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FOREWORD

This manual provides design procedures for the structural design of culverts
and improved inlets. Culverts are conduits which convey drainage across or
from the highway right-of-way. In addition to this hydraulic function,
culverts must also carry construction and highway traffic and earth loads.
Designing culverts and culvert inlet structures for these loads is the focus
of this manual.

This manual should be of interest to roadway, hydraulic and structural design
engineers. Sufficient copies are being distributed to provide a.mimiimum of
one copy to each FHWA regional office, division office and State ‘\hiighway
agency.

R. J. Betsold
Director, Qffjice of Implementation

NOTICE

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

contents of this report reflect the views of the contractor, who is

responsible for the accixacy of the data presented herein. The contents do

not necessarily refledt~the official policy of the Department of Transportation.
This report does not‘\constitute a standard, specification, or regulation.

The United Stateés“Government does not endorse products or manufacturers.
Trade or manuféde¢turer's names appear herein only because they are considered
essential tor,the object of this document.
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NOTATIONS

A
s

sc
si
SO
scr

smax

smin

A
sy

VS

vr

Bl

tension reinforcement area on width b, in.

inside tension reinforcement area on width b, in.2 at pipe crown

inside tension reinforcement area on width b, in.2 at pipe invert
oustide tension reinforcement area on width b, in.2 at pipe springline
tension reinforcement area on width b, required for crackcontrol, in.2

maximum area of flexural reinforcing on width bcbased on concrete compres-

sion, in.
- . . . . 2
minimum area of flexural reinforcging on.wijdth b, in.
tension reinforcement area’'en width b, required for flexural criteria, in.2

stirrup reinforcing area on<width b, in.2 in each line of stirrups at circum-

ferential spacing s, in.

stirrup reinforcing area required to resist shear forces on width b, in.2 in each

line of stirrups.at circumferential spacing s, in.

stirrup(reinforcing area required to resist radial tension stresses on width b, in.

ineach line of stirrups at circumferential spacing s, in.

inside span of face section of improved inlet, in.

inside span of box culvert, or inside diameter of pipe culvert, in.
outside span of box or pipe culvert, in.

mean span of box or pipe culvert, in.



G2 T3

G253

C 13C ~yC
v’ V2 V3

eq

Fall

crack control coefficient for effect of cover and spacing of reinforcement
width of box or pipe section used for analysis. Usually b = 12 in.

crack control coefficient for type of reinforcing

coefficient used in the determination of the critical shear location

coefficient for determination of bending moment due to earth, pipe and fluid

loads, respectively

coefficient for determination of thrust due to earth, pipe and fluid loads,

respectively

coefficient for determination of shear due’to earth, pipe and fluid loads,

respectively

equivalent circular diameter ‘of anselliptical section, in.

depth of fluid inside culvertfin:

inside rise of box culvert, or inside diameter of pipe culvert, in.
ultimate 3-edgebearing strength of pipe, Ibs/ft/ft

outsiderrise of box culvert, or inside diameter of pipe culvert, in.
mean rise of box or pipe culvert, in.

distance from compression face of reinforced concrete section to centroid of

tension reinforcing, in.
thrust eccentricity as given by Eq. 4.17

approximate depression of control section below the stream bed, ft

-V -



l’

fl

I’

g,'d'

H!

2..

9 e

factor for effect of curvature on shear strength in curved sections

factor for adjusting crack control relative to average maximum crack width of
0.0l in. whenF_. = 1.0

factor for crack depth effect resulting in increase in diagonal tension (sheatr)

strength with decreasing d.

soil-structure interaction factor that relates actual load on culvertito weight of

column of earth directly over culvert

coefficient for effect of thrust on shear strength

coefficient for effect of local materials and manufacturing process on radial

tension strength of concrete in precast concrete pipe

coefficient for effect of local\ materigls and manufacturing process on the

diagona!l tension strength of{concréte in precast concrete pipe

coefficients used in hand andlysis of two cell box culverts

design compressive strength of concrete, !bs/in.2

design ultimate~ stress in stirrup, Ibs/in.z; may be governed by maximum
anchorageforce that can be developed between stirrup and each inner rein-
forcement wire or bar, or by yield strength fy, whichever is less

specified tensile yield strength of reinforcement, Ibs/in.2

coefficients used in hand analysis of one cell box culverts

factor in equations for area of reinforcement for ultimate flexure

height of fill over top of buried culvert, ft

height of fill over horizontal centerline of buried culvert, ft

- vii -



horizontal haunch dimension, in.

vertical haunch dimension, in.

overall thickness of member (wall thickness), in.
coefficient for effect of axial force at service load stress
coefficient for moment arm at service load stress

ratio of offset distances for elliptical pipe section (u/v)

horizontal distance from throat section to inver{ )of bend section in a slope

tapered inlet, ft (Figure 1-3)

load factor used to multiply calcylated design forces under service conditions to

get ultimate forces

overall length of improved inlety ft (Figures -1 and 1-3)
length of fall section ofslope tapered inlet, ft (Figure 1-3)
length of bend séction of slope tapered inlet, ft (Figure 1-3)

span lendgth  used in the determination of the critical shear location for

uniformly distributed loads, in.

development length of reinforcing bar, in.

moment acting on cross section of width b, service load conditions, in.-lbs

(taken as absolute value in design equations, always +)

moment in bottom slab of box section acting on section of width b, service load

conditions, in.-Ibs

maximum midspan moment acting on cross section of width b, in.-lbs

- viii -



N,, N, N

t? s> b

moment at corner of box section acting on section of width b, service load

conditions, in.-Ibs

moment in side wall of box section acting on section of width b, service load

conditions, in.-lbs
ultimate moment acting on cross section of width b, in.-lbs

axial thrust acting on cross section of width b, service load condition (+ when

compressive, - when tensile), |bs

axial thrust acting on cross section of width b, of.top, ‘side or bottom slab,

respectively, service load condition (+ when compressive, - when tensile), Ibs
ultimate axial thrust acting on cross sectionsof-width b, Ibs

number of layers of reinforcement in @ eage (I or 2)

ratio of area of tension reinforcement to area of concrete section, Eq. 4.25

soil pressure at bottomsef'pipe or box section that reacts soil, fluid, and dead

load, lbs/in./section width b

fluid pressure-acting on inside of pipe, Ib/in./section width b
soil pressure at invert of pipe section, Ib/in./section width b

soil pressure at crown of pipe section, Ib/in./section width b
lateral soil pressure on box section, lbs/in./section width b

soil pressure at top of pipe or box section, Ib/in./section width b

vertical pressure applied to box section, Ib/in./section width b

radius to centerline of pipe wall, in.

- iX -



radius to inside reinforcement, in.

radius to inside of side section of elliptical pipe, in. (Figure [-2)

radius to inside top and bottom section of elliptical pipe, in. (Figure |-2)
slope of culvert barrel, ft/ft

stirrup design factor used in Equation 4.34 Ib/in/section width b

slope of fall, ft/ft

slope of natural channel, ft/ft

circumferential spacing of shear or radial tension stirrup reinforcement, in.
spacing (longitudinal) of circumferentigl-reinforcement, in.

taper of side wall of improved infet (Figure |-1)

thickness of bottom, side and top slabs of box culvert, respectively, in.
thickness of centerwall of two-span box section, in.

clear cover distance from tension face of reinforcing to tension face of con-

crete, in;

horizontal offset distance from center of elliptical pipe to center of rotation of

radius rps in. (Figure 1-2)

shear force acting on cross section of width b, service load condition, Ibs (taken

as absolute value in design equations, always +)
basic shear strength of cross-section of width b, where M/V d)vd < 3.0, lbs

general shear strength of cross-section of width b, where M/V ¢,d < 3.0, Ibs



mt’

max’

mb

a_ .
min

ultimate shear force acting on cross section of width b, lbs

vertical offset distance from center of elliptical pipe to center of rotation of

radius rys in. (Figure 1-2)

width of weir crest, ft

total weight of earth on unit length of buried structure, lbs/ft
total weight of fluid inside unit length of buried structure, Ibs/ft

weight of unit length of structure, Ibs/ft

uniformly distributed load used in the determination of the critical shear

location, |bs/in./section width b

horizontal coordinate, in.

distance from point of maximumimidspan moment to point where M/V¢Vd = 3.0,

in.

vertical coordinate, in.,

vertical coordingte from top of box section (Figure 2-1), in.

longitudinal coordinate, in.

distance from bend point in top and bottom slab reinforcing, respectively,

point of zero moment, in.

ratio of lateral to vertical soil pressure on box culvert

AASHTO coefficient used to compute design loads

fo



angle over which earth load is applied to buried pipe, degrees

bedding angle over which soil support is provided to pipe to resist applied loads,

degrees

unit weight of concrete, lb/ff3
unit weight of internal fluid, |bS/fT3

unit weight of soil, lbs/ﬁ‘3

angle from vertical to a design section, degrees; in circular pipe, this is the
angle from the invert; in elliptical pipe, this is theyangle from a vertical line

through the center of rotation of rporr,

flexure strength reduction facter) for ‘variability in material strengths or

manufacturing tolerances

.shear strength reduction facter for variability in material strengths or manu-

facturing tolerances

~ Xii -



STRUCTURAL. DESIGN MANUAL FOR
IMPROVED INLETS AND CULVERTS

Timothy J. McGrath, and Frank J. Heger
FHWA Project DOT-FH-11-9692

l. INTRODUCTION
1.1 Objective

This Manual provides structural design methods for inlets having specific configurations that
improve hydraulic flow in culverts. Hydraulic design methods for obtaining these inlet
configurations are given in Hydraulic Engineering CircularNo. |3 (HEC No. 13), "Hydraulic
Design of Improved Inlets for Cuvlerts" (1), fifst published in 1972 by the Federal Highway
Administration (FHWA). HEC No. 13 cont@ins a series of charts and tables for determining
the improvement in hydraulic performance obtained with bevelled headwalls, falls and side

or slope tapered inlets.

Design methods and typical detailsfor the component structures found in improved inlets,
such as wing walls, headwalls, aprons and the inlet itself, are also presented in this Manual.
These methods cover inlets to.reinforced concrete pipe, reinforced concrete box sections
and corrugated metal pipe.\They also apply to the design of culvert barrels, themselves, for

each of the above type(conduits.
1.2 Scope

The Manual”is based on a review of the current state of the art for the design of culverts
and «{nlet structures. This review included published technical literature, industry sources
and state transportation agencies. Existing practices were reviewed for accuracy, complex-
ity, design time and applicability to improved inlet design. Those methods that reflect
current practice and best account for the structural behavior of improved inlets are included
in this Manual. Existing methods were selected wherever possible. New methods were

developed only where there were gaps in existing design methods.



The principal design methods covered in this Manual are for the inlet itself; however, since
headwalls, wingwalls and aprons are also important to the proper hydraulic function of an

improved inlet, design information is also included for these components.
The Manual includes both hand and computer methods for analysis and design. The computer
programs were written for a large computer, but the hand methods are readily program-

mable for hand-held calculators.

Hand analysis and design methods are provided for:

° One and two cell reinforced concrete box culverts
° Reinforced concrete pipe culverts
® Corrugated metal pipe culverts

Computer analysis and design methods are provided for:

° One cell reinforced concrete box culverits

. Reinforced concrete pipe culverts

General design approaches, design criterid and typical details for wingwalls, headwalls and

circular to square transition sections areialso presented in the Manual.
1.3  Types and Geometry of Improved Inlets

The five basic combinatiens of geometry to improve the hydraulic capacity of inlets are
listed below. Typical ‘plans, details and reinforcing arrangements of improved inlets are

included in Appendix-G, and typical designs are included in Appendix E.
1.3.]1 Bevelled Headwall

A bevel can be characterized as a large chamfer that is used to decrease flow contraction at
the-inlet. A bevel is shown schematically in Figure I-1, in conjunction with other features
described below. A bevel is not needed on the sides for wingwalls flcn/*ed between 30° and
60°. A bevelled headwall is a geometrical feature of the headwall and does not require
unique structural design. Reinforced concrete pipe sections are generally precast, and can

have a bevel formed at the time of manufacture, or in the case of pipe with bell and spigot
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Figure 1-1 SIDE TAPERED BOX SECTION OR PIPE INLET GEOMETRY



joints, tests have shown that the bell will improve hydraulic capacity much the same as a
bevel. Corrugated metal pipe can have bevels cast as a part of the reinforced concrete

headwall. Typically, a bevel should be used at the face of all culvert entrances.
1.3.2 Bevelled Headwall with Fall

A fall is a depression in front of the entrance to a non-tapered culvert or, as shown in
Figure I-1, in front of a side tapered inlet. A fall is used to increase the head at the throat

section. Structurally a fall apron represents a slab on grade, and should be designed as such.

1.3.3 Side Tapered Inlet

A side tapered inlet is a pipe or box section with an enlarged face\areq, with the transition
to the culvert barrel accomplished by tapering the side wallW(Figure 1-1). A bevel is
generally provided at the top and sides of the face of a side tapered inlet, except as noted

earlier.

For simplicity of analysis and design, arside tdpered inlet may be considered to behave
structurally as a series of typical non-tapered eulverts of varying span and load. The span
becomes shorter as the sides of the structure taper from the face section to the throat
section, but the load increases as the\.eémbankment slopes upward from the face of the
culvert. Because of these differingtinfluences, the reinforcing design may be governed at
the face, throat or some intermediate section. As a minimum, designs should be completed
for the face, throat and midiength sections. Typically, inlet structures are relatively short,
and the most conservative combination of these designs can be selected for the entire
structure. For longer structures where the use of two designs may be economical, either the
face or mid-length’design, whichever gives the greater requirement, may be used in the
outer half of the structure, and the throat or mid-length design, whichever gives the greater
requirement,umay be used in the inner half of the structure. For longer structures it may be
necessary-and/or economical to obtain designs at additional intermediate locations along the
inlet.;o-Equations for locating side tapered inlets within embankments, and determining

heights of fill for design are included in Appendix F.

Additional geometry required to define a side tapered pipe inlet is shown in Figure [-2.
These inlets taper from a pseudo-elliptical shape at the face to a circular section at the

throat. The face sections are not true ellipses, but are defined geometrically using the same



principles as the precast concrete "elliptical" sections defined in ASTM C507 (AASHTO
M207). For simplicity, this shape will be called elliptical in this Manual. The elliptical
sections are formed by intersecting top, bottom and side circular segments with different
radii and centers, and can be defined by four parameters as shown, the radii ' and ry and

the offset distances u and v.

One method of defining the geometry of an inlet along its length in terms of the tapér, T,
the coordinate z, the ratio u/v, and the diameter at the throat, Dss is shown in Figure |-2.
The u/v ratio can be selected by the designer and will typically vary from 0 to~l. A ratio
near |.0 will produce top and bottom sections that are rounded, while a valueynear zero will
produce very flat top and bottom sections. A ratio of u/v = 0.5 is used ~for the horizontal
elliptical pipe in ASTM C507 (AASHTO M207). Any consistent geomeétry that produces the
desired face section may be used by the designer. The angle §, is defined as the angle from
the vertical, measured about the center of rotation of the radius of the circular segment
being considered. Thus, the point of reference for 6 varies for each of the four circular

segments, as well as along the longitudinal axis of the intet.
1.3.4 Side Tapered Inlet with Falli

The hydraulic capacity of a side tapered.inlet can be increased further by incorporating a

fall, as described above, in front of theflinlet. This is shown in Figure |-I.

1.3.5 Slope Tapered Inlet

A slope tapered inlet is aside tapered inlet, with a fall incorporated into the tapered portion
of the structure, as shown in Figure |-3. Structural design of a slope tapered inlet can be
completed in the same manner as a side tapered inlet, except that the bend section, where
segments L, andl 3 intersect (Figure |-3) rather than the midlength is typically the critical
section for.‘structural design. Thus, for slope tapered inlets the face, bend and throat
sections.must be investigated to determine the critical sections for design. As for side
tapered inlets, additional sections should be investigated in longer structures. Only box
sections are normally used for slope tapered inlets, since the structure is generally cast-in-
place. When it is cost effective to use a slope tapered inlet with a pipe culvert, a circular
to square transition section can be provided. (See Section 6.1). Equations for locating slope
tapered culverts within embankments and for determining heights of fill at various sections

are presented in Appendix F.
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I.4  Appurtenant Structures

Other structures that may be required at the entrance to culverts, besides the culvert barrel
itself and the inlet, include headwalls, wingwalls, apron slabs and circular to square
transition sections. Design of these structures is discussed briefly in Chapter 6. Typical

details are provided in Appendix G.



2. LOADS ON INLET STRUCTURES

Inlet structures are subjected to the same loading conditions as are ordinary culvert

structures. These are culvert weight, internal fluid weight, earth load and vehicle loads.
2.1 Culvert Weight

The total weight of a reinforced concrete culvert per unit length, W _, at a given se¢bion can
be obtained from tables in the American Concrete Pipe Association (ACPA).Ripe Design
Handbook (2), or from the following simplified equations for approximate.total weight of
structure in |bs per ft. These equations apply when Di’ Bi’ h, s T Uy HH’ HV, TS’ TT

and TB are in inches, and the concrete unit weight is 150 lbs per cu. ft:

Circular: Wp =33h (Di +h) Eq. 2.1
Elliptical (Fig. 1-2): Wp = 4.2h €r2+%) arctan (%) + (rI # -Zh) E.57 —arctan (%E’ } Eq. 2.2
Box Sections: Wp = .04 E?)i + ZTS)(TT + TB) + Z(DiTS + HHHVﬂ Eq. 2.3

The weight of corrugated metal structurés<is small relative to the earth load, and is

generally neglected in design.

2.2 Fluid Loads

The weight of fluid per unitdength, Wf, inside a culvert filled with fluid can be calculated
from the following simplified equations for approximate total weight of water in |bs per ft.
These equations apply~when Di’ Bi’ Fisfp U and v are in inches, and the fluid unit weight is
62.5 Ibs per cu. 1" (This unit weight is slightly higher than the normal unit weight of clean

water to accobnt for any increases due to dissolved matter.)

Cirevlar: Wf = 0.34 Di2 Eq. 2.4
- 2 U 2 U

Elliptical: We = 0.87(r," arctan (V ) + r [.57 - arctan ( —\;) - uwv ) Eq. 2.5

Box Sections: W = 0.43 (Bi X Di) Eq. 2.6



2.3 Earth Loads

Earth load in lbs/ft is determined by multiplying the weight of the earth prism load above
the extremities of the inlet by a soil-structure interaction factor, Fe. The following

equation applies when Bo is in inches, He is in feet and g is in Ibs/cu. ft.

We = Fe Ys Bo He/IZ Eg.2.7a

For pipe under deep fill, the earth load due to the backfill between the springline*and crown
is generally ignored, and Eq. 2.7a can be used, to compute the total load. Héwever, for pipe
inlets, which are under relatively low heights of fill, this load makes up a substantial part of

the total load, and Eq. 2.7b is more appropriate. Units are the same_as for Eq. 2.7q, Do is in

inches.
We = Fe Ys Bo (He + Do/72)/12 Eq. 2.7b

Fe represents the ratio of the earth load on-the’culyert to the earth prism load, and may be
determined by the Marston-Spangler theory of earth loads on pipe (2, 3) or the approxima-

tions presented below may be used.

Equations that may be used to locate eulverts within embankments and determine the height

of fill over design sections are presented in Appendix F.
2.3.1 Soil Structure Interaction Factor for Rigid Culverts

When rigid conduits are-installed with compacted sidefill they are subject to less load than
when the sidefill @S Toosely installed. This is because the compacted sidefill is relatively
stiff and can gdarry more load, resulting in less "negative arching" of the earth load onto the
culvert. ©Other factors which affect the load on a conduit include trench width, if
applicable, burial depth to span ratio and soil type. Since inlet structures are generally
short\relative to the culvert barrel, and since they are typically under very low fill heights,
it i recommended that conservative values be used for the soil structure interaction factor.
Suggested values are |.2 for sections installed with compacted sidefill, and 1.5 for sections

installed with loose sidefill.



For box culverts, 1981 AASHTO Standard Specifications for Highway Bridges (4) (abbrevi-
ated as AASHTO in the following text) allow the use of Fe: .0, but some recently
completed soil structure interaction studies (5) indicate that this may be unconservative.

Use of the above values is recommended for both reinforced concrete pipe and box sections.

2.3.2 Flexible Culverts

For flexible metal culverts, AASHTO allows Fe to be taken equal to 1.0 for both trench and
embankment installations; however, like box culverts, current research indicates that

flexible metal culverts carry a load that is greater than the earth prism load.> Estimates of

the actual Fe are as high as 1.3 (6).
2.3.3 Other Installations

Various methods may be used to reduce the loads on culverts in embankment and trench
installations, including negative projection and\inducedtrench (2, 3). The loads for such
installations may also be determined by accepted~methods based on tests, soil-structure
interaction analyses (generally by finite @lement ‘methods), or previous experience. How-
ever, these installation methods generally are used only for deep burial conditions and thus

are not relevant to inlet designs.
2.4  Construction Loads

Inlet structures included in this Manual will not normally be subjected to highway loads, but
may be foaded by miscellaneous construction or maintenance equipment, such as bulldozers
and mowing machines.~ A uniformly distributed load equal to at least 240 lbs/sq. ft. is
recommended for $his condition. This is the equivalent of 2 ft. of 120 Ibs per cu. ft. earth.
This minimum surcharge is recommended only to account for random unanticipated loads.

Any signifieant expected loads should be specifically considered in design.
2.5 " Distribution of Earth Pressures on Culvert
2.5.1 Rigid Culverts

Earth pressures are distributed around various rigid culvert types as shown in Figure 2-1.
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For box culverts, earth pressures are assumed uniformly distributed over the top and bottom
of the culvert, and with linear variation with depth along the sides, as shown in Figure 2-1.
Sometimes, especially for simplified hand analysis, the lateral pressure is assumed uniform
over the culvert height. A lateral pressure coefficient, a = 0.25, is recommended in
AASHTO for rigid culverts. However, because of variations in installation conditions a more
rational and conservative design is obtained by designing for maximum stress resultants

produced by the range of o values between 0.25 and 0.50.

Suggested pressure distributions for circular and elliptical rigid pipe are presented.in Figures
2-1b and 2-lc. These distributions consist of a radially applied earth.pressure over a
specified load angle, BI’ at the top of the pipe, and a radially applied bedding pressure over
a specified bedding angle, 82, at the bottom of the pipe. This pressure distribution is based
on the work of Olander (7). Olander proposed that the load and bedding angles always add up
to 360 degrees; however, this results in increased lateral pressure on the sides of the pipe as
the bedding angle, 82, decreases. This is not consistent with. expected behavior, and results
in unconservative designs for narrow bedding angles. ImWView of this, the load angle should
be limited to a maximum of 240 degrees. .This'limitation should apply even in cases where

the bedding and load angles do not add up fo, 360 degreées, as is shown in Figure 2-1b.

The same system for distribution of earth pressure can also be used for elliptical pipe, as
shown in Figure 2-lc. The earth pressure is always applied normal to the curved segments
that make up the elliptical sectiony that is, radial to the center of curvature of the

particular segment.
2.5.2 Flexible Culverts

The distribution of>earth pressure on a flexible metal culvert tends to be a fairly uniform
radial pressuregsince the pipe readily deforms under load, and can mobilize earth pressures
at the sides‘to help resist vertical loads. No pressure distribution is shown here, however,
since métal culvert design is done by semi-empirical methods and typically a specific

pressure distribution need not be assumed by the designer.



3. MANUAL METHODS FOR STRUCTURAL ANALYSIS

Given the loads and distributions of Chapter 2, any method of elastic structural analysis may
be used to determine the moments, thrusts, and shears at critical locations in the structure.
The structural analysis and design of culverts can be completed very efficiently by
computer. Computer programs are presented in Chapter 5 for analysis and design of
reinforced concrete single cell box culverts, and circular and elliptical pipe culverts.< The
methods discussed below are appropriate for hand analysis, or are readily programmable for

a hand-held calculator.

None of the computer or hand analysis methods presented in this Manual acecount for effects
of variations in wall stiffness caused by cracking. This is consistent\with current general
reinforced concrete design practice. The reduction in stiffnéss produced by cracking
becomes more significant when soil-structure interaction is considered, using finite element
models of the pipe-soil system. Models that account for such'changes in stiffness have been
developed and correlated with test results, but currently these are only being used for

research on the behavior of buried conduits.
3.1 Reinforced Concrete Box Sections

The first step in box section design is_fosselect trial wall and haunch dimensions. Typically
haunches are at an angle of 45°, dnd the dimensions are taken equal to the top slab
thickness. After these dimensions are estimated, the section can then be analyzed as a rigid
frame, and moment distribuytion is often used for this purpose. A simplified moment
distribution was developed by AREA (8) for box culverts under railroads. Modifications of
these equations are reproduced in Tables 3-1 and 3-2 for one and two cell box culverts

respectively. This-analysis is based on the following assumptions.

® The lateral pressure is assumed to be uniform, rather than to vary with depth.

° Thetop and bottom slabs are assumed to be of equal thickness, as are the side walls.

° Only boxes with '"standard" haunches or without haunches can be considered.
Standard haunches have horizontal and vertical dimensions equal to the top slab
thickness.

® The section is assumed doubly symmetrical, thus separate moments and shears are

not calculated for the the top and bottom slabs, since these are nearly identical.



Table 3-1

DESIGN FORCES IN SINGLE CELL BOX CULVERTS

Flexure Design Sections: 8, 11, 12, 15 LS/ N
Shear Design Sections:
Method 1: 10, I3 £, He
Method 2: 9, 10, 13, |4 IR { Vo Fobod
T _
| . oy
/ | 2! \_. ~ He:HgslPtT)
) | ff'\ ~ g )
@ 1Xae A °
/!
Q/Z v D] Ha {7
xo . -—
G byd A_— el
BRI L/
/ — | X, A A
T/t b g 15 5y L%= LT
1% 1%
Design Pressures @ 4
p, = YHFa + ¥ 7 + ZYCD'TS/B' Eq. 3.1
Psmax = *max YsH'e ) Eg. 3.2
Psmin = %min Ys 6 Vs T 2D Eq- 3.3
Geometry Constants
.20
Gl = 3 Eq. 3.4
f
TgB 3
9H_> T,
D'B'TS For boxes with
3 no haunches
2H T > H,=H,,=0)
H H™ v
Gy = & (TL2 v T G,=Gy=Gy =0 Eq. 3.6
T Ts
3
6H 3T T
H T T
G4 = g (1.02 - B + TS3 ) J Eq. 3.7




Design Moments

Moment @ origin:

N

Table 3-1 (Cont.)

<oma =_PVB' | - 1.5G, + 0.5G, {Smax 02 G, -G, e
omm 12 [+G | - G3 Psmin l I+G G

Moment in top and M

bottom slab: M, (x) :<M° mc‘"} + 0.5p x(B' - x) Eq. 3.9

o min M
*
Moment in sidewall: M (y) :< ° max} { Smax -\ 05y (D'-y) Eq. 3.10
S o min Psmin

Design Shears

Shear in top and B!

bottom slab: Vb(x) = pv(—z- - x) Eq. 3.11

L . _ D! )

Shear in sidewall: VS(y) =Permax ( > y) Eq. 3.12
Design Thrusts %

Thrust in bottom slab: { b mdx } Psmax % Eq. 3.13

b min Psmin
p. B

Thrust in sidewall: Ns = VZ Eq. 3.14
*Use Pgax O Psmin &8 follows:
° Locations 8, 9 and 10 use p only.

smax
® Locations;ll, 2 and 13 check both p and p for governing case.
smax smin
° Locations 14 and |5 use p only.
smin

Notes:
. Analysis is for boxes with standard haunches (HH = H v TT).
2. Equations may be used to analyze box sections with no haunches by setting

G2:G3:G42000.

3. See Eq. 4.22 for determination of x

4, If M8 is negative use A
Section 9.

dc’

for sidewall inside reinforcing, and do not check shear at



Table 3-2

DESIGN FORCES IN TWO CELL BOX CULVERTS

Symm. a.éwi‘é g
Flexure Design Sections: 8, 11, 12, {5, 18
Shear Design Sections He ﬁ Vo Vg 7r
Method I: 10, 17 { . Ohre N
Method 2: 9, 10, 16, 17 He: Hes—7—— I
™ H
P _ / ' N -
[ & Hu
— |‘= -
= s
%de |
9 |
®; = o
® +
?Vd Tb
T4 N
L e okl
Mmoo Mg, Te -y,
L 4 Hy :
@ é QS ®
Design Pressures
A DTG + 057 )
P, = YgHFg + YT+ X <O Eq. 3.15
Psmax = %maxYste Eq. 3.16
Ot 1)?
- LI L
Psmin = %minYs e = Yr T35 Eq. 3.17
Geometry Constants
8% 8 ) A
Fl=?2'(3—_[_—l)+7(?-l) Eq. 3.18
IC D 3
Foo=m=/(- + B) — =2 Eq. 3.19
2 T3 2 T2
) )
F3 = % B _ 1) For boxes with Eq. 3.20
T 2T standard haunches
3 2
B 48' B!
F, = =~ - —— -9 Eq. 3.21
4 T3 T2 T
D! 9 9 9 38
o _5 .5 _ , 38 Eq. 3.22
S 12 prT o 73 )
TT3D’ For boxes
F, = —— without haunches Eq. 3.23
6§~ I 3g



Table 3-2 (Cont.)

Design Moments

Moments at Origin:
*
Momc1>< osmax
M } Eq. 3:24
omin Mosmin

Boxes with standard haunches and uniform wall thickness (HH = Hv = TT = TS e TB):

p, BF,Fy — 4F°
M = — & ( ) Eq. 3.25a
ov 8 F.F F 2
21 '3
osmax smax * D"2 FSFI - 3F32
{ } { . } ) > -1 Eq. 3.26a
osmm Psmin 3 (FZFI - F3 )
Boxes without haunches (HH = Hv = 0, TT = TB ¢ TS):
pVB"2 | }
Mov = -3 ( — 2F6 ) Eq. 3.25b
2 F
osmax smax D! 6
< } { ' } v (I TF ) Eq. 3.26b
osmm Psadin 6
Moment in bottom slabs
M * N *
2 X
M, (9 =< M°m?X> — 0.5p,x +<N5mf’ } x Eq. 3.27
omin smin
Moment’in sidewall:
* *
Momc&x Psmax
Ms(y) =M + 0.5y (D' — vy) Eq. 3.28
omin Psmin

Design Shears

Shear in bottom slabs:

Vb(x) = Ny i = P X Eq. 3.29
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Table 3-2 (Cont.)

Shear in sidewall:

Dl
VS()’) = Psmax (7 - y) Eq. 3.30

Design Thrusts

Thrust in bottom slab:

*
N P '
<meax>:< smax % Eq. 3.31
bmin Psmin
Thrust in side slab; boxes with haunches:

*

Nsmax _ O'Sval - MovFZ _ Mosmc1x _'_:_3 Ea. 3.32
N F M F 9. 3.340
smin 3 osmin | ‘
Thrust in side slab, boxes without haunches:
*
' 2 F
{Nsqu> LN R AN <psmox & () Eq.3.3
Nsmin 4 I + 2F6 psmin I + 2 F6
* Usep orp__. as follows:
smax smin
° Locations 8, 2 and |Quse Psmax only.
° Locations || and\l2 check both p and p__. .
smax smin
° Locations 15,16, 17 and |8 use Psrmin only.
Notes:
l. For boxes’with standard haunches and all walls of the same thickness
(HH < Hv = TT = TS = TB) use Eqs. 3.25a, 3.26a and 3.32a.
2. For-boxes with no haunches and side walls with the same or different thickness than
the top and bottom slabs (H,, = H, = 0, and T+ = Ty # T.) use Egs. 3.25b, 3.26b
H Y T B S
and 3.32b.
3. See Eq. 4.22 for determination of X e
4, If M8 is negative, use Asmin for sidewall inside reinforcing, and do not check shear at
Section 9.
5. Geometry constants FI through F5 are not required for boxes without haunches.
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The equations cover the load cases of earth, dead and internal fluid loads. Any one of these

cases can be dropped by setting the appropriate unit weight (soil, concrete or fluid) to zero

when computing the design pressures p,, and pg-

The equations provide moments, shears and thrusts at design sections. These design forces
can then be used in the design equations presented in Chapter 4 to size the reinforcing baséd

on the assumed geometry.
3.2 Rigid Pipe Sections

Using the coefficients presented in Figures 3-1 through 3-6, the followingyequations may be

used to determine moments, thrusts and shears in the pipe due to earth, pipe and internal

fluid loads:
w,) 2
M = (le W, +c Wp +C3 f) 5 Eqg. 3.33
N = ol We +C9 Wp + €3 Wf Eq. 3.34
vV = | We +Cyo Wp +C,3 Wf Eq. 3.35

Figure 3-1 provides coefficients for-earth load analysis of circular pipe with 3 loading
conditions Bl = 900, 120° and 180°. UIn all cases, 82 =360° -8 T These load conditions are
normally referenced by the bedding angle, 82. The 120° and 90° bedding cases correspond
approximately with the traditional Class B and Class C bedding conditions (2, 3). These
coefficients should on]y.\be used when the sidefill is compacted during installation.
Compacting the sidefill“allows the development of the beneficial lateral pressures assumed
in the analysis. If,;the sidefills are not compacted (this is not recommended), then a new
analysis shouldébe completed using the computer program described in Section 5.2 with

reduced load\angles, B I

Figures 3-2, 3-3 and 3-4 provide coefficients for earth load analysis of elliptical pipe having
various ratios of span to rise (B'/D') and offset distances (u/v). Coefficients for two bedding
conditions are provided, corresponding to traditional Class B and Class C bedding conditions
(2). These coefficients also should only be used for pipe installed with compacted sidefill.
Coefficients for other B'/D' and u/v ratios may be obtained by interpolation between

coefficients for the given ratios.



22

0.2
By = _
MOMENT
- 900 B, = asshown
{;'120
0.1 iy 1180° B =360°-38,
L I
L
. T
0 L 1802
\ / 90°
x\\ /%
\ /
0.1 i 2‘4/
0.6 :
THRUST
0.5 /,I'——-“'":}\
0.4 /’é L/ \Q\
. S —
L //i \ 900 82 _ \\
Cnl . // :ggo 1_900 \
. 1 (]
- P - [z
0.2
0.1
0.0
0.4
SHEAR
0.3
—
0.2 //J:/X\
N2 RN »
8y =
o = ‘\\\\ g
flzo" 1200
0.0 L 180° N 10>l |
\\
o N ///%
———
L P ——— __—/
0.2 :
) 0 20 30 40 50 6 70 80 9 100 [10 120 130 140 150 160 170 180

Angle From Invert, 8 — Degrees

- Figure 3-1 COEFFICIENTS FOR M, N AND V DUE TO EARTH LOAD ON CIRCULAR PIPE



[

0.2

0.1

ml

0.0

0.6

0.5

0.4

nl

0.3

0.2

0.1

0.0

0.5

0.4

0.3

0.2

0.1

vl
0.0

Angle From Vertical, 0 — Degrees

Figure 3-2 COEFFICIENTS FOR M, N AND V DUE TO EARTH LOAD
ON ELLIPTICAL PIPE WITH U/V = 0.1

Bl . . -
[ = Bedding Width MOMENT
L D Class B: —— O'7Bo
N F1.25° Class Cz -~ 0.5B o
4 L|.50 Iy =
N 75 B'/D": as shown
\\\ j’ Bedding L 1.25
Width 1.50
NG e P
N N
) X L~
N }%& /
SRS ~i\\ <
A
~ -~
TESSS. e o ad
~ ~‘§\SE__=_ - f’_{—"‘"r/',.w
e L.
e 55
- = Pome | THRUST
r'// —
-7 N
i pi / \NN:&
A NS
NES
. > [~
i / \\\ﬁ == d
= A B N
B /o =
- /DI =
A
\[1-2 12547 ]
1175 1307~
I
= SHEAR
[ ra=
| %
EN
. S
Bl
L \\ ~ x /D' -
Ny 257 S 725
150 150\
= 1.75 1,75
r /- I\
: i X . ——
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180

23



24

0.2
Bedding Width MOMENT
[~ Class B: —— 0'780‘
W Class C: —---- O.SB0 B'/
0.1 N B'/D': as shown D et
5 Bedding ~1.25
Width V - /
By
0.0 y 7//
/’/7,/
ny - ]
e e g B
-0.2
0.6
THRUST
0.5
0.4 -
c ~ o~ ~
nl "\\\h. il = R,
0.3 b
il / // \>\.-. —
0.2 \:-1.25 1.25 _i/ /\?.
-1.50 1.50
I \r|.75 175 -/
0.1
0.0
0.5
- SHEAR
0.4 rm—
T »
0.3 /II‘ N A
I8
0.2 > < B
-
ol w4 \ N o5
: T 75
! / \‘:gg \ A :.503“
0.0 1.75 1.75 4
~0.1 R'/ _\\ AN ]
r \ S A
02 RS S /
L SR
SS———yY
-0.3 L g
=
0.4
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180

Angle From Vertical, @ — Degrees

Figure 3-3 COEFFICIENTS FOR M, N AND V DUE TO EARTH LOAD
ON ELLIPTICAL PIPE WITH U/V = 0.5



C

0.2

0.1

mi

0.0

0.6

0.5

0.4

nl

0.3

0.2

0.1

0.0

0.5

0.4

0.3

0.2 1}

0.1
vl

0.0

Angle From Vertical, 8 — Degrees

Figure 3-4 COEFFICIENTS FOR M, N AND V DUE TO EARTH LOAD
ON ELLIPTICAL PIPE WITHU/V = |0

B'
Iy = Bedding Width MOMENT
N D' Class B:—0'7Bo‘
L 1,25 Class Ct ~~--= 0.5B Br
A— 1,50 o Iy =
1,75 H== B'/D": as shown
Y—-l.zs
.50 —
N 1.75 11 Z
\ vz
\
W 4
N —— A,
NASE //W
-
R = _——— B
\ N:‘:“:-.-_.:‘- [ =ar= —uae— ——ﬁf&ﬁ’g
] s i i ""ﬂ'J'\es THRUST
-~
! _AZZ
7z
R1727Z
3 7
" A
-
o+
o
——ﬂ/ B'/
D=
\E—I.ZS
- -1.50
-1.75
i SHEAR
// ]
r &
N S
B'
- N / , =
4 \\ D
\\ L5 .25
y 1,50 15504 \
175 175 4=
i B, = _\\
D ~ >
i NS U/ ~
S e l/'
L ~\§ .f:%/
L \V/
0 10 20 30 40 50 60 70 80 90 100 (10 (20 (30 140 150 160 170 180

25



26

0.3

. MOMENT
A
02 by _\;2 A | o

0.1 \

m2 N
0.0 .

-0.2

0.4

THRUST

0.3 P, [ ——

0.2 Vd \~
0.1 e \
€n2 i I

-0.0 P,

-0.1

-0.2

0.5 _
04 I \ SHEAR
0.3 N
02 | .

°v2

0.1

0.0 ™~

T \ /
-0.1 _ \\ /,/

———

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180

Invert Crown
Angle From Invert, 8 — Degrees

Figure 3-5 COEFFICIENTS FOR M, N AND V DUE TO PIPE WEIGHT ON NARROW SUPPORT



0.2
MOMENT
By =
- 90°
120° B =
T /7—»!800 2=
0.1 ] 902,._
120~ bt
€m3 \ BZ - as shown IBOO‘:\\ ///" —
N =
0.0 R =t

THRUST
> / —_—r
\\.
/? B, - N ]
0.2 = 2 Ba= S ——
— RN a0 |
3 - o 120
-0.3 90°;
0.4
-0.5
-0.6
0.4
SHEAR
0.3
I

0.2 A
ol 5
0.1 /)

==\
|

’ E % (= 1800
L —+4- 120
By = § o
t— 90
00 1802 \‘\ // /f
- -120° \\\-\A __//
0.1 I 900 — 7 /
-0. \\ ;1 e
-0,2
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180

Angle From Invert, 0 — Degrees

Figa% COEFFICIENTS FOR M, N AND V DUE TO WATER LOAD ON CIRCULAR PIPE

27



28

Figure 3-5 provides coefficients for dead load analysis of circular pipe. These coefficients
represent a narrow bedding condition, since concrete pipe are generally installed on a flat
bedding. Figure 3-6 provides coefficients for water load analysis of circular pipe. The
coefficients in Figures 3-5 and 3-6 can also be used to approximate the moments, thrusts

and shears in elliptical pipe of equal span for these two less critical types of load.
3.3 Flexible Pipe Sections

Flexible pipe culverts are typically designed by semi-empirical methods which.have been in
use for many years. Design by these methods does not include a structural analysis per se,
since the analysis is generally implicit in the design equations. Theé\current AASHTO

design/analysis methods for corrugated metal pipe are presented in Appendix A.

For large or unusual structures, including inlets, most manufacturers offer special
modifications to corrugated metal culverts to improve (the structural behavior. These
modifications are usually proprietary, and designers should consult with the manufacturers

before completing detailed designs.
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4. STRUCTURAL DESIGN OF INLET STRUCTURES

Structural design of reinforced concrete culvert and inlet structures is quite different than
design for corrugated metal structures. For reinforced concrete inlets, the designer
typically selects a trial wall thickness and then sizes the reinforcing to meet the design
requirements. For precast structures the trial wall thickness is normally limited to standard
wall thicknesses established in material specifications such as ASTM C76, C655 and.C789
(AASHTO MI170, M242 and M259). For corrugated metal structures, the designer (typically
selects a standard wall thickness and corrugation type that provide the réquired ring
compression and seam strength, and the required stiffness to resist buckling‘and installation

loads.

The design approach suggested herein is to treat inlet structures;. that have varying cross
sections, as a series of slices that behave as typical culvert sections. Representative slices
along the length of the inlet are selected for design. Therface and throat sections and one
or more additional slices are usually included.« For reinforced concrete structures, either
the reinforcement design for the maximum.condition.is used for the entire inlet, or several
bands of reinforcement whose requirements are interpolated from the several "slice" designs
are used for the actual structure.\’~For-corrugated metal structures, the structure
requirements are usually based on the maximum condition. This approach is illustrated in
the example problems in Appendix D.\. Special considerations required for slope tapered

inlets (Figure |-3) are discussed in Section 4.1.6.
4.1 Reinforced Concrete Design

The method for the design of reinforced concrete pipe and box sections presented below was
recently adopted.by,the American Concrete Pipe Association and has been recommended by
the AASHTO,Rigid Culvert Liaison Committee for adoption by the AASHTO Bridge
Committees \This design method provides a set of equations for sizing the main circumfer-
ential reinforcing in a buried reinforced concrete culvert. For additional criteria, such as
temperature reinforcing in monolithic structures, the designer should refer to the appropri-
atesections of AASHTO (4).

Typically, the design process involves a determination of reinforcement area for strength
and crack control at various governing locations in a slice and checks for shear strength and

certain reinforcement limits.
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The number and location of sections at which designers must size reinforcing and check
shear strength will vary with the shape of the cross section and the reinforcing scheme used.
Figure 4-1 shows typical reinforcing schemes for precast and cast-in-place one cell box
sections. The design sections for these schemes are shown in Figure 4-2. For flexural
design of box sections with typical geometry and load conditions, locations |, 8 and 15 will
be positive moment design locations (tension on inside) and locations 4, 5, |1 and 12 will be
negative moment design locations. Shear design is by two methods; one is relatively sifple,
and requires checking locations 3, 6, 10 and 13 which are located at a distance ¢Vd from the
tips of haunches. The second method is slightly more complex, and requires~checking
locations 2, 7, 9 and |4 which are where the M/Vd ratio equals 3.0 and locations 3, 6, 10 and
I3 which are located at a distance q)vd from the tips of haunches. The design methods will
be discussed in subsequent sections. Typical reinforcing schemes and design locations for

two cell box sections are shown in Figure 4-3.

A typical reinforcing layout and typical design sections fer. pipe are shown in Figure 4-4.

Pipes have three flexure design locations and two sheardesign locations. Figure 4-4 is also

applicable to elliptical sections.
4.1.1 Limit States Design Criteria

The concept of limit states design has_long been used in buried pipe engineering practice,
although it generally is not formally{defined as such. In this design approach, the structure

is proportioned to satisfy the following limits of structural behavior:

° Minimum ultimate'strength equal to strength required for expected service loading
times a load factor.

° Control of cerack width at expected service load to maintain suitable protection of
reinforcement from corrosion, and in some cases, to limit infiltration or exfiltration
of fluids:

In addition, provisions are incorporated to account for a reduction of ultimate strength and
service load performance that may result from variations in dimensions and nominal
strength properties within manufacturing tolerances allowed in standard product specifica-

tions, or design codes.

Moments, thrusts and shears at critical points in the pipe or box section, caused by the

design loads and pressure distribution, are determined by elastic analysis. In this analysis,
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Flexure Design Locations:

Steel Area Precash Cast-In-Place
Ag 4, 5541, 12 5,11, 12
Ao I I
Ag 15 15
Ay, 8 8
Ag - 4

Shear Design Locations:

Method 1: 3,6, 10, 13
Method 2: 2,3, 6,7, 9, 10, 13, 14

*Note: For method 2 shear design, any distributed load within a distance ¢_d from the tip
of the haunch is neglected. Thus the shear strengths at locations 4, 5, 1! and |2 are
compared to the shear forces at locations 3, 6, 10, and |3 respectively. ‘

Figure 4-2 LOCATIONS OF CRITICAL SECTIONS FOR SHEAR AND FLEXURE DESIGN
IN SINGLE CELL BOX SECTIONS
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a. Typical reinforcing layout: cast-in-place two cell box culvert
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*See note, Figure 4-2

b. Design locations: two cell box culverts

Figure 4-3 TYPICAL REINFORCING LAYOUT AND LOCATION OF DESIGN SECTIONS

FOR SHEAR AND FLEXURE DESIGN OF TWO CELL BOX CULVERTS
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Flexure Design Locations:
I,5 Maximum Positive Moment l6cations’At Invert & Crown.
3 Maximum Negative Moment Logation Near Springline.

Shear Design Locations:
2,4 Locations Near Invert and/Crown Where M/V¢Vd= 3.0

Notes:

l. Reinforcing in/Crown (AS ) will be the same as that used at the invert unless mat,
quadrant or.ether special Téinforcing arrangements are used.

2. Design’l.ocations are the same for elliptical sections.

Figure 4-4 TYPICAL REINFORCING LAYOUT AND LOCATIONS OF CRITICAL SECTIONS
FOR SHEAR AND FLEXURE DESIGN IN PIPE SECTIONS
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the section stiffness is usually assumed constant, but it may be varied with stress level,
based on experimentally determined stiffness of cracked sections at the crown, invert and
springlines in computer analysis methods. Ultimate moments, thrusts and shears required

for design are determined by multiplying calculated moments, thrusts, and shears (service

conditions) by a load factor (Lf) as follows:

M, =L¢M EG. 4.1
N, =L¢N Eq. 4.2
V, =LV Eq. 4.3

Load Factors for Ultimate Strength: The minimum load factors given below are appropriate
when the design bedding is selected near the poorest extreme of the expected installation,
and when the design earth load is conservatively estimated using the Marston-Spangler
method (2, 3) for culvert or trench installations. Alternatively, these minimum load factors
may be applied when the weight of earthrion the"buried section and the earth pressure
distribution are determined by a soil-strgcture intéraction analysis in which soil properties
are selected at the lower end of their(expected practical range. Also, the suggested load
factors are intended to be used in conjunction with the strength reduction factors given

below.

The 1981 AASHTO Bridge Speeifications (4) specify use of a minimum load factor of 1.3 for
all loads, multiplied by g coefficients of 1.0 for dead and earth load and [.67 for live load
plus impact. Thus theyeffective load factors are .3 for earth and dead load and
|.3x .67 = 2.2 forxlive loads. These load factors are applied to the moments, thrusts and

shears resultingfrom the loads determined in Chapter 2.

Strength Reduction Factors: Strength reduction factors, ¢, provide "for the possibility that
small adverse variations in material strengths, workmanship, and dimensions, while individu-
ally ‘within acceptable tolerances and limits of good practice, may combine to result in

understrength" (4). Table 4~1 presents the maximum ¢ factors given in the 1981 AASHTO

Bridge Specification.
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Table 4-1

STRENGTH REDUCTION FACTORS IN CURRENT AASHTO
STANDARD SPECIFICATIONS FOR HIGHWAY BRIDGES (4)

Box Culverts Pipe Culverts

Precast(a) Cast-in-Place(b) Precast(c)
Flexure 1.0 (d) 0.9 1.0 (d)
Shear 0.9 0.85 0.9
a. Section |.15.7
b. Section 1.5.30
c. Currently recommended by AASHTO Rigid Culvert Liaison, Committee

for adoption by AASHTO Bridge Committee.

d. The use of a strength reduction factor equal to 1.0 is contrary to the

philosophy of ultimate strength design; however, it.has been justified by
the Rigid Culvert Committee on the basis that precast sections are a
manufactured product, and are subject to better quality control than
are cast-in-place structures. Because welded wire fabric, the reinforc-
ing normally used in precast box and pipe"sections, can develop its
ultimate strength before failing in flexure, the use of ¢ = 1.0 with the
yield strength still provides a margin forlvariations equal to the ratio of
the yield strength to the ultimdte strength. [f hot rolled reinforcing is
used in a precast structdre, or(if“any unusual conditions exist, a
strength reduction factorof «0.9, instead of 1.0, should be used in
flexural calculations.

4.1.2 Design of Reinforcement for Flexural Strength

Design for flexural strength s ‘required at sections of maximum moment, as shown in

Figures 4-2, 4-3 and 4-4.

(a) Reinforcement for Flexural Strength, As

f

2
oA, = gq)fd-NU-‘Vg E(cbfd) -NU(2¢fd—h)—2N\;] Eq. 4.4

0.85 bf"_ Eq. 4.5

d may be approximated as

= 0.96h - ty

Eq. 4.6



(b)

(c)
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Minimum Reinforcement

For precast or cast-in-place box sections: min. As = 0.002 bh Eq. 4.7

For precast pipe sections:

For inside face of pipe: min. As = (Bi + h)2/65,000 Eq. 4,8
For outside face of pipe: min. As =0.75 (Bi + h)2/65,000 Eg. &9
For elliptical reinforcement

in circular pipe: min. As =2.0 (Bi + h)2/65,000 Eqg. 4.10

For pipe 33 inch diameter

and smaller with a single cage

of reinforcement in the middle

third of the pipe wall: min. /-\s = 2.0 (Bi + h)2/65,000 Eq. 4.11

In no case shall the minimum reinforcement \in precast pipe be less than

0.07 square inches per linear foot.

Maximum Flexural Reinforcement Without Stirrups

Limited by radial tension (inside reinforcing of curved members only):
max. insidé As fy = [.33b rs-\/f—(‘: Frp Eq. 4.12

Where re is the(radius of the inside reinforcement = (Di + 2Tb)/2 for circular

pipe.

The térm Fr is a factor used to reflect the variations that local materials and
manufacturing processes can have on the tensile strength (and therefore the
radial tension strength) of concrete in precast concrete pipe. Experience
within the precast concrete pipe industry has shown that such variations are
significant. Frp may be determined with Eq. 4.13 below when a manufacturer
has a sufficient amount of test data on pipe with large amounts of reinforcing
(greater than AS by Eq. 4.12) to determine a statistically valid test strength,
DLu’r’ using the criteria in ASTM Cé55 (AASHTO M242) "Standard
Specification for Reinforced Concrete D-Load Culvert, Storm Drain and

Sewer Pipe."
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F O,y + 9 Wy/D) D. . + h) Eq. 4.13
rp = ' i + q. .
1230 r_ d~/F]

Once determined, Frp may be applied to other pipe built by the same process
and with the same materials. If Eq. 4.13 yields values of Frp less than 1.0, a
value of 1.0 may still be used if a review of test results shows that the failure

mode was diagonal tension, and not radial tension.

If max. inside As is less than AS required for flexure, use a greater d to.reduce the

required As’ or use radial stirrups, as specified later.

(2)  Limited by concrete compression:
5.5x 10% ' ¢, d
maxA_f = f
s'y (87,000 + fy)

where:
' -~ 4000)
g O 85 - 0.05 IOOO Eq. 4.15

0.65bf' < g-< 0.85%
c c

0.75 N, Eq. 4.14

If max As is less than As required for‘flexure, use a greater d to reduce the required
As’ or the member must be designed as a compression member subjected to combined
axial load and bending. This)»design should be by conventional ultimate strength
methods, meeting the requirements of the AASHTO Bridge Specification, Section
[.5.1'l. Stirrups provided for diagonal or radial tension may be used to meet the
lateral tie requirements of this section if they are anchored to the compression

reinforcement, as/well as to the tension reinforcement.
4.1.3 Crack Control Check
Check flexural reinforcement for adequate crack width control at service loads.

Crack-Width Control Factor:

NI T

B M+ N(d )

F = l — _ 2 I
o~ 30,000 $d A_ i Cybh ﬁ] Eq. 416




where:
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Fcr = crack control factor, see note c.
M h '
‘e = N + d —§ Eq.4.|7
Note: If e/d is less than |.15, crack control will not govern and
Eq. 4.16 should not be used.
j = 0.74 + 0.1 e/d £q. 4.18

Note: If e/d > 1.6, use j = 0.90.

. I
i = —_— Eq. 4.19
I _id A
e
BI and CI are crack control coefficients that define(performance of different
reinforcements in 0.0l in. crack strength tests of. reinforced concrete sections.

Crack control coefficients BI and Cl for the type reinforcements noted below are:

Type Reinforcement (RTYPE) ?1_ C_I
051 s
. Smooth wire or plain bars 3 nb % 1.0
2. Welded smooth wire fabtic, 8 in. 1.0 1.5
max. spacing of longitudinals ' ’
3. Welded deformed wire fabric, >
deformed wire,)deformed bars, or 3 0.5 Tb Sy
any reinforcement with stirrups — 1.9
anchored(ihereto
Usen = | when the inner and the outer cages are each a single layer.

Use n = 2 when the inner and the outer cages are each made up from multiple layers.

For type 2 reinforcement having (‘rs S, )/n > 3.0, also check Fcr using coefficients BI

and Cl for type 3 reinforcement, and use the larger value for F .

Fcr is a crack control factor related to the limit for the average maximum crack

width that is needed to satisfy performance requirements at service load. When
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Fcr = 1.0, the average maximum crack width is 0.0l inch for a reinforcement area

As‘ If a limiting value of less than 1.0 is specified for F . the probability of an 0.0
inch crack is reduced. No data is available to correlate values of Fcr with specific

crack widths other than 0.01 inches at Fcr = |.0.

If the calculated F _ is greater than the limiting F s increase A_ by the ratio: calculatéd

Fcr/limiﬁng Fcr, or decrease the reinforcing spacing.
4.1.4 Shear Strength Check

Method I: This method is given in Section 1.5.35 G of the AASHTO Bridge-Specification for
shear strength of box sections (4). Under uniform load, the ultimate conerete strength, ¢VVC
must be greater than the ultimate shear force, Vu’ computed at\a distance <|>vd from the
face of a support, or from the tip of a haunch with inclination 6f)45 degrees or greater with

horizontal:
o, V. = 36, ﬁ bd Eq. 4.20

V < ¢V Eq. 4.21

Current research (9) indicates that this method may be unconservative in some conditions,
most importantly, in the top and bottornsslab, near the center wall of two cell box culverts.
Thus, Method 2 should also be checkéd.

Method 2: Method 2 is bdsed on research sponsored by the American Concrete Pipe
Association (9), and is. more complex than Method |, but it reflects the behavior of
reinforced concrete, sections under combined shear, thrust and moment with greater
accuracy than Method |, or the current provisions in the reinforced concrete design section
of the AASHT O’ Bridge Specification.

Determine VU at the critical shear strength location in the pipe or box. For buried pipe, this
occurs-where the ratio M/V¢vd = 3.0, and for boxes, it occurs either where M/Vd)vd = 3.0 or
at.the face of supports (or tip of haunch). Distributed load within a distance ¢vd from the
face of a support may be neglected in calculating VU, but should be included in calculating

the ratio M/Vcbvd.
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(@)  For pipe, the location where M/V§,d = 3.0 varies with bedding and load
pressure distributions. For the distributions shown in Figure 2-1b, it varies
between about 10 degrees and 30 degrees from the invert. For the Olander
bedding conditions (Figure 2-1b), the location where M/V d)vd = 3.0 in a circular
pipe can be determined from Figure 4-5, based on the parameter rm/ ¢,d. For
noncircular pipe or other loading conditions, the critical location must Be

determined by inspection of the moment and shear diagrams.

(b) For box sections, the location where M _/V ¢,d = 3.0 is af x _ frodithe point

of maximum positive moment, determined as follows:

2 2 Mc
Xge = 3 (¢vd) + oW - ¢,d Eq. 4.22

where
X dc is the distance from the point of maximum positive moment
(mid-span for equal end moments) to the point of critical shear
w is the uniformly distributed load on the section, use pg or p,, a@s
appropriate
MC is the maximumpositive moment on span

This equation can be nondimensionalized by\dividing all terms by the mean span, %, of the
section being considered. Figure 4-6 AisCa' plot of the variation of xdc/l with 2/¢vd for

several typical values of Crpy? where

2'M
c

C =
m W22

Eq. 4.23

At sections where M/V¢Vd 2 3.0 , shear is governed by the basic shear strength, Vb’

calculated as:

F,F
_ d vp
¢ Vb = (I.1 + 63 p)‘J—f—c' ¢Vbd F FN Eq. 4.24
where:

As <
p = - = 0.02 Eq. 4.25

cbvbd
max. f(': = 7000 psi
F . 08+ L8 < 25 Eq. 4.26

d = . d = L q. 4.

F = | for straight members Eq. 4.27a
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Figure 4-¢ LOCATION OF CRITICAL SHEAR SECTION FOR STRAIGHT MEMBERS
WITH UNIFORMLY DISTRIBUTED LOAD



Lb

d .
F = |+ o when moment produces tension on
¢ m the inside of a pipe Eq. 4.27b
F = | - 7rd—- when moment produces tension on
¢ m  the outside of a pipe Eq. 4.27¢c
NU S
FN = 1.0-0.12 V—u Z 0.75 Eq. 128

The term va is a factor used to reflect the variations that local maferials and
manufacturing processes can have on the tensile strength (and therefore diagonal tension
strength) of concrete in precast concrete pipe. Experience within the precast concrete pipe
industry has shown that such variations are significant. va may be determined with Eq.
4.29 below when a manufacturer has a sufficient amount of test data on pipe that fail in
diagonal tension to determine a statistically valid test strength; DLUT’ using the criteria in
ASTM Cé655 (AASHTO M242) "Specifications for Reinforced Concrete D-Load Culvert,

Storm Drain and Sewer Pipe."
. FC (DLUf + 1 Wp/Di) D,
vP 293Fd(l.l+63p)d—\/fc'

Once determined, va may be applied to-other pipe built by the same process and with the

Eq. 4.29

same materials. va = 1.0 gives predicted 3-edge bearing test strengths in reasonably good
agreement with pipe industry experience, as reflected in the pipe designs for Class 4
strengths given in ASTM C76, “Standard Specification for Reinforced Concrete Culvert,
Storm Drain, and Sewer Pipe." Thus, it is appropriate to use va = 1.0 for pipe
manufactured by most. eombinations of process and local materials. Available 3-edge
bearing test data show minimum values of va of about 0.9 for poor quality materials and/or
processes, as well(as possible increases up to about 1.1, or more, with some combinations of
high quality mdterials and manufacturing process. For tapered inlet structures, va =09 is

recommended in the absence of test data.

If d)VVb < Vu’ either use stirrups, as specified in 4.1.5 below, or if M/V¢vd < 3.0, calculate

the general shear strength, as given below.

Shear strength will be greater than Vb when M/V¢Vd < 3.0 at critical sections at the face

of supports or, for members under concentrated load, at the edge of the load application
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point. The increased shear strength when M/V¢Vd < 3.0, termed the general shear

| strength, Vc’ is:

bg V 4.5 [f 'bd ¢
&V = vb < c_ WV Eq. 4.30
v'c "~ ZM7V¢Vd+Ij - FN q-

If M/V ¢, d 2 3.0, use M/V ¢,d = 3.0 in Eq. 4.30. V_ shall be determined based on M/V¢Vd at
the face of supports in restrained end flexural members and at the edges of concenttated
loads. Distributed load within a distance ¢,d from the face of a support may be negfected in

calculating Vu’ but should be included for determining M/V ¢, d.
4.1.5 Stirrups

Stirrups are used for increased radial tension and/or shear strength;

(a) Maximum Circumferential Spacing of Stirrups:
For boxes, max. s = 0.60 ¢vd Eq. 4.31a
For pipe, max. s = 0.75 q)vd Eq. 4.31b
(b) Maximum LLongitudinal Spacing dnd Anchorage Requirements for Stirrups

Longitudinal spacing of stirrups’ shall equal s Stirrups shall be anchored around

Iy
each inner reinforcement mwire or bar, and the anchorage at each end shall develop
the ultimate strengthy fv’ used for design of the stirrups. Also, fv shall not be

greater than fy for #he'stirrup material.

(c) Radial Tensioh,Stirrups (curved members only):

l.ls (N\U— 0.45 NU ¢Vd)

A = Eq. 4.32
vr fyrsdd
(d) Shear Stirrups (also resist radial tension):
l.ls
Ay = fv¢vd E/U Fo- &, Vc:, + A, Eq. 4.33

. . . < ;
V. is determined in Eq. 4.30 except use Vc 22 fc b ¢vd

A, = 0 for straight members.
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(e) Extent of Stirrups:

Stirrups should be used wherever the radial tension strength limits and/or wherever

shear strength limits are exceeded.
(f) Computer Design of Stirrups:

The computer program to design reinforced concrete pipe that is deseribed in

Chapter 5 includes design of stirrups. The output gives a stirrup design(factor (Sdf)

which may be used to size stirrups as follows:

S
A= A Eq. 4.34
v f

This format allows the designer to select the most suitable stirrup effective ultimate

strength and spacing.
4.1.6 Special Design Considerations for Slope Tapered,inlets

Slope tapered inlets are designed in the'same(manner as ordinary culverts, or side tapered
inlets, except that the steeper slope of the-section, Sf, must be taken into account. The
recommended design procedure for precast inlets is to analyze the section and design the
reinforcing based on earth loads applied normal to the section, as shown in Figure 4-7a;
however, since it is usually easier to build cast-in-place inlets with the main sidewall
reinforcing (Asl) vertical, thé'reinforcing spacing and area must be adjusted to provide the
necessary area. This is.aecomplished, as shown in Figure 4-7b, by using the transverse
spacing assumed for the analysis as the horizontal spacing, and by modifying the area of

sidewall outside reinforcing by

As]
A s —2— Eq. 4.35

* ~ /S5 1)
A conseguence of installing the main reinforcing at an angle to the applied forces is the
création of secondary stress resultants in the wall in the longitudinal direction. These stress
resultants are relatively small and sufficient flexural resistance is usually developed if the
minimum flexural reinforcing is provided in the longitudinal direction, as shown in Figure
4-7b.
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Design for load perpendicular
to section '

a. Dimensions, loads and reinforcement area, A ; ‘based on analysis for loads
‘ transverse to slope of slope tapered inlet.

Lohgitudinal reinforcing to meet minimum requirements for.
flexural reinforcing = 0.002 bh, maximum spacing equals |2 in.

™ Main reinforcing installed vertically,

Areaq = As‘l/a]/(l /sf?) .l

Based on analysis in a. above.

-

b. Reinforcing requirements when main reinforcing is installed vertically,
and transverse reinforcing is parallel to slope.

Figure 4-7 DESIGN CONSIDERATIONS FOR SLOPE TAPERED INLETS
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4.2  Corrugated Metal Pipe Design Method

The AASHTO design method for corrugated metal structures has been successfully used for
many years, and is reproduced in Appendix A. As noted in Chapter 3, many manufacturers
provide proprietary modifications to large or unusual corrugated metal culverts, and should

be consulted prior to completion of detailed designs.

The use of side tapered corrugated metal inlets requires the design of horizontal elliptical
sections. The current AASHTO Bridge Specifications provide for the design of. horizontal
ellipses only under section 1.9.6 Long Span Structural Plate Structures,” Long-span

structures are set apart from typical corrugated metal pipe in that:

° "Special features", such as longitudinal or circumferential stiffeners, are required to
control deformations in the top arc of the structure.

. The design criteria for buckling and handling do not gpply.

The concept of special features was introduced by the corrugated metal pipe industry to
help stiffen long-span structures without using hedvier corrugated metal plate, on the theory
that the extra stiffness provided by the-special(features allows the use of lighter corrugated
metal plate, since the combined stiffnesscof the plate and special feature may be used in
design. thus, for such structures, the corrugated metal plate alone need not meet the

handling and buckling criteria. This)approach results in more economical structures for

large spans.

The concept of special features also applies to side tapered corrugated metal inlets;
however, it is not practical to provide special features for small inlets, and thus a special
condition exists. ~The recommended approach for these structures is that either special
features must bé provided, or the handling and buckling criteria must be met by the
corrugated metal section alone. This is not specifically allowed by the AASHTO Bridge
Specification, but is within the design philosophy of the code.
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5. COMPUTERIZED ANALYSIS AND DESIGN OF REINFORCED CONCRETE SECTIONS

Computer programs that make the analysis and design of concrete culvert and inlet sections
both simple and cost effective are described in this Chapter. Use of the computer methods
allows the engineer to make a more complete evaluation of various culvert configurations

for a given installation.
5.1 Box Sections

The design program for buried reinforced concrete box sections provides.a ‘comprehensive
structural analysis and design method that may be used to design any single’cell rectangular
box section with or without haunches. For tapered inlet design, the program may be used to
design cross sections at various locations along the longitudinal dxis“that the designer may
then assemble into a single design. This program is modelled ‘after a similar program that
was used to develop ASTM Specification C789 (AASHTO 'M259) "Precast Reinforced
Concrete Box Sections for Culverts, Storm Drains and Sewers". This section gives a general
description of the program. Specific information needed to use the program is given in

Appendix B. A program listing is provided-in*Appendix H.
5.1.1 Input Variables
The following parameters are input variables in the program:

° Culvert geometry =, “span, rise, wall thicknesses, and haunch dimensions.

° LLoading data — depth of fill, density of fill, lateral pressure coefficients,
soil-structure interaction factor, depth of internal fluid, and
density of fluid.

° Materialkproperties — reinforcing tensile vyield strength, concrete compressive
strength, and concrete density.

® Design data — load factors, concrete cover over reinforcement, wire
diameter, wire spacing, type of reinforcing used, layers of
reinforcing used, capacity reduction factor, and limiting
crack control factor.
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The only parameters that must be specified are the span, rise, and depth of fill. If no values
are input for the remaining parameters, then the computer will use standard default values.

Default values are listed in Appendix B (Table B-1) for all the input parameters.
5.1.2 Loadings

The program analyzes the five loading cases shown in Figure 5-1. The loading cases dre
separated into two groups; permanent dead loads (Cases |, 2 and 3) that are, dlways
considered present and additional dead loads (Cases 4 and 5) that are considered present only
when they tend to increase the design force under consideration. The twocféot surcharge
load (Section 2.4) is added to the height of fill, and is therefore consideréd as a permanent
dead load.

Earth pressures are assumed distributed uniformly across the width of the section and vary
linearly with depth. Soil reactions are assumed to be uniformily distributed across the base

of the culvert.
5.1.3 Structural Analysis

To determine the design moments, thrusts;‘and shears, the program employs the stiffness
matrix method of analysis. Box culverts-are idealized as 4 member frames of unit width.
For a given frame, member stiffnessnatrices are assembled into a globa! stiffness matrix; a
joint load matrix is assembled, dnd conventional methods of matrix analysis are employed.
For simplicity, the fixed end Yforce terms and flexibility coefficients for a member with
linearly varying haunches{are determined by numerical integration. The trapezoidal rule

with 50 integration points is used and a sufficiently high degree of accuracy is obtained.
5.1.4 Design of Reinforcing

The program incorporates the design method entitled "Design Method for Reinforced
Conerete Pipe and Box Sections", developed by Simpson Gumpertz & Heger Inc. for the
American Concrete Pipe Association (9). This method is presented in Chapter 4. For a
given trial wall thickness and haunch arrangements the design procedure consists of
determining the required steel reinforcement based on flexural strength and checking limits
based on crack control, concrete compressive strength, and diagonal tension strength. I[f the

limits are exceeded, the designer may choose to increase the amount of steel reinforcement,
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add stirrups for diagonal tension, or change the wall thicknesses and haunch geometry as

required to provide a satisfactory design.
The following limitations apply to the use of the program to design box sections:

® Only transverse reinforcement areas are computed.

° Anchorage lengths must be calculated and added to the theoretical cut-off lengths
determined by the program.

° The program does not design wall thicknesses (these must be input by the user).

° The program does not design shear reinforcement, but prints a message when shear
reinforcement is required.

These limitations are included to allow the structural designer the maximum possible
flexibility in selecting reinforcing, i.e. type (hot rolled reinforcing bar or smooth or

deformed welded wire fabric), size and spacing.

