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DEPARTMENT OF THE ARMY
OFFICE OF THE CHIEF OF ENGINEERS

WASHINGTON, D.C. 20314

RElY TO
AWKrNTION OF.

DAEN-CWE-DS 13 March 1981

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

All Corps 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 proaram specifica-
tions for CORTCUL were developed by the Computer-Aided Structural Engineerinq
(CASE) Task Group on Culverts and Conduits. As is the goal with all CASE
projects, the intent is to provide an organized, cost-effective approach to
making available to the structural engineer applicable computer proqrams
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:

LOY ~. DUCH
ief, Engineering Division

Directorate of Civil Works
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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 fGr 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, Chipf of Engineers, U. S. Army (OCE), under the Computer-

Aided Stru-tural 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

thc 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 Angeles 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) Cen Qr, WES, and

Mr. Pial K. :.ent r, comlputer-Aided Desi _, Group, ADI Ce:tct . Mr. Donaild

L. Neumann was Chief of the ADP Center. Mi. Donald R. DresL, er was the

point of contact in OCE.

Directors of WES during the develupmeit of this proqram were COL J. 1'.

Cannon, CE, and COL N. P. Conover, CE. Techical Director was Mr. F. R.

Brown.

Law-
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CONVERSION FACTORS, INCH-POUND TO METRIC (SI)

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

feet 0.3048 metres

inches 2.54 centimetres

kips (1000 lb force) 4.448222 newtons

kip (force)-feet 1.355818 newton-metres

kips (force) per square foot 47.880263 kilopascals

pounds (force) per square foot 47.880263 pascals

pounds (force) per square inch 6.894757 kilopascals

pounds (mass) per cubic foot 16.0184634 kilograms per cubic metre

square feet 0.09290304 square metres

square inches 6.4516 square centimetres

6)



USER'S GUIDE: COMPUTR'

F' ,-o OR INVESTIGATION

OF ORTHOGONAL CULVERTS (CORTCUL)

PART I: INTRODUCTION

General

1. This user's guide describes a computer program called "CORTCIJL"

that can be used for design or investigation of orthiogonal, 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.* In the DESIGN node,

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 'PROGRALM INFORMATION."

7



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.

j.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 cf 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 qeneral 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

6. 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).

C. 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.

e. The culvert encloses one (1) to nine (9) openings (1 <

NWELLS < 9).

f. The height of all cells (RISE) is constant.

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

width (WIDTII(I) =constant).

h. In the INVESTIGATION mode cell widths may differ.

i. 450 haunches may be specified at the intersections of ver-

tical and horizontal elements. Haunches of equal size, H1,

are assumed to exist at every intersection.

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

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.

9
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Reinforcement

Non-prestressed reinforcement is assumed to exist in each ele-

ment of the culvert. The location and amount of reinforcement depends

on the mode--DESIGN or INVESTIGATION--in which the program is operating.

. In the DESIGN mode the program determines the required area of

rcintorceinent in each element. A singly reinforced cross s-.-tion is

ussumled with th, location of the reinforcement dictated by the amount ul

concrutL covtr provided as input for each surface as follows:

a. Exterior surfaces.

b. Interior surfaces of roof and exterior vertical walls.

c. Interior surface of base.

6. Interior vertical walls (if zero is specified for these

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 reinforcd

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

f' (psi) (input)
c

b. Concrete working stress

f 0.45 f' (calculated)
ca c

c. Concrete unit weight

w (pcf) (input)

d. Concrete modulus of elasticity

= 33 W f- (psi) (calculated)
C C

e. Concrete ultimate strain

U' = 0.003 (set)
c

f. Concrete Poisson's ratio

v = 0.2 (set)

11



j. Reinforcement yield strength

f (psi) (input)Y

h. Reinforcement working stress

f = 0.5 f (calculated, 20 ksi)
sa y

i. Reinforcement modulus of elasticity

E s= 29 x 106 (psi)*(set)

. Modular ratio

n = E /E (calculated)

Soil

11. The culvert is assumed to be imbcdded 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. Subsurface 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 proqram.

* A table of factors for converting inch-pound units of measurement to

metric (SI) units is presented on page 6.

12



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. If the internal water elevation in a cell is

below ELINV, that cell is assumed to 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 load 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.

13



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 memiber by member in the input data.

C. 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.

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. In the INVESTIGATION node 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 di,,trihutvd

14
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SOIL SURFACE
//. '*'f fAW ' ELLA Y ( 1)

__ __ _ __, _ _ __ __ _' _ __ _, _ _ -- SLPRTP

A..TOPEL
___ - * -- WATEL

SOIL LAYER

BOUNDARY

SIPRBT

a. Soil surface above TOPFI,

TOPEL

SOIL SURFACe

EI lAY (1)

SLPRBT

h. Soil surface below TOPI',

Fiqure 4. Soil pressures (see Table I for effect of pres-
sure coeffic'i ents and load factors)
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Figure 5. Structure Weight

JOINTS

T(1)/2

T(2)/2 T(4)/2 T(4)/2 T(2) 2

-T(3)/2

a. Joint locations

x
Y

LEFT JOINT JIT

(ORIGIN) RIGHTJON
RIGHT JIOINT

rOP OR BASE

c. Member coordinates for
horizontal member

II1U 1:1 T O0INT
(OR I GI N

BASFI

h. Member 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

23. The magnitude and distribution of hydrostatic pressure due to

groundwater depends on the groundwater elevation, Figure 3.

GWPRTP = (GWATEL - TOPEL) yw

(GWPRTP = 0 if GWATEL < TOPEL)

GWPRBT = (GWATEL - BOTEL)"yw

Soil

24. Vertical and horizontal soil pressures on the top and exterior

vertical surfaces, respectively, are equal 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, Figure 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(l)

The weights of the vertical walls art applied as concentrated loads, Figure

5, at the "joints" (see section on structure modeling) at the base slab,

where

D = w.T (2)*RISE
E

and

D = w*T(4)*RISEI

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

nal forces in the structure.
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Load Coefficients

26. Relative magnitudes of the unit pressures described above nay

be altered by specifying pairs of vertical and horizontal pressure co-

efficients, CV, CHI, 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

2?. If 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

2f,. 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. "sJoints"I 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

purposes of describing Special Loads, a member is 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 coordinate direction. In all cases shown in

Figure 7, the dimensions defining member loads must satisfy the following

restrictions:

Ll < Dl <C L2

and

DI <C D2 < L2

where Li arid L2 are the member limits given in Table 2. Several of these

19



TABLE 1

Load Multipliers

Culvert Multiplier

Load Component Member WSD SD

Surface SurchargeTo1FL
Ext. Vert. (CH/CV) (CH/CV).FLL

Groundwater All 1 FI.L

SolTop CV CV-FLL
SolExt. Vert. CH CH*FLL

Structure Weight All 1FDL

Internal Water All 1FLL

(Investigation only)

Special Loads All I 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 Load 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 base reaction, as shown in Figure 8. The user selects which

distribution is to be used by providing values of two parameters I and J.

The values of I and J indicate the relative maqnitudes of the pressures

at the edge and centerline, QE and QCL, respectively, as shown in Fiqure

B. Determination of Q91 and QC]. required to equilibrate the resultant V

of the soil, water, and structure weight is shown in Table 3.
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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;

RM = resultant moment, about the lower lefthand joint

(Figure 6a),of all horizontal forces;

V = 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

32. Unbalanced resultants, H and 1M, 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 V11

34. Unbalanced 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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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

linearly 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 effects 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 sl ihs.

Joints are defined at the intersections of members. loint and membe-r

numbers used in the proqram are shown in Fiqure Ii. -ach j3,int ii, tr.

structure undergoes three displacement compe:,ents:

u - translation in the qlobal x direction

v - translation it the global y direction

0 - rotation (positive counter(lockwi.e,).

Member Description

3-. 1.:ach mrember in the frame is a- n;i vAl a l(' >il , r at cy!;t

,.s described previously, Figure ',, and is lu;SIuId t(, e ntt'ld 1-tw ri thI'

limits defined in Table 2. As described ill F'f. n: In I 111 .i, i

membe r 5.ize near the )olnt!; i,! illi' te(ri f t, x I ,t:-- i I1

and flexural stiffn.e o p ort ior; of tc mirmdLi-'; in e. vicii . ,t

the joints. I txible and rinid m-mbr ri ,r.s tat I, ; .-i i I l;!t tt, I J!,

| II "I



C' C'

0 C'

C)

_______ I
0

31



Figure 12. The lengths of these rigid portions beyond the Joints associ-

ated with each member are established from the thicknesses of the walls

and slabs of the culvert (see Figure 12 and Table 2) . The 1rocodure rt-

commended in Reference I is used for calculating the ]-nqths, ai-nd "1 2

(Figure 12b) , of the rigid portions between the joints. This proceduru

is shown in Figure 13. Each member then consists of two rigid portions;

and a flexible length between joints; members connected to (xtornol col-

ner joints also contain rigid sections bttween the joint and tiIt, ,xt(I 1'(r

surface of the structure.

Member Forcts at Joints

3G. Free body diagrams of various parts of a typical Membr ,

shown in Figure 14 with force and dispI aC'ement comJioni JIlts shown M fhet

member coordinate directions. The torces at the joints it IIt XtIt- rIIl

rigid sections are unaffecttd by joint tisllacements. I e.. it It.

ends of tht, snternal ;,ortion are composed of two irt : th)s; h. t

joint di spI 1acements and those dui. to meni, r P)ads I. l i 1 , t w, .ii i, t

bDtermination of the contribution o f apil lijd ., i .m ..; is,,It; tI 1,, nt, r-

nal end fork-.s (fixtd .ind furrces), incliudini I I I, ,.t f . t! ",I th. r I i

lengths is i liustratt. in Referoiic 1. 'ho. } art ;I th It;i.

for , s resultinq from joint Ii5; . ,i, 'e I lt 1 ' f.; I ,II t IL 11

fl'xll }eutho ,f tht mn,. ,r, 't.; ; ;!>wu, 1t, }i no11,

Tl t I r 0 t i 11 s _ "it'i I t 111

Lo11; for A I;tIII firT with ii I()lotm f ItL' I 1T%

W1, rS

" : Y :';j t I :; ' ' J t ] I :'11' ( I: 'l! !" I I :' ' [ ¢ , I I
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This set 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

a. At the structural joints.

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

a. Same as for roof members (a through g).

b. At the elevation of each soil layer boundary intersecting

a vertical member.

c. At the elevation of the groundwater, if groundwater inter-

sects the member.

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

internal water elevation intersects the member.
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Interior Vertical Members

a. Same as for roof members (a through 3).

b. At the elevation of internal water in cells to either side

of the member.

Base Members

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

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 WI)

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 tile same regard-

less of the method, WSD or SD, employed. Details associated with the

WSD or SD methods are described subsequently.

Initial Conditions

41. As discussed in Part III, 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

14. 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 each member for each load case.

Flexure Calculations

45. Each member is analyzed for the bending moment, shear, and axial

force produced at each point by each load case. If the trial thic'kness

satisfies all flexural stress or flexural strength and reinforcement
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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 flexure

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 investiqated for

shear strength. If one or more members fail to meet shear strength re-

quirements, tac control dimension associated with the delinquent member

is increased by one (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 desiqn

iteration. The program will perform twenty (20) iterations without inter-

ruption. If a final design is not achieved, the user is offered the ol,-

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 desion tirien s

which satisfy both flexure and shear requirements. Althouqh only i sinq-

ly reinforced section is used for design calculations, multiple load

cases may require reinforcement in both faces of a member at a sinqlo

location. The maximum reinforcement area required in each face, ,at ,.aih

point is reported for the final design. If zero reinforcment i!; 'a]csi-

lated at a point, the program reports "MIN" area at that locition acorJ-

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

(WSD) FOR FLIEXURE

Genaral

403. Figure 16 shows a typical cross section, strain and stress dia-

grams, and the notation used for WSJ. Also shown are stress and strain

relationships for the assumed linearly elastic behavior. The cross sec-

tion width, b, is equal to one (1) foot; the reinforcement cover, d , is

provided as input; and the section depth, h. , is the trial depth used to1

establish forces i and M as discussed in Part V-A. If the trial deotl,

h., is insuffic4ent to satisfy all requirements outlined below, the sec-1

tion depth is increased by one (1) inch.

Uncracked Section

49. If the eccentricity, e (Figure 16), is less than or equal to h./6,
1

then the entire cross section will be in compression. Because compres-

sion reinforcement is excluded from design consideration, a plain con-

crete section must carry the applied load and mcment. The maximum strebs

in the concrete for this case is obtained from

P M(h/2)f =-__+
c bhi (bh 3/12)

or

f P C+

c bh h

50. If f is less than or equal to the allowablc concrete strese; f
C i,

and the. axial force 1' is less tlan or equal h ,' .. 12 2 1, t frr
A

2), trial depth, i., is suffi-iOnt and io ttirthr c1i]' at ien: ir. r,-

quired. lowever, if f is ireatci than f or P is ,r.it ,r thi I , t1wic "cil

st ion depLh is increased by one (1) iich.

(a k, : :t ioi

51. When tht ,,ccentri,'ity, ,., is ;r.- t'r than h ,1, a fully - .tukt,i
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section must satisfy simultaneously the conditions: f < f ; f < f ;c -ca s sa

and A < A ; where f is the allowable tensile stress in reinforcement;
S sm sa

A is the required reinforcement area; and A is the smaller of thes sm

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 A . Under this assumption materialsm

stresses are obtained as follows (see Figure 16 for notation):

a. Location of neutral axis from summation of moments

about P at eo
3 c2
c + 3ec + 6n A (d + e )(c - d)/b = 0 (V-B.2)

O sm o

Neutral axis is located by smallest, real positive root

of Equation (V-B.2).

b. 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 =n(d - c)/c] f (V-B.4)
s c

53. If either f > f or f > f , the section depth is increasedC ca s sa

by one (1) inch.
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PART V-C: STRENGTH DESIGN (SD) FOR FLPXURE

General

54. A typical cross section, with stress and strain diaqrams ai.1 no-

tation, is shown in Fiqure 17. The cross section has 1) equal to one (1

foot; the reinforcement cover, d , is provided as input; and thf- sc.ction
C

depth, h., is the trial depth used to establish forces I and M, Part V-A.I

Maximum Permissible Reinforcement Area

55. Maximum permissible reinforcement area, A , for FI1 must :cit Intysm

two requirements.

a. A s A provided as input.-- sm smax

b. A n R m A , whore A is the reinforcement Ir.a whi ih- sm -max Asb' Asb

would produce balanced (Reference 2) conditions; urld,,l I

ure without axial load; and R is a permissible, ri.inf -max

ment ratio provided as input.

56. For balanced conditions under flexure without axial load Pe,

Figure 17)

d + )i c c y

where 1: = 0.85 for f' < 4000 ps
1~ c-

0.85 - 0.05 (f'/10oC - 4) > 0.65 for 1' ..10(,) 1,!1 c

A 0.85 f' a/f

StrenqIth Reduction Factor--

57. It a non;:,ro value for str .n*;th redu<: tion fat,- i r vi, i

as input, that value is uettd withoul alt,,ration tot M I tInl,,, i :,.

Otherwise, the strenqth relutiora tfitor is ,alclato-d lh' .t ,r rt;

from (Referenc )

0.9 - 2 / ' h) " .7 (V-
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5 o. i tit, 111 t lai - t Io l . t h , t II tit. 'Ompres-

-- ion bloc-k ai is u)bta iiwA as ' 1 iw,,:

,t .,' n.!U t t Oo cY rnt~'r i 0 dJ[L i t I t "

011

l>d :' bl A ,Z * , %

'A + ' A f (I f'
C9 S

b. summation of axial forces

[0. 0 f' ba - A

59. If 4P " ' and ' . .. A , tho. 1ttill

adequate and no further calculations itcs, .ry. thw: 1 h,

tion depth i increased by ont (1) inch.
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PART V-D: DESIGN FOR SHIEAR

General

G0. Shear force at a section is assumed to be carried by shear

stl'ssk's in thle concrete; no vertical shear reinforcement is used. Three

.Ift rent methods are provided for determining the allowable concrete

:Jhtnar ;, ress for either WSD or SD as described below.

Allowable Shear Stress by ACI 318-63

61. ACI 318-63, Ref.rence (2), specifies the following allowable

shear stresses v for a section subjected to bending M, axial force P,

and shear force V.

a. For WSD

v = + 1300 (A /bd) (Vd/M') (V-D.I)
ca c

where M' M - D(4h - d)/8 and Vd/M' 1

wi th

v 1.75 4 f,+ 0.004 P/(bh)
ca c

b. For SD

v = ,[1.9 )  1,' + 2500 (A /bdi) (Vd!M') (V-I). )

,., th

v :13.5 l' 1+ (0.002 P/(bh)]
Ca c

(Note is either input value or 0.H5 if input value is

z.ro.)

Allowablt, shiear Stress by University of Ill noi:; Report 440

62. Ti-of- I report 44(), Re ference ( i) in(ticattes ,in all owib chi -

u;tress lven by
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rI

where 0.5 for WSD and 1.0 for SD; and clear span face-to-

face of supportin members, neqlecting fillets.

Allowable Shear Stress by University of llinoi

Report 164

63. U-of-I Report 164, Reference (4), provides an allowable ehi.ar

stress for workino stress design given by

1 1 1 0 0 0 (0 .0 4 6 + ') ( 1 2 + f

ca SF (19 + ! 4O

where

p = tension reinforcement ratio, I uxial load;

V = shear force at point of contra' I '<xir;

Z' = distance between points of cot t ri: I (rx]iv ri i

SF = safety factor.

64. Three shear desi. c t Lui;: ';:

terior members:

Option i: Desin by A£LA (, n Ily, with r ;: c :ti,,: at .1

from face of ,u ort. M-r: r; wto , ,.'

(i.eu., e'oe' Iebr; c;~ i 'r

by ACT 1 e. 1lvtirt: wIthi 7 uI;'l .; iI I.:; ctt:-: °

are nott a< ommo a t.i- iy ti e:;:'m ut+'r r <:z am . ,

option I.

option 2: For d 9, allowable shear stres:, ', ACI ('3; for

nn"d 9, allowable shear stress by U-of-I 440 with

critical :;,ct or i, t ,t

op t ion I: ( For Wz 4 only. ) 'or I 9, allowable shear

stress by ACt I (,; for /d ' aT lowail'ob"
n

str!es by U -ot-1 44o; to r /d 9, allowable

';h ar i;treso by U-of-i ji, rovi,lod two ,; ; I

ontraf Texar,, 'Xlot in thc' +lea i !,an of t i' memnbhe-r

with 0.4) and tie' al 'lwable, olhear ;tn-':c 'y
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U-of-I 164 is less than the allowable by U-of-I 440

for the same V /d.
n

65. All interior vertical walls are 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

v = V/(bd) (V-D. 5)c

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

depth h. is adequate. If v is greeter than v , the section depth is1 C ca

increased by one (1) inch.
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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 is selected for reinforce-

ment stress f = f (noting f. [c/(d-c)lf /n, Figure 16).
s sa c sa

a. Neutral axis is located from summation of moments about A-- S

f
c _ sa bc cd- -- (d - -) - P(d + e) =0

d 2

or

3 2
c _ 3dc - [6Pn (d + e )/(f b)]c

o sa

+ 6Pn (d + e ) d/(f b) 0 (V-I.1)
0 sa

The minimum, real, positive root of Equation (V-1.1) locates

the neutral axis.

b. Required reinforcement area from summation of axial forces

f
c sa bc P -f A = 0d-c n 2 sa s

or

2bc
A = - P/f (V-1. 2)s 2(d - c)r sa

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

only minimum reinforcement is required at that location.
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SD Reinforcement Area

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

see Figure 17.

a. Compression block dimension a is obtained from summation of

moments about A
s

0.85 V ba(d - a/2) - P/ (d + e
c 0

or

a = d - /d 2
- 2P (d + e )/(0.85 f- bf) (V-E.3)

0 c

b. Required reinforcement area, A , is obtained from summation

of axial forces

0.85 f' ba - P/- A f = 0
c s y

or

A (0.85 f' ba - P/f)/f (V-E.4)
5 c y

If A from Equation (V-E.4) is less than or equal to zero,5

only minimum reinforcement at that location is required.
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PART VIz 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 is 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 bas, reaction for Stan-

dard Load cases is limited to the distributions shown in Figure 10c, e,

f, i, and j. Special Load cases are treated as described in Part III.

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. Material 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, are 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. it should be

noted that unusual loading situations may result in a maximum bending

moment at locations ether than those described above.
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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, f , f', and f , are zero for this case.
c s s

Axial Compression P Only (M 0)

76. Stresses are obtained as follows:

a. Transformed gross area

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

g s s

b. Concrete compressive stress

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

c. Reinforcement stresses

f' (n - 1) f (VI-3. 3)

s c

and

f -(n - 1) f (VI-B.,)
s c

Axial Tension Only (M = 0)

77. The reinforcement alone (f = 0) is assumed to carry the axial
c

tension force. Stresses in the reinforcement are

f- = -P/(A' 4 A ) VI -i13.
s s1 s
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and

f P/(A' + A ) (V- 3. 6)
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., greater 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 + (n - 1)(A' d' + A d)]/A (VI-b.7)

s s g

b. Moment of inertia of transformed section

3/1 2 2
bh 12 + bh (h/2 - c) + (n - 1) A' (c - d')

T s
2

+ (n - 1) A (d - c) (VI- H. )
5

c. Concrete stress at level of tensile reinforcement

f = P/bh - M (d - c)/I (VT- H.'9)

If f is greater than or equal to zero, the section i!; un-
cs

cracked.

d. Maximum concrete stress

f = P/bh + Mc/I T  (VI -P1.10)

e. Compression reinforcement stress

f' = n['/bh + M (c - 1')/T I (Vt-P. I)s

f. Tension reinforcement stress

f -n[P/bh - M(d - c)/I] (VI-l3.1-')
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Cracked Cross Section With Axial Force and Moment

79. If the stress from Equation (VI-B.9) is negative (i.e., tension)

for 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)0

f bc

2 3 0 c c s o

n d- c) f A (d +e) 0
c c 0

or

3 2 6
c + 3e c + ((n-i) A' (d' + e ) + nA (d.+ e )e c

o b s o S 0

6(n - 1) A' (d' + e )d' + nA (d 4 e )d] 0

b s o s o

(VI-B.13)

Fquation (VI-B.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 calc-u-

lated as follows.

b. Concrete stress from summation of axial forces

f bc/2 + (n-1)( C ) f A' n . ) f A - -

c C C S C C

or

f P/[bc/2 + (n Ai) c-d' A

(VT-B. 14)

c. Compression rtinforement stress

c -

f (n 1 ) f (VI-B.15)
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d. Tensile reinforcement stress

f fl d)f (VI-B.16)
S c c

Note: If the location of the neutral axis c is such that

A' is in tension, n is substituted for (n - 1) for all
s
terms associated with the top reinforcement (A) in the

s

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 1,

i.e., "Factor of Safety," is obtained by comparison of the "design" capa-

city of the cross section P N, with the applied load P for an eccentric-

ity of the axial load equal to (M/P), or if the applied axial load is

zero, by comparison of the "design" moment capacity M with the appliedN

moment M. No attempt is made to determine factors of safety for cross

sections subjectedl to axial tension.

