTIGATION mode for the WSD
and SD methods.

Verification of Standard Load Cases

System

3. The six-cell culvert and soil system shown schematically on sheet
1 of Figure Cl was designed by CORTCUL for two standard load cases (scc
pages B28-B42 of Appendix B).
Loads on roof

4. Uniform loads on the roof slabs are produced by moist soil, sub-
merged soil, water, and slab dead weight. Only soil loads are altered by
vertical pressure coefficients as indicated by the tabulation on sheet 2
of Figure Cl.

Loads on vertical exterior walls

5. A trapezoidal variation of horizontal distributed load is pro-
duced on vertical exterior walls by moist soil, submerged so1l, and water.
Only soil loads are altered by horizontal pressure coefficients, as illus-
trated on sheet 2 of Figure Cl. Load magnitudes at various clevations are

compared on sheet 3 of Figure Cl.

Cl
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Loads on base :
6. The input data to the computer program (see page B33) specify a

uniform distribution of base pressure. The program generatcs a uniform

base pressure necessary to equilibrate the total load on the roof plus the

weight of the vertical walls, as illustrated on sheet 3 of Figure Cl.

Verification of Member Forces

System

7. The six-cell culvert designed by CORTCUL (pages B28-B42) and the
final design forces for Load Case 2 (1.5 to 0.5) are used in this illustra-
tion. Final design dimensions and loads (converted to units of pounds and
inches) are shown schematically on sheet 1 of Figure C2.

Methods of analysis

8. A plane frame structural model of a 1-ft slice of the culvert is
used by CORTCUL for analysis. Joint locations and member identifications
used in this comparison are shown on sheet 1 of Figure C2. Joints are de-
fined at intersections of the center lines of vertical and horizontal walls
and slabs. Additional joints are defined in the vicinity of wall-slab
intersections to account for the effect of member sizes in these locations.

Member segments near wall-slab intersections are treated like riqgid lencths

(see pages 33-39 of the main text). Additional rigid longths are uscd at the
exterior corners of the structure to account for loads applied beyond wall-
slab center line intersections. Flexible members are assigned cross-
sectional areas and moments of inertia consistent with the dimension of the
1-ft slice of the culvert.

9. Member forces obtained by CORTCUL are compared with the following
methods:

a. CFRAME* with rigid lengths.  Rigid lengths were assigned moduli
of elasticity equal to 1000 times the parent material proper-
ty. Program output is shown in Table Cl1.

b. FrAdL without riqgid lengihs. ALl members have the parent
material modulus of elasticity. Program cutput is shown in
Table C2.

f *  (FRAME is documented in "User's Guide:  Computer Program with Interac-
: tive Graphics for Analysis of Plane Frame sStructures (CFRAME)," Instruc-
tion Report 0-79-2, March 1979, Waterways Experiment Station.
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Table C1

Output from Program CFRAME for Six-Cell Culvert

With Rigid Links

X ORX R Kok R K MoK K- K K-X-X
ERUOGERAM CERAMLE V0100 06 UL 79
LI B O BN R L Y R R R T 3

[ctiNe LA T QO L1204,
HUN TIME - 11,5710,

CERAME SOTUTTON Bk S Ix CELU CUFVEKRT
DESTONE D BY CORTUMLY VUK Loy TO O LUADING
FRAME SOLUTLIUN WITH KRIGID L INKRS

XKk JUINT UATA kXX

s - - FlxIly
JAUINT X Y X Y IN X

L -5 .00 0.00
2 L. 00 84.00
3 0,00 “& W OQ
4 0,00 0L00
" 0.00 .00
: 0.00 H1.00
.00 34,00
2 0.00 0. 00
’ RS 0,00
1o Daho 84,00
T VAL U.0Q
L. KSR B4.00
{3 81,50 0.00
14 $1,0 3.00
i vil L0 B, o0
S 81.50 HaL,O0
P [ IAN G0
ta HE, 4L, 0y
1v 160,00 G 00
e LHO .2 H4,00
R 16250 0400
16250 4,00
3 Jaletl 81,00
a4 Téy NV H4,00
O L4, /0 G.00
AR 164, /0 H4,00
JAN L G400
R ALY 84.00

R RE I ERIY] Q.00 *»  x X
o AL L0 4,00
8] A0 81.0,

5. 43,00 84,00 X% *

(Continued)
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Table Cl (Continued)