The maximum forces at the design sections (Figire #=2) are determined by taking the forces
due to the permanent dead load cases, and*adding“to them the forces due to the additional
dead load cases, if they increase the maximum force. Five steel areas designated as ASI,
AS2, AS3, AS4 and AS8 in Figure 4-1 are-sized based on the maximum governing moment at
each section. The area AS| is the maximum of the steel areas required to resist moments at
locations 5, || and 12 in Figure 4~2.” Areas AS2, AS3, AS4 and AS8 are designed to resist
moments at locations |, |5, 8 and’ 4, respectively. The steel areas determined for flexural
strength requirements are then checked for crack control. The program then checks shear
by both Methods | and.2,(Section 4.1.4) at the locations shown in Figure 4-2. The more

conservative criterigvis Used as the limiting shear capacity.

For the reinforcing scheme for precast box sections (Figure 4-la), the theoretical cutoff
lengths, L4 for ASI in the top and the bottom slab are calculated from the assumption of
uniformty distributed load across the width of the section. The point where the negative
moment envelope is zero is computed from the minimum midspan moment. Informative
messages are printed when excessive concrete compression governs the design or when

stirrups are required due to excessive shear stresses.
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5.1.5 Input/Output Description

The amount of data required for the program is very flexible because much of the data is
optional. Input for a particular box culvert may range from a minimum of 3 cards to a
maximum of |6 cards depending on the amount of optional input data required by the
designer. The type of data to be supplied on each card is specified in Appendix B. A
program with minimum data would require only a title card, data card | specifying the spdn,

rise and depth of fill, and data card |5 indicating the end of the input data.

The amount of output can be controlled by the user, as described in Appendix B. The
minimum amount of output that will be printed is an echo print of the input data and a one
page summary of the design. An example design summary sheet is included in Appendix B.
Additional available output includes maps of major input arrays, displacements, end forces,

moments, thrusts and shears at critical sections, and shear and flexure design tables.

5.2  Circular and Elliptical Pipe Sections

The program for buried reinforced concrete pipe'has the capability to analyze and design
circular, and horizontal elliptical pipeiinformation needed to use the program is presented

in Appendix C.

5.2.1 Input Variables and Dimensional Limitations

The following parameters arg’input variables in the program:

° Pipe Geometry — diameter for circular pipe, or radius |, radius 2, horizontal
offset, and vertical offset for elliptical pipe, and wall
thickness (see Figure 1-2)

° Loading\Data — depth of fill over crown of pipe, density of fill, bedding
angle, load angle, soil structure interaction factor, depth of
internal fluid and fluid density

° Material Properties — reinforcing tensile yield strength, concrete compressive
strength and concrete density

[ Design Data — load factors, concrete cover over inner and outer reinforce-
ment, wire diameters, wire spacing, reinforcing type, layers
of reinforcing, capacity reduction factor, crack control
factor, shear process factor and radial tension process
factor
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The pipe geometry and height of fill are the only required input parameters. Default values
are assumed for any optional data not specified by the user. Appendix C (Table C-1) lists all

the input parameters and their associated default values.
The program has the following limitations:

The specified load angle must be between 180° and 300°.

The specified bedding angle must be between 10° and 180°,

The sum of the bedding and load angles must be less than or equal to 360%
Only circumferential reinforcement is designed.

Wall thicknesses must be selected by the designer.

Internal pressure is not a design case.
5.2.2 Loadings

The program analyzes the three load cases shown in Eigure 5-2. l.oad cases | and 2 are
considered as permanent dead load, and load case 3 is considered additional dead load and is
used in design only if it increases the design force under consideration. The two foot
surcharge load suggested in Section 2¢4.should be added to the height of fill input into the

program.
5.2.3 Structural Analysis

Due to symmetry, it is only ‘hecessary to analyze one half of the pipe section. The pipe is
modelled as a 36 memberplane frame with boundary supports at the crown and invert. Each
member spans 5 degrees and is located at middepth of the pipe wall. For each member of
the frame, a member stiffness matrix is formed, and then transformed into a global
coordinate system. The loads on the pipe are calculated as pressures applied normal and
tangential to each of the 36 members. These pressures are converted into nodal pressures
that act(radially and tangentially to the pipe. Loads at each joint are assembled into a joint
load\imatrix, and a solution is obtained by a recursion algorithm from which member end

forces are obtained at each joint. Analysis is completed separately for each load condition.
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|. Pipe Weight

Zpt = We7
Note: These logd cases also apply
R | . to ellipfical sections.

Zpb:We

2. Soil Weight

3. Internal Fluid Load

Figure 5-2 PIPE SECTION LOAD CASES
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5.2.4 Design of Reinforcing

Forces or moments for ultimate strength design are determined by summing the stress
resultants obtained from the analyses for dead load, and earth load, and fluid load, (if the
latter increases the force under consideration), and multiplying the resultant by the

appropriate load factor.

The design procedure consists of determining reinforcement areas based on bending,moment
and axial compression at locations of maximum moment, and checking for radial tension
strength, crack control, excessive concrete compression and diagonal tension’strength. If
necessary, the reinforcement areas are increased to meet these other requirements. The

design procedure is the same as used for box sections (See Chapter 4),

Reinforcing is designed at three locations; inside crown, inside{invert and outside springline
(See Figure 4-4). These areas are designated Asc y Asi and Aso’ respectively. Critical shear
locations are determined by locating the points where MU/VU<|> Vd equals 3.0 (See Chapter 4).
Shear forces are calculated at each of these'(points and compared to the maximum shear
strength. When the applied shear exceeds thelshear strength, stirrups are designed by
outputting a stirrup design factor (Sdf)' This (s then used to determine stirrup area by the

following equation:

S (s)
AL df

\Y f
v

Eq. 5.1

This allows the designer to@elect a desirable stirrup spacing and to vary fv depending upon
the developable strength\of the stirrup type used. The stirrup reinforcing strength, fv’ is
based on either the yield strength of the stirrup material, or the developable strength of the

stirrup anchoragejcwhichever is less.
5.2.5 Input/Output Description

The amount of data required for the program is very flexible because much of the data is
optional. For an elliptical pipe, the number of data cards required may range from 5 cards
to 14 cards. For circular pipe design, one less card is required. The type of data to be
specified on each card and format is described in Appendix C. The first card for every
design is a problem identification card which may be used to describe the structure being

designed. The remaining cards are data cards. Data cards | through 3 are required cards
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that specify the pipe geometry and height of fill. Data cards 4 through 12 specify the
loading data, material strengths, and design criteria to be used. A data card over 12
indicates that the end of the data stream has been reached. For elliptical pipe, a design
with a minimum amount of data would require a title card, data cards | through 3 specifying
the culvert geometry and height of fill, and a data card with code greater than 12,

indicating the end of the data stream. For circular pipe, data card 2 is not required.

The amount of output can be controlled by the user, as described in Appendix-C.” The
minimum amount of information that will be printed is an echo print of the inpytdata and a
one page summary of the design. Additional available output includes stiffpess mairices,

displacements, moments, thrusts and shears at each node point and a table of design forces.
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6. DESIGN OF APPURTENANT STRUCTURES

In order to integrate an improved inlet into a culvert system, several appurtenant structures
may be required. These structures, which include circular to square transition sections,
wingwalls, headwalls and aprons also require the attention of a sfructural engineer. The
design of these structures is governed by the AASHTO Bridge Specifications (4), as is thé
design of inlets. Design requirements of these structures are discussed below. Typical
suggested details are included in Appendix G. Suggested designs for several of-these

structures are presented in Appendix E.
6.1 Circular to Square Transition

In some instances it is desirable to use a cast-in-place box inlet(with a circular culvert

barrel. This requires the use of a transition section that meets thefollowing criteria:

. The cross section must provide a smooth transition fnom a square to a circular shape.
The rise and span of the square end should be equal to the diameter of the circular
section.

° The length of the transition section“must®e~at least one half the diameter of the

circular section.

The outside of the transition section ismof restricted by any hydraulic requirements; thus
structural, and construction considergtions should be used to determine the shape. Typi-
cally, for cast-in-place structures the simplest method is to make the outside square, and
maintain the box section reinforcing arrangement throughout the length of the section. This
simplifies the form work for;the outside and allows the use of the same reinforcing layout
throughout the length of\\the section, avoiding the need to bend each bar to a different
shape. A suggested geometry and reinforcing diagram is shown in Figure 6-1 and

Appendix G.

Reinforcing for transition sections can be sized by designing for the loads at the square end
of the section according to the design method of Chapter 4 and then using that reinforcing

throughout the length of the structure.

Typically, the transition section will be a cast-in-place structure up against a precast pipe
section. It is important that the backfill be well compacted (95% of maximum AASHTO T-
99) around both structures to preclude signficant longitudinal discontinuity stresses due to

the differing stiffnesses of the two structures.
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Square Cross Section ——/

With or Without Haunches

Section A-A

Figure 6-1 CIRCULAR TO SQUARE TRANSITION SECTION
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6.2 Wingwalls and Headwalls

At the opening of an improved inlet it is common to use a headwall and wingwalls to hold
the toe of the embankment back from the entrance, protecting it from erosion (Figure 1-1).
The headwall is a retaining wall with an opening for the culvert. It derives support from
attachment to the culvert, and is subject to less lateral soil pressure than a retaining wall of:
equal size since the culvert replaces much of the backfill. The wingwalls are retainingwalls

placed at either side of the headwall, usually at an angle (Figure 1-1).
6.2.1 Wingwalls

Wingwalls are designed as retaining walls and pose no unusual problems for the engineer.
The methods of design and construction of retaining walls vary widely, and it is not possible
to cover all of these in this Manual. There are a number of soif_.mechanics texts (10, 11, 12)
that explain in detail the analysis of retaining walls; also,*in 1967 the FHWA published
"Typical Plans for Retaining Walls" (I13) which gives~typical designs for cantilever and
counterfort type retaining walls. For the purpose of demonstrating typical details, one of
the drawings from this document was reyised andareproduced in Appendix G. The revisions
made were to change the steel areas forreflect the use of reinforcing with a yield stress of
60,000 psi, which is the most common type“in current use. The loading diagram and typical

reinforcing layout for this drawing are shown in Figure 6-2.

The designs are based on working_stress methods given in Section 1.5 of the AASHTO Bridge
Specification (4).

For large culverts, the.headwalls and wingwalls should always be separated by a structural
expansion joint. eor smaller structures, this expansion joint may be omitted at the

discretion of the designer.
6.2.2 Headwadlls

Headwalls are similar in appearance to wingwalls but behave much differently because of
the culvert opening. The presence of the culvert greatly reduces the lateral pressure on the
wall, and since the headwall is normally secured to the culvert barrel, the lateral forces do
not normally need to be carried to the foot of the wall. Thus, for this case, only a small

amount of reinforcing as shown in the typical details in Appendix G need be placed in the
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P = 24.9(H )2

B W2
P, = ILI(H,)

2

P, = 223(H,)

Y = 120 Ibs./cu. ft.

Figure 6-2 LLOADING DIAGRAM AND TYPICAL REINFORCING LAYOUT
FOR CANTILEVER TYPE RETAINING WALL

Hl
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wall. [f the headwall is not anchored to the inlet, culvert or the wing walls, then the
headwall must be designed to span horizontally across the width of the inlet, and vertical

edge beams must be provided on each side of the inlet, cantilevering up from the foundation.

Skewed Headwalls: A special design case for a headwall occurs when the face of a culvert is
skewed relative to the barrel (Figure 6-3). This requires special design for the headwall, and
the portion of the culvert which is not a closed rectangle. The headwall is designed.as'a
vertical beam to support the loads on the edge portion of the culvert slab that is beyond the
closed rectangular sections of the culvert. This produces a triangular distribution of load
from the culvert slab to be supported by the vertical beam action offthe headwall.
Transverse reinforcing in the culvert is sized as required in the closed rectangular sections,
and in the area of the skew, this reinforcing is cut off at the skew\face of the headwall
beam. In addition, U-bars are provided at the skew edge, as shown in Figure 6-3. Skewed
headwalls are not recommended for normal installations. The best hydraulic performance is

received from a headwall that is perpendicular to the barreks
6.3 Apron Slabs

Apron slabs are slabs on grade in front of the culvert face section. They are primarily used
to protect against erosion, and to hold the) slope of fall sections. Apron slabs should be

treated as slabs on grade for design purposes.
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Skew Angle
0° to 45°

.-—l—- Design‘as Typical Box Section

Use Same
Reinforcing Scheme
As Box Section

—
Same Size
As ASI Main & Longitudinal
Reinforcing
.ﬁﬂ?ﬁ;ﬁz ~ 7 e
f/ Ll L4
/]
SECTION A-A

Figure 6-3 SKEWED HEADWALL DETAIL
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APPENDIX A
CORRUGATED METAL CULVERT DESIGN
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Section 1.9  Soil Corrugated Metal Structure Interaction Systems
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SECTION 9—SOIL-CORRUGATED METAL STRUCTURE
INTERACTION SYSTEMS

1.9.1—GENERAL

{A) Scope

The specifications of this section-are“intended for the structural design of
corrugated metal structures. Itsmust berecognized that a buried flexible
structure is a composite structire made.up of the metal ring and the soil
envelope; and both materials-.play a vital part in the structural design of flex-
ible metal structures.

(B) Service Load Design
This is a working stress method, as traditionally used for culvert design.

(C) Load Factor Design _ .
This is an alternate-method of design based on ultimate strength princi-
ples.

(D) Loads

Design-load, P, shall be the pressure acting on the structure. For earth
pressures~see Article 1.2.2(A). For live load see Articles 1.2.3-1.2.9, 1.2.12
and 1.3.3, except that the words *“When the depth of fill is 2 feet (0.610m) or
more’’ in paragraph 1 of Art.1.3.3 need not be considered. For loading com-
binations see Article 1.2.22.

(E) Design
{1) The thrust in the wall must be checked by three criteria. Each considers
the mutual function of the metal wall and the soil envelope surrounding it.
The criteria are: -’
(a) Wall area

(b} Buckling stress
(c) Seam strength (structures with longitudinal seams)
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(2) Thrust in the wall is:
S
T=P X —
2

Where P = Design load, lbs/sq.ft. (N/m?
S = Diameter or Span, ft. (m)
T = Thrust, lbs/ft. (N/m)
{3) Handling and installation strength.
Handling and installation strength must be sufficient to withstand impact
forces when shipping and placing the pipe.
(4) Minimum cover
Height of cover over the structure must be sufficient to prevent damage
to the buried structure. A minimum of 2 feet (.610m)is ‘suggested.

(F) Materials

The materials shall conform to~the” AASHTO specifications referenced
herein.

(G) Soil Design
(1) Soil parameters
The performance of a flexible culvert is dependent on soil structure inter-
action and soil stiffness.
The following must be-considered:
{a) Soils .
(1) The type and‘anticipated behavior of the foundation soil must be
considered; i.&, stability for bedding and settlement under load.
(2) The type, compacted density and strength properties of the soil

envelopedmmediately adjacent to the pipe must be established. Dimen-

sions of\culvert soil envelope—general recommended criteria for lateral
limits‘are as follows:

Trench width—2 ft. (.610m) minimum each side of culvert. This
récommended limit should be modified as necessary to account for
variables such as poor in situ soils.

Embankment installations—one diameter or span each side of cul-
vert.

The minimum upper limit of the soil envelope is one foot (.305m)
above the culvert. Good side fill is considered to be a granular material
with little or no plasticity and free of organic material, i.e., AASHTO
classification groups A-1, A-2 and A-3 and compacted-to a minimum 90
percent of standard density based on AASHTO Specifications T99
(ASTM D 698).

(3) The density of the embankment material above the pipe must be
determined. See Article 1.2.2(A).
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(2) Pipe arch design

Corner pressures must be accounted for in the design of the corner back-
fill. Corner pressure is considered to be approximately equal to thrust
divided by the radius of the pipe arch corner. The soil envelope around the
corners of pipe arches must be capable of supporting this pressure.

(3) Arch design

(a) Special design considerations may be applicable. A buried flexible
structure may raise two important considerations. First is that ituis
undesirable to make the metal arch relatively unyielding or fixed com-
pared to the adjacent sidefill. The use of massive footings or ppiles to
prevent any settlement of the arch is generally not recommendédy Where
poor materials are encountered consideration should be given-to.,removing
some or all of this poor material and replacing it with acceptable material.
The footing should be designed to provide uniform longitudinal settle-
ment, of acceptable magnitude from a functional aspect.\Providing for the
arch to settle will protect it from possible drag down forces caused by the
consolidation of the adjacent sidefill.

The second consideration is bearing pressure (of soils under footings.
Recognition must be given to the effect/of depthrof the base of footing and
the direction of the footing reaction.from the/arch.

Footing reactions for the metalharch are*considered to act tangential to
the metal plate at its point.oficonnection to the footing. The value of the
reaction is the thrust in thednetal darch plate at the footing.

(b) Invert slabs and/or other appropriate alternates shall be provided
when scour is anticipated. ‘

(H) Abrasive or Corrosive Conditions

Extra metal thickness; or-coatings, may be required for resistance to cor-

rosion and/or abrasion/
For a highly abrasive condition, a special design may be required.

{)) Minimum Spating

When multiple lines of pipes or pipe arches greater than 48 inches (1.219m)
in diametér or span are used, they shall be spaced so that the sides of the
pipe shall be no closer than one-half diameter or three feet ((914m), which-
everis\less, to permit adequate compaction of backfill material. For diam-
eters up to and including 48 inches {1.219m), the minimum clear spacing
shiall be not less than two feet (.610m).

{J) End Treatment

Protection of end slopes may require special consideration where back-
water conditions may occur, or where erosion and uplift could be a problem.
Culvert ends constitute a major run-off-the-road hazard if not properly de-
signed. Safety treatment such as structurally adequate grating that con-
forms to the embankment slope, extension of culvert length beyond the
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point of hazard, or provision of guard rail are among the alternatives to be
considered.
End walls on skewed alignment require a special design.

(K) Construction and Installation
The construction and installation shall conform to Section 23, Division 11.

1.9.2—-SERVICE LOAD DESIGN
(A) Wall Area
A = Tyf,

where A = Required wall area, in%ft (m?%/m)
T, = Thrust, Service Load, lbs/ft (N/m)
= Allowable stress-specified minimum yield point,\psi (MPa),
divided by safety factor (£,/SF)

(B) Buckling
Corrugations with the required wall area, A, shall be checked for possible
buckling.
If allowable buckling stress, f./SF; iseSs than'f,, required area must be
recalculated using f./SF in lieu of f,.
Formulae for buckling are:

24E £2 /kS\2
s <~ | 22Em ghengll £, - 4L (—
k fy 48E,, r

r | 23E 12E
IfS> — D thenf, = m
kAl 1, e T kSin)?

Where f, = Specified minimum tensile strength, psi (MPa)
f,, = Critical buckling stress, psi (MPa)
k ="Soil stiffness factor = 0.22
S (=) Diameter or span, inches (m)
r.= Radius of gyration of corrugation, in. (m)
E/, = Modulus of elasticity of metal, psi (MPa)

(C)'Seam Strength

For pipe fabricated with longitudinal seams (riveted, spot-welded, bolted),
the seam strength shall be sufficient to develop the thrust in the pipe wall.
The required seam strength shall be:

SS = T, (SF)

A-5
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Where SS = Required seam strength in pounds per foot (N/m)
T, = Thrust in pipe wall, lbs/ft (N/m)
SF = Safety Factor

(D) Handling and Installation Strength
Handling and installation rigidity is measured by a Flexibility Factor, FF,

determined by the formula
FF = sYEl

Where FF = Flexibility Factor, inches per pound (m/N)

s = Pipe diameter or maximum span, inches (m)

E,, = Modulus of elasticity of the pipe material, psi{MPa)

I = Moment of inertia per unit length of cross section of the pipe
wall, inches to the 4th power per inch {m*/m).

1.9.3—LOAD FACTOR DESIGN
(A) Wall Area

A = Tyjef,
Where A = Area of pipe wall,in%ft (m?m)
T, = Thrust, load factor, lbs/ft (N/m)
f, = Specified minimum yield point, psi (MPa)
¢ = Capacity ‘modification factor
(B) Buckling

If £, is less than f, then A must be recalculated using f, in lieu of ;.

24E,, £,2

r
Ifs < n _fu 2 thenf, = f, — RE (ks/r)?
r 24E 12E
Ifs > — T thenf, = &
ST kA1, el T ksi)?
Where f, Specified minimum metal strength, psi (MPa)

Critical buckling stress, psi (MPa)

Soil stiffness factor = 0.22

Pipe diameter or span, inches (m)

Radius of gyration of corrugation, inches (m)
Modulus of elasticity of metal, psi (MPa)

w
o n
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(C) Seam Strength

For pipe fabricated with longitudinal seams (riveted, spot-welded, bolted),
the seam strength shall be sufficient to develop the thrust in the pipe wall.
The required seam strength shall be:

s§ = —k
¢

Where SS = Required seam strength in pounds/ft (N/m)

Ty, Thrust multiplied by applicable factor, in pounds/lin, ft.
{N/m)
¢ = Capacity modification factor

(D) Handling and Instailation Strength
Handling rigidity is measured by a Flexibility Factor, [FF, determined by
the formula

FF = s?/Eyl
Where FF = Flexibility Factor, inches per(potnd (m/N)
s = Pipe diameter of maximum(span, inches (m)
E,, = Modulus of elasticity of.the pipe material, psi (MPa)
1 = Moment of inertia per'unit length of cross section of the

pipe wall, inches to’the’4th power per inch {m*/m).

1.9.4—CORRUGATED METAL PIPE

(A) General

(1) Corrugated metal pipe and pipe-arches may be of riveted, welded or
lock seam fabrication*with annular or helical corrugations.
The specifications are:

Aluminum Steel
AASHTO M190, M196 AASHTO M36, M245, M190

{2) Séryice load design—safety factor, SF:
Seam strength = 3.0
Wall area = 2.0
Buckling = 2.0

{3) Load factor design—capacity modification factor, ¢.
Helical pipe with lock seam or fully welded seam

¢ = 1.00
Annular pipe with spot welded, riveted or bolted seam
¢ = 0.67
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(4) Flexibility factor
(a) For steel conduits, FF should generally not exceed the following

values:
147 (6.4mm) and Y2” (12.7mm) depth corrugation FF = 4.3 X 1072
1” (25.4mm) depth corrugation FF = 3.3 X 1072

(b) For aluminum conduits, FF should generally not exceed the following
values:
147 (6.4mm) and Y2” (12.7mm) depth corrugation FF = 9.5 X 1072
17 (25.4mm) depth corrugation FF = 6 X 1072

(5) Minimum Cover

The minimum cover for design loads shall be Span/8 but not.le§s than 12-
inches (.305 m). (The minimum cover shall be measured from the top of rigid
pavement or the bottom of flexible pavement).

For construction requirements see Article 2.23.10.

(B) Seam Strength
(1) Minimum Longitudinal Seam Strength

2 X 1/2 (50.8 X 12.7) and

2-2/3 X 1/2 (67.8 X 12.7 mm)Corrugated 3 X 1(76.2 X 25.4 mm) Cotrugated
Steel Pipe Steel Pipe
Riveted or Spot Welded -.Riveted or Spot Welded

Rivet Single Double Rivet Double

Thickness Size Rivets Rivets Thickness Size Rivets
{inches) (inch) {Kips/foot) (Kips/foot) {inches) {inch) (Kips/foot)

{mm) (mm) (kN/m) (kIN/m) (mm) {mm) (kN/m)

0.064(1.63) 5/16(7.9) 16.7(244) 21.6(315) 0.064(1.63) 3/8(9.5) 28.7(419)

0.079(2.01) 5/16(7.9) 18.2(266) 29.8(435) 0.079(2.01) 3/8{9.5) 35.7(521)

0.109(2.77) 3/8(9.5) 23.4{342) 46.8(685) 0.109{2.77) 7/16(11.1} 53.0(773)

0.138(3.51) 3/8(9.5) 24.5(358) 49.0(715) 0.138(3.51) 7/16{11.1) 63.7(930)
0.168(4.27) 3/8(9:5) 25.6(374) 51.3(748) 0.168(4.27) 7/16(11.1) 70.7{1033)

9-% 1/2 (50.8 X 12.7) and 2-2/3 X 1/2 (67.8 X 12.7mm)} Corrugated
Aluminum Pipe

Riveted
Rivet Single Double
Thickness Size Rivets Rivets
{(inches){mm) {inch){mm) {Kips/foot)(kN/m) (Kips/foot){kN/m)
0.060(1.5) 5/16(7.9) 9.0(131) 14.0(204)
0.075(1.9} 5/16{7.9) 9.0{131) 18.0(263)
0.105(2.7) 3/8(9.5) 15.6(228) 31.5(460}
0.135(3.4) 3/819.5) 16.2(236) 33.0(482)

0.164(4.2) 3/8(9.5) 16.8(245) 34.0(496)
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{
3 X 1(76.2 X 25.4mm) Corrugated 6 X 1{152.4 X 25.4mm) Corrugated
Aluminum Pipe Aluminum Pipe
Riveted Riveted
Rivet Double Rivet Double
Thickness Size Rivets Thickness Size Rivets
(inches) {inch) (Kips/foot) {inches) (inch) (Kips/foot)
(mm) {mm) {kN/m) {mm) {mm) (kN/m})
0.060(1.5) 3/8(9.5) 16.5(239) 0.060{1.5) 1/2(12.7) 16.0(232)
0.075(1.9) 3/8{9.5) 20.5(297) 0.075{1.9) 1/2(12.7) 19.9(288)
0.105(2.7) 1/2(12.7) 28.0{4086) 0.105(2.7) 1/2(12.7) 27.9(405)
0.135(3.4} 1/2(12.7) 42.0(608) 0.135(3.4) 1/2(12.7) 35.9(5620)
0.164(4.2) 1/2(12.7) 54.5(790) 0.167(4.2) 1/212.7) 43.5(631)
(C) Section Properties
(1) Steel conduits
1-1/2 X 1/4 (38.2 X 6.4mm) Corrugation 2-2/3 X 1/2 (67.8 X 12.7mm) Corrugation
Thickness A, r Ix1073 A, r Ix107"
{inches) (sq.in/ft) {in.) (in*/in) (sq.in/ft) (in.) {in*/in)
(mm) {mm?/m) {mm) (mm*/mm) (mm®/m) (mm} {mm*/mm)
0.028 0.304
(71) (643.5)
0.034 0.380
(.86) (804.3)
< 0.040 0.456 0.0816 0.253 0.465 0.1702 1.121
(1.02) (965.2) (2.07) 141449} (984.3) (4.32) {18365.3)
0.052 0.608 0.0824 0.344 0.619 0.1707 1.500
(1.32) (1286.9) (2.09) (5635'8) (1310.2) (4.34) (24574.5)
0.064 0.761 0.0832 0439 0.775 0.1712 1.892
(1.63) {1610.8) (2.11) 7192.1) (1640.4) (4.35) (30996.6)
0.079 0.950 0.0846 0.567 0.968 0.1721 2.392
(2.01) (2010.8) (2.15) (9289.2) (2048.9) (4.37) {39188.1)
0.109 1.331 0.0879 0.857 1.356 0.1741 3.425
(2.77) (2817.3) 2.23) {14040.2) (2870.2) {4.42) {56111.8)
0.138 1.712 0.0919 1.205 1.744 0.1766 4.533
(3.51) (3623.7) (2.33} (19741.5) (3691.5) (4.49) (74264.1)
0.168 2.098 0.0967 1.635 2.133 0.1795 5.725
(4.27) {4440.8) {2.46) {26786.2) {4514.9) (4.56) (93792.7)

3 %1 (76.2 X 25.4mm) Corrugation

5 X 1{127 X 25.4mm) Corrugation

Thickness A,

(inches) (sq.in/ft)
{mm) {mm?/m)
0.064 0.890
(1.63) (1883.8)
0.079 1.113
(2.01) (2355.9}
0.109 1.560
(2.77) (3302.0)
0.138 2.008
(3.51) (4250.3)
0.168 2458
(4.27) (5202.8)

r I X107
tin.) {in*/in)
{mm) (mm’/mm)
0.3417 8.659
(8.68) (141860}
0.3427 10.883
(8.70) (178296)
0.3488 15.459
{8.86) (253265)
0.3472 20.183
(8.82) (330658)
0.3499 25.091
(8.89) (411065)

AS
(sq.in/ft)
{mm?/m)

0.794
(1680.6)
0.992
(2099.7)
1.390
(2942.2)
1.788
(3784.6)
2.186
(4627.0)

r
{in.)
(mm)

0.3657
(9.29)
0.3663
(9.30)
0.3677
(9.34)
0.3693
(9.38)
0.3711
9.43)

Ix107?
(in*/in)
{mm”/mm)
8.850
{144990)
11.092
(181720)
15.650
(256394)
20.317
{332853)
25.092
(411082)
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(2) Aluminum conduits

1-1/2 X 1/4 (38.2 X 6.4mm) Corrugation  2-2/3 X 1/2 {67.8 X 12.7mm) Corrugation

Thickness A, r Ix107* A, r Ix107*
(inches) (sq.in/ft) {in.) {in*/in) (sq.in/ft) {in.) {in*/in)
{mm) {mm?/m) {mm) {mm*/mm) {mm?/m) {mm) (mm*/mm)
0.048 0.608 0.0824 0.344
(1.22) (1286.9) {2.09) {5635.8)
0.060 0.761 0.0832 0.349 0.775 01712 1.892
(1.52) {1610.8 (2.11) (5717.7) {1640.4) (4.35) (30996.6)
0.968 0.1721 2.392
{2048.9) (4.37) {39188.1)
1.356 0.1741 3.42%
{2870.2) {4.42) (56111.8)
1.745 0.1766 4533
(3693.6) {4.49) (74264.1)
2.130 0.1795 5.725
(4508.5) (4.56) (93792.7)
3 X 11{76.2 X 25.4mm) Corrugation 6 X 111524 X 25Mmm)
Effective
Thickness A, r Ix107" A, Area r Ix1073
{inches) (sq.in/ft) (in.) {in'/in) (8q.in/ft) (sQ/in/ft) {in.) {in*/in)
{mm) {mm?/m) {mm) (mm*/mm) (m%m)  <[mm®/m) (mm) (mm*/mm)
0.060 0.890 0.3417 8.659 0.775 0.387 0.3629 8.505
(1.52) {1883.8) 8.68) {141860) (164073} (819.2) (9.22) (139337)
0.075 1.118 0.3427 10883 0:968 0.484 0.3630 10.631
(1.91} {2366.4) (8.70) (178296) {2048.9) (1024.5) {9.22) {174168)
0.105 1.560 0.3488 15.459 1.356 0.678 0.3636 14.340
(2.67) (3302.0) (8.86) 12532651 {2870.2) (1435.1) (9.24) {234932)
0.135 2.088 0.3472 20.183 1.744 0.872 0.3646 19.319
(3.43) (4419.6) (8.82) (330658) (3691.5) (1845.7) {9.26) {316503)
0.164 2.458 0.3499 25.091 2.133 1.066 0.3656 23.760
(4.17) (5202.8) (8.89) (411065) (4514.9) (2256.4) (9.29) (389260)

(D) Chemical and“Mechanical Requirements

(1) AluminumZCorrugated Metal Pipe and Pipe-Arch Material require-
ments—AASHTO M 197

Mechanical properties for design

Minimum Minimum

Tensile Yield Mod. of
Strength Point Elast.
psi (MPa) psi (MPa) psi (MPa)

31,000(213.737) 24,000(165.474) 10 X 10%(68947)

(2) Steel——Corrugated Metal Pipe and Pipe-Arch
Material requirements—AASHTO M 218
. M 246
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Mechanical properties for design

Minimum Minimum

Tensile Yield Mod. of
Strength Point Elast.
psi (MPa) psi (MPa) psi (MPa)

45,000(310.264) 33,000(227.527) 29 X 105(199948)

(E) Smooth Lined Pipe

Corrugated metal pipe composed of a smooth liner and corrugated shell
attached integrally at helical seams spaced not more than 30 inches (.762
m) apart may be designed in accordance with Article 1.9.1 on the.same
basis as a standard corrugated metal pipe having the same corrugations as
the shell and a weight per foot (m) equal to the sum of the weights per foot
(m) of liner and helically corrugated shell. The shell shall be limited to corru-
gations having a2 maximum pitch of 3 inches (76.2mm) and a thickness of not
less than 60 percent of the total thickness of the equivalent standard pipe.

1.9.5—STRUCTURAL PLATE PIPE STRUCTURES

(A) General

(1) Structural plate pipe, pipe (@nches, and” arches shall be bolted with
annular corrugations only.
The specifications are:

Aluminum Steel
AASHTO M219 AASHTO M167

(2} Service load design—safety factor, SF
Seam strength = 3.0
Wall area = 2.0
Buckling = 2.0

(3) Load factor design-~capacity modification factor, ¢
¢ = 0.67

(4) Flexibility factor
{a) For steel conduits, FF should generally not exceed the following

valaes:

6" X 2” (152.4 X 50.8mm) corrugation FF = 2.0 X 1072 (Pipe)

6” X 2” (152.4 X 50.8mm) corrugation FF = 3.0 X 1072 {Pipe-arch)

6” X 27 (152.4 X 50.8mm) corrugation FF = 3.0 X 1072 (Arch)

(b) For aluminum conduits, FF should generally not exceed the following

values:

97 X 22" (228.6 X 63.5mm) corrugation FF = 2.5 X 1072 (Pipe)

9”7 X 22" (228.6 X 63.5mm) corrugation FF = 3.6 X 10~2 (Pipe-

arch)
9”7 X 22" (228.6 X 63.5mm) corrugation FF = 7.2 X 1072 (Arch)

A-11
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{5) Minimum cover

The minimum cover for design loads shall be Span/8 but not less than 12-
inches (.305m). (The minimum cover shall be measured from the top of rigid
pavement or the bottom of flexible pavement). For Construction require-

ments see Article 2.23.10.
(B) Seam Strength

Minimum Longitudinal Seam Strengths
6 X 2 (152.4 X 50.8mm) Steel Structure Plate Pipe

Thickness Bolt Size 4 Bolts/ft(.305m) 6 Bolts/ft(.305m) 8 Bolts/ft(.305m)

(inches) {inch) {Kips/foot) (Kips/foot) (Kipsi/foot)
{mm) {mm) (kN/m) (kN/m) {kN/m)

0.109(2.77) 3/4(19.1) 43.01627.8)

0.138(3.51) 3/4(19.1) 62.0(905.2)

0.168(4.27) 3/4(19.1) 81.0(1182.6)

0.188(4.78) 3/4(19.1) 93.0(1357.8)

0.218(5.54) 3/4(19.1) 112.0(1635.2)

0.249(6.32) 3/4(19.1) 132.0(1927.2)

0.280(7.11) 3/4(19.1) 144.0(2102.4) 180(2628.0) 194(2832.4)

9 X 2-1/2 (228.6 X 63.5mm) Aluminum Structural

Plate Pipe

Steel Bolts Aluminum Bolts
5-1/2 Bolts 5-1/2 Bolts

Thickness Per ft{.305m) Per ft(.305m) |
{inches) Bolt Size (Kips/foot) (Kips/foot)

{mm) (inch) (kN/m) {kN/m)

0.10(2.54) 3/4(19.1) 28.0{408.8) 26.4(385.4)
0.125(3.18) 3/4{19.1) 41.0(598.6) 34.8(508.1)
0.15(3.81) 3/4(19.1) 54.1{789.9) 44.4(648.2)
0.175(4.45) 3/4(19.1) 63.7(930.0) 52.8(770.9)
0.200(5.08) 3/4(19.1) 73.4{1071.6) 52.8(770.9)
0.225(5.7.2) 3/4(19.1) 83.2{1214.7) 52.8(770.9)
0.250(6.35) 3/4{19.1) 93.1(1359.3) 52.8(770.9)

(C) Section Properties
(1) Steel’conduits

6”7 X 2” (152.4 X 50.8mm) Corrugations

Thickness A, r Ix107"
{inches) (sq.in/ft} (in.) {in*/in)
{mm) (mm?/m) {mm) {mm*/rom)
0.109(2.77) 1.556(3293.5) 0.682(17.32) 60.411{989713)
0.138(3.51) 2.003(4239.7) 0.684{17.37) 78.175(1280741)
0.168(4.27) 2.449{5183.7) 0.686{17.42) 96.163(1575438)
0.188(4.78)} 2.139(5797.6) 0.688(17.48) 108.000(1769364)
0.218{5.54) 3.199(6771.2) 0.690(17.53) 126.922(2079363)
0.249(6.32) 3.650(7725.8} 0.692(17.58) 146.172(2394735)

0.280(7.11) 4.119(8718.6) 0.695(17.65) 165.836(2716891)



/ 1.9.5 DESIGN 249B
\
(2) Aluminum conduits
9”7 X 2-1/2” (228.6 X 63.5mm) Corrugations
Thickness A, r Ix107*
{inches) {sq.in/ft) {in)) {in"/in)
{(rmm) {mm?/m) {mm) (mm*/mm)
0.100(2.54) 1.404(2971.8} 0.8438(21.43) 83.065{1360854)
0.125(3.18) 1.750(3704.2) 0.8444(21.45) 103.991{1703685)
0.150(3.81) 2.100(4445.0) 0.8449(21.46)  124.883(2045958)
0.175(4.45) 2.449(5183.72) 0.8454(21.47)  145.895(2390198)
0.200(5.08) 2.799(5924.6) 0.8460(21.49)  166.959(2735289)
0.225(5.72) 3.14916665.4} 0.8468(21.51)  188.179(3082937)
0.2501(6.35) 3.501{7410.5) 0.8473(21.52)  209.434(3431157)
(D) Chemical and Mechanical Properties
(1) Aluminum—Structural plate pipe, pipe-arch, and arch
Material requirements—AASHTO M 219, Alloy 5052
Mechanical properties for design
Minimum Minimum
Thickness Tensile Yield Mod. of
(inches) Strength Point Elast.
(mm) psi (MPa) psi-(MPa} psi (MPa)
0.100 to 0.175 35,000 24,000 10 X 10°
) (2.54 to 4.45) (241.316) (165.474) 68947)
( 0.176 to 0.250 34,000 24,000 10 X 10°
R (4.47 to 6.35) (234.421) (165.474) (68947)

(2) Steel—Structural plate pipe,pipe-arch, and arch
Material requirements—AASHTO M 167

Meéchanical properties for design

Minimum Minimum
Tensile Yield Mod. of
Stréngth Point Elast.
psi (MPa) psi (MPa) psi {MPa}
45,000 33,000 29 X 10*
(310.264) (227.527) (199948)

(E) Structural Plate Arches

The désign of structural plate arches should be based on ratios of a rise to

span of*0.3 minimum.

1.9.6—LONG SPAN STRUCTURAL PLATE STRUCTURES

{A) General

Long span structural plate structures are short span bridges defined as:
(1) Structural Plate Structures (pipe, pipe arch, and arch) which exceed

maximum sizes imposed by 1.9.5.
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(2) Special shapes of any size which involve a relatively large radius of
curvature in crown or side plates. Vertical ellipses, horizontal ellipses, under-
passes, low profile arches, high profile arches, and inverted pear shapes are
the terms describing these special shapes.

Wall Strength and Chemical and Mechanical Properties shall be in accor-
“dance with Article 1.9.5. The construction and installation shall conform to
Section 23, Division 11.

(B) Design

Long span structures shall be designed in accordance with Art. 1.9.1,
1.9.2 or 1.9.3 and 1.9.5. Requirements for buckling and flexibility factor-do
not apply. Substitute twice the top arc radius for the span in the-fermulae
for thrust. Long span structures shall include acceptable special-features.
Minimum requirements are detailed in Table 1.

(2) Acceptable special features

(a) Continuous longitudinal structural stiffeners connected to the corru-

gated plates at each side of the top arc. Stiffeners may-be metal or reinforced
concrete or combination thereof.

{b) Reinforcing ribs formed from structural shiapés curved to conform to
the curvature of the plates, fastened to the structure as required to insure
integral action with the corrugated-plates, @nd spaced at such intervals as
necessary to increase the moment of inertia of the section to that required
by the design.

(3) Design for deflection

Soil design and placement requiréments for long span structures limit
deflection satisfactorily. Howeyver) construction procedures must be such
that severe deformations do not_bccur during construction.

{4) Soil design

Granular type soils shallybe used as structure backfill (the envelope next
to the metal structure)«Theé order of preference of acceptable structure back-
fill materials is as_follows:

(a) Well graded'sand and gravel; sharp, rough or angular if possible.

{b) Uniform-sand or gravel.

(c) Approved stabilized soil shall be used only under direct supervision
of a competent, experienced soils engineer. Plastic soils shall not be used.
The stfucture backfill material shall conform to one-of the following soil

classifications from AASHTO Specification M 145, Table 2: For height of fill
less-than 12 feet (3.658m), A-1, A-3, A-2-4 and A-2-5; for height of {ill of 12
feet(3.658m) and more, A-1, A-3. Structure backfill shall be placed and com-
pacted to not less than 90 percent density per AASHTO T 180.

The extent of the select structural backfill about the barrel is dependent
on the quality of the adjacent embankment. For ordinary installations, with
good quality, well compacted embankment or in situ soil adjacent to the
structure backfill, a width of structural backfill six feet (1.829m) beyond the
structure is sufficient. The structure backfill shall also extend to an eleva-
tion two (.610m) to four feet (1.219m) over the structure.

It is not necessary to excavate native soil at the sides if the quality of the
native soil is already as good as the proposed compacted side-fill. The soil
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over the top shall also be select and shall be carefully and densely com-
pacted.

(C) Structural Plate Shapes

STANDARD TERMINOLOGY OF STRUCTURAL PLATE SHAPES
INCLUDING LONG SPAN STRUCTURES.

O 0O &

PIPE ARCH
ROUND VERTICAL ELLIPSE
ARCH i ’
UNDERPASS HORIZONTAL
ELLIPSE

LOW PROFILE ARCH

|

HIGH PROFILE ARCH

INVERTED PEAR

FIGURE 1.9.6.

(D) End Treatment

When headwalls are not used, special attention may be necessary at the
ends of the structure. Severe bevels and skews are not recommended. For
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hydraulic structures, additional reinforcement of the end is recommended to
secure the metal edges at inlet and outlet against hydraulic forces. Rein-
forced concrete or structural steel collars, or tension tiebacks or anchors in
soil, partial headwalls and cut off walls below invert elevation are some of
the methods which can be used. Square ends may have side plates beveled
up to a maximum 2:1 slope. Skew ends up to 15° with no bevel, are permis-
sible. When this is done on spans over 20 feet (6.096m) the cut edge must be
reinforced with reinforced concrete or structural steel collar. When full head;
walls are used and they are skewed, the offset portion of the metal structure
shall be supported by the headwall. A special headwall shall be designed for
skews exceeding 15°. The maximum skew shall be limited to 35°.

(E) Multiple Structures .

Care must be exercised on the design of multiple, closely spaced struc-
tures to control unbalanced loading. Fills should be kept level over the series
of structures when possible. Significant roadway grades.across the series of
structures require checking stability of the flexible‘structures under the
resultant unbalanced loading.
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TABLE 1

Minimum Requirements for Long Span Structures With
Acceptable Special Features

R
1. TOP ARC TOP RADIUS IN FT (m)
15 1517 ' 17-20 20-23 23-25
(4.572) (4.572-5.182)  (5.182-6.096)  (6.096-7.010)  (7.010-7.620)
Minimurm Thickness
(mm)
6 X 2 Corrugated .109"” 138" .168" 218" 249"
Steel Plates (2.77) (3.51) (4.27) (5.54) (6.32)

(152.4 X 50.8)

II, MINIMUM COVER IN FT. (m)
TOP RADIUS IN FT. (m)

Steel Thickness? 15 15-17 17-20 - 23-25
in in. (mm) (4.572) (4.572-5.182)  (5.182-6.096)  (6.096-7.010)  (7.010-7.620)
.109 25
{2.77) .762)
.138 25 3.0
(3.51} 1.762) (.914)
168 2.5 3.0 3.0
14.27) (.762) {.914) {914)
.188 2.5 3.0 3.0
4.78) .762) (914} {.914)
218 2.0 25 2.5 3.0
(5.54) (.610) (.762) (.762) (.914)
249 2.0 2.0 25 3.0 4.0
{6.32) .610) (.610f .762) 914} {1.219)
.280 20 2.0 2.5 3.0 4.0
(7.11) {.610} {.610) £762) {914) {1.219)
III, GEOMETRIC LIMITS
A. Maximum Plate Radius—25 Ft. (7.620m)
B. Maximum Central Angle of Top Arc = 80°
C. Minimum Ratio, Top Arc Radius to Side Arc
Radius = 2
D. Maximum Ratio, Top Arc Radius to Side
Arc Radius = 5%
*NOTE: Sharp radii generate high soil'bearing pressures.
Avoid high ratios when significant heights of fill are involved.
IV. SPECIAL DESIGNS
Structures not described herein shall be regarded as special designs.
(1) When reinforcing ribsiare/used the moment of inertia of the composite section shall be equal to or greater than

the moment of inertia of the minimum plate thickness shown.
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Section 23—CONSTRUCTION AND INSTALLATION OF
SOIL METAL PLATE STRUCTURE
INTERACTION SYSTEMS

2.23.1-GENERAL

This item shall consist of furnishing corrugated metal or structural plate pipe,
pipe-arches and arches conferming to ithese specifications and of the sizes and
dimensions required on the ‘plans, and, installing such structures at the places
designated on the plans or by the Engineer, and in conformity with the lines and
grades established by the EngineersPipe shall be either circular or elongated as
specified or shown on the plans.

The thickness of plates ot sheets shall be as determined in Art. 1.9.2, Division
I, and the radius of curvature shall be as shown on the plans. Each plate or sheet
shall be curved to one.@r,more circular arcs.

The plates at longitudinal and circumferential seams of structural plates shall
be connected byrbolts. Joints shall be staggered so that not more than three
plates come together at any one point.

2.23.2—FORMING AND PUNCHING OF CORRUGATED STRUCTURAL
PLATES.AND SHEETS FOR PIPE

{A) Structural Plate Pipe

Structural plates of steel shall conform to the requirements of AASHTO
M 167 and aluminum to the requirements of AASHTO M 219.

Plates shall be formed to provide lap joints. The bolt holes shall be so
punched that all plates having like dimensions, curvature, and the same
number of bolts per foot (m) of seam shall be interchangeable. Each plate
shall be curved to the proper radius so that the cross-sectional dimensions of
the finished structure will be as indicated on the drawings or as specified.

Unless otherwise specified, bolt holes along those edges of the plates that
form longitudinal seams in the finished structure shall be in two rows. Bolt
holes along those edges of the plates that form circumferential seams in the
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finished structure shall provide for a bolt spacing of not more than 12 in.
(0.305m). The minimum distance from center of hole to edge of the plate
shall be not less than 1-3/4 times the diameter of the bolt. The diameter of
the bolt holes in the longitudinal seams shall not exceed the diameter of the
bolt by more than 1/8 inch (3.2mm).

Plates for forming skewed or sloped ends shall be cut so as to give the
angle of skew or slope specified. Burned edges shall be free from oxide and
burrs and shall present a workmanlike finish. Legible identification numerals
shall be placed on each plate to designate its proper position in the finished
structure.

{B) Corrugated Metal Pipe

Corrugated steel pipe shall conform to the requirements of AASHTO M 36
and aluminum to the requirements of AASHTO M 196.
Punching and forming of sheets shall conform to AASHTO M. 36.

(C) Elongation

I elongated structural plate or corrugated metal pipe is specified or called
for on the plans, the plates or pipes shall be formed so\that the finished pipe
is elliptical in shape with the vertical diameter approximately five percent
greater than the nominal diameter of the pipe) Pipe-arches shall not be
elongated. Elongated pipes shall be installed with\the longer axis vertical.

2.23.3—-ASSEMBLY
(A) General

Corrugated metal pipe, and-structural plate pipe shall be assembled in
accordance with the manufacturer/s)instructions. All pipe shall be unloaded
and handled with reasonable care. Pipe or plates shall not be rolled or dragged
over gravel or rock and shall be prevented from striking rock or other hard
objects during placement in trench or on bedding.

Corrugated metal pipehall be placed on the bed starting at downstream
end with the inside circumferential laps pointing downstream.

Bituminous coated| pipe and paved invert pipe shall be installed in a similar
manner to corrugated metal pipe with special care in handling to avoid
damage to coatings. Paved invert pipe shall be installed with the invert pave-
ment placed and centered on the bottom.

Structural plate pipe, pipe arches, and arches shall be installed in accordance
with the plans and detailed erection instructions. Bolted longitudinal seams shall be
well fitted with the lapping plates parallel to each other. The applied bolt torque for
3/4'".(19.1 mm) diameter high strength steel bolts shall be a minimum of 100 ft.-1bs.
{135.68Nm) and a maximum of 300 ft.-lbs. (406.74Nm); for 3/4"' (19.1mm) diameter alumni-
fium bolts, the applied bolt torque shall be a minimum of 100 ft.-lbs. (185.58Nm) and a
maximum of 150 ft.-1bs. (203.37Nm). There is no structural requirement for residual
torque; the important factor is the seam fit-up.

Joints for corrugated metal culvert and drainage pipe shall meet the
following performance requirements:

(1) Field Joints

Transverse field joints shall be of such design that the successive con-
nection of pipe sections will form a continuous line free from appreciable
irregularities in the flow line. In addition, the joints shall meet the general
performance requirements described in items (1) through (3). Suitable
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transverse field joints, which satisfy the requirements for one or more of
the subsequently defined joint performance categories, can be obtained
with the following types of connecting bands furnished with the suitable
band-end fastening devices.

(a)Corrugated bands

(b)Bands with projections

(c) Flat bands

(d)Bands of special design that engage factory reformed ends of

corrugated pipe.

Other equally effective types of field joints may be used with\the

approval of the Engineer.

(2) Joint Types

Applications may require either “Standard” or ‘“Special” joints.
Standard joints are for pipe not subject to large soil movements or
disjointing forces, these joints are satisfactory for ordinary installations,
where simple slip type joints are typically used. Special joints are for more
adverse requirements such as the need to withstand soil movements or
resist disjointing forces. Special designs must<be“considered for unusual
conditions as in poor foundatien conditions. Downdrain joints are
required to resist longitudinal hydraulic forces. Examples of this are steep
slopes and sharp curves.

(3) Soil Conditions

The requirements ofsthe joint§ are dependent upon the soil conditions
at the construction site. Pipe,backfill which is not subject to piping action
is classified as “Nonerodible-* Such backfill typically includes granular soil
(with grain sizes equivalént“to coarse sand, small gravel, or larger) and
cohesive clays.

Backfill that is subject to piping action, and would tend either to
infiltrate the pipe or‘to be easily washed by exfiltration of water from the
pipe, is classified\as ‘“Erodible.” Such backfill typically includes fine sands,
and silts. ' ,

Special Joints are required when poor soil conditions are encountered
such ascwhen the backfill or foundation material is characterized by large
soft $pots or voids. If construction in such soil is unavoidable, this
condition can only be tolerated for relatively low fill heights, since the
pipe’ must span the soft spots and support imposed loads. Backfills of
orgamc silt, which are typically semifluid during mstallatlon are included
in this cla551ﬁcatxon

{(4) Joint Properties

The requirements for joint properties are divided into the six categories
shown on Table 2.23.3. Properties are defined and requirements are given
in the following Paragraphs (a) through (f). The values for various types of
pipe can be determined by a rational analysis or a suitable test.

(a) Shear Strength—The shear strength required of the joint is
expressed as a percent of the calculated shear strength of the pipe on a
transverse cross section remote from the joint.

(b) Moment Strength—The moment strength required of the joint is
expressed as a percent of the calculated moment capacity of the pipe
on a transverse cross section remote from the joint.
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(a) Shear Strength—The shear strength required of the joint is ex-
pressed as a percent of the calculated shear strength of the pipe on a
transverse cross section remote from the joint.

(b) Moment Strength—The moment strength required of the joint is
expressed as a percent of the calculated moment capacity of the pipe
on a transverse cross section remote from the joint. In lieu of the
required moment strength, the pipe joint may be furnished with an
allowable slip as defined in Paragraph (4)(c).

(c) Allowable Slip—The allowable slip is the maximum slip thata
pipe can withstand without disjointing, divided by a factor of safety,

(d) Soiltightness—Soiltightness refers to openings in the jeint
through which soil may infiltrate. Soiltightness is influenced.by, the size
of the opening (maximum dimension normal to the direction that the
soil may infiltrate)} and the length of the channel (lengtht of the path
along which the soil may infiltrate). No opening may, exceed 1 inch
(.025m). In addition, for all categories, if the size of the'opening exceeds
1/8 inch (.003m), the length of the channel must be'at least four times
the size of the opening. Furthermore, for non‘erodible, erodible, or
poor soils, the ratio of Dgs soilisize to size)of opening must be greater
than 0.3 for medium to fine sandvor 0.2 fot uniform sand; these ratios
need not be met for cohesive’ backfills’ where the plasticity index
exceeds 12. As a general«guideline, @backfill material containing a high
percentage of fine grained‘soils requires investigation for the specific
type of joint to be used\to guardagainst soil infiltration.

(e) Watertightnesss—Watertightness may be specified for joints of any
category where needed to-satisfy other criteria. The leakage rate shall
be measured with the pipe'in place or at an approved test facility.

(B)—Assembly of Long-Span Structures

Long-span structtures covered in Article 1.9.10 may require deviation from
the normal good practice of loose bolt assembly. Unless held in shape by
cables, struts, ‘orvbackfill, longitudinal seams should be tightened when the
plates are g, Care should be taken to properly align plates circum-
ferentially\and to avoid permanent distortion from specified shape. This may
require- temporary shoring. The variation before backfill shall not exceed 2
percent”of the span or rise, whichever is greater, but in no case shall exceed 5
incthes (.127m). The rise of arches with a ratio of top to side radii of three or
more should not deviate from the specified dimensions by more than 1 per-
cent of the span,

2.23.4-BEDDING

When, in the opinion of the Engineer, the natural soil does not provide a
suitable bedding, a bedding blanket conforming to Figure 2.23A shall be
provided. Bedding shall be uniform for the full length of the pipe.

Bedding of long-span structures with invert plates exceeding 12 ft. (3.658m)
in radius requires a preshaped excavation or bedding blanket for a minimum
width of 10 ft. (3.048m) or half the top radius of the structure, whichever is
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TABLE 2.23.3—Categories of Pipe Joinis

) Non-Erodible Erodible Poor
Soil Condition
Standard Positive Staadard Positive Positive
Shear 2% 10% 10% ’ 10% 25%
Momentl 0 10 0 10 10
Tensile 0—42" Dia 0 5000 ibs 5000 lbs 5000 lbs
(0—1.066 m) (22.24 kN) (22.24 kN) (22.24 kN)
48'"—84" Dia 10,000 lbs 10,000 lbs 10,000 lbs
(1.219—2.134 m) (44.48 kN) (44.48 kN) (44.48 kN)
Slip 1 in€h (%025 m) 1 inch (.025 m)
Soiltightness2 NA NA 0.30r0.2 0.3 or 0.2 0.3 or 0.2

Watertightness See Paragraph (A){4)(e)

! See Paragraph (4)(b).
2 Minimum ratio of Dy 5 soilisize*of opening 0.3 for medium to fine sand and 0.2 for uniform sand.
Structural plate pipe, pipe“arches and arches shall be installed in accordance with the

plans and detailed erection ifistructions.
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less. This preshaping may be a simple *“v’’ shape fine graded in the soil in
accordance with Figure 2.23 E.

2.23.5—PIPE FOUNDATION

The foundation material under the pipe shall be investigated for its ability to
support the load. If rock strata or boulders are closer than 12 inches (.305m)
under the pipe, the rock or boulders shall be removed and replaced with suitable
granular material as shown in Figure 2.23B. Where, in the opinion of «the
Engineer, the natural foundation soil is such as to require stabilization,(stch
material shall be replaced by a layer of suitable granular material as showd in
Figure 2.23C. Where an unsuitable material (peat, muck, etc.) is encountered at
or below invert elevation during excavation, the necessary subsurfacé explora-
tion and analysis shall be made and corrective treatment shall be as directed by
the Engineer.

For shapes such as pipe arches, horizontal ellipses or underpasses, where
relatively large radius inverts are joined by relatively smiall radius corners or
sides, the corrective treatment shall provide for prineipal’support of the struc-
ture at the adjoining corner or side plates\and insuré/proper settlement of those
high pressure zones relative to the low pressure zone under the invert, as shown
in Figure 2.23 F. This allows the invext-to settletniformly.

2.23.6—FILL REQUIREMENTS

(A) Sidefill

Sidefill material within one-pipe diameter of the sides of pipe and not less
than one foot (.305m) oversthe' pipe shall be fine readily compactible soil or
granular fill material. Sidefillbeyond these limits may be regular embankment
fill. Job-excavated soil used as backfill shall not contain stones retained on a
3-inch (76.2mm) ring, frozen lumps, chunks of highly plastic clay, or other
objectionable material. Sidefill material shall be noncorrosive.

Sidefill material shall be placed as shown in Figure 2.23D, in layers not
exceeding 6.inches (.152m) in compacted thickness at near optimum
moisture content by engineer-approved equipment to the density required for
superimposed embankment fill. Other approved compacting equipment may
be used for sidefill more than 3 feet (.914m) from sides of pipe. The sidefill
shall\be placed and compacted with care under the haunches of the pipe and
shall' be brought up evenly and simultaneously on both sides of the pipe to
net less than 1 foot (.305m) above the top for the full length of the pipe. Fill
above this elevation may be material for embankment fill. The width of
trench shall be kept to the minimum width required for placing pipe, placing
adequate bedding and sidefill, and safe working conditions. Ponding or jetting
of sidefill will not be permitted except upon written permission by the
Engineer.

(B)—Backfill For Long-Span Structures

While basic backfill requirements for long-span structural-plate structures
are similar to those for smaller structures, their size is such that excellent
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control of soil placement and compaction must be maintained. Because these
structures are especially designed to fully mobilize soil-structure interaction, a
large portion of their full strength is not realized until backfill (sidefill and
overfill) is in place. Of particular importance is control of structure shape.
Equipment and construction procedures used shall be such that excessive
structure distortion will not occur. Structure shape shall be checked regularly
during backfilling to verify acceptability of the construction methods used.
Magnitude of allowable shape changes will be specified by the manufacturer
(fabricator of long-span structures). The manufacturer shall provide a gquali-
fied construction inspector to aid the Engineer during all structure:back-
filling. The Inspector shall advise the Engineer on the acceptability of all
backfill material and methods and the proper monitoring of the'shape. Struc-
ture backfill material shall be placed in horizontal uniform layers not exceed-
ing 8 inches (.203m) in thickness after compaction and shall be brought up
uniformly on both sides of the structure. Each layer shall be compacted to a
density not less than 90 percent per AASHTO T 180. The structure backfill
shall be constructed to the minimum lines and grades shown on the plans,
keeping it at or below the level of adjacent seill/Permissible exceptions to
required structure backfill density atei/the areajunder the invert, the 12 inch
to 18 inch (.305 to .457 m) width\of soil.immediately adjacent to the large
radius side plates of high profile, arches ‘and inverted pear shapes, and the
lower portion of the first horizontal 1ift of overfill carried ahead of and under
heavy construction earth movers initially crossing the structure.

2.23.7-BRACING

Temporary bracing shall be'installed and shall remain in place as required to
protect workmen during construction.

For long-span structures’which require temporary bracing to handle back-
filling loads, the bracingyshall not be removed until the fill is completed or to a
height over the crown equal to 1/4 the span.

2.23.8—-CAMBER

The invertygrade of the pipe shall be cambered, when required, by an amount
sufficient\to prevent the development of a sag or back slope in the flow line as
the foundation under the pipe settles under the weight of embankment. The
amount’ of camber shall be based on consideration of the flow-line gradient,
height of fill, compressive characteristics of the supporting soil, and depth of
supporting soil stratum to rock.

When specified on the plans, long-span structures shall be vertically elongated
approximately 2 percent during installation to provide for compression of the
backfill under higher fills.

2.23.9-ARCH SUBSTRUCTURES AND HEADWALLS

Substructures and headwalls shall be designed in accordance with the require-
ments of Division 1.

Each side of each arch shall rest in a groove formed into the masonry or shall
rest on a galvanized angle or channel securely anchored to or embedded in the
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substructure. Where the span of the arch is greater than 15 feet (4.572m) or the
skew angle is more than 20 degrees, a metal bearing surface, having a width of at
least equal to the depth of the corrugation, shall be provided for all arches.

Metal bearings may be either rolled structural or cold formed galvanized
angles or channels, not less than 3/16 inch (4.8mm) in thickness with the hori-
zontal leg securely anchored to the substructure on a maximum of 24 inch
(.610m) centers. When the metal bearing is not embedded in a groove in the
substructure, one vertical leg should be punched to allow bolting to the bottom
row of plates.

Where an invert slab is provided which is not integral with the arch.footing,
the invert slab shall be continuously reinforced.

When backfilling arches before headwalls are placed, the first material shall be
placed midway between the ends of the arch, forming as narréw a ramp as
possible until the top of the arch is reached. The ramp shall be built evenly from
both sides and the backfilling material shall be thoroughly®compacted as it is
placed. After the two ramps have been built to depth,specified to the top of the
arch, the remainder of the backfill shall he deposited,from the top of the arch
both ways from the center to the ends, and as evenly, 'as possible on both sides of
the arch.

If the headwalls are built before~the archyis/backfilled, the filling material
shall first be placed adjacent to(one headwall, until the top of the arch is
reached, after which the fill shall be dumped from the top of the arch toward
the other headwall, with care Heing taken to deposit the material evenly on both
sides of the arch.

In multiple installations the procedure above specified shall be followed, but
extreme care shall be used to brinig the backfill up evenly on each side of each
arch so that unequal pressure ‘will be avoided.

In all cases the filling (naterial shall be thoroughly but not excessively
tamped. Puddling the backfill will not be permitted.

2.23.10—COVER;OVER PIPE DURING CONSTRUCTION

All pipe shall be protected by sufficient cover before permitting heavy con-
struction equipment to pass over them during construction.

2.23:117-WORKMANSHIP AND INSPECTION

In addition to compliance with the details of construction, the completed
structure shall show careful finished workmanship in all particulars. Structures
on which the spelter coating has been bruised or broken either in the shop or in
shipping, or which shows defective workmanship, shall be rejected unless
repaired to the satisfaction of the Engineer. The following defects are specified
as constituting poor workmanship and the presence of any or all of them in any
individual culvert plate or in general in any shipment shall constitute sufficient
cause for rejection unless repaired:

1. Uneven laps,

2. Elliptical shaping (unless specified).

3. Variation from specified alignment.
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Ragged edges.

Loose, unevenly lined or spaced bolts.
Illegible brand.

Bruised, scaled, or broken spelter coating.
Dents or bends in the metal itself.

Sl

2.23.12—-METHOD OF MEASUREMENT

Corrugated metal and structural plate pipe, pipe-arches or arches shall'be
measured in linear feet (m) installed in place, completed, and accepted.)The
number of linear feet (m) shall be the average of the top and bottom\centerline
lengths for pipe, the bottom centerline length for pipe-arches, and, the average of
springing line lengths for arches.

2.23.13—-BASIS OF PAYMENT

The lengths, determined as herein given shall be paid\for at the contract unit
prices per linear foot (m) bid for corrugated metalsand structural plate pipe,
pipe-arch or arches of the several sizes, as the cgSe ‘may be, which prices and
payments shall constitute full compensation fox furnishing, handling, erecting,
and installing the pipe, pipe-arches:or'archesAnd’ for all materials, labor, equip-
ment, tools, and incidentals necessary to complete this item, but for arches shall
not constitute payment for concrete or masonry headwalls and foundations, ar
for excavation,
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USERS MANUAL — IMPROVED INLET BOX SECTION PROGRAM, BOXCAR

This Appendix provides the information needed to use the computer program BOXCAR (BOX

section Concrete And Reinforcing design) to design reinforcing for one cell box secfien

inlets, The program is sufficiently general that it may also be used to design box_sections

for general applications, except that surface applied wheel loads are not included. For a

general description of the program and method of analysis, see Section 5.1. Forrinformation

on the loads and design methods see Chapters 2, 3 and 4.

B.lI. Input Data

FIRST CARD:

Problem Identification

REMAINING CARDS:

Data

Format (19A4, A3, 1)

Card Columns | through“/9 are read and echo printed in the
output. Thesereolumnscan be used for job identification. An
integer from, 0 toc3 in card column 80 controls the amount of
output to be printed. For a description of the available output,

see Section3.2.
Format (12, 4A4, A2, 6F 10.3)

The first field (12) is an input code that internally identifies the
type of data being input. The second field (4A4, A2) is a
comment field which is used to identify the data on each card
and is echo printed in the output. The remaining fields (6F 10.3)
are data items. Table B-| describes the specific input data and
format required for each card and default values for each
parameter. If default values are used for all the parameters on

any given card, then that card may be omitted.



Table B-1

FORMAT FOR DATA INPUT, BOXCAR

Code Description (Note 2) Name of Units Default
(Note 1) Variables Value
Card -2 3-20 21-80
Columns
Format 12 L4AL, A2 6F 10.3
Required Inside Span S. ft None
Data Ol Inside Rise D! ft None
Depth of Fill h' ft None
Top Slab Thickness TT in. T (Note 6)
02 Bottom Slab Thickness TB in. T(Note 6)
Side Wall Thickness TS in. T (Note 6)
Horizontal Haunch Dim. HH in. T(Note 6)
03 Vertical Haunch Dim. HV in. T (Note 6)
Optional Soil unit weight Yq pcf 120.
Data 04 Concrete unit weight Yo pcf 150.
(Note 5) Fluid unit weight Ys pcf 62.5
Lateral Soil Pressure (Min.) e i (Note 3) None 0.25
Lateral Soil Préssure (Max.) & ax None 0.5
05 Soil Structdre Int. Factor Fe None I .2 (Note 7)
Flag for(Side Load Flg None 0 (Note 4)
Load.Factor Lf None 1.3
06 Flexure Cap. Red. Factor ¢ None 0.9
Shear Capacity Red. Factor b, None 0.9
07 Depth of Fluid Df in. Di
Steel Yield Stress fy ksi 65.
08 Concrete Compressive
Strength f'C ksi 5.
Concrete Covers
Top - Outside Tbl in. l.
Side - Outside to in. l.
09 Bottom - Outside 13 in. l.
Top - Inside ta in. l.
Bottom - Inside TbS in. l.
Side - Inside t in. l.



Table B-1 (cont.)

10 Limiting Crack Width Factor Fcr None 1.0
Number of Layers of
I Steel Reinforcing NLAY None |
Optional Reinforcing Type RTYPE (Note8) None 2
Data
(Note 5) Wire Diameters
AS| - QOutside Steel SDATA (1-3) in. 0.08T(Note 6)
12 AS2 - Inside Steel - Top SDATA (4) in. 0.08T (Note 6)
AS3 - Inside Steel - Bottom SDATA (5) in. 0.08T (Note 6)
AS4 - Inside Steel - Side SDATA (6) in. 0.08T (Note 6)
Wire Spacing
AS | - Outside Steel SDATA (7-9) in. 2.
i3 AS 2 - Inside Steel - Top SDATA (10) ins 2.
AS 3 - Inside Steel - Bottom SDATA (11) in. 2.
AS 4 - Inside Steel - Side  SDATA (12) in. 2.
Over

Required 13

End of Data

NOTES

The input cards do not need to be mbmerically ordered by code number; however, a
code number greater than |3 must(be the final data card.

The data punched in this field’is arbitrary; it is echo printed in the output and may be

helpful to the user for identification of the data in card columns 21-80.

o min. defaults to 0.25(if input less than 0.

If FLG = 0, the initial side load (Load Case 3) is considered as 'permanent' dead load.

If FLG # 0, the initial side load is considered as an additional dead load.

If the designer wishes to change any item on an optional data card from the default
value, then“all the items on that card must be given, even if the default values are

desired.

Foryspan £ 7.0ft T = span/12+ |
For span > 7.0 ft T = span/l2

If the soil structure interaction factor is input as less than 0.75, it will default to 1.2,

RTYPE =

| for smooth reinforcing with longitudinals spaced greater than 8 in.
2 for smooth reinforcing with longitudinals spaced less than or equal to 8 in.
3 for deformed reinforcing.
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B.2. Output

Column 80 of the problem identification card is the "DEBUG" parameter that
controls the amount of output to be printed. An integer from 0 to 3 is specified in

this column with each increasing number providing more output, as listed belows

Table B-2 shows sample output, in the order that it is printed.

DEBUG = 0 o Echo print of input data
o  Summary table for design

DEBUG = | o Output from debug = 0
o Listing of BDATA, IBDATA, SDATA, and ISDATA arrays
o Moments, thrusts and shears at design sections

DEBUG = 2 o  Output from debug = |
o Summary table for flexural design
o  Summary table for shear design

DEBUG =3 o  Output from debug = 2
o Displacement mafrix
o  Member end forces

B.2.1 Debug = 0

Echo print of input data: The program prints the data cards as they are read to allow the

designer to check the input and to idéntify the design (Table B-2a).