Interaction Diagram

81. 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--M-- N

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 f , ay

direct solution for the compression block dimension a

is not possible if A' / 0. The location of the non-
s

tral axis (i.e., c) is adjusted until

0.015 f' ba + A' f' - A f =0 (V-('.|)
C s s s y

for f' f
s- y

a.2 Nominal moment capacity M from sumnal ion of inemunl;

about A

,M , f ); (d - +/8 A' f' (d V ) (V -
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D

b. Axial force 1 B and eccentricity e B at balance:

b.l Neutral axis location from strain compatibility with

= t = f /I.:
s y y s

c = IF '/(t:' + ) )d (VI-C. 3)
l, c c y

b.2 Compression block dimension

a B  1 c B

where = 0.85 for f'. 4000 psi, or t-= 0.85 - 0.05

(f'/l000 - 4) > 0.65.
c

b.3 Compression reinforcement stress

f' = Et' = E [(c - d')/c B]c' I f
s s s B B c -y

b.4 Balance axial force from summation of axial forces

P = 0.85 f' ba + A' f' - A f (VI-C.4)
B c B s s s y

b.5 Balance eccentricity from summation of moments about

mid-section

0.85 f' ba (h/2 - a /2) + A' f' (h/2 - d')
c B B s s

+ A' f (W - h/2) - P e = 0
s y B B

or

e 10.85 f' ba 0h/2 - a /2) + A' f' (h/2 -d')
1 c B B s s

+ A f (d - h/2) /PB (VI-c. 5)
S yB

c. Minimum eccentricity--e

c.l Maximum axial load P . Peference (3) limits the maxi-B

mum axial load on a section to

P = 0.8 [.05 f' (bh - A' - AB c S S

+ f (A' 4 A (1 (V!- .. )
y s s

c.2 Minimum ecuentrici y--e . Th,, imitat ion on ,1xili

load to the valun from Equation (VI-'.(,) impl i ,a
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minimum eccentricity, Figure 20, below which the sec-

tion is to be considered in pure compression.

From summation of axial forces with P PM

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

The location of the neutral axis (i.e., c, hence a) is

adjusted uritil Equation (VI-C.7) is satisifed with

f' < f
s - y

The minimum eccentricity e is obtained from summationM

of moments about mid-section

e = [0.85 f' ba (h/2 - a/2) + A' f' (h/2 - d')Mc s s

+ A f (d - h/2)]/P (VI-C.8)

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 = tMN/rI (VI -C. 9)

where M nominal pure moment capacity, M = applied moment, and --N

strenqth reduction factor (see subseQuent discussion for :).

33. For combined axial compression and moment the followino i;e- , -

dure is used to evaluate the factor of safety at i cros-; j(,i. ',

eccentricity corresponding to the applied loads . and P i ."

point correspondinq to applied loads on the interaction Jia 'ram a" • ]

trated in Fiqure 20. The load line (at eccent ricity k') 1,; (.Xt, 1 t

its intersection with the interaction curve to t;itb h t , - ili I

capa,_city P at (. for the section. The factor of aft-ty ii, d,. in, i

trinqt'h 1tI dluction Factor

84. ift a o ri;r.(ro 'v7 iit Coi i, !;lii1 ;-1 ir in it , 1hi a
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PART VI 1: COMPUTER PROGIhAM

Program Description

90. 'The computer proir .m, CORTCUL, which implements the, proceh res

described above is written in FORTRAN for interactive execution from a

remote terminal. All arithmetic operations are performed in single pre-

cision. For computer systems employing fewer than fifteen significant

fiqures for real numbers it may be necessary 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 execution, prompting messaqes 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 Data

Guide contained in Appendix A.

92. When the input sequence is complete, either from a data fil- or

from the user terminal, the program offers the opportunity to chanqe any

or all parts of the input data in an 1i'tl mode.

93. Whenever any data are entered from the terminal, the (,xistinq

data may be saved in input file format in a permanent file.

94. All input data are checked for consistency at the time of entiv.

However, more extensive checkinq for accuracy is iperformed on data enter-

ed from a data file. If it is desirable to enter data durino execution

from the user terminal, these data shou:1 be saved in a data file and

the proqram should be restarted with input from the saved file. The ,ro-

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

Ot!tut Pat a

95. u;.,veral options are available, r e,.lcrdinq the amoun1 and dht; inli,-

tion Of Mtutj ut from th, pro, ram as desr ibd 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 three

a "Arts:

a. DESIGN THICKNES2ES: A tabulation of design thicknesses for

roof, exterior walls, base, and interior walls with the clov-

erning stress condition (flexure or shear), the member which

produced the required thickness, and the load case dictatinq

the thickness. This section also contains the concrete area

in the cross section.

b. DESIGN REINFORCEMENT AREAS: A tabulation of required rein-

forcement at each calculation point on each member. Whin

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.

c. DESIGN MEMBER LOAD/FORCE DATA: A tabulation of lateral load,

bending moment, shear force, and axial force at each c-alcula-

tion point for each member for each load case.

Options for Design Results

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

the output file containing the echoprint -I input data. If the ,cho a int

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

file for results may be defined and the results may he directel to th,,
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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

100. Results generated in the INVESTIGATION mode are separated into

two parts.

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

axial forces with material stresses for WSD or factors of

safety for SD at the left end, centerline, and right end,

and shear forces and factors of safety at tach end of each

member to be investigated for each load case. 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 each

load case. These results may be omitted from the output or

selectively output for any or all members.

Extent of (cutpLut

101. The number of printed lines of output depends on th,, options

exercised for a particular problem. Following are estimaten; of the' nim-

ber of lines qenerated by each part of the output described above.

a. Echoprint of Input Data

100 + number of member load data lines for sp 'ec ial

load cases

b. DESIGN Thicknesses and Reinforcement Areas

40 (NC LI, + 1)-W1DTH (NCIL . /2 + ])'PI. E

C . )es ign Member Load/Force, Data: For each merb r 1 t

for output for each load case s,1 ect ed

10 + WIOTID for horizontal memab)ers

10 f RI:P: for vrtical mmbr:;
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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 DESIGN4ED 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' VIII: EJXAMP'LE SOLUTIONS

General

103. Presented below are example solutions demonstratin,; thn us(: o!

the program for both DESIGN and INVESTIGATION of orthogonal clvert

Output from the proglram and supportirng information are ren 3in Aj I-

Design of one Cell Culvert

104. The one cell culvert shown in Figure B3-1 was desitinei teir thr

situations. For the first case data were entered from the- ttirin.1 lu?-

ing execution. Program prompts (upper case) and user resipelisf (1h'w,

case) are shown on pages B34 and B35. When all necessary inJii dIa! IIayv

been provided, the program offers the opportunity for thte suer(- i~ -ii

the input data, to save data entered from the terminal in I

file, and to view an echoprint of the input data. III this; (s- II :5o-

print only at the user terminal was requested. The echoprint i!; )Ivt

pages B6G and B37. It should be noted that the e,.choprint aliss ire lidti';

material properties (working stresses and moduli) -:alculate d (isrs

the prog ram used durinq the design process. Append! d to i cbs

(a schematic of thie culvert with coordinate systems arndsin nvtii;

required for interpreta tion of output data, pagle 1Wt. usto! i

ei-:hoprint , theo user is of fctrod the opp'~ortuni ty to corit ri:v 1 a, i

s -uion of this proble.m. if the tuer elects to abort it th! pIi: i nth

program offers the opportunity to e dit- the. input ],I,3 a ut;t 'aw;: ilt- .1,

restart the program, or to terminate the run enrt irelIy. 1! ft t :- I.

to continue the solution, the program requests inf irmatiero io l

tiosation of re!sults; as indicaited on paqp Wat, iesults wi-ri- Iiitt'!i it

the terminal.

105. Followinq a re-pet it inn oft tie prollm Iiiii'; .H

ali-roirla0te r ts I, -oi s t ( It I i ain' -(i -i Ii a-, t I !- !;II

litiori, indu tin rnb-dr dli iii; tii reguitil-' thi-kit At I(t I, ivti-

t; 1- r;a~;a,i-t - ir- a in tI- s ir I.: as- 1 tI In ;
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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 ccl-

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 internal forces

at the joints of the member and at the calculation points, page 1ll.

These data are optional and may be output selectively for any or all

memLers 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 B12. To ilIus-

trate the edit feature of the program, the input data for the one (--ell

culvert design were altered, as shown on pages B12 and BI3. Only 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 1I- throiqh M12. As

indicated on page BIP), when output is complete, the input data may aTain

be revised, the program may be restarted, or the run may he t(.rmiiated.

The notation "NOPMAL TERMINATION" indicates that all fil c generated 1,y

the program have been placed in permanent status. Any intervention by

the, user or other abnormal termination prior to this message, may esult

in loss of files qenerated by the program.

107. The culvert in each of the preceding ,xameles was d(,si,(Il-. tor

a single load case. A working stress design of th , one c(l 1 culvrt for

two load cases is illustrated on pages B19 through 1,,27. in this ca (,

input data were stored in a permanent fil , listed on paq, B2), prior to

exfecution. Program prompts and user responses are :hown (II a l PI"'.

.or thi.s problem all output data wre- <ircteld to i permirj(rt fiil' which

was subsequently listed after normal trmi nation (A tli- ,r ,ram. Th,

,,Aoprint of input data is givn on pages P21 thlroiOl, lo.' and Iil(O. m'-

sults are, provided on iaq(es 124 throuqh i27. .;irni fian .i f,,e ,. I

1 1- 1;(,;N results for mult ijI
c  Ioa (a ,; e ',ur in t ie thu lalt i on 0 ,et , i,'i i
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reinforcement data, pages B24 and B25. Load cases may produce reversal

of bendi-g 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 face at each point is presented. DESIGN load/force

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

B26 and B27.

108. It 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 B31, prior to execution. Proqram

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

page B30.

110. The echoprint of input data is shown on pages B32 through B34.

The necessary material property parameters for ACE strength design re-

place those previously noted for working stress desiqn. The notation

that the strength reduction factor (P) 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 "CI," indi-

cates that a single reinforcement area is to be considered at the conter-

line of these members.

ill. DESIGN results are contained on pages 113 through B42. Tho re-

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 InvestijLtion

112. Th three cell culvert shown in Fiqure B3 was invest 1,4at, !(I

two ,t,,iridardI load cases using the ACI Strength Desiq(n Irocedure. In,1 t

lata were- st-or d in a file, listed on page H46, prior to .f×,t Ion.
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Program prompts and user responses required to execute the progrm are

shown on page B45.

113. The echoprint of input data is shown on pages F47 through B49.

As indicated in section I.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 respons.-- ot the en-,tire

structure. Note also that no foundation reaction coefficients ar, pro-

vided, since the program determines the foundation reaction distribution

from the applied loads (uniform in this case)

114. Output data, pages B50 through Li54, consist of two j to. A

summary of results, pages B50 through B53, provides the f)rces ahi tt1

dant factors of safety for each member designated for iii Jstio'ton. f -

cause the strength reduction factor was not specified as input, the

strength reduction factor determined by the program is also printed.

These data are output for each load case. It should be emi hasi"eul tliat

the results for three locations may not coincide with a local mixi1m rn

stress condition.

115. The summary of results nay include one or more or th, fo w

messages:

a. "FACTOR OF SAFETY UNDEFINED DUL 'DIt) [N Xi ' AI, ' 1 1 -

ZERO TENSION REINFORCEMENT"

No attempt is made to calculate a llexu factoy of !; i! ry

under these conditions. Tenision axiIl iorc e,, b produc-

ed by high internal water ressurc:; o lv uiusual ; eci a1

load cases.

1). "FACTOR OF SAFETY [li[i * MN/M IU 'UI . :1.,0 AXIAL I:

Ordinarily the factor of safety is calculated for the nuo i-

nal axial load stren:th at Actual ,,ce:ent Ity as inldicIt d

o, pa'] . If cnto, al w it l ,,,;r,:I o ;>l' la] load

r:t':; re Iu t i r , A Ix , rI I n. it 1" 1 i- t a, -

1 P7- bo elI ,n jor- b-ndi n; :J i-, ;tI

l.i I:,. I- l .cc lnlt 'I wic,. o ' I i "

116. T'c, ;;:j'ici ;art . ,,it.t 1 i.t , :, 10 Ai, 0

f o r c , A n d 1-l1 ' i W ti c hi. c m n ' 0 ! , c' .i at ' a' I

)nly f,)r th ! vi 'c-mi r': 1, 1 :1,1 -ic i fr7 1!'. - ' I'1



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 Fiqure L4 was investigated with

the working stress design procedure. Loads wefre aillied as a single sre-

cial load case which includes concentrated loads_; on the ro(,f and inteti a1

water in the third cell. Soil loads and the weight of the roof have been

combined into the distributed r'.of 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 echojlrint,

eight members were selected for investigation.

118. The dimensions shown in Figure B34 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 reinfor-t ismnt informat ion j r('vilhd

for the interior vertical walls of thef str-tir irt 1.L )nitt

the reinforcement for these member is locit-,.d on tho, ineml, r cuit(,i I i:,t

Consequently, it is necessary that both "'DT" izid lit'Ii c n,

areas be provided at each location tot the:s, mr tio ,

reinforcument area, see data for memb:r 14, :,irt I', i a(te bol.

120. 'rhe output data again ,on; ,t f two :i.'h(- "t I . -

sults jiv ,s the internal tor:,.; i m At I t ;t tit th t 1"i

ri,1ht ds .irni tt , l,,,r h. f -in , ir ' r :
t,icti r: of _,f!'t' ( i)r m,-c ni r r , I 1iIt ]( I I . t l')ii . hi'!

inttorrnat ion wiIl I , pr tit-i '()r , i !ii '.
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121. The summary of results may include the following messages:

a. "STRESS UNDEFINED DUE TO EXCESSIVE TENSION AXIAL FORCE OR

NO TENSION REINFORCEMENT AT SECTION"

This message is generated whenevei a tension axial force would result in

tension stress in the concrete over the entire cross section or whunever

zero reinforcement area occurs in the tension face of a member subjected

to bending moment.

b. "NNNNNN-U-OF-I 440 SHEAR PROCEDURE DOES NOT APPLY FOR THIS

MESSAGE"

This message is generated whenever Z. /d > 11.5.n

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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APPENDIX A: INPUT GUIDE



Notes and General Requirements for

Culvert Description

1.Culvert (see Figure 1)

a. The culvert is assumed to be composed of vertical and horizoni-

tal, straight, prismatic members.

b. A one foot slice perpendicular to the loncgitu~dinal axis of thtor

culvert is analyzed.

c. The top slab has a constant thickness-T(l).

d. 'rhe end wails have the same thickness--T(2).

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

f. The base slab has a constant thickness--TV

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

h. Haunches are assumed to be at 450 with the axes of the inemribers

and, if used, are assumed to be the same size for all cls

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

j. For DE ,SIGN the cell width is assumed to be constant.

K. For INVESTIGATION the cell width may vary.

2. Elevations

-a Elevations are assumed to be in feet, decreasing downward.

b. The elevation of the culvert invert )IXFiciure 1, is f ix-d.

a. The soil1 surrounding the culvert is aissumed to 1)e coMInSOe ('t

one (1) to three (3) horizontal, hoinoqen( ous laye-rs f-ar:)T;

or, ze-ro (0) to three (3) layers tor INIVF:;'i 1' Ni luE. (Etot"j

'cro (0) soil layers indicate that ill I eadk; jik- -5(3 1,,,

ipecial L'oad' cases.)

b). T'he- tol el evat ion of the uppennos;t soil layer mus t- be ait or

above the elevation of the invert.

'[ht, top s of other s;oil I ayers; may 1-- at ny l vatFion.

The last- Soil lay r d scr ihoed I,; assuIlnj-d tc) ('Xto'd 'Ii 11 i l I,,

'['5) (2)) uiri t WiiI f a e re Sii rt ' or' h en 1 l '

I) Mo ist Unit- We i';ht ,~ !>, (I I ''1 ire,L1 i! t_ - 'i

.12) i ur'Itc til (it W i', 1,111 ;7 .1 ,, (I' [5:51 t' tI



3J)er-u s I for

soil below groundwater elevation.

4. 1%ater--Tw~o water effects are consioered for each ,tandard Tx)Ad cast.

a. Crounidwa ter -- Groundwa ter ele vation, GWATEL, (Figure I) mray bte

at iny elevation. Groundwater elevation inifluences the effec:-

tive weighlt of the soil and iiydrosta-ic p~res;ure.s- on the cul-

Vert.

b). Internal Water--For INVEST1(GATION water pressures may be imt-

posed on the internal surfaL ss- Of any or all of th-e cells.

Internal water pressures are determined from the effective-

water elevation specified for each cell. Internal water pres-

sures are niot permitted inl the, DESI ;GN mode.

5. Standard Loads

a. Only loads duL to soil, grounidwater, surface surcharile, an".

structure weighit are used for DESIGN.

1). Nominal soil and surcharge loads are altered by veiti,-al and

horizontal pressure coefficients. One (1) to four (4) pairs

of standard load coefficients (nonzero) With cor, speudinq

surcharge and groundwater elevation are required if Standard

LI. acs are Specified.

0. Special toads

a. Special Loads; are permittk ,Only for the lNVIESITIGATlON mode'.

I. Up to four (4) Special Load c. sos are permitted. Eacoh lead

ease ma'' conta in uip to ighlty- four (84) lines of da-t] osr h

iug the distribution of special loads.

T. ft. Waiter Loads

a..'ia I water loads are permitted only i n the I NV11S'l IGATIN

mode wi th Stanidard LodsI inlternal Water is p~re-senIt, its

of fe-t!; are comb i ned with all S t~indard Loead caves.

'1. oad ue t or:

. . T1 the : O me1(thiod is; spej jedt-", live (FIT.) and deadi (FbI) loald

faict Lea (noruaer o) imust be provided.

I. All I Lariard Toads XCI those dueI( to s;tructure: we iilitar

cole; ideroi to ie 1 ive loads;.

Ali I 10 ju" 'l TonadIs are osiee to Ie( livt loads;.

Ai



9.Reac.tions for UrdbalancedLi Loads

a. For !A',IQ0 ;, listribution of the base reaction is definied by two

parameters, I and J (see Figure 83), viz:

I -TIQF. : y)CL

b. For INVESTIGATION, distribution of reactions for unbalancedl

loadi~s is usta-bl1ished by the progiram, see Figure 10.

10. Mea1ie Lati for INVESTrIGATION

a.In -.he INVFSTIGAI'ION mode, reinforcum nent areas are rqure for

at least one- (1) member.

11. input Data

a. Input data may be entered during execution from the user's te r-

minal or may be stored in a permanent t-ile before ti.- TrI!~T

is executed. 'rhe file name must be- one (1) to six (6) 1lphA-

numeric: characters beginning with in alphabetic character.

b . Data it- r in p freT-k field. format.

b()All data i tens must be saepar!Itud~ by Onb ee nY

comma s2eparators arie not al sowed.

b (2) Al1I variable namtes- begjinliio with I, I, !-, L, Mod

'aii -te- iiiL~qsger values.

b (3) lntegeur number values must he o~f form 'INII!.

b(4) Real number values may be of form X.XY.X, XX.XX, X.XXYD+ee

i. acii line in a data file must beciin with a nonzero inteqer line

number denoted LIN below. Line rlumbers are not required wheT

data ace entered during execution from the user's terminal.

C1. Input data lines must be in the segquence describhed below. ,inIe

descriptors enclosed in brackets IIor braces { may not h)(-

required.

C. Lower case words eri osed by single juotes in thc- descriptionl

below inidic:ate alphanouric inlormaition.

f. All alrihanum,ric keywordls may ho abbre viate(d with tllI, 'under-

linedchrctr 5

2. InIutr Daeta ele.eIT'ITsriftn

a. ( e o -o )I to( fouir (.1) lines are(., i e t or idn

A 4



mli I________

a(l) Header Line i

(a) Contents

[LN] NLINES 'heading'

(b) Definitions

[LN] = line number (not required if data entered

durinq execution from user's terminal)

NLINES = total number of header lines = integer I
to 4

'header' = any alphanumeric information

(c) Total characters on Header Line I includinq LN, NINI:I ,

'heading,' and embedded blanks must be - Ho. Blank

'heading' is not permitted.

a(2) Header Lines 2 to NLINES ((data] not recuired if SPINES I)

(a) Contents

[LN] ['heading']

(b) Total characters including LN, 'heading,' and embedded

blanks must be < 80. Blank 'heading' is not permitted.

L. Mode, Method--One (1) line (alphanuneric)

b(l) Contents

[]LU] 'mode' 'method' [si!ROi'T]

b(2) Definitions

'mode' = DESIGN OR INVESTIGATION

'method' = WSI) or S.

SIIROPT = Design Shear Option (see paragraph (4, pal, 4U)

- 1, 2, or 3 if 'Mode' - I)F IN and 'Method '

:I or 2 if 'Mode,' = DE]SIGN and 'Me thod, : ':;

Omit if 'Node ' = IVESTIGATION

c, Material 'roperties and I)osiqn Fa(tars--pne (1) line (num. 1'

a (1) Contents

[1,N] F'C FY WTCONC I1 1RAX P1I11

-(2) Definitions

VC n Ultimate 'o11,I.t'' t- nitPh (IPII)

F Y roinforci.nwitt yi,,l ' II r,,nqth I ,'I )

W (ON " :- (il (:r ' w. t wj' lht (ICVi I)



RMAX = maximum steel ratio (0 < RAX 1 ) (A s/Asb

omit if 'muthod' = WSD

P1I = strength reduction factor (0 ! PHI < I); omit if
'method' = WSID; if input = zero, calculated by

program for 'methiod' = SD.

d. Culvert Geometry--One (1) or two (2) lines

d(l) Control--One (1) line

(a) Contents

[LN] NCELLS RISE HAUNCH ELINV WIDTH

(b) Definitions

NCELLS = number of cells (I 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 I 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 = 0 above; omit if 'mode' = DESIGN

(a) Contents

[LN] [WIDTH(l) WIDTH(2) . . . WIDTH(NCELLS)]

(b) Definition

WIDTH(I) = width of Ith cell opening (FT)

e. Reinforcement Cover--One (1) line

e(l) Contents

[LN] COVER(l) COVER(2) COVER(3) [COVER(4)j

e(2) Definitions

COVER(l) = distance (IN.) from centroid of reinforcement

to exterior surface of all exterior mombors

COVER (2) = distance (IN.) from centroid of reinforcement
to interior surface of roof and oxterior wal];

COVER (3) = distance (IN.) from controid of reinfolc-7-n10
to interior faco of base

(cA'VI:R(4) = distance (IN.) from cntroid of reinf0Y-r,4m'r't
to tension fatc, for al] inter i,)r wall; emit
if NCELLS = I; reinforcemont as!umeod at mid,'ll
of membor if input equal to z,,ro

A6



f. Member Thicknesses--One (1) line

f(l) Contents

[LN] T(l) T(2) T(3) [T(4)]

f(2) Definitions

T(l) = 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 'modc.'