Ok MEMEERK DATA Xk¥

END END
MEMEER N H

1 1 4
; 4 9
2 Q@ 11
4 11 135
5 13 17
& 17 19
7 19 21
8 210020
b4 2N 27
1O 27029
i1 3 4
1o 4 o}

) 20 30

14 ) &
t/ 14 1%
%3] 2003
i4 LG 31
O é /7
"1 ) 16
> A )
23 51 L
24 2 /7
e / 10
S 1O 1.
> 1. Ié
o8 14 10
D (R S0
10 JO D4
i 24 06
3.0 RETGE
33 28 R
34 / 8

LENGTH

5.00
250
76,75

e
2425

aE

.,) * o)
76050
2029
2.29
76.50
BERS]
6400
£,00
£5.00
3.00
.00
78.00
/78,00
78,00
7B.06
5.00
3.00
43,00
1,00
5,00
RSV}
Jbe S
Dot

. )

re
.‘#. i

76000
2000

e
‘704 I

2h e
Do

600

.

.

.

.

.

1 &)

1728404 .1440E+403 O.
1786404  ,1440E+403 0,
17286404 .1440F403 O,
17286404 .1440E403 0O,
17286404 . 1440E403 0.
1728F404 ,1440E+03 O,
17286 +04 .1440E403 O,
1728404  .14406403 O,
17285 +04  ,1440E+403 O,
1728404 14408403 O,
1000404 1200403 0.
1000E404 J1200E403 O,

S7290E403 0 10808403 0.

.

7290403  .1080£+403 O,

7290403 .5400F 402 O,

.

.

.

.

.

.

1000t 404 .1200E+04 O,
72908403 1080403 0O,
72900403 L1080F403 0,
2290E 403 L95400E402 0.
1000F +04  .1200E403 0,
7290£403  L1080E403 0,
729014038 L1080L 403 0.
7090 +0%  LLA00E4+02 0.
1728F 404 14408403 0,
17088404 . 14408403 0.
172HE $04 L LA4GE 403 O,
17268E404 14401403 0.
17288404 14408403 O,
17288404 1440403 0.
1728404 ,1440F 403 0,
17288 404 . 1440F 403 0,
L708BE404 L1440E 403 0.
1728404 . 1440t 103 0.
1000 104 L1700 +403 (.

(Continued)

[}

AS

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

3

3H34E 410
3834E 410
3834E407
3834E+10
3834L 410
3834407
3834£ 410
3834E+10
3834407
3834E+410
3834E+410
3834E+410
3834E+10
3I834E+410
3834E+10
3834407
3834E407
3834E+07
38346407
3834E£+10
IB34E410
3834E+10
3834410
3834410
J83ar+10
3834107
1834t 410
3834F 410
3834L 407
IB34E 410
3834 +10
An34 407
3854 +10
3884t 410

G

15988410
15986410
+1598F 407
L1598 410
JA59YBE+10
L 15986407
1598410
J1598E410
L1598E407/
L1598E410
L1598E 410
J1598E+10
«1598E+410
«1598E+410
+1598E410
«159B8BE407
L1598E407
J1598E407
15988407
F1598E410
159988410
1598410
«15998E410
1598410
L1598 410
15988 4107
L1598 410
L1598 410
L1598 407
15988410
L1598 410
L1598 407
215988410
L1598E 410




Table Cl (Continued)

*xXxx LOAD CASE

MEMEBER

NVNTNITD NI~

10
11
12
16
20
24
25
26
27
28
29
30
31
32
33
34

JOINT

4
13
21

29

LA

0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0,00
0.00
0.00
0,00
0,00
0.00
0.00
0,00
0,00
0,00
0.00

FORCE X

0.
0.
0.
0.