Summary Table for Design: _This table presents all important design parameters for the box
section. If stirrups are réquired at a certain location, the stirrup design must be done by
hand in accordance with Section 4.1.5. A row of stars (***) under the steel area column
shows that steel design at that location is governed by concrete compression (Section 4.1.3)
and the member - must be designed with a thicker section, or designed as a compression

member according to AASHTO ultimate strength design methods. (Table B-2j).

B.2.2  Debug = |

Listing of BDATA, IBDATA, SDATA, ISDATA arrays: All of the input data and some
additional parameters that are calculated from input data are stored in two arrays, BDATA,
and SDATA. Maps of these arrays are presented in Tables B-3 and B-4 respectively. When
these arrays are listed in the output, two parallel arrays, IBDATA and ISDATA are also

output. These parallel arrays contain flags which indicate whether the
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Table B-2
SAMPLE OUTPUT FROM BOX CULVERT DESIGN PROGRAM

Echo Print of Input Data
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C.

d.

Listing off SDATA Array

Table B-2 (Cont.)

PARAMATER DATA SOURCE
1 WIRE _DIA _OCUT TOP 0.64000F 00 ASSUMED
2 WIRE DIA OUT SDE 0464000E 00 ASSUMED
3 WIRE DIA QOUT BOT 0.64000FE 0O ASSUMED
4 WIRE DIA INS TOP 0464000E 00 ASSUMED
5 WIRE DIA _INS BOT 0.64000FE €0 ASSUMED
[ WIRE DIA INS SDE 0.64000E 00 ASSUMED
7 WIRE SPA OUT TOP 0.20C00FE 01 ASSUMED
8 WIRE SPA CUT SDE 0.2000CE 01 ASSUMED
9 WIRE SPA_OUT BOT 0420000F 01 ASSUMED
10 WIRE SPA INS TOP 0.2000CE 01 ASSUMED
11 WIRE SPA INS BOT 0.20000F 01 ASSUMED
12 WIRE SPA INS SDE (0.20000E 01 ASSUMED
13 AAREMPIY Akt rtrk 000 . o ...NO VALUE
14 ARREMPTY kaxenexswr (,0 NO VALUE
15 -~ xwxxEMPTYrkkkwxrtx (a0 NO_VALUE
16 22 REMPTY rtexsnne 0,0 NO VALUE
i7 2k xEMPTY2at*22ux (0,0 __NO _VALUE
18 A *EMPTY Axwexktanr 0,0 NO VALUE
19 TOP _STEEL LTH JIN Qa8 NO_VALUE
20 BOT STEEL LTH IN 0.0 NO VALUE
21 AERECMPTY*axanetr 0,0 NO VALUE
22 ARXEMPTY xxaxsxtx 0,0 NO "WALUE
23 ArkEMPTY akdkenws 0,0 NO VALYUE
24 #AREMPTY *rhkdexw 0,0 NO VALUE

23 LAT SQIL RATIO 0410000F .04\ ASSUMED
26 AA*EMPTY A Ak eant J,0 MO VALUE
27 A2 AEMPTY*newwrunn 00 _NO_VALUE
28 Rk XEMPTY xakenexs (0.0 NO VALUE
29 AHREMPTY exksendde 0,0 () NO VALUE
30 D OUT TOP CINY 0eS6BOTE 01 ASSUMED
31 D _0UT SIDEcNCININD,56810F 01 _ASSUMED
32 D OUT BOTH CIN), 056800E 01 ASSUMED
33 D IN TOP CINY D«66800F 01  ASSUMED
34 D IN BOTT (INY 0e6680CE 01 ASSUMED
35 D IN SIDE ¢IN) C+66800FE 01 ASSUMED

Joint Displacement Table

DISPLACEMENT MATRIX =

INCHES AND RADIANS

LOAD CASE
NODE 1 2 z 4 5
1 ¥  =uo7381E~B7  0,4470E=07 0,3545E=03 ~,2365E=03 0,3545E=03
Y ~e2321E=03 ~e8554E-03 -.8731E~10 0«2910E-10 =.8731E~10
ROT  =¢2441E=-03 =-,9650E-03 0.1499E-03 =.9546E-04 0,14095-03
2 X  0+8566E-04 0e4470E-07 D0e6811E-C4 =~48B808E~04 0.6811E~04
Y =,2321E=03 =~.£554E-03 (0.1110E-09 =+3638E-10 041110E~-C9
ROT 042441E=03 OD049651E~03 =¢1409E-03 ©0+9546E=04 =,1409E=-03
3 X 0B 00 040 0.0 0.0
Y 0.0 CaB Gel 0aC 040
ROT -e311CE=03 =~,3650E~03 0el497E=-03 =~o1012E~03 0,1497E-03
4 X 0a8573E=04 0.0 0e422TE=03 -—o3246E=-03 0§,4227E=03
Y 0.0 6.0 0.0 00 0.0
ROT (e3110E=03 0.,9651E-03 ~¢14S7E-03 0#21012E-03 =¢1497E=-03




€.

Memiber End Forces Table

Table B-2 (Cont.)

" END FCRCESs KIPS ANC INCH=KIPS

A-END B-END
LOAD FXLA FYLA BMA FXLB FYLB BMB
) CASE FX FY MOMENT FX EY MOMENT
MEMBER 1 1 ~0420393 055830 6080739 020393 0.,55830 ~6.80741
_MEMBER 1 2 B0 5215939 52403101 08 o _._3+21599 =52403099
MEMBER 1 3 N.68124 N,00000 4,'¢9291 ~0e68124 ~0400000 ~4409286
MEMBER 1 4 ~0435298 ~0.9C0000 SR+ 77264 035298 0400009 277263
MEMBER 1 5 0.68124 0s0C000 4,09291 “0.68124 -0.00000 ~4409286
MEMBER 2 1. Ne22434 ~020393 680739 =0.092494 020293 =23a12246
MEMBER 2 2 3.40799 Lol 52002087 =3.40799 0.0 -52.03087
MEMBER 2 3 _ =0.00000 0«64125 44069288 0.00000 089209 _ =4434883
MEMBER 2 4 3.00000 -0.35298 ~2.77264 -0.00000 “0+477205 6403486
— MEMBER 2 5  ~0.00800 064125 409288 0.00000 089209 =4.34883
MEMBER 2 1 0420393 1.29158 23412151 ~0.26393 1.29158 ~23.12149
MEMB ER 2 2 7.0 3.21599.\)  52,03094 00 3421599 ~5203105
MEMBER 2 3 1.00542 0.2000% 4434880 ~1400542 -0.00000 =4,34872
MEMBER 4 ~0e77205 -0.11754 _  -€.83487 077205 ~0e11754 6.03482
MEMBER 3 5 1.00%42 Ge0N800 4434880 =1400542 -0.00C00 -4 434872
MEMBER 4 1 092494 ge20393  23.1214%8 0492494 -0420393 ~6480731
MEMBER 4 2 3.40799 0e0 52.03088 3440799 0.0 ~52.03088
MEMBER 4 3 0.00900 089209 4,34R77 -000000 0e64125 _ _ __  -4.09292
MEMBER 4 4 -0.00000 -3.772CS ~6¢03485 g.00000C ~Ce35298 277265
MEMBER 4 5 0.06000 0.85209 4.34877 -9.00000 0.64125 4409292

-9



f. IDez2sign Forces Table

Table B-2 (Cont.)

SERVICE LOADS

ULTIMATE LOADS

SECT ION GROUP 1 GROUP 2
FOMENT SHEAR MPLYS VPLUS ___MNFG _YNEC FMMAX FYMAX FMMIN EYMIN
1 634507 el 24773 0.0 -4,093 Del 864164 0e0 00 0.0
2 8B.217 1,937 2772 0.000 ~4.093 =0.00C _42.886 2518 Ds0 00
3 ~74394 2 4826 2773 0000 44093 ~0eCO0CL : 00 3.674 ~144933 0.0
4 214696 34098 2773 0.000 ~44093 =04 600 0.0 44028 =33¢525 00
5 “584469 0.301 26816 0.505 -1.426 -0 %39 00 14047 ~77+864 -0.05¢0
6 . . =574170 06237 5100 _De441 30010 =0%317 Nel 04880 =672691 =0,105 _
] Ul 0+0 0 eC 0«0 Qeedl ] Del 0a0 Cel 0.0
_“A,_,§____~_“,:9.5_.',883 D0 11,112 UOU "7_;972 _Q,V.O 0«0 Qa9 ~83011 0.0
Bel 0.0 0e2 0.0 Me 0 0e0 0e0 ] 0e0 C.0
) 19 B ~€4,.887 0652 6834 0e448 =4 4,539 ~0e407 00 1429 ~75470 s
11 ~684323 06773 46382 0569 24267 -0e53€ 0.0 1.743 -91.766 0.0
12 ~30e254 _ =3 «7100 4,684 0103 ~4e349 0.0 0.C 00 -444984 -4.8110
13 ~13.1174 =3¢375 4,218 DeG54 ~4 8349 040 Gel Y =22+779 ~44388
14 354585 -2,198 2.858 84061 94%349 0.0 49,976 D40 0e.0 -24858 _
15 114503 0ed 148562 Cel “4¢349 0.0 95.374 0.0 Gel G0
MEMBER THRUST NPLUS MNEG FNMAYX FNMIN
Top 0e871 Ce353 =Ce6E8L. =Lel62. ~1l.506
SI1DE 44,533 G.000 -0.000 ~54633 ~54633
ROT ~1.239 0772 ~1+005 ~0.568 -24879
ZERO MOMEMT TOP 20.01222 ZERQ MOMENT BOTTOM 21.70448

INCHES FROM CENTERLINE OF SIDEWALL

***NOTES ALL UNITS ARE KIPS.AND INMCHES

8-d



g.

h.

Flexure 1Jesign Table

Table B-2 (Cont.)

2axxx* FLEXURE DESIGN TABLE #wwasxs s
REINFORCING AS 8 AS 1 AS 2 AS 3 AS &
UESIGN SECTION 4 5:11 12 1 15 8
ULTIMATE PCFENT 33,52519 9176640 44,98412 8616403 95,431399 0.0
INJKIPS/FT
T ULTIMATE THRUST N 1.50613 5463281 2.87919 0.16163 0.56848 5¢63281
KIPS/FT
DEPTH_TO SITEEL 5468000 568000 5,68000 6468000 668000 6468000
inNe
T USTLEL AREASC(FLEX) 009230 0424817 0e11416 0.24726 0.27092 006230
SQeiNa/FT e e
MINe FLEX STEEL 019200 0,19200 6419200 0.19200 019200 0419200
SQeINe/FT ;
T MAXe FLEX STEEL 0.95663 0.50504 0.93946 714517 1,14008 1+07678
SGeIN/FT -
CRACK INDEX -3.00214 ~0e75134 -2%69128 -0.15112 =0+00054 0.0l
GOVERNING STEEL 0.19200 0.24817 0.1920p 0.24726 027092 0+19200
o ‘__§VU.IN.IFT _____ _ e
GOVERNING MODE MINe STEEL FLEXURE MIN. STEEL FLEXURE FLEXURE. . . PIN. SIEEL.
Method | Shear Design Table
#i%x  SHEAR DESIGN TABLE = METHOD 1 #%%
_ _DESIGN_SECTION 3 & 10 13
ALL SECTIONS ARE AT D
_____FRUM_THE HAUNCH
___ULTIMAIE SFEAR 3wb T4 0880 14429 4,388
KIPS/F 1
ALLOWABLE SHEAR 9,520 9,520 9.520 9.520
. KIPS/FT E—
DIAGONAL TENSION 04385953 0.092464 0150132 01460939
INDEX LTMIT :
DEPTH TO STEED 5.68000 5.68000 5.68000 5.68000
. INe :
o STIRRUPS.REGUIRED? NO NO NO NQ

6-d



Table B-2 (Cont.)

01-9

i. Method 2 Shear Design Table
xxxxx%x SHEAR DESIGN TABLE = METHOD 2 tasasx
DESIGN SECTICN 2 4 5 7 9 11 12 14
MZ(VPHI*D) . 3.000 14724 154460 0.0 6e0 10.502 14937 3.080
ULTIMATE SFHEAR 24518 2,674 0,880 0.0 0.0 10429 44388 24858
KIPS/F1
ULTIMATE THRUST 0162 Gelb2 Se633 o0 0.0 54633 04568 0e568
KIPS/F1 .
STEEL RATIC 0003629 0.,003314 0.0084283 0.0 Dol 0,004283 £+004283 0e003976
DEPTH 1O STEEL 668000 5468000 568000 040 00 5468000 5468000 6268000
IN.
DISTANCE FROM 324621 12,000 126000 0.0 00 12.000 122000 99.676
A-ENDy _Ih,
THRUST FACTOR (FN) 0989414 0993356 0750000 0.0 00 0750000 0.980691 0967945
DIAGONAL TENSION 54209 Heb41 6e269 0e0 ) Ce0 6269 6e530 54413
STREHGTHs KIPS/FT
ULTIMATE SFEAR/ 0.483287 04553274 Cel40403 0a0 0.0 0.227979 0.671977 0.527999
ALLOWABLE SHEAR
NEwWw STEEL AREA DUE Jel el 0el Qe 0 00 Dal 0«0 De0

TO DIAGONAL TENSION
SRaINe/FT




Table B-2 (Cont.)

Design Summary Sheet

B-11

soo o

105 FTe SPAN X 6.0 FTa RISE REINFORCED CONCRETE BOX SECTICA
A AR AN AR A T AR A R A A R R RN R R T AN R AR AN RN AN I ARN A AR RN SRS ANC RN R AN R AR

I NS TALLATTION D AT A

- - o e e e A o A A A T AR D e R M e D e e o e e

HEIGHT OF FILL OVER CULVERTSFT 44000
UNIT WEIGHTs PCF 120,000
MINIMUM LATERAL SOTL PRESSURE COEFFICIENT 00250
VAXIMUM LATERAL SOIL PKESSURE COEFFICIENT 0.500
SOIL - STRUCTURE JINTERACTION COEFFICIENT 1.200

LOAD FACTOR = MOMENT AND SHEAR 1300
LOAD FACTOR = THRUST 14300
STRENGTH REDUCTION FACTOR=-FLEXURE 0.900
STRENGTH REDUCTION FACTOR~DIAGONAL TENSION 0.850
LIMITING CRACK WIDTH FACTOR . 1.000

M ATERTI AL PROFPERTTIES

STEEL =~ MINIMUM SPECIFIED YIELOOSTRESSwNKSI 60000
CCNCRETE = SPECIF.ED COMPRESSIVE STRENGTHs KSI 34000
REINFORCING TYPE 34000

10P_SLAB THICKNESSs INe 8,000
ECTTOM SLAB THICKNESSgy IMe 84000
SIDE_WALL THICKNESSs IN. 8.000
FORIZONTAL HAUNCH DIMENSION, INs 8000
VERTICAL HAUNCH DIMENSIOM, INe 8,000
CONCRETE COVER OVER SAEELs INe
TCP_SLAR = QUISIDE FACE 24000
SIDE WALL - \DUTSIDE FACE 24000
BOTTOM SLAB - GUTSIDE FACE 24000
TOP SLABN~ INSIDE FACE 1,000
BOTTOM'GLAB - INSIDE FACE 1.000
SIDEWALL - INSIDE FACE 1.000

R ETINFNWRCINSGEG STEEHL DATA

ARE A o
LOCATION SQe INs STIRRUPS .
PER FT REQUIRED?

TOP SLAB <~ INSIDE FACE 0a2 &7 NO
TOP SLABR - DUTSIDE FACE 0.192 NO
BATTOM SLAB - INSIDE FACE De271 NO
SIDE WALL = QUTSIDE FACE 04248 NO
SIDE WALL - INSIDE FACE 0s192 NO

*PROGRAM ASSIGNED VALUE

THE SIDE WALL OQUTSIDE FACE STEEL IS BENT AT THE CULVERT CORNERS AND
EXTENDED INTQ THE QUTSIDE FACE OF THE TOP AND BOTTOM SLABSe THE

THEQRETICAL CUT-OFF LENGTHS MEASURED FROM THE BEND POINT ARE 21.7
AND 2344 INe RESPECTIVELYe ANCHORAGE L ENGTHS MUST BE ADDED.




Table B-3
MAP OF BDATA ARRAY
Index of Notation Description Units
PRI e o
I Si SPAN inside span of box section in.
2 Ri RISE inside rise of box section in.
3 TT TT thickness of top slab in.
4 TB B thickness of bottom slab in.
5 TS TS thickness of side wall in.
6 Yo GAMAC  unit weight of concrete kips/in.3
7 Y GAMAS  unit weight of soil kips/in.3
8 e GAMAF  unit weight of fluid inbox kips/in.3
9 d)f POF capacity reductiomtactor for flexure none
10 He H depth of fill in.
I HH HH horizontal width of haunch in.
12 HV HV verticaltheight of haunch in.
3 d)v POV capacity reduction factor for shear none
14 o i ZETA lateral soil pressure coefficient none
15 Fe BETA soil structure interaction factor none
I6 df DF depth of fluid in.
I8 Ec EC modulus of elasticity of concrete ksi
19 Es ES modulus of elasticity of steel ksi
20 fy FY specified yield strength of reinforcing ksi
21 f'C FCP specified compressive strength ksi
of concrete
22 Lfmv FLMV load factor for moment & shear none
23 Lfn FLN load factor for thrust none
24 FCR FCR factor for crack control none
relative to | for 0.01" crack
26 NLAY NLAY number of layers of none
circumferential reinforcing
27 RTYPE RTYPE  type of reinforcing steel none
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Table B-3 (continued)

Index of Notation Description Units
BDAT Design Computer
Note 1) i cthod Code
30 T CT (1)  concrete cover over top slab in.
outside steel (ASI)
31 fb2 CT (2) concrete cover over side wall in.
outside steel (AS])
32 Tb3 CT (3) concrete cover over bottom slab in.
outside steel (ASI)
33 oy CT (4) concrete cover over top slab in.
inside steel (AS2)
34 TbS CT (5) concrete cover over bottom slab in.
inside steel (AS3)
35 Tb6 CT (6) concrete cover over_side wall in.

inside steel (AS4)

Notes:

l. Some index numbers are not listedihiere because those slots in the array were not
used.
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Table B-4
MAP OF SDATA ARRAY
Index of Description Units
SDATA
(Note 1)
Wire diameter:
| - outside steel top slab in.
2 - outside steel side wall in.
3 - outside steel bottom slab in.
4 - inside steel top slab in.
5 - inside steel bottom slab in.
6 - inside steel side wall in.
Wire Spacing:
7 - outside steel top slab in.
8 - outside steel side wall in.
9 - outside steel bottem slab in.
10 - inside steel top.slab in.
[ - inside steel bottom,slab in.
12 - inside steel sidewall in.
19 - length of outside steel in top slab in.
20 - length of outside steel in bottom slab in.
25 Lateral'soil pressure ratio (Note 2) none
Depth of steel reinforcing:
30 -outside steel top slab in.
31 = outside steel side wall in.
32 - outside steel bottom slab in.
33 - inside steel top slab in.
34 - inside steel bottom slab in.
35 - inside steel side wall in.
L. Some index numbers are not listed here because those slots in the array were not
used.
2. Lateral soil pressure ratio = (ocqu - O‘min)/ Oin®



Table B-5
DESCRIPTION OF GOVERNING MODE OUTPUT NOTES

Output Note Description

FLEXURE Steel area based on ultimate flexural strength requirements.
MIN STEEL Steel area based on minimum steel requirements.

CRACK WIDTH Steel based on crack requirements at service load.

MAXCONCOMPR Design by usual methods is not possible dueto maximum concrete
compression. Section must be designed dsyd compression member, or

reanalyzed with a different wall thickness or installation conditions.
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items in the BDATA or SDATA arrays were input, assumed, or if no value is present (Table

B-2b & c).

Moments, Thrusts, and Shears at Design Sections: This table presents the forces at the |5
design locations in the box section (Figure B-1). Under the service load category, two types
of loads are shown, Group | and Group 2. Group | loads are considered permanent loads,
including dead load, vertical soil load and the minimum lateral load case (unless ELG # 0,
see Table B-1, Note 4) and are always included in the calculation of ultimate forces. Group
2 loads are considered "additional" loads and are only included in the calculation of ultimate
forces if they increase the magnitude of the Group | forces. Additional.loads are normally
fluid load and the additional lateral soil load (%ox - %in)' The ultimate foads are found by
adding Group | and Group 2 forces to obtain the "worst case'sand multiplying by the
appropriate load factor (Table B-2f).

The sign convention on the forces is as follows: positive thrust is tensile, positive shear
decreases the moment from the A to the B end)of theymember and positive moment causes

tension on the inside steel.

The zero moment top and bottom distances.répresent the maximum distance from the A end

(Figure B-2) of the member to the pointrof’zero moment in the member.
B.2.3 Debug = 2

Summary Table for Flexural Design: This table presents all the information required to
design steel reinforcing based on flexure, minimum steel, maximum steel and crack control.
AS| is taken as themaximum of the steel areas required at Sections 5, || and 12. AS2, AS3,
AS4 and AS8 are the steel areas required at Sections 1, 15, 8 and 4 respectively. The table
also lists the ‘governing design criteria at each section (Table B2-g). See Table B-5 for a

description of the governing mode output notes.

Summary Table for Shear Design: This table presents all the information used to evaluate
the diagonal tension strength. Design Sections 3, 6, 10 and |3 are for shear design by
Method |. Design Sections 3, 6, 10 and |3 are for shear design by Method 2 at d from the tip
of the haunch and design Sections 2, 7, 9 and |4 are for shear design by Method 2 where
YAY <I>vd = 3.0. The program always checks shear design by both methods, and uses the most
conservative (Table B-2h & i).
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Flexure Design
Locdtions

RO

/— ™ Xde

‘ N EON
_

Shear Design 4 d‘_

Locations Py o
pRE==0

Xdc é d 7

-

@*

Flexure Design Locations:
Steel Area

Asl

s2
s3
sh

> r » P

s8

Shear Design Locdtions:

Method I: 3,6,10, I3

Method 2: (2, 3, 6,7, 9, 10, 13, 14

@ o

Sgémm.
Precast Cast-In-Place
4, 5,5 12 5, 11,12
l I
[5 15
8 8

*Note: For Method 2 shear design, any distributed load within a distance ¢ _d from the tip

of the haunch is neglected.

Thus the shear strengths at locations 4, 5,711 and |2 are

compared to the shear forces at locations 3, 6, 10, and |3 respectively.

Figure B-I LOCATIONS OF CRITICAL SECTIONS FOR SHEAR AND FLEXURE DESIGN
IN SINGLE CELL BOX SECTIONS



B.2.4 Debug = 3

Displacement Matrix: This table presents the joint displacements for each load condition in
a global coordinate system, as shown in Figure B-2. These displacements are based on an

elastic analysis of an uncracked concrete section, and are not estimates of expected field

displacements. They are used only for consistency checks (Table B-2d).

Member End Forces: This table presents the equivalent member end forcés used in
application of the direct stiffness method. These forces are in the local coordinate system
with the local x-axis along the member and positive from end A to end B..«(Figure B-2). The
local y-axis is always positive towards the inside of the box section and the moment follows

the right-hand rule from x to y for sign (Table B-2e).



1 Y
Node | Member | Node 2
Member 4 Member 2
Node 4 Member\3 Node 3
- x

= &

Notes: |. Member directions are taken clockwise. Thus end A of member | is at node |
and end A of member 3 is at node 3.

2. Rotations are positive counterclockwise.

Figure B-2 FRAME MODEL USED FOR COMPUTER ANALYSIS OF BOX SECTIONS



APPENDIX C

USERS MANUAL — PIPE DESIGN PROGRAM, PIPECAR

This Appendix provides the necessary information to use the computer program PIPECAR
(PIPE culvert Concrete And Reinforcing design) to design reinforcing for circular and
elliptical reinforced concrete pipe. For a general description of the program and the
method of analysis used, see Section 5.2. For information on the loads andrdesign methods

see Chapters 2, 3, and 4.
C.l INPUT DATA
FIRST CARD: Format (19A4, A3, I1),

Problem Identification: Card Columns\I“through~79 are read and are echo printed in the
output. An,integerfrom 0 to 3 in card column 80 controls the
’ amount of output printed. For a description of the available

output, seecSection C.2.
REMAINING CARDS: Format (12, 4A4, A2, 4F 10.3)

Data: The first field (Columns | and 2) is an input code that internally
identifies the type of data read on each card. The second field
(Columns 3 through 20) is a comment field which may be used
by the designer to identify the information being input on each
card. The remaining fields (4F10.3) are for input data. Table
C-1 describes the input data and format for each card, and
default values for each parameter. If default values are used
for all the items on any given card, then that card may be

omitted.



Table C-1

FORMAT FOR DATA INPUT

Code Description (Note 2) Name of Variable Units Default
(Note I) Values
Card I-2 3-20 21-60
Column
Format 12 4AL, A2 4F10.3
Inside Diameter or
0l Side Radius Bi orr in. None
Required (Note 3)  Crown/Invert Radius r in. None
Data Depth of Fill Hze ft None
02 Horizontal Offset U1 in. None
(Note 3)  Vertical Offset v in. None
03 Thickness h in. None
Optional Bedding Angle BZ Degrees 90 (Note 4)
Data 04 Load Angle B8 | Degrees 270 (Note 4)
(Note 5) Soil Structure Int.Factor Fe None | .2 (Note 6)
Soil Unit Weight Yo pcf 120.
05 Concrete Unit Weight Yo pcf 150.
Fluid Unit Weight ¢ pcf 62.5
06 Depith of Fluid d]c in. Di
Steel Yield Stress f ksi 65.
07 Concrete Compressive Stress f’z ksi 5.
08 Qutside Concrete Cover ‘rb in. (.0
Inside Concrete Cover Tb? in. 1.0
Load Factor L None 1.3
09 Flexure Cap Red Factor cEf None 0.9
Shear Cap Red Factor <l>V None 0.9
Inside Wire Diameter din in. 0.08h
10 Qutside Wire Diameter dou’r in. 0.08h
Reinforcing Type RTYPE (Note 7)  None 2.
Number of Layers of NLAY None l.

Circumferential Reinforcing
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Table C-1 (Cont.)

¥ Inside Wire Spacing S in in. 2.
Outside Wire Spacing Sg,ouf in 2.
Limiting Crack Width Factor Fcr None 1.0

2 Radial Tension Process Factor Frp None [.0
Shear Process Factor va None 1.0

Required OVER End of Data

12

NOTES

l.

The input cards do not need to be ordered by code number; however, a code number
greater than 12 must be the final data card.

The data punched in this field is arbitrany; it'will be echo printed in the output and
is helpful to the user for identificationof the data in card columns 21-61.

Since the program can designegifher circular or elliptical pipe shapes, there are
different input criteria for each shapey For circular pipe, B, should be specified as
the inside diameter of the pipe, radius 2 must be blank or 0., and the card with
Code = 02 should not be used. For-elliptical pipe, r| and r, must be specified on the
card with Code = 0l and the offset distances u and v must be specified on the card
with Code = 02. Note that forlr, > rs @ horizontal ellipse will be designed, ry>ry
would define a vertical ellipse, [;JT this is not operational at this time.

The load angl% (Bl) most be between I8(())o and 300° and the bedding angle (,82) must
be between 60~ and™180~. If B| *Bp2 360" then the program will set By = 360 = B

If the designer wishes to change any item on an optional data card from the default
value, then dlbthe items on that card must be given, even if the default values are
used.

If the soil structure interaction factor is input less than 0.75 it will default to |.2.
RIXYPE = | for smooth reinforcing with longitudinals spaced greater than 8 in.,

s 2 for smooth reinforcing with longitudinals spaced greater than or equal to 8 in.,
= 3 for deformed reinforcing.
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C.2 Output

Column 80 of the problem identification card is the "DEBUG" parameter that controls the
amount of output to be printed. An integer from 0 to 3 is specified in this column with each
increasing number providing more output, as listed below. Table C-2 shows sample output

in the order that it is printed.

DEBUG =0 Echo print of input data

Summary table for design

DEBUG = | QOutput from debug = 0

Listing of BDATA and IBDATA arrays
Table of ultimate forces

Flexure design table

Shear design table

DEBUG = 2 Output from debug = |

Pipe geometry

Loads applied at each joint
Pipe, soil, and fluid weights

Service load moments, thrysts, and shears at each joint

DEBUG = 3 Output from debug = 2

° Displacements

C.2.1 Debug = 0

Echo print of input data:’ The program prints the data cards as they are read to allow the

designer to check theinput and to identify the design (Table C-2a).

Summary Table for Design: This table (Table C-2j) presents all important design parameters
for the pipe’section. If stirrups are required at a certain location, the stirrup design factor
is output. A row of stars (¥***) under the steel area column shows that steel design at that
location was governed by concrete compression (Section 4.1.2) and the member must be
designed with a thicker section, or designed as a compression member according to AASHTO

ultimate strength design methods.
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* ALL INFORMATION
*
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Table C-2 (Cont.)

C. Pipe Geometry Table

GEOMETRY
1 DEG FROM X(I) Y(I) ALENCT) AT SI(I)
_____JDINT  VERTICAL INCHES FROM CENTER INCHES RADIANS
1 Oe 0el -464000 4,013 0.0 Bel44
2 50 4-009 '450825 “)0013 0-087 00131 00991
3 10. 7.988 -45,301 4.013 06175 0.216 0e976 !
4 15. 11-936 -4f+f‘_’,§3 4n013 00262 00301 0095‘0
5 20 15733 -43,226 44013 04349 0383 0s924
6 25 19.4490 =41.690 4,013 - De436 Dat62 0887
7 33, 23.000 -39.837 44,013 De524 0537 0.843 "
8 35, 264384 374681 44013 0e611 04609 04793 ¢
3 404 295,568 ~35.238 44013 0.698 D676 06737
10 45, 324521 -324527 . 44013 0785 0737 0676
11 50, 35,238 -29.568 4 013 0873 0793 De609
B 12 55 374681 ~264385 4,013 0.960 D843 0537
) 13 &Us 39,837 ~23.000 44013 1.047 0.887 De462
14 65, 414690 194490 44003 14134 04924 0.383
15 70, 43,226 ~15,732 40013 1,222 04554 0e301
16 75 44,433 -11.906 44013 14309 0.976 0216
17 80 454301 ~-7.988 44013 14396 0.991 0s131
18 85 454825 -4,.009 40013 14484 0+999 0eb44
19 96, 46,000 -0.000 44013 1571 04999 ~0e044
20 9%, 45.828E 4089 44013 1.658 04991 -0el131
21 100 454301 7.988 4.013 1.745 0.976 -0.216
22 185« 44433 11906°() 49013 el 2833 00354 ‘ 0301
23 110 434226 15733 4,013 1.920 0.924% ~0e383
24 115. 414690 15 44¢ 4,013 24007 0.887 -0e462
25 120, 39,831 23.000 44013 24094 0e843 ~0e537
26 1254 314681 264384 44013 - 2,182 0,793 -0+609
27 13Ge 35,238 29,568 4,013 2e269 0737 -0e676
28 135, 32,521 324527 44013 24356 04676 =00137
29 140, 29,568 354238 44013 24443 0.609 ~0+793
30 145, 264385 37681 44013 2.531 0e537 ~0.843
31 15C. 23,000 39,837 4,013 24618 04462 -0e887
32 155 19,440 414690 44013 24705 04383 =04924
33 160, 15.733 434226 44013 24793 0301 =0e854
34 165 114506 44,433 4,013 2.880 0216 -0976
35 170, 7 +988 45,301 40013 2967 Cel131 ~0e991
36 175, 4% 089 454825 44013 34054 0044 ~0.999

37 186, 04000 46.000 Ge0 Jel42 00 0.0

-0



Table C-2 (Cont.)
d. Joint Pressure Table

'LOADS AT EACH JOINTs KIPS/INZFOGT

NEAD B SOIL FLYID
CEG FROM =mwe- ————— mrmememmacee  eceececccesmmcesese————— B e B
1 VERTICAL RADIAL TANG - RADIAL TANG RADIAL TANG
1 O -G 008333 0.0 0e249577 Oel o022972 040
2 S ~6.008302 0060726 De245785 0.0 0e022181 0ol
3 1Ge ~0e00B207 e(01447 0eR234526 00 0.019832 0.0
4 15 -0.008049 06002157 0e2161480 0.0 0.016002 0e8
5 26 ~0,007831 De (02850 74191187 D0 04010813 0e0
— 3 25, _=0.007553 0.003522 0.160425 00 _ U 0004435 __ 040 .
] 30 -0.007217 0.004167 0.124789 0.0 -0.002928 040
8 35 -0.0026826 0.004782 . ..0.085361 00 =0e011036 URE)
9 43, ~N, 006384 0a005357 0.043339 0.0 ~0.019625 0.0
1o 454 -0.005893 0005893 Ce00005C 0ol e =04028413 De0
11 50« -3.005357 0eUCGI8BY 0.,008044 0s8 ~0e027343 Oef
12 55 ~0e004780 0e006826  0e016060 0eQ -0e026191_ 040
13 60 ~0eB04167 De07217 0.0624022 Gl -0+024966 0e0
14 65 ~0,033522 0e087553 _6eb31903 Def =0,023678 00
15 T0. -3.0028560 0.007831 04039676 0.0 ~0.022337 G0
16 75 . -04002157 0008049 B 0647314 00 -0.020952 De0
17 - 80 -0e001447 n,.308207 Me0547 93 0.0 -0.013534 040
18 B ~0.000726 (e 00R302 i 0.062086 0e0 B -0.018095 0e0 B
19 90, 00 De008Z33 0069169 000 ~0e016644 0o
20 95, 0,000726 0+008302 04076017 0ol ~0.015193 .00
21 100 04001447 e08207 £.082609 . D0 ~0e013754 0s0
o 22 105. 74002157 0e008043 \ /™ 0.088521 0e0 =04012336_ De0 . 3
23 110. 9.002850 0.C07831 0.094933 Bl -0.,010951 0a0
24 115. 9.003522 0007553 04100623 Ge0 ~0.009610 0e0
25 120« CeC04167 0.007217 0e105972 Ce0 -0e008322 0.0
26 125, 00304780 0e006826 ~ 0110963 0.8 =0e007097 Del
27 130, 2.005357 0006384 L.115579 0e0 ~0.005945 0.0
28 135, 0.005893 0005853 0.119803 040 0004875  GeQ
29 14G. 0.006384 0005357 0.123623 Ge0 -3.003894 0.0
30 145. N.006826 e 004789 0.127023 00 =0003010 __0e0 o
31 150, 0.007217 0004167 0«129994 0e0 ~04002230 0.0
32 155, 0+0087553 0003522 04132526 00 -0.001559 040
33 160, 60987831 0.002850 0.134608 0e0 ~0.00100C4 0.0
34 165 0.0083849 0002157 0.136236 00 . ~0+000567  0e0
35 170, 0.,008207 04001447 0e137402 0e0 -~0.000253 00
36 175 0.608302 0000726 0138103 0.0 ~0.000063 0e0
357 1864 0.008333 0.0 0.138337 0.0 0.0 0.0
_PIPE WEIGHT= 2.408 KIPS/FOOT
SUIL WEIGHT= 1b0e667 KIPS/FQOT
FLUID WEIGHAZS, 24404 KIPS/FOOT

£=D
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Joint Displacement Table

Table C-2 (Cont.)

DISPLACEMENTSy INCHES

e LOADING LOADING LOADING
1 2 3 1 2 3 1 2 3
1 2 3
X Cel 0.0 Gl 0+16183D-05-0243960-04 0+839260-05 031063D-0% 10¢281980~-04 _0.331720-04
Y Gal ) 0.0 -0491191D=04~0422724D-03~06479300-04 =0+34020D~03-04893860-03-0+188790=-03
_ROT Cet 3e0 0.0 0£54001D-04-D.11219D-03-0.2397GD-04 ~0079586D%0%-0421938D-03~046989D-04
ELEMENT 4 [
X D.lUL6TD-U3 D.22676D-03 0.691370-04 0.246210-02 0, aaigggAg; 0.18782D-03 _ 0.447690-03 0,125610-02 033656063
Y ~0e73954D=05=0+19559D=02=-2¢413600-03 =0+116230=02-0e334440=02=0+708010-03 =0e26634D~02=0449714D=~02=010535D=02
e ROT =02107210=05~0+31680D-03-C68021D-04 '0-1213QQ:U3'Qziglgkg:ﬂé:ﬂéﬁéiéﬁﬂzQi__;ﬂglﬁﬂéﬂﬂ;ﬁézﬂ;ﬁéélZQ;RA:QJlﬂﬂﬁinzjﬁ___
ELEMENT 7
X 0.71027D0~03 0.212830-02 04537420-03 0.102540-02 -3223§g~gg_0_7a7080 0300138030 =02_ j;45n530 02 0+10772D-02
Y “0.21813D=02-0+67318D-02-04142920-02 ~0s268860=02-0,854190-02-0418134D-02\J-04316280-02-0.102880~01~04218550~02
CROT. = Uel47690-03-04511970~03-0,110910~03  ~0e14903D0~03-0e536330-03-0e116640-03 _“=0¢145350-03-0+53905D-03=0+117760=03
ELENMENT 10 11 12

5¢175890~-02 0.531070-92 $.139%2D0-02

. 58690-02-0.118950-01-0.252830-02

..0621435D0-02 0.736360-02 0417260D=02.. __0+251580=02_0+880680=-02 0.205310=02
-0e334960=02-0413302D-01=04282740-02

-0e42451D=-02-0.14471D-01-0430755D~02
~0.110820=-03=-0443533D=03=096824D=04

15
033928D=02 012290D-01 0.28574D=02

~0647421D-02-04165270-01-0.350C1D-02

120.22661D-03-0.52066D0204 .

036681D0~02 04134990-01 0.315850~€2

~0.483890-92~0.17026D0~01-0.35750D~02
0617270=05_0+114850-04 0.,489430-06

21

09346810005 012812001 0,30210D-02. 0326630202 0.12069D~01. .0.285990202 .

~0+48855D0=02=0e17303D=01~0435940D0~02
058646004 0+21943D-03 047463004

24

023833D-02 0eB74600-02 0211670=02
~0.51847D-02-0.185490-01-0438290D0~02
00923360204 0235673003 0,79247D=04

27
0e136900-02 04490370-02 0.12348D=02

-0e584170-02-021184D-01-0,43831D=02
0.104220-03 0,40289D-03 0.30616D-04

30

33
0.11876D-03_0.27663D-03 04119020-03

=0e75465D0-02~0427943D~01~04586%30~02
0260180D=-04 0e233630-03 0653170D=-04

36
0e32462D-05-0+346790-04 0+637750-05_

~079973D-02-0.29724D-01=0.626180=02
0415949D-04% 0461940004 0+141230-04

O ROT  =0413731D~03-0e52131D-03-7+114470-03  -0¢12557D-02-0+48568D0-03-04167290-03
ELEMENT 13 iC
X 0e28983D-02 G410149D-01 §.23603D-02 0¢31551D~02 0a11329D-04N\0:26327D~02 _ De
T ~D.44724D~02=04155910-01-0432689D=02 =06463550-02-0%160680=01~0+340880=02.
CROT = 0a93685D=04=0,37340D-03-0,83722D=04 =-04748200=04=02302890703<0.68602D~04 =0e548360
" ELEMENT 16 1.7
e  042%€130-02 0.12989D-01 (430240D-02 04365400-02 0+133970-01 0.31256D-02
17 ~0e480280=02-04168070=01~0435511D-02 -0.483050-02-0«169550~01-0.35721D=-02
ROT  ~G444817D~04-04147200~03-04346860-64_ ~04138120-04-067098D-04~0+170000-04
ELEAENT 19 20
X 0e260460-02 00132990~01 04312260-02
Y T 4B423D~C2-0¢17C735D0~01~0+35719D~02 =0e485380=02-0417150D~01-04357460-02
___ROT  Ge25176D~04 0«865599D=04 0+17328D-04 0427860504 0415638D-03 0331050-04
T ELEMENT 22 23
X L.20098D-02 0411110D-01 0.26482D0-02 0427105002 0.998470=C2 0.23964D=02
Y “0e45471D0=02-0417570D-01~Ce36388D0~02 =0450454D-02-0417980D~01-0.371580-02
ROT 10/24540-04 027447003 0460097D=04 0483966004 _0432049D-03_0+70756D-04
"ELEMENT 25 26
X 0.2064130-02 0.745C1D~02 0.18216D0-02 0.16989D=02 0.61523D=02 0,15237D=02
Y “0et2659D0-02-0.19281D=-01=0.397940=02 =-0.55866D-02-0,20166D-01~0.416560-02
ROT  ©.95417D-04 0.38268D-03 £.85432D<04 0.103160=-02% 0.398080-03 0+892300-04
o ELEMENT 28 29
X 04196310=02 0e37489D~02 (e965¥10=-03 0¢790210=03 0e272430-02 072326003
Y ~0et1234D-02-0422306D-01-0462530-02 ~0664220D~02-0423491D-01-0448835D-02
__ROT 0010264D=03 04397300-03,0%89617D~04  0,985150~04 0438171003 0.86311D=-04
o ELEMENT 31 32
X 0.367360-03 04115840=02) 0,34517D-03  04221970-03 De63449D-03 04213590-63
Y uJVFézaD 02-0425872D=01-0.54066D-02 ~0473003C~02~026970D~01-0.564950~-02
ROT 0,62268D=04 04323040-03 D0.733260-04 0072573D-04 04281660-03 04640260-04
ELEMENT 34 35
X 0452974D-04 Ge65718D=04 04573780-04  0.17469D~04-0.262620=-04 0.224700=04
Y “UelT7504D~02=04287490~01-0460445002 =0479029D~02-0429352D-01~04617870~02
_ROT 04465910-04. 0%180130-03 0441032D=04 0e31532D=04 012245003 04279100-04
ELEMENT 37
X Ue® G0 Da0

Y ~0e89295D0=02 ~0.298510~01 =0+629000-02
ROT 0.0 0«0 000

8-9



Table C-2 (Cont.)

f. Moments, Thrusts and Shears at Joints
_ SERVICE LOAD THRUST(KIPS/FT)e SHEAR(KIPS/FT)s MOMENTC(INSKIPS/ET)
DEAD LOAD SOIL LOAD FLUID LOAD
LEGe FROM =-eewscmeeececcccecmrmecwe—eas cCemeceesemsemmceeeeeeeeade qe=  =mmce--- Rt D L R ety
JOINT VERTICAL N v M N \ M N Vv M

1 e 041902 142027 2644381 345193 =040002 £1e7218 -0.6454 =040150 13.2007
2 .5 062911 l1el872 21le7164._ 35459 046855 6043391 -0 a6397 Nel317 12 49650
3 10. 063842 1.0846¢ 1742305 Je6341 13357 562613 ~-0e.6221 0e2711 121522
4 15, Je4686 1e0148 13.C116 Je7761 19164 49,7007 -0 65930 De3960 10.8064
5 20 Déb4a3g 049387 99,0866 J«9644 243958 4140010 -0+5539 0+4999 849988
6 25« 046095 08575 Se4769 441889 21453 306232 ~0.5069 0e5768 68254

[ 30 e fe665H2 0al722 2e2027 404371 2w9410 191446 ~-0e45495 0e6218 444059
8 35, 0s7109 06839 =0e7222. o 46949 299639 72217 ~043996 0e6311 1a8164
3 404 0e7463 345928 ~3428283 449466 2.8012 -4 44240 ~0e3460 06021 «0e«b6143
10 45, 0e7716 0.5029  -5.4904 5.1758 244462  =15.0315_ _ -0e2964 Ne5338 _ =2.9098
11 51, 067869 (4123 =-T7e3272 53700 20019 =23,9626 =0e2536 0e4459 -4 48780
12 £h De7925 03230 -848027 5.5261 145745 -311439 =De2184 0.3591 -604954
13 €0 e 0«7888 02360 998242 Se6458 141672 ~-36.6495 -0.1908 0s2744 ~T«7684%
14 65 07761 001522 ~1047012 57309 07827 _ ~4045591 =041704 0.1925 __=8e7053
15 13« 07550 Ds07286 ~11.1502 S«783E 04236 =42,9761 -01570 061145 ~9¢3213
16 75 027262 _ =0.0021 =11,2883 548061 000921 =44,0035 ~041502 00410 __ =9.6324
17 8ie 366904 -Na0712 =~111372 548010 =0+2098 =43,7573 =-0e1496 =0es0271 ~9.6587
18 B, 006483  =0.1340 =10.7207 507708 =0.4805 =4243598 =0e1547  =0.06893.__=9.4228
19 SJe fe6008 ~341908 ~10.0653 57185 ~0e7188 ~35 93330 ~0el1649 -0s1451 -8e9496
20 5. De5487 -0.2388 -9 1992 56468 ~049237  =36e6271 ~0,41797 =001939.. ~842661
21 100 0.4929 -0.2799 -86 1527 5.5586 =1.0947 <~32.5606 -0.1985 062355 -7¢4010
22 135, 04344  =0,3131  %6e9566 544571 =142315__=27.8753 042205 __ ~042695__ =643838
25 110 Ged3741 ~0.3384 ~He6426 5.3451 -143342 ~-22.7077 -0.2452 -0e2959 -5.2448
24 1159« 043129 ~0.3556 ~4.2434 542255 -144033 ~1741948 ~0s.2718 =0e3146 =4 40153
25 123 042519 ~0e3648 247911 51014 =144397 =1144703 ~-3+42998 =-0e3256 ~2.7260
26 125, 01918  =C.3663  -1,3180 449755 =le4444 _ =5,6653 -0e3284 _ =043291___=144080
27 130 041335 ~{0e3601 feld54 448505 -1e4188 00970 =-0e3570 063254 -0s030LE
28 135 0s.0780 ~Je3468 145694 447289 =-143648 56988 =0.3849 =~0e3147 141976
29 143 . 00261 -Be3267 29269 446133 ~-1+2842 11.0328 ~0e4116 -0e2S75 24305
50 145 -0«02}6 ~Nel3004 41899 4450517 ~-11795 159901 =0e4366 ~0e2743 35812
31 150, ~J.0644% -0e2685 53356 444082 -1.0529 20.4823 -0e¢4593 -0e2457 4e6279
32 155, -0.¥047  -0.2316 63428 443227 =0.9074 __ 2444274 ~0e4793 _ =042124 545498
33 163 ~041329  ~0e1905 7.1928 442505  =0e7457 2741537 “0+4962  -001749 643291
34 165, 81576 -041459 748700 441930 -05709 30,4021 i =045097  =041341 649509
35 17d. ~061755 -0e0987 843624 441512 -0+3862 323267 -0.5195 -0.0908 74033
36 175 ~0el864 -0«0498 Leb6616 41258 -0141948 334959 -0e5255 ~0.0459 746785
37 18d. ~041902 0.0 8.7619 0.0 33.8877 <0.5280 040 77707

441213
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Table C-2 (Cont.)

g. Table of Ultimate Forces

TABLE ©OF ULTIMATE FORCES

DESIGN
LOCATION MOMENT THRUST SHEAR
GEG FRON  IN.KIPS/FO0T  KIPS/FOOT  KIPS/FOOT
INVERT
0.0 1314769 3,983 00
17492 84968 5.744 44711
75490 -84,401 8297 0.179
148 488 37,725 5,097 24092
180,00 65.546 44424 %0

h. Flexure Design Table

FLEXURE DESIGN-TABLE —

..................... R T e L L R T T L R N il e e L L L L T L T Y P

DESIGN
LOCATICH DESIGN VALUES GOVERNING DESIGN
De6G FRGE REINFORCING CRACK RADTAL TENSTON - STEEL STIRRUP STIRRUP GOVERNING
INVERT FLEXURE CRACK CONTROL INDEX INDEX AREA RATIO FACTOR EXTENT MODE
SGeINS/FT SQeINe/FT SQeIN/FT INe
Gl Da311 0e110 04353 Cet60 0311 0.0043 0.0 0.8 FLEXURE
7530 0el39 00 (] 0e0 . 0.139 0.0019 G0 0.0 FLEXURE
180400 Ce130 0.0 00 0.204 64130 00018 0.0 0ol MIN STEEL

. Shear Design Table

SHEAR DESIGN TABLE

DESIGN REQUIRED STEEL STIRRUP STIFRUP GCVERNING
LOCATION REINFORCING RATIO FACTOR EXTENT MODE
DEG FROM SQvINS/FFT TN
INVERT
17492 8.0 8.0 040 0.0 DOESNOTGOVRN

148488 00 Cel 0.0 0s 0 DOESNOTGOVRN




Table C-2 (Cont.)

je Summary Table for Design

B4 . UINCH DIAMETER REINFORCED CONCRETE CIRCULAR PIPE
iti******* iit‘k***i**k*’****t***ttt****i*fk**tt*ittt'ﬂ'***iii*****ﬁ****"*!*

TS TALLATION DAT B
HEIGHT OF FILL ABOVE CROWNs FTy 7 .50
UNIT WEIGHTy PCF S 120,00
SOIL-STRUCTURE INTERACTION COEFFICIENT 120
BEDOING ANGLEy DEGREES 9000
LNAD ANGLEs DEGREES 270400
_____ MATERIAL PROPERTIES. - M- -
STEEL - MINIMUM SPECIFIED YIELOD(STRESSW\PRSI 65000,
REINFORCING TYPE 24
NOs OF LAYERS OF REIMEURCING 1.
CONCRETE = SPECIFIED COMPRESSIVE STRESSy PSI 5800,
LUADING DATA
LOAD FACTOR = MOMENT AND _SHEAR 1430
LOAD FACTOR = THRUST 1430
e TRENG T F REDUCTION FACTOR-FLEXURE S - 298
STRENGIF REDUCTION FACTOR-DIAGONAL TENSION - 050
LIMITING CRACK WIDFH\FACTOR 1.00
PIPE DATA
WALL TFICKNESS, IN. 8,00
INSIDE CONCRETE COVER OVER STEELs IMa 1450
OUTSIDE GONCRETE COVER OVER STEELs INe 100
FLuSe\n oaATA o
FECUID CENSITYs PCFe 62450
DEPTH OF FLUIDyINCHES ABOVE INVERT 84.00
REILNFORCING STEEL DATA
INVERT= INSIDE REINFORCINGy SQueINa/FTe §a311
SPRINGLINE= OUTSIDE REINFORCINGy SQeINe/FTe 0.139

CROWN= INSIDE REINFORCINGs SQeINA/FTs« 0130




C.2.2 Debug = |

Listing of BDATA and IBDATA arrays: All of the input data and some additional parameters
which are calculated from input data are stored in the BDATA array. A map of this array is
presented in Table C-3. When this array is listed in the output, a parallel array, IBDATA is
also output. This parallel array contains flags which indicate whether the items in the

BDATA array were input, assumed, or if no value is present (Table C-2b).

Table of Ultimate Forces: This table (Table C-2g) lists the ultimate momends, thrusts and
shears at each of the five design locations (Figure C-1) in the pipe. These are the forces

used to complete the reinforcing design.

Flexure Design Table: This table (Table C-2h) lists the reinforcing requirements for flexure
and crack control, and the index value for radial tension. Also.listed is the governing design,
the steel ratio produced by that design and stirrup requirements if the radial tension index
was greater than [.0. The governing mode is also listed. The output notes under governing

mode are described more fully in Table C-4¢

Shear Design Table: This table (Table C-2i) summarizes the design calculations for shear
strength. The values listed are the circumferential reinforcing area required to produce the
required shear strength, the steeljrdtio produced by that reinforcing and any stirrup
requirements if the circumferentigl reinforcing required to meet the shear requirements is

greater than that needed to meet the flexure or crack requirements.
C.2.3 Debug = 2

Pipe Geometry;- This table (Table C-2c) lists the coordinates and angle from vertical (6) and

the lengths (and unit sines and cosines of each member. The pipe model is shown in
Figure C<2,

Loads Applied at Each Joint: This table (Table C-2d) lists the radial and tangential pressure
at each joint due to earth, fluid and dead load. The units are kips per circumferential inch

per longitudinal foot.



Pipe, Soil and Fluid Weights: The total applied loads on the pipe for each load condition,
Units are kips per foot (Table C-2d).

Moments, Thrusts and Shears at Joints: This table (Table C-2f) lists the service load
moment thrust and shear at each joint. The forces are listed separately for the three load

conditions.

C.2.4 Debug = 3

Joint Displacements: This table (Table C-2e) lists the displacements forseach joint due to
each load condition. The displacements are in a global coordinate system, with positive x
and y displacements as shown in Figure C-2 and rotations positive-counterclockwise from

the y to the x axis.



C-14 @ Crown
) @

SO

2\
Springline —/
A @

@ Invert

©

Flexure Design Locations:
I,5 Maximum positive moment locdtions at invert and crown.
3 Maximum negative moment loéation near springline.

Shear Design Locations:
2,4 Locations near invert(and crown where ’M/Vdvd =3.0

Notes:

l. Reinforcing in crown (A C) will be the same as that used at the invert unless mat,
quadrant, or other specia? reinforcing arrangements are used.

2. Design locations are the same for elliptical sections.

Figure C-1 TYPICAL REINFORCING LAYOUT AND LOCATIONS OF CRITICAL SECTIONS
FOR SHEAR AND FLEXURE DESIGN IN PIPE SECTIONS



Table C-3
MAP OF BDATA ARRAY
Index of Notation Description Units
BDATA Design Computer
Method Code
I r RADI | inside radius, side in.
2 Iy RADI 2 inside radius, crown & invert .
3 He H depth of fill ft
4 U U horizontal offset distance in.
5 v \'% vertical offset distance in.
6 h TH wall thickness in.
7 B, BETA bedding angle degrees
8 Fe HH soil structure int. factor none
9 Y, GAMAS  soil unit weight b/
10 Yo GAMAC  concreteiunit weight Ib/ff3
[ Y, GAMAF  fluiéUnit weight Ib/f+°
12 df DF depthef-internal fluid in.
13 fy FY reinforcing yield strength l<|'ps/in.2
14 f‘C FCP concrete compressive strength kips/in.2
15 Tbo COUT cover over outside reinforcing in.
16 fbi CIN cover over inside reinforcing in.
|7 Lfmv FLMV load factor, moment, shear none
18 Lfn FLN load factor, thrust none
19 wdi DIN diameter of inside reinforcing in.
20 Wdo DOUT diameter of outside reinforcing in.
21 RTYPE RTYPE  reinforcing type none
22 n NLAY number of layers of reinforcing none
23 S0 SPIN spacing of inside reinforcing in.
24 S0 SPOUT spacing of outside reinforcing in.
25 cbf PO strength reduction factor, flexure none
26 Fcr FCR crack width factor none
27 E EST modulus of elasticity - steel kips/in.2



Table C-3 (Cont.)

Index of Notation Description Units
BDATA Design Computer
Method Code
28 Ec ECON - modulus of elasticity - concrete kips/in.2
29 o RADMI  mean radius, side in.
30 roo RADM2  mean radius, crown, invert in.
31 eq EQUID  equivalent circular diameter in.
32 B BETAS load angle degrees
33 Oy POD strength reduction factor, none
diagonal tension
34 r FRP radial tension strength none
P process factor
35 Fv FVP diagonal tension strength none

process factor

Table C-4

DESCRIPTION OF GOVERNING MODE OUTPUT NOTES

Qutput Note
FLEXURE

MIN STEEL
CRACK
RADTEN + FLEX

RADTEN +CR

DT NOSTIRUPS

DT + STIRRUPS

MAXCONCOMPR

Description

Steel area‘based on ultimate flexural strength requirements.
Steel@rea based on minimum steel requirements.
Steel based on crack requirements at service load.

Steel area based on ultimate flexural strength requirements, but
stirrups are required to meet radial tension requirements.

Steel area based on crack requirements but stirrups required to meet
radial tension requirements.

Diagonal tension strength is exceeded based on steel required for
flexure or crack. Stirrups may be used, or the circumferential steel
may be increased to the amount shown.

Diagonal tension strength is exceeded based on steel required for
flexure or crack. Stirrups must be used.

Design by usual methods is not possible due to maximum concrete
compression. Section must be designed as a compression member, or
reanalyzed with a different wall thickness or installation conditions.



Member Number
@ Joint Number

Note: For Circular Pipe
u=v=0andr =r,

Figure C-2 FRAME MODEL USED FOR COMPUTER ANALYSIS
OF CIRCULAR AND ELLIPTICAL PIPE
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APPENDIX D — DESIGN EXAMPLES

Pages
D.l  Side Tapered Box Section Inlet Design D- 2-D-20
D.2 Side Tapered Reinforced Concrete Pipe Inlet Design D-21 - D-38

D.3 Side Tapered Corrugated Metal Pipe Inlet Design D-39 - D-44



D-2

D.l — SIDE TAPERED BOX SECTION INLET DESIGN EXAMPLE

D.l.l Problem: Determine the reinforcing requirements for a cast-in-place side tapered

box inlet. For geometry use the results of Example No. | in Reference |.

D.l.2 Design Data

Given Data
Face Throat
1 Bi 10.5 ft 7.0 ft
D. 6.0 ft 6.0 ft
\// Sg =2 :
- T Ty TS 8 in, *
o s ' HH, HV 8 in.
\— - 120 pcf
- ’ YS
bt—— Face pt——— Throat Di = 60" YC ISO PCf
Y¢ 62.5 pcf
— — - o 0.25
5, = 0.029 Lo - %max 0.50
¢f 0.90
i . l‘g ‘ 7 ¢v 0.85
I :
\ l Fcr [.0
fy 60.0 ksi
B, = 106" Ly =70 T i
. - BE o f'c 3.0 |-<SI
’ to 2.0 in,
t . 1.0 in.,
_V_.. | — bi
/" . L [.3
3'-6" P Midlength Section f
e 2] ‘ R Type 3 = Def. bar
l .0
vp

Note: Add 2' surcharge for miscellaneous unanticipated loads.

B, 84
* Estimated wall thickness =T:—|—2- + | = Vi | = 8"
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BOX SECTION INLET DESIGN EXAMPLE (Continued)

D.1.3 Calculate Soil Pressure

Throat

Face

He@Fqce =2'+2' =4
D, . g
H. @ Face = H, + -2—' + Ty=b+3+15=7.67 Say 8'-0"
H, @ Throat = 4+L, (g'; +5)=4+7(5+0.029) = .7 Say 8-0"
He @ Throat = 7.7'+ 3.67' = 11.37" Say 11'-6"
H, @ Midlength = & + 7 (5 +0.029) = 5.85 Scyl€-0"
B, @ Midlength = 122+ 70 - 875
He' @ Midlength = 6 + 3.67 = 9.67' Say 10'-0"
Py =Yg He Fe+Yc TT+2YC D TS/B' Eq. 3.1
D' =6+ =667B=T S ST
p, = (12008)(1.2) + (150}2) + 2ISON6.6705)/7.67 = 1,426 psf
- 118.8 Ib/in./ft
Paman. = U, Y Pl £ (05)(120)(11.5) = 690 psf Eq. 3.2
- 57.5 Ib/in./ft
© -T2
Psmin. = *min. 's H’e “YeT R Eq. 3.3
(6.67 - % 2
- 14,7 Ib/in./ft
D' = 6+ = 66758 = 10.5+ 5= 1117
p, = (12006X1.2) + (150XE) + 2)(15006.67)/11.17 = 795 psf  Eq. 3.1
- 66.3 Ib/in./ft
Porra, = (0-5X(120)(8) = 480 psf = 40 Ib/in./ft Eq. 3.2
(6.67 - % 2
Pamin, = (0:25X12008) - 62.5 —pyrzan— = 71 psf Fq. 3.3

= 5.9 Ib/in./ft



D-4

BOX SECTION INLET DESIGN EXAMPLE (Continued)

Midlength
' - 8 _ LI = 1 I .§_ - !
D' = 6+ - 66758 =875+ 5= 9.02
p, = (12006)1.2) + (150(-3) + 2X150K6.670-8)/9.62 = 1,106 psf  Eq. 3:]
= 92.1 Ib/in./ft
Psmax. = (0.5)(120)(10) = 600 psf = 50 Ib/in./ft Eq. 3.2
(62.5)6.67 - +)*
psmin. = (0.25)('20)(]0) - (2)(6.67) = 131 pSf Eq- 3.3
- 10.9 Ib/in./ft

D.l.4 Calculate Moments, Thrusts & Shears @ Design Sections

Using the following equations, calculate the moments, thrusts, and shears at design

locations shown on Fig. 4-2.

Design Moments

X
Moment in bottom slab: Mb(x) { oM%K >+ 0.5p, x (B' - x) Eq. 3.9
Mordin,
* %*
p
Moment in sidewall: M (y) = { omox} { smax.> 0.5y (D' -y) Eq. 3.10
S omin Psmin.
where:
M 2
< omax.}z-po 1 -1.5G +05G4 {psqu 2 E. 3.8
Momin. 12 I+ G psmin 12 {1+ GI
T 1D
G = Eq. 3.4
TS3 B! q. 3.
9 H,_> T
Gsy = —3 (1 —ﬁ) Eq. 3.5
DB T
3
2H T
Gy = — (L, T, Eq. 3.6
3 B" ;.2 T 3
T S 3
6 H 3T T
H T T
G, = B (1.02 gt -——3) Eq. 3.7
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BOX SECTION INLET DESIGN EXAMPLE (Continued)

Momax M i
* Usep *or Omin.

as follows:
SMax. Psmin.

Location 8, 9, and 10, use Psmax only.

Locations 11, 12, and |3 check both p for governing case.

smax. and Psmin.
Locations 14 and |5 use Psmin only.

Design Shears

Shear in bottom slab: Vb (x) = Py (% - X) Eq. 3.11
o . D!
Shear in sidewall: VS (y) = Psmax. (7 -y) Eq. 3.12

Design Thrusts

*
Thrust in bottom slab: meax } { SQax. %—' Eq. 3.13
bmin. Pérmin.
p, B
Thrust in sidewall: Ns = — Eq. 3.14

Throat — Design Moments

(8/12) (7.67)
5
(9) (8412) 8/12
G - (1-S£2%) - 0.70 Eq. 3.5
2 (6.67) GeT) (81123 &67
3
(2).(8712) I 8/12
G - + = 0.348 Eq. 3.6
3 /.67 <(8/12)2 8/12)°
(6)(8/12) (3)(8/12) (8/12)3
G = ONS/12) [y 02 - = 0.917 Eq. 3.7
4 7.67 ( 7.67 (8 “2)3>
) (-118.8)(92)2] 1-(1.5)(0.348)+(0.5)(0. 9|7) smox 8 o 87-0.070
o = 12 |+ 0.870 - 0.348 i, +o §70-0.348
p
= -51558.9 { Sm_“"} 280.33 Eq. 3.8
Smine.
Momax, = -51558.9 - (57.5)(280.33) = -67680 in.-lIb/ft

= -51558.9 - (14.7)(280.33) = -55680 in.-Ib/ft

omin.
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BOX SECTION INLET DESIGN EXAMPLE (Continued)

Throat — Design Moments

Design Coordinate Moment
Location % 4 Psmin. Psmax.
(in.) (in)  (in-Ib/ft) (in.-lb/f1)
8 - 40.00 - -21630
Il - 12.00 -49680 -44210
12 12.00 - 1370 - 10630
15 46.00 - 70010 -

} Sidewall moment Eq. 3.10

} Bottom slab“moment Egq. 3.9

Throat — Design Shears

inner

(0.96 (8) - 1) = 6468 in.

= 5:68'in.

d e = (0.96(8) - 2 =25.68ish
b i oy = 0-85(6.68)
b9 urer 0.85 (5.68)

@ Design Location'9

M 0

8<

<4.83 in.

ZM
(¢d)+ ¢d @V¢d-30

Do not investigate

Eq. 4.22

@ Design Location 14 (positive moment region)

(2)(700[0)
[ (5.68° + GiiTes).
= 46.00 - 21.29 = 24.71 in.

coord@ 4 -

- 5.6{! = 21.29 in.
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BOX SECTION INLET DESIGN EXAMPLE (Continued)

Throat — Design Shears

Design Coordinate Design
Location X y Shear
(in.) (in.)  (Ibs/ft)
9 No Check Mg <0 |
10 - 16.83 1330 } Shear in sidewall Eq. 3.12
Il - 12.00 1610
12 12.00 - 4040 )
13 17.68 - 3360 Shear in bottom slab Eqg. 3.11
14 24.71 - 2530 j

Throat — Design Thrusts
(57.5) w;<_122) = 2300 Ib/ft

Npmax. 612 Eq. 3.13
6.6
Nyin, = (147) (————2—> = 590 IB/Ft
N, - (UBBXZEND - _ 5470 /b Eq. 3.14
Face — Design Moments
3
(8/12)° (11.17)
5
(9) (8/42) 8/12
G - (1 -5y - 0.048 Eq. 3.5
2 ©6NUL I @23 66
3
(2) (8/12) | 8/12
G - . = 0.239 Eq. 3.6
3 N-17 <(8/12)2 (8/12)3>
3
(6)(8/12) (3)8/12) , (8/12)
G ¢/ LRSI (1,02 - = 0.659 Eq. 3.7
4 .17 ( .17 (8“2)3)
M _ (—66.3)(|34) I-(1.5)(0.239)+(0.5)(0.659)\- / Psmax. 8 O 597-0.048
o = 12 I+ 0.597 - 0.239 Permin. |+o.597-o.239
p
= -70935.1 { qux'}ZlS.él Eq. 3.8
smin.
omax. = ~70935.1 - (40X215.61) = -79560 in.-Ib/ft

Momin, = -70935.1 - (5.9(215.61) = -72210 in.-Ib/ft



BOX SECTION INLET DESIGN EXAMPLE (Continued)

Face — Design Moments

Design Coordinate Moment for
Location X 4 Psmin. Psmax.
(in.) (in.)  (in.-Ib/f1) (in.-lb/ft)
8 - 40.00 - -47560
Il - 12.00 -69800 -63240
12 12.00 - -23680 -31030
15 67.00 — +76600 -

Face — Design Shears
@ Design Location 9

Mg <0 Do not investigate

@ Design Location 14

[ (5.68) (29)(76666%))- 5.6ﬂ - 33.96 in.

Xcoord@14 = 67.00533.96 = 33.04 in.

Design Coordinatée Design
Location X Shear
(in.) (in.)  (Ibs/ft)
9 No Check M8 <0
{0 = 16.83 930 Shear in sidewall
i - 12.00 1120
[2 12.00 - 3650
3 16.83 - 3330 Shear in bottom slab
14 33.04 - 2250

Face — Design Thrusts

Nomax, = (40X80/2) = 1600 Ib/ft
Nomin, = (5.9(80/2) = 240 Ib/ft
N = (66.3)(134)/2 = 4440 Ib/ft

S

} Sidewall moment Eq. 3.10

} Bottom slab mioment Eq. 3.9

Eq. 3.12

Eq. 3.11

Eq. 3.13
Eq. 3.13
Eq. 3.14



BOX SECTION INLET DESIGN EXAMPLE (Continued)

Mid-Length — Design Moments

8/12)° (6.67)

GI 3 = (0.708
(8/12)° (9.42)
5
(9) (8/12) 8/12, _
Gz 3 (I -6.67) - 00057
(6.67)(9.42)(8/12)
3
(2) (8/12) I 8/12 \ _
G3 557 5 + 3] = 0.283
(8/12) (8/12)
G (6)8/12) 1.02 - (3X8/12) (8/|2)
4 T9.472 9.42 (8/12)
M (-92. I)(I I3) [-(1.5)(0.283)+(0.5)(0. 768)
o | +0.708 - 0.283
-65988.1 - <Sm°x° 243.65
Psmin.
= -78170 in.-lb/ft
omax.
Momin. -68640 in.-lb/ft
Design y Moment for
Location Coordinate Psrmin. Psmax.
(in?) (in.-1b/ft) (in.-Ib/ft)
8 40.00 - -38170
Il 12.00 -64190 -57770
x Coordinate
12 12.00 -12830 -22360
5 56.50 +78360 —

3
3/ = 0.768

D-9

Eq. 3.4

Eq. 3.5

Eq. 3.6

Eq. 3.7

smcx} 80)2 { 0.708-0.057 )
Poi f| 12 \|+0.708-O.283

Sidewall moment

Bottom slab moment

Eqg. 3.8

Eq. 3.10

Eq. 3.9



BOX SECTION INLET DESIGN EXAMPLE (Continued)
Midlength Design Shears
@ Design Location 9
M, < 0 Do not investigate

8

@ Design Location 14

x4 = 3 E\/(s 68)2 (29)(79%360) 5.68:l = 27.59 in)

Xcoord@M = 56.50 - 27.59 = 28.91 in.

Design Coordinate Design
Location X y Shear
(in.) (in)  (Ibs/f1)
9 No Check M8 <0
10 - 16.83 1160 > Shear in sidewall Eq. 3.12
I - 12.00 1400 |
12 12.00 - _ Gioo )
[3 16.83 - 3650 } Shear in bottom slab Eq. 3.11
14 28.91 - 2540 )

Midlength Design Thrusts

(50) (W): 2000 Ib/ft Eq. 3.13

bmax.