= DESIGN

Thicknesses are actual thicknesses if 'mode' = INVESTIGA-
TION

[. Maximum Reinforcement Areas--One (1) line if 'mode' = DESIG.N;

omit if 'mode' = INVESTIGATION

g(l) Contents

[LN ASMAX(l) ASMAX(2) ASMAX(3) [ASMAX(4)}I

g(2) Definitions

ASMAX(l) = 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

NCELLS = 1

h. Soil Data--One (1) to four (4) lines

h(l) Control--One line

(a) Contents

[LNI NLAYER

(b) Definition

NLAYER n mbe)er of soil layers; one (i) to tbr., (.
if 'mode' = DESIGN; zero (0) to thre, (1) it
.mode' - INV ;'TI GATION

h(2) Soil Layer Data--14I.AYER lines (layer I i o !;urfa(-(, layer,

Ilayers proced (;oqu,ntially downward); omit if N1AY3'I N,

(a) Contents

11,Nj 1l,lAY(I (;AKM ;A'r(1) ;AMW ;TI(1)

(N) Definitior;

F1,,AY ([) - (elevation It top of layr ( T

(AM.A'l'(I) - :;itjril, i i t w,,iqj t ?)t Ioyr (I')

A7



GA iMSl' (I I = moist (submt goId) unt w.i t W( 11,,,

i. Standard Load Case Data--nero (0) to five (0) 1 irs; oIl I ,

section if NLAYER 0

i(l) Control--One (1) line

(a) Contents

f [LN] NSTCAS [GAMWATI}

(b) Definitions

NSTCAS = number of Standard Load cas>s (I to4;

GAMWAT = unit weight of water (ICF); Set to ..

input as zero or omitted

i(2) Standard Load Case Coefficients--NSTCAS; 1in,

(a) Contents

{ (LN] VCOFF(l) IICOFF(I)} { [SURC1'(1) GWAT1I,(I) I

(b) Definitions

VCOEFI(1)* coefficient for vertical soil pre.sure;

HICOEFF()* coefficient for horizontal soil rssur vs

SURCH(I)** ( surface surcharqo (POP) for lad , ,i

GWATEL()** = groundwater elevation (Fl') f- ii L- -'.t!

*Coefficient for horizontal pressure dut to -; irLr,;,

HICOEFF(I) : VCOEFF(I)

**If both SURCII(I) and GWATEL(T) are omit.ted, ,u , :1.

and groundwater effects are ignored.

. Special Load Data--One (1) to three hundred forty (340) line:,;

omit entire section if 'mode' - DESIGN

j(i) Control--One (I) line

(a) Contents

S[LN] NSI'CAS

(b) Definition

NSpCA:; number of '4,,2ial Load cases (0 to 4)

j(2) Special Load Case Data--Two (2) to ei gity-five. I 1) Im:;

omit if NSPCALq 0 ()

(a) Control--;rn (1) ]in(.

(al) Conte.nt;

LI [ I, l IMI-KM(N)

(,0) Dof , n i tion

I I)MI' M(N) n umber of memler load lilne; 1n :, iI

La),id (aso N (I to HI)

AH



(b) Member Load Lines--NlDMElM (N) lines

(bi) Contents

DIST (N, 1, 1), [DIST(N, 1, 2)] [1IEND (, I

(b2) Definitions

LDMI:M (N, 1) member number

IDDTR(IN, ) load direction in mumber coordliit.

system X or Y

LD'1YPL (N, 1) =Load type

C for concentrated load
=U for uniform load

T for triangular loaid

Q(N,) =load magnitude for concentrated load
(PITE)

load magnitude for uniform lod (j

=maximum load magnitude for trianqu-

DIST (N, 1, 1) distance from member coorli nato oi i-

( iii to conccri tra ted loada or to) st,.rt

o)r dist ributed load (FT)

DIST (N, I , 2) listanco to end of dist ril-Us ti leaid
(V); ot. if LDITYPI! N'l I

IVND(N, 1,1) indicaitor for trianiuolar load; oii

for) otlwr le)ad tyj"!
=1, if maximum ocur at lift (!;tart)

P if maximum o, cure; at riqht tid

j (3) Repeait section j(2) 4tA;t imu

k.Load Factur:--)nc line(- if 'mthd' ;D; omit if i..d :

k (1) Cent en ts

k- (2) De f in i -ions

FIL1 l~Iive load factor 0 )

FIA, d a'd loadl fri c:tor ( U

1.Base Reac'tion Distribuition lniaou-zi(1) iline if r d

Ii:;IG;N; o)mit if .modle' I NI2I IG(ATTUN

1.( I I (ot cuts

xi < I XI

Aii



1(2) Definitions

XI, XJ indicate relative values of edge and centerline

base reactions

XI :XJ I QE:QCL

m. Internal Water Data--One (1) or two (2) lines; omit entire sec-

tion if 'mode' = DESIGN or if NSTCAS = 0

m(l) Control--One (1) line

(a) Contents

[LN] IWAT

(b) Definitions

IWAT = indicator for internal water

= 0, no internal water

= 1, internal water elevations soecified

m(2) Internal Water Elevations--Sero (0) or one (1) line; omit

if 'mode' = DESIGN, if IWAT = 0, or if NSTCA2 - 0

(a) Contents

f[LN] CLLWAT(1) CELWAT(2) . CELWAT(NC}1II, ')

(b) Definition

CELWAT(I) = effective elevation (FT) of intr1-nal water

in cell I; if less than ELINV, no inte.rnal
water in cell I

n. Member Data for INVESTIGATION--Zero (0) or two (2) to twenty-

nine (29) lines; omit entire section if 'mode' DiC2

n(m) Control--One (1) line

(a) Contents

f [EL] NMINVY

(b) Definition

NMINV number of members to Ie investit,ed (I to

total number of member;; in culv rt)

n(2) Memb er Dati--UM1NV 1inc;

(a) Contents

[ [L,!) INVM.M(N) A !II(l) A::AL (T;) A:' () A:h(.)

A:(h) 1 'D() AorP(0f )

(h) lef init ion;

Ir4VM1!'(:; ' mel.ihe) r ;iumli'

Al0
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Abbreviated Input iiui i-

at. Data items t. nc:lose(l in brackut: Ia I maty noet be r c(,i ir, Ac

b. Data items enclosed in brucc:s irijeaito cihooes~ rJI,-

2. Input

,A. fleader--One, (1) to !our (4) linus

L:J'NLNE, 'itading'

[ID 'licadinj

LNi 1ieadinrj I

LI 'headiing'

b. M1ode , Method, i i j r, -- (

INETITTN 1)

Ci . Mater:ial iPrQoprt l(-S and !WSicILtcti--n (1 ci

L: 1 C FY L.'CoCi~ [ R-NAX PH I

di. C U]JV v'rt Demty-e()OY two (2) 1 e

(M) Conltrol -in. (1) line

L NGLL2( Ri SI ;. HIAUNCH :1. I NVWI i i

1 (2) coil I its- eo(0) c~ one (11) ine

tir WIDTHI(l) WiD)TH (2) . .. W IJPT[ i (L C!1,k I

':; C dl IT (l P() ( '1 (, 1 (VlI 1) ( VlDiD (4))

LDJ T1(1) T(2) T() [(4)

;.Maxinmum.jnnentArai- L (0) or OILll (I) 1 in(

[ 1,N AS MAX (I ) A K-lA X (2) A <MAX (I [A:MAX (4)

11. Y(,i 1 ~ tt L (1) to) f'uy (4) 1 ILL'.;

Co I (lt rOI-LL. (1)

:1, rilAY1KP

11 (2) 'o'1 ;lyer xt-NAiDl;

1,I tWO fA ( Ii )I ;AI I ;A !l' I

i. I .t ~ al i r ( I:;( ifIIL

Ii tw to. i l .' 1

A.1



i (2) St iar oadl case Coo ffjcjits-- W ( I t-: four (4) 1 ill

11X VCCEPF (1) ICoLFP (I) SUlKS)) (I£ W;Al:l I I

3. SpcilLoa)d Data--Omit enltire seCtionI if 'mode2 Dl ot (r

win;e one (1) to three hundred forty (3-4U) liuuen

j (1) Control-Srn, (1) line

jLN NSPCAS I

j (2)) Special Load Case fData---iwo (2) to ti ah ty-five (5 i 11'5

(a) Coot rol-One (1) 1 inu

LIN AIlDMEM(ti)

(b ) obr Loa d IAi ies - -i in- ( 1) to (; I~ itY- footr ( -4) 1 t.

1L:I LDMEM(N, I) 1Y~ u 1J i 1

DISi (N, I1, I) [01ST (N, , ) 1 11120 (N, I)I

J (3) Rep-'at section j (2) N:PUA-S t imein

W .Lod Fact orn-ine (1) lint, if mto' -. sr

mothod '

[1. LIILL Fi)

I. Dan e ReaC t in 1 Di c t ibu t ion Ii Idi:Ictor-- ) -o i f

to ,o tht-rwi 50 omi t

[EL:: XT XIT

m.Wtejr 1)ta-- nie (1.) o)r two (2) lines if noi

and '1L;TCAS: -, 0; othcotw! so( omit

m (l) (Sotrol -- COne (1) 1ljoe

ILIWAL]

rr.)Internal vlater levation-Sro ( J -!i i 1i,(

[ Iti C 1 1,WA(I ) CF1,WAT(1..... l1iv"A (Syl.;

Fl. M rnljer Dat La fo(Dr- I Vl FAT) I Nh- - r0 i wo t w -at

i (I) Conit rcl-I nc (I v i

:1M4 V

r~li>%rl>4r ata--XL12.C
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PROGRAM CORICUL DSIGN/INVESTIGATION OF ORTHOGONAL CULVERTS
DATE: 08/22/80 TIhE: 06:49:14

ARE INPUT DATA TO BE REA FROM TERMINAL OR FILE?
ENTER 'TERMINAL' OR 'FILE'

Ixt

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

ENTER HEADER LINE 1 (72 CHARACTERS MAXIMUM)
I:dosinr of one cell culvert

ENTER HEADER LINE 2 (72 CHARACTERS MAXIMUM)
I worlir.s stress design Procedure

ENTER HEADER LINE 3 (72 CHARACTERS MAXIMUM)
Ii::shear design with conbiration of ui440 and ac163

ENTER HEADER LINE 4 (22 CHARACTERS MAXIMUM)
I>one load case -- I to I loading

MODE? ENTER 'DESIGN' OR 'INVESTIGATION'
I>d

METHOD? ENTER 'WSD' OR 'SD'
I>wsd

SHEAR DESIGN OPTION? ENTER 1' 2 OR 3
>2

MATERIAL PROPERTIES, ENTER VALUES UNDER HEADINGS
CONCRETE REINF CONCRETE

COMPRESSIVE YIELD UNIT
STRENGTH STRENGTH WEIGHT

(PSI) (PSI) (FCF)
I0::4000 40000 150

GEOMETRY DATA
NO OF CELL HAUNCH INVERT CELL
CELLS HEIGHT WIDTH ELEV WIDTH
(1 TO 9) (FT) (IN) (FT) (FT)

>1 10 0 0 10
COVER TO CENTROI OF REINFORCEMENT

EXTERIOR INTERIOR SURFACES
SURFACES ROOF/EXT.WALLS BASE SLAB

(IN) (IN) (IN)
>4 4 4

MINIMUM ALLOWABLE THICKNESSES
ROOF EXTERIOR BASE
SLAB WALLS SLAB
(IN) (IN) (IN)

1>12 12 12
MAXIMUM PERMISSIBLE REINFORCEMENT AREAS

ROOF EXTERIOR BASE
SLAB WALLS SLAB
(SOIN) (SOIN) (SOIN)

1>2 2 2
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STANDARD LOAD DATA. ENTER NUMBER OF SOIL LAYERS (1 TO 3)
I>1

SOIL LAYER DATA. ENTER ONE LINE PER LAYER
ELEV AT UNIT WEIGHTS

LAYER TOP SATURATED MOIST
(FT) (PCF) (PCF)

I 38 125 125
ENTER NUMBER OF STANDARD LOAD CASES (1 TO 4)

I>1
ENTER GROUND WATER UNIT WEIGHT (PCF)

1,:62.5

ENTER I LINES OF STANDARD LOAD CASE IATA. ONE LINE AT A lIME.

PRESSURE COEFFICIENTS SURFACE GROUND WATER
VERTICAL HORIZONTAL SURCHARGE ELEVATION

(PSF) (FT)
1>1 1 0 -1000

ENTER FOUNDATION REACTION DISTRIBUTION COEFFICIENTS
I J

I>1 1
INPUT COMPLETE. NO ERRORS DETECTED.
DO YOU WANT TO EDIT INPUT DATA? ENTER 'YES' OR 'NO'

I>n
DO YOU WANT INPUT DATA SAVED IN A FILE? ENTER 'YES' OR 'NO'

I>r
DO YOU WANT INPUT DATA ECHOPRINTED TO YOUR
TERMINAL, TO A FILE, TO BOTH, OR NEITHER?
ENTER 'TERMINAL', 'FILE', 'BOTH' OR 'NEITHER'

Ist
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PROGRAM CORTCUL DESIGN/INVESTIGATION OF ORTHOGONAL CULVERTS

DATE: 08/22/80 TIME: 0A:55:09

1. INPUT DATA

I.A.--HEADING

DESIGN OF ONE CELL CULVERT
WORKING STRESS DESIGN PROCEDURE
SHEAR DESIGN WITH COMBINATION OF U1440 AND AC163
ONE LOAD CASE -- 1 TO 1 LOADING

1.B.--MODE AND PROCEDURE

DESIGN USING WORKING STRESS t'ESIGN PROCEDURE? AND
SHEAR DESIGN OPTION

I.C.--MATERIAL PROPERTIES

CONCRETE:
ULTIMATE STRENGTH = 4000. (PSI)
WORKING STRESS = 1800. (PSI)
MODULUS OF ELASTICITY = 3.8E+06 (PSI)
UNIT WEIGHT = 150. (PCF)

REINFORCEMENT:
YIELD STRENGTH = 40000. (PSI)
WORKING STRESS = 20000. (PSI)

MODULUS OF ELASTICITY = 29.E+06 (PSI)

MODULAR RATIO (ES/EC) = 7.563

1.D.--GEOMETRY
NO OF CELL HAUNCH INVERT CELL
CELLS HEIGHT WIDTH ELEY WIDTH

(FT) (IN) (FT) (FT)
1 10.00 0.00 0.00 10.00

REINFORCEMENT COVER (IN): MINIMUM THICKNESS (IN):
EXTERIOR SURFACES = 4.00 ROOF SLAB = 12.00
INTERIOR ROOF/END WALLS = 4.00 EXTERIOR WALLS = 12.00
INTERIOR BASE SLAB = 4.00 BASE SLAB - 12.00

MAXIMUM REINF AREA (SaIN):

ROOF SLAB = 2.00
EXTERIOR WALLS = 2.00
BASE SLAB - 2.00
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I.E.--LOAD DATA

I.E.1.--STANDARD LOAD CASES

SOIL DATA:
ELEV AT SATURATED MOIST

LAYER TOP OF LAYER UNIT WEIGHT UNIT WEIGHT
NO (FT) (PCF) (PCF)
1 38.00 125.00 125.00

STANDARD LOAD CASE DATA
WATER UNIT WEIGHT - 62.5 (PCF)

LOAD PRESSURE COEFFICIENTS SURFACE GROUND WATER
CASE VERTICAL HORIZONTAL SURCHARGE ELEVATION

(PSF) (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 SPECIAL LOAD CASES

1.E.4--INTERNAL WATER DATA
NO INTERNAL WATER
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SCHEMATIC OF CULVERT:

*--21--*

11 12

! !

LOCAL COORDINATE SYSTEMS:
HORIZONTAL MEMBERS: ORIGIN AT LEFT END, X-AXIS TO RIGHTp Y-AXIS UP
VERTICAL MEMBERS : ORIGIN AT BOTTOM, X-AXIS UP, Y-AXIS TO LEFT

SIGN CONVENTIONS:
POSITIVE LATERAL LOAD ACTS IN PLUS Y DIRECTION
POSITIVE BENDING MOMENT PRODUCES COMPRESSION

ON PLUS Y FACE OF MEMBER
POSITIVE SHEAR TENDS TO MOVE MEMBER IN PLUS Y DIRECTION
POSITIVE AXIAL LOAD ACTS IN PLUS X DIRECTION
POSITIVE AXIAL INTERNAL FORCE IS COMPRESSION

INPUT SEQUENCE COMPLETE.
DO YOU WANT TO CONTINUE SOLUTION? ENTER 'YES' OR 'NO'

DO YOU WANT RESULTS PRINTED AT YOUR TERMINAL,
WRITTEN TO A FILE, OR BOTH?
ENTER 'TERMINAL', 'FILE', OR 'BOTH'

I>t
SOLUTION COMPLETE
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PROGRAM CORTCUL - DESIGN/INVESTIGATION OF 'ORTHOGONAL CULVERTS
DATE: 08/22/80 TIME: 06:55:29

2.--DESIGN RESULTS

2.A.--HEADING

DESIGN OF ONE CELL CULVERT
WORKING STRESS DESIGN PROCEDURE
SHEAR DESIGN WITH COMBINATION OF U1440 AND AC163
ONE LOAD CASE -- 1 TO 1 LOADING

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

DESIGN ------.CONTROLLING ---- >

THICKNESS LOAD STRESS

(IN) CASE CONDITION MEMBER
ROOF SLAB : 18. 1 SHEAR 21
EXTERIOR WALLS: 18. 1 SHEAR 11
BASE SLAB : 19. I SHEAR 1

CONCRETE AREA IN CROSS SECTION * 69.00 (SOFT)

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

MEMBER NUMBER I
< ---- CONTROLLING ---- >

DIST FROM LOAD BENDING AXIAL REINFORCEMENT
LEFT END CASE MOMENT FORCE LOCATION AREA

(FT) (K-FT) (KIPS) (SOIN)
.75 1 32.07 29.12 BOT .69

3.25 1 -4.33 29.12 TOP MIN
5.75. 1 -16.47 29.12 TOP MIN
8.25 1 -4.33 29.12 TOP MIN
10.75 1 32.07 29.12 ROT .69
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MEMBER NUMBER 11
< ------ CONTROLLING ------ >

DIST FROM LOAD SENDING AXIAL REINFORCEMENT
LEFT END CASE MOMENT FORCE LOCATION AREA

(FT) (K-FT) (KIPS) (SOIN)
.75 1 -30.28 25.08 TOP .72

3.25 1 9.84 24.51 DOT NIN
5.75 1 22.23 23.95 DOT .34
8.25 1 8.84 23.39 ROT MIN
10.75 1 -28.38 22.83 TOP .68

MEMBER NUMBER 21
< ------ CONTROLLING ---- >

DIST FROM LOAD BENDING AXIAL REINFORCEMENT
LEFT END CASE MOMENT FORCE LOCATION AREA

(FT)' (K-FT) (KIPS) (SOIN)
.75 1 -29.70 24.50 TOP .70

3.25 1 3.47 24.50 DOT NIN
5.75 1 14.52 24.50 ROT MIH
8.25 1 3.47 24.50 DOT MIH

10.75 1 -29.70 24.50 TOP .70

DO YOU WANT DESIGN MENBER LOAD/FORCE DATA OUTPUT?
V~v

WHICH MENDER LOAD/FORCE DATA ARE DESIRED FOR LOAD CASE 17
ENTER LIST OR RANGE OF MEMBER NUMBERS, OR 'ALL', OR 'NONE', OR 'HELP'

I>a

BlO



3.--DESIGN MEMBER LOAD/FORCE DATA, LOAD CASE 1
DESIGN USING WORKING STRESS DESIGN PROCEDURE, AND
SHEAR DESIGN OPTION 2

DESIGN LOAD/FORCE DATA FOR MEMBER I
DIST FROM LATERAL BENDING AXIAL
LEFT END LOAD MOMENT SHEAR FORCE

(FT) (KSF) (K-FT) (KIPS) (KIPS)
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
5.75 3.88 -16.47 -.00 29.12
8.25 3.88 -4.33 9.71 29.12

10.75 3.88 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 DENING AXIAL
LEFT END LOAD MOMENT SHEAR FORCE

(FT) (KSF) (K-FT) (KIPS) (KIPS)
0.00 -4.84 -48.02 25.45 25.24
.75 -4.75 -30.28 21.86 25.08

3.25 -4.44 9.84 10.37 24.51
5.75 -4.13 22.23 -. 33 23.95
8.25 -3.81 8.84 -10.25 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) (KIPS)
0.00 4.84 48.02 -25.45 25.24
.75 4.75 30.28 -21.86 25.08

3.25 4.44 -9.84 -10.37 24.51
5.75 4.13 -22.23 .33 23.95
8.25 3.81 -8.84 10.25 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 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 24.50
.75 -3.54 -29.70 17.69 24.50

3.25 -3.54 3.47 8.84 24.50
5.75 -3.54 14.52 .00 24.50
8.25 -3.54 3.47 -8.84 :4.50
10.75 -3.54 -29.70 -17.69 24.50
11.50 -3.54 -43.96 -20.34 24.50

OUTPUT COMPLETE.
DO YOU WANT TO EDIT INPUT DATA FOR THE PRECEDING PRODLEM'
ENTER 'YES' OR 'NO'

I>w
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DO YOU WANT A LISTING OF CURRENT INPUT DATA?
ENTER 'YES' OR 'NO'

I "n,

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

A ........... HEADING
B ........... MODE, METHOD
C ........... MATERIAL PROPERTIES
D ........... GEOMETRY
E ........... LOAD DATA
F ............ INTERNAL WATER DATA
G ........... MEMBER DATA FOR INVESTIGATION

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

I>a

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

ENTER HEADER LINE 1 (72 CHARACTERS MAXIMUM)
I:>desiar, of one cell culvert

ENTER HEADER LINE 2 (72 CHARACTERS MAXIMUM)
I'worfri stress desiir, Procedure

ENTER HEADER LINE 3 (72 CHARACTERS MAXIMUM)
I>shear design with combinatior, of ui440 and aci63

ENTER HEADER LINE 4 (72 CHARACTERS MAXIMUM)
IDore load case -- 1.5 to .5 loading

DO YOU WANT TO CHANGE ANOTHER SECTION?
ENTER 'YES' OR 'NO'

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

I >e
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FOLLOWING PARTS OF LOAD DATA
MAY BE CHANGED INDIVIDUALLY:

PART NO CONTENTS
1............ SOIL DATA
2 ........... STANDARD LOAD CASE DATA
3 ........... FOUNDATION REACTION COEFFICIENTS
4 ........... LOAD FACTORS FOR ACI STRENGTH DESIGN METHOD
5 ........... SPECIAL LOAD CASE DATA

ENTER PART NUMBER FOR PART TO BE CHANGED
OR 'ALL' TO CHANGE ENTIRE SECTION
OR 'NONE' IF NO PART TO BE CHANGED

I: 2
ENTER NUMBER OF STANDARD LOAD CASES (1 TO 4)

I11

ENTER GROUND WATER UNIT WEIGHT (PCF)
I 62.5

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

PRESSURE COEFFICIENTS SURFACE GROUND WATER
VERTICAL HORIZONTAL SURCHARGE ELEVATION

(PSF) (FT)
1>1.5 .5 0 -1000

DO YOU UANT TO CHANGE ANOTHER PART OF
LOAD DATA? ENTER 'YES' OR 'NO'

I 'r.