1

i

1

DATA kX

FA

+2876E403
+2876E403
«2876E403
« 28768403
+2876E403
»2874E+03
«2876E403
+2B76E+403
+2B876E403
«2876E403
«1728E403
+1688E+03
+1668E+03
+11S7E403
+2778BE+03
+2778E403
«2778BE403
.2778E+403
«2778E403
«2778BE+03
W 2778BE+03
+2778E403
«277BE+03
+2778E+03
+1137E403

L

FORCE Y

~+7500E+03
~+6750E+403
~ 67506403
~.3375E403

B FE

5.00 -.2876E+403
2.50 -.28764E+403

76,75 -.2876E+03
2,25 -.2876E+03
2,25 -.2876E403

76,50 -.2876E403
2,25 -.2876E+403
2,25 -.2876E403

76.50 -,2876E403
2,25 ~-.2876E+03
6,00 «1688E+03
3.00 «1668E+403

78.00 +1157E403
3.00 +1137E403
5.00 +277BE+03
2,50 +2778E+403

76.75 «2778E+03
2,25 +2778E+03
2,25 +2778E403

76.50 +2778E403
2,25 +2778E403
2,2% «2778E403

76.50 +2778E403
2.2%5 +2778E403
6.00 +1098E+403
MOMENT

0.

0.

0.

0,

(Cont inued)

Cle

ANGLE

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00




Table Cl (Continued)

MEMBEE R

1

JOLINT

o)
A0

14
)
L0
A1

&

LOAD CASE 1

MEMRER END

AXIAL

0.
Q.
-.7588L+04
-.7588E+04
- 7OH8E+04
- /HBHE+O4
-« 7588BF +04
-, 7588E 404
= 7768E+04
-.7768BE+04
- 7768 +04
- 7768E£404
- 77468E404
»2/68BE404
- /B72E404
- /8728404
LIB72ELOAS
. /8778404
~ 700 04
- 7872404
O
0.
= 11701 40
e 1170040
=W D3IE4OY
23 71EHOY
L2228 0N
SO0 HOY
s 113410 +0N
e L1 34K 0
S L1708 #0N
1Y 0E 0N
SJAZE HON
A1 +OY
coegE von
DA N U A S
11840 0,
SRR IRE T 38 XOLN
L1700 $OY

HSHEAR

-+1236E-04
~.1438E+04
-«1101E+4+00
J1029E 405
- 1029E4008
-+ 1178 +05
1178405
-+ 1243E40%
=~ 119%9E 400
«1131E+405
~e1131E405
- 106905
< 1069E405
—+1134E404
Se L1610
+1096E+0Y
=+ 1096E+0%
S 1103400
«1103E405
~+1168E+0%
Qe
10251404
coL63E+04
LO060L $04
L1798 +03
L1798 04
RESET IR NOR
w1044t +0 3
G
O
OO0 tO4
LAYLH)L HO4
R A I BREVIEY
L1798 0’
L, 1044t +0 3
10441 ol
0.
[0
SAYLBE Y04

FORCES

MOMENT

~7172E-04
+3594E 104
+1190E+06
92436405
SRLABEH0S
«1497E+406
L1497E406
«1769E406
+1814E+0¢4
«1882E+06
15526406
131785406
L1317E406
AL65E106
16168 06
VE3E2E 404
136 0E 406
S 1389F+06
« 1389 $04
+1644LE +04
1590 -04

-, 3086E 404
+1185E+06
CEYOLE 0N

L R438E+04

-, 3BY8E+04
OV EE 04

- L,4780E 404

Q.

O
CPYELE $0OY
LHOLBE 40N
BEIEATIERECE
L1020 400

4801 404
SAresto4

[N

(U

- yluBE +00

(Continucd)

13

MOMENT
EXTREMA

« 3594 404
-v7172E-04
«11920E406
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0L 00
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O, 00
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0L Q0
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O Qo
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Table C2
Output from Program CFRAME for Six-Cell Culvert

Without Rigid Links

N I N S TR T T SRS A
FROGRAM CFRKAME VO1.0S 06JUL 79
PR R T I BT EE B B S e B |

KUN DATE
KUN 1 [ME

U KAME
DESTGNED
SOLUTION WITHOUT KRIGID LINKS
JUINT LATA Xk

F RAME
*EX

JOINT

= BO/11/04,
12.03,26.