(10.9)(40) 440 Ib/ft Eq. 3.13

1

bmin.

NS _ (92.[)(92-42)“2) = 5200 Ib/ft Eq. 3.14
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BOX SECTION INLET DESIGN EXAMPLE (Continued)

Summary of Design Moments, Thrusts and Shears

Section Design Service Load Forces Ultimate Load Forces *

Location M N \Y Mu NU A
(in.-lb/f1) (Ib/ft) (Ib/ft) (in.-Ib/f1) (Ib/ft) (Ib/f1)
8 -21630 Mg < 0 — No Flexure Design Required

Mg < 0 — No Shear Design Required

10 *% ** 1330 - —_ 1730
I -49680 5470 1610 -64580 7110 2090
Throat
12 -10630 2300 4040 -13820 2990 5250
i3 *% * % 3360 - - 4370
14 *% 590 2530 & 770 3290
I5 70010 590 * % 91010 770 -
8 -47560 N\8 < 0 —(No Flexure Design Required
9 M8 <. 0= No Shear Design Required
10 *% * % 930 - - 1210
Face I -69800 4400 120 -90740 5720 1460
i2 -31030 1600 3650 -40340 2080 4750
13 *% * % 3330 - - 4330
14 ** 240 2250 - 310 2930
15 76600 240 * % 99580 310 -
8 -38170 M8 < 0 — No Flexure Design Required
9 M8 < 0 — No Shear Design Required
10 * % ** 1160 - - 1510
Mid- R -64190 5200 1400 -83450 6760 1820
Length 2 -22360 2000 4100 -29070 2600 5330
13 * % *% 3650 - - 4750
14 *% 440 2540 - 570 3300
15 78360 440 * % 101870 570 -

*  Load factor x service load force — Eq. 4.1, 4.2, and 4.3.

** Force at this location not required for calculations.



BOX SECTION INLET DESIGN EXAMPLE (Continued)

D.1.5 Reinforcing Design

Flexure
2 |

Ay = {9 ¢fd'NU"‘/; E(¢fd) -N, (2¢fd-h)-2M£l} ?; Eql 4.4
g = 0.85b f' = (0.85)(12)(3000) = 30600 Eq. 4.5
d = 096h-t_ Eq. 4.6

= (0.96)(8) - | = 6.68" To inner steel  (positive mement)

= (0.96)(8) - 2 = 5.68" To outer steel  (negative moment)
b = 0.0

(5.5 x 10%X(gpXd) ,

max As = S7000 fy) ~0.75 NU —f—y— Eq. 4.14

(f'_ - 4000)
g' = {0.85 - 0.05 —LIO—O—(T—— b ' Eq. 4.15

where:C0.65 b f'c < g < 085b f'c
- (3000 - 4000) _
g = E.SS - 0.05 <—l 5000 )] (12)(3000) = 32400
(0.85)(12)(3000) = 30600 < 32400 use g' = 30600

0.002 b h Eq. 4.7
(0.002)(12)(8) = 0.192 in.2/ft

min A
s



BOX SECTION INLET DESIGN EXAMPLE (Continued)

F lexure
Section Design M N b d A min. A max. A
U v f 2s 2 s 5 3
Location (in.-lb/ft)  (Ib/ft1) (in.) (in%/ft) (in.</f1) (in.%/1)
8 (+M) M8 < 0 — Use min. AS 0.192* —_
Throat [l (-M)  -64580 7110 5.112 0.130 0.192% 0.887
roa
12 (-M)  -13820 2990 5.112 0.007 0.192% 0.938
I15(+M)  +91010 770 6.012 0.256% 0.192 1.138
8 (+M) M8 < 0 — Use min. As 0.192* -
- [l (-M)  -90740 5720 5.112 0.243% 0.192 0.904
ace 12 (-M)  -40340 2080 5.112 0.108 0.192% 0.949
15(+M)  +99580 310 6.012 0.286% 0.192 I.143
8 (+M) M8 < 0 — Use min. AS 0.192% —
Mid [l (-M)  -83450 6760 5412 0.203* 0.192 0.891
Length |2 (-M)  -29070 2600 5.112 0.063 0.192% 0.943
[5(+M)  +101870 570 60012 0.291* 0.192 [.140
* Governs design at this location.
Crack Width Control Check
Fooo- d MeNW-H/2 ¢ b2 Eq. 4.16
cr = (30000)( XA ) i | c - 9.
- M _h
e = N d 5 Eq. 4.17
j =\ 0,74 + 0.1 g where j < 0.90 Eq. 4.18
|
i = | - J_g Eq. 4.19

e

For Reinforcement Type 3 (RTYPE = 3)

3 o.s&b)2 5,)
B = ———2% andC =19



BOX SECTION INLET DESIGN EXAMPLE (Continued)

Crack Width Control Check

Conservatively assume circumferential reinforcement spacing = 12 in. (S,Q,)

-]
I}

. %/(0.5)0)2(12)
B B e

(inner and outer cages are each a single layer)

B = .82 (for tension on inside)
3 [0.5 @%12)
BI = —————~——l-—-———— = 2.88 (for tension on outside)
Sect. Design M N d B, e e/d i i Asflex Fcr
Location (in.-1b/ft)(Ib/ft) (in.) (in.) (in.2/f’r)
8 -21630 Mg <70 <"No Check Required
Throat I -49680 5470 5.68 2(88 10776 1.89 0.90 1.91 0.192 <0
% 12 C10630 2300 5.6872.8856.30 1.1 -  —  0.192 %
15 +70010 590 6.68 1.82 121.34 18.16 0.90 1.05 0.256 <0
8 -47560 M8 < 0 — No Check Required
e |1 -69800 4400 5.68 2.88 17.54  3.09 0.90 1.41 0.243 <0
ace 12 -31030 1600\.5.68 2.88 21.07 3.71 0.90 1.32 0.192 <0
15 +76600 <240 6.68 1.82 321.85 48.18 0.90 1.02 0.286 0.15
8 -38170 M8 < 0 — No Check Required
Mid Il -64190 5200 5.68 2.88 14,02 2.47 0.90 1.57 0.203 <0
Length |2 -22360 2000 5.68 2.88 12.86 2.26 0.90 1.66 0.192 <0
15 +78360 440 6.68 1.82 180.77 27.06 0.90 1[.03 0.2921 0.20
* e/d“X |.15; therefore, crack control will not govern.

Since Fcr < 1.0 at all sections, flexure reinforcement will govern design at all locations.
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BOX SECTION INLET DESIGN EXAMPLE (Continued)
Calculate Shear Strength

Method | — Locations 10 and |3

¢VC = 3¢v'\,f'c bd Eqa4.20
Use d = 5.68 (conservative) @ throat & midlength section

= (3X0.85)1/3000 (12)(5.68) = 9520 Ibs/ft

VU — ¢VC Eq. 4.21
Section Design VU <|>Vc
Location  (Ibs/ft) (Ibs/ft)
10 1730 9520
Throat
13 4370 9520
{0 1210 9520
Face
13 4330 9520
Mid 10 1510 9520
Length 13 4750 9520
¢VC > VU; thereforey shear does not govern design.
Method 2 — Locations 9, 10, 13 and |4
For M/(Vgyd) 2 3.0
I:d FvQ
- '
oV~ = (I.l+63p)-‘/fc ¢vbd FcFN Eq. 4.24
As
p = ¢ b d Eq- 4.25
v
F, = 08+ LE < 1as Eq. 4.26

F - Eq. 4.27a



BOX SECTION INLET DESIGN EXAMPLE (Continued)
Calculate Shear Strength — Method 2
F 1.0 onzﬂ‘i>o7s Eq. 4.28
N = . b . V — . qc .

U

For M/(V<bV d < 3.0

4 ¢V Vb 4.5 -‘/f’ bd ¢v
oV = S_— < Eq. 4.30
c (_m 1 FN
Vv
9 d
) ) M
Section  Design Mu NU VU d AS p qu)vd Fd FN <l>va dJVVc
Location (in.-lb/ft) (Ib/ft)  (Ib/ft) (in.) (in.zlff) (ib/f1)  (Ib/f1)
9 No Check—M8 < 0
Throat 10, - B 1730 ¢ s Wis2 @ 0033 6.500% 1.082  0.750 5990 5990
roa . . . . . .
K -64580 7110 2090 ‘
12 -13820 2990 5250
* 5.68  0.192  0.0033 0.545  1.082  0.932 4820 (2480
13 - - 4370
14 - 770 3290 ' 6.684.%90.256  0.0038 3.000  1.040  0.972 5350 5350
9 No Check — Mg < 0
F 10, - - 121007 68 0243 0.2 12.873% 1082 0.750 6250 6250
ace i -90760 5720 l4gr : : : : :
12 _40340 2080 (Y4750
* 5.68  0.192  0.0033 1.759  1.082  0.947 4740 6870
(3 - - 4330
14 - 310 2930  6.68  0.286  0.0042 3.00 1.080  0.987 5370 5370
9 No Check-—-M8 <0
| _ 1510 '
Mid 0, 5.68  0.203  0.0035 9.497% 1.082  0.750 6050 6050
Length Ll 283450 6760 1820
12 -29070 2600 5330
* 5.68  0.192  0.0033 [.130  1.082  0.941 4770 8960
13 - - 4750
14 - 570 3300 6.68  0.291  0.0043 3.000  1.040  0.979 5440 5440

M/V¢vd > 3.0, use 3.0
Shear strength (¢Vb) at tip of haunch (Sections |1, {2) is compared to shear force (VU) at ¢Vd from tip of haunch (10, 13).

¢va > VU at all sections; therefore, shear will not govern design.
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BOX SECTION DESIGN EXAMPLE (Cont.)

/,y»x 10+5 FTe SPAN X 640 FTe RISE REINFORCED CONCRETE CULVERT
TR R P A R AT L AN AR P AR R N T R N R A A R T T AN N T ARSI AR RS A AT R R RATIT R R ARSI R AN Y
I NS T ALLATTION D ATA
MEIGHT OF FILL OVER CULVERTSFT 4600
UNIT WEIGHTs PCF 120000
MINIMUM LATERAL SOIL PRESSURE COEFFICIENT 0250
MAXIMUM LATERAL SOIL PRESSURE COEFFICIENT - 0«50C0
SCQIL - STRUCTURE INTERACTION COEFFICIENMNT 1.2C0
LOADING D AT A
LCAD FACTOR = MOMENT AND SHEAR 1.300
LOAD FACTOR = THRUST ) 1.300
M ATERTIAL PR OPER™TITES
STEEL -~ MINIMUM SPECIFIED YIELD STRESSs KST 60008
CONCRETE = SPECIFIED COMPRESSIVE STRENGTHs KSI 3.000
CCNCRETE D AT A
1CP _SLAB THICKNESSsy IN. 8.000
BOTTOM SLAB THICKNESSs INe 8. 000
SIDE WALL THICKNESSs IN. 8000
HORIZONTAL HAUNCH DIMENSIONs INe 8.000
VERTICAL HAUNCH DIMENSIONs IN. 8.000
CCNCRETez COVER OVER STEELs IN,
TCP SLAB - OUTSIDE FACE 2.000
SIDE WALL = OUTSIDE FALE ‘ 2000
BOTTOM SLAB - OQUTSIDENEACE 2+CG0
TCP SLAB - INSIDE FACE 1.008
BOTTOM SLAR =~ INSIDE FACE 1000
SIDE WALL = INSIDE FACE T 1.000
REINFORCING S T(E"E L 0 ATA
MIN
AREA WIRE
LOCATION SGe INe SPAC*G STIRRUPS
PER FT IN. REQUIRED?
TOP SLASB + INSIDE FACE Je247 2e0x NO
TOP SLAB - OUTSIDE FACE 0.192 2.0* NO
BOTTOM SLAB - INSIDE FACE 0e271 2ol NO
SIDE WAkl - QUTSIDE FACE Ge248 240 NO
SIDE(WALL - INSIDE FACE 0.192 2e0% NO

+*PRIOGRAM ASSIGNED VALUE

THE SIDE WALL OUTSIDE FACE STEEL IS SBENT AT THE CULVERT CORNERS AND
EXTENDED INTO THE OUTSIDE FACE OF THE TOP AND BOTTOM SLABS. THE
THEORETICAL CUT-OFF LENGTHS MEASURED FROM THE BEND POINT ARE 21.7
ANU 234 INe RESPECTIVELYe ANCHORAGE LENGTHS MUST BE ADDED.
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BOX SECTION DESIGN EXAMPLE (Cont.)

e 8.8 FTo SPAN X 6.0 FT. RISE REINFORCED CONCRETE CULVERT

IARRRE RS ER RS2 SRR RS2 RSl Rl R 222222 R Rt 2222 S22 R R 2

I NS TALLATTION D AT A

FEIGHT OF FILL OVER CULVERTHFT 6.0080
LNIT WEIGHTs PCF 120.000
MINIMUM LATERAL SOIL PRESSURE COEFFICIENT 0.250
MAXIMUM LATERAL SOIL PRESSURE COEFFICIENT 0«508
SOIL - STRUCTURE INTERACTION COEFFICIENT 1.200

LCADING D AT A

L0AD FACTOR = MOMEKT AND SHEAR 1.300

LOAD FACTOR = THRUST 1.300

M AT ERTIAL PROPERTTIES

STEEL - MINIMUM SPECIFIED YIELD STRESSs KSI 60000
CONCRETE = SPECIFIED COMPRESSIVE STREMGTHs KSI 3.L00

CCNCRETE D AT A

TOP SLAB THICKNESSs IN. 84000
BOTTOM SLAE THICKNESSse INe . 8.000
SIDE WALL THICKNESS, IN. 84000
FCRIZONTAL HAUNCH DIMENSIONs INs 84000
VERTICAL HAUNCH DIMENSIONs IN. 8.000
CONCRETE COVER OVER STEELs INe
TOP SLAB -~ OQUTSIDE FACE 2.000
SIDE WALL - QUTSIDE FACE 2000
BOTTOM SLAB - QUTSEDA FACE - 2400
TOP SLAB - INSIDE FACE 1.000
BOTTOM SLAB = INSIDE FACE 1.600
SIDE WALL - INSIDE FALE 14000

MIN
AREA WIRE
LOCATION SGe INe SPAC*G STIRRUPS
PER FT IN REQUIRED?
TOP SLAB = INSIBE FACE 04256 2e0% NO
TOP SLAB - QUTSIDE FACE 0.192 2el ¥ NO
BCTTCM SWAB - INSIDE FACE 0e276 2+ NO
SIDEy, wALL - UUTSIDE FACE Ce21C 2ei* ©ONO
SIDE ,WALL - INSIDE FACE 0«192 2e0x ‘NO

*HRUGRAM ASSIGNED VALUE

WE SIDE WALL OUTSIDE FACE STEEL IS BENT AT THE CULVERT CORNERS AND

EXTENDED INTO THE OUTSIDE FACE OF THE TOP AND BOTTOM SLABSe THE
THEORETICAL CUT~-OFF LENGTHS MEASURED FROM THE BEND POINT ARE 18.5

AND 1947 INe RESPECTIVELYe ANCHCRAGE LENGTHS MUST BE ADDEDe
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BOX SECTION DESIGN EXAMPLE (Cont.)

- 7e0 FTe SPAN X €403 FTs RISE REINFORCED CONCRETE CULVERT

AR AR R RN KRN AT AR R XA R AR AP R TR AT R AR T A AN R A AT A AT R R R ATk kRN kA

I NSTALLATTION D ATA

HEIGHT OF FILL OVER CULVERTFT 84000
UNIT WEIGHTs PCF 120.000
MINIMUM LATERAL SOIL PRESSURE COEFFICIENT 0.250
MAXIMUM LATERAL SOIL PRESSURE COEFFICIENT ' 0.500
SOIL = STRUCTURE INTERACTION COEFFICIENT - 1.200

L 0OADINSGE D ATA

LOAD FACTOR = MOMENT AND SHEAR 15300
LCAD FACTOR = THRUST : 1.300

.

M AT ERTIAL PROPERTTIES

STEEL - MINIMUM SPECIFIED YIELD STRESSe KSI 60,000
CONCRETE - SPECIFIED COMPRESSIVE STRENGTHs KSI 3000

C ONCRETE D A T A

- - - - v S TR e T R D N R e A AR R Y N AR S e R e e S e

10P SLAB THICKNESSe IN. 8000
BOTTOM SLAB THICKNESSs INe 84000
SIDE WALL THICKNESSs IN 8.000
HORIZONTAL HAUNCH DIMENSIONs INe ' 8000
VERTICAL HAUNCH DIMENSIONy INe 8+000
CONCRETE COVER OVER STEELs INe
TOP SLAB - OUTSIDE FACE 2.000
SIDE WALL = OUTSIDE FACE 24600
BOTTOM SLAB = OUTSIDE FACE 2+000
TOP SLAB = INSIDE FAGE 1.000
BOTTOM St AB - INSIDE FACE 1.0080
SIDE WALL = INSIDE FACEy™ 1.000

REINFORCING. S T@EMSEL D ATA

MIN
- AREA WIRE

LOCATIUN SQe INa SPAC'G STIRRUPS

PER FT IN. REQUIRED?
TOP SLAB ~ “INSIDE FACE 0e222 2.0¢ NO
TOP SLAB ~ QUTSIDE FACE 0.192 2e0x NO
BOTTOM SUCAR - INSIDE FACE Ce239 2ol NO
SIDE WaALL - OUTSIDE FACE 0el92 2ol NO
SIDE (WALL - INSIDE FACE 0.192 2e0% . NO

*PROGRAM ASSIGNED VALUE

JHE SIDE wWALL OUTSIDE FACE STEEL IS BENT AT THE CULVERT CORNERS AND
EXTENDED INTO THE QUTSIDE FACE OF THE TOP AND BCTTOM SLABSe THE
THEORETICAL CUT-0OFF LENGTHS MEASURED FROM THE REND POINT ARE 15.7
AND 1646 INe RESPECTIVELYs ANCHORAGE LENGTHS MUST BE ADDED.
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BOX SECTION INLET DESIGN EXAMPLE (Continued)

D.l.6 Summary of Design Example D.|

Compare hand and computer designs for throat face and midlength sections.

Location Desig- Required Steel Areq, in.z/ﬂ
nation* Throat Face Mid-LLength

Hand Computer Hand Computer Hahd™ Computer

Top slab - inside AS2 0.256 0.222 0.286 0.247 0,291 0.256
Top slab - outside AS8 0.192 0.192 0.192 0.192 0.192 0.192
Bottom slab - inside ~ AS3 0.256 0.239 0.286 04271 0.291 0.276
Sidewall - outside AS| 0.192 0.192 0.243 0.248 0.203 0.210
Sidewall - inside AS4 0.192 0.192 0.192 0.192 0.192 0.192

* Also refer to Figure 4-1.

Conclusion: Since structure is relatively short, it is probably most efficient to use a
single design by selecting the most \conservative combination of areas from the

individual designs.

Location Desig- Required Areaq, in.z/ft Governed at
nation* Hand Computer

Top slab - ipside AS2 0.291 0.256 Mid-Length

Top slab <‘eutside AS8 0.192 0.192 All Sections

Bottomslab - inside AS3 0.291 0.276 Mid-L.ength

Sidewall - outside AS| 0.243 0.248 Face

Sidewall - inside AS4 0.192 0.192 All Sections
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D.2 SIDE TAPERED REINFORCED CONCRETE PIPE INLET DESIGN EXAMPLE

D.2.1 Problem: Determine the reinforcing requirements for a side tapered pipe inlet. For

geometry, use the results of Example No. 2-A in Reference |.

D.2.2 Design Data

Given Data
Ys = 120 pcf
Yo = 150 pcf
Yf = 62.5 pCf
2-0" r 700N
¢f Z£)0.9
Face ——] D; = 7'-0" ¢V = 0.9
MThroat = - 1.0
ar - ¢
i
77 e F = 1.0
S, = 0.05 | vP
Frp = 1.0
T=4
T L f = 5000 psi
J .
Ll = g-Q" . fy = 65000 pSl
By = 100" - - B;=7-0 < ; )
Tbo’ bi = I IN.
i , Class C Bedding Angle:
< Midlergth Section Circular - 90°
Elliptical - 0.5 B'
RTYPE = 2, smooth WWF
Note: \Add 2' surcharge for miscellaneous Fe = 1.2
unanticipated loads
T=4.1
n=|
Assume h = 8" (B wall @ throat)
He@Face=2'+2'=l+'
H Midlength Section = 4' El(—l’rs)-Ll -6'(l 0.05) = 5.65' Say 6'-0"
e@ idleng ection = +zse o =h+5(5+0.05 =5, y

H_ @ Throat = 4 + 6 (5 +0.05) = 7.3' Say 7'-6"
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SIDE TAPERED REINFORCED CONCRETE PIPE INLET DESIGN EXAMPLE (Continued)

Culvert Geometry

Throat Section

B.

l,'__l_..'/— Throat Section

Midlength Section

FEace Section

Assume: u/v =0.5 = kl, Typ. for HE pipe
Taper = 4.0

Throat: Di = 84"
ro = 84/2 + 8/2 = 46"

Face:
2) '
4T (170, - e 1nd o, S {os- s 1/0.52) 84 .. .
T e 8- 364
L+ 1k, - W}|+|/kf |+ 1/0.5 - ‘J|+|/0.52
D
Z i 72 84 _ "
U - —_IT+—-2——-rI:T+—2—'-36.44—23.56
_ U _23.56 ~ '
v e BE 21,7.12"
D.
, =5 +v=%‘l +47.12" = 89,12

See Figure’|-2.

Midlength:

oL 36/ (1/0.5- i + l/0.5228_4__39 oon
| 5 =37
|+ 1/0.5 - 1/1 + 1/0.52
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SIDE TAPERED REINFORCED CONCRETE PIPE INLET DESIGN EXAMPLE (Continued)

D.2.3

36 84

v o= 36,8 3922- 1178
v - '—Hﬁ - 23.56"
84

r2 Vi + 23.56" = 65.56"

Calculate Applied Loads

Throat (Circular Seéﬁon)

Earth Load We

R

o]
W, = F_y B (H +-2) Eq.2.7b

H

100 100
(1.2)(120)(|—2) <7.5 + (—]—2)(—6)) = 10670/Ib/ft

Dead Load Wp

Wp = 3.3 (h)(Di + h) = (3.3)(8)(84 + 8) = 2430 Ib/ft

internal Fluid LlLoad Wf

W. = 0.34 Di2 ~(0.36)(84)2 = 2400 Ib/ft

f

Face (Elliptical Section)

Earth load We

B, = 2(h+r +u)=2(8+364k+23.5) = 136 in.
R, = 100in.

136 100 , _
W, = (L2(20CENE + o) = 8790 Ib/ft

R =B =D.+2h=100in.
o~ "o i

Eq. 2.1

Eq. 2.4

Eq. 2.7b
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SIDE TAPERED REINFORCED CONCRETE PIPE INLET DESIGN EXAMPLE (Continued)

Dead Load Wp

Wp = 4.2h [(.rz + %) arctan (%) + (rI + %)(I.57 - arctan (%)):l Eq. 2.2
= (8.2)8) [389. 12 +8) arctan (0.5 + (36.44 + (157 - arctan (0.5))]
= 2950 Ib/ft

Internal Fluid Load Wf

We = 0.87 ':r% arctan (—3—) + rf (1.57 - arctan (3—)) -u \_/_l Eq. 2.5
- 0.87 @9. 122) arctan (0.5) + 36.442 (1.57 - arctdn’(0.5)) - (23.56)(47. IZ)]
- 3520 Ib/ft2

Midlength

Earth Load We

B, = 2(8+39.22 +11.78) =B in.
R = |00 in.
o
118 100 \ _
We = (I.Z)(IZO)(I—Z— <6 + m) = 10460 Ib/ft Eq. 2.7b

Dead Load Wp

W
p

(4.2)(8) {(65.56 + —g-) arctan (0.5) + (39.22 + g)(l.57 - arctan (0.5)):] Eq. 2.2

2690 ib/ft

Internal Fluid L.oad W]c

W

H

0.87 Ees.ssz) arctan (0.5) + 39.22% (1.57 - arctan (0.5)) - (1 I.78)(23.56):’

2970 Ib/ft Eq. 2.5

"
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SIDE TAPERED REINFORCED CONCRETE PIPE INLET DESIGN EXAMPLE (Continued)

D.2.4 Calculate Moments, Thrusts & Shears @ Design Sections

Using the following equations, calculate the moments, thrusts, and shears at design

locations | through 5 shown on Figure 4-4.,

M= (Cryy W+ Crp W+ Crg W) 5 Eq. 3.33
N = CpyWg+Cop W+ Cog Wy Eq. 3.34
Vo= G WGy W+ Cg Wy Eq. 3.35
M, = LM Eq. 4.1
N, = LN Eq. 4.2
v, o= L v Eq. 4.3

Throat — Design Locations (Figure 4-4)

Design Location

I @ invert 0= 0°

2 near invert where M/Vd = 3.0 (Figure 4-5)

r avaet
n
6.d = 6, (096 h-1,)=0.9 Eo.%)(s) ; Cj = 6.01 g =19° Fq.4.6
3 maximum negative moment based on
earth load only (Fig. 3-1) 04 = 75°
4 near crown where M/Vd = 3.0 (Fig. 4-5) 8y, = [49°

5 crown b5 = 1800
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SIDE TAPERED REINFORCED CONCRETE PIPE INLET DESIGN EXAMPLE (Continued)

Throat (Continued)

DESIGN MOMENTS

Design Cm | Cm2 Cm3 M Mu
Location Fig. 3-1 Fig. 3-5 Fig. 3-6 (in.-Ib/ft) (in.=1b/ft)
P = 0° 0.13 0.20 0.12 99410 129230
2 = 19° 0.09 0.10 0.08 64180 83440
3= 75° -0.09 -0.10 -0.09 -65290 -84870
4 = 149° 0.04 0.05 0.04 29640 38530
5 = 180° 0.07 0.08 0.07 51030 66340
DESIGN THRUSTS
Design Cnl an Cn3 N NU
Location Fig. 3-1 Fig. 3=5 Fig. 3-6 (Ib/ft) (Ib/f1)
|l = 0° 0.32 0442 -0.28 3030 3940
2 = 19° 0.36 0.22 -0.24 3800 4940
3= 75° 0.53 0.30 -0.07 6220 8080
4 = 149° 0.4 -0.02 -0.19 3870 5030
5 = 180° 0-38 -0.09 -0.22 3310 4300
DESIGN SHEARS
Design CVl Cv2 ' Cv3 \Y VU
Lecation Fig. 3-1 Fig. 3-5 Fig. 3-6 (Ib/ft) (Ib/ft)

I = 0° Not Applicable
2 = 19° 0.2l 0.40 0.20 3690 4800
3 = 75° Not Applicable
4 = 149° -0.10 -0.11 -0.11 - 1600 -2080
5 = 180° Not Applicable -
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SIDE TAPERED REINFORCED CONCRETE PIPE INLET DESIGN EXAMPLE (Continued)

Face — Design Locations (Fig. 4-4)

Flexure Design Location

| @ invert 6 | = 0°

3 maximum negative moment based on '
earth load only (Fig. 3-3) 63 = 80°

5 crown 95 = 180°

Shear Design Location

2 and 4 where M/$Vd = 3.0

From Egs. 3.33 and 3.35, using earth load only

C W B
M ml e _ 120+8 _
d - IC . W do_ = 3 B/D' = 35 =139
vl e v
ml_ (3M2dO) _ BX26.6840.9) <5
c, ® =T 1208 (5 o
CRITIGAL SHEAR LOCATION
Location [a) Cm | Cl Cml /C,,
Fig. 3-3 Fig. 3-3 ‘
2 10° 0.13 0.30 0.433
15° 0.08 0.37 0.216 M/Vd=3 @ 13°
20 0.03 0.40 0.075
(o]
4 1600 0.05 -0.20 -0.25 M/Vd=3 @ 161°
165 0.07 -0.15 -0.467
DESIGN MOMENTS
Design le sz Crn3 M Mu
Location Fig. 3-3 Fig. 3-5 Fig. 3-6 (in.-1b/ft) (in.-1b/ft)
| = 0° 0.17 0.20 0.12 160430 208560
2 = 13° 0.10 0.13 0.10 103330 134330
3= 80° -0.12 -0.10 -0.08 -104410 -135730
4 = 161° 0.05 0.07 0.06 54860 71320
5 = 180° 0.10 0.08 0.07 87130 113270
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SIDE TAPERED REINFORCED CONCRETE PIPE INLET DESIGN EXAMPLE (Continued)

Face (Continued)

DESIGN THRUSTS

Design Cnl Ch2 Cn3 N NU
Location Fig. 3-3 Fig. 3-5 Fig. 3-6 (Ib/f1) (Ib/f1)
| = 0° 0.27 0.12 -0.28 1740 2260
2 = I3° 0.32 0.18 -0.25 2460 3200
3 = 80° 0.55 0.29 -0.07 5440 7080
4 = 161° 0.31 -0.05 -0.21 1840 2390
5 = 180° 0.29 -0.08 -0.22 1540 2000
DESIGN SHEARS
Design Cv | Cv2 Cv3 v VU
Location Fig. 3-3 Fig. 3-5 Fig. 3-6 (Ib/ft) (Ib/ft)
| = 0° Not Applicable
2 = 13° 0.34 0.43 0.15 4790 6220
3 = 80° Net Applicable
4 = 161° -0.18 -0.08 -0.08 -2100 -2730
5 = 180° Not Applicable
Midlength — Design Locations (Fig.4~4)
Flexure B'/D' = [10/92 = 1,20
| @ invert 8 = 0°
3 maximum negative moment based on o
earth loadonly (Fig. 3-3) 63 = 78
5 crown 6 = 180°
Shear 2 and 4: where M/¢Vd = 3.0
Crfl . AN _ (BN2X6.68)0.9) _ 36
Q B 110 -
vl
Critical Shear Location
Location 8 Conl o le/cvl
Fig. 3-3 Fig. 3-3
2 10° 0.13 0.26 0.500 _ o
15° 0.10 0.35 0.286 M/Vd=3 By=14
o
4 I6D0 0.05 -0.17 -0.294 M/¢Vd=3 6,=161°
165 0.07 -0.13 -0.538
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SIDE TAPERED REINFORCED CONCRETE PIPE INLET DESIGN EXAMPLE (Continued)

Midlength (Continued)

DESIGN MOMENTS

Design le Cm2 Cm3 M Mu
Location Fig. 3-3 Fig. 3-5 Fig. 3-6 (in-Ib/ft)  (in.~Ib/ft)
| = 0° 0.16 0.2i 0.12 142720 {85540
2 = 14° 0.10 0.13 0.10 93100 121030
3 = 78° -0.12 -0.10 -0.08 -96900 -125970
4 = |61° 0.06 0.07 0.06 54680 71080
5 = 180° 0.09 0.08 0.07 75050 97560
DESIGN.FHRUSIS
Design Cnl | an Cn3 N NU
Location Fig. 3-3 Fig. 325 Fig. 3-6 (Ib/ft) (Ib/f1)

I = o° 0.28 012 -0.28 2420 3150
2 = 14° 0.33 0.19 -0.25 3220 4190
3= 78° 0.56 0.30 -0.07 6460 8390
4 = 161° 0.33 -0.06 -0.21 2670 3470
5 = 180° 031 -0.08 -0.22 2370 3090
DESIGN SHEARS
Design CVI Cv2 Cv3 \'% VU
Location Fig. 3-3 Fig. 3-5 Fig. 3-6 (Ib/ft) (Ib/f1)

{ = Q° Not Applicable
2 = 14° 0.30 0.43 0.15 4740 6160
3= 78° Not Applicable
h = 161° -0.14 -0.08 -0.08 -1920 -2490
5 = 180° Not Applicable
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SIDE TAPERED REINFORCED CONCRETE PIPE INLET DESIGN EXAMPLE (Continued)

D.2.5 Reinforcing Design

Flexure
A, = <g¢fd-NU—‘\/g E(¢d>2-NU(2¢fd-h)-2@}—f'— Eq. b
g - 0.85b f'_ = (0.85)(12)(5000) = 51000 Ib/in. ' Eq. 4.5
ded = (6.68X0.9) = 6.0l

\ - (51000)(0.601) - N, - -\/ 51000 [(:2 ; c(;(())g)(s.onz -N, ((2)(6.0|) -8) -2 N\;]

N
)
4717 - Z5000 " 0.003474‘V|84335 1.3 - 4.024 NU =2 Mu

Minimum Steel

Inside
Asmin.: 65000 Eq. 4.8
2
. _(B84+8)°Y .2 .
Throat: Asmin. =“Z8000 = = 02430 in.“/ft (Inside)
2
. _ (120 + 8)757 2 :
Face: Asmin. = ZE00 - 0.252 in.“/ft (Inside)
2
. K02+ 8 . 2 .
Midlength: Asmin. iy 6560 ) = 0.186 in.”/ft (Inside)
Outside
(Bi + h)2
Asmin.= 0-75 m Eq. 4.9
Throat: Asmin. = (0.75)(0.130) = 0.098 in.z/]c»r (Outside)
Face: A =(0.75)0.252) = 0.189 in.2/ft (Outside)
Midiength: ~ A__._ = (0.75X0.186) = 0.140 in.%/ft (Outside)

Maximum Steel

(5.5 % 10" g'¢ d |
Asmax, = (87000 + fy) “0N, Eq. 4.14

Y
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SIDE TAPERED REINFORCED CONCRETE PIPE INLET DESIGN EXAMPLE (Continued)

Maximum Steel (Continued)

f'c - 4000
0.85 - 0.05 1000 bf',

gl - Eq. 4.15
' _ _ 5000 - 4000 _
(0.65)(12)(5000) < 48000 < (0.85)(12)(5000) o.k.
a . [ 55 x10"48000X0.9X6.68) _ 475 L eoe oM
smax.” 87000 + 65000 ’ u/ 65000 ~ °° 86670
FLEXURAL REINFORCEMENT
Section Design N\U NU As smin. SMAX.
Location (in.-Ib/ft) (Ib/ft) (in.z/ff) (in.2/f1‘) (in.z/f’r)
I 129230 3940 0.304 0.130 1.561
Throat 3 84870 8080 0.142 0.098 [.513
5 66340 %4300 0.130 0.130 1.556
I 208560 2260 0.546 0.252 1.580
Face 3 135730 7080 0.292 0.189 I.524
5 [N.3270 2000 0.280 0.252 1.583
185540 3150 0.471 0.186 [.570
Mid- 125970 8390  0.252  0.140  1.509
Length
97560 3090 0.226 0.186 1.570
0.01 Inch Crack Width Control
Fer <= 300000 XaXA) T G by fe ma. 416
QD - NN—\+d-—g Eq. 4.17
j - 0.74+o.|§1 0.9 Eq. 4.18
. I
1 = 0 Eq. 4.19
| -Ld )
e
B| = 1.0 ) .
- i For Type 2 reinforcing — smooth WWF
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SIDE TAPERED REINFORCED CONCRETE PIPE INLET DESIGN EXAMPLE (Continued)

CRACK CONTROL REINFORCEMENT

Section Design M N e i i Asflex Fer
Location (in.b/ft) (Ib/ft)  (in.) (in.2/f1)
| 99410 3030  35.49 0.90  1.20 0.304 02824
Throat 3 65290 6220  13.18 0.90 1.8 0.1425° <0
5 51030 3310  18.10 0.90 1.50 0.430 <0
l 160430 1740  94.88 0.90  1.07. 02546 0.918
Face 3 104410 5440  21.87 0.90 .38 0.292 0.274
5 87130 1540  59.26 0.90 -~ 11 0.280 0.19
| 142720 2420 61.66 0.90-°" [.11  0.471 0.803
ﬁggéfh 3 96900 6460  17.68 _ 4390  1.52 0.252 0.050
5 75050 2370 . \84.35:0°0.90  1.21 0.226 < 0

In all cases the crack control facfor (Fcr) is less than [.0; therefore, the flexural

reinforcement will govern the design.

Shear (Method 2 for Pipe)

¢va = (l.1 +63p) 'c <l> bd ( ) Eq. 4.24
AS <
p =¢vbd"am::091266& ﬂﬂ“ Eq. 4.25
F N @ design Ioco}‘ions 2.& .4 moment Eq. 4.27b
c 2 r produces tension on inside of pipe
6.68 _
Throat: FC = | +m = 1.073
Face: ' depends upon whether the design section is in the ryorr, segment,

arctan u/v = 26.6° > 14° & (180° - 160%); therefore, re is located in

segment Ty



D-33

SIDE TAPERED REINFORCED CONCRETE PIPE INLET DESIGN EXAMPLE (Continued)

Face:
6.68
Foo- ]+ —568 |03
c * (2X89.12 + b)
Midlength:
6.68
Fooo. __6.68 _ _ | oug
c b 56556+ B
NU
- v >
Fy = 10-0.12 v > 0.75 Eq. 4.28
SHEAR STRENGTH
Section Design NU Vu As o F N chb
Location (Ib/ff)  (Ib/ft)-~\ (in.2/f1) (Ib/ft)
2 4940 4800 . 0.304  0.0042  0.877 7690
Throat
4 5030 2080 .(,0.130  0.0018  0.750 8000
- 2 3200  6220°  0.546  0.0076  0.938 8620
ace i 2390 2730 0.280 0.0039  0.895 7700
Mide 2 51900° 6160  0.471  0.0065  0.918 8320
Length I 34700 2490  0.226  0.003 0.833 7870

q)v Vb > VU; therefore, shear does not govern design.
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RCP PIPE DESIGN EXAMPLE (Cont.)

120.0INCH SPAN X 84+CINCH RISE REINFORCED ELLIPTICAL CONCRETE PIPE

L2 23R R SRR RRERSRLS LSRR SS it s Rttt R ARl R sRil i sl xSl

HEIGHT OF FILL ABOVE CROWNe FTy 4400
UNIT WEIGHTy PCF 12000
SOIL-STRUCTURE INTERACTION COEFFICIENT . 1426
BEDDIMG ANGLEs DEGREES : 88400
LOAD ANGLEs DEGREES 272600

MATERIAL PROPERTTIES

STEEL = MINIMUM SPECIFIED YIFLD STRESSs PSI 65000,
REINFORCING TYPE - 2
NO« OF LAYERS OF REINFORCING 1.
CONCRETE - SPECIFIED COMPRESSIVE STRESSs PSI 5080,

LOUOADING DATA

LOAD FACTOR - MOMENT AND SHEAR 1.30
“LOAD FACTOR - THRUST R . 1.30
STRENGTH REDUCTION FACTOR-FLEXURE 090
STRENGTH REDUCTION FACTOR-DIABONAL TENSION — 0.90
CRACK ®WIDTH REDUCTION FACTOR : 1.00

P IPE DATA

RADIUS 14 INe ' 3644
RABIUS 24 INe 8912
WALL THICKNESSe IN. 800
INSIDE CONCRETE COVERJOVER STEEL, IN. 1.00

OUTSIDE CONCRETE COVER'OVER STEELs IN. ’ 1.00

FLUID BATA

FLUID DENSITVY, PCFa 62450

DEPTH OF FLUID+INCHES ABOVE INVERT 8400

CREINSCHRCING ST EEL DATA

INVERT- INSIDE REINFORCINGe SQeINe/FT. 0.558"

SPRINGLINE~ OUTSIDEL REINFORCINGs SQaINe/FTa 0.291
CROWN= INSIDE REINFORCINGs SBeINe/FTe 0257
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RCP PIPE DESIGN EXAMPLE (Cont.)

132.0INCH SPAN X 84«0INCH RISE REINFORCED ELLIPTICAL CONCRETE PIPE
AN R R AN AR R R TR R R A N AN RN R I P R R A AN R A AR TR AR IR AR AN AR A AR R RN

I NSTALLATION DATA

HEIGHT QF FILL ABOVE CROWMs FTy 6«00
UNIT WEIGHTs PCF 120.08
SOIL-STRUCTURE INTERACTION COEFFICIENT 120
BEDDING ANGLEs DEGREES 80.'00
LOAD ANGLEs UEGREES 28080

M ATERTITAL PROPFERTTIES

STEEL - MINIMUM SPECIFIED YIELD STRESSse PSI 65000.
REINFORCING TYPE . 2a
NO. OF LAYERS OF REINFORCING 1e
CONCRETE - SPECIFIED COMPRESSIVE STRESSs PSI 50CCe

L OADI NG DATA

LOAD FACTOR - MOMENT AND SHEAR 1.30
LOAD FACTOR = THRUST 1.30
STRENGTH REDUCTIUN FACTOR-FLEXURE 030
STRENGTH REDUCTICN FACTOR~-DLAGONAL TENSION . 0«50
({, CRACK WIDTH REDUCTION FACTGOR 1.00

RADIUS 1y IN. 3%.22
RADIUS 24 1IN, 65456
WALL THICKNESSy INe 8400
INSIDE CONCRETE COVER OVER STEELs INs 1.00
OUTSIDE CONCRETE COVER OVER STEELs IN. . 1..00

FLUIU DENSITYs PCFe 62«50
DEPTH UF FLUIDJINCHES ABOVE INVERT 84400

RETNWLORCING STEEL DATA

INVERT=- INSIDE REINFORCINGy SQe«INs/FTe 0479
SPRINGLINE= OUTSIDE REINFORCINGs SGaINe/FTa 0e223
CROWN=_ INSIDE REINFORCINGs SQReINs/FT. 0209
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RCP PIPE DESIGN EXAMPLE (Cont.)

84, JINCH DIAMETER REIMFORCED CONCRETE CIRCULAR PIFE

L2 2L R S E R R R RS AR R RS AR R R RS R XSRS LR RS AR SRS ERY 2RSS NE FERE R

HEIGHT CF FILL ABOVE CROWNs FTy 750
UNIT WEIGHTs PCF ' 120.08
SCIL-STRUCTURE IMTERACTION COEFFICIENT 1220
BEDDING ANGLE+ DEGREES - 50,90
LOAD ANGLFs DEGREES 279000

STEEL - MINIMUM SPECIFIED YIELD STRESSy PSI 65000,
REINFORCING TYRE 2
ANOo OF LAYERS OF REINFORCING le
CONCRETE = SPECIFIED COMPRESSIVL STRESSs PSI 5000.

LOAD FACTOR - MOMENT AMD SHEAR 1.30
LOAD FACTOR = THRUST 1.30
STRENGTH REDUCTICN FACTOR~FLEXURE 0.90
STRENGTH REDUCTION FACTOR-DIAGONAL TENSION 0.90
CRACK WIDTH REDUCTION FACTOR 1,00

WALL THICKNESS. IN. h 8400
INSIDE CCMCRETE COVEKR OVERSTrELs INg 1400
OUTSIDE CONCRETE COVER QVER STEELs INe 1.00

FLUID DENSITY, PCF. . 62+50
CEPTH UF FLUICAINCHES ABOVE INVERT 84.00

REINFORLING S TEEL DATA

.. INVERG = "INSINE REINFORCINGy SQeINS/FTs 0.311
SPRINGLINE~ QUTSIDE REINFORCINGs SQeINe/FTa 0.139

CROWN=- INSIDE REINFORCINGse SQeINe/FTa 0130
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SIDE TAPERED REINFORCED CONCRETE PIPE INLET DESIGN EXAMPLE (Continued)

D.2.6 Summary — Design Example D.2

Compare hand and computer designs for face, midlength & throat.

REQUIRED STEEL AREAS, IN.Z/FT

Face Midlength Throat
Hand Computer Hand Computer Hand Computer
invert - inside 0.546 0.558 0.471 0.479 0.304 0.311
Springline - outside 0.292 0.291 0.252 0.223 0.142 0.139
Crown - inside 0.280 0.257 0.226 0.209 0.130 0.130

Conclusion: Design of the face section governs_the’design of the entire section.
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D.3 — SIDE TAPERED CORRUGATED METAL INLET DESIGN EXAMPLE

D.3.1 Problem: Determine the gage and corrugation required for a side tapered corrugated

steel inlet meeting the geometry requirements of Example No. 2-B in Reference |.

D.3.2 Design Data:

Steel Corrugated Pipe:

f, = 45,000 psi
fy = 33,000 psi
E = 29x |06psi
2'—0"]: Fill Heights:
Face ™~
—— Throat L
L Face:
Cl o s-0es Hy= 2'+2 =40
& Midlength:
HT L 4301
Ho= 4+ +5)
B, = N
;=108 _ 4+;i3_(2)%+0.05)
= 5.38 Say 5.5
1!

2] Tsl
4
300 Midlength Section
l-——] - Throat:

H

e

60 |
4+—|-2—(§; +So)

- 4+5(%+o.05)

= 6.75 Say 7.0'

Note: Add 2'-0" surcharge for miscellaneous unanticipated loads.
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SIDE TAPERED CORRUGATED METAL INLET DESIGN EXAMPLE (Continued)

Culvert Geometry

Throat Section

Assume u/v = 0.5 = kI

i /— Throat Section

L 1=
2 Midlength Section

Face Section

Di = 78" v
L = 60"
| +
2/T (l/kl A1+ |/kf) D.
") = 3 t 2
| + l/kI -“\/ | + I/kI
_ Z/ll' (I/O.S— V |+|/0-52) + 18__ 390_007732
= 5 = 3% .
|+ 1/0.5 - S + 1/0.52
D.
u(z) = —-Tr + ?'— r (z) = 0.3273z
viz) = Bl oesu6z
|
D,
r, (2% =+ v(z) = 39+ 0.6546 2 Span = 2(r, +u)
2 2 [
Location z r| u v ry Span
Face 60 34.36 19.64 39.28 78.28 108
Midlength 30 36.68 9.82 19.64 58.64 93
Throat 0 39 0 0 39 78
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SIDE TAPERED CORRUGATED METAL INLET DESIGN EXAMPLE (Continued)

D.3.3 Calculate Applied Loads:

R
- )
Earth Load — We = Fe Y, Bo (|—|e +—Z )
° Neglect corrugation depth; therefore, Bo = Bi’ Ro = Ri
® Fo = 1.0 (flexible culvert)

W, = 1.0 (120) B, (H_ + 15%) = 120 * span (H_ + 1.08)

Location Span He We
(ft) (ft) (Ib/ft)
Face 9.0 4.0 5486
Midlength 7.75 5.5 6120
Throat 6.5 7.0 6302

D.3.4 Metal Ring Design

Use service load design method: (AASHTO — Interim Specifications Bridges (1981),
Section 1.9.2.

w
Thrust T = —29

Required cross-sectional wall area:

W _(SF)
1
A= T =57
Y Y
SF =2
fy = 33000 psi
Location We T Area
(Ib/ft) (iIb/f1) (in.2/f1)
Face 5486 2743 0.166
Midlength 6120 3060 0.186

Throat 6302 3151 0.191
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SIDE TAPERED CORRUGATED METAL INLET DESIGN EXAMPLE (Continued)

Flexibility:

g2 | S 2
FH = " EFP)
E = 29x 108 psi
S = span — use 2 times ry for non-circular shape.

Assume a I" depth corrugation; therefore, (FF) = 0.033 (AASHTO, Section1.9.4).

Location 2 x rs [

req

(in.) (in.2/f1)
Face 156.6 25.6 x 1003
Midlength 117.3 44 0073
Throat 78 6.36 x IO-3

Select a corrugation for steel conduit(that meet the required area and moment of

inertia calculated.

Choose a 3 x | corrugation with'the following properties:

Location 5 Corr. t A | r
(in.) (n) G2 (oD (in.)
Face 108 3x | 0.168 2.46 25.09x10_3* 0.3490
Midlength 93 3x 1 0.109 1.56 15.46xl0—3 0.3488
Throat 78 3x 1 0.064 0.89 8.66x|0"3 0.3410

*("2% less than required for handling, but since the face will be stiffened by the head

wall, this is acceptable.
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SIDE TAPERED CORRUGATED METAL INLET DESIGN EXAMPLE (Continued)
Wall Buckling

If the computed buckling stress divided by the required safety factor is less than the

service load steel stress, fo the required wall area must be recalculated using fcr/SF

in lievof f _,
qa
2
f 2
r |24 _¢ __u [kS
fs < I - Thenfo =i g (r)
ifs > 288 qpens o 2B

r

k fU cr ( @)2
r

= radius of gyration

k = soil stiffness factor

For granular backfill with 90% min. standard density, use k = 0.22.

For all sections, r = 0.34.

/24 0.34 _ | (24) 29 x 10° \
0.22"\/ 50000~ - g2 in.

Use 2 x ry in place of span in calcvlating buckling capacity. Since 2 x rois less than

192 in. in all cases, use:
2

f_C_E _ f__f_!_ k_s_zl
SF u 48E r 2

2
2 2 2r
2)48029x10% \ T

2 2
"2
=.-22500 - 0.0352<—?—>
Location (2r2)/r fcr/SF fG=T/A

(psi) (psi)
Face 460.6 15032 1115
Midlength 345 18310 1962
Throat 228.3 20665 3540

Since f_./SF > f » buckling does not govern.
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SIDE TAPERED CORRUGATED METAL INLET DESIGN EXAMPLE (Continued)

Seam Strength

(8S) = T (SF) SF =3
Location T SS t Double
Rivets
(Ib/f1) (k/f1) (k/f1)
Face 2743 8.23 0.168 70.7
Midlength 3060 9.18 0.109 53.0
Throat 3151 9.45 0.064 28.7

Summary

Use a 3 x | corrugated steel pipe with.the following properties:

Location S Corr. t
(in.) (in.)
Face 108 3x 1 0.168
Midlength 93 3x | 0.109
Throat 78 3x | 0.064

Since this is _d relatively short structure, use a 3 x | corrugation with t = 0.168 in.

throughout.,



APPENDIX E — IMPROVED INLET EXAMPLE DESIGNS
The following tables present designs for various types of improved inlets and appurtenant
structures based on the design methods in this manual, and the example standard plans

presented in Appendix G.

Tables E-l through E-5 present designs for reinforced concrete box section inlets.. The

following geomeftric and design parameters are assumed for these designs:

° Slope of earth embankment above box, Se =2:l.

' Fall slope, Sf = 2: |, where applicable.

° Culvert slope, S = 0.03, except for Tables E-4 and E-5where S = 0.06.

® Sidewall Taper, T = 4 : I, except for ome cell slope tapered sections (Tables E-3 and
E-4) where T = 6 : |.

° All box sections have 45° haunches With dimensions equal to the top slab thickness,

i.e. HH = HV = TT.
° Reinforcing strength, fy =60,000 psi.
° Concrete strength, fC' = 3,000 psi.

° Cover over reinforcing Tb = 2 in. clear, except for bottom reinforcing of bottom slab

where Tb <3 in. clear.

° The‘“heights of fill at the face and throat section are shown for each design. In
gddition to the fill shown, a two-foot surcharge load is included for each design. All
soil is assumed to have a unit weight of 120 pcf. A soi! structure interaction

coefficient of .2 is applied to the earth load.

° Two conditions of lateral soil pressure were considered, equal to 0.25 and 0.50 times
the vertical soil pressure. The worst case at each design section was chosen for

design.
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Table E-6 presents designs for side tapered reinforced concrete pipe inlets. The following

geometry and design parameters are assumed for these designs.

® Slope of earth embankment above pipe, Se =2:1l.

. Culvert slope, S = 0.03.

° Sidewall taper, T =4 : I.

° Reinforcing strength, fy = 65,000 psi.

® Concrete strength, fc' = 5,000 psi.

° Cover over reinforcing, t = | in. clear, inside and outside.

® The heights of fill at the face (Hf) arfd) throdt (HT) are shown for each design. In

addition to the fill shown, a two foéh surcharge load is included in each design. All
soil is assumed to have a unit weight of\120 pcf. A soil structure interaction factor

of 1.2 is applied to all earth load.

Table E-7 presents designs for side tapered corrugated metal pipe inlets. The slopes, tapers,
heights of fill and soil unit weight are all the same as for the corresponding reinforced

concrete pipe inlets.

Figures E-1, E-2 and E-3 present algorithms for sizing headwalls for cast-in-place concrete,
precast concrete agd/corrugated metal inlets. Following are Tables E-8, E-9, E-10 and E-I |
presenting headwall designs for one cell and two cell box, concrete pipe and corrugated

metal pipe, respectively.

Figures 'E-4, E-5 and E-6 show typical designs of skewed headwalls for a concrete box

secthion, precast concrete pipe and a corrugated metal pipe, respectively.

Table E-12 shows apron designs for several sizes of culvert opening, and Table E-13 shows

designs for two sizes of square to circular transition sections.
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Table E-|
REINFORCING REQUIREMENTS - ONE CELL SIDE TAPERED BOX INLETS

Span x Rise '
at Throat 5x5 6x6 7x7 8x8 9x9 10x |0 i2x 12
Dimension* Inlet Geometry (ft-in.) v
B, (Throat) 50" 6'-0" -0 8- 9-Q" 10'-0" 12'-o"
D, 5-0 6-0 7-0 8-0 9-0 10-0 12-0
B¢ 7-6 9-0 10-6 12-0 13-6 15-0 18-0
L, 5-0 6-0 7-0 8-0 9-0 10-0 12-0
Tt 0-8 0-8 0-8 0-8 0-9 0-10 -0
Tg 0-8 0-8 0-8 0-8 0-9 0-10 1-0
T 0-9 0-9 0-9 0-9 0-10 0-1t I-1'
He 1-0 1-0 1-0 1-0 1-2 .13 1-6
H, 3-8 4-2 4-9 l 5-3 5-11 6-7 7-10
Bar \ : .2
Designation Required Reinforcement Area (in.“/f1)
1A 0.20 0.20 0.20 0.27 0.31 0.36 0.46
1B 0.20 0.20 0:20 0.27 0.31 0.36 0.46
2A 0.20 0.20 0.27 0.38(12)** 0.45(4)** 0.52(4)** 0.77(4)y%*
3A 0.20 0.2 0.31 0.43(12)**  0.51(4)**  0.62(4)*x  [.04(4)*x
4A 0.20 0.20 0.20 0.20 0.22 0.24 0.29
4B 0.20 0.20 0.20 0.20 0.22 0.24 0.29
8A 0.20 0.20 0.20 0.20 0.22 0.24 0.2?
Long. | 0.13 0.13 0.13 0.13 0.13 0.13 0.13

* See Appendix G, Sheet |.

**  _Numbers in parentheses indicate maximum bar spacing (in.) as limited by crack control.
Otherwise maximum spacing is 3 times slab thickness or 18 in., whichever is less.

Other Design Parameters
Embankment slope, Se = 2:1 Reinforcing yield strength, fy = 60,000 psi
Culvert barrel slope, S = 0.03:1 Concrete compressive strength, 1"C = 3,000 psi

Taper, T = 4:1 o . Haunch dimensions, B =H, = Tt



Table E-2
REINFORCING REQUIREMENTS - TWO CELL SIDE TAPERED BOX INLETS

Span x Rise
at Throat 5x5 6x6 7x7 8x8 Ix9 10x 10 12x 12
Dimension* Inlet Geometry (ft-in.)
B; (Throat) 50" &-Qn 7-o" 8-o" 9o 100" [2-0"
D; 5-0 6-0 7-0 8-0 9-0 10-0 12-0
Be/2 7-6 9-0 10-6 12-0 13-6 15-0 18-0
L, 10-0 12-0 4-0 16-0 18-0 20-0 24-0
Tr 0-8 0-8 0-8 0-9 0-10 1-0 I-4
Tg 0-8 0-8 0-8 0-9 0-10 -0 -4
Tg 0-9 0-9 0-9 0-10 0-11 {-1 I-5
Tc 0-8 0-8 0-8 _ 0-9 0-10 -0 1-4
H, 1-0 1-0 i-0 1-0 1-2 1-3 1-6 |
Hy 6-4 7-4 8-5 9-6 10-8 11-10 14-3
Bar . . .2
Designation Required Reinforcement Area (in.“/ft)
1A 0.20 0.20 0.20 0:22 0.24 0.29 0.39
B 0.20 0.20 0:20 0.22 0.24 0.29 0.39
2A 0.20 0.20 0.26 0.32 0.39 0.42 0.5!
3A 0.20 0.20 0.26 0.32 0.39 0.42 0.5!1
4A 0.20 0.20 0.20 0.22 0.24 0.29 0.39
4B 0.20 0.20 0.20 0.22 0.24 0.29 0.39
8A 0.20 0.25 0.20 0.40 0.60 0.55 0.63
83 0.20 0.25 0.20 0.40 0.60 0.55 ~ 0.63
8C {Length) NR NR 0.49(8'-0")  0.61(9-0")  0.84(10'-0™ 1.11(12~0")  1.26(16-0")
8D (Length) NR NR 0.49(8'-0")  0.61(9'-0")  0.84(10-0") . 11(12'-0")  1.26(16'-0")
Long. | 0.13 0.13 0.13 0.13 0.13 0.13 0.13

NR = Not Required

* See Appendix G, Sheet 2

Other Design Parameters

Embankment slope, S = 2:1 Reinforcing yield strength, fy = 60,000 psi
Culvert barrel slope, S = 0.03:1 Concrete compressive strength, f'. = 3,000 psi

Taper, T = 4:] Haunch dimensions, HH = HV = TT
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Table E-3
REINFORCING REQUIREMENTS - ONE CELL SL.OPE TAPERED BOX INLETS

Span x Rise
at Throat 5x5 5x5 5x5 7x7 7x1 Tx7
Fall (f1) 2 4 6 2 4 6
Dimension* Inlet Geometry (ft-in.)
B; 50" 5-o" 5-o 70" 7-0m -0
D, 5-0 5-0 5-0 7-0 7-0 7-0
B; 7-6 8-10 10-2 10-6 li-4 128
L 7-6 11-6 15-6 10-6 12-11 16-11
L, 5-0 9-0 13-0 5-4 9-5 13-5
L3 2-6 2-6 2-6 5-2 36 3-6
Lg -3 -3 13 1-9 1-9 1-9
Fall 2-0 4-0 6-0 2-0 4-0 6-0
Tr 0-8 0-8 0-8 0-8 0-8 0-9
Tg 0-8 0-8 0-8 08 0-8 0-9
T 0-9 0-9 0-9 0-9 0-9 0-10
He -0 -0 1-0 1-0 -0 1-1
s 7-4 Hi-4 I5-4 9-1 12-3 16-4
Bar \ . -2
Designation Required Reinforcement Area (in.“/f1)
tA 0.20 0.20 0.20 0.26 0.3! 0.33
1B 0.20 0.20 0.20 - 0.26 0.31 0.33
2A 0.20 0.27 0.35 0.46(12)** 0.68(4)** 0.80(4)**
3A 0.20 0.28 0.36 0.60(12)** 0.78(4)** 0.88(&4)**
4A 0.20 0.20 0.20 0.20 0.20 0.22
48 0.20 0.20 0.20 0.20 0.20 0.22
8A 0.20 0.20 0.20 0.20 0.20 0.22
Long. | 0.13 0.13 0.13 0.13 0.13 . 0.13
Long. 2 0.20 0.20 0.20 0.20 0.20 0.22

g See Appendix G, Sheet 3.

**  Numbers in parentheses indicate maximum bar spacing (in.) as limited by crack control.
Otherwise maximum spacing is 3 times slab thickness or 18 in., whichever is less.

Other Design Parameters
Embankment slope, Se =2:1 Reinforcing yield strength, fy = 60,000 psi
Culvert barrel slope, S = 0.03:1 Concrete compressive strength, f'c = 3,000 psi

Taper, T = 6:1 ’ Haunch dimensions, HH = HV = T-I—



" Table E-3 (Cont.)
REINFORCING REQUIREMENTS - ONE CELL SLOPE TAPERED BOX INLETS

Span x Rise
at Throat 7x7 Ix9 Ix9 9x9 Ix9 Ix9
Fall (f1) 8 2 4 6 8 10
Dimension* Inlet Geometry (ft-in.)
B, 7-o" -0 90" g-o" 9-g" 9o
D; 7-0 9-0 9-0 9-0 9-0 940
B¢ 14-0 13-6 13-9 15-1 16-5 7-9
LI - 20-11 13-6 14-4 18-4 22-4 26-4
L, 17-5 5-8 9-10 13-10 17-10 21-10
L3 36 7-10 4-6 4-6 436 4-6
Lg 1-9 2-3 2-3 2-3 2-3 2-3
Fall 8-0 2-0 4-0 6-0 8-0 10-0
Tr 0-10 0-9 0-10 =0 1-2 1-4
Tg 0-10 0-9 0-10 -0 I-2 -4
T 0-11 0-10 0-11 -1 1-3 I-5
He 1-2 -2 12 -3 . -4 -6
H, 20-6 10-11 [3~5 17-6 21-7 25-9
Bar . . 2
Designation Required Reinforcement Area (in.“/ft)
1A 0.33 0.57 0.42 0.40 0.37 0.39
18 0.33 0.57 0.42 0.40 0.37 0.39
2A 0.88(4)*= [.05(4)x* 1.06¢4)** 0.96(4)** 1.06(8)** 1.02(12)**
3A 0.99(4)%x* 1.2 1(t)** 1.20(4)** 1.09(4)** 1.20(8)** 1.21(12)**
4A 0.24 0.22 0.24 0.29 0.34 0.39
48 0.24 0.22 0.24 0.29 0.34 0.39
8A 0.24 0.28 0.24 0.29 0.34 0.39
Long{| 0.13 0.13 0.13 0.13 0.13 0.13
Long+2 0.24 0.22 0.24 0.29 0.34 0.39

* See Appendix G, Sheet 3.

*%  Numbers in parentheses indicate maximum bar spacing (in.) as limited by crack control.
Otherwise maximum spacing is 3 times slab thickness or 18 in., whichever is less.

Other Design Parameters
Embankment slope, S, = 2:1 Reinforcing yield strength, fy = 60,000 psi
Culvert barrel siope, S = 0.03:1 Concrete compressive strength, f'. = 3,000 psi

Taper, T = 6:1 Haunch dimensions, H = Hy =Tt



REINFORCING REQUIREMENTS - ONE CELL SLOPE TAPERED BOX INLETS

Table E-4

Span x Rise
at Throat 6x6 6x6 6x6 8x8 8x8 8x8
Fall (ft) 2 4 6 2 4 6

Dimension* Inlet Geometry (ft-in.)

Bi (Throat) 6'-0" é-0" 6'-0" g-Q" 80" g-o"
Di 6-0 6-0 6-0 8-0 8-0 8-0
B 9-0 10-0 Li-4 12-0 12-5 13-9
L. | 9-0 12-0 16-0 12-0 13-4 17-4
L2 4-11 9-0 13-0 5-0 9-4 13-4
L3 4-1 3-0 3-0 7-0 4-Q 4-0
LB 1-7 1-7 _l -7 2-1 2-1 2-1

Fall 2-0 4-0 6-0 2-0 4-0 6-0 '
TT 0-8 0-8 0-8 0-8 0-8 0-i0
TS 0-8 0-8 0-8 0-8 0-8 0-10
Tg 0-9 0-9 0-9 0-9 0-9 0-11
Hf 1-0 i-0 -0 1-0 1-0 1-2
H, 8-2 11-9 1529 9-11 i2-8 16-9
Bar . . .2

Designation Required Reinforcement Area (in.“/ft)

LA 0.20 0.20 0.26 0.39 0.55 0.39
1B 0.20 0.20 0.26 0.39 0.55 0.39
2A 0.29 0.39 0.55(4)** 0.79(4)** 1.21(a)y** 1.00(4)**
3A 0.31 0.42 0.62(4)** 0.93(4)** [.34(4)** l_.IZ(l*)**
4A 0.20 0.20 0.20 0.20 0.20 0.24
4B 0.20 0.20 0.20 0.20 0.20 0.24
8A 0.20 0.20 0.20 0.20 0.35 0.24

Long. | 0.13 0.13 0.13 0.13 0.13 0.13

Longt 2 0.20 0.20 0.20 0.20 0.20 0.24

* See Appendix G, Sheet 3.

**  Numbers in parentheses indicate maximum bar spacing (in.) as limited by crack control.
Otherwise maximum spacing is 3 times slab thickness or 18 in., whichever is less.

Other Design Parameters
Embankment slope, S = 2:1

Culvert barrel slope, S = 0.06:1

Taper, T = 6:1

Reinforcing yield strength, fy = 60,000 psi

Concrete compressive strength, f'c = 3,000 psi

Haunch dimensions, HH =Hy, =T

E.-7
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REINFORCING REQUIREMENTS - ONE CELL SLOPE TAPERED BOX INLETS

Table E-4 (Cont.)

Span x Rise
at Throat 8x8 10x 10 10 x 10 i0x 10 I0x 10 10x 10
Fall (f1) 8 2 4 6 8 0
Dimension* Inlet Geometry (ft-in.)
B, (Throat) 8" 10-0" 00" 10"-0" 10-0" 10"-0
D, 8-0 10-0 10-0 10-0 10-0 10-0
B¢ 15-2 15-0 15-0 16-3 i7-7 18411
L, 21-5 15-0 15-0 18-9 22-9 26-9
L2 17-5 5-2 9-8 13-9 17-9 21-9
Ly 4-0 9-10 5-4 5-0 5-0 5-0
Lg 2-4 2-8 2-8 2-8 2-8 2-8
Fall 8-0 2-0 4-0 6-0 8-0 10-0
Tr i-0 0-10 1-0 -2 -4 -6
T 1-0 0-10 1-0 =2 -4 1-6
Tg I-1 0-11 i< 1-3 1-5 1-7
Hy {-3 1-3 143 -4 1-6 1-7
+ 20-10 Hi-11 13-1 17-11 22-0 26-2
Bar ) X 2
Designation Required Reinforcement Area (in.“/ft)
1A 0.38 0.74 0.42 0.40 0.39 0.44
IB 0.38 0.74 0.42 0.40 0.39 0.44
2A 0.90(4)** h20(4)** 0.92(4)x* 0.88(4)** [.04(8)* 1.10(12)**
3A .04 (4)* 1 .40(4)*x 1.09(4)** Pl (4)»* 1.25(8)** 1.33(12)
4A 0.29 0.24 0.29 0.34 0.39 T 0.44
4B 0:29 0.24 0.29 0.34 0.39 0.44
8A 0.29 0.36 0.29 0.34 0.39 0.44
Long. | 0.13 0.13 0.13 0.13 0.13 0.13
Long:\2 0.29 0.24 0.29 0.34 0.39 0.44

* See Appendix G, Sheet 3.

**  Numbers in parentheses indicate maximum bar spacing (in.) as limited by

Otherwise maximum spacing is 3 fimes slab thickness or |8 in., whichever is less.

Other Design Parameters

Embankment slope, Se = 2:1

Culvert barrel slope, S = 0.06:|

Taper, T = 6:1

crack control.

Reinforcing yield strength, fy = 60,000 psi

Concrete compressive strength, f'C = 3,000 psi

Haunch dimensions, H|_| = HV = TT



Table E-4 (Cont.)
REINFORCING REQUIREMENTS -~ ONE CELL SL.OPE TAPERED BOX INLETS

Span x Rise
at Throat 12 x 12 12x 12 12 x 12 12x 12 12x 12 12 x 12
Fall (f1) 2 4 6 8 10 12
Dimension* Inlet Geometry (ft-in.)
Bi (Throat) 12'-0" 12'-0" 12-o" 12'-o [2-0" [2'-0"
Di i12-0 12-0 12-0 12-0 12-0 12-0
Bf 18-0 18-0 18-8 20-0 21-4 22<8
Ll i8-0 18-0 20-1 24-1 28-1 32-1
L2 5-3 9-10 14-] 18-1 22-1 26-1
L3 12-9 8-2 6-0 6-0 6-0 6-0
LB 3-2 3-2 3-2 3-2 3=2 3-2
Fall 2-0 4-0 6-0 8-0 10-0 12-0
TT 1-2 -4 1-6 -8 I1-10 2-0
TS -2 -4 1-6 {-8 i-10 2-0
Tg 1-3 I-5 137 1-9 [-11 2-1
Hy 1-6 -6 I-7 -8 1-9 I-11
H‘r 13-11 i15-11 i9-0 23-4 27-3 31-4
Bar L\ -2
Designation Required Reinforcement Area (in.“/ft)
1A 0.57 0.50 0.45 0.48 0.53 0.58
18 0.57 0.50 0.45 0.48 0.53 0.58
2A [.04(4)** 0.97(4)** 1.10(8)** 1.20(8)*x 1.38(12)** 1.50
3A 1.30(4)** [.20(4)** [.36(8)** [.53(8)** 1.70(12)** 1.83
4A 0.34 0.39 0.44 0.48 0.53  0.58
4B 0.34 0.39 0.44 0.48 0.53 0.58
8A 0.34 0.39 0.44 0.48 0.53 0.58
Long. | 0.13 0.13 0.13 0.13 0.13 0.13
Long. 2 0.34 0.39 0.44 0.48 0.53 » 0.58

* See Appendix G, Sheet 3.

**  Numbers in parentheses indicate maximum bar spacing (in.) as limited by crack control.
Otherwise maximum spacing is 3 times slab thickness or 18 in., whichever is less.