DO YOU WANT TO CHANGE ANOTHER SECTION?
ENTER 'YES' OR 'NO'

I >rn
DO YOU WANT INPUT DATA SAVED IN A FILE? ENTER 'YES' OR 'NO'

I' r.
DO YOU WANT INPUT DATA ECHOPRINTED TO YOUR
TERMINAL, TO A FILEv TO BOTH, OR NEITHER

7

ENTER 'TERMINAL', 'FILE', 'BOTH', OR 'NEITHER'
I >t
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FROGRAM CORICUL DESI GN/ I4VLSTIGc4TION OF ORTHOODNAL CULVERTS

DATE: 08/22/80 lIME: 07:00:18

1. INPUT DATA

I.A.--HEADING

DESIGN OF ONE CELL CULVERT
WORKING STRESS DESIGN PROCEDURE
SHEAR DESIGN WITH COMBINATION OF U1440 AND AC163
ONE LOAD' CASE -- 1.5 TO .5 LOADING

1.B.--MODE AND IROCEIURE
DESIGN USING WORKING StRESS DESIGN PROCEDURE, AND
SHEAR DESIGN OPTION 2

1.C.--MATERIAL FFO ERTIES

CONCRETE:
ULTIMATE STRENGTH = 4000. (FSI)
WORKING STRESS = 1800. (PSI)
MODULUS OF ELASTICITY = 3.Ei06 (F'SI)
UNIT WEIGHT = 150. (PCF)

REINFORCEMENT:
YIELD STRENGTH = 40000. (PSI)
WORKING SIRESS = 20000. (PSI)
MODULUS OF ELASTICITY = 29.E+06 (PSI)

MODULAR RATIO (ES/EC) = 7.563

I.tI.--GEOMETRY
NO OF CELL HAUNCH INVERT CELL
CELLS HEIGHT WIDTH ELEV WIDTH

(FT) (IN) (FT) (FT)
1 10.00 0.00 0,00 10.00

REINFORCEMENT COVER (IN): MINIMUM THICKNESS (IN:)
EXTERIOR SURFACES = 4.00 ROOF SLAV = 12.00
INTERIOR ROOF/END WALLS = 4.00 EXTERIOR WALLS = 12.00
INTERIOR BASE SLAP = 4.00 BASE SLAP = 12.00

MAXIMUM REINF AREA (SOIN)I
ROOF SLAP .' 2.00
EXTERIOR WALLS = 2.00
BASE SLAB = 2.00
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1.E.--LOAII [ATA

1.E.l.--STANIARDi LOAD CASES

SOIL DATA: ELEV AT SATURATED MOIST

LAYER TOP OF LAYER UNIT WEIGHT UNIT WEIGHT

NO (FT) (PCF) rfCF)

1 38.00 1M5.00 125.O0

STANDARD LOAD CASE DATA
WATER UNIT WEIGHT = 62.5 (-CF)

LOAD PRESSURE COEFFICIENTS 
SURFACE GROUND WATER

CASE VERTICAL HORIZONTAL SURCEARGE ELEVATION
(FSF) (FT)

1 1.50 .50 0.00 -1000.00

FOUNDATION REACTION COEFFICIENTS:

OUTER EDGES = 1.00

CENTERLINE = 1.00

1.E.2--SFECIAL LOAID CASES

NO SPECIAL LOAD CASES

1.E,4--INTERNAL WATER DATA

NO INTERNAL WATER
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SCiEMATIC OF CULVERT:

I I
11 12

I I

*---1 --4

LOCAL COORDINATE SYSTEMS:
HORIZONTAL MEMBERS: ORIGIN AT LEFT END. X-AXIS TO RIGHT, Y-AXIS UP
VERTICAL MEMBERS : ORIGIN AT BOTTOM, X-AXIS UP, Y-AXIS TO LEFT

SIGN CONVENTIONS:
POSITIVE LATERAL LOAD ACTS IN PLUS Y DIRECTION
POSITIVE BENDING MOMENT PRODUCES COMPRESSION

ON PLUS Y FACE OF MEMBER
POSITIVE SHEAR TENDS TO MOVE MEMBER IN PLUS Y DIRECTION
POSITIVE AXIAL LOAD ACTS IN PLUS X DIRECTION
POSITIVE AXIAL INTERNAL FORCE IS COMPRESSION

E]'

INPUT SEQUENCE COMPLETE.
DO YOU WANT TO CONTINUE SOLUTION? ENTER 'YES' OR 'NO'

I>w
DO YOU WANT RESULTS PRINTED AT YOUR TERMINAL,
WRITTEN TO A FILE, OR BOTH?
ENTER 'TERMINAL'. 'FILE', OR 'BOTH'

I >t
SOLUTION COMPLETE
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PROGRAM CORTCUL - DESIGN/INVESTIGATION OF ORTHOGONAL CULVERTS
DATE: 08/22/80 TIME: 07:00:49

2.--DESIGN RESULTS

2.A.--HEADING

DESIGN OF ONE CELL CULVERT
WORKING STRESS DESIGN PROCEDURE
SHEAR DESIGN WITH COMBINATION OF U1440 AND ACZ63
ONE LOAD CASE -- 1.5 TO .5 LOADING

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

DESIGN < ------ CONTROLLING ---- >
THICKNESS LOAD STRESS

(IN) CASE CONDITION MEMBER
ROOF SLAB : 19. 1 SHEAR 21
EXTERIOR WALLS: 16. 1 SHEAR 11
BASE SLAB I 19. 1 SHEAR I

CONCRETE AREA IN CROSS SECTION a 66.78 (SOFT)

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

MEMBER NUMBER 1
< ---- CONTROLLING ---- >

DIST FROM LOAD BENDING AXIAL REINFORCEMENT
LEFT END CASE MOMENT FORCE LOCATION AREA

(FT) (K-FT) (K1PS) (SOIN)
.67 1 20.13 14.85 DOT .44

3.17 1 -31.49 14.85 TOP .97
5.67 1 -48.70 14.85 TOP 1.79
8.17 1 -31.49 14.85 TOP .97
10.67 1 20.13 14.85 POT .44
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MEMBER NUMBER 11
-...CONTROLLING -....

DIST FROM LOAD BENDING AXIAL REINFORCEMENT
LEFT END CASE MOMENT FORCE LOCATION AREA

(FT) (K-FT) (KIPS) (SOIN)
.79 1 -29.79 34.72 TOP .64

3.29 1 -9.52 34.22 TOP MIN
5.79 1 -3.13 33.72 TOP MIN
8.29 1 -9.62 33.22 TOP MIN
10.79 1 -28.03 32.72 TOP .59

MEMBER NUMBER 21
< ------ CONTROLLING -------.

DIST FROM LOAD BENDING AXIAL REINFqRCEMENT
LEFT END CASE MOMENT FORCE LOCATION AREA

(FT) (K-FT) (KIPS) (SOIN)

.67 1 -18.36 12.31 TOP .43
3.17 1 30.30 12.31 BOT .99
5.67 1 46.52 12.31 BOT 1.75
8.17 1 30.30 12.31 BOT .99
10.67 1 -18.36 12.31 TOP .43

DO YOU WANT DESIGN MEMBER LOAD/FORCE DATA OUTPUT?
ENTER 'YES' OR 'NO'

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'
1>n

*8*3*3**S* NORMAL TERMINATION **S*4**S*
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FROuRAM CORICUL DESIGN/INVESTIGATION OF ORTHOGONAL CULVERTS
LATE: 08/22/80 lIME: 07:56:53

ARE INPUT DATA TO BE READ FROM TERMINAL OR FILE?
ENTER 'TERMINAL' OR 'FILE'

ENTER INPUT FILE NAME (6 CHARACTERS MAXIMUM)
I>clwd2

INPUT COMPLETE. NO ERRORS DETECTED.
DO YOU WANT TO EDIT INPUT DATA? ENTER 'YES' OR 'NO'

I> n
DO YOU WANT INPUT DATA ECHOPRINTED TO YOUR
TERMINAL, TO A FILE, TO BOTH, OR NEITHER?
ENTER 'TERMINAL', 'FILE', 'BOTH', OR 'NEITHER'

I>f
ENTER OUTPUT FILE NAME (6 CHARACTERS MAXIMUM)

I>clwd2O
INPUT SEQUENCE COMPLETE.
DO YOU WANT TO CONTINUE SOLUTION' ENTER 'YES' OR 'NO'

DO YOU WANT RESULTS PRINTED AT YOUR TERMINAL.
WRITTEN TO FILE 'CIWD20', OR BOTH?
ENTER 'TERMINAL', 'FILE', OR 'BOTH'

I>f
SOLUTION COMPLETE
DO YOU WANT DESIGN MEMBER LOAD/FORCE DATA OUTPUT?
ENTER 'YES' OR 'NO'

I>w
MEMBER LOAD/FORCE DATA ARE AVAILABLE FOR 2 LOAD CASES
ENTER DESIRED LOAD CASE NUMBER (1 TO 2) OR 'ALL' OR 'NONE'

1>a
WHICH MEMBER LOAD/FORCE DATA ARE DESIRED FOR LOAZi CASE 1?
ENTER LIST OR RANGE OF MEMBER NUMBERS, OR 'ALL', OR 'NONE', OR 'HELP'

I>1 11 21
DO YOU WANT LOAD/FORCE DATA FOR OTHER MEMBERS FOR LOAD CASE 1?
ENTER 'YES' OR 'NO'

I>n
WHICH MEMBER LOAD/FORCE DATA ARE DESIRED FOR LOAD CASE 2?
ENTER LIST OR RANGE OF MEMBER NUMBERS, OR 'ALL', OR 'NONE', OR 'HELP'

I>1 11 21
DO YOU WANT LOAD/FORCE DATA FOR OTHER MEMBERS FOR LOAD CASE 2?
ENTER 'YES' OR 'NO'

I>n
OUTPUT COMPLETE.
DO YOU WANT TO EDIT INPUT DATA FOR THE PRECEDING PROBLEMT
ENTER 'YES' OR 'NO'

I>n
DO YOU WANT TO MAKE ANOTHER RUN? ENTER 'YES' OR 'NO'

I>n

*I*S**Z** NORMAL TERMINATION ***** *2
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LISTING OF DATA FILE 'C1WD2'

1000 4 DESIGN OF ONE CELL CULVERT
1010 WORKING STRESS DESION PROCEDURE
1020 SHEAR DESIGN WITH COMBINATION OF U1440 AND ACI63

1030 TWO LOAD CASES -- CASE 1 = 1 TO 1, CASE 2 1.5 TO .5
1040 D WSD 2
1050 4000. 40000. 150.
1060 1 10. 0. 0. 10.
1070 4. 4. 4.

1080 12. 12. 12.
1090 2. 2. 2.
1100 1
1110 38. 125. 125.
1120 2 62.5
1130 1. 1. 0. -1000.
1140 1.5 .5 0. -1000.
1150 1. 1.
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I ROGRAM CORICUL [DESIGN/INVIFSTIGATIUN OF ORTHUGlONAL CULVENTS
DATE: 08/22/80 TIME: 07:57:36

1. INPUT DATA

1.A.--HEAVING

DESIGN OF ONE CELL CULVERT
WORKING STRESS DESIGN PROCEDURE
SHEAR DESIGN WITH COMpINATION OF UI440 AND ACI63
TWO LOAD CASES -- CASE 1 = 1 TO It CASE 2 = 1.5 TO .5

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

I.C.--MATERIAL PROPERTIES

CONCRETE:
ULTIMATE STRENGTH . 4000. (PSI)
WORhING STRESS = 1800. (PSI)
MODULUS OF ELASTICITY = 3.8E+06 (PSI)
UNIT WEIGHT 150. (PCF)

REINFORCEMENT:
YII'LI STRENGTH = 40000. (PSI)
WORKING STRESS = 20000. (PSI)
MODULUS OF ELASTICITY = 29.E+06 (PSI)

MODULAR RATIO (ES/EC) - 7.563

1.D.--GEOMETRY
NO OF CELL HAUNCH INVERT CELL
CELLS HEIGHT WIDTH ELEV WIDTH

(FT) (IN) (FT) (FT)
1 10.00 0.00 0.00 10.00

REINFORCEMENT COVER (IN): MINIMUM THICKNESS (IN):
EXTERIOR SURFACES - 4.00 ROOF SLAB - 12.00
INTERIOR ROOF/END WALLS = 4.00 EXTERIOR WAL.5 n 12 00
INTERIOR BASE SLAB = 4.00 BASE SLAB = 12.00

MAXIMUM REINF AREA (SOIN):
ROOF SLAB = 2.00
EXTERIOR WALLS = 2.00
BASE SLAB = 2.00
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I.E.--LOAD DATA

1.E.,.--STANDARD LOAD CASES

SOIL DATA:
ELEY AT SATURATED MOIST

LAYER TOP OF LAYER UNIT WEIGHT UNIT WEIGHT
NO (FT) (PCF) (PCF)
1 38.00 125.00 125.00

STANDARD LOAD CASE DATA
WATER UNIT WEIGHT = 62.5 (PCF)

LOAD PRESSURE COEFFICIENTS SURFACE GROUND WATER
CASE VERTICAL HORIZONTAL SURCHARGE ELEVATION

(PSF) (FT)

1 1.00 1.00 0.00 -1000.00
2 1.50 .50 0.00 -1000.00

FOUNDATION REACTION COEFFICIENTS:
OUTER EDGES - 1.00
CENTERLINE = 1.00

1.E.2--SECIAL LOAD CASES
NO SPECIAL LOAD CASES

1.E.4--INTERNAL WATER DATA
NO INTERNAL WATER
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SCHEMATIC OF CULVERT:

*--21~--

! I

11 12
I !

LOCAL COORDINATE SYSTEMS:
HORIZONTAL MEMBERS: ORIGIN AT LEFT END9 X-AXIS TO RIGHT, Y-AXIS UP
VERTICAL MEMBERS : ORIGIN AT BOTTOM# X-AXIS UP, Y-AXIS TO LEFT

SIGN CONVENTIONS:
POSITIVE LATERAL LOAD ACTS IN PLUS Y DIRECTION
POSITIVE BENDING MOMENT PRODUCES COMPRESSION

ON PLUS Y FACE OF MEMBER
POSITIVE SHEAR TENDS TO MOVE MEMBER IN PLUS Y DIRECTION
POSITIVE AXIAL LOAD ACTS IN PLUS X DIRECTION
POSITIVE AXIAL INTERNAL FORCE IS COMPRESSION
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PROGRAM CORTCUL - DESIGN/INVESTIGATION OF ORTHOGONAL CULVERTS
DATE: 08/22/80 TIME: 07:57:51

2.--DESIGN RESULTS

2.A.--HEADING

DESIGN OF ONE CELL CULVERT
WORKING STRESS DESIGN PROCEDURE
SHEAR DESIGN WITH COMBINATION OF U1440 AND AC163
TWO LOAD CASES -- CASE I = 1 TO 1, CASE 2 = 1.5 TO .5

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

DESIGN < .--- CONTROLLING ---- >
THICKNESS LOAD STRESS

(IN) CASE CONDITION MEMBER
ROOF SLAB 1 19. 2 SHEAR 21

EXTERIOR WALLS: 18. I SHEAR 11
BASE SLAB : 19. 2 SHEAR I

CONCRETE AREA IN CROSS SECTION - 71.17 (SOFT)

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

MEMBER NUMBER I
< ------ CONTROLLING ---- >

DIST FROM LOAD SENDING AXIAL REINFORCEMENT
LEFT END CASE MOMENT FORCE LOCATION AREA

(FT) CK-FT) (KIPS) (SOIN)
.75 1 32.65 29.53 DOT .61

3.25 2 -29.94 14.89 TOP .90
5.75 2 -47.25 14.89 TOP 1.72
8.25 2 -29.94 14.89 TOP .90
10.75 1 32.65 29.53 DOT .61
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MEMBER NUMBER 11 ---- CONTROLLING-

DIST FROM LOAD BENDING AXIAL REINFORCEMENT
LEFT END CASE MOMENT FORCE LOCATION AREA

(FT) (K-FT) (KIPS) (SOIN)
.79 1 -29.96 25.08 TOP .70

3.29 2 -13.64 35.25 TOP MIN
1 10.14 24.52 DOT MIH

5.79 2 -7.14 34.69 TOP MIN
1 22.50 23.95 BOT .36

8.29 2 -13.54 34.12 TOP MIN
1 9.09 23.39 SOT MIN

10.79 1 -28.16 22.83 TOP .67

MEMBER NUMBER 21
< ------ CONTROLLING ---- >

DIST FROM LOAD BENDING AXIAL REINFORCEMENT
LEFT END CASE MOMENT FORCE LOCATION AREA

(FT) (K-FT) (KIPS) (SOIN)
.75 1 -30.28 24.79 TOP .63

3.25 2 28.68 12.27 BOT .91
5.75 2 44.90 12.27 DOT 1.68
8.25 2 28.68 12.27 BOT .91
10.75 1 -30.28 24.79 TOP .63

r
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3.--DESIGN MEMBER LOAD/FORCE DATA, LOAD CASE I
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) (KIPS) (KIPS)
0.00 3.89 48.31 -22.34 29.53
.75 3.89 32.65 -19.43 29.53

3.25 3.89 -3.78 -9.71 29.53
5.75 3.89 -15.92 .00 29.53
8.25 3.89 -3.78 9.71 29.53
10.75 3.89 32.65 19.43 29.53
11.50 3.89 48.31 22.34 29.53

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 -4.85 -48.76 25.65 25.26
.79 -4.75 -29.96 21.85 25.08

3.29 -4.44 10.14 10.36 24.52
5.79 -4.13 22.50 -. 34 23.95
8.29 -3.81 9.09 -10.26 23.39
10.79 -3.50 -28.16 -19.40 22.83
11.58 -3.40 -44.60 -22.13 22.65

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 -44.55 20.35 24.79
.75 -3.54 -30.28 17.70 24.79

3.25 -3.54 2.90 8.85 24.79
5.75 -3.54 13.96 -.00 24.79
8.25 -3.54 2.90 -8.85 24.79
10.75 -3.54 -30.28 -17.70 24.79
11.50 -3.54 -44.55 -20.35 24.79
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3.--DESIGN MEMBER LOAD/FORCE DATA. LOAD CASE 2
DESIGN USING WORKING STRESS DESIGN PROCEDURE, AND
SHEAR DESIGN OPTION 2

DESIGN LOAD/FORCE DATA FOR MEMBER 1
DIST FROM LATERAL PENDING AXIAL
LEFT END LOAD MOMENT SHEAR FORCE

(FT) (KSF) (K-FT) (KIPS) (KIPS)
0.00 5.54 44.28 -31.84 14.89
.75 5.54 21.96 -27.68 14.89

3.25 5.54 -29.94 -13.84 14.89
5.75 5.54 -47.25 -.00 14.89
8.25 5.54 -29.94 13.84 14.89
10.75 5.54 21.96 27.68 14.89
11.50 5.54 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 11.05 35.81

3.29 -2.22 -13.64 5.31 35.25
5.79 -2.06 -7.14 -. 05 34.69
8.29 -1.91 -13.54 -5.01 34.12
10.79 -1.75 -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 29.85 12.27
.75 -5.19 -19.98 25.95 12.27

3.25 -5.19 28.68 12.98 12.27
5.75 -5.19 44.90 .00 12.27
8.25 -5.19 28.68 -12.98 12.27

10.75 -5.19 -19.98 -25.95 12.27
11.50 -5.19 -40.91 -29.85 12.27
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SIX CELL CULVERT DESIGN

BY ACI STRENG'11 I)-'., IGN PROC-IDURE
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FROGRAM CURICUL DESIGN/INVESTIGATION OF ONTHOGONAL CULVERIS
DATE: 08/22/80 TIME: 12:09:36

ARE INPUT DATA TO BE READ FROM TERMINAL OR FILE?
ENTER 'TERMINAL' OR 'FILE'

I:f

ENTER INPUT FILE NAME (6 CHARACTERS MAXIMUM)
I. c6-dinr

INPUT COMPLETE. NO ERRORS DETECTED.
110 YOU WANT TO EDIT INPUT DATA? ENIER 'YES' OR 'NO'

I r,
DO YOU WANT INPUT DATA FECHOFRINTED TO YOUR
TERMINAL, TO A FILE, TO DOTH, OR NEITHER?
ENTER 'TERMINAL', 'FILE'? 'BOTH', OR 'NEITHER'

I f
ENTER OUTPUT FILE NAME (6 CHARACTERS MAXIMUM)

I. c6sdot
INPUT SEOUENCE COMPLETE.

DO YOU WANT TO CONTINUE SOLUTION? ENTER 'YES' OR 'NO'

DO YOU WANT RESULTS PRINTED AT YOUR TERMINAL,
WRITTEN TO FILE 'C6SDOT', OR BOTH?
ENTER 'TERMINAL', 'FILE', OR 'BOTH'

SOLUTION COMPLETE
110 YOU WANT IESIbN MEnkER LOAD/rORCE DATA OUTPUT?
ENTER 'YES' OR 'NO'

MEMBER LOAD/FORCE DATA ARE AVAIL.ABLE FOR 2 LOAD CASES
ENTER DESIRED LOAD CASE NUMBER (1 TO 2) OR 'ALL' OR 'NONE'

I a
WHICH MEMBER LOAD/FORCE DATA ARE DESIRED FOR LOAD CASE 1?
ENTER LIST OR RANGE OF MEMBER NUMBERS, OR 'ALL', OR 'HONE', OR 'HELP"

I'>1 2 3 11 21 22 23
DO YOU WANT LOAD/FORCE DATA FOR OTHER MEMBERS FOR LOAD CASE I?
ENTER 'YES' OR 'NO'