SO UTION POR SEX CELL CULVERT

BY CUKICU S FOR 1,9 TO 0.5 LOADNING

——————————————————— FIXITYmmmmmm e mm e e — o
X Y X Y R KX hY Rk
-5.00 0.00
=5.00 84,00
0.00 -6.00
0.00 0.00
.00 3.00
0.00 81.00
0.00 84,00
.00 20,00
2.50 0.00
2,50 84.00
79.25 0.00
79.2% 84.00
81.50 Q.00
81.5950 3.00
81.50 81.00
81.%0 84.00
84,75 Q.00
B83.75 84.00
160.25 0.00
160.7% 84.00
(6250 0.00
162,50 3.00
162.50 81,00
162.50 84.00
164.749 Q.00
164.75 84,00
241.25 0.00
241,25 84.00
243.50 0.00 * x «x
243.50 3.00
243.50 81.00
243,50 84.00 x *

(Continued)
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Table C2 (Continued)

xxx MEMBER LATA Xxxx

END END !
MEMEER A H LENGTH 1 A As E G )
1 14 5,00 .1708E+04 . 1440E+03 O, L3BIAEH07 L1598 +07
2 4 9 2,50 L1708E+04 . 1440E+03 0. L3EBAEH07 L 1S9BE407
3 9 11 76.75 .1728E404 .1440E4+03 0. L3834F407 L 1598E407
4 11 13 2,25 L172B8E+04 .1440E403 0.  3834E407 L 1598E+407
S 13 12 2,25 L1728E+04  .1440E+03 0. .3B34E+07 . 1598E407
6 17 19 76.50 J1778E+04  .1440E403 0. .3834E407 . 1598E407
7 19 2 2,25 J172BE+04 .1440E+03 0. .3834E407 15986407
8 2% 2.2%  L1728E+04 . 1440E+03 0. J3B34E407 L 15988407
9 T 76.50 .1728E+04 .1440E+403 0. L3B34E407 L 1598E407
to 27 29 2.25 L1728€4+04 .1440E403 0. V38346407  J159Y8E407
11 3 4 6.00 ,1000E+04 .1200E+03 O. .3834E407 L 1998E+407
12 a5 5.00 .1000E+04 .1200E+03 0. L3B3AE+07 L 1598BE407
13 13 14 3,00 L7290E+03 .1080E+03 0. L3834E407 L 1S9BE+07 !
14 v1 o0 3,00 ,7290E+03 .1080E+03 0. L3834E407 L 159BE407 i
s 29 30 3.00 .7290E4+03 .S400E+02 O. L3834E407 . 1S98E+407
16 5 6 /8.00 ,1000E+04 .1200E+03 0. L 3834E407 L 159BE+407 )
17 34 15 78.00 .7290E+03 .1080E+03 0. L3834E407 . 1S98BE+07 !
18 P2 23 78,00 .7290E+03 .1080E+03 0. .3834F 407 . 1998E+07
19 30 31 78,00 ,7290E+403 .5400E+02 0. L3BIAE407 L 1L9BE407
20 6 7 3.00 .1000£+04 .1200E+03 0. L3834E407 15986407
115 16 3.00 .7290E+03 .1080E+03 0. L3834E407 L 159BE+07
22 23 24 3.00 .7290E+03 .10BOE+03 0. L3834E407 . 1598F407
23 31 32 3.00 .7290E+03 .5400£402 0. L3B34E407 L 159BE+407
74 27 $.00 J1728£404 .1440E+03 0. L3BIAE 07 L 159BE407 1
25 7 10 2.50 L1728E404 .1440£+03 0. L36834F407 L 159BE407 1
2 10 12 76.7%  L17°8E+04  .1440E+03 0. L3B34E407 L 1598E407 1
27012 16 2.0Y% 17286 404 .1440E403 0. L3834E407 . 1598£+407
28 16 18 .05 L1728L404 L 1440E403 O, .3834E407 L 1598E+407 |
29 18 20 76,50 .17028E+404 .1440E403 0. L3834E+407 15986407
30 20 24 2.25  L1708E+04 . 1440£+403 O, .3834E+07 19986407
3t 24 26 2,09 J1708E+04 L 1440E+03 O, LIB3AE 07 L1598E 407
32 26 28 76.50  L1728E404 . 1440E403 0. L3BTAE 407 L 1598E407
33 2y 3D 2.25 17286404  .1440E+03 0. VIB3AEH07  L1L9HE4O/
3a 7 g 4.00 L1000E404 . 1200E+03 O, L3B3AE 07 L 1598E 407

(Continucd)
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Table C2 (Continued}