Other Design Parameters
Embankment slope, Se = 2:| Reinforcing yield strength, fy = 60,000 psi
Culvert barrel slope, 5 = 0.06:1 Concrete compressive strength, f‘C = 3,000 psi

Taper, T = 6:1 Haunch dimensions, HH = HV = TT
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Table E-5
REINFORCING REQUIREMENTS - TWO CELL SLOPE TAPERED BOX INLETS

Span x Rise
at Throat 6x6 6x6 6x6 8x8 8x8 8x8
Fall (f1) 2 4 6 2 4 6
Dimension* Inlet Geometry (ft-in.)
i 6'-0" 6'-0" 6'-0" g-o" g'-0" g'-on
Di 6-0 6-0 6-0 8-0 8-0 8-0
B 18-0 18-0 20-0 24-0 24-0 24-8
L I 12-0 12-0 16-0 16-0 16-0 V7-5
L, 4-g 9-0 13-0 4-¢ 9-0 13-5
L3 7-6 3-0 3-0 11-6 7-0 4-0
Ly 1-7 -7 1-7 2-1 2-1 2-1
Fall 20 4-0 60 20 4-0 6-0
Tt 0-8 0-8 0-10 -0 -0 1-0
TS 0-8 0-8 0-10 10 1-0 -0
T 0-9 0-9 0-11 -1 -1 1-1
Te 0-8 0-8 0-10 1-0 -0 1-0
Hy -0 -0 1-0 -0 -0 -0
Hy 9-8 H-9 15-9 =11 13-11 16-8
Bar ) : L2
Designation Required Reinforcement Area (in.“/f1)
1A 0.20 0:20 0.24 0.29 0.29 0.29
iB 0.20 0.20 0.24 0.29 0.29 0.29
2A 0.23 0.25 0.24 0.29 0.32 0.36
3A 0.23 0.25 0.24 0.29 0.32 ‘ 0.36
4A 0.20 0.20 0.24 0.29 0.29 0.29
48 0.20 0.20 0.24 0.29 0.29 0.29
8A 0.20 0.23 0.24 0.29 0.29 0.34
8B 0.20 0.23 0.24 0.29 0.29 - 0.34
8C\(Length) 0.38(8'-0") 0.46(8'-0™) 0.14(8'-0") 0.20(9'-0") 0.53(9"-0") 0.69(9'-0")
8D (Length) 0.38(8'-0") 0.46(8'-0™) 0.14(8-0") 0.20(9'-0") 0.53(9'-0") 0.69 (9-0")
Long. | 0.13 0.13 0.13 0.13 0.13 0.13
Long. 2 0.20 0.20 0.24 0.29 0.29 0.29

* See Appendix G, Sheet 4.

Other Design Parameters
Embankment slope, Se = 2:| Reinforcing yield strength, fy = 60,000 psi
Culvert barrel slope, 5 = 0.06:1 Concrete compressive strength, f'c = 3,000 psi

Taper, T = 4:i Haunch dimensions, HH =Hy = TT



-Table E-5 (Cont.)
REINFORCING REQUIREMENTS - TWO CELL SLLOPE TAPERED BOX INLETS

Span x Rise
at Throat 10x 10 10x 10 10 x 10 12x12 12x 12 12x12
Fall (f1) 2 4 6 2 4 6
Dimension* Inlet Geometry (ft-in.)
i 10'-0" 10-o" 10-0" 12-Q" 12'-0" 12-0m
D; 10-0 10-0 10-0 12-0 i2-0 12-0
B¢ 30-0 30-0 30-0 36-0 36-0 36-0
L, 20-0 20-0 20-0 24-0 24-0 240
L, 4-6 9-0 13-7 4-5 9-0 I3-6
Ly 15-6 11-0 6-5 19-7 15-0 10-6
Lg 2-8 2-8 2-8 3-2 3-2 3-2
Fall 2-0 4-0 © 60 2-0 4-9 6-0
Ty -4 1-4 -4 -8 1-8 -8
Tg -4 -4 -4 1-8 1-8 1-8
T I-5 1-5 1-5 159 -9 -9
Te I-4 |-4 -4 1-8 1-8 1-8
He -3 1-3 153 -6 -6 -6
Hy 14-5 16-5 18-5 16-11 18-11 20—! |
Bar . ) . 2
Designation Regquired Reinforcement Area (in.“/ft)
1A 0.39 0.39 0.39 0.48 0.48 0.48
1B 0.39 0.39 0.39 0.48 0.48 0.48
2A 0.39 0.42 0.45 0.48 0.53 - 059
3A 0.39 0.42 0.45 0.48 0.53 0.59
4A 0.39 0.39 0.39 0.48 0.48 0.48
4B 0.39 0.39 0.39 0.48 0.48 0.48
8A 0.39 0.39 0.41 0.48 0.48 ' 0.59
8B 0.39 0.39 0.41 0.48 0.48 0.59
8C (leength) 0.I6(l2'—d") 0.68(12'-0m 0.83(12'-0") 0.23(14-0")  0.95(14-0") 1.19(14-0"
8D.(Length) C.16(12'-0") 0.68(12'-0") 0.83(12'-0m) 0.23(14'-0")  0.95(14'-0") 1.19(14-0")
Long. | 0.13 0.13 0.13 0.13 0.13 0.13
Long. 2 0.39 0.39 0.39 0.48 0.48 0.48

* See Appendix G, Sheet 4.

Other Design Parameters

Embankment slope, Se = 2:1 Reinforcing yield strength, fy = 60,000 psi
Culvert barrel slope, S = 0.06:1 Concrete compressive strength, f'c = 3,000 psi

Taper, T = 4:1 Haunch dimensions, HH = HV = TT



Table E-6

REINFORCING REQUIREMENTS - SIDE TAPERED REINFORCED CONCRETE PIPE INLETS

Diameter
at Throat 4 6 8 10 12
Dimension* Inlet Geometry (ft-in.)
Di Lo 6-0" 8o 10-0n |2-Q"
Bf 6-0 9-0 12-0 15-0 18-0
5 7 9 3 7
rI@Foce I_Sﬁ Z—GR 3—4—lz 4ec2g 5—0§
r, @ Face 4o 7L 6-11% 9-213 062 13- 10}
I 3 vl sl m
U @ Face ‘_ﬁ I—II|6 2-7|6 3 34 3 Ilg
7 | 13 9 |
v @ Face 2'7ﬁ 3—11—8— . S-ZR 6—6ﬁ 7-105
L | 4-0 6-0 8-0 10-0 12-0
0-4 0-6 0-8 0-10 -0
£ 1-0 10 1-0 1-3 1-6
t 3-2 4-2 5-3 6-7 7-10
Bar 2
Designation Required Reinforcement Area (in.“/ft)
i 0.29 0.49 0.8l 1.27 1.84
0.14 0.23 0.36 0.56 0.80
sC
0.7 0.27 0.4] 0.59 0.82

A
[so

* See Appendix G, Sheet 5.

Other Design Parameters
Embankment slope, S, = 2:1
Cujvert barrel slope, S = 0.03:1
Taper, T = 4:}

Reinforcing yield strength, fy = 65,000 psi

Concrete compressive strength, f'. = 5,000 psi



CORRUGATION REQUIREMENTS - SIDE TAPERED METAL PIPE INLETS

Table E-7

Diameter
at Throat 4 6 8 10 12
" Dimension* Inlet Geometry (ft-in.)
Di 4-Qm &'-0" g-gn 10'-0" | 2-0"
B P 6-0 9-0 12-0 15-0 18-0
5 7 9 3 7.
rl@Face I-8|—6 2-6Tg 3—4T6— 4-2-[‘- 5-08
r, @Face 47 6-11% 9-23 1 -6% (3L 10}
11 9 7 | |
U@FGCe I-3ﬁ |-||T6- 2-7—1—6- 3—3E 3—”§
7 [ 13 9 i
v @ Face 2'7ﬁ 3-I|-8— 5-2ﬁ 6—6—@ 7—105
L | 4-0 6-0 8-0 10-0 12-0
He 1-0 [-2 1-6 k=il 2-3
H, 3-1 4-4 5-9 7-2 8-7
Designs Without Special Features (in:)
Corrugation 3x1 6x2 6X 2 6x2 -
Thickness 0.109 0.109 0.168 0.249
Designs With Special Features** (in.)
Corrugation 6x2 6x2 6x2
Thickness - < 0.109 0.109 0.109

* See Appendix G, Sheet 6.

**  As per the AASHTO Bridge Specification Section 1.9.6

Other Design Parameter's
Embankment slope, Se = 2:|

Culvert barrel.slope, S = 0.03:1

Corrugated metal, fy = 33,000 psi, fu = 45,000 psi

Taper, T = 4:]

E-13



Wingwall Flare
Angle, F d

B
I

—+

>

N

B
f
|4+§E

B

Tzi sinF > AZsin F

TfsinF + TwcosF - TS

TH + chosF - ’rwsinF

a. Wingwall Flare Angles Less. Than or Equal to 45°

—
TH =
TH
1.5
te
—— Bevel Angle, B i t =
— Wingwall Flare Angle, F w

o

o 2 12
B
7 26
T
H .
TS+TS-dT— msmf:
TH+’rfcosF
sin F

b. Wingwall Flare Angles Greater Than 45°

Figure E-l HEADWALL DIMENSIONS FOR CAST-IN-PLACE
REINFORCED CONCRETE STRUCTURES
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Figure E-3 HEADWALL DIMENSIONS FOR CORRUGATED METAL PIPE



Table E-8
BOX SECTION HEADWALL DESIGNS - 45° WINGWALL FLARE ANGLE

Head\'Noll TT TS TI_JI tw to 1 ds dy, d;
Opening

Span x Rise

(ft x f1) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
5.0x5.0 8.0 8.0 12.0 16.5 9.7 8.5 6.3 8.0 2.5
6.0 x 6.0 8.0 8.0 12.0 17.0 10.0 8.5 6.0 8.0 3.0
7.0 x 7.0 8.0 8.0 12.0 17.5 | 10.4 8.5 5.6 8.0 3.5
8.0 x 8.0 8.0 8.0 12.0 18.0 0.7 8.5 5.3 8.0 4.0
9.0 x 9.0 9.0 9.0 12.0 8.5 10.1 8.5 4.9 9.0 4.5
10.0 x 10.0 10.0 10.0 2.0 19.0 9.4 8.5 4.6 10,0 5.0
12.0 x 12.0 12.0 12.0 12.0 20.0 8.1 8.5 3.9 12.0 6.0

l. Above designs are based on 45 degree bevel angle and 45 degree flare-angle. See Figure E-| for
other angles.

2. See Sheet 7, Appendix G for key to dimensions and reinforcing reqbirements.
3. Designs are applicable to one and two cell box sections.
Table E-9

BOX SECTION HEADWALL DESIGNS - 60° WINGWALL FLARE ANGLE

gggg\iﬁ%ll Tt TS TH t, tg te dh d,

Span x Rise

(ft x ft) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
5.0 x 5.0 840 8.0 12.0 16.1 6.0 4.0 8.0 2.5
6.0 x 6.0 8.0 8.0 2.0 15.9 6.0 3.5 8.0 3.0
7.0x 7.0 8.0 8.0 12.0 15.6 6.0 3.1 8.0 3.5
8.0 x 8.0 8.0 8.0 12.0 15.4 6.0 2.7 8.0 4.0
9.0%.9:0 9.0 9.0 2.0 15.6 6.0 3.1 9.0 4.5
0.0 x 10.0 10.0 10.0 12.0 15.9 6.0 3.5 10.0 5.0
12.0 x 12.0 12.0 12.0 12.0 6.4 6.0 4.4 12.0 6.0

l. Above designs are based on 45 degree bevel angle and 60 degree wingwall angle. See Figure E-|
for dimensions for other angles.

2. See Sheet 7, Appendix G for key to dimensions and other requirements.

3.  These designs are applicable to one and two cell box sections.



Table E-10
REINFORCED CONCRETE PIPE HEADWALL DESIGNS - 45° WINGWALL FLARE ANGLE

Heodyvoll h TH tw tg Ty ds d, d,‘

Opening

Diameter

(ft) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
4 4.0 12.0 16.0 17.7 1.3 8.7 12.0 2.4
6 6.0 12.0 17.0 i8.6 i2.7 9.0 12.0 3.6
8 8.0 12.0 18.0 19.5 4.1 9.3 12.0 4.8
10 10.0 3.0 19.0 20.4 15.6 10.6 12.0 6.0
12 12.0 14.0 20.0 2.3 17.0 1.9 12.0 7.2
14 4.0 . 15.0 21.0 23.3 19.8 Il&.'Z 4.0 8.4

l. Above designs are based on 45 45 degree vevel angle and 45 degree wingwall angle. See Figure
E-2 for dimensions for other angles.

2. See Sheet 8, Appendix G for key to dimensions and other requiremenfs;

Table E-11
CORRUGATED METAL PIPE HEADWALL DESIGNS - 45° WINGWALL FLARE ANGLE

Headwall TH t t t d d

Opening w s f S h t

Diameter

(ft) (in.) (inJ) (in.) (in.) (in.) (in.) (in.)
4 12.0 16.0 19.3 8.5 6.7 8.0 2.0
6 12,0 i7.0 21.0 8.5 6.0 8.0 . 3.0
8 12.0 8.0 22.7 8.5 5.3 8.0 4.0
10 12.0 9.0 24.4 8.5 4.6 10.0 5.0
12 12.0 20.0 26.2 8.5 3.9 12.0 6.0
lé 16.0 22.0 31.6 1.3 8.4 16.0 8.0
20 20.0 24.0 37.0 14,1 3.0 20.0 10.0

I.  Above designs are based on 45 degree bevel angle and 45 degree wingwall angle. See Figure E-3 for
dimensions for other angles.

2, See Sheet 8, Appendix G for key to dimensions and other requirements.
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Headwall Skew = 30° A
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Headwall Skew = 30°
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Figure E-6 SKEWED HEADWALL FOR 48" CORRUGATED METAL PIPE

E

2]



E--22

Table E-12
APRON DESIGNS - 30° WINGWALLS, S =2

Bf Di S Fall Lb LF Wp
(ft) (f1) (f1) (ft-in.) (ft-in.) (ft-in.)
2 3-0 3-10 13-11
4 3-0 7-10 18-6
6.0 6.0 0.03 6 3-0 11-10 23-}
8 3-0 15-10 27-9
10 3-0 19-10 32-4
2 7-0 3-7 26<3
4 7-0 7-7 30-10
4.0 14.0 0.03 é 7-0 -7 35-5
8 7-0 15-7 40-1
10 7-0 19-7 44-8
2 5-0 3-5 19-8
4 5-0 7.5 214
10.0 10.0 0.06 é 5-0 11-5 28-11
8 5-0 15-5 33-7
10 5-0 19-5 38-2
2 6-0 3-3 28-9
4 6-0 7-3 . 33-4
18.0 12.0 0.06 é 6-0 1-3 37-11
8 6-0 |5-3 42-7
10 6-0 19-3 47-2
Table E-I13
REINFORCING REQUIREMENTS - SQUARE TO CIRCULAR TRANSITION SECTIONS
Diameter
@Throat (ft) 4 8
Fill Over, i
Transition (f1) 410 10 8 10 12 14
Bar 2
Designation Required Reinforcement Area (in.“/ft)
TA 0.20 0.20 0.22 0.26 0.30
B 0.20 0.20 0.22 0.26 - 0.30
2A 0.20 0.37 0.46(4) 0.61(4) 0.85
3A 0.20 0.42 0.50(4) 0.73(4) 0.97
4A 0.20 0.20 0.20 0.20 0.20
8A 0.20 0.20 0.20 0.20 0.20

Long. | 0.13 0.3 0.13 0.13 0.13




APPENDIX F
DERIVATION OF EQUATIONS FOR LOCATING CULVERTS WITHIN EMBANKMENTS

F.l  Derive Equations to Determine Elevations of Critical Points and Lengths of Critical

Sections for Slope Tapered Inlets

F.l.1 Definition of Terms

Fall

Assume thedollowing parameters are known:
Slopes: Stream bed (So), Fall ‘(Sf), Embankment (Se)
l_engths: Ll’ L2, L3, LT and vertical "Fall"
Elevations: Points EE, EO

Barrel Diameter: Di

Determine the following vclricbles:
Slopes: Barrel (S)
Lengths: LE, L‘O’ L, LB
Elevations: EF’ ET’ EB, ES



F.l.2 Determine the lengths LE & LO

TH: Selected by designer

D.
i . . .
DHi’ DHo = T2 (or as selected by designer, 12 in. min.)

|
D.,. = D. —+ |
Vi i S2

f

Vo ; + 10 = Dy (0.5% error for S = 0.10)

by similar triangles:

(LE + TH) _

Ee o+ Se So Lg = Se (DVi + DHi) - TH

L 2 Ovit D) Ty Eq. F.I
E 1+5_S
e’ o
by similar calculations:
S O, +D,,)-T
LO _ e Vo Ho H Eq. F.2
| -S_S
e o
L=LT -LO —LE Eq. F.3



F.l.3 Determine L

(arctan —Sl— - arctan S)

@D
i
No|=—

D; (tan )

oy
Il

—
Uj.'.
H

L'é + Ll'3

$2 .

Di <’rqn|—é—' (arctan S_fl - arctan SE] + S}

2

LB:

Substitutings

LB=

1 +5

S (Di) Note: See Eq. F.9 for determination of S.

F-3

Eq. F.4



Fob4

F.l.4 Determine elevations EF’ Eg, E1 Eg

ELLEg = (ElLER)-S L Eq. F.5
El.E; = (EL. Ep) - Fall Eq. F.6
ElLEg = ELE7)+S(L3+Lp) Eq. F.7
ELEg = ELLEq+S,Lg Eq. F.8

F.l1.5 Determine slope of barrel S

El. ET -ElL ES

L-I--(LE+Ll +LO)

Eq. F.9

F.l1.6 Determine height of fill ovér inlet at face, H_, and along length, H(x), where x

f’
is horizontal distance frem face of culvert

Hf varies with @ite conditions and height of headwall, and must include any

surcharge lodds being considered.
H(x):Hf+x(—§If—+—§|;),O<x<L2 Eq. F.10a

I | |
H(X)=Hf+L2(-§;+ z)+(X-L2) (z+ Shib, < x<L Eq. F.10b



F-5
F.2 Derive Equations to Determine Elevations of Critical Points and Lengths of Critical
Sections for Side Tapered Inlets with Fall
F.2.1 Definition of Terms

} Inlet Elevation without Fall

Inlet Elevation with Fall

- — -
{ — — —_—

? ‘

Fall = — ——— ———

L Fall
F
LI I
Se
'//’\ /_@ Z
AN S
N — ANTZ AN
=T 1 D
DR TN i e R
f . F ll'S ! W PR
a
. L
LC =1 L
LE LT
AR e

Assume the following parameters are known:
Slopes: Stream bed (So), Fall (Sf), Embankment (Se)
Lengths: L B LT’ and vertical "Fall"

Elevations: Points EE’ EO

Determine the following variables:
Slopes: Barrel (S)
Lengths: LC’ LF’ LB’ L, LO

Elevations: EC’ EB, EF’ ET



F.2.2 Determine lengths

TH: Selected by designer

Dy = D.l/l2, (of’sélected by designer, 12 in. min.)

- Dﬂ/SZ 41 = D, (0.5% error for 5= 0.10)

DV =
Ly = D.I/Z minimum, selected by designer
L= Se Dy * DHO) -Th
o | -S_S
e o

For inlet location without Fall:

L S
E= T+5,5, Ee(DV+DH)'TH]

/ iniet without Fail
————— -

Eq. F.11
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F.2.2 (continued)

Due to the increased number of variables, the remaining parameters are most

easily determined by an iterative process.

a. Estimate barrel slope S

(LT -Lo —L'E) 5o = Fali

S = Eq. F.12

LT—(LO+LB+L|)

b. Determine remaining lengths
LI = [FG”—LIS+(D\/+DH)

(Y5 2+1 - Vsl ) | S Eq. F.13
L —L_Sf[Fqll-S(L|+LB)+SO(Li+LB)J I
C E”-"B™ i DR q- -

o f
Fall' = Fall +So (L'E-LC) Eq. F.15
LF = [Fqll'—S(LB+LI):, Sf Eq. F.l16
LE = LB + LC + LF Eq. F.17

Note: LE and/or LC may be negative indicating that the points EF and/or EC
are located outsidd_the toe of the embankment (to the left of point EE in the

figure on Section F.2.1).

L > LT-(LO+LE) Eq.F.I8
c. Check result, calculate A
LF
A = SO(LT-LO-LC)-S(L+LB)-§ Eq. F.19
d. If A > 0.0l, calculate a new S
g -3SL+aA t 4 Eq. F.20

Repeat steps b and c. This iteration will normally close with one additional

cycle. See Example.
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F.2.3 Determine elevations

El.Ec = ELEg-S, L Eq. F.21
El. Eg =EL Eq - L/, Eq. F.22
El.Ep=ELEg-SLg Eq. F.23
El.Ep =ELEL-SL, Eq. F.24
El.Eg=ElLEg+SLg Eq. F.25

F.2.4 Determine height of fill over inlet at face (Hf) and along length H(x) where x

is the horizontal distance from the face of the culvert.

Hf varies with site conditions cand height of headwall. Must include any

surcharge loads being considered.

HO) = H + x(S +—S—'—) Eq. F.26
e



F.2.5 Example — Side tapered inlet with fall

a. Given
Di = Bi = 4.0 ft S5 = 0.05 El. Eg
LT = 350 ft Se = 2 El. EO
LI = 4,0 ft S5 = 2
Fall = [.5 Di = 6.0 ft
b. Designer selected parameters
DV = D; = 4.0 ft
Di 40
DH = 12717 = 0.33 ft = Use 1.0 ft.min.
T, =1.0ft (for simplicity)
D.
L, = i =2.0ft
B =
c. Determine remaining variables
|
“o =TTS S, E’e(Dv +Dyy - TH:I

t—ims—) [2(4.0 + 1.0) - I.O] = 10.0 ft

LS 1
35 T+5,5, Ee(DV+DH)'TH]

- TT?I((TEES [:2(4+|)-|:, = 8.18 ft

(Ly-Lo-L'g) Sy-Fall (350 10-8.18) 0.05 - 6.0

F-9

17.5 ft
0.0 ft

= 0.0317

S = T-Corlg+Lp) - 350-(10+2+8)_

—
|

. EGII—LIS ; (DV+DH)(1/SOZ+I -j/52+| )

E.o-4.0(0.03|7) + G DE0.052 4 | 0.03172 4

S
e

2=11.75ft

1)
-



Example — Side tapered inlet with fall (continued)

| s [Fall-s(L, +Lg S (L +Ly) ]
L = L "L ‘L.‘ I—S S
o]

Cc - E B I f

6182 11.75. 216 -0.0317 (4+2) + 0.05 ( 1.7542)_] - 20,018
- (0.05) 2

Fall' = Fall + SO (L'E - LC) = 7.41 ft

Le = [Fanr-sg+L)] s = [7:61-00317 @+ 57 = 1644t
Lg = Lg + Lo + Lp = 2+ (20.01) + 1444 % -3.57 ft
L= Ly -(Lg+Lg) = 350.0 - (-3.57 + 160) = 343.57 ft
d.  Check A
| 4,44
A =0.05[350 - 10 - (20:01) [51000317 (363.57 + 2) - =5+ = 0,174
e. A > 0.01; therefore, recalculate S and lengths LF’ LE, LC, L
_ SL+A _ 00317 (363.57) + (-0.174) _ -
S= =T = Gh3.57) = 0.0312
L. - [g-4«LO3|2)+(4-+I)(WﬁL0524-l _Wﬁxo3|224-1;] - 11,76 ft
) 2 6.0--0.0312(4+2) + 0.05(11.76+2) _
Lo £8:18-2-11.76- [oes ) = -20.03 ft
Fall' = 6.0 +0.05 [8.18 - (-20.03) ] = 7.41 fr
Le = 7.401-0.03122+4) 2 = 1445
Lg = 2 + (-20.03) + 1445 = -3.58
L = 350 - (-3.58+10) = 343.58
f. Check A
14,45
A = 0.05 350 - 10-(-20.03) -0.0312(343.58 +2) - 52> = -0.006

A < 0.0l,  Okay
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Example — Side tapered inlet with fall (continued)

g. Determine elevations
EL EC = ELER-S,Lc = [7.5 - (0.05)-20.03) = 18.50 ft
ElL EB = EBELE~- LF/Sf = 18.50 - 14.45/2 = 11428 ft
El.Ep = ELEg- Skg = I1.28- 0.0312(2) £ 11.22 ft
EL ET = ELEg-SL = [1.22 - 0.0312(4) = 1110 ft

h. Determine height of fill

= | ft at headwall + 2.0 ft surchdrge

H]c =1 +2=3.0ft

H - 3 «30.0313% %) - 5.3 ft

throat

i Summary Sketch

Le = 20,03

LF = 14.45" LB = 2.0 L] = 4.0
L



F.3 Derive Equations to Determine Elevation of Critical Points and Lengths of Critical

Sections for Side Tapered Inlets Without Fall

Note: This case is a simplification of Case B. All the necessary equations have been

derived previously, and are assembled here for simplicity.

T+ Selected by designer

D.
DH = -Dl-, (or as selected by the designer, 12 in. min.)
2
DV = Di ST+l = D;

|
bE T TS, 5 E’e(Dv+DH) ‘Tr]

|
L= —1 i}
0" T s s, Ee(Dv +Dy) TH:]

EI.ET=E|.EF-Ll S

H]c varies with site conditions and height of headwall. Must include any

surcharge.being considered.

H0) =Hf+x(S+—S-I—)

e
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APPENDIX G — TYPICAL DETAILS FOR IMPROVED INLETS

le Typical Reinforcing Layout — Side Tapered Single Cell Box Inlets

2. Typical Reinforcing Layout — Side Tapered Two Cell Box Inlets

3. Typical Reinforcing Layout — Slope Tapered Single Cell Box Inlets

4, Typical Reinforcing Layout — Slope Tapered Two Cell Box Inlets

5. Typical Reinforcing Layout — Side Tapered Reinforced Concrete Pipe Inlets
6. Side Tapered Corrugated Metal Inlet

7. Headwall Details for Box Inlets

8. Headwall Details For Pipe Inlets

9. Cantilever Wingwall Designs

10. Miscellaneous Improved Inlet Details
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- SINGLE CELL BOX INLETS

Design Specifications: AASHTO Standard Specifications for
Highway Bridges, 1977 and 1978, 1979, 1980 and 1981 Interim
Specifications.

For reinforcing schedule for specific inlet sizes see Appendix
E.

For reinforcing and cover requirements for precast concrete box
sections see ASTM Standard Specification C789 (AASHTO M259).

For deformed bar reinforcing, the basic development length (%}
is determined according to AASHTO Section 1.5.14 for #11 g:
smaller bars as:

0.04 A f
_ ¥

L, = L 2 0.0004 af 2 12 in.

e Ve

7 b
c

See Section 1.5.14 for required development lengths of other
types of reinforcing.

If (Hg + Tg - 2 in.) < Ly for bar 8A then bar 1A must be ex-
tended beyond the tip of the haunch by:

“’d bar 8a) - (Hy + Ty =2 in.) (Area of bar 8a)

(%4 bar 1) 2 12"

U.d bar 8A) (Area bar 1A)

Alternate reinforcing scheme is to omit bar 8A, make bar 1A the
size of 1A or BA whichever is larger, and extend it across the
top of slab, lapping it 12 in.

Temperature and shrinkage reinforcing must meet the require-~
ments of the AASHTO Bridge Specification Section 1.5.12. The
total reinforcing provided shall be at least 1/8 sq in./ft and
be spaced not more than 3 times the wall or slab thickness nor
18 in.

I1f haunches are not used, or if reinforcing sizes larger than
#8 are used for bars lA or 1B, additional reinforcing area,
above that needed to meet flexural requirements, may be neces-
sary to meet the development length requirements of the AASHTO
Bridge Specification Section 1.5.13,

See notes on Sheet 9 for reinforcing and concrete requirements.
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SECTION A-A

10.

3

Symmetric
sbout Canterline.

Design “\Specifications: AASHTO Standard Specifications for
Highway\ Bridges, 1977 and 1978, 1979, 1980 and 1981 Interim
Specifications.

Por vreinforcing schedule for specific inlet sizes see Appendix
E.

For reinforcing and cover requirements for precast concrete box
sections see ASTM Standard Specification C789 (AASHTO M259),

For deformed bar reinforcing basic development length (L.) is
determined according to the AASHTO Bridge Specification Se%tion
1.5.14 for #11 or smaller bars as:

0.04 Ab £ N
= —_ 5 ¥ >
3 Z 0.0004 dbfy 2 12 in.

a 1

1€ .
See Section 1.5.14 for required development lengths of other
types of reinforcing.

If (g + Tg - 2 in.) < &, for bar 8A then bar 1A must be ex-
tendeg beyond the tip of tge haunch by:

(2. bar 8A) - (H + T, -2 in.) (Area of bar 8A)
d s bar 1a) 2 12"

Ly
”'d bar 8A) (Area bar 1a)

Alternate reinforcing scheme is to omit bar 8A, make bar 1A the
size of 1A or 8A whichever is larger, and extend it across the
top of slab, lapping it for 12 in.

Temperature and shrinkage reinforcing must meet the require-
ments of the AASHTO Bridge Specification Section 1.5.12. The
total reinforcing provided shall be at least 1/8 sq in./ft and
tl)e ;p-cod not more than 3 times the wall or slab thickness nor
8 in.

If haunches are not used, or if reinforcing sizes larger than
#8 are used for bars 1A or 1B, then additional reinforcing
area, above that needed to meet flexural requirements may be
necessary to meet the development length requirements of the
AASHTO Bridge Specification section 1,5.13.

See notes on Sheet 9 for reinforcing and concrete requirements.
The lengths of bars 1A, 1B, 4A, and 4B are for th 4 Segment.
These lengths must be multiplied by -Jl + (1/Sf)2 for all of
the l:.2 segment, except the segment Lp where transition lengths
occur!
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TYPICAL SECT/ION- SINGLE CELL BOX INLETS
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CIRCUMFERENTIAL REINFORCING DIMENSIONS

U.S. DEPARTMENT OF TRANSPORTATION

FEDERAL HIGHWAY ADMINISTRATION

WASHINGTON, D.C.

Example Standard Plans For Improved Inlets

TYPICAL REINFORCING LAYOUT
SLOPE TAPERED SINGLE CELL BOX INLETS
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To 6/9P¢,

]

Keep Main Reirforeing
Yert/cal And Termperature,
Reinforeirg Frralle!

Maximum Spacing
/ST or (8 N
whichever /s [ess.

L.Tﬁroq# Section

SECT/ION A-A

Bar &C
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Bar es/\W o ’ {
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Bar /A~ . = ]
i L o~ / Long | " W
\ J Temperature) 1
Logg 2 3‘//7‘310/6 {—u—.ﬁ Bar 2A P & sﬁ/nkage =
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orgtudiral Gor 44 (Kote 7) 4 /2"M¢’:’¢/mugv y
redinforcing see l— &ar 4A el — - (ovtaide aidewall)
seckonA-A P ¢ o , B o
fo— 72 =
. . 2'Clear Fyprdal
Ts maide cover.) —— sl 2" Cleror, typrcal
& afside cover
3 . | ¢ botfom
" (Varies from &¢ o &¢/5) " (Varies flom B toBpfe) (I | *c=P.
1.744 Hu AN
(Moted) b 1.0 24 " 104 1
(Woke 4) (Mote &)
Bar 46 L] — M Tt
14 Gar 48 F 9 d
Bar 18] /‘5"" A L Hv
& v = . id hd L] Ld b L2 -
E L | A A A A A P -
- ——————————
L J
3'cren L T_
" Lea 88 Bar 8D Te
TYRPICAL SECTION - TWO CELL BOX INLET
Min. 12 bar diometers
(Nofe ) or /2”
Whichever (s greater
Ta* Hy+ 44
NOTES: WNote d,il) OtuTobly 2"
. - o bl
L. Design Specifications: AASHTO Standard Specifications for D4+ Ty Hy =2 2 & (/slof'o //)
Highway Bridges, 1977 and 1978, 1979, 1980 and 1981 Interim (Nofe //) L_d-/ . Sar
specifications. drome/er-s or
: (2 ‘Whicheyer
2. For reinforcing schedule for specific inlet sizes see Appendix /s /ess,
E,
Tt Hy #1744 Bar 48
3. Por reinforcing and cover requirement.s for precast concrete box (Notes 4‘ "y
sections see ASTM Standard Specification C789 (AASHTO M259). 5 A Mim. (2 Garcometers &ar 4A
4. For deformed bar reinforcing, basic development length (1.) is ar / L“[::l (AfoF¥e 5) or 2"
determined according to the AASHTO Bridge Specification Seltion whichever (s 9!'90/‘3/’
1.5.14 for #11 or smaller bars as: Bar | &
0.04 Ab £ N
= —_—2 ¥ > i
"d {f'_ 2 0.0004 dbfy 2 12 in.
; L 2 (B¢ +Ti- ')+ Te (Yaries) -
See Section 1.5.14 for required development lengths of other ™ )
types of reinforcing.
. Bars A, 3A,.8A ond 88
5. If (liH + Ty = 2 in.) < Ly for bar 8A then bar 1A must be ex-
tended beyond the tip of the haunch by: . Length as reguired by deslgrn
r —
(%, bar 8A) - { + T_ -2 in.) (Area of bar 8Aa)
d o (14 bar1a) 2 127 Bors B And 8D
(%4 bar BA) (Area bar 1A) -
6. Alternate reinforcing scheme is to omit bar 8A, make bar 1A the
size of 1A or 8A whichever is larger, and extend it across the
top of slab, lapping it for 12 in. wiéh bar 8C. C/ RCUMFERENT/AL; RE /NFORC/NG D/MENS/ONS
i
7. Temperature and shrinkage reinforcing must meet the require-
ments of the AASHTO Bridge Specification Section 1.5.12. The
total reinforcing provided shall be at least 1/8 sq in./ft and U.s_ DEPARTMENT OF TRANSPORTAT'ON
be spaced not more than 3 times the wall or slab thickness nor
18 in.
) FEDERAL HIGHWAY ADMINISTRATION
8. If haunches are not used, or if reinforcing sizes larger than
#8 are used for bars 1A or 1B, additional reinforcing area,
above that needed to meet flexural requirements, may be neces-
sary to meet the development length requirements of the AASHTO WASHINGTON, D.C.
Bridge Specification Section 1.5.13. ’
9. See notes on Sheet 9 for reinforcing and concrete requirements. Example Standard Plans For improved Inlets
10. 1f pxecasthbox or pipe gections are used to form the two cell
culvert, the two cell inlet may still be used as shown provided
t:e enqine;r modifies the center wall geometry 1for a box seti:— TYPICAL REINFORClNG LAYOUT
tion barrel, or designs a two cell square to circular transi-
tion section similar to that shown for one cell transitions in SLOPE TAPERED TWO CELL BOX INLETS
Sheet 10. :De Met Scale
11. The lengths of bars 1A, 1B, 4A, and 4B are for the L3 segment.
These lengths must be multiplied by 1+ (1/sf)2 for all of nscommennan% RECOMMENDED,
the L, segment, except the segment Lp where transition lengths Chist Desigh angl Insfaction Branchy Chief Bridge DivisMn
ecour: necwmemenm APPROVED. .
Chist Hydréilics Branch Diractor, Otfice of Englnesring

l‘_ Symemefeic About
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Two layers of inside
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S/oe Qoere liad f
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Winagwt:la/ S'frZC'/'ure
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TYPICAL PLAN

/
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(orte 3 ) z\

V'clear for precast
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/Face Secfiom
U
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~ III NOTES :
. I[ D¢ 1. Design Specifications: AASHTO Standard Specifications for
Q Radius 2 'I Highgay Bridges, 1977 and 1978, 1979, 1980,Pand 1981 Interim FACE SECT/ON =5~
:l Specifications.
- I~ N— 2. Material properties, dimensional tolerances and longitudinal
:1 reinforcing to conform to the requirements of ASTM C76 (AASHTO
=23 | M170).
h
- :l' 3. For splices in welded smooth wire fabric, the length of over-
t lap, measyred from the outermost cross wires of each fabric
]II sheét shall not be less than one spacing of cross wire plus 2 U's' DEPARTMENT OF TRANSPORTAT|ON
+ ] in., nor less than 1.5I;d nor 6 in. &4 is determined according
v = T - = e to AASHTO Sectlon 1.5.208 as: FEDERAL HIGHWAY ADMINISTRATION
T 2 M M 2 . iy 0.27 a4 ¢
[ ——— te =75
/ v AE WASHINGTON, D.C.
See the AASHTO Bridge S ifications for splice r irements of
. ) 2 < other types of reinforcing. P edquirenen Example Standard Plans For Improved Iniets
L L4
4. Inside crown reinforcing area A will be equal to inside in-
sc
ve;:mer::nlfl:rging area Asi unless an alternate reinforcing TYPICAL REINFORCING LAYOUT
sc ed.
5. Alternate reinforcing scheme consists of overlapping the inside SIDE TAPERED PlPE INLET

cage at the invert in order to provide the extra reinforcing Do Not Scale

normally required at that location. Other alternate reinforc-

o
SEC T/ON A-A ing ach;l;;s may be used provided they meet the requirements of
the AAS) Bridge Specifications. Any pipe in which an alter- RECOMMENDED RECOMMENDE| T T ——
nate reinforcing scheme 1s used must have the top clearly Chiof Desiggind Insdiction Branch Chist Bridge Digion SHEET NO.

marked to assure proper installation. B
RECOMMENDED, APPROVED < -
Chiet Hydraulics”Bronch Director, Office of Enginesring
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Erlliptical r‘/o"cz‘fcu/ar s/oe
&7,

operea n

TYPICAL PLAN
-]
Headwall And Wingwall
Structure, Sea Sheet 8
For Details
L Face Secfion
8

Circublar cuivert borre/

Throaf Sectior

SECTION __A-A

THROAT

SECTION c-C

Longitudinal seams desigred
for thrust occoraiing fo FAe

AASHTO Broge Spac/ficorion,
Section (9 (Wote 8), e

Inside Span = 2(u*r,)

Inside Rise = 2(rz-v)

Design Specifications: AASHTO Standard Specifications for
!ighvn{ Bridges 1977, and 1978, 1979, 1980, and 1981 Interim
Specifications.

Corrugated metal inlets are flexible culverts, and thelr per-
formance is dependent on soil-structure interaction and soil
stiffness. See AASHTO 1.9.1(G).

Seams may be bolted, as shown, riveted or spot welded provided
they rﬂ. the strength requirements of the AASHTO Bridge Speci-
fication.

ELLIPTICAL

SECTION

B8-8

U.S. DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION

WASHINGTON, D.C.

Example Standard Plans For Improved Inlets

SIDE TAPERED CORRUGATED METAL INLET

De Net Seste

RECOMMENDED REWMENDE@;%&. [SWEET WO, |
Chist Design 1 Chiet Bridge Bivision .

RECOMMENDED APPROVED. Dacit X &bkl 6

Chist Hydreulics Breach Dirsctor, Office ot Eng
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PLAN HEADWALL FOR CAST-IN-PLACE SINGLE CELL BOX IMLET(SIMILAR FOR PRECAST)
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(OE OF TR OF
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ALAN HEADWALL FOR CAST-IN-PLACE TWO CELL 80X
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s & | %
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i | |
JI L
| .F
/J'— _________ _ki
-
Op/2 (Note @)
"

INLETS ( SIMILAR FOR PRECAST)

A4

2

A4

X _SECTION

over primary reinforcing and 1-1/2 in. over stirrups
and ties.

i 1
oV vo I SECTION D-D °¥ | v
.r ] B ) !
: ey ! I Ve o | : !
e | ev [{I| ~ve 25 B 2 |
| i L { '
N A AN 2 M
I L-.._____.._____..__..J I’ — - ] ) :
I I !
b |
| 1 :
[ [ 1 l < | ] | l L l : L l | l i
A Alg
\TION HEAOWALL FOR 7-/AS SIN EL X (NG ET(SIMILAR FOR PRECAST b:,%% ELEVATION HEADWALL FOR CAST-IN-FLACE TWO CELL BOX INLET
: . . ] Anchor bolf P . ik . s - o .
8 e i 0T st (SiiAR Fom eRECAST)
Exfand ‘o ond v oimension 5, Lmernscon, Oetiomal Consfruction joint
of headnally e exceeds /8" T e, e SXCCETS 18 e
g;%en /ea_/‘c 2’ 9_,16 _ - h7 $ (&M, D —
*Min, Oebional Yertical I, 4 . " riica n c ations: AASNTO ar o
3%’» % Conatructon Jbint “ Min :"{4//3,;4/4‘4 [ Severtieal 1. ‘:’::"ng:'; “l‘fxat;.:, 1977 pxu-’tf:;c,‘1:;;f“1‘9?o“.:
‘ J ‘ ‘ 414@/2,, man \446/2' 1981 Interim Specifications. . . p v
4 (ke T ‘ ‘%mmﬂqd F:‘//gr N siele Save! 2 :E:hh‘?h?i?i :11:;-?::-1.:- ’t?:t::p ::::1‘:..-': :n Il'.l.: A =i (/-
-TS ir Ll X al int, ANore £ at tl sides. s =]
. : Wingwall Hare q/e 3. Bevel dimension d& - 0.8 8;/12 for 45° bevel angle and -&
En-'-'iu\- “ SECTION &8 FRECAST 8K SECTIN.  cecr/on/ e o ” 8 = 3,/12 for 33° bevel angle.
o /T\“ A”“”: ,// "ﬁ:' 12°Min, Nete S C-AST‘/N- PL CE 80X SECTON ¢ EEE;:E:G»:::I';O ll\:‘l.t 1;.?. ::’rkl’l{q‘ ::.-n‘i:p::it’h:: U-s. DEPARTMENT OF TRANSPORTAT'ON
St " __.l-—E-i ——==J——====-—L._ ..
?g/‘ o ;:'aﬂ’::é I nere £ -+, Tt VT 5. The space between tvo cell precast box sections must FEDERAL HIGHWAY ADMINISTRATION
i mﬂw‘” ’nﬂ’ua e D either be filled with concrete or with soil compacted
rf‘f-._’:";_"_‘ 4 ‘ : 4 ) ;g’;. minimum 95%, of standard density based on AASHTO WASHINGTON D c
: ~ — El':.--', b 'Ti' eqﬂ 4 s. m term :‘ refers to the face vidth of an inlet. - : -
P Al W =d— 1 s term cable to s al n-
o deerzni ¥ ¢l L it = b Tots chich eraPRllotble b0 elde o alor ey o Example Standard Plans For improved Inlets
g | || - feerzun. \ bsp 7 le Vatical = tions, B,/2 should be substituted for By in all dimen- ,
Mim, v 4 ]J oy . ons. ) - .
4 -7 — € C to mabeh u
v Woboal Bt \ poorgr  longRudinad e T Emaien Sl Tl Serleeenes. " riticuier HEADWALL DETAILS FOR BOX INLETS
i box section. attention should be paid to erosion arcund the en- i ma aaa -
:t ﬁ:‘::‘f _u TION - Beve! ofimansions trance and to depth of frost penetration. . 1o Net Soste
o~ y ¢ 18O,
BClacr Note 7 cleor PSE;AST A0X g:grf.o-u Some gs top bevel. 8. m“n::;:..on Sheet 9 for nlnfotclnq and concrete re- RECOHMENDEDNGQ ?; 1“ E AECOMMENDED. % E s
! . SECT[ c-C _ Chiet and 1 tion Bt . Chief Briggs
T _&OX_ A/ CAST-IN-PLACE BOK ECTION =~ over peimary re nforeing i ieLSe in. “ovar virrups | RECOMMENDED APPROVED ;

Chist Mydreulics Bramch Direster, Oftice of Enginsering -
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LLAN VIEW HEAOWALL FOR REINFORCED CONCRETE PIFE INLET(SMLAR FOR_CORRUGATED METAL)
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HEADWALL

sizes,

PLAN VIEW HEADWNALL

FOR SIDE TAPERED REINFORCED CONCRETE IPE INLET (SIMILAR FOR CORRUGATED METAL)
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See section A-A,
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ATION HEADWALL FOR REINFORCED COMCRETE PIPE IMET(SIMILAR FOR CORRUGATED. METAL)
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SECTION O-D

ELEVATION HEAODWALL FOR SIOE TAPERED REINFORCED CONCRETE PIPE INLET (SIMILAR FOR CIRRUGATED METAL)

&:/12 %4 "BAnchor bolts gok.
82/12 ¥ Bremokbiad 7 / WIE ruts 2e'0c. (Note 7)
. /ﬁ'//er n, 2Win. bt
= y ‘o expansion or/ed
Eeire | b 9 core min, 1o r] , | &Min,
2°Min, : ),
‘P Ancher /
) W[’_z/g into
o T " Hhreades inaerts Bevel angle 33° or 45°
For pipe rithow* ) oG Nore
bells see detall ¥ dé (Mote )
A-A for CMP &8 WOTES:
Yor rapuired evel 24 See darn/! &-8& Rainforced 1
airnensions, v i, concrare prpe for ’

RE/INFORCED CONCRETE PIPE

renforcing oleta:ls,

SeCT/ION -5

CORRUGATED METAL PIFE.

?-*a

£ ; it
ﬁ’g/’g' j‘é’/ m/c::ic//a e
(Notes) wall thickress

exceeas /8"

. -,L.j_[s'clear
SECTION A-A

I»LM /12 Note 8.
2'Min..
: &p/2g |
& 8" Min.
7 £'Min. :
X/

%" Brornaicat) Fillarin
expconsion joinft

SECTION 5-8

REINFORCED COMCRETE FIFE

AASHTO Standard Specifications

Design Specifications:
and 1978, 1979, 1980, 1981

for Highvay Bridges 1977,
Interim Specifications.

‘Bevel dimension 4, = 0.5 B,/12 for 45° bevel and 4, =

Bg/12 for 33° bevel.
Anchor bolts 10 in. long, 3/4 in. diameter. Must have
working shear capacity of 4000 lba.

See notes on Sheet 9 for reinforcing and concrete re-
quirements,

Local site conditions must be evaluated to determine
foundation and cut off wall requirements. Particular
attention should be paid to erosion around the en-
trance and to depth of frost penetration.

Except as noted, minimum cover over reinforcing shall
be 2 in. over primary reinforcing and 1-1/2 in. over
stirrups and ties.

The suitability of galvanized anchor boits for embed-
ment in concrete or galvanized sheet against concrete
must be evaluated based on local materials and condi-
tions., Additional protection may be required.

U.S. DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION

WASHINGTON, D.C.

Example Standard Plans For Improved inilets

HEADWALL DETAILS FOR PIPE INLETS
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Chist Dest L] Il L
RECOMMENDE

Chief Hy ‘s Bronch
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APPROVED _ T et X, (lonkily.

Director, Office of Engineering




WALL DIMENSIONS REINFORCING STEEL SCHEDULE QUANTITIES | iuximum
- BEARING
Bar A Bar C Bar E Bar F Bar G Bar o Bar K |Concrete gf;’;f PRESSURE|
H 8 T Tw D
R Size |5pacing| a b Length|Size |Spacing| a b Length | Size |Spacing| a b Length|Size |Spacing|length |Size |Spacing|Length |Size |Spacing|length|Length| Cu. Yds.| ** Lbs K‘Pfs, .
6 o' |oter | 1-2p') 1-3" 4 1te" 5-7" 1-7" | e-10° 4 “e" | 3-7" 4 &' [8-7" | 4-5 |o4ie zoz | Lol ®
4-8 o-10 | /-3 /-3 4 1I-© ©-7 -9 8-0 4 -6 4-1 4 -G 4-1 5-5 0.492 23.0 lee 7
5-4 | /-0 /-3%|1-3 4 -G 7-7 =1 9-2 4 - o 4-7 4 /-G 4-7 ©-5 0.569 26.4 /.39 8
&6-0 1= -4 /1-3 4 I-& 8-7 2-1 10-4 4 IR 7) 5-1 4 I-@ 5-1 7-5 0.648 .29.2 160 o
0 &7 (/-3 | /-4%]| -3 4 1=tz 9-7 2-3 - 4 172 5-6 4 1-1% 5-6 8-5 0.725 339 176 10
1w |74 |1-5 { 1-4%| -6 4 -8l | j0-7 2-e l2-2 4 1874 | 5-0" |2te | 7-2" 4 0-10% | &-! 4 1-8% | &-1 9-z 0.903 870 | /95 "
2 |80 [Ire [ I-5%| 16 4 (-3 | -7 2-7 3-8 5 1-3% | 5-0 2-7 7-9 4 0-7% | &l 4 1-3% | &-7 jo-2 0.993 417 2/e 2
3 8-8 |1-8 I-53/4 -6 5 I-@ 1e2-7 2-10 18-1 5 1-& 5-7 2-10 8-1 5 0-9 7-4 4 I-e - 7-1 -2 1.084 55.2 2.32 13
14 9-2 | -9 1-6% | I-6 [ 1-8% 13-7 - -2 ® 1-87% G6-4 2-11 8- 5 0-/10% | 7-9 4 1-8% 7-5 1e-2 Le7 ©l.7 258 14
15 o-11 | 1-11 | Ive% | 1-6 [ -5 14-7 3-2 17-5 ] -5 6-7 3-2 9-5 [ o-8% 8-7 4 /-5 8-0 13-2 l.26@ 7.9 272 18
e |7 |21 | 11y 1e [ -9 84 3-4 -4 6 - 5-6 | 3-4 8-6 ® 1-9" e’ | 3-4" | 54 & | 1-8NI4-4"| &6 | 0-7 9-/ 4 /-2 8-2 14-2 1361 oz.0 | zo9 6
17 | -3 | 2.3 | 1-7%] I-6 7 =11l | 9-0 3-7 12-3 7 1=ty | 5-11 3-7 9-2 7 -1ty | 3-10 3-7 6-92 7 Ity |15-4 & 0-7% | 2-6 4 1=11% 9-3 15-2 1,459 104.4 | 204 17
8 H-10 | 2-4 1-8Y% | I-® 7 -9 9-6 3-8 i2-10 7 1-9 G- 4 3-8 9-8 7 /-9 3-/0 3-8 ®-i0 7 -9 16~ 4 7 o-7 10-5 4 /-9 2-7 le-2 1,553 127.9 328 8
19 12-7 | 2-@ /'8"4 -9 7 I~@ 106-0 3-11 i3-7 7 I-@ ©-9 3-11 10-4 7 /-6 4-/ 3-11 7-4 7 I-e 171 7 o-6 10-11 4 -@ 10-2 et 1,758 1517 3,45 2
.20 i3-3 2-9 1-9% | -9 8 =2 10-8 4-2 14-& 8 -9 @~/ 4-2 10-9 8 1-92 4-6 4-2 8-4 8 -9 18~1 7 o-7 11-4 4 -9 10-6 17-11 1.866 160.3 3.55 20
2l | 13-l | -0 | 2:2% | 20 8 I-9% | 1-2 4-9 15-7 8 1-9% 7-3 4-9 /11-8 8 1-9% | 4-9 4-9 2:2 8 1-9% |i18-10 7 0-7% | 1-e 4 1~-9% | lo-8 186 2227 2.4 | 3.82 21
22 |46 | 80 | 2-3 | zO 8 1-7% 110 411 165 8 1=7% 7-8 411 j2-3 8 1-7%2 | 4-9 4-11 -4 8 1% |19-10 7 o-6l2 | 11O 4 1-7% | 11-0O 19-6 2.352 186.5 4.00 22
22 | 153 |80 |23y 20 9 -9% | j2-5 5-0 17-1 2 1-2% -1 5-0 12-9 2 1-9% | 5-7 5-0 0-3 ] /9% | 20-10 8 o-7% | 12-10 4 1-9% | 1o 20-6 2492 | 2i1.0 | 4.28 23
24 | I5-11 | 83 | e-4% | 2-3 9 -9 13-3 5-4 18-3 2 -9 8-8 5-4 /3-8 9 -9 5-10 524 10-10 2 /-9 2i-7 8 0-7 13-3 4 -2 le-1 2i-3 2.754 233.4 | 4.40 24
25 | 16-7 | 3-3 | 2-5 | 2-3 0 1% 14-0 55 19-1 o | 1-11% 9-3 5-5 14-4 o | -1 | e-10 5-5 1-11 10 | -1ty | 22-7 E} o-7% | 14-3 4 I-tiYa | l2-8 2z-3 2898 | 27182 | 467 25
2 | 172 |36 | 25%| 26 /0 I-o% | 14-7 5-8 12-11 o | 1-9% 9-8 5-8 150 1o | Mo% | 7 5-8 12-5 0 | 1-9% | 23-4 2 0744 | 14-e 4 -9% | i3-0 23-0 3173 3008 | 4.82 2o
er | 171 | 36 | 2 | 20 /0 1-7% 15-0 5-9 20-5 o | -1 9-11 5-9 15-4 10 (=72 7 5-9 2-e 10 | ;-2 |24-4 9 o-o¥p | 15-3 4 1-1% | i3-8 24-0 3335 | 344.0 | s08 | 27
28 18-7 | 3-9 2-7 2-9" 10 /-& 15-5 &~/ 2i-2 10 /-G 10-2 -/ 1511 /O I-& 7-4 @-/ 13-1 /0 I-@ 25-1 9 O-& 15-7 4 /- 14-0 24-9 3.040 37%.e 52/ 28
29 | 193} 3-9] 274 2-9 1 /-9 16-5 @2 2e-3 1 /-9 11-0 6-2 j6-10 MW /-9 8-5 @-2 14-3 11 -2 26~ 1 o o-7 /e-8 4 /-2 14-8 25-9 3.805 421.0 5.49 29
30 | /9-10]| 4-0 | 2-84 | 3-0 /1 1-G¥% 16-/1 &-5 23-0 /1 1-6% -2 %-5 17-3 1 e | 8-8 &-5 14-9 I 1-6% | 26-10 10 O0-6Y | 16°1] 4 1-@% | 14-/1 260 4422 477.0 563 o)
%
SedMote & for NOTES
E3 ) wall  joinfs ) o
1 Finished Ground l. The designs presented here are based on the F.edernl Highway Administra-
—t———— Line tion Publication “Reinforced Concrete Retaining Walls," September 1967.
Wing walls may be designed as retaining walls according to current
AASHTO working stress or ultimate strength procedures.
- y
6 2. mpATA: n =10, fc—= 1200 p.si; f, = 24000 psi; Weight_of sfil =°I28
o o w—l pcf; Weight of concrete = 150 pef; Andle of Internal Friction = 33%41 5
; ! Earth determined from Rankine's formula.
’saar / IK@”C!" ;{5, ,F_.g: Z : :g: >’_ Bars L F::;gprenur%:e (:oeerfralmemf er’:frncilo:\msdefd:rgnu:mor;y and soil is taken
A r‘i._\.. |+ as 0.45. A safety foctor of 1.5 is provi against sliding,
* * / For Overtuming: A minimum safety foctor of 2 is provided ogainst
#‘3;" /’LémL /2 Bar F ?ver'urning. Resultont of the loads is at or within the middle third of the
- X |1 ooting.
3. CONCRETE: All te shall be Class A(AE) with a mini 28 da
: % . compressive strengmu:fi,om psi. T?\ses air enfr:;nin; nn;l;:;n::;“ mee);
See Ele:vaf/op Bar A with the approval of the engineer. All exposed edges of walls shall be BARS A c $ E
For Relnforcmg —r # 4@ 18" Dowels If Apron 1 y chamfered 3/4 in. except as noted. '
* lab Is Used. 4 REINFORCING STEEL: Reinforcing steel shall be deformed bars con- . . .
I s“/a e 7 L4 forming to ASTM Aé6l5. g{:nz:\iligg;\ssr:oting fo spocir: of reinrfor't::?:\‘g Nofe - The re/anrcmg 5c,‘_’.ed’-’/e’ 5h?“"n are 0"/9 h’—
y Chrd Aoles - Nofe steel are from center to center of bars. Bending dimensions cre from out *b’ correspond/ng wall dimensions /isted. |f Fooﬁng
I'6" Mir. fo out of the bars. Minimum cover for reinforcing bars shall be Zin. clear  dimensions are varied to obtain a more desirable soil
Optional Apron Slab |k Weep Hole — pnless shown otherwise. Bars A ond C are extended 35 bor diameters  oremgure, a corresponding change mus+t be made
See Sheet 10 z ! ‘é NN Bar © yone po : in the footing design to adjust reinforcing.
i -Tor- | | pet— 5 FOUNDATION PRESSURE: When the maximum bearing pressures shown
* aniapdndigs § nan Bar M (Match( Bar K) | 111 . in the tables exceed the allowable bearing pressure of the s0il at the site,
* #4 30" Lergth a pile footing may be used, or the width of footing may be modified to
oz |l W reduce the maximum bearing pressures. . U.S. DEPARTMENT OF TRANSPORTATION
L4 ‘' A 6. WALL JOINTS: Expansion joints at a maximum spacing of .90 ft‘. ond
/ "For MH& 20 4 3 contraction joints at a maximum spacing of 30 f.'..shclll be provided in the FE DERAL H'GHWAY ADM'N'STRAT'ON
3% For H> 20’ k Bar G walls. If rustication grooves are used, the joints shall be spaced to
correspond with rustications.
. 7. WEEP HOLES: Weep holes shall be ided at i t to exceed
Q A1 L Bar £ 15 Tt. Sufable undercrains located of fhe back of he stem and commected WASHINGTON, D.C.
.t o - Bar L 1 1o an outlet pipe may be used in lieu of weep holes. E i s d d Pl F i
L ’ }.r L@ [Lo " Chrs. 8. : The wall shall be backfilled with a well graded, free draining xample Standar ans For improved infets
3"Clr. At Bar J . Bars L material.
—2,-«1-— S ‘\\'9 | Foaz‘/'ng Ke_t/ “ 9. FOUNDATIONS ON ROCK: Footings placed on non-yielding material may
1~ 3" be permitted 1o have the resultant of the loads fall within the middie half. CANTILEVER WINGWALL DESIGNS
(L") The designs of these footings are beyond the scope of this project.
2ro” , 10. . ALTERNATE DESIGN  The lab be cast integrally with the Bo Net Seate
£ (8/4) (H&10') reraining wiall o the foundation ormitted. This combination of wing walls
Ws H>|O' ond apron slab requires a separate analysis and reinforcing layout and is
B beyond the scope of this project. RECOMMENDED; REconuENDEty%éA L
E— L E V A 7-/ ON Chief Desighang tion Branch Chist Bridge Divifion *
SECTION . nEcountuoeD,@_M APPROVED aenif X [ hlge 9
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Chief Hydrowfics Branch

Director, Office of Enginesring
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WASHINGTON, D.C.

U.S. DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION

Example Standard Plans For improved inlets

MISCELLANEOUS IMPROVED
INLET DETAILS
. Do Net Seale.
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Chiet mdvéin Branch

Director, Otfice of Enginoering
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APPFNDIX H - COMPUTER PROGRAM LISTINGS

Program BOXCAR H-2 ~ H-60

Program PIPECAR H-61 - H-107

H-1



‘v 60 LEVEL
»
C
¢
C
«
C
c
C
C RY
c
C
c
C TH
C Sy
¢ GM
C
c
C
1
2
C
1
c
c
1
c
C
C
1
e
3
4
C
c

(9 M o)

21 MATH - DATE = 82251 C1BIBEZIDS

PROGRAM BOXCAR
ANALYSTS AMD DESIGN PROGRAM FOR ONE CELL REINF. CONCRETE BOX SECTIQNS

SURMITTIED TC FEDERAL HIGHWAY ADPINISTRATION - = AUGUST 1982
DEVELOPEN FOR FHWA PROJECT NO. DOT-FH=11=9692 ‘
SINPSON GUMPERTZ ARD HEGER INCe 1696 MASSACHUSETTS AVERUE

CAMBERIGE «MASSACHUSETTS 92138
EXAMPLE STLNDARD PLANS FOR IMPRCVED TINLETS ‘

IS IS THE #ATN PROUGRANM,. IT SEQUENTTIALLY CALLS THE VARIQUS
BROUTINES NEEDED TO COMPLETE THE AMALYSIS AND DESIGN 'OF THE
E CELL BCX.

REAL 4 JLOAD(124%)

REAL w4 IN:tRE49uTJeKAA(LeT903)9KAE(B9T93) e BA{As393) 9 KEFB(49343)
INTEGER ISDATACIC)SIBDATA(3S)

INTEGER ICQNC&)

COMMON/RSCALE/SPANSRISES TT 9 TReTSeGAMACYGAMACSHGAMAF 4P CaH o HHaHV 40y
ZETReBETAGDF sl gECoFSyF Y oFCP e LMV o RIN ¢ Q2902 ¢ NLAY9RTYPE Q4405
CTCE)ySUATAL3S Y

COMMUN/RARRAY/UCL1295) oW1 (4o D) a2 C4¢5)98(995) 9B (45540 (445},
PMEMB(4425) «X (50494

COMMNN/RARRAY/ZIMNER«KARGKARYKBASKEB

CQMMGM/A&ALde“AﬁssTIF(12'12)1FIXMO(4QSQQ)sDﬁ(ﬁ)vDV(E)QDP(6)§
AS(5LY9SRATIOS)

COMMONS ISCALE/NTIFANNLC s IDBUG IR ¢ TWaITAPE gIPATHGICYC 4 MINT
COMMON/TARRAYSMENMB(442)
COMMON/HARRAY/ZAMOMI29 95 9VI2095) 9P C395)sFXLACG45) oFYLA(405)
WBHAC44E)SFYLB (459 FYLB(445) ¢ BMB (495) +ENDMI205)14ENDV (2045
GRMICZCI9GRYI(2C)I9GRPLII3)9GRVZNG (2219 CRM2NG(20) ¢ GRV2PL(2D)
sGRMZPL (20) 4 GRP2ZPLEZ) 4GRPING(3 Y 4FPMINCII4FVFIACZB) « FMMIN(20Yy
FPEAXC3)9FVMAX (2D0) o FFMAXE2C) o ZNOMT o ZMUMB XL €20)
COMMONATFLAGS/TRDATASISUATALICON

SRR kAR ERRR AR ek e R AR 4L OF COMMON sasztaktzddddfwkdtabiadhiranrts



Iv ¢ LEVEL 21 MAIN DATE = 82251 18435709
C INTERNAL UNITS ARE KIPSeAND INCHES
C
IR=S
Iu=6
4 IPATH=]

1 CALL RREADCISTOP)
GO TO (243)4I8T0P

2 CALL INITY
IFCIPATH.LES2)GO TO 4
CALL DESIGN
IFCIFATHSLESQIGD TO 4
CALL OUTPUT
G0 T0 1

3 COUNTINUE
END



H-4

vV 6 LEVEL 21 RREAL DATE = g2251 18735709
SUBROUTINE RREADCISTOP)
C
- C THIS ROUTINE READRS ALL THE INPUT IN A SPECIFIED FORMAT AND
C TRAMSFERS THE DATE INTO THE BDATA AKD SDATA ARRAYSe THE EXECUTICN OF RREAD
C IS COMTROLLED BY THE WCGDE VARIABLE ON THE INPUT CARDS. A K(ODE
c GREATER THAN 13 SIGNALS THE END OF THE INPUT DATA« RREAD REPRINTS
C THE [MNPUT CARDS AS IY BEADS THEM AS A CHECK FOR THE USER.V
C
INTEGER ISCATAC3S)2IRCATA(3S)
CCMMON £IFLAGSY IBDATARA«ISDATA
COMMON FRSCALE/ BDATA(3S)sSDATAC(35) :
COMBONZISCALE/NIToNOLDGIDBUGSIR oI NI TAPE IPATHWICYC o NINT
DIMENSION TEXTEE)I4DIUE)
DIMENSICN LATC1®)
DATA LAT/393¢2¢30be301 02360l 929994/
c £ & R o* E % % £ K K * % ¥ ¥ £ k% & £ & % 2 2 % 2 £lW e k2 ok P ® B K A % %
C

WRITE(IWST9)
99 FORMATC(*1?)

READCIR 1020 4END=989%) (EDATACI }2lz=1420)+IBRUE
1020 FORMAT(ITA4443411)

WRITEC(TWL1021) (RDATA(IY$I=14203\1DEBUG
1021 FORMAT(1Xe19A4483411 )
DC 5 I=1435
SUAT2C(I =0
ISDATACIYI=E
BOATAtYI =0,
IBDATACI)=C
SLE 5—,?:12 .
SLEM2=SLIN#SLEN
SLENZI=SLEN24SLEN
SLD=13000.

