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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 Circular No. 13 (HEC No. 13), "Hydraulic
Design of Improved Inlets for Culverts" (1), first published in 1972 by the Federal Highway
Administration (FHWA). HEC No. 13 contains a series of charts and tables for determining the
improvement in hydraulic performance obtained with beveled headwalls, falls and side or slope
tapered inlets.

Design methods and typical details for 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
inlet structures. This review included published technical literature, industry sources and state
transportation agencies. Existing practices were reviewed for accuracy, complexity, 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 programmable
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 culverts
« Reinforced concrete pipe culverts

General design approaches, design criteria and typical details for wingwalls, headwalls and
circular to square transition sections are also presented in the Manual.

1.3 Types and Geometry of Improved Inlets

The five basic combinations 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 Beveled 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 1-1, in conjunction
with other features described below. A bevel is not needed on the sides for
wingwalls flared between 30° and 60°. A beveled 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 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.
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Figure 1-1. Side Tapered Box Section or Pipe Inlet Geometry

1.3.2 Beveled Headwall with Fall

A fall is a depression in front of the entrance to a non-tapered culvert or, as shown
in Figure 1-1, 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 area, with
transition to the culvert barrel accomplished by tapering the side wall (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, a side-tapered inlet may be considered to
behave structurally as a series of typical non-tapered culverts of varying span and
load. the span becomes shorter as the sides of the structure taper from the face
section to the throat culvert. Because of these differing influences, the reinforcing
design may be governed at the face, throat or some intermediate section. As a
minimum, designs should be completed for the faces, throat, and middle 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. For longer structures it may be necessary and/or
economical to obtain designs at additional intermediate locations along the inlet.
Equations for locating side tapered inlets with 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
1-2. 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 rl1, and r2 and the offset distances u
and v.

One method of defining the geometry of an inlet along its length in terms of the
taper, T. the coordinate z, the ratio u/v, and the diameter at the throat, D;, is shown
in Figure 1-2. The u/v ratio can be selected by the designer and will typically vary
from O to 1. A ratio near 1.0 will produce top and bottom sections that are rounded,
while a value near 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 geometry that produces the desired face section may be used by the
designer. The angle 6, 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 inlet.

1.3.4 Side Tapered Inlet with Fall

The hydraulic capacity of a side tapered inlet can be increased further by
incorporating a fall, as described above, in front of the inlet. This is shown in Figure

1-1.




1.3.5 Slope Tapered Inlet

A slope tapered inlet is a side tapered inlet, with a fall incorporated into the tapered
portion of the structure, as shown in Figure 1-3. 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, and L3 intersect (Eigure 1-3) 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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1.4 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.

Go to Chapter 2
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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 section can be obtained

from tables in the American Concrete Pipe Association (ACPA) Pipe Design Handbook (2), or from the
following simplified equations for approximate total weight of structure in Ibs per ft. These equations
apply when D;, B;, h, rq, 1, U, v, Hy, Hy, Ts, Ty and Tg are in inches, and the concrete unit weight is
150 Ibs per cu. ft.

Circular: W, =33n(D, +n) Equation 2.1
(EF"ii;pSrCeall_z): W, = 4_2{[@ + g] arctan[%] + [r1 + %][1 el arctan[%]]} Equation 2.2
B :

Sg)étions s -D‘ﬂ“[(Bi + 27, j(TT +Tg j' + E(D g FHuH,, j'] Equation 2.3

The weight of corrugated metal structures is small relative to the earth load, and is generally neglected
in design.

2.2 Fluid Loads

The weight of fluid per unit length, Wy, inside a culvert filled with fluid can be calculated from the

following simplified equations for approximate total weight of water in Ibs per ft. These equations apply
when Dj, Bj, 1, I, u and v are in inches, and the fluid unit weight is 62.5 Ibs per cu. ft. (This unit weight

is slightly higher than the normal unit weight of clean water to account for any increases due to
dissolved matter.)

Circular: A = 0,34 Df— Equation 2.4
i 2 Ll . Ll :
Elliptical: W\ = D.B?{r2 arctan[E] +13 [’1 L. —arctan[;]] —uv} Equation 2.5
Box .
&g W, =045 (Bi 2 Dijl Equation 2.6




2.3 Earth Loads

Earth load in Ibs/ft is determined by multiplying the weight of the earth prism load above the
extremities of the inlet by a soil-structure interaction factor, F.. The following equation applies when B,

is in inches, H is in feet and yj is in Ibs/cu. ft.