*kk [ UALL CASE 1 DATA kkx

MEMBER LA A Lk @3 AnNbL b H

1 0,00 ~-.2876E£403 .00 L2H76E 02 G060

o 0,00 -,2876E+03 2450 SJBAOELH0S 0.00 ‘
R 0.00  -.2876E403 7éo 7Y SLIHAE 103 GO0

a 0,00 ~.2876L403 W 2B/AE 0 [PRRYIV}

o Q.00 -,02876E403 L 2B76F 08 0,00 ),
& 0.00 -.2876E+03 76450 28761404 GaQu

7 0.00 -.28746E+03 2020 2876404 O. 0

u Q.00 -.287681073 202y L2B76EA03 G, G i
9 0,00 -,2876E403 7650 J2B76E403 OG0 {
10 0,00 S, 2876E4+03 2,025 - 0876E403 Q.00 :
1 Q.00 L1728E403 6.00 . 1088E+03 0,00 !
L2 0.00 . 1688E+403 5.00 L1668E£403 G.00

14 0,00 «1668E403 768,00 J1157E403 0,00

20 0.00 LA1E7E403 .00 C1137E403 000 !
’4 0.00 J2778E403 5.00 L2778BE403 Q.00
2% 0,00 J2778E403 2,50 L2778E403 000 “
26 0.00 «2778E403 L2778E403 0,00
27 0.00 L2778E403 L2778E403 0.0 )
o8 0.00 L2778E+403 2778E403 0,00

4 0,00 L2778E403 7650 JOT778E403 0.00 ’
50 0.00 L2778E403 2,25 J2779E403 0.0

31 0,00 L2778E403 2.2% L2778E403 QL 00
32 0,00 W27786403 76450 L2778E403 Q.00
33 0,00 J2778E403 2029 JD778E403 0.00

34 0. 00 L1137E403 6.00 +1098BE+03 0.00 4

JUINT FORCE X FORCE Y MOMENT }

4 0. -+ 7500403 O, §
13 0. ~,6750E4+03 0.

2l [V Se67950E 403 O,

29 0. - 3375E403 0.

(Continucd)
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Table C2

(Continued)

LUalt CAS

E 1

MEMEER ENDC FORUE S
MOMENT
MEMEER JUINT AXIAL GHE AR MUME N EXTREMA POL At TON
L L O, 0. 0. LANLYAE Y04 00
4 O -, 1438404 LELYAL 104 O, [SNeIY]
4 L/OU5E 104 - 1106t tOu SHI08E 04 SHTOHE Y06 G, )
k4 L /EH3E+04 L0348 30U JBAHOLEH0L cHOOGTE +OD S0
K 9 W /OBAE F04 - L LOTBAE 0 JBOEOTEHON CLARTE D6 X
(3! VAT K IDERVE: -1 L7308 1O 1391106 Yy nE PO i, 3
1 1} L 7UH3E 04 SLL73EHON 13 LEH04 LTI SR AT AN
IR L0804 CIPB7EA00 JIEH2E +OE LAY HO6 00
) L3 W ASH0EY04 S1EQDE YO <1208 06 1700 FOL oy
' L/ /60E404 S11278 400 L 1A4aBE 04 1448406 PR
o 1/ /760104 1 12/F +0Y L LAdBEHOA 14485106 G.00
[ W/ /EH0E 04 LLOZ73E vOn 12391 04 S SEOYE HOD 14, -t
’ 19 2760 +04 LLO73E40Y 12398408 L 1A8BE tO6 K]
i S 7HQEHOA A1 37E 0 CLABBEAO4 cl2ACE O 0,00
o L /863E404 L1163 00 SESAE 06 LT3 06 O, 0w
" L ABO6IFE 04 1098E 0N J1283F106 S12B3F 0L RSN
g U LBEAEYO4 LLOYBEHOYD LL2B3EY06 LI296E406 Tt
1/ L /B8O HO4 LITO0EHOYN CAD9EEHOE EE - B L E0] SRRV T, 0%,
10 b/ L6 A 04 SHTO2F +08 LAPPAE O 1SS PEA06 Do
4 RO 3EHO4 s 116AE+0N L1OLDOEFOS V1OV EE 406 [CRRVIN
[ 1 (128 O, U 0. Gy 0
4 W, L1025 +04 -, 3086t +04 - A0HAL +O4 GO0
1.0 R ST 00 LAHLPE 104 S L2 KOs AT AR N 3,00
" S I BT R e A LHOLOE 04 VY3841 +O5 IR A WK T RO [RFSEY]
14 13 SN IR A YA LA 4O LAH23E404 S A090 t04 L, 00
14 SEATE FAON LA 767H403 LA0901 104 L4603 04 0. 00
] H GO 3E HOY SOV bOR LAUVYLHE tO4 LALEEBE L0 SL00
a0 s DR O L0203 L ANHRE 04 LABPLE Q4 (RIS AN]
[ 4 SRR O O O G, [SRSIN
o S84 +OL O Q. O IARNVIS]
A e SN RGN LAONSE 04 LR ARAE O L2240 400 Rep, (il
& SN E 400 JAPECE t0A4 LShmEE O L2334 O 09
1/ 14 AL OE HOY A2ES HOR LAQY L t04 JIEYIE 04 A3 00
10 OG0 O JAEEOR LE2 404 CA0GIE £ 4 (ARSI
14 R L2330 400 SO0 0l LALHEL P04 PR A SR A, O
R FUSORI I 1 I RV SO0 pud T DA ) LAL88E 104 G, 00
1Y 30 L3R 0N 0, O, O, G0
9] SRR QN O [N (U Q.00
SO & 120 0y LAYECE 04 LAaAAE O, esSE 400 [SIA]
(Continued)
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Table C2 (Concluded)