1 READC IR91CODGHEND=G98)) KODES(TEXTLI)eI=145)e(0(IdsI=146)

10060 FORMAT(I248A44R0246E0842)

IF ¢ KODE«GT#13) 60 TC 3999

K=LAT(KODE)

WKITFE¢L1we2000) KODE ¢ (TEXT(TIYsI=145) s (0129 1=14K)
2N00 FORMAT(1X 9129804 4A246F1043) '

6 CONTINUE
GO TO (1092 0e30040¢5Csh 097098099941 00¢130¢120+130)+K0DE

(44

C SPANGRISEs AND DEPTH OF FILLs KODE=1
10 CONTINUE
BDATACL)=D¢1)*SLEMN
BOATA(2Y=UC2¥#SLEN
BDATACIO0)=D(3)2SLEN
IBDATACL)=1
- IBOATA(2)=1



Iv 6 LEVEL

OO m

22

k

-

21

3o

46
47

42

44

52

53

21 RREAD

TRDATACLIC)=1
GO TG 1

SLAR FTHICKNESSESeTT«TEeTSs KODE=Z
CONTINUE

BOATACZI)I=D (1)

EDATAtaY=D(2)

RDATA(SI=D(2)

DO 21 I=3,5

IF (BOATACI))Y 21421423
IRDATACTIZ]

COMT INUE

6o T0 1

HAUNCH GEOMETRY sHHeHVy KODE=Z
CONTINUE

IF € DE1YaENeLe) D102

IF € DE21eEQs2e} D(2¥=D(1)
BOATALL1)=D(Y)

BDATAC12y=D(2)

TEUATALLID =1

IBDATACEZ2Y=])

GO 70 1

DENGITIESy GAMAS«GAMACYGAMAF(y) KODE=4
CONTINUE

BRDATACTI=DC(1Y/SLEN3/SLD

1BDATACI)=1

BUATAMB)I=D(2)/SLENZ/SLE

IBDATACG) =1

BDATAUE)Y=D(3)/SLENG/SLE

IBDATACEY =2

GG 10 1

DATE

82251

H-5

18/357409

MIMNIMUM LATERAL SOTL COCFFICIENT (ZETA)y MAXIMUM LATERAL SOQIL
COEFFICIENT (COMVERTED TO RAT IN SDATA(25)),

INTERACTRION COEFFICTIENT (BETAYy FLACG

CONTINUE

IF COC1) ) B1957452
IBBATACLA4)Y =1
BUATALLA4I=0 430

GO TO 53

BDATAC14) = DE2)
Deay = 1

GO TO 53
EDATALL14)=DCL)

IBLDATACLI G421
IF ( D12 «EGe 040 ) 60 TO 56

SCIL-STRUCTURE
FOR PERMAFENT SIDE LOAD



H-6

IV 6 LEVEL

(@]

MO

56

10

8t

81

90

92

95

21 RREAD

SDATA(2HYI=0DC(2)/D(1) = 1.0
ISDATACR2E)Y = 1

IF € DU4YNT+Ce) IRDATA(CLI4)=2
IF € NU3)=ehH ) 548455455
RUATAC15)=142

IRBAYACLID) =~1

60 70 1

RDATACIZI=NE2)

IBOATA(L1EZ)=1

GD 70 1

LOAQ FACTORy CARACITY RED. FACTORS

¢ CONTINUE

HDATA(ZE2)=0(1}
BODATAL23)=D(1)
BDATA(2)=D(2)
BOATACL2)=D(Z)
IBDATA(Z22)=1
TBEDATAC23)=1
IBDATACSI=]
18D ATACL13) =1
G0 TO 1

DEPTH OF FLUIDs KODE=7Y
CONTINUE

ROATACLIEI=D(1)Y
IBDATACIE)=]

60 TO ¢

MATERIAL STRENGTHSy FYsFCPy KODE=S8

CONTINUE

IF ( DUIYsEGeta) 6G0,TC 81
BOATAC20)=D(1)

IBDATAC20)=1

IF ¢ DE2)YuFEQelia} 60 70 1
BOATA¢CZ21)Y=0(2)

IBDATAC21)=1

60 To 1

CONCRETECCOVERs KODE=S
CONTINUE

DO 95 P=1v6

IF_ ¢ DUI))95495,92
BOKTA(29+1)=D(I)
TEDATAC29+11=1
CONTINUE

60 TG 1

DATE

82251

KODE=6

18435709



Iv 6 LEvVEL

c
c
C

o0

21 : RREAD DATE

CRACK FACTCR KCDE=10

168

110

1248

122

121

138

133

135

999

994

CONTINUE
RDATA(24)=D(1)
IBDATAC 24y =1
G0 TG 1

REIMFORCING TYPE AND NUMBER OF LAYERS
CONTINUE

BDATALZe)=D(])

ROATA(21)=0¢2)

IBEDATA(Z26)=1

IBDATA(2T) =]

GO TO 1

WIRE DIAMETERS KODE=12
CONTINUE

DO 121 I=346

TF (OC(I=2)) 12141214122
SDATALII=DEI=2)
ISDATACI)=1

CUNTINUE

IF C(ISODATA(3) «NEs 1) GO MO 1
ISDATAE1Y=]

ISNDATA(2)=1
SDATACL)=D(1)
SDATAL2)=D1{1)

G0 TO 1

WIRE SPACINGs KCDET3
CONTINUE

DO 135 Iz9,.12

TF (DCI-8)) 13591354133
SUATACII=D(D=8Y
ISDATACIV=1

CONTINUE

IF C(ISDATACD) «NEe 1) 6O TO 1
ISDATACT)=1

1S pTALRY=1
SOATA(7)=D(12
SOATACB)Y=D(1)

50 10 1

END OF DATAs KODEsG1ae13

CONTINUE

WRITECIWNS2000) KODE9(TEXT(I)9I=1,45)
CONTINUE

-
-

gz251

18735709
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iv 6 LEVEL 21 RREAD

ISTCoR=L
66 TC 95¢
995 ISTOP=2
996 CONTINUE
RETURN
END

CDATE = B2251 18735709

@ *
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O
&
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O
R
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IV 6 LEVEL 21 INIT DATE = 82251 18735709

OOOO0OO0O0O0MOO0 000000

SURKCOUTINE THNIT

THIS SUBRCUTINE FILLS OUT THE B DATA ANMD SDATA ARRAYS.WHERE
MEEDEDs IT CALCULATES VALUES FROM INPFUT AND INSERTS THEM INTO
THE APFROPRIATE ARRAY.
T&IT ASSIGNS NEFAULT VALUES OM THE FOLLOWTNG RASIS:
IBDATAC®)OR ISDATA(®)=1 =VALUE HAS REEN INPUT NO VALUE NEEDED
TEDATAC*)CR JSDATA(x)=0-VALUF HAS NCT EBEEN INPUTs DEFALLT (WALUE
GIVEN TO BDATA€%) OR SUATA(*); IBDATA(+*) OR IRDATAC*)},IS THEN
SET EGUAL TC =1,
THIS ROGUTIKE ALSG CHECKS FOR ERRCGR CONDITIONS IN THE INPUT DATA
AND PRINTS TFHE BDATA AND SCATA ARRAYS FOR AN IDEBUG WALUE GREATER
THAN e

INTEGER ISCATAC3S)9IPDATA(3D)

COMMEN ZIFLACS/ IBDATALISDATA

COMPECN /FRSCALE/ BDATA(2S)¢SDATA(CZE)

comMen #ISCALE/MIToNOLD9IDBUGTIR¢IWeITAPE 9IFPATH9ICYCWNINT
CUMMCN /FTARRAY/MEMB(442)

COMMON /RARREY/ FILCIEU) PMEMB(4425)

EGUIVALENCE (F4BDATA(CLD))

EQUIVALENCE (BOATACI)oSPAN) ¢ (BDATAL2)9RISE)
EGUIVALENCECTToBDATACZI)oATE yBDATAC4)) e (TSHEDATA(S)) o(HHY
1 BLATACI1)) 9 ¢HV4BDATAADIZ))

DIMERNSICN ASSUME(Z5)

DIMENSICN SOURCE (8D
DATA SGURCEZ4HINPU94HT s4HNO Ve4HALUE 94HASSUGAHMED 94K FlLy

1 4HAS /

REAL#8 SCRIPTUTS)GITEXT(T5)

DATA SCRIPT/BHINSIDE Se8FPAN (IK)9EHINSIDE ReEHISE CIN),
BHTGP SLABe&MIHE C(IN)¢8HBCT SLABeHHTHK (IN)eHHSIDE WAL
8HL T CIN)sAHCONC UNI98HT WT KCIeBESOIL UNI8KT WT KCIg
EHFLUT L UMQBHT WT KCI¢8HFLEX CAP¢8HRED FACT98HBURIAL Dy
BHEPTH _(IPN9EHHORIZ HA«SHUNCH IN98KVERT HAU«RFNCH IN ¢
BHSHEARNCA98HP RED FReBFLAT SOIL98KPRESS CCo8FSOIL=STRY
BH TNT) COF 9SHFLUID DEs8HPTH C(IN)gBHRRREMPTY gRHe st hadky
BHCONCRETE9RH E (KST)98HSTEEL E ¢8H (KSI) ¢BHSTEEL ST,
BHRY (KSI)sQHCONCRETESBH STR KSI98HLOAD FACGRHTOR MoV o

SHLOAD FAC9BHTOR P ¢BHe01 CRACe8HK FACTOR¢BH24%EMPTY,
BHxax*akkag BHH LAYERS9BHOF REINF48HREINFORCo&HING TYPEL s
BH*=*EMPTY gHHA ke wkew oy SHER2EMPTY g BHennwxxx2 g BHTOP OUT
BHCVR (IN)98HSIDE OUTeRH CVR IN ¢8HBOT OUT ¢8HCVR (IN),
BHTCP INS «8HCVR (IN)¢RHBUT INS 98HCVR (IN)¢8HSIDE INS,
8H CVR 1IN

DATA TTEXT/8HWIRE DIA+8H OUT TOP+SHWIRE DIAsBH OUT SDE+8BHWIRE DIAs

1 8H OUT BOTeRHWIRE DIAsBH INS TOP¢S8HWIRE DIA98H INS EBOT,

- b b A RIS b b beh s pa bbb b



H-10

v & LEVEL

(@)

fD

A e pea

Rt bed b e s e

21 INTT OATE = 82251

EHWIRE DIA¢8H IKS SDESRHEWIRE SPAgEH OUT TOPL8KRWIRE SFAS
{H GUT SUE98HWTIRE SPAsRKH OUT BOT.8HWIRE SPAG8&H TNMS T0OP,
PHWIRE SPosfr INS BPOTeRHWIRE SPA48H INS SDE«RHeaxEMPTY,
BHtvawsixn g RHERAEMPTYgRFantat ket g OH e xaF MPTY g A v e s 2k,
BHexRE MPTY gfiHrn ket ahdg GRHAan 2L MP TY gl vtenenn g SPAR*CMPTY ,
A exrr s uax g BHTOP STEES8HL LTH INBHBOT STEEG8HL LTH IN,
AH 222 MPTY gSHE v art g S ae sl MPTYslHtute tad g R «F MPTY,
BHerer vt he BHY 2 aEMPTYgREw 2 xanvxtgB8F LAT SCTHRFIL RATIO,
BHx 2k MPTYgQRHEnextrma g BHEX*EMPTY. g fHxA Yt a kg FHRR*EMETY,

AH  kek g emng B xxE MPTYeRHAx ekt kuq QD
S OUT ST e&HDE (TN)Y$BHD OUT BOG8HTT

CUT TCe8FP  CIN}

CIN) ¢8HD IN TOP.

8H  (IK) s #HD TN BOTe8HT (IN) «8HD IN SIDs8HE (IN) /

IFCIFDATACIYLERLS) 60 TC 1317

IF ((RISE/1Z2eal Te2eYe0Ra(RISE/12446GT42%)) GG TO 102

DO % I=1le4

Mrmpeleld)z}

MEMB (]e2)=T+1

MEMB (442721

THICK TFLOAT(IFIX(SPFAN/12e4e5))
ASSUME(3)=THICK+).

TF ¢ SPANGGT 484 4) ASSUME(2Y=THICK
THFICK=ASSUME(2)
ASSUME(4)Y=THICK
ASSUME(H)ZTHICK
ASSUME(E)=DeH68F =004
ASSUME(T)=De694444084E-04
ASSUME(B8)=0.3617FE-04
ASSUME(S)I=0eS{
ASSUMEC1IC)Y TS THE DEPTH CF FJLL - FATAL
ASSUME(11)=THICK
ASSUMEC12)=TRICK
ASSUME(13)=045
ASSUMEC14)=Ce25
ASSUME(15)=1,.2
ASSUME(16)=RISE
ASSUME(Z20)=65
ASSUME(21) =5,
ASSUME(22)=1e3
ASSUME(23)1EASSUMEC22)
ASSUME(24¥=1.5
ASSUMEC26)=1428
ASSUME(2T)=2,.
ASSHME(30) =1,
ASSUME(Z1)=1.
ASSUME(32)=1.
ASSUME(33)=1.
ASSUME(24)=1.

ERROR IF OMMITTED

18735409
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ASSUFMEC25)T1
DO 10 I=3+16
IF (IBDATACI)Y ) 1049410
IBDATACI)I=~1
BDATACI)=ZASSUMEL(T)
13 COMTINUE
DO 22 I=20424
IF  IBCATACI)Y ) 204184290
19 IRDATALI)=-1
BDATACI )=ASSUME(])
20 CONTINUE
DO 22 I=26427
IF ¢ IBCATACIY ) 22e¢21e22
21 IBDATA(IY=-1
EDATACI }=ASSUMECD)
22 CONTINUE
DO 24 I=30435
IF (IBDATACI)) 24423¢24
2% IBDATA(I)==1
BDATACI)=ASSUME(T)
24 CONTINUE
BDATAC19)=?9000.
EDATACIEB)S(BDATALE)I*1T728C004) el e50334*SERT(BLCATA(Z21)210004)/
1 1243¢C.
IBDATA(LI9)=-1
IBDATAC18)==1

4]

[ e

INITIALIZE PMEMB(I gJ)}
50 TO 81 v
280 COMTINUE
R1=0.
02=0
60 TO 82
81 IF ((HHeEQeBad e CRe (HV +EQe0e)) G6GC TC 8O
Gl=HHIHV/24
Q2=HVRT SPHH/2 o
82 DISTS+HH+GI =TT
D2=TT+HV+G2
D3IxTPaHV4+Q2
DA TS+HH+Q1 xTE
PMEMB(1 +1)=D2
PMEMB(241)=D1
PMEMB(I 41)=D3
PMEMB(441)=D4
PMEMB(142)=D2
PMEMBI2 +2)=D4
PMEME(342)=D3
PMEMB(442)=D1
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Iv G LEVEL 21 ITRIT DATE = 82251 ' 18735709

PMEMEBEEL «32)=TT
EMEMBE(243)=T8
PMEMB(R ¢2)=TE
PACMBLY ¢53)=TS
B1zSPAN+TS
G2TRISE+{(TT+TEY /2.
PMEME(L %) =01
PMEMRAZ2 94)=G2
PHEMPLI 44201
PMEMB(4 44) =02
PHEMEC(L 9 SYTHH+TS/ 2
PHEMBLZ45)cHVATT /2.
PREMB(Z « S)Y=HH+TS /2,
PHEMEC(4 4T)ZHV+TR/2,
PHEMS(146)THH+TS /2.
PHEMB(Z2 4E)THV+TR/ 2.
PMEMECS o B ) cHH4T S22,
PHEM B4 96)=HV+TT/2.
O TO 149
10 CONTIMUE
KRITF(IWe859)
KRITECIWe1G20)
1260 FORMET(® SPAMy RISTe ARND DEPTH CEJFILL)MUST BE GIVENGY)
WEITECIWe1010)
TPAT H==1
GC 7O 1ED
101 CONTINUE
SPAMN=SPAN/L1Z,.
WRITE(IWe999:
WRITECIW41001) SPAN
1201 FORMAT(Y PERMITTED RAAGEADF SPANS I8 3 FT TC 2C FTe SPAN GIVEN AS19DEC 7:
1 *4F22,2) '
WRITEC(IWa1U10)
IPATHE=1
GO Tu 1538
102 CONTINUE
WRITECINeGG5)
RISE=RISE/L2
WRITECIW$1(TM2) R1ISE
1302 FORMAT(A (PERMITTED RANGE OF RISES IS 2 FT TC 2¢ FTe RISE GIVEN ASY
1sF2532
WRITFE(IWs1018)

IPATH=~1

399 FORMAT(* #xe+ INPUT ERROR exxt)

1610 (FORM™MAT( * EXECUTICN FOR THIS PRORBLEM HAS BEEN TERMINATED.Y)
G0 TC 15%

" A49 CUNTINUE
BAMAXLI(TTeTBeTS)
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ASSUMECI YL LReTT

5&3““5( =lef8*R

AOSU‘,E(*‘)".-Q‘?!%

AESUMECAI=D W IReTT

ASSUNMELD )= (e lteTH

ASSUMECL Y=L (leTS

o 31 IzT7412

ASSUMF(II=2 «

CONTINUE

D0 37 I=1412

IF ¢ ISDATACIY )} 24432428

ISDATACLIY==1

1SDATA(I+2S)=~1

SDATALINI=ZASSUME €1

IF (1 «GTeby GO TO 23

A4 CONTINUE

Az=TT

TF (I «EWQe 2 «URae I «EQ& 5 ) A=TR

SOATA(2G+1¥=A«RBDATA(Z9+4])=SDATAL(YI)I/ 2,

IF (ISUATACI+Z29) «Nie =11} ISDATA(I+280=1

CONTINUFE

iF { ISDATAIZ22) +EQGs 0a) GO TOVNS94

LD TO 986

G4 SDATA(Z2EY = CW.S/BRDATACIAN =" 1

TSTATALZE ) ==

WRITE(IWed457)

4050 FURMATCLZZ/7792K 9bO (1HR) o/ g3 W e 1tik gL TXolHng/ 9ZXelHugl Xy
1vaLL INFORMATION PRESENTED IS FOR REVIEWe APPRGVALe INTERPRETATION
2 2% 3 /43X %2 AKND APPLICATION BY A REGISTERED ENGINEER YT 425XelH%e/,
Z2Y o lH2e 6 TXslbra /a2 N otCL1H2))

896 1F ( IDBUG.EQ«0] GOOUTO 391

N
-

(9]
3

N
In

WRITE(I W92 DEBUG
9G FURMATCIEL///7%T834* AP OF RDATA AND SDATA ARRAYS*s// )
WRITE(IW 930512 DEBUG

zeel FOR?AT('B'qufo‘ﬂAPAVFT?R"T°8s'OATA'.TK?g’QGUPCE'.T73o
1 *"PARAMATER G T34 *UATAYT1029*SOURCE" }
DO 570 131435 DEBUG
JF 1= 2 -1
KF AN 2
TF WIRBDATACYIY)Y 702s 7TC1e 700
88 J .21
IFSY CIRDATACLY #FQe 2 ) J = 7
6% T 723
7804 = 2
60 TC T2
Fre J = 5
TE3 IF C(YISUATACYI))Y 706470540784

&’J

~, 0 4y
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704
TU5

70€

TeT

3Lo0
940

931

i5¢0¢

21
N o= 1
G0 Y0 *a1
N o= 3
GO TQ 727
N = 5
J1 = Js 1
N1 = N+ 1

INTITY

DATE

82251

18/3%/069

WRITE(IWOICUEIT e (SCRIPTUK) e KZUF o KF I «BDATACI) ¢ ASCLURCE(K) sKTdedl) s
Te(TTEXTUK) QK =JF oKF 3o SLUATACID o (SOURCEIKI9K=N4H1)

FORMAT(?
CONTINUE
CONTINUE
CORTINUE
RETURN
ExD

Y el243Xe 2 ARGEI2 o502 X2 A09TESeI 243X 9284012542 X02A48)

DERUG
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SUBROUTINE DESIGN
THIS SUBRRCULTINE SEQUENTIALLY CALLS OTKER SUBRCUTINES IN ORDER TO
COMPLFTE THE ANALYSIS AND DESIGN OF THE ONE CFLL ROXe
A PRINTOUT OF THE XoY- DEFLECTIONS AMD ROTATIONS FCR EACH MEMBER
AND LCADING CASE IS AVAILABLE WITH AN IDBUG VALUE GREATER THAN 2.

COMMGN/RARRAY /U C12+5) o FILC100) o PAEMR (4 425)

COMMCN/RSCALE/SPANSRISE9TToTRoTSsGANAC s GAMAS ¢ CAMAF o PO3Hs HHe HV oG o
1 ZETAGBETAGDF Q1 eECIESeFYoFCPoFLMVeFLN9Q2¢Q3¢NLAY gRTIYPE ¢Q49065
2 CT(614SDATAC3IS)

COMMON/ANAL/P(12¢5) ¢STIF(12412) gFIXMOC49544)4DMCE19DV(6)40PC6)
1AS(6)oSKATINLE)

COMMON #ISCALE/NIToNCLD+IDBUGIR+IW«ITAPEoIPATHAIICYC yNINT

1cYC=0
I CONTINUE

DO 2 I=144

CALL GENJS(I)
2 CONTINUE

CALL GSTIF

CALL GENLD

CALL MATMP(STIF +94Rs  Sele12)

EXFAND DISPLACEMENT MATRIX FOR REACTION COMPONENTS

DO 10 J=145
UC124J)=UCSsd)
UCleJ)=U(89U)
UCTeJI=Uu(Ted)
UEToe)="4
Ut8edJl=ue
U(11leJ)=Cs
10 CENTINUE
IF (IDBUG-LTe3) GO TO 12
WRITELIR9S59)
99 FORMAT(Y1%v4//4/ )
WRITEC(IWs1a0D)
1000CECRMAT( P59 4T29, *DISPLACEMENT MATRIX = INCHES AMND RADIANS®,
IN//9T38 ¢ YLOAD CASE® 9/ oT 29" NODE ®oT18¢%1%4T309%2%,T42,%3%,T54,
2 Y49 ,TEEG*SY )
DO 11 J = 1 4 &

JA = Ja3=2
JB = Jyn3-l
JC = 3Ixd

WRITE(69108C2) JUe(U(JAIK) 9K=145)
WRITE(641003) (UCJB 9K ) gK=145)
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1a62
1093
1204
11
12

21 DESIGN

WRITE(R«1304) (UGJC 4K} 4 K=1 4 5)
FORMAT (TS aT1oT1l0a?X*eT1345(F10a4e2X))
FORMATC(T104%Y g T1234E(E10a4e2X))
FORMAT(TRy *ROT*eT13+E(E1Ce4 92X )]
CONTINUE
CONTINUE

CALL ENDFO

CALL ST¥SPN

CALL FMXMN ‘

IF (IPATH oLE. & ) RETURN

CALL DESCK
RETURN
END

DATE

g2251

18735709
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SUBRCUTINE GERJS(M)
GENERATES FLEXTIRILITY COEFICIENTS FRCM™ OME CELL BOX GECHMETRY.

FOR MEMBERS WITH LINEARLY VARYING FALANCHES THESE CQEFFICIENTS ARE
DETERMINED BY NUMERICAL INTEGRATION.

e N el eNeleRel

THE INTEGRATICN POINTS ARE N O T AT EQUAL INTERVALS
REAL#*4 BMI{SI)eMZ(H0YaMI(D0)$MA(T0)oMB(S0)4ME(SN)Y
REAL#®4 INER(445()
COMMON /RSCALEZ RDATA(ISS
COMMON FRARRAY/Z FILCLECY yPHEMBLG425) 4¢XX(S044)4INER
COMMCN ZISCALES N
=5
EGUIVALENCE (EDATA(LIL Y HE)9(BDATA(LIZ2)oaHV )9 (BDATA(L8) 4EC)
DA=PHEME (Mye1)
DE=PMENB (Me2)
DC=PHERE (M4 3)
SP=PMEMD (Me4)
ALAZFMEFB(MeTY)
ALB=PHMENMB(My6)
X1=ALA
¥2=SP=-ALS
CAE=C(DA=-DCY/ZALA
CR=(DB=-DCY/ALE
IF ((HHeEQela) TR (HV4ER O} GO TO 5
DX1=alLAZT,
DX2=(SP~ALA=ALR) /39,
DX3=ALE/5e
¢0 T0 ¢
OX1=8P74%.
Dyz=0Dx1
0x3=0X1
& Xz==DX1
DO 106 I=leE
Y=x+DX1
DzpA-CA XX
INER (Med) =D 2D =D *EC
YXC LeMY =X
10 CCMIINUE
D011 I=7445
X=Y+0xX2
D=6C
INER(Me 1) =D «D*02EC
XX{T M) =X
11 CONTINUE
N 12 246450
X=X+DX3
D=DC+CBx(X=X2)

tn
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IV ¢ LEVEL

12

21 , GENJS

INCR(My 1)=DxCxD+EC
XX M) =X

CONTINUE

D3 2% I=1l4N

X=XX{lseM)

Dz=§P =X

MI1CI)=1.

M2(1)=D

MSCI)=x

Ma (I =D

PSCI =D X

ME(TI I=X*X

CONTINUE
PHMERB(MaT)I=TRAFP (M1 gNgSP M)
PREMBIMeBIZTRAP (M2 NsSPs M)
PHEMBIM ¢S)TRAP (M3eNe SP g M)

PMEMB(Mo10)=TRAP(MY 4N 4SP4M)
PHEMB(Ma11)2TRAPIMS 4N sSP 4 M)
PMEME(M e 12)=TRAP (MG oMo SPoM)

RETURN
END

DATE = 82251

18735/09
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21 TRAP ' DATE = 82291 18435409

FUNCTION TRAP(MOMeNsSeM)

USES THE TRAPEZOIDAL RULE WITH 50 INTEGRATION POINTS TC ﬁBT&Iﬁ
THE FLEXIBILITY COEFFICIENTS

1
1

THIS IS THE 2ND VERSION OF THIS PROGRAM

THE TNTEGRATION POINTS ARE N O T AT EQUAL IATERVALS

REAL %4 INER{G452)+M0OM (1)

COMMON ZRARRAY/Z FLC26%)4X(5094) ¢ INER

KzN«1

H=S /X

TRAP=0‘

00 1 1I=1+K . .

TRéP=TRAP*(HCR(I)fINER(MoI)fHOH(Ifl)!IN?R!HsI*l))*
(XCI+1eMI=X({ToM)) L

COMNT INUE

TRAP=05*TRAP

RETURN

END
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LEVEL

e NeRwNeReNel

&

FLEXTRILITY CCEFFICIENTS ARE INVERTED AND ASSEHELED T0 OBTAIN

s

21 : GSTIF
SURROUTIKNE GSTIF
ENERATES STIFFNESS MATRIX

TIFFMESS MATRIX

DATE

g2251

18/435/09

CQMMQN/RSCﬁLE/SPANORISE’TT!TB’TSOGAMAC!GAHASQGAMAF;PQ;H!HH'HV’G!
1 ZETAGBETA GDF Ul eECeESeF Y FLPoF LMV GFLNsO2+sQ3¢NLAYSRTYPE4G44054%

2 CT(6I9 SDATRAL35)

PO“ﬁbN/?ﬁRR&Y/U(12QQ)sﬁl(415)QEZ(QQS)’A(4’5)95(4‘5)1C(405)'

1 PMEMB(4425)4X(5094)
COMMON /JANAL/FIL(BU)Y oSTIF(12412)

COMMON ZISCALE/NITeHNOLDoIDBUGeIRWIWIITAPESIPATHGICYCYNINT

DIMENSION F(3932eAK(3933+UNC393)

P00 8 I=lsl2

DC 8 J=iel12
STIF(Iadd=ie

DC 10 I=144
GENERATE SCRIPT F
BO 6 J=243
Fe€doel)=e

F(led)z 2
AK(14d) =1,
AK{Jel)=Ds
CUNTINUE
F(Za3)=PMEFMR(Te7)
FU243)=FMENMR (I 8)
FUP¢2)=PHEMB(Is1 M)
F 342)32F(243)

- DC=PHMEMB(I43)%12,

=
£y

SPzPMEME(Te4)
Felel)=SP/DC/EC
INVERT F TO GET AK
DELTAZF(Z242)%F{3Y3) =F(243)2FL3+2)
AK(19121e/F (191D
AK(2¢2)=F{343)/DELTA
B (S5 eS8 =F{2492¥/DELTA
AK(2¢33=2FL2 43)/DELTA
AK (S 921K (243

CALL ASSEM(I+AK)

COMNT INUE

REMOVE REACTIUN COMPONENTS
D0 12 J=1e12
STIFET9JI=STIF(34dJ)
STIF(ByJ)I=STIF(10ed)
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STIF£9¢J)I=STIF(124d)
12 CIOMTINUL

DO 13 1=1412

STIF(I¢7)=STIF(149)

STIFCIe8)Y=STIFEIe1 M

STIF(I+9)=STIF(I412)
13 CONTINUE

CALL CROUTH(STIF 49412)

RETURN

MDD
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SUBRCUTINE ASSEM(MeAK)

ASSEMBLES THE MIMBER STIFFNESS MATRICES INTO A GLOBAL STIFFNESS
MATRIX ' :

OO0

REAL#4 KAA(A4393)19KAP(493¢3) oKBA(443943) ¢XRBE(44343)
COMMON /RARRAY/ZFILCIED) «PMEMBL4 425 )oFTL1(40C Yo KALAGKAPGKBAGKRE
CUMMON JIARRAY/ZMEMBUL442)
COMMON #ISCALE/ZMITeNOLDeIDRUGeIRSIRSITAPE ¢ IPATHGICYC oNINT
COMMON ZANALYZ FIL2(AT)Y +STIF(12s412)
DIMEMSTON DC(Ze3)eAK(343)
I LR I A R I B R A N S A N I I I R S R E E R
JTAZHEMB(M41)
JTB=MEMR (M4e2)
SPPMEMRB(M 44)
IRAA=3«(JTA-1)
TRBEB=3¢ (JTR=1)
CeseasFURM KRA
DG 1 I=1.3
DO 1 J=143
1 DCIead)z=2K({Ied)

00 11 1=14s3

11 OCI«3)=0(T43)+SPED(Te2)
DO 26 I=143
DO 26 Jz=143

26 KBA(My 1 4J)=0(Iyd)
TF { MoeNFEs1) CALL ROTS(M4D)
D0 8 Ix=1+3
TROW=IRAA+T
DO & Jz= 143
ICOL=IRBE+J

B8 STIFCICCLLIRCUWI=STIF(ICOLSIROWI+D (o)

C

CeeeenFORM KAPR
DO 3 Iz143
DO 3 J=143

3 DCIoJI=KEBA(MeGSel)
DO 12 I=143
P 13 Jz=1l43
153 KAR(MGl ¢N=D(Ted)
IF  MedlE 1) CALL ROTS(MsD
DO 6.1I2143
IRCWFTIRAA]
DOUE J=143
INOL=IREBB+J
BUOSTIFUIROWGICOLY=STIF(IRCHWICOLY+D (I )

(9}
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21 ASSEM

CeeeneFCRM KBE

23

4
C

DO 5 I=143

00 5 Jz=1e3

DiTeadd)z AK({I e

DO 22 Izle2

DO 23 J=le3
KBB(#e19J¥=D(14J)

IF ( MJNEL1Y CALL ROTS(MeD)
DO 4 Iz=143

TROW=IRBE+I

DO 4 Jd=143

ICOLz=IRRB+dJ
STIF(IROWICOL)Y=STIFCIROUSICOL)I+DtI4)

CeansesFORM KAA

17

21

30

2
c

CowseoMEMRER MATRICES)ARE NCW IN THE GLCBAL STIFFAESS MATRIX

C

DO 7 T=143
DO 7 Jz=leo

Dtlgdd= AK(IsD)

DO 17 Iz1le3

DCI+3)=DCIa3)+8SP2D(192)

DO 27 J=143

DUZ3edI=D(39J)+SP#D(24 )

DO 33 I=1el

DO 30 J=1e3

KRA(My I 4d)=D(Te)

IF ¢ MaNEel) CALL ROTS(M3D)

D0 2 I=143

IROW=IRAA+T

DD 2 J=1+3

ICOL=IRAA+Y
STIFC(IROWICOL)=STIF(IROUICOLI*+D(I4J)

RETURN
END

H-23

18435409
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SUBRCUTINE RCTS(MeD?

"CHANGES MEMBER STIFFNESS MATRICES FRC™ LOCAL CCORDINATE SYSTEM TO
GLOBAL COORDIMATE SYSTEM

OO0

DIMEARSTION D(343)
LU TU (1e2¢3¢4) M
1T RETURM
2 Fzl,
GO TC &
D 243)==0(243)
D(3e2)==0€342)
GO TO 1
4 Fzw]l o
DCLe2)=F2D€243)
D(3¢1)=F=D(3,42)
T=D(24+2)
D(2+23=2D(1s1)
D(1+1)=T
DE2¢3323s
DE3s2)=0 W
GO T3 1
END

(]

o
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21 CrROUY

SURROQUT INE CROUT(AgNeKNF)

c INVERTS STIFFNESS MATRIX

]

CIMENRSION AC(2)
BR=AC(1)

JAA=1

B0 1 J=2¢N
JAA=JAA+NF
ACJAA) = A(JAA)Y/B
Jo = €

DO 2 J=2.N
Jlz=u-=-1

JO=JCNF
JBz=J+J0o

CC 3 I=JeN

S:"-}l

IA=1I-=NF

N0 4 K=1eJ1

IA = IA+NF
KA=JG+K
S=S+A(IA)*A(KA)
JAz Y0+l
ACJAYZA(UA Y =S
[F (J=N) Te2¢2
J2=del

10=JC

DC 5 I=d2éi
S=0,

I10=T0+NF
JAzZJ=NF

DY 6 Kz1lsdl

JA = JA+NF

KA =K+ID
S=A(JA) *A(KA)+S
I8=J+10
ACIR)=eACIRY-S)/A(CJR)
CONT INUL

Rt TURN

END

DATE

22251

H-25

187235709
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[ Ne]

21 GENLD

SURRECUTINE GENLD

GEMERATES JOINT LOAD MATRIX

Ry
(&)
o]

12

REAL x4 MOM(SD)
REAL=4 JLOAD(12,%)

DATE = 82251 18/35/89

COMMCN/RSCALE/SPANIRISE s TToTBeTSeGAMACIGAMASeCAMAF oPCoHoHHOIHV Q0

CT(R)YeSDATA(3D)
COMPMUN/RARRAY/UC(1I245) oW1 (445)

1 PMEMB(4425)9X(5044)

1 ZETAGBETASDF 901 9ECIESeFYoFCPoFLMVeFLN9Q2¢03¢NLAY sRTYPE9Q49Q5,

sWZ2(49T5)9A(495)YeR(49¢5)eC(4495)y

CoMMON /ISCALF/MITeNOLC«IDBUGeTReIWeITAPESZIPATHSICYCONINT

COMMON/ZANALAJLOADSSTIF(12412)
INTEGER =2 IBDATA(3S)eISDATA(S
COMMON /IFLAGS/ IBDATALISDATA

D 283 Izle4

DO 2503 Jd=145

00 250 K=1+4
FIXMCCLogJdeKIZ0W
DO 221 I=144

D0 261 J=1s5
W1C(Ied)=Da
W2(Ted)=la
ACTeJ)=0o
B(I!J)=G¢
Clledl=0e
CONTINUE

DO 215 [=1412
DO 215 J=145
JLOADR(I o) =iy
DN 17006 L=144
60 TO 15230840 ) ol

CONMCRETE: DEAD LOAD~=> LOADING
CONTIRUE

G=GAMAC=®12.

WT=TT =G
FS=(TS=PMEMB (29 4)+HHWHV) 26
WRB=TE«G

SP=PMEMRBR (1)94)

WR=WT+WB#2. *PS/SP

PS = PS/2.

K=WR=WB

WKL 61) =HT

Wl342) =W

W2(1lel)=WT

W2(341)=W

sFIXMO(49544)
5%

CONCITION 1
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R(le1)=SP
B(3412=SP
D0 11 M=1492s2
CALL MOMENT(WI(MaL Yo Z2(PaL ) o ACMaL ) oB ML 3o Ct Mol 3aX (1 4M)gM0OMyVAy
1 VBeNIT) ’
CALL FYEDMQ(MOMyFMAByFMBAGM)
CALL FLLD(MsLgVAIZVBsFMARGFRBA)
11 CONTINUE
DO 12 I=x144
K=(]=1)23+2
JLOAD(K913=JLOAD(Ke 1) ~PS
12 CONTINUE ‘
50 YO0 1680

c VERTICAL SOIL PRESSURE = LCADING COKRDITION 2
20 CONTINUE
WT=BETA%H2GANMAS 12,
SP=PMEMR{144)
P=WT*TS /2
DO 21 M=19342
W1EMe2)=NT
W2(Mqe2) =T
B(My2)=SP
CALL MOMENTEWICMaL) oW2¢Mol hyh Mol D BAMoL Yo C (ML) 9 X (1 M) MOMaVA,y
1 VBeNIT)
CALL FXEDMO(MOM 4 FMARGFMBAWM)
CALL FLLOD(MoLoVAGJVEyFMABFMBAY
21 CONTINUE
JLOAD(2+42)=JLOAD(242) =P
JLOAD(S 0 2)=JLOAD(592) =P
JLOAD(B ¢2)=JLOAD(B42) +P
JLOAC(1142)=JLOAD(1)92)+P
GO TO 10490

olo

HORIZONTAL SOIL(PRESSURE = LOADING CONDITION 2
30 CONTINUE
G=GAMASAZETAWL2 190CT73
WST=G*H
WSB=Go(HARISEFTTATE)
SP=PMEME(244)
W1(2 ¢3)=uST
W1{443)=WSR
W20243)=HSB
W2(443)2UWST
84€2¢3)=SP
B(443)=8P
D0 31 M=24442
CALL MOMENTCWLICMaL ) o W2 (Mol ) o ACMeLISE(MaL )oCtMyL I ¢X (1 4M) 9o MOMgVA,
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31

C. ADD

33

49

21 . GENLD DATE = 82251

1 VBeNIT)

CALL FXEDMOIMOMSFMABSFMBA ¢M)
CALL FLLO(MsLoVAVBIFMABFMBA)
COMTINUE

PT=&STxTT#24

PBzWSB«TR/2.
JLOAD(L ¢ 2)=JL0AD (1 93) 4PT
JLOAD(4 43)=0L0AD(443)=PT
JLOAD(T « 2)=JLOAD (T 43) =P
JLOAGC(10+3)=JLOADC1 0y 2)+PE
ITIONAL LATERAL SOIL PRESSURE
H1{2y 5)IZUSTASDATA(2S)

HlC4e S5)=WSBSDATA(25)

W2(2¢ DIZUSB*SDATA(25)

Wt S)IZWSTASDATALRY)

B(2y 5)=8P

B(4y 5)=SP

DO X2 MzZ4442 .
CALL MUOMENTERICMaS) eW2(Ms5) g AtM a5 9B (MeG)eC M)y

B X{1eM)eHOMGVASVBeNIT)

CALL FXEDMO (MOMoFMABGFMBASM)

CALL FLLD (MySeVASVR,FMAB.FMBA)
COMTINUE

JLOAD(L1s5)=JLOAD(145) +PTASDATACIS)
JLOAD(4 ¢5)=JLOAD(495) =~PT*SUATACZS)
JLOAD(T45) =JLOAD(T45) ~PB*SDATA(25)
JLNAU(1045)=JLOAD(10s5)+PB=SDATAG2E)
60 TO 1500

INTERNAL WATER LOAD = LOADING CONDITION &
CONTINUE
WSB=CAMAF«DF 212,
SP=PNVNEMB(244) :
WR=WSB*SPANZ(SPAN+TS)
ZWR=~WSE

S2=TR/2«

S1=SpPe52-DF

S3=TSH2»

W1€Z294) =D
W2(244)==KSH
A€244)=81

B(2+4)=DF

Ct244)1=82

WieS5e4) =W

W2 e8) =W

2¢394)=83
B(3¢4)=SPAN

Ct344)=52

18/735/09

2=12=76

2=12=T¢

2=~12~76
2=12-176

2=12-76
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K1(444)z==WSR

W24 eb4) =0

AC494)=82

F(4¢4)=0F

Cla44)=51

PzWR»TS

JLOADC B44YSULNDADT Ee4)+P

JLOADC(L194)=JLOADC1Ls4)+P

DO 43 M=244

CALL MOMENTUHI(MeL )Y gW2 UML) oA (M oL ) oBIMyL ) oSt Ml ) o XL DM s MOM4 Vi,

1 VRNITY

CALL FXECMO(MOMGFMABGFMBAGM)

CALL FLLD(MsL oVAWVBeFMARWFHBA)
41 CONTINUE

1000 CONTINUE
1610 DO 1803 d=1.%
JLOAD(7 ¢ J) TJLOAD(T 4 )
JLUAD(B o J)=JLOAD (L0 o)
JLOAD(TG 9 J)=JLOADC124d)
1003 CONTINUE
RETURN
END
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21 MOMENT ~ DATE = 82251

SUBRGUTINE MCMENT(Wlak2eAoR sCeX s MOMsVASVEN]

GENERATES MEMBER MOMENTS AND SHEARS

REAL =4 MOM(1)YeX(1)

COMMON FISCALE/MIToNOLD9IDBUGsIRsIWeITAPESIPATH
CONTINUE ,

IF ( Wl1eZBa0s oANDe W24FQels ) 60 TO 101
GMzZW2 -k 1

GP=W1+W?

SzA+R+C

COMPUTE B-BARsVA$AND VB
IF (QGP)Y 94189
BBAR=B/Z.

G0 TC 11

9 BBARZ(W1AB+2.20M%B/34)/QP

189

101

102

1146

. VAZQP*E s (R+L=BBAR}I /24 /S

VB=QP*B«{A+BBAR)Y/24/5

GENERATE MOMENTS

DO 100 I=1eN

Y=X¢I1)

IF (YoLE&AY 6O TO 3

IF (YeGEA+B) GO TO 2
Pz=yY -4
WX=W1AXP+QMaYP2XP L2 o/B
XPBARS(WINXP+242GMaXPaXP 34 /BRI (24 aW1+0M2XP/B)
MOMEI)=VARY~UX2(XP=XPBAR)
GO TO 100
MOMLI)IZVEBRES~Y)

60 TO 136

MOMCII=VAeY

CONTINUE

60 10 110

CONTINUE

DO 1562 I=14N

MOM(I)I=0,

VA=

VB=(0a

CONT INUDE

RETURN

END

.18435/89
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SUBROUT INE FXEDMO(MOMIFMAB4FEVMBAGM)
C
c GEMERATES MEMBER FIXED END MOMENTS.
C

COMMGN /RARRAY/ FIL(IED)Y PMEMB(4425)y X(38o4)
REAL 24 LhadBedb¢MOM(L1)

DIMENSION A(SD)

COMMON ZISCALES NIT

DU 1 IS1eNIT

ACIISMOM (1) aX(I M)

1 CUNMTINUE
J4=PMEMB(Me10)
JESPMEMB (Ms11)

= PMEMB(M¢4)

JESPMEME (Me12)
CI=S*TRAFPCASNIT4ySeM)
DU 2 I=teNIT
ACI)=MOMCII 2 ES=X (I4M))

2 CONTINUL
C2=SATRAP(A+NIT ¢Sy M)
Da=JdSedh+Jiade
FMAB=({=JS*C1+J6*C2)/D
FMBAS(=»J4xC1+J5+C23/D
RETURN
END
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SUBROUTINE FLLD(MeL oVA4VBFMABSFMBA)

ASSEMBLES MEMBER FIXED END MOMENTS AND SHEARS IATC JOIMY LCAD FATRIX.

oM e NeNe

REAL =4 JLOAD(1Z2«%)
COMMON/ZANALZ/JLUOADSSTIF(I1241234FIXMOC44544)
COMMON /RARRAY/Z FILCIEG)PMEMB(4425)
COMMAON ZISCALE/MIToNOLDSIDBUGHIR 9 INCITAPES«IPATFSICYC4NINT
DIMEMNSION ISUB(444)¢SVE4S)
DATA ISUB/ 29543 9694979994801 1994129109141243/
DATA SV/'ltl'ltlloilc/
VZ(FMARB+FMBAY/FPMEMB(Me4)
IF ¢ INBUGLT.3) 6O TO 1
1 CONTIKNUE
VAZVA+V
VBzVE~V
FIXHMO(MeL e 1)=FHMAR
FIXMO(MelLe2)=FMBA
FIXMO(Mole3)=VA
FIXMOMMaL e4)=VE
T1=ISUR(1eM)
I2=1SUB(2+M)
I3=TSUB(3eM)
T4z ISUB (4¢M)
S=SV (M)
JLOADCITSLI=JLOCAD(TII L)Y +SeVA
JLOADCI 24 L=l 0AD(CI24L)+S VR
JLOADCIZSLI=JLOADCI32L)~FMAB
JLOADCTI 4o L)=JLOAD(TI G4 L)~FMBA
RETURN
END



H-33

IV 6 LEVEL 21 MATMP DATE = 82251 16/735/0%

SURROUT INE MATMP (AsNeBeMaDeMNF)
DIMENSIUON AC2)4B(2)4D(2)

MULTIPLIES INVERTED STIFFNESS MATRIX BY LCAD MATRIX TO GET DISPLACEMENTS
FOR £ACH LUAD CONDITIUN

OO0

DOURLE PRECISION A¢BeCeDeS
C=a¢1)
JB= 1 =MF
DO 10 Jdzle¢M
JB=JRANF

10 DEJRI=BCJRY/C
IA=1
NGO 21 122 4N
Il=1-%
TA=TA+1+NF
C=a (1A}
JBz==NF
DO 21 J=sleM
S=0.
JAz 1~-NF
JBz JB#NF
00 27 K=1+711
JA = JAeNF
KB=K+JB

22 SzS+ACJAYRD(KR)
IB=1+JB

21 DeIB)Y=(R(IBY~SY/C
DO 130 I=24N
IPz=N+l=]"
IPI=TIP+1
IA=(TP=1)aMF+]P
IB=~NF ‘
DO 170 J=14M
Szl
IR=1R+NF
KA=IA
DO 182 K=XIP1N
KAZKA#NF

) KB=K+ 1B

102 S=S*AUKAYRD(KB)
KB WP+1IR

140 DUKBI=D(KB) =S
RETURN
END
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SURRNUT INE ERDFO
c
¢ DETERMINES MEMRER END FORCES PRINTS MEMBER END FORCES TABLE
£ FOR IDRUG FQUAL T2 3
C
REAL +4 JLLCADN(1245) , ~
REAL TMNER(G9257) ¢KAAL4 42342} 3KAR (4393 g KBA(As292)9KBR(45343)
c
¢ REAL SCALAR COMMON
COMMONFRSCALEZSPAN ,PISE;TT;TR,TS,GAP&C.GAMAS.GA%&F;PﬂgHoHH,HVQOc
1 ZETAeRETAGOF g0 LoECHESaFYgFCP oF LMY 4FLN Q2 yQ39KLAY 9RTYPE 9 84905,
2 CTLFA)9ySDATAL3S) : ‘ '
c
C REAL CUMMON ARRAYS
COMPBON/RARRAY/U L1245 ) a1 (heb 1 oW 2 €095 4A(4405)¢R(4¢5)9C(445)y
1 PHEMBLG425)eX(50g4)
COMMON/PARRAY/THER G AAIKABGKRAGKBE
COMMON ZANAL/Z JLOAD aSTIF(12¢12)4FIXMO (LT ¢4
c «
CUMMON/HARRAY/ZAROMI2T 4519 VL20945) 4P (395 ¢FXLAELG 95) sFYLA(445)
1 eBNMACH 9T 9FXLB (645 ) g FYLR(495)aBMB (454 ENDM(2045)9ENDVI2Gs5)y
2 GRMI(ZG)IeGRYIC2N)IsLRFICI)GRYZNG (20 o GRMING(2L)9GRVEPL (20)
3 WGRM2PLE2IIIORP2PLIZIIoSRPINGIZ VR FPHINGSIoFVMINE20) s FMMIN(20),
4 FPMAX(3) g FUMAY (20 oFMMAY (2014 ZM0MT ZMOMB XL (20}
c
c
£ INTEGER SCALAR CUMMON
COMMON /ISCALE/”ITsﬁﬁLDyIDPUFQIRvvalTAPEsIPAT%;ICYC»&INT
C
C INTEGER COMMOM ARRAYS
COMMON /IARRAY/MEMB(4 42) COMMON
c
C SCRATCH

DIMENSTION DI{Ze3)4UALSYSUB(3)4FB()
IF  IDBUG +GEe ZONHRITEC(IWS1099)
1099 FORMAT(®1¢4TE0y %20 FORCESe KIPS AND INCH-KIPS*4/
1 TA3¢%A~END 9 TO3 4 *B-EAD /914X LOADY4SXy
1 FXLAT 11X ePFYLAYY
1 11X e"BRAT Gl 7Xy P*FXLBY ¢ l1Xg*FYLR Y9 11X o "BMBY /914X ?CASEY 48Xy
2 ¢ FX CoO¥ 4 ? FY ®40X g *MOMENT " 915X 4" FX ? 45Xy " FY ®40¥,
3  *MOMENTS :
00 1 M=le4
DO L Nz1e5
FYXLA(Me NI .0
FYLA(MeN)=C o0
FXLB{MaNI=C Wl
FYLB(MgNIZOL .
BMA(MgN)=Cel
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1o

11

12

13

14

21

BMEB (MeN)=0e0
CONTINUE

DO 100 M=1e4
JTA = MEMB(Me1l)
JTB = MEMB(Me2)
K = 32¢uTA=1)+1
L = 32(JTB=1)+1

ENDFC

DO 5 N=1.5

GO TO (10¢1l912413)eM
UAC1) = DEKeN)
UAC2) = UCK+14N)
UAC3) = UEK+2.N)
UB(12 = UtLeN)
UBC2) = UtL+1eN)
UBE3) = UtL+2+N)
GO T0 14

UACT ) ==U(K+14N)
LAC2) = UCKyNY
UA(3) = UCK+24N)
UB€1) ==~UCL+14N)
UB(2) = UCLN)
UB(3) = ULL+24H)
GO T0 14

HACL) = «U(KaN)
URL2) = =U(K+1eN)
UAC3) = U(K*2eN)
UBC1) = =U(LeN)
UR(2) = =UtL+14N)
UB(3) = U(L+24N)
GO TO 14

UAT1) = UlK+14N)
UACL2) = «<U(Kq4N)
UACS) = UCK+24n)
UBC1l) = UfLhasT¥N)
UBLZ) = =UtleyM)
UBC(3) = GAL+24N)
CONTINUE

DO 2 JT=Ve3

DO 2(J=1+3

DCIst) = KBAtMgI4:J)
CALL SOLVE(FBeUARWD)
DO 3 Iz=143
DO 3 J=1+3
DCIedY = KBBIMsI4J)
CALL SOLVE(UA+UBsU)
DO 4 12143
FBCI)Y = FBC13+UAC(])

DATE

-

a22s8]

H-35

18735709
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c

21 , EANDFC
FXLB(M¢N) = FR(1)
FYLR(MgNNY = FR(2)

= FB(3)

BME (Mg )

FXLAGMaNY z=FR(1)
FYLA(MyN) ==FR(2}
BMA(MgN) ==FR(2)#PHEMB(Me4)~FB(3)
CONTINUE
CONT INUE

DO 200 M=z1.44
DO 25C Nz=1,45

FYLAIMgNY = FYLA(MgN)+FIXMD (MgNo 3}
BMA(MeAY = PBHMA(MGNIAFIXMO(MINGL)
FYLH(MyNY = FYLB(MeNISFINR] (MyNy4)
BMB(MeN) = BMB(MyNIIFIXMD (MgN42)

C DEBUG OUTPUT

c

1162
c
250
260

IFC IDBLG «LlTe 3 ) 6O TO 1102

WRITE(IWelICOT) MoNgFXLA(MeNIoFYLACMIN) oBMACMoNYoFXLEBE(MyN)
1 FYLB(Mo¢N) ¢RME(M¢N)
1100 FURMAT(® MEMBER® 42754 2F 154545X ¢35 1565)

CONTINUE

CONT INUE
CONTINUVE
RETURN
END

DATE

82251

18735708
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SUBROUT INE SOLVE(DUsDFeaK)

<y

C MULTIPLIES 3X3 MATRIX BY 3X1 MATRIX,

DIMENSIUN BUL3) +DF (23 9AK(343)
DO 1 I=143
QUCI)I=0.
00 1 K=143

1 DUCII=DUCTI+AK(T 4KI2DF(K)
RETURN
END
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SUBRCUTINE S IMSPN
C
C GIVEN THE MEMBER END FORCES AND THE LOCADING VALUES
e THE SERVICE LOAD FORCES APE CALCULATED AT THE CRITICAL DESIGN SECTIONS
C
C

COMMON/RSCALE /S PANGRISCE « TTo TR g TS ¢ GAYAC O CAMASSEANVAF¢PLoHeHHeHY Yy

1 PGV,

1 ZETASBETAWDF Gl sEC o ESeFYGFCPaFL MV gFLNeR29034NLAY¢RTYPE «Ga¢GEY

2 CTCR)YLSDATACZR)
C

COMMON/RARPRAY/H 125 g1 €4 4T 4 W2(895) oA (8535) B (4454l ¢4450,

] PHEMB(4425) ¢X¥X (534}
C

COMMON/TARRAY/MEMB(442)
C

COMMON/HARRAYZANMOM (20 9534V (2095 ) aP (390 oFXLA(O 8N WFYLA(S445)

1 oBMA(4 4D 9FXLEB (95 ) eFYLBLA WS IoBMP (445 14ENDM(20WSISENDVIZ048)

2 GRML(2U)YeGRVI(ZE)¢GRPLI(Z)4GRVIZNG(Z20)4GRMI2NG(ZCY$GRV2ZPLL2S)

T ¢GRM2PLUC2L) ¢GRP2PLAUZIGGRPING(I ) ¢FPHAINCAY4FVHINIZO) o FMMINIZ20)

4 FPMAX(3I¢FVMAXCZO)oFMMAY(20)¢Z2MOMT 4ZMOMBWXL (20
C

COMMON/ZIFLAGS/IRDATAERSISISDATA(DS) s 1CDNLG)
C

COMMONZISCALE/MITeNCLD G IDPUGHYIR 2 INGITAPLE o IPATHSICYC 4 NINT
C

DIMENSICA TM(S) «TV(R)
C

ENDHMCI(BMOM ¢CMOM g X 9SP)==BMOMP2El e =X /SPI+CMOMRY £8P

ENDSHR(BMOMa CMNM oX ¢ SP )= (EMOM+CMOM) /8P
C
C INITIALTIZECCATA
C USE MINIMUM D FOR SEFTING DESIGN SECTICN LOCATICNS
C
C TOP SLAB
C

D = AMINI(SOATAMIT) 48S0ATACZIE))

D=D POV

XLEI)=CSPANGTS) 72

XLE2)=0.0

¥L(3) =X TS5/2« + HH + [

XLCG y=TS/2 o +HR
C MEMBER 2 =~ 5iDE WALL

D) AMINICSDATACZ1)Y+SCATRAESS5) )

0=D #P OV

XL(S) = TB/Ze ¢+ HV
XLt6¥= XLt8) + O
XLET)I=0s0 ’
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SO o

2¢

3¢

40

11

e

60

21 ‘ SIMSPN

¥YLEB) =RISE/2«+(TT+TRB)I 4.
XLLS) =08

MEMBER 4 = SICE #ALL
XLC1D) = XL(&)

XLe11) = XL(3)

BOTTCM SLAER

D= AMINI(SDATA(3I2)+SDATA(34) )
D=D=pPgV
XL(12)=TS/72+4+5P AN=HH
XL(13) = XL{(12)y =~ D
XL€14)=8.0
XLE1B)=(SPAN+TS)#2

DO 11 1I=145

TV(I)=0.0

O 11 J=14270
ENDMUJsI)=040
ENDVOJsII=G.0
AMOCMAJeI)=EW0
Videl)=0el

CONTINUE

00 240 Mzl.4
GO TO (1942043090 NgN
MEMBER 1
I1=1
12=3

144

60 TC &¢

MEMBER 2

Il=¢

I1z2=6

14=5

GO T0 60
MEMBERCS

11=195

12=13

T14=12

BONTO 60
MEMBER 4

11=0

I2=1¢0

T4=11

CONTINUE

I1
12

CENTER SPAN MOMENMT
PHI#D FROM HAUNMCH,s SHEAR AND

1]

DATE

MOMENT

82251

H-39

18/35/C09



H-40

v € LEVEL 21 STMSPN NDATE = 82251 18/35/09
c T4 = TIP OF BAUMCHe SHEAR AND MOMENT
c

DC 180G LDCHN=145
IF ¢ T1leEQe £ ) GO TO 45

ENDM(TIT4LDCNIZENDMOCRMA(MoLDCN)Y yBMB(MeLECNY o XL(I1)y

1 PMEMB(Me4))

45 CONTINUE

ENDMEI29LOCHISENDMO(EMA(M4LDCN)Y sEMB(M4LDCNI o XL (I2),

1 PMEMB(Me4))
ENDVCI2+LODCKN)I=ENDSHR(BMACMo LDCN) ¢BMB (MoLDCN) 9 XL (I2) 4

1 PMEMBAGM94) )
ENDMCT49LDCNIZENDMO(RMA(M9LDCN) oBMB(MeLDCNY o XL €T 4) o

1 PMEMB (Mye4) )
ENOV(I44LDCH)I=ENDSHR(BMA(MoLDCNY ¢BMB(MogLDCN) ¢ XL (I4))s

1 PMEMB(Me4))

IF (M «E£Qs 1 «ANDe LOCMN +GEe 3) GO TO 130
IF (M +EQe 2 «ANDe LODCN «LTe 3 ) GO TO 109
IF (M «EQGe 3 «ANDe LDCN <EQe 3) GO TO 10€
IF (¥ «EQe 3 eANDa LOCN .FQe S5) GO TO 180
IF (M oEQe 4 oANDs LDCN «LTe 3) GO TO QEC

O

MOMENT FOR CENTER SPAN POINTS 1“8y 15

(@}

IF ( I1 «EQe G ) 60O TO 46
CALL MOMENT(W1(MoLOCN) sW2AMILDCNI 9ACMeLDCN) 9B (M4LDCN)
1 C(MgLDCN) o XL(I2) g AMOMEDIoLOCN Y9 DUMaDUMa1)
46 CONTINUE

MOMENT AT POINTS 399 104 13

OO

CALL MOMENTCWI(MoLDCNY «W2CMogLOCMN) 9 ACFoLDCN) B (MsLDCN),
1 CCMoLDCN) oXLCI2) 9 AMOMCI29LUCN) sRL§RK 1)

IF CXLCI2) «LESNA(M4LDCN)I) VEIZHLDCNI=RL
IF (XL CI2) «6Ta ACMgLDCN) o«ANDe XL(I2) oLTe AC(MLDCN)+
B(MLDCN))
VIIZ2oLDCNAIZRL=NTI(MoeLDCN) (XL (I2)=A(MoLDCN))I=LW2(MoLDCN)
3 “WI(MaLDCH)) (XL (I2)=A(M4LDCN))»*42/24/BC¢M4LDCN)
TF (XLCT2) oGEa A(MgLDCNI+R(MoLDCN)) VI(I24LCCNI==RR

N

MOMENT AT THE HAUNCHESS POINTS 49 5S¢ 114 12

OO0

CALL MOMENT(WI(MeLDCN)oW2¢MeLDCN)2oACMeLDCN)«BC(MoLDCN),
1 CMogLDCNIoXL(I4) 9 AMONMCIA4LDCN) oCUMsDUMs 1)

IF ¢XLCI4) oLEe ACMoLDCN)) V(I49LDCN)=RL
IF (XLCI4) oGTae A(MyLDCN) «ANDe XL(I4) olLTe A(M9LDCN)+
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LEVEL

COOON

GO0

1¢0
200

3480

322

Ny b

21 SIMSPN DATE = 82251 18/35/09

B(MsLDCN))
VI 4gLDCRIZRL=VI(HWLOCN )Y o (XL €14 =AMy LDCN)I DI (W2 EMsLDCN)
~W1EMeLOCKI I ® (XL (T4 =AIMoLDCNII202/24/RIMaLOCH)
TF (YLET4) JGEe A€MeLDCMI+B(NSLEOCN)) VI(I44LDCNY==RR

COMTINUE
CONTINUE

STCRE AXIAL FCRCES

DO 210 T=1s5
PLLeI)ZFYLR (141)
P2aT)=FYLB(44T)
FE3sT)2FXLR(341)

DO 21C J=1a20
VO(JaI)zV(Jy TI+ENDVIII)
AMOM (JeI)=AMOM(Je D) +ENDM(Jy 1D
CONT INUE

FIND XD IN TCF AND BOTTOM ESLABE AND
CALCULATE MsV AT XD AWAY FROMACENTERSFPAN

=2
IF € IRDATA(14) «NEe 2 IOh=3
DMT=38.0

DMB= (a0

WT=Def
WB=C o0
NC 300 Tz=1eN

WT=WT+W1C1s1)

WR=WE+W1(3e1)

DMR=DME+AMUON(1Y4I)

DRT=DET+AMOM 14T

CONTINUE

RT=WT+W161 4D

DMR=DREFAMNM( 1544}

DMT=OMTHAMOM( T 4 4)
XL 14)S3e0A(SGRTCCSDATACIG) PV )an242,20MB/ S/ WB)~SDATA(I4) »FPOV)
XLC2)Y=F 0x(SORTCC(SDATRAC3II)I»POV) 20242 ,«MT/9.2WT)I~SDATA(3II)RPLVY)
XLO2IS¢SPAN+TS)I//2e=XL t2)
XL LA)S (SPANSTS ) /24¢XL{14)

TOP

IF ( XL€2) «LEe [ )Y GO TC 329
Mzl

Jz2

CONTINUE

DO 327 LLCN=1 4%

L
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CﬁLL MOMENTALIA P LOCAY o W2( ¥ o LDCR)Y At MGLUENISEB(MyLDCN)Y o
1 C(MaLDCHNY XL (J Yo 2ROMEJ HSLDOCNY«RLsFRe1)
C
IF (XL tJ ) «LEs A(MLLOCNY) V(J +LOCNI=RL
IF (XLCGU ) «GTe ACMoLDCN) oANDe XL(J ) oLTe A(MSLDCHI+
1 BR{M4LDCN))
2 Vi J ¢LOCHNIZKL=WI(MeLDCN)Y (XL CJ JT-A(H4LDCRII=(H2(M4LDCN)
K] =kl (MelLDCHNYIY 2 (XL €J I=A(MoLDCNYIIR+Z/2,/RBIMLDCH)
IF (XLCJ ) +GEe A(MeLDCMNI+BM4LOLLNYY VI(J HLDCHN)Y==RR
C
AMOMOUSLDCNIZAMORB (I GLDCN) +ENDMOIRMA( Mo LOCN )Y o BMB (Mo LDCNY o X LLU) o
1 PMEMBIM Yy 4) )
VOJeLCCNYZV (S yLDCHY +ENDSHR(BMA(MGLDCN) oBMR (M 4LDCN Y o XL (I
1 PMEFMB (Mya) )

321  COMTINUE
IF € M «NEe 1 ) GO TO 34C

BOTTaM sSLAB

leNe e

320 TF ( XL(C14) «GEs SFAN+TS/Z2e~HH ) GG TO 2490
M=3
J=14
60 TO 322

3473 CONTINUE

oy O

FING LOCCATION CF © NOMENT IN"TCPNERD EOTTCH ESLABS

DHT DMT + AMOME]«2)2TARSENY I 3). 4 AMOM(I45)
DME DMB+AMOME1D43)2TABS (N s 3) + AMOM(15,45)
IF ¢ CMT LE« GsC ) GO T0-75
ZRUOMT = (SPAM + TS} /24~ (SORT(24+CMT/WT)

15 IF(DMB oLEe 20 ) GO TH)7&
ZMOMEZ(SPAN®TS)I 2. + SQRT(2.«0MB/WBR)

16 CONTINUE ‘

it

FIND HHEREHM/VD=Z.0 IM THE SIDE WALL

leBeNe]

IF (AMOM(8s1)AAMOM{B8 .2 +AMOM(B93)+AMIME845) JLTe 040 )
1 , €0 TO Hos
D = AMINI(SDATA(31)Y+SDATA(3S))
DzD=pRV
X=TB/22u™ HY = 0 + PMEMB{G+4)#200¢0+ RISE
L=6 ’
TEMBI ==t AMOK (G o 1) +AMOM (£ 42 ) +AMOMUE 4 3) +AHOMEE¢5) I/ (VI Es1)+V(642) 4
1 VOES3)+V(E4E))
76 =0+ .
IF ( L «EQe B8 ) L=9
S50 CAONTINUE
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XX =PMEMB(444)/200
TEMPz TEMP1
IF € L +EGae 10} GO TO u5gE
IF(LeLEe 8 oANDe XoLE<(RISE+TR)/24) L=9
IF (X oLTe TE/Z2a+HV+ D )} 6O TO 490
TVI:Q.O
THM1=0a0
DO 450 K=145
CALL MOMENTERT (49K aW2 (e K gA B oK qREA oK) gC (49K ) g X ¢ TM () g RLoHR
1 1)
IF (X «LEs AC44K3) TV(K)=RL
IF (X «CTewhf4eK) 2AMNDe X olLTe AC49K)+R(44K))
1 TVIKIZRL=WI(G oK) #0X=A(G4K) )= (U2 (G gK) =1 C4eK) IPREX=A (GoK ) anD
2 712./BC44K)
IF (X «6Te A(G4KI+REE4KY } TVIK)==RR :
TVAK) =TV(K)+ENDSHREBMA (44 K) sBMB L4 4K ) o X yPMEMBIG 44} )
TM(KYZTMEKYS ENDMOCEMACA4K) 9BMB (G4} o X o PHENE(544))
IF € K +EDe & ) GO TC 45%C
TMIZTH14TM(K)
TV1=TV1+TV(K)
4510 CONTINUE
D = SDATA(3S)*POV
IF ( TM1 o«LTe %43 ) 6C TC 53
TEMP1 = 248 = ARS(TM1/TV1ADD
IF (TEMP1 % TEMP L,GTe Jeln) GO IO 485
IF ( ABS(TEMP) «LT. ABSOTEMPLY ) GO TO 7%
48% DO 475% J=145
VILod =TV (D)
AMOMCL 9 JI=TMOU)
475 CONTINUE
XLIL)=X
IF (TEMP1 + TEMP JB)Te S0 ) GO TC 52
GO0 TC 79
493 CONTINUE
DO 495 12145
ViLel) = 0.0
AMOMA(LYy I)(= 0ol
495 CONTINUE
505 CONTINUE
Sl Dl gy GO TO S 56
WRITE €IWe50D)
509 {FORMAT (1HD)
WRITE ¢(IWe510) : = N
510/ FORMAT (//4T404*SERVICE MOMENTS AND SHEARS FOR EACH LUAU %y
I9CONDITION® 9/ 95X 0125C1H=)o// 06X e *DESIGN® o5Xe?0ISTe FROM® T35 *MOME
BNTCIMNAKIPSAFTIY g T100 YSHEARCKIPS/FT)I o/ 95X o SECTION® 96X 9 *A~END( IN,
)V T25¢ 45 (1H=Y e 17X 940 (1H=) 9 /7 4T 269 LC=1 46X s LC=2%4EY o L C=3%4EX s
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GFLC=4%C K gLl 916X 'LC~1" 96Xy LC2%gEX gt LL=3 46X *LL=4%4EXs
SrLC-5")

DO 507 1=1415

WRITECTWeS508) TeXL(T) yCAMOM L oT)ol=145)9(VCLsTY9L=145)

SE8 FORMAYT (SXeI54F10e2e5(F1062)920Xe5(F10a2))
507 CONTINUE
506 CONTINUE

RETURN

END
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SURRCUTTIAE FHMYMX

DETERMINES THE MINIMUM ARD MAXIMUM DESIGM FORCES AND RESULTING
ULTIMATE FURCES AT THE CRITICAL DESIGN LOCATIONS.

106

1
2

i

1

B O

REAL*4 JLOADC(1I245) '
REAL %4 INER(4457)eKAA(G4293)9KAB A9 ¢e3) o KBALUT43) ¢MEB(44343)

OMMONARSCALE/SPANGRISE o TToTReTSeGAMACsGAMAS¢GAMAF ¢POGH o HHaHV 4R e
CE T AGEETAANF O 1 gl C el S oF Y qF TP oFL MU GFLN oB2 o3 o NLAY ¢RTIYPE 4 (4405,
CTCEYsSBATA(RS)

COMMUN/RARRAY/UC12¢T) 941 (84520445 )e A (4eD)4PL405) s ((445)
PMESE L4 425 9 X (5 Ce4)

COMMON/RARRAY/INER ¢ AASKARGKDBALKBE

C

COVMMUNZANALZJLCAD9STIF(12412)9FIXMOCA4Ne 4 yDMIEI 4DV (EISDF(E),
AS(E)9SRATID(E) ’

COMMON/TSCALE/MNIToNOLD G IDBUGe IR s T ITAPE 9 IPATHSICYC NINT
COMMON/TARRAY/MEME (442}

CUMNMUN/HAERRAY/ZAMOML204S YoV {20 aBYsP L3435 ) o FXLAC445)oFYLACG45)
sBM AL ¢S ) o FXLB(A¢5 Yo FYLR (4 ¢NYeRME(4e5)oENDMI2CoTY»ENNV(2025) s
GRYI(23) ¢CRVI(Z22I yOGRPICZIGGRVZNGI2OI9GRMING (2L Yo GRYZPL (2D
GRM2PL(2C) 4GRP2PLUII«GRPENGII)IoFPMINCZI ) oFVMINC20) o FMMIN(2C)
FPMAXIZYQFVMAX (2P FEMAXI2 0 9 ZMC M T ZMOMBeXL(ZD)

COMMON/ IFLAGS/TBDATACAE) g ISDATA(IS) ¢ ICONES)
DIMENSION SIDEC3)
CATA SIDE/YTOR® 4 8STDE *y *20T /

14=23

COEFZ=0 .0

DO 178 L=)e2"
GRMI(LYZD O
CRVILLY=C, 7
GRM2PL(L)I=CWC
GRVZPL(L)I=C240
CRM2NGILYI=N 2
GRV2NG(LI=( a0
IF (L «GTe 3} GO TO 100
GRFItLI=C.0
GRFZFPL(LIZD N
GRP2NGC(LYI=D,0
CONTINUE

IF (IBDATAC14) «EQe 2) GO TO 102
COEF3=1,.0
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Taza
CONTINUE
0D 11 = 16 15
GEMICIY=SAMOMUTI o1 )Y ANOM(TI42)+4AM0OM(T¢2)*COEF2
GRVICTI ISV (I 21)+V (T2 +V (1 433%CCEF3
D0 1 K=14,45
GRMZPLACTI)=GRM2PLCI) +{(1e+SIGN(L ae AMOMET4K) I I /2 e ®ANOM (T 4K
GRﬁzxs(I):GRM?%G(Il+(1g~SIGN(1.;AﬁON(IsK)))IQ.tAMOM(I,K)
GRV2PLUTI=GRVUZ2PLETI+(14+SIGNCL agVIIaK)I)II/Z4aVLIgK)
GRV2NGUIIZGRVINGCTII 4+ (1 a=SIONELeoVITaKIII/ 242V (TeK)
CONTINUE
00 3 I=1,43
GRPICIISFEIg1)+P (T o2 +P (I 43)2CCEF3
DO 3 K=14.5
CRPZPLUIISGRP2ZPLEIN+ (1 a+STGNCL1asPECIoKII)/2 40P LI XY
GRPZMNGIIDI=GRPENG(II+ €1 4~SIGNCI ayPlIoKIIX/2e2P (] ¢K)
CONTINUE
00 5 K=1418
FUMINCKYS(GRVI(KY*GRVENGIK) I 2FLMY
FMﬁIN‘K)=(GRM1(K)*GRMQNG(K))*FLVV
FYMAXEKIS(GRVI(KI+GRVZPL(K) I #FLMY
FMMAX (KIS (GRMICKY+ORMIPL(KY Y AFL MY
IF (FMMIRK(K) oGTe 0e0) FMMINC(KIZOD.D
IF (FVMINC(K) «GTe 2403 FYMINEKY=CWB
IF (FMMAX(K) +LTe 0e0) FMMAXIKIZCSD
IF (FVMAYEK) oLTs J40) FYMAXI(KI=ZCLO
IF ¢ K «6Te- 3 3} GO TO 5
’FPNIN(K):(GRPI‘K)*GRPZNS(K))ﬁgLN
FRMAXIKIZ(GRPICKI+SGRP2PLAKIIFLN

5 CONTINUE

<y

C SPECTIAL SHEAR DESIGN SECTIONS

2

C
c

DO 2 J = 6¢7sl

FREIN(JIS(GRMI(J) + GRMZPL (JY)sFLMV
FMMAX ()= (GRMICJY+GRMZPL {J) I*FLMV
IF (FMMINCGJ) oGTe $el) FMMINCGJ)I=CW0
IF (FMMAX(J)Y Sl Te 0a0) FMMAX(JYI=(WD

K = J+3

FRMMIN(KI=(ORMI(K) + GRM2PLAK) IAFLMV
FMMAXCKYSHGRMIC(K I +GRMR2PLIKI IAFLMY
IF (FMMINIK) o6Te Be0) FMMINC(K)I=040
IF AFMMAX(K)Y oLTe 240) FMMAXC(K)Z=(WD
CONTINUE
IF (CFMMINCL)Y oNEes CeC ) 60 TO 1498
1IF (O\VFMMINCIS)NEe 8.0 ) GO TO 1498

¢ _BERUG OUTPUT
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c
IF(IDBUGLT«1) GO TO 12343
1498 CONTINUE
WRITE(IWs1161)
1101 FORMAT(Y1*4T334¢*SERVICE LOADSYeTONa*ULTIMATE LCADS'./,Tl
1 56 (iH=3aT79¢3401H=) ¢7¢* SECTIONYGT204*GROUP 1%4T50
2 YGROUP 2¢ )
WRITF(IWe1103)
1103 FORMATCTIZ s 'MOMINT Y 4T 254 *SHEARY o T35 4 *MPLUS s 1454 VPLUSY9TEG
2 YMNEGT aTEE s PVNEGY ¢ TTT4 YFMMAX g TBG 9 TFVNMAX T3 TOG 4 *FMMIN 4 T129
3 ¢*FUMINY)
WRITE(IWel102) (I9GRM1ET)oGRVICI ) ¢GRMOPL €I ¢GRV2PL (T 0y GRMONG (I )y
1 GRVANG(IDoFMMAX(I)oFVRMAX(I ) oFMMINCIDGFVHMINC(I)oISIV1ES
1102 FORMAT(TAeI2eT1246F10a34T7544F1343)
WRITFE(IWel165)
WRITE(IWN116G6) (SINECIVYeGRPLAY) ¢GRF2PLUIIyGREINGITI Y 9FPMANC(I)
1 FPMINCI)y I=143)
IF ¢ FMMINCI) oMEe 0.0 ) GO TO 1500
IF ( FMMIN(1S)eHEe De2 ) 6O TC 1501
60 TO 1892
1500 J=1
60 TO 1504
1501 J=3
1504 IPATH =
WRITF(IWe15683) SINEC(JY
1503 FORMATC(///4*ONEGATIVE MOMENTYEXISTS IN HMIDSPAN OF %eA4e*SLABW"s/
1* THE DESIGN SURRDUTINE IS\NOT EGQGUIFPED TO ADEGUATELY®*e/y
2 * HANDLE SUCH A CASE AND) THE REINFORCING DESIGN SHOULD® </
3 ¢ BE COMPLETED BY HAND) "USING THE MOMENTSe THRUSTSy AND %4/,
4 * SHEARS GIVEN ABOVESY: )
60 TO 1203
1502 CONTINUFE
) ZMOMBC=SPAN+TS=ZHOMR
) WRITECIWe1134) ZMOMT ¢ ZMCMBL
1104 FORMAT(YD ZFRQ MOMENT TOP *4F1545¢T5Ge¥ZFRO MONMENT BCTTOM®4F 15454/
19*2 INCHES ?FROM CENTERLINE OF STIDEWALL %9 #/
179*02e«NOTE: ALL UNITS ARFE KIPS AND INCHEST®e/4°%1* )
1105 FORMATOSE MEMBER';T13:'THRUST'¢TSﬁo'NPLUS'.T‘s.’NNEG'g
2 TT94PFNMAXT 4TI tFNMTHY)
1106 FORMAT( T*,Aa.zx.Fla.sl;;K,Fln.sslux.F10.3.1ax.4x,F10*39
100X s F10e3)
1203,-CONTINUE
' RETURN
END
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SUBRROUT INE DESCK

CALCULATES THE RCGUIRED STEEL AREA AT THE FLEXURFE DESIGN
LOCATIONS BASELC ON THE FOLLOWINGD! FLEXURE
MINIMUM STEEL FOR FLEXURE
LIMITING CONCRETE COMPRESSION
Ge0J1%" CRACK AT SERVICE LOADS
IT CHECKS FOR DIAGONAL TENSION SHEAR AT THE APPROPRIATE DESIGN
LOCATIGNS USING METHODS 1€AASHTO) AND 2
4 PRINTOUT 0OF THE FLEXURE DESIGN TABLEs SHEAR DESIGN TABLE MEIROD 1
AND SHEAR DESIGN TABLE METHOD 2 ARE AVAILABLE WITH AM IDBUG ,MALUE
GREATER THAN 1.