WHICH MEMBER LOAD/FORCE DATA ARE DESIRED FOR LOAD CASE 2?
ENTER LIST OR RANGE OF MEMBER NUMBERS, OR 'ALL', OR 'NONE', OR 'HELP'

1:1 2 3 11 21 22 23
DO YOU WANT LOAD/FORCE DATA FOR OTHER MEMBERS FOR LOAD CASE 2?
ENTER 'YES' OR 'NO'

I -.rI
OUTPUT COMPLETE.
DO YOU WANT TO EtIT INPUT DATA FOR THE PRECEDING PROBLEM?
ENTER 'YES' OR 'NO'

I
DO YOU WANT TO MAKE ANOTHER RUN? ENTER 'YES' OR 'NO'

I;r

********I* NORMAL TERMINATION **********
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r--

LISI ING UF INt'UT DA1A mILE 'C6GI.'N'

1000 4 ['lcSIGN OF SIX CEI L CULVERT
1010 AC I S IM.N611 IlLSIGN 1*1' .(L ' IJN
1020 I;i-AR Ll!IBN 1Y ACI F'UCLIOURE
10.0 TWO (GAff CAS S -- CASE I = I 1a I, CASE 2 1.5 10 .5
1040 11 St' 1
10O0 3000 40000 150 .45 0

10/0 6 6 0 -4 6
10/0 3 3 3 0
1090 9 9 9 9

1100 .79 ./9 .79 .Y9

3110 1
1120 21 125 125

1130 2 64

1140 1 1 0 9
1 1!,0 1. S .5 0 9

1160 1 1
1170 1 1
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PROGRAM CORTCUL - DESIGN/INVESTIGATION OF ORTHOGONAL CULVERTS

DATE: 08/22/80 TIME: 12:10:14

1. INPUT DATA

I.A.--HEADING

DESIGN OF SIX CELL CULVERT
ACI STRENGTH DESIGN PROCEDURE
SHEAR DESIGN BY ACI PROCEDURE
TWO LOAD CASES -- CASE I = I TO 1, CASE 2 - 1.5 TO .5

l.B.--MODE AND PROCEDURE

DESIGN USING ACI STRENGTH DESIGN PROCEDURE, AND
SHEAR DESIGN OPTION 1

I.C.--MATERIAL PROPERTIES

CONCRETE:

ULTIMATE STRENGTH = 3000. (PSI)
ULTIMATE STRAIN = .003
COMP. BLOCK RATIO .85
UNIT WEIGHT = 150. (PCF)

REINFORCEMENT:

YIELD STRENGTH = 40000. (PSI)
MODULUS OF ELASTICITY = 29.E+06 (PSI)

MAXIMUM REINF RATIO = .45

STRENGTH REDUCTION FACTOR = VARIABLE

I.D.--GEOMETRY
NO OF CELL HAUNCH INVERT CELL

CELLS HEIGHT WIDTH ELEV WIDTH
(FT) (IN) (FT) (FT)

6 6.00 0.00 -4.00 6.00

REINFORCEMENT COVER (IN): MINIMUM THICKNESS (IN):

EXTERIOR SURFACES = 3.00 ROOF SLAB = 9.00
INTERIOR ROOF/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 (SOIN):
ROOF SLAB = .79

EXTERIOR WALLS - .79
BASE SLAB = .79

INTERIOR WALLS = .79
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1.E.-LOAD DATA

I.E..--STAPARI LOAD CASES

SOIL DATA:
ELEV AT SATURATED MOIST

LAYER TOP OF LAYER UNIT WEIGHT UNIT WEIGHT
NO (FT) (F CF) (F*CF)
1 21.00 125.00 125.00

STANDARD' LOAD CASE DATA
WATER UNIT WEIGHT = 64.0 (PCF)

LOAD FRESSURE COEFFICIENTS SURFACE GROUND WATER
CASE VERTICAL HORIZONTAL SURCHARGE ELEVATION

(FSF) (FT)
1 1.00 1.00 0.00 9.00
2 1.50 .50 0.00 9.00

FOUNDATION REACTION COEFFICIENTS:
OUTER EDGES = 1.00
CENTERLINE = 1.00

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

I.E.3.--LOA' FACTORS FOR ACI STRENGTH DESIGN:

LIVE LOAD' FACTOR = 1.00
DEAi LOADi FACTOR = 1,00

1.E.4--INTERNAL WATER DATA
NO INTERNAL WATER
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SCHEMATIC OF CULVERT:

11 12 13 14 15 16 17
I I ! I

------------- ---------*------

LOCAL COORDINATE SYSTEMS:

HORIZONTAL MEMBERS: ORIGIN AT LEFT ENDr X-AXIS TO RIGHT, Y-AXIS UP

VERTICAL MEMBERS : ORIGIN AT BOTTOM, X-AXIS UP, Y-AXIS TO LEFT

SIGN CONVENTIONS:
POSITIVE LATERAL LOAD ACTS IN PLUS Y IIRECTION
POSITIVE BENDING MOMENT PRODUCES COMPRESSION

ON PLUS Y FACE OF MEMBER
POSITIVE SHEAR TENDS TO MOVE MEMBER IN PLUS Y DIRECTION
POSITIVE AXIAL LOAD ACTS IN PLUS X DIRECTION
POSITIVE AXIAL INTERNAL FORCE IS COMPRESSION

B34



PROGRAM CORTCUL - DESIGN/INVESTIGATION OF ORTHOGONAL CULVERTS
DATE: 08/22/80 TIME: 12:10:27

2.--DESIGN RESULTS

2.A.--HEADING

DESIGN OF SIX CELL CULVERT

ACI STRENGTH DESIGN PROCEDURE
SHEAR DESIGN BY ACI PROCEDURE
TWO LOAD CASES -- CASE 1 1 TO 1, CASE 2 - 1.5 TO .5

2..--DESIGN THICKNESSES
DESIGN USING ACI STRENGTH DESIGN PROCEDURE, AND
SHEAR DESIGN OPTION I

DESIGN ----- CONTROLLING-
THICKNESS LOAD STRESS

(IN) CASE CONDITION MEMBER
ROOF SLAB I 12. 2 SHEAR 21

EXTERIOR WALLS: 10. 1 SHEAR 11
BASE SLAB I 12. 2 SHEAR I
INTERIOR WALLS: 9. < ------- MINIMUM

CONCRETE AREA IN CROSS SECTION = 115.33 (SOFT)

A

2.C.--DESIGN REINFORCEMENT DATA FOR LEFT HALF OF SYSTEM
DESIGN USING ACI STRENGTH DESIGN PROCEDURE, AND
SHEAR DESIGN OPTION 1

MEMBER NUMBER I
< ---- CONTROLLING ---- >

DIST FROM LOAD BENDING AXIAL REINFORCEMENT
LEFT END CASE MOMENT FORCE LOCATION AREA

(FT) (K-FT) (KIPS) (SOIN)
.42 1 9.80 12.00 SOT .13

1.92 2 -4.84 7.59 TOP .05
3.42 2 -7.57 7.59 TOP .16
4.92 2 -2.54 7.59 TOP MIN
6.42 2 10.25 7.59 DOT .27
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MEMBER NUMBER 2
------- CONTROLLING ------

DIST FROM LOAD BENDING AXIAL REINFORCEMENT
LEFT END CASE MOMENT FORCE LOCATION AREA

(FT) (KI FT) (KIPS) (SOIN)
.38 2 10.80 7.77 DOT .29

1.88 2 -1.28 7.77 TOP MIN
3.38 2 -5.59 7.77 TOP .07
4.88 2 -2.15 7.77 TOP MIN
6.38 2 9.07 7.77 DOT .21

MEMBER NUMBER 3
------- CONTROLLING ----

DIST FROM LOAD BENDING AXIAL REINFORCEMENT
LEFT END CASE MOMENT FORCE LOCATION AREA

(FT) (K-FT) (KIPS) (SOIN)
.38 2 9.39 7.87 DOT .23
1.88. 2 -2.22 7.87 TOP MIN
3.38 2 -6.07 7.87 TOP .09
4.88 2 -2.15 7.87 TOP MIN
6.38 2 9.54 7.87 DOT .23

MEMBER NUMBER 11

< ------ CONTROLLING ---- >
DIST FROM LOAD BENDING AXIAL REINFORCEMENT
LEFT END CASE MOMENT FORCE LOCATION AREA

(FT) (K-FT) (KIPS) (SOIN)
.50 1 -7.73 10.01 TOP .20

2.00 2 -. 72 12.21 TOP MIN
1 2.04 9.82 DOT MIN

3.50 1 5.20 9.63 DOT .07
5.00 2 -. 45 11.84 TOP MIN

1 2.17 9.45 DOT MIN
6.50 1 -6.63 9.26 TOP .16

MEMBER NUMBER 12
< ------ CONTROLLING ----- >

DIST FROM LOAD BENDING AXIAL REINFORCEMENT
LEFT END CASE MOMENT FORCE LOCATION AREA

(FT) (K-FT) (KIPS) (SOIN)
.50 2 -. 29 24.29 TOP MIN

2.00 2 -. 02 24.12 TOP MIN
3.50 1 -.10 16.19 TOP MIN

2 .25 23.95 BlT MIN
5.00 2 .52 23.78 DOT MIN
6.50 2 .79 23.62 DOT MIN
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MEMBER NUMBER 13
<----- CONTROLLING ------ >

DIST FROM LOAD BENDING AXIAL REINFORCEMENT
LEFT END CASE MOMENT FORCE LOCATION AREA

(FT) (K-FT) KIPS) (SOIN)
.50 2 -. 37 22.92 TOP MIN

2.00 2 -.21 22.75 TOP MIN

3.50 2 -. 05 22.58 TOP MIN
1 .02 16.64 SO MIN

5.00 2 .10 22.41 SOT MIN

6.50 2 .26 22.25 BOT MIN

MEMBER NUMBER 14
------- CONTROLLING ---- >

DIST FROM LOAD BENDING AXIAL REINFORCEMENT

LEFT END CASE MOMENT FORCE LOCATION AREA
(FT). (K-FT) (KIPS) (SOIN)

.50 2 -.00 23.29 TOP MIN

2.00 2 -. 00 23.12 TOP MIN

3.50 2 -.00 22.95 TOP MIN

1 0.00 16.50 80T MIN

5.00 2 .00 22.78 OT MIN

6.50 2 .00 22.61 OT MIN

MEMBER NUMBER 21
< ------ CONTROLLING ------

DIST FROM LOAD BENDING AXIAL REINFORCEMENT

LEFT END CASE MOMENT FORCE LOCATION AREA

(FT) (K-FT) (KIPS) (SOIN)

.42 1 -7.43 10.00 TOP .11

1.92 2 5.34 5.97 OT .10

3.42 2 7.49 5.97 OT .18

4.92 2 2.15 5.97 OT MIN

6.42 2 -10.69 5.97 TOP .31
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MEMBER NUMBER 22
< ---- CONTROLLING ...- >

DIST FROM LOAD BENDING AXIAL REINFORCEMENT
LEFT END CASE MOMENT FORCE LOCATION AREA

(FT) (K-FT) (KIPS) (SOIN)
.38 2 -10.17 5.79 TOP .29

1.86 2 1.24 5.79 DOT MIN
3.38 2 5.16 5.79 DOT .09
4.88 2 1.57 5.79 DOT MIN
6.38 2 -9.51 5.79 TOP .27

MEMBER NUMBER 23
. .------ CONTROLLING -..

DIST FROM LOAD BENDING AXIAL REINFORCEMENT
LEFT END CASE MOMENT FORCE LOCATION AREA

(FT) (K-FT) (KIPS) (SOIN)
.38 2 -9.19 5.69 TOP .25

1.88 2 1.93 5.69 DOT MIN
3.38 2 5.55 5.69 DOT .11
4.88 2 1.67 5.69 DOT MIN
6.38 2 -9.70 5.69 TOP .28
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3.--DESIGN MEMBER LOAD/FORCE DATA, LOAD CASE I
DESIGN USING ACI STRENGTH DESIGN PROCEDURE, AND
SHEAR DESIGN OPTION 1

DESIGN LOAD/FORCE DATA FOR MEMBER 1
DIST FROM LATERAL BENDING AXIAL
LEFT END LOAD MOMENT SHEAR FORCE

(FT) (KSF) (K-FT) (KIPS) (KIPS)
0.00 2.52 12.34 -9.02 12.00
.42 2.52 8.80 -7.97 12.00

1.92 2.52 -. 33 -4.20 12.00
3.42 2.52 -3.79 -.42 12.00
4.92 2.52 -1.59 3.36 12.00
6.42 2.52 6.78 7.13 12.00
6.79 2.52 9.13 8.08 12.00

DESIGN LOAD/FORCE DATA FOR MEMBER 2
DIST FROM LATERAL BENDING AXIAL
LEFT END LOAD MOMENT SHEAR FORCE

(FT) (KSF) (K-FT) (KIPS) (KIPS)
0.00 2.52 9.84 -8.51 12.17
.38 2.52 6.83 -7.56 12.17

1.88 2.!2 -1.68 -3.79 12.17
3.38 2.52 -4.53 -.01 12.17
4.88 2.52 -1.71 3.77 12.17
6.38 2.52 6.77 7.54 12.17
6.75 2.52 9.78 8.49 12.17

DESIGN LOAD/FORCE DATA FOR MEMBER 3
DIST FROM LATERAL BENDING AXIAL
LEFT END LOAD MOMENT SHEAR FORCE

(FT) (KSF) (K-FT) (KIPS) (KIPS)
0.00 2.S2 10.12 -8.55 12.28
.38 2.52 7.09 -7.61 12.28

1.88 2.52 -1.49 -3.83 12.28
3.38 2.52 -4.40 -.05 12.28
4.88 2.52 -1.64 3.72 12.28
6.38 2.52 6.78 7.50 12.28
6.75 2.52 9.77 8.45 12.28
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DESIGN LOAD/FORCE DATA FOR MEMBER 11

DIST FROM LATERAL PENDING AXIAL

LEFT END LOAD MOMENT SHEAR FORCE
(FT) (KSF ) (K-FT) ,' K F's) (KIF'S,

0.00 -3.19 -12.53 10.39 10.''

.50 -3.13 -7.73 8.81 10.01
2.00 -2.94 2.04 4.26 9.8:

3.50 -2.75 5.20 -. 00 9.,
5.00 -2.56 2.17 -3.99 9.45

6.50 -2.38 -6.63 -7.62

7.00 -2.31 -10.77 -8.86 9. 20

DESIGN LOAD/FORCE DATA FOR MEMBER 21

DIST FROM LATERAL BENDING AXIAL

LEFT END LOAD MOMENT SHEAR FOF, CE
(FT) (KSF) (t -FT) KIF'S) (K-IP'S

0.00 -2.40 -10,69 3.32 10)')
.42 -2.40 --?.43 7.32 1.)-00

1.92 -2.40 1 .85 3.12 10.00
3.42 -2 40 3.74 .12 10.00
4.92 -2.40 1 ." -3. 48 10 0

6.42 -2.40 -6.70 -7.08 1.00

6.79 -2.40 -9.52 -7.98 10.00

DESIGN LOAD/FORCE DATA FOR MEMBER 22
DIST FROM LATERAL BEN1INO AXIAL
LEFT END LOAD MOMENT SHEAR FORCE

(FT) (KSF) (N-FT ) tKI.- ) (KIF' I
0.00 -2.40 -9,01 7.93 9.)3
.38 -2.40 -6,20 1.03 9. 3

1.98 -2.40 1,65 3.43 9.83
3.38 -2.40 4.09 -. 17 Q a

4.88 -2.40 1.14 -3.77 q-91

6.38 -2.40 -7.. -7.37 q 8s

6.75 -2.40 -10.15 -8.27 9.83

DESIGN LOAD/, ORCE DATA FOR MEMBER 23

DIST FROM LATERAL BENtINO AXIAL

LEFT END LOAD MOMENT SHEAR FOF. ,7
(FT) (,SF) K-FT) (,IF'S ,IFS
0.00 -2.40 -9.77 8.09 9.77
.38 -2.40 -6.90 7.19 9

1.88 -2.40 1.1q 3.59
3.38 -2.40 3.88 -.01 9.2

4.88 -2.40 1.17 -3.61 9.72"
6.38 -2.40 -6.95 -7.2172
6.75 -2.40 -9.82 -8.11 9.77
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3.--DESIGN MEMBER LOAD/FORCE DATA, LOAD CASE 2
DESIGN USING ACI STRENGTH DESIGN PROCEDURE, AND
SHEAR DESIGN OPTION I

DESIGN LOAD/FORCE DATA FOR MEMBER 1
DIST FROM LATERAL BENDING AXIAL
LEFT END LOAD MOMENT SHEAR FORCE

(FT) (KSF) (K-FT) (NIPS (1IPS)
0.00 3.45 9.96 -i .03 7.59
.42 3.45 5.66 -9.59

1.92 3.45 -4.84 -4.41
3.42 3.45 -7.57 .76 7.59
4.92 3.45 -2.54 5.94 7.59

6.42 3.45 10.25 11.12 7.59
6.79 3.45 14.66 12.41 7.59

DESIGN LOAD/FORCE DATA FOR MEMBER 2
DIST FROM LATERAL BENDING AXIAL
LEFT END LOAD MOMENT SHEAR FORCE

(FT) (KSF) (K-FT) (NIPS) (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 7.77
6.38 3.45 9.07 10.06 7.77
6.75 3.45 13.08 11.36 7.77

DESIGN LOAD/FORCE DATA FOR MEMBER 3
DIST FROM LATERAL BENDING AXIAL

LEFT END LOAD MOMENT SHEAR FORCE
(FT) (KSF) (K-FT) <KIPS) (KIPS)
0.00 3.45 13.50 -11.62 7.87
.38 3.45 9.39 -10.33 7.87

1.88 3.45 -2.22 -5.15 7.87

3.38 3.45 -6.07 .03 7.87
4.88 3.45 -2.15 5.20 7.87

6.38 3.45 9.54 10.38 7.87

6.75 3.45 13.67 11.67 7.87
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DESIGN LOAD/FORCE DATA FOR MEMBER 11
DIST FROM LATERAL BENDING AXIAL
LEFT END LOAD MOMENT SHEAR FORCE

(FT) (KSF) (K-FT) (KIPS) (tIPS)

0.00 -2.03 --9.92 6.56 12.46
.50 -1.98 -6.89 5.56 12.40

2.00 -1.84 -. 72 z.70 12.21

3.50 -1.70 1.32 .05 12.03
5.00 -1.55 -. 45 -2.38 11.84

6.50 -1.41 -5.73 -4.61 11.65

7.00 -1.36 -8.20 -5.30 11.59

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 -3.33 -8.33 10.32 5.97
.42 -3.33 -4.31 8.94 5.97

1.92 -3.33 5.34 3.94 5.97

3.42 -3.33 7.49 -1.06 5.97

4.92 -3.33 2.15 -6.06 5.97
6.42 -3.33 -10.69 -11.06 5.97
6.79 -3.33 -15.08 -12.31 5.97

DESIGN LOAD/FORCE DATA FOR MEMBER 22

DIST FROM LATERAL BENDING AXIAL
LEFT END LOAD MOMENT SHEAR FORCE

(FT) (KSF) (K-FT) (KIPS) (KIPS)

0.00 -3.33 -14.20 11.36 5.79

.38 -3.33 -10.17 10.11 5.79
1.88 -3.33 1.24 5.11 5.79

3.38 -3.33 5.16 .11 5.79
4.88 -3.33 1.57 -4.89 5.79

6.38 -3.33 -9.51 -9.89 5.79

6.75 -3.33 -13.45 -11.14 5.79

DESIGN LOAD/FORCE DATA FOR MEMBER 23

DIST FROM LATERAL BENDING AXIAL

LEFT END LOAD MOMENT SHEAR FORCE
(FT) (KSF) (K-FT) (KIPS) (KIPS)

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 5.69

3.38 -3.33 5.55 -. 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 5.o9
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Figure B3. System for investigation of three cell culvert
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f 1,CF0C (,R I CUL It S Nt/I t.'LS TOI GA ION OF Ufi THOtOtA,^L CULVERT S
1AlE: 08/22/80 TIME: 15:00:52

ARE INPUT DATA TO BE READ FROM TERMINAL OR FILE?
ENTER 'TERMINAL' OR 'FILE'

I f
ENTER INFUT FILE NAME (6 CHARACTERS MAXIMUM)

I c3sdir.
INPUT COMPLCT_. NO ERRORS DETECTED.
DO )OU WANT TO EDIT INPUT DATA? ENTER 'YES' OR 'NO'

I'r,

DO YOU WANT INPUT DATA ECHOPRINTED TO YOUR
TERMINAL, TO A FILE, TO BOTH, OR NEITHER'
ENTER 'TERMINAL', 'FILE', 'BOTH', OR 'NEITHER'

If
ENTER OUTPUT FILE NAME (6 CHARACTERS MAXIMUM)

I c3sdot
INPUT SEOUENCE COMPLETE.
11o YOU WANT TO CONTINUE SOLUTION

? 
ENTER 'YES' OR NO'

I -
DO YOU WANT RESULTS PRINTED AT YOUR TERMINAL,
WRITTEN TO FILE 'C3SDOT', OR BOTH?
ENTER 'TERMINAL', 'FILE', OR 'BOTH'

I) f'
DO YOU WANT MEMBER LOAI/FORCE DATA OUTPUT?
ENTER 'YES' OR 'NO'

RESULTS ARE AVAILABLE FOR 2 STANDARD LOAD CASES
ENTER DESIRED LOAD CASE (1 TO 2)

I 1

RESULTS ARE AVAILABLE FOR FOLLOWING MEMBERS
1 2 11 12 21 22

RESULTS ARE AVAILABLE FOR 6 MEMBERS

ENTER LIST OF MEMBER NUMBERS (UP TO 6 MEMBERS) OR NONE'

DO YOU WANT RESULTS FOR OTHER MEMBERS' ENTER 'YES' OR 'NO'

DO YOU WANT RESULTS FOR ANOTHER LOAD CASE
? 

ENIER "YES' OR 'NO'
I:"s

RESULTS ARE AVAILABLE FOR 2 STANDARD LOAD CASES

ENTER DESIRED LOAD CASE (1 TO 2)
172

RESULTS ARE AVAILABLE FOR FOLLOWING MEMBERS

1 2 11 12 21 22
RESULTS ARE AVAILABLE FOR 6 MEMBERS

ENTER LIST OF MEMBER NUMBERS (UF TO 6 MEMBERS) OR 'NONE'
1>21

DO YOU WANT RESULTS FOR OTHER MEMBERS? ENTER 'YES' OR 'NO'

I >r,
DO YOU WANT RESULTS FOR ANOTHER LOAD CASE? ENTER 'YES' OR 'NO'

Ir
OUTPUT COMPLETE.
DO YOU WANT TO EDIT INPUT DATA FOR THE PRECEDING PROBLEM?