&9
30

31

33

34

JOINT

29

I

ToTaL

!

7 - 1175E405

24 -, 2233E409
31 - 1133405
32 -~ 1133E4095

2 0.

7 0.

7 -l B9 77E+04

10 -, 89776404
10 ~,85977E+04
12 -, 859776404
12 - 5977E4+04

16 - ,59977E+04
- H800E+04
18 -,.5800E4+04
=. 58001404
20 ~,5800E+04
20 ~,HSBO00E+04
4 - 9800E+04
24 -, 54697E404
26 —.5697E404
26 L GU6P7E404

28
28 6P 7E+04
32 -,9697E404
7 0.
8 0.

STRUCTURE REA

FORCE X
/78630104 "y
GO VERO4 O
CE3LAE40T ~

+5306E404
W1767E403
= 1767E403
+1027E403
-+ 1027E+03

0.

0.

0.
«1389E+04
«1036E40%

e P6467E404
PELEH04
c1165E105

~«1163E40%5
< 1228E405
«1134E405

~+1072E405
+1072E405
+1053E405
~+1053E405
CLLIGEA40S
S1117E405
~+1055E+0%
»1055E405
+1070E40%
~+1070E+05
«1133E40%
bH703E4C3
0.

CTIONS
FORCE Y

3650E-01

= P207E405
96 104
S1OD2E 00
+3426E404
SITEGE404
O,
0,
0.
-+3472E404
cPILA4E+OT
L 68516405
-+ 6851E+05
-« 1446E+06
~+1446E406
-e1716E406
+1613E406
= 1345E404
-+ 136GE406
—+1294E406
-+ 12948406
- 1538E4+06
~+1501E406
= 12856E406
=~ 1256E406
-+ 1316E406
—1316E406
e 1564E+06
- 1999E4+04

.

MOMEXT

L1G52E406

=2 1364E406

3690E-01

— 2078405
c 10228405
WP692E404
« 37356404
¢ 3426404

0.

0.

0.

=+ 3472E404

~ 6H91E4+05

~ e FIBAE40S
PP6BEH0S

—+1446E406

~+14446E406

=+ 17166406

-+ 136GE406

~+1613E406
«7022E405

=~ 13659E406

-« 12946406

—1538E406

-+ 1256E+0¢

+1501E+06

745 7E405

13166406

~«1316E406

S 1564406

0.

— 1999404

3.00
3.00
0.00
3.00
0.00
0,00
0.00
0.00
.00
2,50
0.00
35,31
76.7%
0.00

e
20‘3_1

a2, 0

Rarptiaw]

0.00
38,25
0.00
0.00
2,25
2,25
0.00
38.049
7650
0.00
2.025
6,00
0.00




C. Moment distribution with rigid lengths.
d. Moment distribution without rigid lengths.

Discussion of results

10. Results obtained by the five procedures discussed above are tabu-
lated on sheets 2-4 of Figure C2. The forces obtained by CORTCUL and CFRAME
with rigid lengths are identical. Omission of the rigid length offect results
in lower calculated bending moments but has only a slight effect on shears
and axial forces.