DO GO O0

REAL#4 ULOADCIZ2+%)
REAL 78 TRNER(A4¢S0YoKAA (49 293) o KAR( (L9343 eKBALA9243) ¢XKEBU49343)

COMMON/RSCALE/SPANSGRICE s TToTRoTSeGAMAC 9GAMAS o GAMAR IPLFoaHeHH o HVy
1 POV

1 ZETAJBETAGDF ¢ 1 gECoESyFYeFCP oF LMV eFLNoFCR9QIoNLAYSRTYPE 9 Q4¢G5
2 CTCARY9SDATA(3S)

COMMONZ/RARRAY/ZUCL1295) oW 1lt99D)eW2C495)s20895)39B(0¢5)9C(495)
1 PMEMB(4¢420)YeX (5004
COMMONFARARRAYZIMERGKAASKAE ¢ KRAWKEB

COMMONZANAL/ZJLOAD S STIF (12412 FIXMOC49554)9DMIG)sDV(EIoDP(6)
1 AS(RIISRATIC(S)

COMMGN/ TSCALE/NIToNOLCoINRUGHIIR ¢ IN9 ITAPESIPATHOICYCONINT
COMMON/TARRAY/MEMB(442)

COMMON/HARRAYZAMOMC204C8) oV I2095) oPL395)9FXLA(495) 9FYLALA,4D)
sBMACG ¢8) oFXLB (4453 oFYLB(445) 4BMBL49S)+ERDM (20451 A0V (2045)
GRMI(20)¢GRVI(Z20)0GRPICI)¢GRVANG(2C)oeGRMONGI(ZC)I9sGRV2PL(20)
2GRMZPLA(20) oGREZPL (34 GRP2NGU3) o FPMIN (3 4FVMINI20) oFMMINI(20)
FPMAX(I) gFVYMAX(ZD) o FEMAX(20) ¢ ZMOMT oZMOMBXL (20)

£ N e

COMMON/IFLAGS7IBODATACZS ) ¢ ISDATAC3IS )4 ICCN(H)

REAL MUGNUsMO¢NDoNLAY ¢ND
INTEGER, AASHTO(4 )9y CHECK(B)

DIMENSICN INDEX(B)YeDSCEY9SINDE(I)IoSHIBs10)sPOINTIE)Y9GOVERNC(LIS )
I PRINT(I8)YeZ1(446)eCRACK(GYgAMINIGY sAMAX LK) JAREAFL(E)
DOAMENSION INDEXZ2(B)

DATA INDEX /7244950799411 912914/74SIDE/Y  IN'e* CQUT?

1 YROTH® /7 4POINT/ 04 5,957 11v40]12 94,91 9,015 ¢,908 v/

2 wGOVERNKN/ZY FL*44HEXURgAHE s4H MINo4He STG4HEEL 94HCRACS
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()

Lo

OO

11

21

I 4nK WIle4HOTE ¢ 4HMAX

DESCK DATE = 82251

+&HUON o4HCOMP 7/

DATA INDEX2/2+3069729410413414/
DATA AASHTO/#346 910013 /9CHECK/30033431435431435432534/7,

1 YES/ZY YES*/4NO/* NO

A 4

FIND ODESIGN VALUES FOR EACH REINFORCING MEMRER

DE 71 L=1s8
DO 71 M=1.10
SH{L«M)=(e?
CONTINUE

AS1
DMU13==-FMMINC(4)
DPCI)=ARSIFPMTIN (1))

DME2I=AMAXT(~FMMINID) ¢=FMMINT11))

OP(2)=AHBS(FPMIN(2))
DM{3)==FO¥MIN(I2)
CP{3)=ABS(FPMIN(3))

AR 2
DMC4 3=FMHAX (L)
DPE4I=ARS{FPMAX (1))

AS 3
DM(BI=FMMAX (15)
OP(SITAES(FPHAX{3))

AS 4
DMLE)I=FMMAX(8)
DPCEI=ARS(FPMAY (2))

DS¢1¥=TT1
BDSC2)=TS
DS¢3)=TR
DSt4)=TT
DStS)=TH
DSt&)I=TS

FYPSI=FY*1QC00
FCPRSI=FCPx1000.

Bl ¢ BS =04 (G #(FCP=44)
IF (Bl «6Te C(e85) Blz=0.R5
IF (R1 «+LTe Ce6DY BI=(0465

No 18 Izle6

FLAY=0a 0

Col=0a.0
ICONCID=1

H-49

18735769
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c FIND STEEL AREA FOR FLEXURE
C

PHIDF=SOATA(29+ 1) #PGF
ELzl1le2+FCPPST
FLEX =ECAPHIDF#%2 = CB(I)€1000e2(24+PHIDF=DS(I)) =~
1 2000 .920MCD)
TF (FLEX olTe el ¥ ASLI) = 1.0E15
IF (FLEX oGP NMa() ASCLI)=(ECQ*PHIDF =~ DP(I)#10300e.0 =
1 SORTCEQ.FLEND) ) / FYPSI
SRATIOCII=ASCIN/12/PHIDF
AREAFLCTIZASCD)

MINIMUM STEEL AREA F2R FLEXURE

e N e Ne

AMIN(I) =04 02420S (1)
IF (ASCI)aGT«Ma2242DS(I)) GO TO 2
ASCII=DS( I xNa024
SRATIDC(TI=AS(II/12e/PHIDF
JCoNC(Id)=2
2 AREAMF =6+ 6ED#BIRFCPPSI#PHIDF/FYPSI/Z(FYPSIFAT004)
1 ~(T5Ce*DP(I)/FYFSI)
AVBXCIYZARFAME
IF (AS€I)Y LT AREAFMF)Y GO TO G
WRITE(TIWa10T1) POINTCI)GCMUIYBPIIIGAS(I) sAREANF
1501 FORMATC1I X993 Yn*) g/ 4" DESIGHNOT,POSSIBLE AT SECTION *eA4e* DUET
2% TO EXCESSIVE CONCRFTE COMPRESSION®/ZT® DMZ94F10e39ef INKIPS/FTT
T oD X g%DP= Y4F10a39" KIPS/AFT Y9/ ¢TS5 *REQUIRED STEEL AREA = w,
4F10e3«Y SQaTNe/FTatelCXstMAXIMUY STEEL AREA = *9F 1043,
5 0 SO INa/FTa s/ alX oSG %)Y //17)
ASCIY = 1,0815
SRATIO(I) = 1.0FE15

ICONCI) =4
GO 10 18
3 CONTINUE
c
C STEEL AREA BRSED ON 2.01 INCH CRACK
C

K=RTYPE+045

GO TO (I08Ge200043000)y K
1000 Co=1a0

B2z(00ErCT (I 222 2SOATA(E+TI/ANLAY Y ex(147/3s)

GO RO 140 '
2303 CL=1eb

Be=1le0

FLAYSCTCI) 2#2 e SDATACE+T) INLAY

60 TO 140
3800 Cf=1.9
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140

2007
1

2008
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B2=€0a5%CT (L) 2 42aSOATACE+I)/NLAY ) $2(14/3s)

CONTINUE

MG=DMUI)/FLMY ¥1000e

NO=DP (I)/FLN%=1000,
E=MO/NO+SDATA(29+1)~0S(1) 72,
IF (E/SDATAC(29+4]) LT
AJz0s 74401 *EFSDATA(Z2341])
IF (AJ «GTe 09 ) AJ=0.9
AP=14/(1la=AJeSDATAL29+1)/F)
CORTINUE

1«15} GC TC 13

R2 = (M2 + NOY(SDATAC295+1)=DS(T)/r2e))/AJZAP

Rl = CO*12xDSCIIxn2xSQRT(FCPPSTI)
AREADL =
IF ( €31

IF ¢ FLAY
Co1=1.
Ci=1.9
B2=40452FLAY) 2n(14/34)
ARE212=AREACL

+EGe 1 ) GO TO 9
LT+ 3 ) GO TO 11

(R2=R1)I*B2/300004/PHIDF#FCR

60 TO 7

IF € ARED12 oGTe AREAQL ) AREAC1=ARESIZ
CONTINUE

CRACK(IY=AREAQ1/ASLI)

IF ( CRACK(IY oLEe le NGO TONH13

TCON(I)=3
AS(I)=AREAG1
SRATIOCIY=ASCINAQ2.4FATIDF
CONTINUF
CONTINVE
TFCIDBUGLLT2) GO To\ 164
DO 2007 I=146

PRINT(32I=2) = GOVERNCICON(I)#3=-2)

PRINT(I%l=1) GOVERNCICON(I)®*3=1)
PRINT(321) = GOVERN(ICCN(I)*3)
CONT INUE

WRITE(IWe2005) (POINT(IDeI=146)9(DN(I)sI=1s6)st(DP(I)el=196)y
(SDATAGZE+I)e1=196)9 (AREAFLATII oIz1 9629 (AMINC(I)oI=106),y
2 (AMAXCIN 912190 ) s (CRACK(IIGIZ196)9tAStI)eI=14€)

FORMATC 0% ¢TS50y " xnanan

FLEXURE DESIGN TABLE

LR 2 2 XA YN

1'BREINFORCING® 9 T289 *AS 8%9T529"AS 1%4TT34%AS 294 T8Be*AS 3%,T103,
PAS 494/9T80923(%=)4/¢*0DESIGN SECTION®9T2946(A4911X) 97y

[ IR BL S U D

YOULTIMATE MOMENT®4T2C96F 154597 4°
*OULTIMATE THRUST®4T2046F15e5¢74°
*ODEPTH TC STEEL®9T2096F 1559/ 9
*OSTEEL AREAS(FLEX)®¢T2096F15e59/4°
*OMINe FLEX STEEL®9T2096F15e59/4°
YOMAXe FLEX STEEL®9T2096F15e54/4°
*OCRACK INDEX®4T20¢6F15e597/0/s

INeKIPS/FT%y/y
KIPS/ZFT®y/,
I&.?!/’
SQeIN/FTre/,
SQeINe/FTte/,
SQe«INS/FTy/y
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1 *JIGOVERNING STEEL®*9TZ2246F15e50/ 9 SQaINJ/FT* /)
WRITE (IWe2799) (PRINT(T)sI=1,418)
2599 FORMAT(® GOVERMING MODE®¢T26e6(3A4e2X)e/9%1°* )
164 COMTINUE
IF (AS(2)efTa ASC(3)) GC TCQ 25
ASC2)=AS{3)
ICOM(2)Y=ICONC(3)
SRATIC(2)=SRATID(3)
25 CONTINUE
DO 3% T=2,45
ASCI¥=AS(I+1)
SRATIO(II=SRATIC(I+1)
ICONCI)Y=ICOM(I+1Y
3C CGNTINUE

(@}

DIAGONAL TENSION CHECK

o0

FCPSI=FCPPSI
IF ( FCPPSI «GTa 70004) FCPS1=TD00,C

OO0

AASHTC SHEAR CHECK - METHOD 1

DO 67 I=1+4
N1 = 3
Z1¢I¢5) = NO
D = AMINI(SDATA(CHECK(2*TI=1))¢SOATAC(CHECK(221)) )
IF ¢FMMINCAASHTOCI) )2 NEW™De (G0 TO A1
N = SDATACCHECK(2=]1))
N1 = 1
61 IF (FMMAXCAASHTOC(I))eNEL 0e0 ) GC TO 62
D = SCATAICHECK(2+1-1))
N1 = 2
62 CONTINUE
PHIDV = D+ POV
VU SAMAXI(FUMAXCAASETC(I))e=FVFINCAASHTO(I)))
IF € VU oLTe Q036 % SQGRTC(FCPSI) + PHIDV ) 60 TO 65
WRITE(IWeSEG1) AASHTOCI)eSIDE(N1)
ISDATAC2E8+1) = 1
Z1C(I485 )% = YES
65 CONTINUE
21(Ied "= VU
Z1¢le2)= Q00936 = SQGRT(FCPSI) =+ PHIDV
ZYCTe2) = Z1(1el) /4 21(142)
Z1(lqe4)= D
60 CONTINUE

DO 432 1I=1,5
4932 SRATIOCI)=SRATIOC(I)*PCGF/PCOV
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CONTINUL

DU 1506 Iz1le2
REQI=SRATIO(Z2Y
MUZARS(FPMAY (I}

IF (T=2) 1105421003132

(oM

TOP SLAB

1100 CONTINUE

Nz

Kiz=2
RHOI=SRATIOC1)
RHG2=SRATIO (2}
DIN=SODATA(Z3)
DOUT=SDATA(3IZ)
¢0 TO 4000

SIDE KALL

m OO

2103 CONTINUE
M= 2
Kl = 6
RHOZ2=SRATIO((S)
DIN=SCATALZR)Y
DOUT=SDATA(3])
GO TG 4000

ECTTOM SLAS

OO0

3140 CONTINUE
M= 7
Kl = §
RHO2=SRATID (W)
DIM=SDATALCY)
DOUT=SDATAM32)

-

800 CONTEINUE
DO 2500 K=NsK1
VU= AMAXIC(FVMAXCINDEX(K) yo=FVNMIKNCINDEXCKY))
VU2 = AMAXI(FVMAXCINDEX2(K))s=FVMINCINDEX2(K)))
IF € VU «EQe 0ol ) BO TO 2500 -
IF (FHMAX(INDEX(K) ) +FAMIN CINDEX(K)) ) 5000y 60008s 70090

5400 RHL=RHOL
MU=FMMINCINDEX(K))
D=COUT
N1=2
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o

G006 RHOzAMINICRHDL 4RHO2 )
MUZFMMAY LINDEX(K))
DoAMINICEDINSDCUT)
ni=3
G0 TC s@an

FAMEY REIZRHO2
MU=FMMAXCINDEX(K))
DzlIN
Ml=1

&G5O0 COMT I HUE
SHIK 413 ABS(RUS/VUZD/PCVY
SE(K«2)Y=2VU2
SH(XsZ)=hU
SHIK &) =RHN
SH(K«D) =D
IF ( RHO 6T~ fa02 ¥ REQ=(402
FDR=0.8+1.670
IF ( FD «GTe 125 ) Fz=1.25
FNZG«G=NU/VU/G++SORT (2 425+ (NUNU/S 400 2x2)
IF{FNL T« 7hY FNEGLTH
AMVDZARS(MUZVU/L/POVY)
TECARVD oGT o340 AMVD=Z2.%
VC = (1al1+6352RHE0) « SOGRTIOGECPSII® FQV *0 #1Z2«2FD/FNw
3 4o/ CANVD+1 M)
IFCVE «GTe 44S#*SQRTIFCPSIIXEINR12,49D) VOzZ4 oSASGRT(FCPSINY POV 212 D
ROT = VL2#*12oR,0/70VC
SH{KeE) = XLEINDFEX(KY)
SH(Ke7)=FN
SHIK ¢8) VL /1200 & 1
SH{K.Q)IRDT
IF ( RDT «LEs 1aGN) GO TO 2530
ASINC=3 R 6R# VU2 2FNACAMVYD 41 ) /FO/SART(FCPSI)I~(420352DaP0OV
SHIK¢10)=ASINCG
IF ( ASINC/12R4PCV/D oLTae 2,02 ) G0 T9 950%
HRITECTIWeS521) INDEX(KYSSIDEIND)

SH01 FURMAT( /AN 1H2) /T30 st 4B X gt o/ oT304%2%420X " WARNING.
1 21Xe¥%%s7 sT30a 240X *DESTIGN NCT POSSIRLE AT SECTION ®4I246X,
2 Tat /T30 ev2® 46X «*STIRRUPS ARE REGUIRED ON TeA4+*SIDE STEEL®
3 I ¥ g /g TEZ04E52 (040 3}

ISDATACLZ+KYI=D
SKHOKe1U) = 10E1D5
: 60 TO 250§
350 IF € MU «LTe 240 ) GO T 2001
IF (I-2) 100341002410 08
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C
C BOTTOM SLAR

1586 COINTINUE
IFCASING oLTe AS(4) ) 60 TO 2500
ASC4)=ASINC
1ICON(4)Y=4
SRATIC(4I=ASINC/12./70/P 0V
GO TG 28835

SIDE WALL
1602 CONTINUE
IFCASING «LTe AS(5)Y) GO TO 25030
AS(5)=ASINC

ICGN((B) =4
SRATIC(S)Y=ASINC/12./D/FP2V
GO TO 2540¢

C

c TOP SLAB

1403 CONTINUE
IF(ASINC«LTAS(3)Y)Y GO TO 2500
AS(3¥=ASINC
ICON(3) =4
SRATIG(3)=ASINC/12./D/F0Y
GO T0 2570

2001 CONTINUE
IF(1eEQel) GO Tu 2603
IF(ASINC«LT«ASC(2)) GO 10.25C0
AS(23I=ASINC
ICON(2)Y=4
SRATLOCZ2I=ASINC/ 12 /D/FCV
GO TG 2500

2003 TFCASINCLTWASE1IY)Y GO TO 2890
AS¢1)=ASINC
ICON(1)=4
SRATIO(C1)=ASINC/12«/7/02F 0V

2508 COMTINUE

1500 CONTINUE

SDATH(19)
SORTALZ2D)Y

ZMOMT + TS8/2e = CT(1) = SDATA(1)/2.
SPAM = 7MCMB + 145#T8 = CT(3) - SDATA(3) /2.

o

oo™

IFCIDBUGSLT.2) GO TO 174
KRITE(TIWs2C0R) C(AASHTC(K Y gK=194) s ((Z1(IsJrsl=144)ad=145)
2U0B FORMAT(Z//3T464 " nan SHFAR DESIGN TABLE - METHCD 1 LEA Y X
1 T*CDESIGN SECTIONYSTI2¢3(I2924X2eI2e79* ALL SECTIONS ARE AT D%/
2 * FROM THE HAUNCH®¢/ o*QULTIMATE SHEAR®$T2694(F1Le3916X) 9/
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' KIPSAFT /9 *CALLOWABLE SHEAR*$TZ694(F10e3016X) el
* KIPS/FTY /4 *DTIAGONAL TENSICHN®*yT2943C(F10s601E6X)eF1l0aboly
* INDEX LIMITE o/ 4*0DEPTH - TU STEELY9T2894(F10ab916X) e/
\ TNe?e /s * DSTTRRUPS REQUIRFD7%eT3143044422X) gA4 3
WRITE(IRe2006) (INDEXEKIGK=1s B8 ({SH(KsIdeK=1y 8)9i=1410)
FORMAT( S0ty /4 TGh oy arwanx SHEAR DESIGN TABLE = METHOD 2 setnas® 4/,
TUDESIGN SECTIONYeT260B(I2011X)Ys49/ 9/
COM/(VAPHI D) Y4 T2048(F10a343X) 0/ / s
TOULTIMATE SHEAR®GT2NgB(F10a3y 2IX)efe? KIFS/FT s/
PAULTIMATE THRUST 9 T20e8(F10a393X) e/ KIFS/FT e/
COSTEEL RATTIO® ¢ T2348{Fl1labelX) g/
SADEPTH TD STEELYT2248(F10e5¢3X ) g/ 9T Xs"INue/y
POOISTANCE FROUMT 9 T2048AFI10o343X)e/s? A-END INa®s /)y
FOTHRUST FACTOR (FNY4T2348(F10,643X Yo/
SODTAGONAL TENSION® o T204B(F10e333X)a/ 0" STRENGTH, KIPS/AFT*s/ s
*OULTIMATE SHEAR/Z Y9T22398(F1llabe3X)e/ et ALLOWABLE-SHEAR®,/,
PONEW STEEL ARFA DUE*TZ23¢B(F1l0e6e3X)g/e* TO DYAGONAL TENSION® s/
' SQeINa/FTY )
RETURHN
EAND

(A R R

EPE BEC I I B AR S R S IR
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SUBRQAUT INE SUTRPUT

CREEMNTIZES 8w FRIMNIS GUT 2 ONE CELL EBCX DESIGN QUNHARY SHELE T
THE PRINT "LT ILCLUDRES THE FOLLOWINGS

IRSTALLATION DATA
LOADTNG DATA

MeTEFTAL PROPEKRTIES
CONCRETE DLTA
REINFORCING STEZL DATA

THE OUTPUT IS AVAILABRLE WITH ALL IDBUG VALUES.

1

1

COMMON ZIFLACS/Z TROATALISDATA

CCMMaN FISCALE /M IT oL e IDPUGC o IR o Twe ITAPE o IPATH o ICYTU W NINT
INTEGER ISDATAC2S)$IPCATE(3R)
COMMUONZRSCALE/BDATA(ISY«SDATALRR)

REAL JLOAD(12451)
COMMONZRANAL/ZGLOADWSTIFCIZ 4123 oF IXROC4y Sed4 N TN 9DVILEIQDP(6) o
ASUFRYQCRATINLE)

FQUIVELENCE (SPAMGEBDRDATACL))

DIMENSION STARLS 421 ¢ ISE(DY¢STIRR{Z)

DATA STIRR /Y N Ye*RYDSY [/

LATE ISE/S,l, s 200/

T=z1levE~{E

C=1l e

=1« T20EF

CSPEAKNZBOATACIN/ZCAT

OCRISE=BCATAL(2Y/7CT

DHZRPATALIZI/ICHT

OGAMAS=BRATALT) 227

C7ETA=BDATACLS)Y

ALPHE = (1+SDATA(2E N »BDATA(LSG)

IS ¢ IRCATA(1I4).FQe2) CZETA=C.

DN 20 15145

K=ISE{IY

STAR(I ¢ 1)=2R0¥

COMTINUE

STAR{14205  STIRR(MAXD(ISDATACLSG)Y «ISDATACLIS) G ISCATAC2E)3+ 1 )

STAR(2929= STAR(1e2)

STARES+2)= STIRRUIMAYC(ISDATAC20)9ISOATAC21)«ISDATAC(29))+1)

STARIAGZ2)= STIRR(MAXL CISDATL(LI6) o ISDATACLIO) «ISDATAL27 )
ISOATACZ2RB)YISDATACLTY«ISDATAC(LIR)I 1)

STER(S42)2 STAR(442)

WRITF(Iwel) OSPANGORISE
YRITE(IWe4

FRITE(IWY7)
WRITECIWaD) UHeOGAMASyOZETALWALPHAWEBDATACLD)
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¢
WRITF(IWeb)
WRITE(IW97) ,
WRITT(IWs7) EBDATACZ234RDATAC23)4EDATACT)2BDATACLI) 2 BDATACZ4)

C
WRITE(Iwe2)
WRITE(IWe2 7))
WRITE(TUHe3)Y BODATALZ2T) «FDATACZ1) oRDATE(2T)
C
HRIT (I a8
WRITE(TIwe97)
WRITELI K «3) (BDATACT Yal=345 )9 (BDATA(T o I=119120s
« 1 (BRATACI) ¢ I239435)
C
wRITF (IRl
WRITELTW-97)
VRITZE(IWe11)
WPITF(IWe12) ({(STAR(I sJ) od=142¢1=145)
C
WRTTF(TUH«13) SDATACIS)«CSDATALZO)
C
Ceonss F DR M A T 5
C

97 FORMAT(TLI0s72(v~%))
Cosnne
1 FORMATL®PIV 4 TI0eFaalyy FTe SPAN X, %9Fb,14% FT., RISE REINFCRCEL COMNC
IRETE BUX SECTICM®/TI07Z2¢YxY})
Ceoenss ]
4 FORMATC /fT10e*I N S 7T A L L AT I 0K D AT A"}

CQ...O

S FORMAT(TIZ ¢ *HEIGHT OF FIUL)OVER CULVERTFT sTTLeF 1239/ ¢
TI29tUNIT MUETIGHTs PCFLaT7CaF12 347

T126 "M IMIMUM LATERAL, S2TL PRESSURE COEFFICTENT e T70eF12e30/
T12¢*MAXIMUY LATERALNSUIL PRESSURE COEFFICIENT®«TTCoF1243/y
T124*SCIL - STRUCGURE ITMNTERACTION COEFFICIENT®9T704F12e3 )

AN 1Y

CQ‘QC‘Q
a FORMATC /T10e* L@ A D I X G D AT a")
Coasnmss
7 FORMATCT124fL0AD FACTOR « MOMENT AND SHEAR*9T7CeF12.34/
1 T12+*LCADNFACTOR = THRUST "4 TT0eF1242e/
2 T124*STRENGTH REDUCTICN FACTOR=FLEXURE Y4 T70eF12439/
5 T12+*STRENGTH REDUCTION FACTOR=~DIAGONAL TENSION®eTT09F 124297
4 T124¢LIMITING CRACK WIUIH FACTOR®GTT704F1243)
C‘...’
2 FCRMATC 7/710s*™ A T E R 1 A L PROPERTTIESY)
Ceeoee i
SNFORMAT(TLI2¢¢STEEL « MINIMUM SPECIFIED YIELD STRESSe KSIteT78,
1 F12«3/T124*CCONCRETE -~ SPECIFIED COMPRESSIVE STRENGTHe KSIV¥,
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2 TT0eF12e3af0 )
3 T12¢*REINFORCING TYPE s T706F1243)
C‘..."
8 FORMATC /T10*C C N C R ET E D AT A*)
C..'..
& FORMAT(
T12+*TOP SLABR THICKNESSe TNe®sT704F12437
Ti12*BOTTOM SUAR THICKNESSs INA*aT70eaF124,3/
T129 *SIDE WALL THICKNESSy IN«®sT70eF12e5079
T12¢ *HORIZONTAL HAUNCH DIMENSIONs INe"sT70eF1243/
T129*VERTICAL HAUNCH DIMINSIONs INe*oT704F 12424/
T12+*CONCRETE COVER CVER STEFELe INS 4T 704/
T18*TOP SLAR = JQUTSIODE FACE*¢TT70¢F124347
T184*SINE WALL = OQUTSIDE FACE®9T70sF12e3497y
T1&+*BOTTOM SLAB = QUTSIDE FACEY9TT70eF12e3 o /9
T18¢*TOP SLAB = INSIDE FACE®*¢TT70sF1243¢/ s
TIBe*BOTTOM SLAB = IANSIUE FACE'«T704F12a4307%
T1B8e*SIDE WALL = INSIDE FACET®sT70eF12.3 )

b X wd N NT B o LB D B

C.Q"O
12 FORMAT( /T10e'R E I NF OR CI NG S TEEL DAT &%)
CO....
11 FORMAT(T12935Xa "AREAT 419X e/«T12 12X LOCATICA? 214Xe®S0e IMa® 96X
1*STTRRUPS® 9/ 9T12434X e *PER AT e 7TXoVYREQUIRED2Y 9/ 9T12¢70¢1H=) )

CQCOQl
12 FORMAT(T124.¢ TOP SLAB «-INSIDE FACE®,

1 EXsF5a341CXeAG/

1 T12e° TOP SLAR -~ DUTSIDE FACE®Y,
1 6XeF5e3910X9A8/7

2 Ti2ae" BOTTOM SLAR =~ _INSIDEL FACE?®,
2 6XaF5e3410X A4/

4 T12e° SIDE WALL - NUTSIDE FACE?®,
5 EBXeF5e3010X 028/

& Tl24* SIDF WALL = INSIDE FACEY,
T 6XeFSeJ910XeAt/

8 Ti12473¢(*=*))

CG'Q'.
13 FORMAT(TIZ? tPROGRAM ASSIGNED VaLUETY7s/
1 T124'THE SIDE WALL OUTSIDE FACE STEEL IS BENT AT THE CULVERT CORN
2ERS ANDY /s TI1Z24*EXTENDED INTO THE OGUTSIDE FACE OF THE TOP AND BOTTO
3IM SLABSe THE®/T12e *THECRETICAL CUT<OFF LENGTHS MEASURED FROM?Y,
GCOCTHE BEND POQINT ARE*9FSelg/T124*AND"yFBele® INe RESPECTIVELYe *o
&> *ANCHORAGE LENGTHS MUST BE ADDEDe"’
C’I..Q.
RETURN
END






APPENDIX H — COMPUTER PROGRAM LISTINGS

Program BOXCAR H-2 - H-60

Program PIPECAR H-61 - H-107

H-1
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C

¢

C PROGRAM PIPECAR

C

C AMALYSIS AND DFESIGN PROGRAM FOR REINFCRCED CENCRETE PIPE

C

C SUPHITTED YO FEDERAL HIGHWAY ADMINISTRATIGN = AUGUST 1982

C DEVELUOPED FOP FHEWA PROJECT MQOs DOT=FH=11=9692

C BY SIMFSON GUMPERTZ AND HEGER INCe 169 MASSACKUSETTS AVENUE

C ‘ CAMBRIGESFASSACHUSETTS 02138

C EXAMPLE STANDARD PLANS FOR IMPROVED INLETS

C

C THIS IS THE MAIM PROCGRAMe IT SEQUENTIALLY CaLLS THE VARIOUS

C SURROUTINES NEEDED TG COMPLETE THE ANALYSIS AND DESIGN OF

C THE PIFE

C
COMMUNZISCALE/Z/IDRUGIPATH 00030
COMMUN/IFLAG/IBDATAL(3S) 0co020
COMMON/PRESS/DLPRUOZT) oDLPT(37) 9 SLPRIIT) ¢ SLPTL2T7)+FLPR(3T7) 20040
1eFLPT(3T) 200050
CUMMON/ZCUURDZXCITIoY(2TIA(37)9ReBS
COMMON/RSCALE/BDATACZS) gonzo
COMMUNZSTLARZARERALI(S) ¢SRATIO(S) o SGOV(SIWAREADT(S) oSTEXT (5, 00080
1STSFAL(S) apog9p
COMMON/DESIGR/DNMID)Y4DVIS) 4DPAHY 4 YLLECLS) gc100
COMMONIPROP/SIC(ZTYSCO(ITIGALENLITY 00110
COMMON/CONST/ZKI (39393 €) s K2(343036) eK12€3934326) £0120
COMMON/LOAD/F1(392436)4F2(343636) 00130
COMMON/DISP/AUN(343437) 00140
COMMOMN/PUM/PUYN]I {393436) ¢ PVMR(3¢343€) 001s¢

COMMON/REACTI/R(34342)
DOUBLE PRECISION Kls K24 K124 Fly F2s PVM1l, PVM2
DOUBLFE PRECISION UNoR

c

20460 CONTINUE 0017¢
IPATH=Y 2018(
CALL REAU go190
IF (IPATH «GTW%0) GO TC 300C 00290¢
IF(IPATH «KTe C) 60 TC 1600 8821¢
CALL INET 06022¢
IF (IPATK «LTe« %) GO TO 1000 0023¢
CALL GEORET 0024¢
CaLL\LOADS 8025¢
CAbL” STIFF po2st
CALL LDMATR(DLPRWDLPY91) 0027¢
CALL LDHATR{SLPReSLPT42) go2st
CALL LDMATR(FLPR¢FLPT+3? 0029¢(

CALL RECUR ‘ 0030t
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CALL REACT n032¢
CALL THSHMG 0034
CALL PVHMAY ' 80330
CALL DESGN
CALL PRINMTY ‘ N0358
1208 CONTINUE ' 1036 ¢
60 TO 2ui0 60370
3500 COMTINUE 20381
STap 0035¢

FHD 6400



1y

~
X2

LEVEL 21 READ DATE = 52251

SUSRCUTINE READ

THE I®NPUT CARDS A5 IT READS THEM AS A CHECK FOR THE USERS

OO0 O

CUMMUNZIFLAG/ZIPOATAL(3S)
COMHMDNI/RSCALE/ZBDATA(CIN)
COMMON/TSCALE/TDRUGSIPATH
DIMENSTION TEXTLT)aD(AYSLAT(12Y4DSCPTR(AY
DATA LAT 7729241938301 9242930442437
% " *® ] * * % 3 * A b4 * LU * * * * ®
TEDATA = VALUE MOT RERD
=+1 VALUE WAS READ
T«1 VALUE WAS DEFAULTED
WIRE DIAMETERS ARE NCT EEFAULTED

G OO0

DO 8 I=1435

BDATELL) =D&

IROATACTINIZg

CONTINUE

HRITE (£499)
ey FURMAT(INLY

READ(S¢12204EHD=992)  (RCATACINs IzWy24)s IDBUG
1020 FORMET ( 19AR4e A3eI1

w

TDBUG CONTROLS PRINT ,

IDBUG = ~e===-INPUT ARRAY ANDTOTAL LOADS AND FINAL DESIGN
Tl wwm=eaARJVE + REACTIONS AND DESIGN FURCES
ZP-emm==AROVE + BEOMETRYZMOMENTS THRUSTS AND SHEARS
R ~AROVE + STTEFNESS MATRICES AND JCINT

DISPLACEMENTS

WRITF (£41221) ' (ROATA(I) I=1420)41IDBUG

FORMAT (1X920A4412)

READ (51807 KODEs (TEXTEIVde I=145)y (DCIYe I=146)
IF ( KODE «GTa M2 ) GC TO 995

K=LAT(K2DE)

GO TG (130420e30e40450 46047098099 0e13U0e1100128)s KODE

£
ra
[

bt et (YOOI

-

RADIUSle RADIUSZe DEPTH OF FILL KODE=1

ooy Re]

<

CONDPINUE

TEO0(2) «E9+ 2e7) GO TC 15

WRTTECE «I002) KNDESCTEXTC(I) o I=14S) (DI eI=14K)
BOATALL)=D(1)

THIS SUBROUTINE READS ALL THE INPUT IN & SPECIFIED FORMAT AND
TEAMSFERS THF DATA INTO THE RDATA ARRAY. THE EZXECUTIOM OF READ
IS COMTRCLLED 8Y THE WODE VARIABLE ON THE INPUT CARUS. A KODE
GREATER TH&N 17 SIGMALS THE IND OF THE IMNPUT DATE. READ REPRINTS

H-63

18444/55

20440

0c480
gp49%
205C8
cos1e

305390
665592
ng5el
0e87¢g
ggs8¢0

036100
nte19
29620
08630
2064¢

306990
ae7es
ae710
9072¢
ap738
60740

ag82¢
0GRSt
gosel
o1 1

gos2¢

2093¢(
00931
0093
0095¢



1V 6 LEVEL
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NOOMm

WO

L OO0

H-64

21 READ DATE

BDATAL2)=D(2)
RDATA(ZI)=DE3)

IRDATACLI=1

IRDATAC?) =1

IBDATACZ) =]

60 TO 1

CONTINUE

WRITE(H6+1301) KODEQ(TEXTCI) 9I2145)90C¢1)eDt3)
BUATACLY=O0(1)/2

BDATA(2Y=D(1)/2

BOATAC(3)IZU(3)

IPDATACLY=1

IBDATAE3) =1

I8DATAC2)==1

BUATAC4Y=0,000001

ROATA(S)=0.508001

IBDATACS )==1

IRDATA(S)==1

G0 TO 1

UsVe KQCE=2

CONTINUE

WRITE(E41003) KODF e (TEXTOI) 4 I=10904(DCII 411K
BUOAYAS® J=DC1s

BODATA(SY=D(2)

IBDATAt4)=1]

TADATACS )=

CONTINUE

60 T0 1

SLAB THICKANESS KODE=3

COMTINUE

WRITE(E+1034) KODESW(TEXTCI) s 1=195)9(DCI)sI=14K)
BOATACGY=DC(1)

IBDATAtRI=)

G0 TC 1

CONTINUE

WRITEUH1005) KODE g (TEXTHUIN 9I=145)9(DCI)oI=14K)
BODATA(TY=D(1)

1BDATACT =1

BDATAC32¥=0¢2)

IBDATAC32) =1

RDATA(B)YZD(3)

az2251

18744755

80960
0091¢

o06sgsp
01600
n1001

91620

21040

g1c70

tiip0
71161
g111¢
g112¢

0118¢
g1160

51160

2119¢(
01191
0128¢C
n121¢
r122¢

BEDDING ANGLE& LOAD ANGLEy SOIL-STRUCTURE INTERACTIOM COEFFICIENTe KODE=4

7125¢
01251
8126t
2127
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&

LEVEL 21 READ DATE = 82251

IBDATA(E)Y=1

50 12 1

DESSITIESY GAMASe GAMACe GAMAF KODE =5

[ I o T I o

L CONTIMUE
WRITI(Ew1006)Y KONE {TEXTUINwI=1 450D (1) eIz14K)
EDATA(9)Y=D(1)
RDATA(12)¥=00C€2)
EDATA(11¥=D(CZ)
IaDATA(T I
TRADATA(INYZE
IBDATA(1I1)=1
GO TO 1

FLUID FARAMETERS KODE=¢

AN o B o 2 o]

L CONMTINUE
WRITE(G 917073 KODEG(TEXTCI) o I=1 453 9(DCI)o1=14K)
BOATACL2)=D¢1)
TROATACIZ) =]
GO T 1

C
C MATERTAL STRENGTHS FlY)4FECE) KCRE=7
C
72 CONTINUE
WRITF(GEo1028) KODE(TEXTAIVN ¢ Izl e5) o (DCI)alI=14K)
JF (LE13 «ECe T0) GO TO 71
BDATAC1IZY=C (1)
IBRDATAC13)=1
71 IF (D(2) «E0e 3s) GO TOA
BEDATAC14)Y=0(2}
TRCATACIEY=]

GO TO 1
C
C CONCRETE COVER KODE=8
C
83 CCNTINUE
WRITE(E41009) KOUDE o (TEXTUIY s I=10E) e (DCT)qIm1leK)
ROATAC1IS¥=DA1)
IB0ATACLBY=1
BDATALIEY=D(2)
TRDATAC(1E6)=1
60470 1
C
C LCADOFACTORSe CAPe REDe FACTORS KODE=9
C
95 CONTINUE

H-65

18/48/58

01290
01380

01320

91330
91331
01340
01350
91360
61370
01380
81390
f1a00

01420

01430
01431
01440
1450
91460

01488

81490
31491
01500
g151¢0
81520
01530
015490
01550
21560

21580

f159¢
11591
8160¢
0161¢
1162¢
0163(
g164¢(

8167t
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Iv & LEVEL 21 READ DATE = 82251 18744455
WRITECE91017) KUDES(TEXTEI) o I=19839CLCI241=14K) 21671
ROATA(ITY=D¢1) 91680

BDATALZLI=DU2)

EDATACEIZY=D(D)

IBDATAC17) =1 [ N
TROATALZE) =1

IBDATAC33) =1

GO 10 1 g6172¢0

L

C WIRE DIAMETERS¢TYPF4LAYERS KODE=11% £1740

c

1 caMTINUE 01750
WRITE(E ¢1711) KOUE o (TEXTEIIoI=1 45 )9 (0(T)elxlgK} 01751
IF (NE1) «0e Ml )} GO TO 1108% 31760
BDOATACL1S)Y=DC1) 01775
TRDLTA¢1G) =] ' £1789%

148 IFED(2) #EQe Ye) G0N TG 1N6 51790
EDATAE26Y=D¢2) £18G¢
IBDATA(2) =1 01810

106 TF (0€2) JEG. Dal) GG TO 107 n182¢
RDATAEL21Y¥=N(Z) g1a3¢
IRDATALZ21)=1 tia4g

134 I (D64 ) «EQe 2485) G0 TO 1 01880
BDATRE(22)=D(4) 018610
IBDATACZ2)=1 0187¢
GO TO 1 0188¢

C

C WIRE SPACING KODE=11 gis090

C

11¢ CONTINUEL 01919
WHITE (6 92012) KODES(TEXTEIY e I=1453etDCT)YeIn14K) 01911
IF t001) «EGe T4l ) GC TOHW1S p1gag
BDATAC23)=01€1) 0193¢
IBDATA(23)=1 p194¢

115 TF (0(2) oEfe Tef 3,60 7O 1 0195¢
BOATARC24)=D(2) f19¢¢(
ITBDATAtZ4)=1 £197¢
60 TO 1 t198!

C

C DESIGN FACTORS~: FCR4FRPyFVP KOopF=12

C

12¢C CONTIMUEL n2o1c
WRITE(ES1013) KODEG(TEXTCI) e I=14529tDCTI2e1=14K) 020611

RDATAL26)=D1(1)
ROAIN(s4)=D( 22
BOADALRIRISN(R)
LRDATA(ZEY =]
IBDATA(34) =]
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1V & LEVEL 21 READ DATE = R2251 168/44/55

TROATAC28Y=1
GnoTo 1 92080

c

C EMD OF [DATfe XCDE AT 12 82100

C

$93 CONTINUE 12110
TPATF=1 , 12120
HRITF(o41014) 22129

c

c ELRMATY STATEMEMTS FOR INFUT VALUES

c

1000 FORMAT (T2¢ GA4y 42y EF1043 )

1001 FURMATISXeIZ 08X eHAM a3 X9 12HINSDOIAMEIN) ¢1XaF1L 43y n2131
126X g I2HDPTHFILL(FT) o1 X9F 1043} 12132

1002 FOURMAT(SY 912e3¥ ¢004843Y¢12HRADIUS 1(IN) 91 XeF104342Xy n215s
TI2KRADIUS 201N« 1XeF10:392X o 12HDPTHFTLL{FT)«1¥4F LW 12134

1002 FORMATIOXeIR2eZN ¢EAGa3 X0 12RHORTIZ Co(TM) a1 ¥ gF10eT9Xy 82135
T1Z2HVERT  OSCIMN)elXeF10a2)

1504 FORMATIDY ¢ 129 3Xa5A4e3X e lZHTHICKNESCIN) 91X 9F105) 52137

1758 FORMATESX T2 a3X 9584 92X912HBEDe ANGLE 41X sF10%a%e2¥. 2138
112HLGAU ANGLE  31XeblhLe3s2Xel?HSL~ST IANT CO91XsFlle3 )

1006 FORMATIOY o12¢3X 9S5A4 93X o1 OHSOTL (H/FTA) o XX0eF 104342 X e 22140
112HCONC (H/7FT31e1XeF10e342XesHPRULILEMAETI)91X9F103) 32141

1077 FORMAT(SY aT2e3Y 563X o 12HDPTHRIUT (LMY 1Y 4F 104 3) nD2142

1508 FORMAT(SXeI7e3X 9 SR 430 12HFX (HSI) 1 XeF1Ce302X0 n2143
112HFCP (KSI)elXgF1Ze3) n2144

1679 FORMAT(DXeI1293X 95 A%e5Y s 1280 UTSOCOVITN) ¢ 1X9F1T4342X0e 52145
T12HIMSOCOV (TN) e 1XeF1Ca3) 92146

13010 FORMATISY T2 42X s 5A4«3Xe *LAAD FACTNR T4 1X4Flla342Xy
1'PHI FLEXURE "2 1XsF10342X4PPHI SHEAR FelXsF1l43)

14511 FORMATCAOX eI1243X a5AGe3Y o J@HINSID WIRDIAGIYeF1Gel2e2Xy 02148
T12HUUTSD WYIRDIA«IXeF104202X 9 12HRETINFE TYPE o1XeF10e342X, g21548
112H# OF LAYERS +1%eF1Ce®) 22151

1512 FORMAT(SXNaT23X ¢FAG 3N« 1 2HINSINDWIRSPCGe1XsF10e3 92Xy f2152
L112HCUTEDHIRSPCE ¢ 1XyF1 06 3) 02182

1012 FORMATUDY 012937 o(BR4e3Xe12HPHI FLEX v1XeF1Ce32e2Xe
112HFRP #1Xet 1 NaB92X ¢ 12HF VP s 1XeF103)

1514 FORMAT(//43SHMO0END OF DATAs EXECUTIOCN TERMINATED )

995 CONT tNUL 52157
PETURN 621660

EAD G2170
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IV 6 LEVEL
c
C T
c C
C &
c 1
c
C
C
C
c A
C T
C
c

21 INIT CATE = #2231 18444755

SUBRAOUTINE IMIT

HIS SHRRCUTIME FILLS OUT THE BDATA ARRAY. WHERF NEEDEC, IT
ALCULATES VALUES FROM INPUT AND IMSERTS THEM INTC THE BDATA
KRAY «

MIT ASSISNS DEFAULT VALUES ON THE FOLLOWING BRASIS:
IBDATAC+Y=1 =VALUE HAS BEEM INPUTes NKNC VALUE NEECED
TBOATALx)Y=2 -VALUE HAS NCT RFEN INFUTSDEFAULT VALUE GIVEARA
T2 RDATAC»)SIRDATAC(R) 1S THEN SET EGUAL TO =1

THIS ROUTINE ALSO CHECKS FOR ERROR CCADITICNS IN THE TKPUT DATA

MO PRINTS THE EBDATA ANMD IBDATA ARRAYS FOR IDBUC VALUE GREATER
HAN (.

COMMCN/RSCALE/BDATA(3S)

COMMONZISCALE/IDRUGSIPATH

COMMONZIFLAG/ZIBDATA(ISY

DIMENSION ASSUME(3IB)LSCRIPT (200

DATA SCRIPT/4HSPRI4HNG Re4HMADIU94HS YAHEINY W4HCROWs4HN RAS
14HDTIUSe 4H s4HCIN) g 4HHEIG ¢ 4HHT DotHF FTodbl, ¢4HIFT) ¢4HHORT,
14HZ GF¢4HFSETe4H e BHITN) ¢ 4HVERT g4HICALW UK OFF 9 4HSET 9 4H(IN)
T4HWALL 4 THI4HCKNE ¢ GHSS  o4HUIN) ¢4HEEDUSUHING oAHANGL o4HE (o
14HDEG) ¢ 4HSUIL 98 H=STRe4HUC Jo4HNT Coya4HOEFEy4HSCIL o4H UNI94HT WTs
T4H(LEZ ¢4 HF T2 )94 HCONC e 4H UNT ¢ 4HT WIG4HLLB/Z94HFTI) ¢ 4HFLUTL +4HD UMy
T6HT WTegdHC(LB/oaHFTI) 9 8HDEPT o 4HHNOF ¢ 4HFLUGHIU  o4HEINI ¢4HTENS,
18HTKGT o4 R STe4HEEL(94HKSI) ¢ 4HCOMPWAHSTRG«4HTE Co4HONO( 4 4HKST Yo
I4HCONC4HOVI0e4HUT SedHFILELs4H(IN Yo 4HCONCo4FCVITo4HN STe4HEEL »
JAHCIN) w4HLOADS4H FACy4HTORI o4 MOM ¢4H g SHR ¢4MHLOAD 4 FAC 94HTOR
14F THRe4HUST o4HINST9aHDE We4HIRE o4HD1AMsaHEIN) ¢ 4HOUTS o 4HIDE o
I4HWIRE4FDIAV A4 H(IN) ¢ 4HTYPE wd4H"  OF ¢4HREINGAHFCRC+4HING o 4HH# LAy
14HYERSe4H UIR¢4HCUM $aHRETMNWAHSPCGe4H IMNSe4HD WiIedHRES ¢4H(IN)y
14HSPCGe4H OUTe4HSD WedHIRES +4HUTIM) o 4HCAP J4HREN J4HFACT ¢ 4HOR Fy
18HLEX ¢aHCRACEBHK FAe4HUTOR 94H s 4H 24HMODL 94HS ELo4HASIS,
14HTL (9 4HKSTY g4 HMODL 9y 4HS EL o 4HASIC e« 4HONE Co4HKSTI )9 SHMEAN94H RAD
LAHTSPRe 4HGLN o4H(IN)IgaHMEAN 94H RADGAHICRWOUHNTIVT 9 4B (IN) ¢ 4HEQI VY
14H CIR¢4HC DIetHAM )" ¢4HCTIN) o4HLOAD W OH ANG44HLE «4H (e
14HDEGYe 4HCAP o4HRED 9 4HFACT 9 4HOR Se4HHEARG4KRAL s4HTENSe4H PROs
14HC FAe4HCTOR ¢4HSHE A4 4HR PR ¢4HOCES4KS FAGAHCTOR/

DIMENSICK SQURCE(6)

DATA SOURCE/AYASSUTs"™MED 4" ND VI PALUE Yo" INPU?T s/

8T ]

PI=341415926535897

c CHECK GEGMETRY COF PIPE

IFCAEDATACL) o6Te BDATA(2)) Nz=-1
IF (BDATA(1) +EQe §) GU 10 100
IF (ABS(BDATA(Z+NI/A(EDATACA) »#2+BDATA(S ) #2222 ,5+HDATA(L~N))=1)

ne21g

fe26g
02270
2288

f2229¢
n229¢€
n2291
n229¢t
22299

G231¢C
na3ze
c223¢
12349
n235¢
2366
52361

02364
22371¢

0244¢

3246
0247
f248¢



Iv & L

C
C
C

EVEL

21 INTT DATE = 82251

1e6Te L2085 60 TO 103
IF (IBDATA(A) oEle 5) GO TO 205

CHECK RELDING ARGLE

S}
~)

94
RRA

1lie

rg
205

IF C(IRDATACTY JNEL 2)Y. GO TO 22
BUATA(TY = ©7,.0
TRDATACLTY = -1
anTO 20S

IF (HDATA(T}~38
IF (EDATA(T) =
BRITEC(ESSG0)
HRITE(6«1106)
FORMATC(24H] EBEDDING ANGLE MODIFIED }
Ir t ROATACT)Y «l.Te B0« ) BDATA(T) = 30
IFCEDATACTY 6T 18Ce ) BODATACT)Y = 188
TRODATALT)Y = ~1

CONTINUE

#

1300 e G4e T4
Gal

18 Y 205 ¢ 20S5e 370

CHECK REDDING AWD LOAD ANGLES

ja]
.

2036

1134
1105

IFC BDATACI2) #NEL CeC6 ) GO TG 20
ROATALZ2) = Zhba = BDATA(T)
TEDATAC32)=~]

GO TO 214

COMTINUE

IF { RDATAL(32) «GEe 1804 (GO TO 206
ROATAE32) = 180412

IBDATAC32) = =1

HRITE(E«580)

WRITE(L41155)

COMTINIIF

IF C(RGATACT) +8DATACI2)Y Vel Ee 36003 GO TO 254
BRITE (44500}

KRITT (H41184)

WRITE(641105)

FORMATCIEHD REDDING AAND LOAD ANGLES INCONSISTEAY o/44)

FORMATC(Z21IHS LOAD ANGLE MODIFIED )
BDATA(S2)=3ADGI-ROATA(T)
I8DATA(32)Y =R

COMTINUE

CHECK SOIL STRUCTURE INTERACTION FACTOR

IFLABUATAE(SB) +GEs T475) GO TO 776
BOAT A€8)=1.2
JBOATACE)Y==-1
WRITE(G 9777}

H-69

18744455

02490
825340

02510

02550
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1v 6 LEVEL 21 ITNIT DATE = B2251 18744755

177 FORMATCLOX ¢*SCTIL STRUCTURES IMTERACTION FACTCE FCODIFIED®)
Flre CaMTIMUE

C
C SET DEFAULT VALUFS 375¢06
C 150EY COF ASSUME REFERS TO PRPOSITION IN RSCALE CCMMON n29%ag
Cc
9% COMTINUE 026140
ASSUME( 1)=3%.C 02620
ASSUME(R)I=]T &2
ASSUME(3)=120,.8 12640
ESSUME(IN)=1E049 £2650
ASSUMF€11)=6245
ASSUME(12)Z2ex(BRATRA(2)~RDATA(S)) f267¢8
ASSUME(12)=€6% " f268L
ASSUME(14)=5,0 n265¢{
ASSUME(L1S5)=1 .0
ASSUME(1H)=140 G271¢
ASSUME(17)=1.3 n272¢0
ASSUMECTIQY=ASSUME(LT)
~
C DO WOT ASSUME WIRE DIANMETERS
C
ASSUME(Z1Y=2. 0274°¢
ASSuUrE(22)Y=1, 0275¢
ASSUME(23)=24
PSSUNME(24)=2,1
ASSUME(2E)=0,50 82771(
ESSUME(26)=1.00 g278¢
ASSUME(32)=0a9
ASSUNF(34)=1,5
ASSUME(25)=1 &0
RNATACIR)=EDATA (1T
TRURTACINIZTEDATACLN)
00 1% I=7e76h 6279¢(
IF C(IBDATACI)) 1G4G4d° 02841t
9 TRODATA(T)==1 0281¢
HUATAC(T ) =ASSUME () 2282¢
IF (FDATACTI) oE40s (el) IRDATACI)=( p28340
1u CGMTINUE 0284¢(

DO 13 1=3343%
IFCIEDATAEIY) 12414412
14 IBDATACIOS=1
BOATA(IY=ASSUME (1)
13 CONTIHNUE
12 CONIINUE

C
c CALCULATE ESe ECe, MEAN RADIIy EQUIVALENT DIAMETER
c
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v 6 LEVEL 21 INIT DATE = 82251 18/44/55
BDATA(27)=29040.0 g2880
PDATA(28)=€PDATA(LE)) #%145%3234¢#SORTC(RDATACL4Y*10004)/10600 02890

UVRAT=BLATA(4)/RDATALD)

FDATACI1)=SORT (242 (BDATA(2) » 22« ATAN(UVRAT)+BDATA(L) *%22(P]/2~
IATAR(UVRAT)I)I=BDATAC4) *BDATA(S))/PI )2,

IBNATAC27)=-1

IRCATA(28)==1

TBDATA(C23)=~1

TRDATAC3O)=-1

IBDAETAC3LI)==1

RDATA(2S)=RDATA(1)+RDATA(AI /2 82910
EDATAC3ID)=BDATA(2)Y+RCATAE)Y/? 12920
IF (EDATA€12) «LEe €2.4¢BDATA(2)=-RBDATACS)))) GC TO 101 293¢
WRITE(E2102) 02940
162 FORMAT(45HC DEPTH OF FLUID TOO LARGEe SET TO FULL DEFPTH)
EDATA(L2)=ASSUME(12) 02960
1ot CONTINUE 22970
60 TH 14S
100 CONTINUE , 83020
WRITE(E $580) 53030
KRITFE(691200) 03040
1080 FORMAT(22HC RADII MUST BE GIVEN.)
HRITT(6¢11C00) 130860
IPATH==1 5307¢
GO0 TO 150 3080
1493 WRITE(650C) 93090
WRITE(6e1108) 23100
1183 FCRMAT(2SHO GEOMETRY MUSTUBE yCONSISTENT )
WRITE(691100) 331290
IPATH==1 03130
60 TO 150 93140
256 CONTINUE 0315¢
WRITE(64522) 8316¢C
WRITE(642000) 0317¢C
2000 FORMAT (25H0C THICKNESS MUST BE GIVEN )
NRITF(641180) 0190
IPATH==1 23200
60 TD 158 9321¢

500 FORMAT(23HL wax INPUT ERROR x¥x )
112C FORMAT( 45H® EXECUTION OF THIS PIPE HAS BEEN TERMINATED )

149 CONTINUE n331¢
C
C CHECK FOR NUMBER OF LAYERS OF WIRE 0333¢(
C

IRABDATAC22) «GTe 2e¢) BDATA(22)=2. 0335(

WRITF(6+44050)
G650) FORMATCZ2//77 032 Xe03 (1) e/ a32XalHugG7X glHNg/432XelH2elX, ‘
1*ALL IMNFCRMATIOM PRESENTED 1S FOR REVIEWe APFRCVALe INTERPRETATION
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Iv 6 LEVEL 21 INIT DATE = 82251 18/44/55

2 %4 /932Xe*% AND APPLICATICN BY A REGISTERED ENGINEER«Y 925XelHw g/,
332X 0 1HRA 96 TX el H* s /932X e62C1HR))
IF ( IDBUG oLTe 1 ) GC TO 15¢
WRITE(64051)
4451 FORMATC1H1)

IF(BDATACL)Y LEQGe« BDATAC2)) GO TC €090 03360
WRITE(6+6002) 63361
G0 T0 6221 63362
630D HRITE(646C03) 03363
6002 FCRMAT(///e5X¢120G(1H®Yo2 910X ¢28HELLIPTICAL PIPE ANALYSIS AND, £3364

17H DESIGNs/95Xe120(1H )} 15365
6503 FORMAT(/7/e5%9120GC1H®) 4/ 410X 929HCIRCULAR PIPE ANALYSIS AND BE4 !
14HSTGNy /45X 9120 C1H®))
6001 CONTINUE n3368
WRITE(645000) 55570
5600 FORMAT(//9T30e*MAP OF BDATA ARRAY®¢///24Xs9HPARAMETER 112X
1 PUATA® 48Xy *SOURCE®4/)
N0 50606 I=1435

IFCIBOATACI)) 500145002¢45003 03450

5001 J=1
Nz2
GO TO 59804 03440

5862 J=3
N = &

GO TD 5204 0342¢

5003 .J=5
N = &

5004 KF = S«f 83452
JF = KF=4 13453
WRITE(645005) I4(SCRIPT(LFY9LRIJFoKF)I9BDATACT)9SAURCE(J) »SOURCE (X)

S00% FORMAT(LISX9T292X95A%93XeF10,e394%e284) 03470

5006 CONTTYNUF 03480

15¢C CONTINUE - 0349§
RETURN 63500

END 0351¢
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YOO

OO0

6t

509

H-73

SURROUTINE GEOMET

CLLCULATES CCORDINATES OF THE NODESe AND THE LEMGTH AND DIRECTIONAL
SINES AND COSINES OF MEFBERS FOR CIRCULAR AND ELLIPTICAL

PIPE

A PRIRTOUT OF THIS INFORMATION IS AVAILABLE WITH AN TORUG VALUE
GREATER THAN 1 i

CUMMON/RSCALE/RADI1e RADIZ2oHoUeVesTHeBETASHHWGAFASGAMAC+GAMAF)$DF
1F Y4 FCPy COUT G CINGFLMY GFLNyDIN¢DOUToRTYPEGNLAY s SPINGSPCUT¢PBFCRYEST
1oECONGRADMLI4PADM2 oEDUIDWRETASHPOD

COMMONICOURDIXCITI YL 2T 9ACTT)9B4BS

COMMONZPROP/SICRTISCO(3TISALENLIT)

COMMONZ I SCALE/IDRUGyIPATH

DIMENSICON DEG(37)

3.1415926535897
BETA «NEs 180,) 60 TO 200
T9e9*P[/180e 8

' 2P1718G.

LU R N 1]
LACI L e T § B e

[ I S ciie Sl s B

UNTINUE 179.9

IF (BETAS «t£EQes 180a ) BS =
BETA=RETA#PT/18.
EETAS=BETAS*PI/180.

*PI/16C

GENERATE COORDINATES

P2 = ATANCU/V)

DO 350 Iz1437

DEGULY = (I~1) * 5000070

ACIY=(I=1)2P]/3¢6

IFCACIY «GT, (PI=P2Y) GO TO 700

TF CACI) «GT& P20VG0O TO 600

XCI)=RADMZ2SINCE(]I )

Y(I)==RADM22COS (AC(I))+V

60 TO 5490

CONT INUE

YCI}=RADMI S INCACL) )+ U

Y(I)==RADMI*COSCACI))

CONTINUE

IFe ¥ 4GEe 1Y 60 TO 780

TF " (=ATARIXCII/YUIY) oLE« (BETA+0.00173/724) €€ 10 800

Br2exAlI~1)

#=1 .LE, 3.1424T
w3ty

IF € BETAS = 2

8355¢

03553
03554

03560
035790

036C0
03610

23640
04450
03660

83700

0371¢0
03720

03750

03760
03780
03790
83800
03810
038290
63830
03840
03850
05860

8389J
03900
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IV 6 LEVEL

15

Loe]

700

X1

oy OO

YtI

OO

gt

340

11410
1u6G0

1200
1400

1300

21 GEOMET , DATE = 82251 18744/55%
IF ({BETA+BETAS) «LTe H.28144) GO TO 780
BS=R
M=2
GO TC 840

IF ¢ M «EQe 2 )} GO TO 8(C

IFC~ATANCXCT)/Y (1)) oLE«(E6+2815-RETAS)/2e) GO TO 800
BS=242A(1)

M=2

GO TO gl

CONT INUE

XCII=RADM2*SINCACI))

YTRADMI®SINCA(I))
YOI 3==RADMZ2COS CACETIY) =V
Y==RADM32COS(A(TI))=VE

CONT INUE

IFCI «EQe 1) GO TO 300

ALENAI=1)= (X (I ~XCI~1) )2 *24 (Y (T )=Y(I~1) 2 ux2)%»0,5
SICI-1)=(YCI}=YCTI=1)) ZALENTTI~1)
COCI-DI=XCI)=-XCI=1))AALENCI~1)

COMT INUE

IF (IDBUG «LTe 2) G0 TO 1300

YRITE(E459)

FORMATC(1IHL)

HRITF (641000

WRITEA(E ¢1400)

WRITECE 1203V CToDEGCI o X (1) o XLT) o ALEMUI) 9ACT) 9 SICI)4COCI)y
1 Ix1437 )

CONT INUE

FORMAT(//+SaXsBHGEQMETRY 9 /96Xl FT2EXoBFDEG FROM9SX94HX(I) 412Xy
1 BHYL(T) « 12X ¢ THALENAT) «12X o4 HAC(T Y ¢ 13X 95HSI(I) 912X e5HCO(I))
FORMAT(IT(OX oI 00X af A %lolXeF12e3 48X e4(F124345X)9F12a3974) 1}
FORMATCAX g SHJIOINT o AXy EHVERTICAL ¢5Y 9 1AHINCHES FRCM CENTER 913X,
1 EHIKCHESe11XsTHRADIANS )

CONTINUE

RETURN

END

03918
03920
03930

0394¢C
03958
639680

£397¢
3989
03990
gango
4010
g402¢
640480
84050

84070
24080

04100

4170
04180

n4190
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IV 6 LEVEL 21 MATN DATE = 82251 18744455

Carux
Crra

s RoNsNeRes ReNeNe e

Oy Oy

85<

1u0
95¢

R RREAREA R R A RS
IEE AR P2 AR NERNEE S

SUBROUTINE LOCADS

CALCULATES THFE MORMAL AND TANGENTIAL PRESSURES(XKIPS/IN/FT)Y ON EACH
JOINT DUEZ TO PIPE SOIL AND FLUTID LOADS.POSITIVE RADIAL PRESSURE IS
ASSUMEDR TC BE ACTING TOWARD THE CEKTER ARKD POSITIVE TANGENTTAL
PRESSURE TS ASSUMED T2 RE CLOCKWISE. :

E BRIMTOUT OF THIS INFORMATION ALONG WITH A SUMMARY OF

THE TOTAL APPLIED PIPEs SOIL AND FLUID LOADSS IS AVAILABLE

WITH AN IDBUG VALUE GREATER THAN 1.

COMMON/RSCALEZRAUT14RADTI2oHeUgV o THeRETA¢HH sGAMASsGAMACYGAMAF ¢DF &
IFYeFCPaCOUT o CTNGFLMV G FLN e DIN«DOUToRTYPE GMLAY 4 SPIN«SPOUT«PO¢FCReEST
T2ECOMGRADMIGWRADMZ4ZQUID«BETAS 4P (D

COMMON/COORDZXL3T)eY(2T) oAC37) 4B 4BS

COMMON/PROP/ZSI(ITISCOGITYGALENIIT)

COMMONZISCALEZTDBUGIPATH

COMMON/IFLAG/ZIBDATACIS)

COMMON/Z/PRESS/DLEREIT) o DLPT(3T)aSLPRIZTISSURT(27)oFLPRI37 ),
15LeT 37

DIMERSION DEG(37)

DIMENSTONR4DIIy G(23 7)o PREACTHUITINT(IT739S(37)

REAL LeLF

SET FLUID LEVEL TO NEAREST JOINT

IFCIEDATACLIZ2) «EGQe 1) GO' TO E5E
FS=Y(37)=TH{/2 .

60 TS 9%

GO 1630 J=1e37

FSzY(JY+THZA2 «2CNSCAC(UID

IF(FS «GE«EDF+Y(1)+TH/2)) GO Y0 3950
CONT INUE

COMTINUE

B2=0 0 s
B4=0.0 \

BT=2#0

B8=0 o0

PUz=C GO

B5=1.0

B&z 16D

Fl1z1%0

PP=3+1415926525897

TOTAL SOIL LOCAD

WGAMAS*HH R (THeRADT1+UY #(HAC(RADIZ2-V+TH)Y/36) /6300

3382¢C
03550
34230

04240
04258

0428¢
g429¢
p4300
84320
0433C

04310
04340

N4342

0438¢
04360
0437¢C
94 38¢
5439¢
0440l
f441¢
ta42¢(

B365¢(

0445;



H-76

Iv 6 LEVEL

21 LCADS BATE = 82251

R3=RADM1
IF (EQUID «NEs 240) RIZC(EQUID+THI/ 2.