ENTER 'YES' OR 'NO'

I'
DO YOU WANT TO MAKE ANOTHER RUN? ENTER 'YES' OR 'NO'

I "r,

******* NORMAL TERMINATION **********
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LISTING OF INPUT DATA FILE 'C3SIN'

1000 2 INVESTIGATION OF THMEE CELL CONDUIT

1010 USING ACI STRENGTH DESIGN PROCEDURE ANDI TWO LOAD CASES
1020 1 SDi
1030 4000 40000 150 .5 0

1040 3 12 12 0 6.5

1050 4.71 3.56 4.56 3.38

1060 54 48 54 36

1070 1
1080 210 140 135

1090 2
1100 1 1 0 205

1110 1.5 .5 0 205

1110 0
1120 1 1

1130 0
1150 6
116b 1 1 1.56 1 1.56 1 1.56

1170 2 1 1.56 1 1.S6 1 1.56
1180 11 1.56 1 1.56 1 1.56 1

1190 12 .88 .88 .88 .80 .88 .88
1200 21 1.56 1 1.56 1 1.56 1

1210 22 1.56 1 1.56 1 1.56 1
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PROGRAMi CORTCUL - DESIGN/INVESTIGATION OF ORTHOGONAL CULVERTS

DATE: 08/22/80 TIME: 15:01:30

1. INPUT DATA

1.A.--HEADING

INVESTIGATION OF THREE CELL CONDUIT

USING ACI STRENGTH DESIGN PROCEDURE AND TWO LOAD CASES

I.8.--MODE AND PROCEDURE
INVESTIGATION USING ACI STRENGTH DESIGN PROCEDURE

I.C.--MATERIAL PROPERTIES

CONCRETE:
ULTIMATE STRENGTH = 4000. (PSI)

ULTIMATE STRAIN .003
COMP. BLOCK RATIO = .85
UNIT WEIGHT = 150, (PCF)

REINFORCEMENTI
YIELD STRENGTH = 40000. (PSI)

MODULUS OF ELASTICITY = 29.E+06 (PSI)

MAXIMUM REINF RATIO = .50

STRENGTH REDUCTION FACTOR VARIABLE

I.D.--GEOMETRY

NO OF CELL HAUNCH INVERT CELL

CELLS HEIGHT WIDTH ELEV WIDTH

(FT) (IN) (FT) (FT)

3 12.00 12.00 0.00 6.50

REINFORCEMENT COVER (IN): THICKNESS (IN):

EXTERIOR SURFACES = 4.71 ROOF SLAB = 54.00

INTERIOR ROOF/END WALLS = 3.56 EXTERIOR WALLS = 48.00
INTERIOR BASE SLAB - 4.56 BASE SLAB = 54.00
INTERIOR WALLS = 3.38 INTERIOR WALLS - 36.00
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I.E .-- L GAL, LshA

1.E.I.--STANDARD. LOAI CASES

SOIL DATA:
ELEV AT bAlURA EI MOIST

LAYER TOP OF LAYER UNIT WEIGHT UNIT WEIGHT
NO (FT) (FCF) (F'CF)
1 210.00 140.00 135.00

TANDARI LOAD CASE DATA
WATER UNIT WEIGHT = 62.5 (FCF)

LOAD 'RESSURE COEFFICIENTS SURFACE GROUND WA7ER
CASE VERTICAL HORIZONTAL SURCHARGE ELEVATION

(F'SF) (FT)
1 1.00 1.00 0.00 205.00
2 1.50 .50 0.00 205.00

I.E.2--SPECIAL LOAD CASES
NO SPECIAL LOAD CASES

I.E.3.--LOAD FACTORS FOR ACI STRENGTH DESIGN:
LIVE LOAD FACTOR = 1.00
DEAD LOAD FACTOR = 1.00

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

I.F.--REINFORCEMENT AREAS (SPIN) FOR INVESTIGATION
MEMBER LEFT END CENTERLINE RIGHT END

NO TOP BOTTOM TOP BOTTOM TOF, BOTTOM
1 1.00 1.56 1.00 1.56 1.00 1.56
2 1.00 1.56 1.00 1.56 1.00 1.56

11 1.56 1.00 1.56 1.00 1.56 1.00
12 .88 .88 .88 .B8 .88 .98
21 1.56 1.00 1.56 1.00 1.56 1.00
22 1.56 1.00 1.56 1.00 1.56 1.00
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SCHEMATIC OF CULVERT:

! I!

11 12 13 14
I I I

--- *- -*---2--*---3--*

LOCAL COORDINATE SYSTEMF.:
HORIZONTAL MEMBERS: ORIGIN AT LEFT END, X-AXIS TO RIGHT, Y-AXIS UP
VERTICAL MEMBERS ; ORIGIN AT BOTTOM, X-AXIS UP', Y-AXIS TO LEFT

SIGN CONVENTIONS:
POSITIVE LATERAL LOAD ACTS IN PLUS Y DIRECTION
POSITIVE BENDING MOMENT PRODUCES COMPRESSION

ON PLUS Y FACE OF MEMBER
POSITIVE SHEAR TENDS TO MOVE MEMBER IN PLUS Y DIRECTION
POSITIVE AXIAL LOAD ACTS IN F'LUS X DIRECIION
POSITIVE AXIAL INTERNAL FORCE IS COMPRESSION
UNLESS OTHERWISE NOTED, FACTOR OF SAFETY FOR

INVESTIGATION USING ACI STRENGTH DESIGN PROCEDURE
IS DEFINED BY FS = PHI * PN / P

WHERE PN = ULTIMATE STRENGTH AT ACTUAL ECCENTRICITY
P ACTUAL AXIAL FORCE
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PROGRAM CORTCUL - DESIGN/INVESTIGATION OF ORTHOGONAL CULVERTS
D A TE: 0 81/22/80 TIME: 15:01:44

?.A.--HEADING

INVESTIGATION OF THREE CELL CONDUIT

USING ACE STRENGTH DESIGN PROCEDURE AND TWO LOAD CASES

2.B.--SUMMARY OF RESULTS FOR STANDARD LOA0 CASE I

INVESTIGATION USING ACE STRENGTH DESIGN PROCEDURE

MEMBER I LEFT END CENTERLINE RIGHT END

BENDING MOMENT (K-FT) 351.33 60.63 70.88
AXIAL FORCE (KIPS) 306.99 306.99 306,9y

FLEXURE FACTOR OF SAFETY 3.78 4.19 _)a

STRENGTH REDUCTION (PHI) .70 .70 .70

SHEAR FORCE AT D (KIPS) NNNNNN NNNNNN

SHEAR FS AT D (AC163) NNNNNN NNNNNN

SHEAR FORCE AT 0.15LN (KIPS) -107.97 21.67
SHEAR FS AT 0.15LN (U1440) 5.43

NNNNNN - ACI63 SHEAR PROCEDURE DOES NOT

APPLY FOR THIS MEMBER
- -SHEAR FS IS GREATER THAN TEN

MEMBER 2 LEFT END CENTERLINE RIGHT END

BENDING MOMENT (K-FT) 18.66 -131.82 18.66

AXIAL FORCE (KIPS) 307.18 307.18 307.18

FLEXURE FACTOR OF SAFETY 5.08 4.19 .06

STRENGTH REDUCTION (PHI) .70 .70 .70

SHEAR FORCE AT D (KIPS) NNNNNN NNNNNN

SHEAR FS AT D (AC163) NNNNNN NNNNNN

SHEAR FORCE AT 0.15LN (KIPS) -64.82 64.82
SHEAR FS AT 0.15LN (U1440) 9.08 9.0B ;

NNNNNN - AC163 SHEAR PROCEDURE DOES NOT
APPLY FOR THIS MEMBER

MEMBER 11 LEFT END CENTERLINE RIGHT END

BENDING MOMENT (K-FT) -233.78 282.80 -227.89

AXIAL.FURCE (KIPS) 248.36 244.75 241.1A

FLEXURE FACTOR OF SAFETY 4.50 2.84 ;.63

STRENGTH REDUCTION (PHI) .70 .70 .70

SHEAR FORCE AT D (KIPS) NNNNNN NNNNNN

SHEAR FS AT D (AC163) NNNNNN NNNNNN
EAR FORCE AT 0.15LN (KIPS) 120.73 -118.96

SHEAR FS AT O.15LN (U1440) 3.54 3.57

NNNNNN - ACT63 SHEAR PROCEDURE DOES NOT

APPLY FOR THIS MEMBER
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MEMBER 12 LEFT END CENTERLINE FIGHT END
BENDING MOMENT (K-FT) -12.06 -10.90 -9.73
AXIAL FORCE (KIPS) 226.52 223.82 221.12
FLEXURE FACTOR OF SAFETY 5.00 3.84 5.12
STRENGTH REDUCTION (PHI) .70 .70 .70
SHEAR FORCE AT D (KIPS) NNNNNN NNNNNN
SHEAR FS AT D (AC163) NNNNNN NNNNNN
SHEAR FORCE AT 0.15LN (KIPS) .19 .19
SHEAR FS AT 0.15LN (U1440) ......

NNNNNN - AC163 SHEAR PROCEDURE DOES NOT
APPLY FOR THIS MEMBER

-SHEAR FS IS GREATER THAN TEN

MEMBER 21 LEFT END CENTERLINE RIGHT END
BENDING MOMENT (K-FT) -346.18 -65.13 -77.08
AXIAL FORCE (KIPS) 292.25 292.25 292.25
FLEXUREFACTOR OF SAFETY 3.90 4.40 5.34
STRENGTH REDUCTION (PHI) .70 .70 .70
SHEAR FORCE AT D (KIPS) NNNNNN NNNNNN
SHEAR FS AT D (AC163) NNNNNN NNNNNN
SHEAR FORCE AT 0.15LN (KIPS) 104.51 -21.71
SHEAR FS AT 0.15LN (U1440) 5.53

NNNNNN - AC163 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
AXIAL FORCE (KIPS) 292.06 292.06 292.06
FLEXURE FACTOR OF SAFETY 5.34 4.40 5.34
STRENGTH REDUCTION (PHI) .70 .70 .70
SHEAR FORCE Ar D (KIPS) NNNNNN NNNNNN
SHEAR FS AT D (AC163) NNNNNN NNNNNN
SHEAR FORCE AT 0.15LN (KIPS) 63.11 -63.11
SHEAR FS AT 0.15LN (U1440) 9,40 9.40

NNNNNN - AC163 SHEAR PROCEDURE DOES NOT
APPLY FOR THIS MEMBER
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2.B.--SUMNARY OF RESULTS FOR STANDARD LOAD CASE 2

INVESTIGATION USING ACT STRENGTH DIESIGN PROCEDURE

HEMBER I LEFT END CENTERLINE RIGHT END

BENDING MOMENT (K-FT) 214.41 -4Z.27 82.72
AXIAL FORCE (NIPS) 220.67 220.67 220.67

FLEXURE FACTOR OF SAFETY 5,74 5.83 7.07
STRENGTH REDUCTION (PHI) .70 .70 .70
SHEAR FORCE AT D khIPS NNNNNN NNNNNN
SHEAR FS AT D (ACI63) NNNNNN NHNNt4A

SHEAR FORCE AT 0.15LN <KIPS) -102.46 61.95
SHEAR FS AT 0.15LN (U1440) 5.22 8.63

MNNNNN - AC163 SHEAR PROCEDURE DOES NOT

APPLY FOR THIS MEMBER

MEMBER 2 LEFT END CENTERLIME RIGHT END
BENDING MOMENT (K-FT) 62.06 -128.78 62.06
AXIAL FORCE (KIPS) 220.86 220.88 220.88
FLEXURE FACTOR OF SAFETY 7.06 5.52 7.06

STRENGTH REDUCTION (PHI) .70 .70 .70

SHEAR FORCE AT D (KIPS) NNNNNN NNNNNN
SHEAR FS AT D (ACI63) NNNNNN NNNNNN

SHEAR FORCE AT 0.15LN (KIPS) -92.21 92.21

SHEAR FS AT 0.15LN (U14401 6.53 6.53
NNNNNN - AC163 SHEAR PROCEDURE DOES NOT

APPLY FOR THIS MEMBER

MEMBER II LEFT END CENTERLINE RIGHT END
BENDING MOMENT (K-FT) -209.94 162.35 -202.87
AXIAL FORCE (KIPS) 280.88 277.28 273.68

FLEXURE FACTOR OF SAFETY 4.42 3.77 4. 5
STRENGTH REDUCTION (PHI) .70 .70 .70

SHEAR FORCE AT 8 (KIPS) NNNNHN NNNNNN
SHEAR FS AT 0 (AC163) NNNNNN NNNNNN

SHEAR FORCE AT 015LN (KIPS) 86.92 -al, I
SHEAR FS AT 0.15LN (U1440) 4.92 4.99

HNNHNN - AC163 SHEAR PROCEDURE DOES NOT

APPLY FOR THIS MEMBER
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MEMBER 12 LEFT END CENTERLINE RIGHT END
PENDING MOMENT (K-FT) -9.25 -8.01 -6.76
AXIAL FORCE lIFS) 322.00 319.30 316.o0

FLEXURE FACTOR OF SAFETY 3.52 2.69 3.50
STRENGTH IUCTION (PHI) .70 .70 .70
SHEAR FORCE AT [% (KIPS) NNNNNN NNNNNN
SHEAR FS AT D (AC163) NNNNNN NNNNNN
SHEAR FORCE AT O.15LN (KIPS) .21 .21
SHEAR FS A' O.15LN (U1440) ......

NNNNNN - AC163 SHiEAR PROCEDURE DOES NOT

APPLY FOR THIS MEMBER

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

4EMER 21 LEFr END CENTERLINE AIGHT ENZ
BENDING MOMENT (K-FT) -209.14 37.b9 -8C.1

AXIAL FORCE (KIPS1 209.54 209.54 :0-.,4

FLEXURE -FACTOR OF SAFETY 5.98 6.14 7.4t

STRENGTH REDUCTION tHI) .70 .70 .?o
SHEAR FORCE AT D (KIPS) NNNNNN NNNNNN
SHEAR FS AT D (AC163) NNNNNN NNNNNN
SHEAR FORCE AT 0.15LN tKIPS) 99.01 -61.98
SHEAR FS AT O.5LN ZUZ440) 5.33 8.51

NNHNNN - AC163 SHEAR PROCEDURE DOES NOT

APPLY FOR THIS MEMBER

MEMBER 22 LEFT END CENTERLINE RIGHT ENIt

BENDING MOMENT (K-FT -67.33 119.53 -67.33
AXIAL FORCE (KIPS) 209.3 209.33 209.33
FLEXURE FACTOR OF SAFETY 7.45 5.87 7,45

STRENGTH REDUCTION (PHI) .70 .70 .70
SHEAR FORCE AT 0 (fIPS) NNNNNN NNNNNN

SHEAR FS AT D (AC163) NNNNNN NNNNNN

SHEAR FORCE AT 0.15LN KI.PS) 80.49 -80.49
SHEAR FS AT O,1.SLH (U1440) 6.73 6.73

NNNNNN - AC163 SHEAR PROCEDURE DOES NOT

APPLY FOR THIS MEMBER
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PROGkAM COITLUL I- SIGN, Jh LST IGAT ION * J HCb,;NAL -rT,

VATE; 081 2, 80 TIME: : , -

3.A. -HEADING

INVESTIGATION OF hIdkE CELL CoNmlEu1

USIN, ACI STRENGTH JIEI FN FAOCELtLFE ANI .W0 LU41 - ASE

A. s. -RESULTS FOR TANI.,kI, LOAI' L ASE I

1NVESTIGATION U 1N1, AL' STRENG'( UESIGN F'ROCEuRE

kE SUL t 7 'JR AfmEIEk I, LOAD CASE 1

I751 FROM LATERAL BiENINO Ax AL
LEFT END LUAL, MOMENT SNELA. F GF.

FI) ( SF , ,N,-f f I t -IF , I'.IF S
0.,00 28 .49 679.61 19 .73 10 6 9v
0.00 28 49 ' 1.

2.0 9.9 351 t33 -135. .99
3.00 28.49 229.83 -. 07.25 30.y 9
4.13 28.49 122.20 -"5.,20 306. 99
5.25 28.49 60.63 -43.15 306,99
6.39 28.49 30.-12 -11.09 306.99
7.50 28.49 35.68 20.96 306.99
9.50 28.49 70.88 49.45 306.09
10.00 28.49 172.12 92.19 306.99

3.9.--RESULTS FOR STANDARD LOAD CASE 2
INVESTIGATION USING ACI STRENGTH DESIGN PROCEDURE

RESU'_TS FOR MEMBER 21, LOAD CASE 2

DIST FROM LATERAL PENDING AXIAL
LEFT END LOAD MOMENT SHEAR FOFCF

(FT) (KSF ) K - FI) , KI P S) i K F'S )

0.00 -35.38 -546.91 204 27 209.54

2.00 -35.38 -209.14 133.50 209.54
3.00 -35.38 -93.33 98.12 209.54

4.13 -35.38 -5.33 58.32 209.54

5.25 -35.38 37.89 18.51 209.54
6.38 -35.38 36.32 -21.29 209.54

7.50 -35.38 -10.02 -61.10 209.54

8.50 -35.38 -88.81 -96.48 209..4
10.00 -35.38 -273,31 -149.55 209.54
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7COMPRESS il Y. , 1 Z1( UN 1T4
ST

4 ?
ENOIH STRENGTH w~'

I FF sF5 1REST FC
4 000 40C00 I50.

2 CE'-L HA,_;EE I NOER CEL.
HEI 1GHT W 11 T 1 ELEF. W I Tl

F TyR ' L NV~ 7 SFJ RE N1FORCEHIEE'
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4 
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)TE' i TI~NEOESS
ROCOF E A TUCF IOF Z,) CE INTER IVTI

sLAP WALLS S L AP W'AOLES
,IN' (4)IN) IN

14. 13 . .-

S TO'II:N L l 515.1. 1107E NUM-HERS f SF COIL E'IYC> 7,

ENTER NUMBEFR-OF- orFL: IL LUAL CMI I TO 4
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-,E NJ'"'h "; MI[t> ; :',' '''NJ

OF* ": .[ I 'L' 4

3 , L 2 IT' - 1 i

ri~~A j' T T I!

[ 1J -M1 T0 1 : ' 7

4J 5 J'" )' 0 C ) ro

£ 22 -3 ' ,.< '' 8 4
[ 27 ', -31 3 C 3

S 22 < -3 1 ic. 00) 3 .4Q .

L 2-1 c -3196 0' 4 830
K 11 '?' 5 00C" uC - 4,30 0. 71'.3t L

[ 1 t -120.0000 -. 5400 "12.21,00 r
I I t 79 .}0000 -. L400 I0.210

L 5 t 120.0000 -. 5400 10 7lc0 F

1 19 .-62.50>3 .400 9 400

I 1 . u -112.000 .5400 Y 743G
I 'l u -112.5000 .400 9.5400

1 4 . -112.5000 .3400 9 5400

I '1 u -162.5000 .5400 9. 540

1 3 -J t 32.0000 .5400 6.5400 L

1 3 'j u -375.0000 .3750 9 .3750
! 14 t -375.0000 .5400 6. 5400 L

MEMBER DATA FOR INVESTIOATO N

ENTER NUMBER
" 
OF MEMBERS TO BE INVEST:GATED Ul TO 13

1 *0
MEMBER DATA FOR MNVESTISATI(N

ENTER NUMBER OF MEMBERS TO BE INVESTIGATED (I TO 13

1 8

ENTER 8 LINES OF MEMBER REINFORCEMENT AREAS (SIN)

MEMBER LEFT END CENTERLINE RIZt) (JI,

NUMBER TOP BOTTOM TOP BOTTCM TUP DC 724

I 23 .6 .79 .6 .79 . . '9
[ 24 .6 .79 .6 .79 . .79

I t4 .44 .44 .44 .4V. .44 .44

I' 18 .44 .6 .44 .6 .44
1 1 .31 .6 .31 .6 .31 .6

1 2 .31 .6 .31 .6 .31
17' 3 .31 .6 .31 .6 .31

1 4 .31 .6 .31 .6 .31 .6

INPUT COMPLETE. NO ERRORS DETECTED.
00 YOU WANT TO EDIT INPUT DATA? ENTER 'YES' OR 'NJ'

DO YOU WANT INPUT DATA SAVED IN A FILE? ENTER YES' OF 'NO'

I.I
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LISTING OF INPUT DATA FILE FOR FOUR CELL CULVERT INVESTIGATION

1000 4 INVESTIGATION OF FOUR CELL CULVERT
1010 WITH WORKING STRESS DESIGN PROCEDURE
1020 ONE SPErIAL LOATI CASE WITH
1030 CONCENTPATED LOADS ON ROOF AND INTERNAL WATER

1040 1 WS)
1050 4000. 40000. 150.