11. The moment distribution procedure ignores the effect of axial
shortening on bending moments. Due to axial shortening, the moment distri-
bution procedure underestimates bending moments at some locations by approx-
imately 7 percent in this illustration. The magnitude of the effect of
axlial shortening on bending moments depends on the relative axial and flex-
ural shear stiffnesses of the culvert members. For some systems, particu-
larly those with nonuniform base pressure distributions, bending moments

predicted by moment distribution may be significantly in error.

Verification of DESIGN Calculations

WSD procedures

12. The base member of the single~cell culvert designed by CORTCUL for
one~to~one loading by WSD procedures and shear design option 2 (see pagcs
B6-Bll) is used for this illustration. Design dimensions, loading, material
properties, and forces are shown on sheet 1 of Figure C3.

13, The clear span-to-depth ratio for this member dictates that Uni-
versity of Illinois 440 shear design (critical section at O.lSLn) be used.
Shear and axial load at the critical section are shown on sheet 1 of Figure
C3. Actual and allowable shear stresses at the critical location are shown
on sheet ¢« of Figure C3. Although the allowable shear stress is signifi-
cantly greater than actual, reduction of the section thickness by 1 in.
would place the section in the range of dimensions covered by ACI-63. The
lower allowable shear stress permitted by ACI-63 would result in overstress
at the critical section.

14. Compression stress in the concrete at the left end of the clear
span 1s shown on sheets 2 and 3 of Figure C3. The actual compression stress

is well below the allowable. Note that CORTCUL indicates that shear

20
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controls the design of this member.,

15, Required reintorcement area at the Loeft end o the clear span reo
verified on sheet 3 of Prguoie O30 The positive Lendlng moment, Compression
Lo the top of the member, regulres that the reinforcement b placed oot
botrom of the section as indicated by CORTCUL outpat {(See paage By,
ACLZ03 5D procedures

lo. The exterilor vertical member of the six-coll calvert desianed oy
CORTCUL by sbD procedures and shear design option 1 (sec pades bze-B40) 1
usced 1n this 1llustration. Design dimensions, loading, foroos, amie denion
parameters produced by CORTCUL are shown on shect 1 of Figure 4.

17.  CORICUL output indicates that shear controlys the desion o thyy
member.  The critical scection for ACI-03 shoar deosian 1s at o distaro
above: the lower face of the clear span. shear, moment, and axial foroe ot
this location are given on sheet 1 of Fiqure 4, Allowable and actual chea
stresses are comparcd on sheets 2 and 3 of Figure C4.

l8. Requirced reinforcement area at the lower end of the clear npan

15 verified on sheets 3and 4 of Pigure C4.

\('('1<i.f;i_ia‘t}f)jlif INVESTIGATTON Cglculations_;

i

vioD procedures

1o, Thee roxst olab over the third cell of the four-cvell culvert an-

et a0 RTOUL by Wabh o procedures {(sec pages BS56-BOH) 1o usned here
torous b ot o oimensions and loads for this member are shown on shicet
Lot cin
Cteear tactors ot osafety (at d for ACLI-63 and at Dodh for
I
oo o gt crgparet on o sheets Loand 2 of Praure Ch.,

S Matoraal stresses at the left end of the clear span arce compared
o Sheet s s g b of Frgure O
Aclze b b jrocednres

Jdo The root slab over the left-hand cell of the threce-cell cafvert
lnvestigatod by AcI-6¢ 0D procedures (sce pages B44-154) for the 1of=to-105
Load cane 1n o uged here tor tllustration. Loading and dimensaons for thi
member are shown on shect 1 of Frgure 6.

23, Because the otfective depth  d excceds l).l‘,r'vr , AUT-63 shear

i

procedure 1o not used tor this member.  Chear factors of satety at o o1 hy
I

s
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from the U-of-1 440 procedure are compared on sheet 2 of Figure C6.

24. Hand calculations for the flexure factor of safety at the left
face of the clear span are outlined on sheets 2 and 3 of Figure C6. Note
that the increase in effective depth d due to the haunch is included.
The difference in flexure factors of safety is due to truncation in the

hand calculations.

C36




In accordance with letter from DAEN-RDC, DAEN-AST dated
22 July 1977, Subject: Facsimile Catalog Cards for
Laboratory Technical Publications, a facsimile catalog
card in Library of Congress MARC format is reproduced
below.