C CLANDER SCIL PRESSURE DISTRIBUTION

225

o NN ol o

254

[
o
e

GOm0

dJe¢

3190

DLPR
oLeT

SLPR
SLPT

C=SINC(PI/E~1«)}*B/f2e)/24f(P1/B~1¢}
D=SINU(PI/B+1)2B/24)/24/(P1/B+14)
PINV=W/2e/R3/(L+D)
ASTPI=BS/2«
E=SINC(PI/24/A3 =163 %AT9)/24/(PI/2e/AG"10)
FESINC(PT/2a/A%+1e) A2}/ 2eF(PI/2s/05414)
PTOP=W/2e/R3I/(E+F)
DO 100 I=1437
DEG(I) = (1~1) * S.00¢C00
IF (I £ 1) GO TO 225
IF (I +EGe 37) GO TO 1851
GO T0 25°0
CONTINUE

DEAD LOCAC
DEAD LOAD =~ NORMAL FPRESSURE
DEAL LOCAD = TANGENTIAL PRESSURE

DLPRC1) ==TH2GAMACA14400040
DLPR(37)==DLPR(1)
DLPTE1)Y=%.0

DLPT(37)=040

60 TO 101

CONT INUE

LEEOX I A1) =X T=1) 222 +(Y(i+1)=Y(T=1))n22)ae 5
CAZ(X(I+1)=XCI=1))/L
SAZCY(I+13=Y(I=-1))/L
DLPRCII=DLPR(1)2CA
DLPT(I}=DLPR(373sSA
CONTINUE

PUSTHAGAMAC®ALEN (L 2 #2%/144000e+PW

SOIL LOAD
SOIL -~ MORMAL. PRESSURE
SOIL = TANGENTIAL PRESSURE

"o

SLPT(I) =042

IF (ACI) 8T, (B/2.)) GO TO 500

SLPRCI) ZFINV+COS(PI/B4ACI))

60 T0 459

CONTINUE

IF ACAC1) «6T. BS/24 ) GO TO 310
SLPRAI)=040

G0 T0 356

SLPR(I)=PTOPASINCD+S# (ACT)I=BS/24)#(PI/AD))

18/44155

6447C
5448¢

04 482

8449¢
n4s50(
84516

04830
0454¢C
24550
5457¢C

54585
4590
04600
2461(
0463¢(C
04641
n4642

8465¢
0466C

046810
046S(
2470¢C
g471¢
nar2t
0473¢
0474¢(
04 78¢C
0476¢
aa78¢
84791
04732

04804
04811
gan2(
0483¢
g484(



1V G LEVEL

35°¢

OoOoOoOoONn

147

OO0

55¢

6T

700G

FLPR
FLPT

21 LOADS DATE = 82251

CONTINUE
GUID=SLPR(I)*=COSCACI))
IF (I «tfe 1) GO TO 20C
IFCLC(]) oGTe B/24) GO TO 400
B2=(0(I)+GCI-1)) /2 *ALEN(I-1)+B2
GO TO 24¢
CUGNTINUE
B4z (Q(IN+QCI-1))/2«#ALEN(I=1)+B4
CUNTINUE

FLUID LOAD
FLUID NORMAL PRESSURE
FLUID TANGENTIAL PRESSURE

FLPECI)I=(FS=(Y(I)*TH/2¢2COSCACI))))I*GAMAF /144020« 0%(~150)
IF (FLPR(I) «GTe 0e8) FLPRC(ID=CWO
FLPT(I)=0e0

PREACTCT) = €40

TCID)=FLPR(I)*CCSCACI))

LF = RADI2/RADM2

IFCACI) oGTe (PI-ATANCU/V))) GO TO 187
IFCACI) oGTe ATANCU/V)) LF=RADI1/RADM1
CONTINUE

FLPRCI)=FLPR (1) 2LF
BT=(T(I)+T(I=1))/2*ALEN(I=1)xF\¥R?
CONTINUE

ADJUST SOIL AND FLUID PRESSURES FCR)BALAMCE

IF (¥ +ERe 343) 60 TO 55¢
ES=B2/W 2.

BPe=R4#(=2.C) /W
PRBOT==R7/R3I/7CC+D)

DO S00 u=14937

IF (AGJ) oGTe (B/2.))°60 TO 600
SLPR(U)=SLPR(J) /BS
PREACT(UI=PROT®{COSCACJI*PI/R))
SCJI=PREACT (JI®COSC(ACY))

60 TO 7¢h

CONTINUE

SLPR(J) =SLPRIJ) /BG

CONTINUE

IF (J oEBe 1)G0 TO 500

IF (AGJY «GTe B/24) GO TO SO0
B8=A4StU)+S(JU=1))/2+*ALEN(J=~1)+B8
CONTINUE

IR AE7T o«KEe £) F1l==BB/B7

DO 1300 K=1437

FLPR(K) =FLPR{K)+FREACT(K)/F1

H-77

18/44/55

04860
24870
24880

04500
04510
04520
74930
64940
04960
04971
04572

84980
049540
25000
05001
8501¢C
g502¢

0505(
8506¢
0507¢
05080

0508¢

0511¢
0512¢
0513¢
0514¢
0516(
0517¢
0518¢(
0519¢
05206¢
0521¢(
0522¢
0523¢
0524¢
8525¢
05261
0527¢
0528t
8529(
0550¢(
0531¢
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G

H-78

LEVEL 2t ; LOADS DATE = 82251 18/744/55

1305 COMTINUE
IF (IDRUG oLTe 2) 50 TO 2000
o
o PRINT LOARS TARLE
o
WRITE(6499)
99 FORMAT(1H1)
WRITFE(641407)
1430 FORMBAT(/// ¢57%e 36HLOADS AT EACH JDINTe KIPS/IN/FOOT )
WRITE(E¢150)
1500 FORMATCR/X94HDEAD92RX 94 HSOTIL 928X e SHFLUID)
YWRITO(E 91558)
1550 FORMAT(12XgRHDEG FROM ¢5X 924 (1H=) 99X ¢24 (1H=) 99X 424 (1H=) )
WRITFCE91607)
1600 FORMATCEX91HI o5 X 98HVERTICAL 98X o6HRADTIALeSX o4HTANG 92 (14X 9 EHRADIAL,
1 OSXe4HTANG ) )
WRITE(E 91700 (1 oDEGCI IoDLPRIID 4 DLPTCI)¢SLPRCT I ¢SLEPI(IISFLPR(I)
IFLPT(I)y I=1437)
17008 FORMATI(SY ¢I2 97X oF8elig8XeF12693X9F12e6e6XeF12E93X9F12e646X
1F12 693X 9F126)
3500 CONTINUE
IF CIDRUG «LTe 1 )Y GC TO 48026
WRITECE91805) Pu
1840 FORMAT(/// 914HD FPIPE WEIGHT=4F9¢Iy1H KIPS/FQCT )
WRITECH 919801 ¥
1900 FORMAT(/e14HT SOIL WEIGHT=¢FOa3e10HIKIPS/FOOT )
BITHMP = =240#R7
WRITF €L ¢2C000) RT7TMP
2000 FORMATC(/915H" FLUID WEIGHT= 4FSe3¢10H KIPS/FNOT )
4300 CONTINUE
RETURN
END

88461

05481
65490

55519

65530

05570
95580
n5590



IV ¢ Ltever 21 STIFF DATE = 8

OO0

SURROUTINE STIFF
CALCULATES MEMBER STIFFMESS SURMATRICES

COMPMONIPROF/STOTZT)I $CO(3TI9ALENCSET)
COMMONARSCALE/DUM(SY 9 THeDUMMC21) +ECONeD(2)
COMMON/TISCALE/IDPUGGIPATH
COMMONZCONST/KI (Ze3423F) 4K2(Z93436)sK12(2+3436)
COUBRLE PRECISION Kle K24 K124 MI

AREAz124»TH
MI=TH2e3

00 170 T=z1436
Cl=ECUNARLENCL)
Co=MI/ALENCI) 2=2
Al=Cle(COCI I 242 %2REA+124%STCI)%22»C2)
A2=CIS(STICI) #4222 ARE A+ 124 #C0C(I)*222aL2)
AZ=C1laSILIY*COCT) 2 (AREA124%(2)
A4z€ o+STUIYXECCN2C2
ABzAG/STCTICOC]TY)
Bozd ant T #(C1
K101algI)=A1
K2(1lsly1)=A1
K12(1leleld =41
K1€Lle2412=A3
Ki1€zZeleI¥z=AZ
K2{14241)=A3
K2{2+1y 13=A3
K12(1e241)==43
Kl2(Z2eleId==43
Kl{1+391)==44
Ki(3sleld==A4

K12 (142412 ==44
K1{2s2413z2A2
K242 4624 1)=42

K12( 24201y ==p2
K1(243¢11=25
Kl(3¢2¢1)=45
K12{2¢39I3=AS
K2(2 ¢3¢ L= =4A0
K2(3+129I)==45

K12 (By2 ey IV ==4%
14393+ 1)=46
K2L39391)=46
K12(343413=05%A6%
K2€(14341)=24
K2(5¢le1)=44
K12(341lal)=r4a

Ny

%]

H-79

18444155

£5630
25632

5640
056580
"S660
N568¢C

0870¢C
0571¢
2578°0
8579¢C
2580¢
0581¢€
£582¢
¢583¢
G584 ¢
f585¢C
g586¢C

0588¢

8593¢

059 Tt



1v 6 LEVEL 21 STIFF DATE = 82251 18/44/55
1o¢ COMT INVE o : 06060 .
208 CONTINUE 0612 @
RETURN S ' o 06
END : ' : ‘ ’
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IV 6 LEVEL 21 © LDFATR DATE = 82251 18744455

SUBRCUTINE LDMATR(P4PT4K) 06180

c i

C FOR EACH LDADING CONDITICNs LDMATR GENERATES THE LOAD MATRICES

C FOR EACH JQINT FROM THE MEMBER PROPERTIES AND THE RADIAL AND

C  TANGENTIAL PRESSURESs THE LDMATR VALUESs REPRESEMNT THE REACTIONS.

c AT EACH END OF A MEMBER DUE TO THE APPLIED LOADS

c :

o
DIMENSICN PU27)4PT(3T) Qalea
COMMON/PROP/SIC37)4COC37)I4ALENC3T) 0620
COMMOR/LUAD/FIt3 95936 4F2(393436) : 06210
DCUBLE PRECISION Fly F24 Cls C2 :

c
DO 100 T=1436 ' 0623¢
C1=STICIY#ALENCI) 0624¢(
C2=COCI)»ALENCI) ‘ 06250
F1C01aKeI)=C1/(=2C0a) % TaaP(I)4342aP(I141))~C2/8¢2(34#PT(I)+ 0627¢
1PTCI+1)) 8628¢C
FLO29Ke 11202720 a2 {Te*F(TI+3e2PC([41))=C1l/Ben(ZadPICII+PT(I+1)) 0629
F1C3sKe IV=ALENCII®*2/60e* (3e*P(I)+2+*P(1+12) 0630
F2U1leKaI)TCL/(=20e) % (342P (1) +7e#P(I+1))=CRAB#(PT(I)+ 0631
13,#PT(I+1)) 0632
FRU2yKyI)=C2/20 e%(3a#P (147 #PCIW1))=Cl/Ba*(PT(I) 434 2PT(I+1)) 0633
Fel3eKe ID=ALENCII®*2/60e 0% (24 ¥PEI)+260P(141))%(=140) assqg

16¢  CONTINUE 0635(

RETURN -Q2§§%
END 0637¢



H-82

1v 6 LEVEL -21 RECUR DATE = B2252 12734/24

OO0 000

1¢r

460

500

AUD

SUBRCUTINE RECUR

ASSUMES THRAT JOINT I1(INVERT) IS FIXED AND JOINT 27(CROL%) ONLY
DEFLECTS 1% THE Y-DIRECTIONS GIVEN THESE BCUNDARY CONCITIONS AND
THE LOAD AND STIFFNESS MATRICES THE DEFLECTION AT JOINT 37 IS
CALCULATED AND aALL OTHER JOINT ¥ey DEFLECTIONS AMD ROTATICNS

ARE SOLVED RECURSIVELY. , '

A PRIMTOUT OF THIS INFORMATION IS aAvallABLE WITH AN IDRUS VALUE
EQUAL T0.3.

COMMON/LISCALE/ZIDRBUGSIPATH

COMMON/CONST/RI(3+423943€)9K20393436) 4¥12(343426)
COMMUN/LOAD/FIC393436)eF2(343436)

COMMON/DISP/UNC393437)

DOUBLE PRECISICM Klg K2 K129 Fle F2y KI2T(32932)

DOUBLE PRECISION UNe PU343¢27)e0€392¢37340(2)4A(353)4B(543)
1C€3 4 3)

DO 100 JI=142

DO 170 Jzle3
ACLoaUITK2(Tedel)+K1(T s}
ClTaU)=F2¢(Tedel)+F1(T4Je2)
COMNTINUE

CALL MATINV(L.R)

CALL MATHPY(RWK12(12142)4P (18192}
CALL MATHMPY(B4Coltlel4s2)}

D0 200 L=X42¢

DO 350 I=z143

DO 370 J=le3
K12T(JeIV=K12(I s Jal=1)

COMTINUF

CALL MATMPY(KIZ2T+P(1lelsl=1)48)

DO 470 I=143

DO 420 J=143

AlIed)l = K2{IedJdel @1l = A(Igd) + KItTIedsl)
CONTIXRUE

CALL MATINV(A4R)

Call MATMPY(KIZTeR{1le1eL=1),4C)

DO S70 I=143

DO 570 Jd=143

CCIgJ) (2NF201edal=1) = ClIsd) + Fl(Igdal)
CONT INUE

CALL, WMATMPY(ESCoQ(191lel))

TEANEL +JEQe 36)G0 TO 650

CALL MATHPY(RWK12(1414L)sP{1a1sL))
G0 TG 200

COMTINUE

366410

0643¢C
0642¢C
0644C
36450

ge48¢

g650¢
06510
8652¢
0653¢
1654 ¢(
0655¢(
0656¢
0657(
0659¢
0660(
366110
86620
0663¢(
9664(
0665¢
96660

0668¢C
0669¢
G670C
g671¢C
pe7T2¢

0674¢(
0675¢
6676¢(
0677¢
8678¢
0679¢(



H-83

IV 6 LEVEL 21 RECUR DATE = 82252 12734724
DE13=K12(1424L) 680
C(2)=K12¢2924L) 5684
DEII=KI2(T+424L) 36821
CALL MATXCN(DsR+F(141436)) 06831

2ag COMTINUE Q6841
DO TC0 K=143 06861

UMNCL oK e37)20400D0

UNCZ4Ka37)=0e30C

UMH(2 3Ke STITUK2(2 01 436)20C1 4K 436) = K2(2+43336)3%Q{34K936) +
KZ2C242+36) 201 24Ke36) + F2U2.Ke36) ¥} /
(K2 (241 92361 2P (1 41436) = H2{243956)2%F(341936) %
KU 2424363 %€1 4000 + P(2414363 ) )

UN{1Kel)=Tal80

UNE29Kel)=0, 00D

UN(3eKgl)=CalDE

MY

UNCI1eKe38)o=P(131e36)UNL(2eK 937240 €1 4K 436) 7692¢(
UN{Z 4K o 361 z=P 2 81926 ) PUNC29eK 9371 +0 (24K e36) 6693¢
UN(Z 4K 35) =P 341¢36)2UN(24Ke37)+40(34K 4356 06941
7586 CONTINUE 6951
L=3% 0696t
1060 CONTINUE 0697¢
CALL MATHPY(PLlelel)sUN(lelal+1)e4) 0698¢
DO B20 13143 £6E99¢
na &4 Jg=1el 700t
UNCTeJdo L) =0 CTedald =ATTed) ‘ 0rgie
RLG CONTINUE aTh2¢
L=tL=-1 nTnaL
TFUL «GEe 2) GO TOQ 10828 o704¢
IFCINBUG «LTs 3) GO TO 2580 37085¢
C
c ERITES DISPLACEMENTS 07052
C
WRITE(E499) 07661
49 FURMAT(IHL)Y
KRITECG« 20002 c708¢(
“RITE(E42301) 07081
aRITELE 20020 n708:
D 1200 L=le35.3 0709¢
LITH#P = Lel
L2TMP = L2
WRITIMGGZI00ILeL1TMP4L2TMP
DO 1200 I=1+3 0711¢
GO N0 (11412413)41] 07111
11 WRITF (A1) (UMETodolYod=1a3) ot UNETadagl+1)ed=192 o UN(Tosdol +2) 0712¢(
Twd=14+3) nT13¢
60 T3 1210 n17131
12 WRITE(A 92X UNIT ool o=l a3l q(UNCTodel+1)ad=192)sCUN(TIgdsl+2) 07137

1ed=143) 847132



1v 6 LEVEL 21 RECUR DATE = 82252 12734724
GO YO 1280 07134
13 WRITECO e3P AUNCI ool Y od=193) 0 (UNCT ool +1)eJd=1s3)sCUNTTodel+2) 07135
led=143) 27136
1202 COMTINUE : 07 140
WRITECE642003) ¢CUN(Ieda3T7)ed=193)s1=1+3) - 87TY50

2003 FORMAT(EX 98K ELEMENTBXe2HI7e/92Xe*XP 93X e3(E12+542X) 9/
12Xa* Y ¥4 3Xe3€E 12592 XY 0F91Xe PROT® 92X 93¢E124592X))
2U00 FORMAT(//451%e22HDISPLACEMENTSy INCHES s/ 671780
2301 FORMAT(23Xe7hLOADINGy 32X 9 THLOADING¢Z1X o THLOADING) 17171
2002 FORMATIIAX 9% 1% 11Xe"2% 1 1Xe%3%414Xa%1%411Xe*%2%9SX4%3%y
114X 9 %1% 411Xe*2%911Xe*¥3%4/)

2100 FORMATIAX98H ELEMENTo8XeI2+38Xe12438X412) G6718¢
1 FORMATU(2X e * X * 45X g3E12e542X03E12e5e2X93E12e5)
2 FORMAT (22X oY ? oS X 930125 ¢2X03E12 452X ¢3E1245)
3 FORMATCIXePROTY 94X a3F 12.542Xe3E12+5¢2X83F12.5)
2%83 CONTINUE 8720¢C
RETURN 5721¢

END n722¢



Iv 6 LEVEL

OO O0M

184

390
20e

740

840

51 PELCT T pATE Sazass

SURROUTINE REACT

COMMUN/REACTI/ZR (34342} ,
COMMON/ZDESIGN/DM5)«DP(5)4DVI5) s VLOC(5)
CUMMON/ZUONST/KI (3430361 9K2(343936)9K12(343436)
COMMON/ZDISP/UN(343437)
COMMONZLOAD/FLIUZ93936)9F2(343436)
COMMNN/TSCALE/TDBUGIPATH

DOUBLE PRECISION Kls K29 K12y Fly F2y UN
DOUBLE PRECISION ReT(393)9BEI43)eC0(343)

CALL MATMPY(K12(1919129UME19192)4B)
DO 180 I=140

DO 170 J=1e3
REYoudeld=B(Tou)=Fl€¢TgJel}

CONMTINUE

DO 200 Iz1e342

T(le1)z=K1Z2¢14)e3F)
T(122)zsK12(241436)
TC1l43)=%12(3<1e36)

T(201)=0.0D0

T(2e2)=0.000

T(2+43)=14008

T€3413=6,0D0

T(o42)=G600N

T(343)=54000

CALL MATMPY(ToUN(lely2635C)

DO 320 Jd=14¢3

R€Toude2) = Clled) 2 F2(Tode36) + K2(I92936)2UN(24Je37)
CONTINUE

CONTINUE

DMUII=R (391413 %R(34241)
DPE1)=R{I«1el)*R(142¢1)

IF (DABSCOMUOLI+R(3e341)) oLTe ABS(DM(1))) GO TO 700
DMEI)=DMULY*R (T4 341)
DPE1)=DRUII+R(14341)
DMIS)==R(34142)=R(3424+2)
DPASIER(191e2)+R(1924¢2)

IE (DABS(DMUtS51~R€34342)) oLTs ABS(DM(5))) GO TC 800
DM(S)IZDM(S5)=R(3432)
DPIS)-DP (B )I+R(14342)

CONTINUE

DO 801 J=14+3

R{3eJel2) = =RtI¢Je2)

H-85

© 12734724

CALCULATES THE MOMENTS, TRRUSTS AND SHEARS AT JOINT 1 CINVERT) .AND
JOINT 3T(CRCWN)

08370

0R3ARC0
9839¢
0840¢
g8841c
0842¢

0846¢
68a7¢(
g848¢
0849¢(
0856¢
0851¢
6852(
085 3¢
0854(

0856¢
8857¢(

0859¢
0860¢
0861¢
0862(

0864¢C
0865¢
0866(
0867C

06869¢C
0870¢
0871t
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‘\\“\‘,IV 2 LEVEL 21 EELACT CATE = #2252 12734424

851 cgm;mus o
RETURN N8ED (7"
£ND 08830

>
&
o
&
R4
O
\\9
6\\0
S
(5‘\'\0
S
SO
KC) 6&
¥ @
R
00
>
O&
X
Q)(\
N
S
@)
o
%Q
\Q
2
O
\0
O
(\
>



)

v

Loy

LEVEL 21 THSHMO DATE = ga282 12434724

OGO OO0 OGO 00n

99

L3
3

H-87

SUBROUTINE THSH*O

CALCULATES THE INTERNAL THRUSTSe SHEARS AND MOMENTS AT EACH END OF
EACH MEMPRER
PYM1 REPRESENTS THE FORCES AT THE LEFT END 2F A MEMEER
PVYM2 REPRFSENTS THE FOURCES AT THE RIGHT END OF A MEMBER
PVits(XsYeZ) X REFERS TU THE Py V TR M FOR Xz14243 PESPECTIVELY
Y REFERS TC THE LCADING CCNDITICN
Z REFERS TO THE EZLEMENT
A BPRIMTOUT OF THE SERVICE LOAD FORCES IS AVAILABLE WITH AN IDRUG
VALUE GREATER THaAN 1

CUMMUONFPROP/ZSTIZITIZCOLITYGALEN(3TY
CUMMONZLCADZFI1C(393936)9F2(34343¢8)

COMMON/ZTISCALEFIDRUGSTPATH
COMMORZCONST/KYI (392 4BE€) 9 K2 (593036 )¢K12€3434361)
COMMON/DISP/UNI393437)

COMMONZ/PYM/PYMI (393 9F6) +PVM2(I43436)

DOUBLE PRECISION Kly K24 K12¢ K12T(€3s3)s PVYMIY PUM2y UNoeFleF2

DOUBLE PRECISION T(393)4D(343)19R(39319F (3031 4G(393)95(393)eW(343)

COMMON/REACTI/REAC(34242)
DCUBLE PRECISION A(3)4REAC

IF (IDEUG «LTs 2) GO TO 2
WRITE(E +99)

FORMAT(1H1)

WRITELG 4600

CUMTINUE

DEG = 042

DO 270 121436

TC1y1)=C0CT)

T€142)=81¢I)

T143)=04000

T(241) = =SICD)

T€¢242)=C0CT)

T(243)204000

T(341)=0,000

T(3,2)=0.000

T(343)=14000

0N 300 @143

DO 3CHOM=143

K12TEMsL) = KI2(LoMyI)

COBTINUE

CALL MATMPY(K1(191eI3gUNC1el9I)40)
CALL MATMPY(KI2(19leIVtsUN(IolgT+1)4E)
CALL MATMPY(K12T(Ie1) gUNC191¢1)4R)
CALL MATMPY(K2(1914T)4UNCT919141)4S)

0730¢
07311¢
6T321
07331
07341
2735¢

2738¢
6739¢

8741¢
8742¢

n744¢(

3748¢(

8749¢(
0751t
g752¢
4753¢
n754(
0756(
87571
075R¢L
£7¢9¢
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00 420 J=1e3 ‘ 0760¢C
DO 400 K=1e3 ‘ ’ : 0761C

GCJUgK) = DCJgK) = F1lCJgKoeI) + E(JeK)
, WEJeK) = ROJ9K) = F2CJsKeI) + S(JeK) ~ o
450  CONTINUE 07649

CALL MATMPY(TaGosPVMIL141s1)) ' : : 87650
CALL MATMPY (ToeWoePVM2(14141)) 07660
IF (IDRUG «LTe2) GO TC 200 - ' D7670

c ‘ ‘ . : .
C WRITE THRUSTS SHEARS ANMD MOMENTS : gy700
C ‘

IF € 1 «EQe 1 ) 6O TO 201
J3 = 0
DO 263 U1 = 143
DU 203 J2 = 143
J3 = J3 + 1
ACJ3) = (PVMICGJZ29JleId=PVM2(U24J141-1))/2.02000C00
203 CONTINUE N
DEG=(I-1)#5,00000
WRITE(6«204) IeDEGe(A(ID)edDT199)

59 TG 2318
201 WRITE(64208) I4DEG(REAC(UOs191)oJ6=193) 9(REACEIEN2e1)eJE=1493)y
1 (REAC(JU693e1)9db=1e3) :
240 CONTINUE o 0776(
IF ( IDBUG #LTe 2 ) 60 TO 1200 ‘
I1=37

DEG = 18940

WRITE(69284) JeDEGCREAC(JESL92) 9 UB=193)9(REACIJIE9242)0JE=193),

1 (REACCUGEsS5e2)edbT1e3) ,

E0C FORMAT(//TI64¥SERVICE  LOAD THRUST(KIPS/ZFT)e SHEARCKIPS/FT)e %y

I*MOMENT (INSKIPS/ZFTIY/ /79 T369%DEAD LOAD®4T7149S01IL LOAD®,T10S,

2 CFLUID LOAD®/eT12¢*DEGe FROMY 4SX 430 (1 H=) 55X s 30C1Hm )95 X 430 ¢1Hm Y,y

3 2¢" JOINT®eTI2¢*'VERTICAL Y eTI092C N e TIXe VTN M y14X) o N* 95Xy

4 SU® X 4 TMY } {

204 FORMAT(Z2XeI2¢T12¢F4409T2492¢(5F10¢49¢5X)s3F10.4 )
1200 CONTINUE ) .

RETURN 5785¢
FND 0786(
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OO

SUBRCOUT INE MATIMV(ALE)
INVERTS 3 X X MATRIX
DOURLE FRECISION A(342)4R(343)4DELTA

DELTA=ACLa1)RAL 242 #A(393)+AC142) A 2¢3)2AL 0 13+A(143)2A (241}
1A 42)=A(391)2A(242) %P 143)=A(342)2A0223) %A ¢1)~A(343)*%A(2410%
14¢1+2)

Blle1)m (AC242) %A (3¢3)=A(243)*AL342))FDELTA
BUle23==(AC€142) A (343)=A(342)2A¢143))/DELTA
BUle3)=(A(1a2)2A(243)~80292)2A(193))/DELTA
Re2e1)=-(AL241)xA(Z93)=A(341)2AL(243))/DELTA
Bl2e2)2(A€191)20(3¢43)=AC143)Y2A(341))/DELTA
B(2¢43)==(AL1a1) "AC243)=A(241)%ACLs3))/DELTA
BI341)3C(A(201)%A(J342)~A(391)*A(242))/DELTA
Bl342)==(A0191)nA(342)~A(341)%A(142))/DELTA
BU23g3)=(A{191)%A(242)=8C241)%AC142))/DELTA
RETURN

END

87904

0793¢
0794¢
07950

i
0797¢
0798¢
0799¢
680CC
0801¢
0802¢
08030
0804¢
0805¢(
0807(
8808¢
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SURBOGUTINE MATMEY(AsE oC)

GEMNERATES MATRIX MULTIPLICATION

¢

DOUBLE PRECISION At3432)y RE343)s C(Z43)

DO 17 I=1e3

00 17 J=1a3

CeIadd=0o00D

DO 17 K=1e3
ClTIodI=Cllad)+A{1leKI2R(K )
CONTINUE

RETURN

END

12734724

gaiat

gB141

2815¢(
gaie(
£817¢
£818¢



IV 6 LEVEL 21 MATXCO

e NeRel

lu

SURRCUTINE MATXCO(XsA Y]}
MULTIPLIES 3X5 MATRIX BY 3X1 MATRIX
DOUBLE PRECISION X{I1gA(343) o Y(3)

DO 17 15343

Y(I) = R0D0

BO 10 K=1e3
YOIYzYCIX4ALT 9K IRX(K)
CONTINUE

RETURN

END

DATE

B2252

H-91

12734724

6825¢

08270

nga2g9t
ngsag
0831¢
0832¢C
08330



IV 6 LEVEL

OO0

s el e

OO

400

35¢

300
280
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SUBRCUTINE PYMMAX

LOCATES AND CALCULATES THE THRUSTSs SHEARS AND MOMENTS AT THE S
CRITICAL CESIGN SECTIONS« THE PROCEDURE FOR FINDING THE EXACT
LOCATION OF M/ZPHIVD=3.0 ASSUMES LINEAR SHEAR AND GUADRATIC
MOMENT DISTRIBUTION ON A MFMBERS

LOAD FACTURS ARE THEN USED TO CONVERT DESIGN FORCES TO ULTIMATE
FORCES .

COMMON/PVM/PUMI(343¢43€)9FVM2(34343¢€)
CUMMON/RSCALE/RADII¢RADIZoHsUsVoTHsBETASsHHsGANAS9yGAMACyGAMAF oDF,
TFYaFCPoCOUTCINSFLMVsFLNsDINSDOUT9RTYPESNLAYsSPFINSSPOUT«POsFERS
IESTeECONSRADMLIIRADM24EQUIDWBETASHPOD
COMMON/PROP/SIC3T)«COCITIGALENCIT)
COMMON/Z/COORD/X€37)eYC37T)9A(37)eRyBS
COMMON/DESIGN/DM(5) «DPE53eDVIS) 4VLOCIS)
COMMON/ ISCALE/IDBUGSIPATH
ODOUBLE PRECISION PVMle PVM2
REAL MMAX

IS INDEX FOR LOCATIONS AT WHICH DESIGN WILL BEVCHECKED

L=2

SEARCH FOR MEMBER NEAR IAKVERT WHERELF/VD=3

N=0

DO 300 I=2+ 36

GEPVYMI(349141)+PVYMI€34241)
CoPYMI(24¢1412+PVMI(242+])=PYMIL2414]=1)=PVF2(24221=1)37/2.
FoOaO*(PVMIC1sloI)4PVMIC1 424 [Y=PVM2(191el=1)«PVYM2(14241~1})
IFC(DABS(CH+IPYMI (24341 3=PVM202¢341=1))3724) o+LTs ABS(C)I) GO TO 409
CC+(PVMI(2¢3¢I)»PYM2(2434T=13)/2,

G=G+PVMI(343s1)

FEF+0eS54(PVML{19341)~PVMI(14341=-1))

CONTINUE

D=PODA(TH=CIN=DIN/24)

IF (DIN 2EQela0 ) D=0-PLD20404*TH

IF (G «6GTe S400,60 TO 358

D=POD£(TH=CQUI=DOUT£2¢)

IF (DOUT «EGW De0) D=D«PO0®0042TH

IF (ABS(GZC7D) «LEe 340) GO TO 200

61=G

Ci=C

FizF

CONIINUE

EQNTINUE

N=le1

08870

78880
0889¢
08900
tg92¢

68950
3896¢C

0893¢
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LEVEL

[ NN

11ug

13400

o
~
L nd

anoe

1409

1500
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Ji=1

A2z

CONTINUE

VIINIT=(C=C1) /281 FN(J)

BR=Z .3#DaVUNIT+C1
YL=(=RU+SOART(RQ*Bu=~2«a¢VUNIT*(3.04D2C1=G1))JAVUNIT
DRILY=C1=C14XL=0.5*VUNTTaXL =)L
DPLLIZF I+ {F=F1Y + XLZALENCA)
DVCLI=CL1+VUNTITRYL
VLOCILY=A(JU2)+2 . D8T72662XLZALENCJYJL
IF I «EQe 4y 60 TO 2103

SEARCH FOR LOCATION OF MAX NEG MOMENT

MMAY =240

DO 1600 I=10.28

SEPVMI(341 9 )4PVMI(34241

TFEDABS (S+PVM1(3+3e¢1)) «GTs ABS(S)) GO TO 1100

IF (ABS(S) «LTe ABS(MMAX)) GO TO 1000

MMAX =S

GO TO 139¢

CCNTINUE

IF(DABS (S+PVM1(34391)) oLTe ABSEMMAXI)Y GO TO 1000
MMAX=S+PVMI(34341)

CONTINUE

pMC32y=8

DVE3IStPYMI 241y D) +PVHIURIZ 9 1Y oPVM2 (2412 T=1)3=PUM2(24241~1))72,
NPE3IZ(PYMI (141 ¢ IN4PVMICL 2% 0 =PYM2(191lsI=1)=PVM2(14241=1))/2»
VLOC(3Y=Aa(])

TFINABS(DM(3II+PVMI(3e3+4I2) oL Te ABSIDM(3))) GC TO 1000
DMU3)I=PVFI (3434 1)+0M(2)
DPEIIT(PVMI(1e3T)=PUN2(193eI=1213/24+DPL(3)
DVC3)=(PVMI(2¢39I)=PUM2(2934]1=1))/244DV(3)

CONTINUE

SEARCH FOR MEMBER/NEAR CRONWN WHERE M/VD=3

T=z3A

CONTINUE

GEPVMI(3sl o I)+PVYM1I(34241)

C(PVMIU29 10 I)+PVMICZ24251)=PVM2{2414I~1)~PVM2(2+291~1))/2,
FoO oSO (PVMIC141a1)+4PVMI(142eI)=PVYM2(141%1I=1)=PUM2(142¢1~1)})
IF(DABS(CH(PVMI (24341)=PVM2(243491=1)3/24) +LTe ABS(C)) GC TO 1500
C=C+(PVMTI (243411 =PVM2(2430T1=1))72a

G=G+PVM1(34341)

FRF+052(PVMI(1 e34I)~FUMN2(143041=1))

CONTINUE

D=PCO*(TH~CIN-DIN/2e)

0922¢
09273
09240
092540
09253
0927¢
1928¢
0529¢
0930¢
01933¢
8934 ¢(

0935¢
0936(
0937¢(

0939¢
0940¢
0941¢(
0942¢(

0944¢
69a5¢(
0946¢(
0947¢
0548¢
n949¢(

0951¢
0952¢
59533
6954

0955J
0956
8957
09581
0959¢

8961
0962
0963
0964
0965¢
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2100
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IF ¢DIN oEQ«¢ Dul) D=D=POL#(J«042TH)
IF (6 «GTels0) GO TO 1450
D=pal*x(TH=COUT=DOUT/724)

IF (DOUT oEQw D al) DzCepD20.D4«TH
CONT INUE

CzARS(C)

IFCABSCG/C/D) «lfa 30) GO TO 1606
61=6

Cl=C

Fiz=F

I=I~-1

GO T0 1400

CONTINUE

L=4

J=1

Jiz=1

J2=de+l

GO TO 2008

CONT INUE

VLOC (1Y =Af 1)

VLDC(S)Y=A(3T)

DO 2420 J=le%

DMEJI=DM(JYSFLMY

DVOJI=DV (J) «FLMY

DPCJISDF (JY%FLN

COMT TNUE

RETURN

END

12/34/24
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SUBROUT INE DESGH

CALCULATES THE REGUIRED STEEL AREAS AT DESIGN LOCATIONS 1y 3 AND 5
BASED ON THE FOLLOWINGS FLEXURE

MINIMUM STEEL FOR FLEXURE

LIMITING CONCRETE COMPRESSION

Ge01t* CRACK AT SERVICE LOADS

IT CHECKS FOR RADIAL TENSTCN AT DESIGA LOCATICNS 1 AND 5 AND
If REGUIRED CALCULATES THE CIRCUMFERENTIAL EXTENT AND MAXIMUM
SPACING OF STIRRUPS.
IT ALSO CHECKS THE DIAGONAL TENSIUN SHEAR AT DESIGN LOCATIONS 2
AND 4 AND IF REQUIRERs CALCULATES THE CIRCUMFERENTIAL EXTENF aND
MAXIMUM SPACING DF STIRRUPS.
ALL THE CALCULATED STEEL AREAS ARE PASSED TO THE PRINT(SUBROUTINE
THROUGH THE COMMOM BLOCK STLAR
A PRINTOUT OF THE ULTIMATE FORCES AT EACH DESIGN SECTICNy ALONG
WITH FLEXURE AND SHEAP DESIGN TABLES ARE AVAILAELENWITH AN IDBUC
VALUE GREATER THAN Q.

COMMON/RSCALE/RADI19RADI29HoUsV o THoRETAgHHGGAMAS ¢ GAMAC S GAMAF o DF o
LFYoFCPyCOUT9CINgFLMVoFLN4DINeDOUT yRTYPE ¢NLAY s SPIN ¢SPOUT¢POoFCRyEST
19ECONJRADMI9RADM24EGUID4PETAS+PAD 9 FRPEVR

COMMON/ ISCALE/IDRUGYIPATH

COMMON/PVYMZPVMI(343436) 4PUM2(393436)
COMMON/DESTIGN/DM(5) 9DP(5) oDWLS) 4 VLOCLS)
COMMCN/STLAR/AREAL(5) ¢SKATIOCS5) 9SG0V I5) ¢AREADT(E) ¢STEXT(S)
1STSPA(S)

DOUBLE PRECISION PVMl, PVM2

AREAL (1) INSIDE STEEL AT INVERT
AREAT(2) MevD=3 MNEAR IKVERT - ‘
TAKE MAX OF €1) AND (200 FOR INSIDE STEEL AT INVERT.
AREAL1(3) = QUTSIDE STEEL
AREAL(4) = M/VD=3 NEAR-CROUWN
AREAL1(5) INSIDE STEEL AT CROWN
TAKE MAX OF (4 /AND (5) FOR INSIDE STEEL AT CRCWN

it

COMMON/COORO/XL3TYoY(37)4At3T)oR

REAL JoeMOGNDWMLoN14MIPSTIGNIPSTI¢NLAYWMRAD ¢NRAD
DIMENSION(AREAF(5) ¢ AREAC(S) ¢RDTLT) +LRIND (D)
DIMENSTON RLOCCY Y9 GOVERNI27)I9RADI2)4DAG(2)

DATA'RAN/GHRADY o 4HAL /9DAG/4HDIAG¢4HONALZ9RLCC/4HINVE 94HRT o
12H N e 4HSPRIS4HNGLT ¢ 2HNE y 4HCROW e 4HN  92H /7 ,

DATA GOVERN/Z4HDOES 94HNOTG 94HOVR N9 4HFLEX y4HURE 9 4H YAHMIN
T4RSTEE9GHL  94HO.N194H CRA§4HCK ¢4HRADT94FEN+F94HLEX 94HRADT,
14HEN4Cy 4HR  ¢4HDT Ny 4HOSTI94HRUPS94HDT+S94HTIRR94HUPS ¢ 4HMAXCy
14HONCCy 4HAMPR/

10060
16070

10548
10050

13100
13119

10130
101438
12158
10160
10170
10180
1c1e1l

1023G0
10210

1022¢

10230
1024¢
1025¢
1026
1027¢
10271
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c
DO 801 I=15 10280
AREA1C1)=040
AREAF(IN=040
AREACCI)=040
RDT(I)=040
SRATIO(I)=040
AREADT(I)=0.0
STEXTCI)=040
SGOV(II =040

S01  CONTINUE , 10360
W = ATANCU/V)
Bl20e85-0+05%(FCP=4,) 10310
IF (Bl oGTe 0e85) B1z0e85 10320
IFC Bl oLTe 0e65) B130e65 10330
FCPPSI=FCP#1000. 10340
FYPSI=FY*1000, 10350

PI=3.1415926535897
SPMM=(RADM1+U)*2 .

c
c DESIGN STEEL AT THREE MOMENT SECTIONS 10380
c
DO 1 L=19542 10400
CASMN=1.0 10410
Cil=Ce
FLAY=0. ‘
DIAM=DIN 10430
IF(L o«EQe 3) DIAM=DOUT 10440
M1=ARS(DM(L)) 1245
N1=DP(L) 10460
MIPSI=M121000, 16470
N1PSI=N121000. 10480
DH= 0«04 4TH 1949
IF(DIAM oGTe 0e) DHzDIAM/24 195¢
CIM=CIN 10510
IFC(L «EQe 3) CIM=COUT 10520
D=PA*(TH=CIM=DH) 12530
Gz10«22FCPPSI
c
C REQUIRED STEEL ,FOR FLEXURE 10560
C .
IECQuCOeDeD~NIPSI*( 24 4D=TH) =24 aM1PSI) +LTe f4) 60 TO 1111 10571
AREALCL)=(Q*D=N1PSI~SGRT(Q*(Q*D*D=N1PSI#(24.4D~-TH) =2, 2M1PSI)) 16580
1) /FYRSI 1059¢
AREAFCL)I=AREALICL)
SRATIO(L)=AREAI (L) ZE12.+D) , 1060¢
SGOVILI=1. 10611



H-97

1v 6 LEVEL 21 DESGN DATE = 82251 18444755
c MINIMUM STEEL AREA FOR FLEXURE 10630
c
IF (L «EQe 3) CASMNZOL75 18650

IFCAREALCL) oGT o CASMN#SPMN®#2,/765000+) 60 T0 2
AREATI(LI=CASMNSSPMN»«2,4,/65000,
ARTAF(LYZAREALI(L)

SKATIO(L) = AREALEL)/ (12440} 10671
SGOVIL)=2. 10680
c |
C  CHECK CONCRETE COMPRESSION 10700
c
2 AREAMF=5 504412 «#B1#F CPPSI*D/ 16720
T(FYPST*(87000.4FYPSI))=0sT7SaN1PSI/FYPSI 10730
IF(AREALI(L) oLTe AREAMF) 60 TO 3 10740
1111 WRITE(6+10)LeDM (L) 9DP (L) ¢AREAL (L) g AREAMF 10750
18 FORMAT(//41H0995(1H*) 9/  +5X929KDESIGN NOT POSSIBLE AT POINT 411,
17H DUE TOs/+5Xs 34HEXCESSIVE CONCRETE CCMPRESSICA(M1=4F7424 10770
112H INeKIPS/FTes5Xs3HN1=9F7e299H KIPSIFTa 9///95X920HREQUIRED STEE 10780
IL AREA=S 10780
1F6a3411H SQeINe/FTog15Xy19HMAXIMUM STEEL AREAS+F643411H SQeINe/FTe 10790
1e/s 10790
195¢1H*)) 10791
AREALEL)=140E26
AREAF(L)=AREAL(L)
ROT(L)=140E26
SRATIOCtL)I=1.5E26
SGOVIL) =848 10801
, 60 TO 1 10810
c
C  CHECK RADIAL TENSION AT CROWN AND INVERT 10830
C  DESIGN RADIAL TENSTON STIRRUPS IF REGUIRED 10840
c
3 IF(L +EQs 3) GO TO 990 10860
RADTENS (M1PSI~0.45#N1PSI4D)/124/D/ (RADI2+CIM)/1+2/SGRTEFCPPSI)I#FRP
ROT (L)SKADTEN ,
IF(RADTEN oLEs 140" 60 TO 93¢ 10880
SGOVIL) =4, 10890
K=L/2e+0475 10900
WRITE (648599 )RLOC(3#K=2) ¢RLOC(3*K=1)gRLOC(3 %K) 3RAD(1) yRAD(2) 10910
c
C SIZE RADIAL,TENSION STIRRUPS
c |
AREADTAL)= 141%(M1PSI=0445%N1PSI4D)/(D#€¢RADI24CIND) 19920
c
C EXTENT OF RADIAL TENSION STIRRUPS
c B

K=2 1093¢
IF(L +EGe 5)K=36 10931



H-98

1v 6 LEVEL

872

871

813

874

WA OO

19060

2000
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CONTINUE

MRADZ (PVML €341 4K )+PVMI(Z424K))*FLMV2I0AD,
HRAD = 0o5#(PUMI(1919K)+PVMICIg24K)=PYMSE1g1eK~1)=PVM2CL92¢K=1))2
1FLN #1000,
IFC(PYMI (343 4K) LTe Lo0) 6O TO BT71
MRADZ(MRAD+PYMI (343 4K 1AF LMY 10004
NRADSMRAD* (D 45%(PVMI(1s3eK) =PVM2 (193eK=1)))*FLN®1000,
CONTINUE

RADST= RADIZ+CIN
IFCA(KY oGTs WIRADST=RADII+CIN ,
RADTENZ(HRAD~Co45%aNRADRDI /€124 #DntRADSTI X1 L2 #SERT(FCPPS1))
IFCRADTEN oLTe 1) 60 TO 873
K=K+1

TF(L oEQe BIK=K=-2
G0 TOQ 8172
CONTINUE

IF(L +EQe 53 Kx=38~-K
STSPA(L) = D.7#D
IFCAGKY «LTe W) 6O TO 874
STEXT(L) S(RADM2#W+RADMIR(A(K)I=W) )22,
G0 TO 99¢
CONTINUE

STEX¥TIL)I =2 #RADHZ®A(K)

STEEL AREANEASER-OMN 0,031 INCH CRACK

CONTINUE

SIM=SPIN

IFCL «EGe 3 SIM=SPOUT

ITMP = IFIX(RTYPE)

GO TO €1000+200043000)91TMP
co=1.,0

B2l aSoCIMRa22SIM/MLAYD 2 %(] o/ 3, )
60 TO 148

CO=1.5

B2=1.0

FLAY=CIMs2Z ,2STMINLAY

60 TC 149

C8=1,9

B2 (0o *CIMMARSIMANLAYIAR(1e/30)
MO=M1PSIAFLMY

No=N1PS I/FLN

D=D/PD

E=MO/NG+D-TH/2,

IFALEZD)Y 4LTe 1415) 60 TO 1

CJEQVT4+ 0.1 #E/D

IF(J «GTe 0e50) Jz=0,90
P=1e/{1e=J*D/E)

10940
10950
10960
10961
raere
19980
10999
11020
11001
11g02
110190
11020
11030
11848
110590
112&0
1107¢
11080
11129
111190
11128
11130
11140

11170

11210
112290
11230

1125¢
11260
11270
11280
11250
11300
11310
11320
11330
11340
11350

11360
1137¢
11390
11400
11410
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62¢

AEE

6617
C
C
C

O MO e

CONTINUE
GL=(MI+ADR{D=TH/2«))2E2Z2(3CU00 a2 aF 4P 02D aFCR)
Rl1zCL*B2 %122 2TH 222 ¢ 2SORT(FCPPSIYA(30000#FCR2C2FE()
ARELTI=Ql=R1

IFECTL «EQe 10) GD TO 25

TRFLFLAY #LTe Za} GO TO 650

Cil=1e.

Ch=z1l.9

B2 (¢S wFLAY) 2R (1a/ 34}

ARE G I12=AREAT1

G0 T0 622

TECAREU12 «GTe AREAQDL} AREATI=AREQ12
COMTINUE

CRACK=AREADY/ARET AL L)

CRIMD(LIZCRACK

AREACILY=AREATGY

SERVICE LOAD CRACK CONTROL INDEX LIMIT

IFCCRACK LB els) GO T2 1
IC(SGOVIL) oEQe 48 6C TO 686
SGOVLILI=3.

GO TG 667

COMTINUE

S63VILY =B,

COMTINUE

STEEL AREA IS DETERMINED RY CRACOK CONTROL

AREAL(L)=AREAM
SRATICCLI=AREALCLY /€1 28wD %P ()
CONTINUE

EVALUATE DTAGONMNAL TENSION SHEAR

DO A18 K=24442
STIMNR=0 0

AREVRT={.0

AREVODT=0W8

M1z ARSEOMOK))

N1=DRAKD

VU ABSM DY LK) )

IFCK «EGe 4} GO TO 1051
SRAT=SRATICC1)*PO/PLD
IFOSGOVILI) WLTe BRe) 50 TO 1752
S60VIKY = E,t
AREAILK)I=Z140E26
SRATIO(K)I=1.0E26

H-99
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11420

114590
11460
11470
11480
11490
11820
11512
11529
11530
11549
11852

11570

11590
1160¢C
11610
11620
11630
11640
1165¢

11670
11698
1171¢
1173¢

11788

1177¢
11780
1175¢
11751

11793
11794
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LEVEL

1851

1652

9450

OO0 ;D

c

21 DESGN DATE =

e 3
I

251

G0 T0 818
SRAT=SRATIO(S)yxPG/POD
IF(SGOVIS) «LTs B48)G0O TO 1682
SGOVIK) = 8410

AREALI(K)I=Z10E26
SRATIOEK)=1.0E26

CONTINUE

IF (SRAT +GTe Jel2) SRAT=(4D2
MIPSI=M1+100C.

NIPSI=N1*10G00.

VUPSI=VU*1000G.

DH=D 04 #TH

IF (DIN oGTe Col) DH=DIN/Z2.
D=TH=CIN=DH

FO=De8+1e6/0

IFCFD «GTe 1¢25) FD=1.25

FAT D o5 (N1/6o/VUI+SORT(Ne 25+ (N1 /64 /VUL)R224)
IF(FN oLTe D475) FHN=0.75

R=R ADM1

IFCVLOCIK) <«LTe W) R=RADMZ2
IFCVLOCIK) «GTe PI=W) R=RADM2
RADST=R+CIN-TH/2

TF ( FCPPST «GTe 70004 ) FCPPSTI=700(.
FC=1+0+4D/2e/R

VCZ (141453 32SRAT) #SORT(FCPPSI) *PULX12 oI #DXFUAFYP/L{FCxFN)

RDT IN=SVUPSI/ZVC
IFC RUTIN eLEe 18) GO TO 8

18/44/5%

AREAI(K)I=C « XEBTAFCAFNAVUPSIVIFD 2OV F aSGRTIFCFPEI))I=0420952+P0CxD

SGOVIKIT6

SRATIOCKIZAREALI(K) Z(12.4D#P 0D

IF(SRATIO(K) +LTe 0402y 60(T0 9050

S$6OVIKI=T .0

AREAIEK)=1 «UE26

SRATIO(K)I=1.0E26

CAONTINUE

IFLK +EQs 4)60 TO B
WRITE(6¢85TIRLOCCLY9RLOC(2) sRLOC(3) sDAG(1)4DAG(2)
60 T0 6

KRITE(6¢858)RLOCTCTYGRLOC(B) yRLOCES)4DAGLL) s LAGE2)
STIND=2,.

CONT INUE

STIRRUP DESIGN

IFCSTING «EQGe Ba8)Y GO TO 830

CSTIRRUP  DESIGN FOR RADIAL TENSION

c

11796

11798
11788

11801
11820
11830
11840
11850
118¢€0
11870

1189¢
119690
119190
11911
11920
11938
11940
1195¢0
113860
11879

12040

12060
12461

12063
128790
12071
12672
12073
1202880
12120

1214¢
12160

121890
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AREVRTZ 1o 1% (MIPSI=0 o4 CeNIPSIAD#PCD)Y/ (PID»D2RADST)
c
CSTIRRUP DESIGN FNR DIAGOMAL TENSION 12220
c
IF ( VO «GTe 2#SGRT(FCPPSI)*12.2P0D%D) VC=2+SART(FCPPST)
12124 «P5GND
AREVDT=141/7(POD D) A (VUPSTI*FC~PED2VC) +AREVRT
880 COMTINUE 12270
AREAUI(XISAREVDT
M=V OC(K)I/ 00872664045 12281
SBG0  CONTINUE ' 12318
VI aSe(PVMLI(2s1aNYSPVUMLI( 2924 NI -PVM2(2414N=1)Y~PVMZ (242908~ 1))2FLMY 12320
MIZ(PYMI(391eN)+PVMI(2424N)I*FLMY 12330
N1ZCaSe(PVMIC191oNISPVMI (192 9N)=PVM2(141eN=1)~PVYM2(Ia2sN=1))2FLN 12340
IF(DABS (V14 (050 (PVMI €29 34N)=PVM2(293¢N=1)))aFLMVY otTe 2BS(V1))
1 60 70 a4Cd¢
V1=V14D «ShE{PYMI (2434 NI=PUMZ (243 ¢N=1))%FL MY 12369
MI=MI4PVMIC(T43aNMIKFLMY 12370
NIzN1+0 oS4 C(PVMI(1e3eN)=PUMZ193gN=1))InFLY 1238¢
4000 COMTINUE 1239¢
DH=DCUT 12400
CIM=COUTY 1241¢
IF €M1 «LTe Nel) 63 TO 66020 12420
CIM=CIN 124327
OH=DIN 12449
6600 COMTINUE 12450
V1zABS(V1) 12460
MIPSI=ARS(M121200.) 12470
N1PSTI=N1#1COue. 12405
VIPSI=V1+1002,. 12450
IF(DH oEQs DeCIDH=De0B#TH 12491
D=TH=CIM=~DH/2.
FUzZTeBU+1e5/D 1251¢0
IF (FD ofiTe 1425 ) WD=1,2% 12520
FNZCab5=(N1/V1/6a)+SERT( D425+ (N1/V1/be)2*2) 12520
IFU(FN oLl Te D78 FN=075 12531
R=RADML 12545
IF CA(NY olkTo W) R=RADM2 12559
IF (AEAN) % GTe (PI~W)) Rz=RADM2 12560
FCz1e0+042 /R 1257¢
SRAT=SRATIC(1)+PO/POD
IF(LeE Qe A4ISRAT=SRATIO(S)I®PO/PCD
IF(MYI «GTe 240 GO TO €601 125¢
FCx1e0=D/(2¢%R) 125
SRAT=SRATIO(3)*»PU/POD
6601 NECONTINUE 12

VEZ (1ol 463 04SRATINSGRT(FCPPSI) #PCN*DR124*FOAFVP/(FC +FN)
124 /7 CMIPSTIZ(VIPSI*PED DY+ 1)
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BLEI

B4 g
849
gatli

851

£92
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TF £ VL «GTa 4.52SGRTIFCPPSIN*PODSC*124/FNY VCT-4.5+SCRT(FLPPST)
1P A0 +Dr 126 /FN

TF ¢yC LGE« VIPSIY 60 TO 65000

Mz

IF(K «thLatt) Rzl ,

GG TO 535006

CONT INUE

IFtKY WE£4Q, 4y GO TO 7004

STEXT(K)ZRADM2®A(N) *2 40

IFCAINY o6Te ¥} STEXTIKI=(RADMZ2*UFLA(N)=WIARADMI I %2,
STSPAEK Y=L L TH+P D %D

GO TC &10

CUNTINUE

STEXYTUKIZ(PI=A(NY)Y«RAOM24#2,

TFCACNY olTe (PTI=K)) STEXTEKIT(LkaRADM2+(PI~ACNI=W)*RADNM1)%2,
STSPAEKI=N 475 =P N D

G0 TO 812

AREADT{R)I=O L

COMTINUE

IFCIDRUG «LTe 1) 50 TC 950

WRITF(F 48479)

KRITE(6«8251)

NN B4B L=145

KF = (SGOVIL)I*1 &) » 3,

JF = KF = 2

VLCTM = VLOCIL)Y*x18L4/P1

WRITEC(S+852YVLCTMaDRIL) ¢ DPEEY 9 DVALD

CCMTTIRUE

FORMATCIHY o/ /F7 7 416X 4 20HTABLESOF ULTIMATE FORCESeZelXeST7(1H=1)
FORMATC/Z7aT20 a0 T 1IHR) o/ TI3Ua1HR g8 el H<e /s T3001HEy18X,y

ITHWARNING 923X gl Heg /9 T30 1lH2Z39X g 21HSTIRRUPS REGUIRED AT +ZA6eA248Xs
I11lHx,

1/ +T35091Hee5Y o 1NHTO RESEST 92A4¢8H TENSIONS13XelKne/ s T30e50¢1H2Y )
FORMATC/ /917 eTH DESTGNGZ o 1X ¢ BHLOCATIONSI1OX o6 HMOMENT oS X 96HTHRUST o
19X eSHSHEAR o/ 91X s 87 €1F=) 9 /91X s8HDEG FROMyTX e 12HINCKIPSAFOOT 45X,
2AHKIPS/FCOTeSXe THKIPS/FOLT o/ ¢ 2X e GHINVERT)

FORMATU/ 42 XaFbe 206 %eF 12394 XeF100304XeF10e3)

KRITE (G710} ’ ,
FORMATCINY o PL/7 7 449Y ¢ *FLEYURE DESIGN TABLE"s/Zel1Xel17C1H=)y//y

15X *DESIGNY o/ s 4 X g *LUCATION? 421X ¢ *DESIGH VALUES"¢36X o PGOVERNING DES
SIGNT o/ 04X 0BE1H=) ¢3X 984S (1lF=)s4XsS0C1H=) o/ /94X *LEG FRCHMY 910X ¢ *REINF
ZORCINGLYIX o *CRACK T y2X 9 RADTIAL TENSION*91SXe*STEEL 93X *STIRRUP®
43X g *STTRRUPY 93X ¢ *GOVERNING~ 0# 95X e *INVERT*sSY 9 *FLEXURE*s3Xe*CRACK C
SONTROLY ¢ IX ¢ INDEX Y o 7 o Y INDEY 9 411X s PAREAY oSX o *RATIO® 32X o *FACTCOR®,
EAX G EXTENT o T X e t*MODEY 9/ 015X g PSQ e lNa/FT eaX g *SAeINe/FT¥e31Xe"S0eINe
TAFRT ¢ 422X ¢ ¥ TNLY)

fru 7081 L=1e542

KF=(SGOVELY*1,3*3,

12628
12650
1266
12670
12685
12694

12733
12740

12780
127948
12800
128386
12840
128580
12860
1287¢
12880

12501

12930
12540
12940
12950
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JFzKF=2
VLCTy=VLQC(L)*183./PI
IFCAREACIL)Y +GE« 3)Y GO TO 719
AREAC(L)Y=O
CRIMNDILY=D.?
18 CONTINUE
719 HRITE(6E 4720 VLCTMGAREAF (L) o AREACIL Yo CRINDIL Y WRDTU(LYAREALICL )
I1SRATIOCL ) QAREADTCL ) o STEXTAL )4 {GOVERN(LF ) 4LF=JF4KF)
T20 FORMATC 2 e X aF b a2 DX oF Ta 3t X gF Ta d o X aF S a3 99X e FE ¢ 310X gFTaZe2XyFEatiy
1IXeFEe1 42X oF a1 23X 9304)
701 CONTINUE
WRITE(&4711)
Tl FORMATC/ZZ2/77271747 429X 9 *SHEAR DESIGN TABLE*e/ 21 Xe76(1H=)Yy/ o
16X e *DESIGN e TXe *REQUIPED Y 9 7TX o *STEEL " 95X 9 *STIRRUP ® 45Xy *STIRRUP
25X e YOOUVERNING e £ 94X e YLOCATIONY ¢SX g *REINFORCINGY4SX 9 RATIO 46y
SYFACTOR Y96 X YEXTENT g 7X o "MODE Y9 704X s *DEGC FROMYGVEXN«TSCalNe/FT 930Xy
G TN ®gf 9B X gt INVERT )
DO 702 L=24442
KF=(SGOVIL)+1,)*2,
JFzKF =2
VLCTM=VLOC(L)*1B8(a/F1
URITE(60721)VLCTHQAREQlIL)vSRATIO(L’OAREﬁQTfL)QSTEXT(L)!
1(GOVERN(LF Yo LF=JF ¢KF)
721 FORMATLZ 45X 9F B a2 aBXoF Ta 306X aFbaGald X gFBs1 el XsFEalelXe2A4)
162 CONTINUE
952 CONT INUE
END

13626
13420
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SURROUT INE PRINT 13570

ORGANIZES AND PRINTS OUT A PIPE DESIGN SUMMARY SHEET FROM DATA
ACCUMULATED IN THE COMMON BLOCKS STLAR(CALCULATEL STEEL ARFEAS FRONM
SUBROUTINE DESIGN) AND RSCALE(RDATA ARRAY GENTRATED IN SURROUTINES
READ AND INIT)
THE PRINTOUT INCLUDES THE FOLLOWING:

INSTALLATION DATA

MATERIAL PROPFRTIES

LOADING DATA

PIPE DATA

FLUTO DATA

REINFORCING DATA
THE QUTPUT IS AVAILABLE WITH ALL IDBUG VALUESa

OO0 OOO0O0 000"

COMMON/RSCALEZRADT14RADIZoH sUaV o THeBETAGHH o GAMAS s GAMACGAMAF 4 DF » 13080
IFYeFCPoCOUT o CIN o FLMVoFLNoDINGDOUTIRTYPESMLAY e SPINSSPCUTHPGyF LR 13¢ayQ
14ESTSECCNGRADMI 4 RADM2 sEQUIL sBETASFP 2D

COMMNDN/STLARFAREAI(S) oSRATIO(S) oSG0V ES) sAREADT (S5 $STEXT(E) 13110
14STSPA(D)Y 13120

INTEGER RTYPEsP 13130

SET UP DESIGN TABLES

AP0 O

WRITE(6959) 13140
98  FORMAT(1H1) '
IF (RADI1 +EQ. RADIZ) GO TOIG 13160
SPANZZ, 1 CU+RADIL)
RISE=24 D#(RADI2=V)
WRITF(6«1NN0)ISPANSPISE
1000 FORMATCIHO oFSela12HINCH SPAN X oFSe1+45HINCH RISE REINFORCED ELLIP
1TICAL CONCRETE PIPEs/o71(¢LH*))
60 TO 2% 13210
10 RITMF = RADI1»2.
WRITE(642000)R1THP
2000 FORMATC(1HO¢F541+47HINCH DIAMETER REINFORCED CONCRETE CIRCULAR PIPE
1e/971C1H"))
2u COMTTINUE 13260
WRITE(6 96000) 13380
6CCO FORMATOIHOZJ34H T N S T ALL AT ION DATA ¢/91Xe71€(1H=)
BTMP = BETA%182./3.141592653¢
BTMPS= BETAS+18040/341415926536
WRITEL6WTOOCIHeGAMASyHH 9 BIMP ¢BTMFS
7060 FORMATUSX s 31HHEIGHT OF FILL ABOVE CROWNy FT429XsF6e29/45X916HUNIT
IWEIGHTs PCFe44% sF6029/45Xy
138HSOIL-STRUCTURE INTERACTION COEFFICIENT 422XaF642 o
1#95X922 r3EDDING ANGLE 9 DEGREES 928X eF642 o
2/ 95X 920 FLOAD ANGLEy DEGREES 940X9F6e2)
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WRITE(E4 3000} 132840
IG00 FORMAT(LHO /938 M A T Z R T AL PROPERTIE S ofslX
1471¢1H=)) 13370

FYTHMP = FY®1000.
FCPT® = FCP+1(00.
WRITE(E 940 00)FYTHMP RTYPE «NLAYSFCPTHM

G003 FORMAT(OX«AZAHSTEEL - FINIMUM SPECTIFIED YIELD STRESSe PST 133290
117X aF6e e/ a1 3¥e IGHREINFORMTING TYPE 426X sF6ely 1333¢
17412 ¢28HNDe OF LAYERS OF REINFORCING ¢24XoF6ale 13340
1/ 95 X985 FCONCRETE « SFECIFIED COMPRESSIVE STRESSe PSI 9 13350
119X sF6e 1) 1336790

WRITFECA 430 086) 13450

G330 FORMATEIHDG/426H L 0 A D I NG U A T £ ofelXea71(1H=))
WRITE(As10C1) FLMVSFLNGPLePCDGFLCR

1001 FORMAT(S9Xe3THLUAD FACTOR = MOMENT ARD SHEAR«IOXeF6a249/ 134860
1ebY ¢ 2UHLOAD FACTOR = THRUST 40X eFEeZ9/ 95X 13498
T12SHSTRENCGTH REQUCTION FACTOR-FLEXURE 92 /X eFbeZelw
19X 42HSTRENGTH REDUCTICN FACTOR-DTAGONAL TENSIUK 18X +F6a2e/ ¢5Xy
128HLTMITING CRACK WIDTH FACTOR $32XeF6e2)

WRITF(H42001) 13839
2001 FURMATIIHOS/18H P 1 P E D A T A o/791XaAl{1lH=))
IF (RADI1 eMEe RADIZY WRITE(E93002) RADIL1WRADIZ 1368
WRITE(R ¢3001) THeCINgCCUT 1356¢C
3GU2  FOPRMAT(SX«1IZHERADIUS le TNes47XaFEa20/95X e 13HRACTUS 29 IMNsy 13570
147X +FEe2) 13580
3001 FORMAT(OX»19HWALL THICKNESSe ING\ os81XsFhe2¢/ ¢ 13%9¢0
15Xe SPHINSIDE CONCRETE COVER QVER STEELs INe 922XeF6420 13600
17 45X ¢3BROUTSIDE CONCRETE COVERVYOVER STFELs IN« ¢22X9F6e2) 13610
WRTTEL6 440313 GAMAF 4DF 13638
4401 FORMATCLIHDe/¢20H F L U T, DU D A T A& o/elXeT1(1E=)s/y
15X 19HFLUID DENSITYs PCPe 281X 9F6el29/ 45Xy 13650
124HDEPTH OF FLUIDSINCHES ABOVE INVERT +426X4F6e2) 136€¢
WRITE(648221) 13680

5001 FURMAT(IHO9/9b44H RRE I MF ORCI NG STEEL DATA
1761771 01H=))

ASTNV=AREALLL) 13718
ASSPR=AREAL (39 1372¢
ASCRMZAREAT (R) 13730
STEXTM AFEXTI(STEXTCLI)+0a59STEXT(2)40 D )

it H

AREDTX Z(AMAY1CAREADT (1) 9AREADT (2))
STSPAM_ T ST3PA(2)
TF (STSFAC1) NE. 0,)STSPAMZAMINI(STSPA(1)+STSPAE2))

TF LS60OV(1) +LTe 4« IGO0 TO 1901 137740
HRITELH646001) ASINVeASSPRGASCRN . 13780

6001 RURMAT(SX ¢ IAHIMNVERT~ INSIDE REINFORCINGs SQeINa/FTe 922X 13799
1F6.397945Xe 43HSPRINGLINE= OUTSIDE REINFORCINGs SOaTMa/FToe17X, 13800

1F 6347/ 95Xy STHCROUWN INSTDE REINFCRCINGs SQelNe/FTe923XeF6a3) 13810

IF { S60V(1) «FCQe B84) G0 TO 103
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1081

101

1u2

1463

8001

1594

108

139
9402

146

107
9001
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WRITECA 7001 STEXTMs AREDTX 9 STSFAM
FORMATC/ o5 X9 22HSTIRRUPS REQUIRED OVER oF6e0s2Xs
116HINCHES AT IMVERTy /45¥421HSTIRRUP DFESIGN FACTOR
132H3 AV=SDF *xSPACING/(STIRRUP YIELD) 48XsF6elals
15X e 31HMAXIMUM STIRRUP SPACINGe INCHESe29XeF6e1)
G0 TO 163

IF (SGOV(2) #LTs 7« ) 50 TO 152

WRITE(6E¢6001) ASINV¢2SSPReASCRN

WRITE(G47001) SYEXTMeAREELTX ¢STSPAN

GO TO 15%

IF (SGOV(2) oNE. 64) GO T0O 118

WRITF(E46001)ASINV 4ASSPReASCEN

WRITE(G 47001) STEXTMy AREDTX ¢STSPAM

ASINV=AREAI(2)

CREXTM = AMAXKIC(SIEXT(4)+0.54STEXTIEI 4045
CRASTM = AMAXICARCADT (4)4AREADT(5))

CRSTSP = STSPA(4)

IF (STSPA(S) «NFe 0+)CRSTSP=AMINI(STSPACO)STSPA(S))
IF (SBOVISY LT 4e) 60 TO 154

IF { SGOV(S) «EGs 84) GO TG 110

WRITE(E48001) CREXTM4CRASTM 4CRS TSP
FORMAT(/ 95X e22HSTIRRUPS REGUIRED DVER ¢FEe2Xy
11SHINCHES AT CROKN 9/ 45Xe21HSTIRREUR DESIGN FACTCR
132H3 AV=SDF»SPACING/ (STIRRUP YIELD) _sBXeF6ele/y
15¥¢31HM AXTMUM STIRRUP SPACINGW \INCHESY29X+Fbal)
GO TD 113

1F (SGOVE4) oLTe Te) 6O TONSLES

WRITE(6+B80081) CREXTMWCRASTM4CRS TSP

GO T2 113

IF (SGOV(4) WME. 6. ) 60 TO-'L06

WRITEC648001) CREXTMoCRASTMYCRS TSP

ASCRNZAREAL(S)

IF(SGOVIL) «6FEe 44026000 199

IFCSGOVIZ) oNEs 640360770 149

WRITE(E 49001)

WRITF(646001) ASINVSASSPRGASCRN

60 TO 1190

WRITE(6430602)

FORMAT( /7 445HOALTERNATE REINFORCING WITHOUT CROWN STIRRUPSe/)
WRITE(G+60010ASINV 9 ASSPReASCRY

IF(SGOVER) eF0s B0 ) 60 TO 110

WRITE(6W®?001) STEXTMYAREDTX ¢STSPAM

G0 TO 11D

IF CSGOVI1) «6FEe 4¢) GO TO 118

IFCASGOVI(2) +NFe 6a) GO TO 110

WRITE(645001)

FORMAT(/+39HOAL TERNATE REINFORCING WITHOUT STIPRUPS /)
HRITE(G 460301) ASINV,ASSPR4ASCRN

13830

Y3850
13860
1387¢
13880

13902
13820
1393¢0

132590

14010

140630

140%0
14C6¢C
14080

141¢80
14120

14140
14141
14142
14143
14144
14145
1414¢

14148
14150
14170
141860
14190

14210
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60 T¢ 11¢ 14220
148 COMTINUF 14248
WRITFE(A+46001) ASINVSASSPR4ASCRN 14260
116 CONTINUE 1427¢C
RETURN 142840

END 14290
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