1060 4 9. 0. 0. 9.
1070 2.44 2.5 2.63 0.
1080 14. 13. 13. 9.
1090 0

1100 1
1110 20

1120 21 Y U -415.0000 -. 5400 9.9200

1130 22 Y U -415.0000 0.0000 9.7500
1140 23 Y U -415.0000 0.0000 9.7500
1150 24 Y U -415.0000 0.0000 10.4600
1160 22 Y C -3180.0000 8.4900
1170 23 Y C -3180.0000 4.8300
1180 23 Y C -3180.0000 8.4900

1190 24 Y C -3180.0000 4.8300
1200 11 Y T -795.0000 -. 5400 10.7100 L
1210 11 Y T -120.0000 -. 5400 10.7100 R
1220 15 Y T 795.0000 -. 5400 10.7100 L
1230 15 Y T 120.0000 -. 5400 10.7100 R

1240 11 X U -162.5000 .5400 9.5400

1250 12 X U -112.5000 .5400 9.5400
1260 13 X U -112.5000 .5400 9.5400

1270 14 X U -112,5000 .5400 9.5400

1280 15 X U -162.5000 .5400 9.5400
1290 13 Y T 375.0000 .5400 6.5400 L
1300 3 Y U -375.0000 .3750 9.3750

1310 14 Y T -375.0000 .5400 6.5400 L
1330 0

1340 8
1350 23 .6 .79 .6 .79 .6 .79
1360 24 .6 .79 .6 .79 .6 .79
1370 14 .44 .44 .44 .44 .44 .44

1380 15 .44 .6 .44 .6 .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 .6
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PROGRAM CORTCUL - DESIGN/INVESTIGATION OF ORTHOGONAL CULVERTS

DATE: 08/22/80 TIME: 15:33:41

1. INPUT DATA

I.A.--HEADING

INVESTIGATION OF FOUR CELL CULVERT

WITH WORKING STRESS DESIGN PROCEDURE
ONE SPECIAL LOAD CASE WITH

CONCENTRATED LOADS ON ROOF AND INTERNAL WATER

1.B.--MODE AND PROCEDURE
INVESTIGATION USING WORKING STRESS DESIGN PROCEDURE

I.C.--MATERIAL PROPERTIES

CONCRETE:

ULTIMATE STRENGTH = 4000, (PSI)

WORKING STRESS = 1800. (PSI)

MODULUS OF ELASTICITY = 3.BE+06 (PSI)
UNIT WEIGHT = 150. (PCF)

REINFORCEMENT:

YIELD STRENGTH = 40000. (PSI)

WORKING STRESS = 20000. (PSI)

MODULUS OF ELASTICITY = 29.E+06 (PSI)

MODULAR RATIO (ES/EC) 7.t63

I.D.--GEOMETRY
NO OF CELL HAUNCH INVERT CELL

CELLS HEIGHT WIDTH ELEV WIDTH
(FT) (IN) FT) (FT)

4 9.00 0.00 0.00 9.00

REINFORCEMENT COVER (IN): THICKNESS (IN):

EXTERIOR SURFACES = 2.44 ROOF SLAD = 14.00

INTERIOR ROOF/END WALLS = 2.50 EXTERIOR WALLS = 13.00

INTERIOR BASE SLAB = 2.63 BASE SLAB = 13.00

INTERIOR WALLS = CL INTERIOR WALLS = 9.00
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I.E.--LOAD DATA

l.E.I.--STANDARD LOAD CASES
NO STANDARD LOAD CASES

I.E.2--SPECIAL LOAD CASES

SPECIAL LOAD CASE NO. I

MEA LOAD LOAD LOAD DISTANCE (FT) WEIGHTED
NO DIRECT TYPE (LB)(PLF) START END END
21 Y UNIF -415.00 -.54 9.92
22 Y UNIF -415.00 0.00 9.75
23 Y UNIF -415.00 0.00 9,75
24 y UNIF -415.00 0.00 10.46
22 Y CONC -3180.00 8.49
23 Y CONC -3180.00 4.83
23 Y CONC -3180.00 8.49
24 Y CONC -3180.00 4,83
11 y TRIA -795,00 -.54 10.71 L
11 Y TRIA -120.00 -.54 10.71 R
15 y TRIA 795.00 -.54 10.71 L
15 Y TRIA 120.00 -. 54 10.71 R
11 X UNIF -162.50 .54 9.54
12 X UNIF -112.50 .54 9.54
13 X UNIF -112.50 .54 9.54
14 X UNIF -112.50 .54 9.54
15 X UNIF -162.50 .54 9.54
13 Y TRIA 375.00 .54 6.54 L
3 Y UNIF -375.00 .38 9.38

14 Y TRIA -375.00 .54 6.54 L

1.F.--REINFORCEMENT AREAS (SGIN) FOR INVESTIGATION
MEMBER LEF END CENTERLINE RIGHT END

NO TOP BOTTOM TOP BOTTOM TOP BOTTOM
23 .60 .79 .60 .79 .60 .79
24 .60 .79 .60 .79 .60 .79
14 .44 .44 .44 .44 .44 .44
15 .44 .60 .44 .60 .44 .60
1 .31 .60 .31 .60 .31 .60
2 .31 .60 .31 .60 .31 .60
3 .31 .60 .31 .60 .31 .60
4 .31 .60 .31 .60 .31 .60
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SCHEMATIC OF CULVERT:

11 12 13 14 15

--- , -, --- -- ,-- , -- -- --

LOCAL COORDINATE SYSTEMS:
HORIZONTAL MEMBERS: ORIGIN AT LEFT END, X-AXIS TO RIGHT, Y-AXIS UP
VERTICAL MEMBERS : ORIGIN AT BOTTOM, X-AXIS UP Y-AXIS TO LEFT

SIGN CONVENTIONS:
POSITIVE LATERAL LOAD ACTS IN PLUS Y DIRECTION
POSITIVE BENDING MOMENT PRODUCES COMPRESSION

ON PLUS Y FACE OF MEMBER
POSITIVE SHEAR TENDS TO MOVE MEMBER IN PLUS Y DIRECTION
POSITIVE AXIAL LOAD ACTS IN PLUS X DIRECTION
POSITIVE AXIAL INTERNAL FORCE IS COMPRESSION
POSITIVE CONCRETE STRESS IS COMPRESSION
POSITIVE STRESS IN COMPRESSION REINFORCEMENT IS COMPRESSION
POSITIVE STRESS IN TENSION REINFORCEMENT IS TENSION
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PROGRAM CORICUL - DESIGN/INVESTIGATION OF ORTHOGONAL CULVERTS

DATE: 08/22/80 TIME: 15:34:00

2.A.--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 FOR SPECIAL LOAF, CASE I

INVESTIGATION USING WORKING STRESS DESIGN FkOCEIURE

MEMBER 23 LEFT ENE CENTERLINE RIGHT END

BENDING MOMENT (K-FT) -2.48 o.,*4 -4.83
AXIAL FORCE (KIPS) 3.01 3.01 3.01

CONCRETE'STRESS (KSI) .16 .58
COMP. REINF. STRESS (KSI) .48 1.08 .58.
TENS. REINF. STRESS (KSI) 2.16 11.10 6.4'

SHEAR FORCE AT D (KIPS) 3.13 -2.99
SHEAR FS AT D (ACI63) 5.06 5.29
SHEAR FORCE AT O.15LN (KIPS) 2.96 -2.83
SHEAR FS AT 0.15LN (U1440) 3.19 3.34

MEMBER 24 LEFT END CENTERLINE RIGHT END

BENDING MOMENT (K-FT) -3.70 5.68 -7.50
AXIAL FORCE (KIPS) 2.59 2.59 2.59

CONCRETE STRESS (KSI) .25 .36 .53
COMP. REINF. STRESS (KSI) .48 .77 .58
TENS. REINF. STRESS (KSI) 4.73 6.53 11.80
SHEAR FORCE AT D (KIPS) 2.65 -3.46

SHEAR FS AT D (ACI63) 5.96 2.7o
SHEAR FORCE AT 0.15LN (KIPS) 2.49 -3.30
SHEAR FS AT 0.15LN (U1440) 3.78 7.93

MEMBER 14 LEFT END CENTERLINE RIGHT EN[D

BENDING MOMENT (K-FT) -3.85 .27 2.20
AXIAL FORCE (KIPS) 10.95 10.44 9.93
CONCRETE STRESS (KSI) .48 .11 .2'

COMP. REINF. STRESS (KSI) 0.00 0.00 0.00
TENS. REINF. STRESS (KSI) 3.87 -.57 .
SHEAR FORCE AT D (KIPS) 1.28 .42

SHEAR FS AT 0 (AC163)

SHEAR FORCE AT 0.l5LN (KIPS) NNNNNN NNNNNN

SHEAR FS AT O.15LN (U1440) NHNNNN NNNNNN
- -SHEAR FS IS GREATER THAN TEN

NNNNNN - U-OF-I 440 SHEAR PROCEDURE DOES NOT
APPLY FOR THIS MEMBER

i -- | IAII I I . . .. .. I I



MEMBER 15 LEFT END CENTERLINE RIGHT END
BENDING MOMENT (K-FT) 1.47 .17 8.17
AXIAL FORCE (KIPS) 5.78 5.04 4.31
CONCRETE STRESS (NSI) .09 .04 .67
COMP. REINF. STRESS KSI' .50 .26 .86
TENS. REINF. STRESS (KsN ) -. 04 -.21 13.08
SHEAR FORCE AT ID (KIPS) -1.11 2.22
SHEAR FS AT D (AC163) 3.75
SHEAR FORCE AT 0.15LN (KIPS) -. 80 2.10
SHEAR FS AT 0.15'-N (U1440) 6.73 2.41

-- SHEAR FS IS GREATER THAN TEN

MEMBER I LEFT END CENTERLINE RIGHT END
BENDING MOMENT (K-FT) 2.64 -4.00 3.37
AXIAL FORCE (KIPS) 3.25 3.25 3.25
CONCRETE STRESS (NS) .20 .42 .27
COMP. REINF. STRESS (KSI) .49 .08 .50
TENS. RErNF. STRESS (KSl) 2.68 10.02 4.12
SHEAR FORCE AT 0 (KIPS) -2.37 2.65
SHEAR FS AT D (ACI63) 6.16 5.51
SHEAR FORCE AT 0.15LN (KIPS) -2.07 2.29
SHEAR FS AT O.15LN (U1440) 2.13 1.93

MEMBER 2 LEFT END CENTERLINE RIGHT END
BENDING MOMENT (K-FT) .44 -3.33 10.55
AXIAL FORCE (KIPS) 2.61 2.61 2.61
CONCRETE STRESS (KSI) .03 .35 .88
COMP. REINF. STRESS (KSf) .19 .04 .16
TENS. REINF. STRESP (KSI) -. 05 8.49 19.33
SHEAR FORCE AT D (KIPS) -1.98 4.34
SHEAR FS AT D (AC163) 4.18 1.98
SHEAR FORCE AT 0.15LN (KIPS) -1.59 3.90
SHEAR FS AT O.15LN (U1440) 2.75 1.34

MEMBER 3 LEFT END CENTERLINE RIGHT END
BENDING MOMENT (K-FT) 6.64 .71 8.46
AXIAL FORCE (KIPS) 1.01 1.01 1.01
CONCRETE STRESS (KSI) .55 .05 .70
COMP. REINF. STRESS (KS) -.03 .15 -. 10
TENS. REINF. STRESS (KSI) 12.73 .63 16.48
SHEAR FORCE AT D (KIPS) -2.19 2.71
SHEAR FS AT D (AC163) 3.83 3.08
SHEAR FORCE AT 0.15LN (KIPS) -1.90 2.36
SHEAR FS AT O.15LN (U1440) 2.72 2.18

MEMBER 4 LEFT END CENTERLINE RIGHT ENE
PENDING MOMENT (K-FT) 11.89 -6.48 .05
AXIAL FORCE (KIPS) 2.56 2.56 2.56
CONCRETE STRESS (KSI) .99 .72 .02
COMP. REINF. STRESS (KSI) .10 -. 71 .13
TENS. REINF. STRESS (KSI) 22.12 20.85 -. 11
SHEAR FORCE AT D (KIPS) -5.72 3.21
SHEAR FS AT D (AC163) 1.53 2.58
SHEAR FORCE AT 0,15LN (KIPS) -5.16 2.59
SHEAR FS AT 0.15LN (U[440) 1.01 1.69
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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 PROCEDURE

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

3.B.--RESULTS FOR SPECIAL LOAD CASE 1
INVESTIGATION USING WORKING STRESS DESIGN PROCEDURE

RESULTS FOR MEMBER 23, LOAD CASE I

DIST FROM LATERAL BENDING AXIAL AXIAL

LEFT END LOAD MOMENT SHEAR LOAD FORCE
(FT) (KSF) (K-FT) (KIPS) (KSF) (KIPS)

0.00 -. 42 -3.83 3.68 0.00 3.01
.38 -. 42 -2.48 3.53 0.00 3.01

2.63 -. 42 4.40 2.59 0.00 3.01
4.83 -. 42 9.11 1.68 0.00 3.01
4.83 -. 42 9.11 -1.50 0.00 3.01
4.88 -. 42 9.04 -1.52 0.00 3.01
7.13 -. 42 4.56 -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 AXIAL
LEFT END LOAD MOMENT SHEAR LOAD FORCE

(FT) (KSF) (K-FT) (KIPS) (KSF) (KIPS)
0.00 -. 42 -4.88 3.22 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 2.59

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
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RESULTS FOR MEMBER 14, LOAD CASE I

DIST FROM LATERAL BENDING AXIAL AXIAL
LEFT END LOAD MOMENT SHEAR LOAD FORCE

(FT) (KSF) (K-FT) (KIPS) (KSF) (KIPS)

0.00 0.00 -4,68 1.55 0.00 10.95

.54 0.00 -3,85 1.55 ooo 10.95

.54 -. 38 -3,85 1.55 -. 11 10.95
2.79 -. 23 -1,20 .86 -. 11 10.69

5.04 -. 09 .27 .49 -. 11 10.44
6.54 -. 00 .93 .42 -. 11 10.27

7.29 0.00 1.25 .42 -. 11 io.19
9.54 0.00 2.20 .42 -. 11 9.93
9.54 0.00 2.20 .42 0.00 9,93

10.13 0.00 2.45 .42 0.00 r.93

RESULTS FOR MEMBER 15, LOAD CASE I
DIST FROM LATERAL BENDING AXIAL AXIAL

LEFT END LOAD MOMENT SHEAR LOAD FORCE
(FT) (KSF) (K-FT) (KIPS) (KSF) (KIFS)

0.00 .7b 2.52 -2.13 0.00 5.12

.54 .73 1.47 -1.73 0.00 5.78
,54 .73 1.47 -1.73 -. 16 5.7B

2.79 .60 -. 69 -. 24 -. 16 5.41

5.04 .46 .17 .95 -. 16 5.04

7.29 .33 3.35 1.83 -. 16 4.68
9.54 .19 8.17 2.41 -. 16 4.31

9.54 .19 8.17 2.41 0.00 4.31

10.13 .16 9.61 2.51 0.00 4.31

RESULTS FOR MEMBER 1, LOAD CASE I

DIST FROM LATERAL BENDING AXIAL AXIAL

LEFT END LOAD MOMENT SHEAR LOAD FORCE
(FT) (KSF) (K-FT) (KIPS) (KSF) (hips)

0.00 .60 4.31 -3.24 0.00 3.25

.54 .61 2.64 -2.91 0.00 3.25
2.79 .65 -2.33 -1.49 0.00 3.25

5.04 .69 -4.00 .02 0.00 3.25

7.29 .73 -2.17 1.62 0.00 3.25

9.54 .77 3.37 3.32 0.00 3.25
9.92 .78 4.66 3.61 0.00 3.25
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RESULTS FOR MEMBER 2, LOAD CASE 1
DIST FROM LATERAL BENDING AXIAL AXIAI

LEFT END LOAD MOMENT SHEAR LOAD FORCE
(FT) (KSF) (K-FT) ( I PS ) I SF) (KIPS

0.00 .78 1.49 -2.97 0,.0 2.61
.38 .79 .44 -2.67 0.00 2.e'l

2.63 .83 -3.55 -. 85 3.00 2.61
4.88 .87 -3.33 1.06 0.00 2.1 o
7. 13 .91 1.30 3.07 0.00 201

9.38 .95 10.55 5.17 0.00 2.6:
9.75 .96 12.55 5.53 0.00 2.61

RESULTS FOR MEMBER 3, LOAD CASE I

DIST FROM LATERAL BENDING AXIAL AXIAL
LEFT END LOAD MOMENT SHEAR LOAD FOFCE

(FT) (KSF) (K-FT) (KIPS) (KSF) (KIFS)

0.00 .96 7.73 -3.07 0.00 1.01
.38 .97 6.64 -2.71 0.00 1.01
.38 .59 6.64 -2.71 0.00 1.01

2.63 .63 2.07 -1.33 0.00 1.01

4.88 .68 .71 .14 0.00 1.01
7.13 .72 2.77 1.71 0.00 1.01
9.38 .76 8.46 3.37 0.00 1.01

9.38 1.13 8.46 3.37 0.00 1.01

9.75 1.14 9.80 3.79 0.00 1.01

RESULTS FOR MEMBER 4, LOAD CASE 1

DIST FROM LATERAL BENDING AXIAL AXIAL

LEFT END LOAD MOMENT SHEAR LOAD FORCE
(FT) (KSF) (K-FT) (KIPS) (KSF) (KIPS)

0.00 1.14 14.49 -7.15 0.00 2.56

.38 1.15 11.89 -6.72 0.00 2.56

2.63 1.19 -. 31 -4.10 0.00 2.56

4.88 1.23 -6.48 -1.38 0.00 2.56
7.13 1.27 -6.43 1.44 0.00 2.56

9.38 1.31 .05 4.34 0.00 2.56
9.92 1.32 2.60 5.06 0.00 2.5s
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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

Sys tern

3. The six-cell culvert and soil system shown schematically on sh, et

I of Figure C1 was designed by CORTCUL for two standard load cases (see

pages B28-B42 of Appendix 8).

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 soil, and wate.

Only soil loads are altered by horizontal pressure coefficient.;, as illuis-

trated on sheet 2 of Figure Cl. Load magnitudes at various elvitains arc

compared on sheet 3 of Figure CI.
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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 generates 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 rigid lell:th-

(see pages 33-39 of the main text). Additional rigid iontits a- 1--i at thte

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

I-ft slice of the culvert.

9. Member forces obtained by CORTCUL are comparced with the followinq

methods:

a. CF'iPJL* with rigid 1lrl'ths;. Rigid lI,'i thiu w as;Iuied minoli

of elasticity equal to 1000 times the parent material proper-
ty. Program output is shown in Table Cl.

b. L'"Q without t i'iL i lon'fth . All.m b ,:: ll, t i, !nIt

material modulus of elasticity. Program output is shown in
Table C2.

* CFRAME is documented in " G;,:r'5 (;uide: Computer Prograw with Interia,-

tive Graphics for Analysis of Plane Frame Structures (C:FRAME) ," Instruc-
tion Report 0-79-2, March 197], Waterways Experiment Station.
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Table Cl

Output from Program CFRAME for Six-Cell Culvert

With Rigid Links

, ltJ M L R kiAM. VO 1 . 0', O(,IU 7Y

k, N 1ulTI ,qO I . 4,

-,bN I]Il II I .0/. 1e.

' A , ill %i 0 ! LUI I()N F I X UF LI L II iv L NI
ii .,IL,NI t 1 ,Y ,)i, II C k . , T C 1 0, L 11611 N,

I 1( '1,I T LIt IN 1IrH NIGh I. 1N1,S
*** JINT i'AIA **

I- - I LVII

JUJNI x X x r - IX k y

1 ',. 0 0.00
00 84.00

1 0 0, ,. 00

0.00 o.00

0.00 1.01)
o.00 IH40
0.()0 H4 . )0

(100 90. 00
1 ,.10,0

,.'0 04 . 00

I /'?. .0.,) 0.00

() 0400

1 4 W' 0 3.00

H I H1I'W)N I .0 0l4.')')

S' HS.A P , (,.,)o
t H c4 " 4. )u

(1~ 14 . 11)O
.01 I NO•.' ', 04 . (0

, , . 00
16 :.' ,(,' . )
I e, , ,, C0 HI .• 00

24 I .. ' • '. 0 H4 . )
: 1, t,4. 2', 0.00

. 164./ H4.00

,'/ .'4 I . , 0 . km

* '<1 .. '' 4 *011

.0 O0 * * *

'4 . 0 4. O0

I .', 0 1 . () )
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Table Cl (Continued)

* MEMI'lh DATA **

E-N[1 E ND

M- M14 R A 1 LE'N61 I A AS F

1 1 4 .O0 1728F +04 .1440E+03 0. .3H34 + 10 .1 98E410
2 4 9 2.'0 .17.1HE 04 .1440E+03 0. 38341+10 .1 981+10

9 11 76.75 .1728[+04 .1440F+03 0. .3834E+07 .1598 407
4 II i 2.-5 .1728F +04 .1440E+03 0. .3834E+10 . 1591 +10

S 13 17 2.25 .1728E +04 .1440F403 0. .3834L+10 .1598+10
A I/ ]9 76.50 .1728F+04 .1440E+03 0. .3834F+07 .1598F+07

19 21 2.25 .1728+04 .1440F+0.3 0. .3834E+10 .1,98[ +10
8 21 2" 2.) .1/28E+04 .14401+03 0. .3834E+10 1598[+10
9 2' 27 76.50 1728F f04 .1440F+03 0. .3834F407 1598 / +/
10 2 29 2.25 172Ht 404 1440F+03 0. .3834E+10 .1598L+10
II 3 4 6.00 .10001+04 1200L+03 0. .3834E+10 .1"98L410
I1 4 5 i.00 .10001+04 1.100E+03 0. .3834E+10 .15981+10
1 3 13 14 A.00 .7290[+03 .1080E+03 0. .3834E+10 .1598L+10
14 21L .:, i.00 .. 2904+03 .1080E+03 0. .3834E+10 .15981+10
1 29 30 3.00 .7290F+03 .5400F +02 0. .3834E+10 .1598 410
I , 6 /8.00 I000 404 1200F +03 0. .3834E+07 1598E+07
1/ 14 1t H.00 7290k +03 .108O 0+03 0. .3834E407 1598F 407
1H 2,., .3 /8.00 7290+03 .1080403 0. .3834E+07 I1598F407
19 40 3l /.00 .72901 403 . t4001+02 0. 3834[+07 *I598F +07
.0 6 7 .0 O .1000 +04 1200 +03 0. .3834E+10 15948 +10

I 15 16 3.00 .12901 +03 .1080E+03 0. .3034E410 15981410
1 '4 3.00 .7.901 +0. IOoOi 03 0. .3834E+10 1',981 :10

'3 31 4., .00 /90f 0 1i .'1400+02 0. .3834E+10 .1598410
1'4 0 5.0) .17:21f04 144'0)+ 03 0. .38341410 .,981 +10

S 1' 10 .. 0 .1201 *04 14401 4 0. .3834 410 1 0984 410
' 0 1. /A.,', I/.1H +04 1440[ 03 0. 38341 f0? .1_90 407
"6 1, I 2.2 .1 7Fi 404 14404 +03 0. 3834[ 4 10 1 ,9014 +10
20 1 A I1 .'f I/" . 0 404 1 4401 03 0. .30-34F 410 1 ,981 +10

W .I 0 
2 6. ,o 1 721) *04 14401 +03 0. .8334[ .019 +0/

0 10 .'4 2.1 17'04f #04 J]4401+03 0. .38341 410 1598" 410
41 2'4 26 2 .1'',1/.)f *04 .1440F+03 0. 3H341 +10 1590 '4 410
1. '6 :,I2 ,6.50 . 72*fi +04 14401 +03 0. .3H 141 +017 198t 4(

H 2 2 2..'. 1724f 404 14401 #01 0. .3 14l +10 1 59814-H10
34 / e 0.0 .10001 04 . '00[ +01 0. .3834 410 1.90t 4 10

(Wont inud)
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Table Cl (Continued)

** LOAD CASE I DATA ***

MEMBER LA PA LB PB ANGLE

1 0.00 -.2876E+03 5.00 -.2876E+03 0.00
2 0.00 -.2876E+03 2.50 -.2876E+03 0.00
3 0.00 -.2876E+03 76.75 -.2876E+03 0.00
4 0.00 2876E+03 2.25 -.2876E+03 0.00
5 0.00 -.2876E+03 2.25 -.2876E+03 0.00
6 0.00 -.2876E+03 76.50 -.2876E+03 0.00
7 0.00 -.2876E+03 2,25 -.2876E+03 0.00
8 0.00 -.2876E+03 2.25 -.2876E+03 0.00
9 0.00 -.2876E+03 76.50 -.2876E+03 0.00
10 0.00 -.2876E+03 2.25 -.2876E+03 0.00
11 0.00 .1728E+03 6.00 .1688E+03 0.00
12 0.00 .1688E+03 3.00 .1668E+03 0.00
16 0.00 .1668E+03 78.00 .1157E+03 0.00
20 0.00 .1157E+03 3.00 .1137E+03 0.00
24 0.00 .2778E+03 5.00 .2778E+03 0.00
25 0.00 .2778E+03 2.50 .2778E+03 0.00
26 0.00 .2778E+03 76.75 .2778E+03 0.00
27 0.00 .2778E+03 2.25 .2778E+03 0.00
28 0.00 .2778E+03 2.25 .2778E+03 0.00
29 0.00 .2778E+03 76.50 .2778E+03 0.00
30 0.00 .2776E+03 2.25 .2778E+03 0.00
31 0.00 .2778E+03 2.25 .2778E+03 0.00
32 0.00 .2778E+03 76.50 .2778E+03 0.00
33 0.00 .2778E+03 2.25 .2778E+03 0.00
34 0.00 .1137E+03 6.00 .1098E+03 0.00

JOINT FORCE X FORCE Y MOMENT

4 0. -.7500E+03 0.
13 0. -.6750E+03 0.
21 0. -.6750E+03 0.
29 0. -.3375E+03 0.