Dawkins, William P

User's guide: Computer program for design or investigation
of orthogonal culverts (CORTCUL) : Final report / by William P.
Dawkins (Department of Civil Engineering, Oklahoma State
University) ; prepared for Office, Chief of Engineers, U.S.
Army ; monitored by Automatic Data Processing Center, U.S,
Army Engineer Waterways Experiment Station ; Springfield,
Va. : available from NTIS, 1981.

75, [116] p. : ill. ; 27 cm, -- (Instruction report / U.S.
Army Engineer Waterways Experiment Station ; K-81-7)
1 Cover title.
""March 1981."

"A report under the Computer-Aided Structural Engineering
(CASE) Project.”

"Under Contract No. DACW39-80-M-0334.'

Bibliography: p. 75.

1. Computer-Aided Structural Engineering (CASE) Project.
2. CORTCUL (Computer program). 3. Culverts. TI. Oklahoma

Dawkins, William P
User's guide: Computer program for design or investigation
of orthogonal culverts (CORTCUL) : ... 1981.
(Card 2)

State University. II. United States. Army. Corps of Engi-
neers. Office of the Chief of Engineers. III. United States.
Army Engineer Waterways Experiment Station. Automatic Data
Processing Center. 1IV. Title V. Series: Instruction

report (United States. Army Engineer Waterways Experiment
Station) ; K-81-7.

TA7.W34i no.K-81-7




WATERWAYS EXPERIMENT STATION REPORTS
PUBLISHED UNDER THE COMPUTER-AIDED
STRUCTURAL ENGINEERING (CASE) PROJECT

Technical Report K-78-1

instruciion Report O-79-2

Technical Report K-80-1

Technical Report K-80-2

Instruc.ion Report K-80-1

Instructior Rey ort K-80-3

instruction Repcrt K-80-4

instruction Re sort K-80-6

instructhion Report X-80-7

Techrnical Report K-80-4

Terhnical Report K-80-5

Instruction Report K-81-2

Instruction Report K-81-3

Instruction Report K-81-4

Instruction Report K-81-6

Instruction Report K-81-7

Title

List of Computer Programs for Computer-Aided
Structural Engineering

User's Guide: Computer Program with Interactive
Graphics for Analysis of Plane Frame Structures
(CFRAME)

Survey of Bridge-Oriented Design Software

Evaluation of Computer Programs for the
Design. Analysis of Highway and Railway Bndges

User's Guide: Compuier Program for Design/Review
of Cutvilinear Conduits/Culverts (CURCON;

A i hree-Dimensional Finite Element Data
Ecit Program

A Three-Dinensional Stability Analysis: Design
Program (3DSAD)
Report 1. General Geometry Module

Basic User'=- Guide. Computer Program for Design and
Analysis of inverted-T Retaining Wal's and Floodwalls
(TWDA)

User's Reference Manual: Computer Program for
Design and Anatysis ot Inverted-T Retaining Walls
and Floodwalls (TWDA)

Documentation of Finite Element Analyses
Report 1:  Longview Qutlet Works Conduit
Report 2. Anchored Wali Monolith, Bay
Springs Lock

Basic Pile Group Behavior

User's Guide: Computer Frogram tor Design and
Analysis of Sheet Pile Walls oy Classical Methods
(CSHTWAL)

Report 1:  Computational Processes
Report 2: interactive Graphics Options

Validation Report:  Computer Program for Design
and Analysis of Inverted-T Retaining Walls and
Floodwalis (TWDA)

User~ Guide: Computer Program for Dosign and
Analysis of Cast-in-Place Tunnel L inings (NEWTUN}

Uscr's Guide  Computer Program for Optimum
Nonlinear Dynamic Design of Reintorced Concrete
Slabs Under Blast Loading (CBARCS)

User's Guide Computer Program for Design ot
Investigation of Orthogonai C .verts (CORTCU!

Date

Feb 1978

Mar 1979

Jan 1980

Jan 1980

Feb 1980

Mar 1980

Jun 1980

Dec 1980

Dec 1980

Dec 1980
Dec 1980

Dec 1980

teb 1981
Mar 1981

Feb 1981

Mar 1981

Ma: 1981

Mar 1981
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