(Con t i nue(I)
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Table Cl (Continued)

LOAD CASE I

MEMIBER END FORCES
M OMENT

MEMbER JOINI AXIAL SHEAR MOMENT EXTREMA I .I(AlIlJN

1 1 0. -. 1236E-04 -. 7172E-04 .3594L404 5.00
4 0. -. 1438E+04 .3594E404 -. 7172E--04 0.0)

a 4 -. 5b881+04 -.10OIE+Ot, .1190E:+06 .1901+06 0.00
9 - / 588E+04 . 1029[:+05, .9243E+05 *9243E+0S . ' )

3 9 -. /7t88+04 - . 1029L+05 .9:243E+05 .1492)L+06 76. ./,
I - . /,8E+04 -. 1178 +0h 1 497E+06 . Y 161E+0', 31.3 ,1

4 11 -. 7588F 04 .1178+05 .1497E+06 . 169F+06
13 -* 75,BH +04 -. 1243E+O', .1/69E+06 14971E+06 0.0)

t L3 --. /768E+04 -. II9,5E +0, .1814E +06 1814f i0 ', 0.0)
I/ -. 7768E+04 .1131F+0 .1,552E+06 1 55121 i)6 2t0

6 1 - .7/681+04 -. 1131+05 152f. +06 155' +06 0.0
19 -'768(L*04 - .10691 + 13 1 /f +06 -- 6702 4()L 3. /0

7 19 - 7168E+04 .10691+05 1317 06 .1565E +06
21 1/68E+04 11341.+W 1 6E +06 .1317k +06 0.0

H 1 .70/21t+04 1 161F +0, .1616t. f06 * 16161 i0e 0. 0('
53 - • /8721 +04 1096E +05 , 1362J 1)O. . 1 3621 06

y ., .78721f*04 1096 f0, . 1361'f +(, 13891-406 76.5 0,
1H--. /.'E-+04 I 103k 0. • I 38-91 +06 .721821 40! .4 '

10 f .0?211*04 1103L+05 1 389k +Ohr 1644k 0,
:19 .IH721- +04 1168E+', 16441 +0, . 13389 06 0.0

.i 0 *. . t'901 - 04 .1590k -04 0. Ok
4 0. . 1()51 +04 .308611404 .. 36 404 6. (o

' 4 11 /01 +0o, . t63E +04 1 18 5L+06 .9961 t 30', 00

I170- +0, .60601)[+04 ,V9611 05 . 1 1'4 + o.
1 3 4 3'/13717+05 *) '9317 fO( .4438E+04 - *3,H-W +04 4. 0

34 23711F# +05 .1 /901 10f -), .31391+04 .443W3 +04 0.00
14 .1 2.- 13 10 t , . 13441 fO3 .',0961 +04 .4/18: f',4 3 . 0o

. .I., +0', . 1044[ f331 .4,'H 4f1 04 .,096 +04 0. 00
S/ * ' y4 10'. 0. O. O4 + * 0 . 0 0

' I I .341 O O o. 0 '(, 0 10'

$ 11 /10' .f 0' • 4',1 +14 ,.1W +01, Y61 I 0 4 o' 0 .00

1 14 .9 3 +1' , .1 1'1 3,,' . f ,19 ()1-1 1,1., i ,' . .H ,
/I, '3/11 -'u, .I/9H3 i, 0 .10 .'[ 41,, * 3 H11 f +04 o. 00

11- .'2 . + 1 *)0, ,1044 [ f+5 -,4/.'1 104 .5,4 8 t +04 H. Ou
'f . W'.'.3 ',, .1 0441 + 4 . 'I f 04 4 H.' $104 1,0'

10 .(0 1 1 '44 +3', 3. 0. 1'. 0 .O0
11 .4 0', 0. 0. 0. 00

.I , .3I Oi + W, ,49,?,it +04 -.1+2534 + 0, k.",Hi fW,' +.

( ( 1onti 1 ,t)



'[',abi cl (Concluded)

I '01 "*f ,,, .-, )'L o4 + . Y.Ig1F t *', -,'91l $v

.[ 1' i., t '+)': .1 /04:-O,01- ,q .l 0 * ',',04 $0'

S3 'tit-) f I o 1 44 4J-f e. i 404 .I-'A 4 '

.+4 '1 40', -. 1044f f03 .36 /'4 404 33.' f )4

, 1 I 41 +0, 0 0 0.

.4 2 0 .)O ;L -04 -. 0. -0. .10)811 -L ,,.

j 389E +64 -. 34 /2.E 04 . <, ',
25 : ,59/ .'I-+04 . 0.311" 40'. *99404 - 0'. . '4,'-f ", •.

0 9, J +04 ' 05 11 104 /,40i +01 .- 9401 o'

+9/ 1 04 o e,12 4I. ',, tulf '11 i j ','

26 - -. 9! 1-4-04 1 20140 .148 4e, Y41 /.If f. 
"1 ,

, ,2 I,9/:F .+04 1t IOf,+(), -. A 481 ( tO1 '481 f . .

6' . 9/" t+04 1 t_1+ 0' .lt,1 +0c - OI -F .0

113 4/ '404 10 -i -O, .1401-f, .e) 1 11- f~ -'.-
2H |6 - '.: 707F+04 .lt3,q l)5 - 17 12 17+06 1 #'' .

16- 29 1+04 101 13E 4163ltf~ .14 0, ,10 - 5/9"E+04 I 01
,E f 0 5  

- 1463 +06 . 1 46. I40, .
I' I H . -9 f + 0 4 . 1 0 7 -t A fO • . 1 4 6 3 k F t e + 0 6' 0 , z , . ,

110 - S792F+04 10 0f -f05 1366F+ 06 1 46 if 406 .r o
30 ") k - , I92 :0 -. 1050t f.': 0 13 6 Oe, 3,, v~ '

4 . 792k +04 111 v 0t + 0' -" +6'.0 + 1 0e)

31 4 6--,6H +04 .1011 + 1 42F11*06 • .*1 00 6. '

3' .6, -. 56114-1404 •.105,3,4y-) .1 420.(t 4/6 .66'/64 40% 40..'
2t'I -. 68-- +k)4 .1 0 1 +0 ' 1'001 406 .k14()) 06 / ,',0

33 '3 f [ 41 04 .10 /2 +0, ' 14001E +0b - .1400k 40,

,42 .,64W 41-04 .11341 O- - .16441 +06 1 641 4Oe -.

34 0 . .6703E+03 19990+04 - .26,06j -04 .)

0. 0 O, 06O> 04 ,1999t 1
'
04 0.0,

SMU-C1I0R0 REAC IIONS

-JOINT FORCE x VORCI Y MOMENT

29 ./87'--04 .3694. - 01 .I 644t, +06

32 - .,688t+04 .12/W -03 - .1648E+06

TOTAl -I. 1356E+05 - .36B20-01

('14



Table C2

Output from Program CFRAME for Six-Cell Culvert

Without Rigid Links

vk&(Mi1< t? kMAf t 01 .05 06JL[ "Y

ON A If H01 8/11/24.'4
K,0N I [ME 1 - 03.26.

Cf AM! !1I lTION ;OK ,IX CELL CULVERT

IES IGNf h I|fY CkWIh 1', FhR 1.5 TO 0.5 LOADING
K-AMI 0(LM) ION WITHOUT RIGID LINKS

,$, JOINI LAIA ***

-------------------- FIXITY ---------------

JOI N X y X Y R K, NXY hR

1 5.00 0.00
-5.0) 84.00

1 0.00 -6.00
4 0.00 0.00

0O0 3.00
6 0.00 81.00
7 0.00 84.00
B 0.0 0 90.00
y 2.50 0.00

10 2.50 84.00
ii 79.25 0.00
12 79.25 84.00

t Is I . 50 0.00
14 31 .0 3.00
15 81.50 81.00
16 81.50 84.00
I i 83175 0.00
18 83.75 84.00

19 160.25 0.00
20 160.25 84.00

21 162.50 0.00
22 162.50 3.00
'23 162.50 81.00
'4 162.50 84.00
25 264./S 0.00
26 164.75 84.00
27 241.25 0.00
a8 241.25 84.00
2y 243.50 0.00 *
0 243.50 3.00

31 243.50 01.00
32 :243.50 84.00 * *

(Continued)
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Table C2 (Continued)

**Mk.MI4R 1'A! **

ENLI END
MEMbER A P LENGTH I A AS E G

1 1 4 .00 .1728E+04 .1440E+03 0. .3834E+07 .15,98[407
2 4 9 2.50 .1728E+04 .1440E+03 0. .3834E+07 .1,98Ei0/
3 9 11 76.75 .1728E+04 .1440E+03 0. .3834F+07 .1598E+07
4 11 13 2.25 .1728E+04 .1440E+03 0. .3834E+07 .1598E+07
J 13 19 2.25 .1/28+04 .1440E+03 0. .3834E+07 .1598F+07
6 1/ 19 76.50 .1728E+04 .1440F+03 0. .3834E+07 .1598E+07
9 19 21 2.25 .1728E+04 .1440E+03 0. .3834E+07 .159H1+02
8 t 25 2. 25 .1928E+04 .1440E+03 0. .3134E+O/ .1598E+09
9 '5 27 76.50 .1728E+04 .1440E+03 0. .3834E+07 .1598E+09

10 29 2.25 .1728E+04 .1440E+03 0. .3834E+07 .159811+07
11 3 4 6.00 .I000E+04 .1200E+03 0. .3834E407 .1598E+07
1 4 5 5.00 .1000E+04 .1200E+03 0. .3834E+07 .1598E+07
13 13 14 3.00 ./290E+03 .1080E+03 0. .3834E+07 .1598E+07
14 )1 2"2 3,00 ./290E+03 .1080E+03 0. .3834E+07 .15981+02
15 29 30 3.00 .7290E+03 .5400E+02 0. .3834E+07 .1598E+0A

16 5 6 /8.00 .1000E+04 .1200E+03 0. .3834E+09 .1598E+07
17 14 15 78.00 .79290+03 .1080E+03 0. .3834E+09 .1598E+07
18 22 23 78.00 .7290E+03 .1080E+03 0. .3834F+07 .1598E+07
19 30 31 78.00 .7290E+03 .5400E+02 0. .3834E+07 . IS9HE+09
210 6 3.00 .1000*04 .1200E+03 0. .3834E+0) .11598E+07
21 15 16 3.00 .7290E+03 .1080E+03 0. .3834E+07 .1598E+07
22 23 24 3.00 .Z290E+03 .1080E+03 0. .38341-+09 .1598f+0/
23 31 32 3.00 .7290E+03 .5400+02 0. .3834E+0 .15 98[,+09
24 2 7 5.00 .1728E404 .1440E+03 0. 30341+0 .15981+09

25 7 10 2.50 .1728E+04 .1440E+03 0. .3834F+0/ .1590E107
26 1o 12 76.75 .198E+04 .1440L+03 0. .38341E+09 .1598E+0/
29 12 16 2 25 .192 81f04 .1440E+03 0. .3834E+09 .1598E+07
28 16 18 2.25 .1928L+04 .1440E+03 0. .38341+09 .It98E+O
29 10 '20 76.50 .1/28E+04 .1440E+03 0. .38341+02 .1,5981 +09
30 20 24 2.25 .1928E+04 .1440E+03 0. .3834E+07 .1598[409
31 24 26 2. .19281+04 .1440L+03 0. .3834ff09 .1598[40
32 26 28 76.50 .19281E+04 .1440E+03 0. .3834 + 0 . 15 9[ )0
3 28 1,2 . 25 .1728E+04 .1440E+03 0. .3814 7 . 1',91E 40/

34 7 8 6.00 .1000E+04 .12'00E+03 0. .3b,34[ +09 .101,M 4 0

(Cunt irned)
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Table C2 (Continued)

* L* UA11 L AS[L I £I *

)L ,114 t< L A [A L ti' b'0N L L

1 0.00 -.. 876E+03 -1.00 1.)16i H), o. 000

* 0,00 -. 26-/6E+03 0( 0 -)/6f +03 0.00

3 0 28 ?61-+()3 76 . 2 b f 1 ,03 0.00 I
4 0.00 - 076L403 .2 -)8/eF+0 1 0.01) Q

,.00 -2876E403 . 28;.,F +o3 0.0",
0.00 -. '8'6 0 76. 0) 16140,1 0,0,

2 0.00 -,2876E+03 2. 2t 861 I401 0.0C)

0 . 00 - 2876E f 03 2.2', 2B161 403 0.
y 0. 00 - ,i876f +0, 76 0 .28764 403 0.0(0

10 0.00 -. 28760+03 i' 2. , .28/6E+03 0.00
ti 0 . 1)0 .1728[4F 03 6.00 ibB8E+03 0,,00
i. 0.00 .1eBBE+03 3.00 .1668E+03 0.00

16 0.00 .1668E03 78.00 .1157E+03 0.00
.0 0.00 .11570+03 1 00 .1137E+03 0.00

'4 0. 00 .2778E+03 000 2778E 0,J 0.00
0.00 .2778E+03 2.0 . 'E. +03 0.00
0 1 00 .277BEf03 76. ? 27E +03 0. Ou

_7 0.00 ,2778? 03 2.20 1778E+03 0.00
28 0.0c .2778E+03 2.20 .2778E+03 0.00
,9 0 00 .2778F+03 76 0 2-7780+03 0.00
30 0.00 .2778E+03 2,t .277HE403 0.(00
31 0,00 .27 80-03 2. 2t 27728E+03 0.,00
321 0 00 .2778E+0,3 76.b0 27784+03 0.00
33 0.00 .2778+03 2 .2 2778E+03 0.00
34 0.00 .1137E+03 6.00 .1098E+03 0.00

JOINT t 40Ru X FORCE Y MOMENT

4 0. -. 7500E+03 0.
1. 0. -. 6750E+03 0.
.1 0. .,67t0 403 0.

2: 0. -. 33'5E+03 0.

(Cont ifn (,d)
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Table C2 (Continued)

LOA CASE I

ME MIL R k [N1I 1811 t
P11311+ N!l

ME1 MI- F, JIINI flXIA SHE 6 M ML, NI E f PIA i 0 1 ION

I1 0.. O. 4 ' 1- 04 ',,100

4 0.. 143HE+04 , 4t W04 04 o[.$1

4 / ,. E 104 -. 1106f fO, .1 .I $0 .f 0 1.1 . tt I f,6
y i',J),:[ +()4 1 F(] 0 ' f 0, ltH tOt, E' i 0, o
9 , .[I *04 10-140100 .ot0u t"t. , I F-1ll- 11 O11 $ 6

I 1 /03,1 $04 -. 1 1/1. fi 0 13,1 1 t06 - t)
I I 7 'i ELf04 I ti /,iv, O .139 E1 +06 . i ,<,'; $ t

,

I 3 ,,t3 : $04 1 I :3/ (,0 166' 1 $(06 3 Y1,
t 
i0.

A *. / e,0t 4k)4 I Y.I'I f to .t 1 .03t "f *0ts I /O Ml t t 0
I // 6 0 F004 1 12 /t +0, .14400 ft 6 1 44Hft + 06
I 160L +04 .1 l_>/F t0t, . 44 0 / t 1 ( 144$ t 06

I // 01 E: f-0 4 .10 /,i1 t t . 1139$ i OI, t2 0 < -I' f
S I '/601f04 . fO'3 , 1 .1 39 4 06 .1481t o. 0e,

/,60E+04 I /I iot. 0 14880-, 1-06 1 1391 1 ' (! e)0

I 0,i)4 11 631 f ), . 1, /1 f06 I , It 1 0, 0 0
R 6 A i 631- 404 1 () RE + 1 fl8,3 4 06 1.Ht F $ 06

,/. . 063L l)4 * [ +-0- tO , , 1 H83 til t .1 v!t,1t(i6 'I 6 .96 +

2A / E.{ i-04 110,1 tOt, I 29614116 -0, H1 4 <. o f

i 9' ./I ,i6 l tOi4 1 10)1 +()1 0 1 )96 fO , I 1 t'l t)l.,

H/,, 1i ti 04 1 1 66 +0'., .1111 , tO 6 . 96 $ 0 6 0
0.4 0, i . 0 . .,

I ' . . 10.",[ $04 -. 30161 404 - . +16tl l ,
.' ,1 .1! '0+ 411' .t,',tu l $114 [1t2ll $0), ,9,33,41tf0lt.C,

',~ ~~~~~~~~ II I4 IO .Oeil Y,4 -, O f% lJ' <€> "

IA IA ,-A',.i1 t, • * 1#//' tiij , 4 1 +1)4 - ,409 1 #0e

4 ' I,, ti, .1 /6/1t# 3 409131 $14 .46.11 t4 0.u
4 W 1' 6,' i f/,[ +O t i03 '6 f 04 (. i I ft 0,1 ,.0uo

1 1f fi *~ t7 o3+ #1' /I $ 0 lW11,E fi04 .4',H00+ $0 Ao4
S .. iF tO0. 0.11 [ 'F 1)'0 4.H-hF 4$04 .48 $0,,)

* , ." . I I 1,+ 0 . O .*. . 0-

t , . ) "'.1 0', .t,1 ,,[,F t04 y . .41t , . 4:iF i , A .
,5 •I t tl i 0'L, 4Y,, ."t I"o 4 f '&',, w ,0' Y? i 14[. 1O, W IC

1 14 . 0, ' 1t,4, . 1 f04 .'tt'F $04 'i.,
it,~~ #1l2 W ' 1([ t> +0) 4 0 2> 0 . 11~p - 1,} -, 14,

1. . 3 fI 0,, 0.1 't # 1 . t ' 04 .1 4"M. .1 $(04 H., )

i '.1 t f .'10./I sil 44 l',ll tilf04- ~l ...5' o,. iltt$ #to, .10.0 / #twA , ,I i-I .40311 $11t # 4 . £

1. .1 1 '.4 . t .;I f o 0 .o

• 0 " ', 1 , ! f)' 4Y 
)

.'[ + 04 e, /& ( ' , e. ,.11i [ 4 ) W .*

(Conl ti utmd)

lii



Table C2 (Concluded)

7 .1 175E+05 .5306E+04 -. 9207E +E.5 -. 920 E+05, 3.00
L 15 --. 2362E f0t .1767E+03 .9692E+04 I 022 EA05 3.00

16 -.- '362E+05 -. 1/6/E+03 . I02E f05 .969:'L+04 0.00
22 23 - •"23E+05 . 1027E103 .3426F404 -3735F404 3.OU

.4 -2331 - , -. I(2E *03 .335 E.+04 .3426E +04 0.00
23 31 .11331-+05 0. 00 0. 0.00

32 .-.1133E#05 0. 0. 0. 0.00
24 2 0. 0. 0. 0. 0100

7 0 .1389E+04 -. 34/2E+04 -. 347'Ef04 !-O0
21, ' ".597/7+04 .1036F+05, - -.93,54E+05 -. 6851F405 2. 50

10 --. 597/L+04 -. 9667E+04 --. 68IF.+05 -. 9354F+05 0.00
2 10 .97/+04 .966/E++04 -. 6851E+05 .9968E+05 31,.31

12 - ,'57Z/+04 ,1165EtO, -. 1446E06 -. 1446E+06 76.75
2? 12 - .,,9/ /+04 -. t16E+)5 -. 1446L+06 -. 1446E+06 0.00

t6 -. 579/E+04 I '."28E+()5 1716E+06 -. 1716E+06 2,25
2R 16 - .,8001-+04 .11,34F+05 1613E+06 -. 1365F406 2.25

18 -. ,800L+04 -. 107'E+05 1365E+06 -. 1613E+06 0.00
:'9 18 -. ,800f-+04 107:/ +05 1365E+06 .702+1+05, 38.251

20 -. 58001 +04 .10 I53E +0 5 1294E+06 - 1365+1+06 0.00
,0 20 -. t,800E+04 .1053E+05 194E+6 --. I2941+06 0.00

.'4 -. 5800E404 I I 16E405 -1538E+06 -. 1,381+06 2.215
3 1 24 -. 5697E+04 I117E+05 - ] 011E+06 -. 1256E406 2.-I,

26 -. 569/F'+04 -. 1055E+05 11256E+06 -. 1501E+06 0.00
32 '1 -. 5697E+04 -1055E+05 -. 1256E+06 .74517E+05 :38.

28 -. 5697+1+04 .1070E+05 -. 1316E+06 -. 1316E+06 ?6.,0
33 ,'0 - .569/E+04 -. 100O05 - 1316E+06 -. 1316L+06 0.00

32 --. 69 7E+04 1133F +0' .1,64E+06 - .1564E+06 2.225
34 7 0. .6703+(03 1999 +04 0. 6.00

8 0. 0. 0. -. 199E+04 0.00

!STRULJURF tKACTIUNS

JM [NI FO:CE X F0RCE Y MOME NI

2' y /H63,..+04 -. 365,0E-01 . 1552E+()6
,1:2 .569,1E+04 0. -. 1564E+06

11 ( AL - I 6L 1-05 - 36,0E-01



_I

c. Moment distribution with rigid lenqths.

d. Moment distribution without rigid l(Angths.

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 riqid hngths arc identical. Omission of tic ri;id length 'fft!Cct ]->.;lts

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

axial shortening on bending moments depends on the relative axial and flex-

ural shear stiffnesses of the cuilvert 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 pages

B6-Bll) is used for this illustration. Design dimensions, loading, material

properties, aid 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 0.15f ) be used.
n

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 z 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 AC1-63. The

lower allowable shear stress permitted by ACT-63 would result in overstress

at the critical section.

14. Compression stress in the concrete at the left end of the Clear

span is shown on sheets 2 and 3 of Figure C3. Tht. actual comp ression stres

is well be low the allowable. Note that CORT'I(1, inriic, te,; that shear

(2 )
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from the U-of-I 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.
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