We = FeYsBoHe/12 Equation 2.7a

For pipe under deep fill, the earth load due to the backfill between the springline and crown is
generally ignored, and Equation 2.7a can be used, to compute the total load. However, for pipe inlets,

which are under relatively low heights of fill, this load makes up a substantial part of the total load, and
Equation 2.7b is more appropriate. Units are the same as for Equation 2.7a, D, is in inches.

W, =F y.B [H, +D, /72)/12 Equation 2.7b

Fe represents the ratio of the earth load on the culvert to the earth prism load, and may be determined

by the Marston-Spangler theory of earth loads on pipe (2, 3) or the approximations presented below
may be used.

Equations that may be used to locate culverts 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 is loosely installed. This is because the compacted sidefill is relatively stiff
and can carry 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 is recommended
that conservative values be used for the soil structure interaction factor. Suggested values
are 1.2 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)
(abbreviated as AASHTO in the following text) allow the use of F, = 1.0, 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 F, 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 F, 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 induced trench (2, 3). The loads for such
installations may also be determined by accepted methods based on tests, soil-structure
interaction analyses (generally by finite element methods), or previous experience.
However, 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
loaded by miscellaneous construction or maintenance equipment, such as bulldozers and mowing
machines. A uniformly distributed load equal to at least 240 Ibs/sq. ft. is recommended for this
condition. This is the equivalent of 2 ft. of 120 lbs per cu. ft. earth. This minimum surcharge is
recommended only to account for random unanticipated loads. Any significant 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 Eigure 2-1.

Eals et Sl e Equation 2.8

ftritereieeg P, =|;::.5"rr5|:HE+'_-,,.-'EjI Equation 2.9a

-
N e 'Jn:u g Py
- ' 4 or approximately

] ]ngi_tq'

F'h

a. Box Culverts Do = avys [HE + _] Equation 2.9b
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p; and py from Equation 2.10 and Equation 2.11
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See Notations sections for definition of 6 for
elliptical sections.

. Elliptical Sections

Figure 2-1. Distribution of Earth Pressure on Culverts

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 a values between 0.25 and 0.50.

Suggested pressure distributions for circular and elliptical rigid pipe are presented in
Figures 2-1b and 2-1c. These distributions consist of a radially applied earth pressure over

a specified load angle, 34, at the top of the pipe, and a radially applied bedding pressure
over a specified bedding angle, 3,, 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, 3,, decreases. This is not consistent with expected
behavior, and results in unconservative designs for narrow bedding angles. In view 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 to 360 degrees, 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 2-1c The earth pressure is always applied normal to the curved segments
that make up the elliptical section, 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 pressure, since 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 metal culvert design is done by semi-empirical methods and typically a
specific pressure distribution need not be assumed by the designer.

Go to Chapter 3
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Given the load and distributions of Chapter 2, any method of elastic structural analysis may be sued 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 method 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 account for effects of variation in
wall stiffness caused by cracking. This is consistent with current general reinforced concrete design
practice. The reduction in stiffness 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 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 to select trail wall haunch dimensions. Typically haunches are at an
angle of 45°, and 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 distribution 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 Table 3-1 and Table 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
« The top 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 top and bottom slabs, since these are nearly identical.
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9H;
Gy = —1 1—T_T
DBTIL D
3
Gs - 2HE | 1 T
! 2 3
ST Ts
3
Gy Ry gp 2T T

Design Moments

Equation 3.5

Equation 3.6

Equation 3.7

Moment @ origin:

Design Shears

bk :_DUBIE 1-15G, +0.06G, P ama D* Gy -G, Equation 3.8
l"'“"1n:-rnin 12 1+G1_GS pﬁmin 12 1+G1_GS
Moment in top amd bottom slab: Mh (}(} = MD rriax + [:1_5[:“f }((B'—}() Equation 3.9
Mg min
M omax I:l :
Moment in sidewall: il [y:] =2 y )T EM™ELN -EF(DI_'H":' Equation 3.10
o min DE min

Shear in top and bottom slab:

Wi () = py %-:ﬁ]

Equation 3.11

Shear in widewall:

Dl
Wy (":-") = Psmax 5 _“j"]

Design Thrusts

Equation 3.12
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Thrusts in bottom slab: b o 2 el Equation 3.13
N b min p =min 2

Thrust in sidewall: NS = F:'EB Equation 3.14

*Use Psmax OF Psmin as follows:

e Locations 8, 9 and 10 use pgmay ONy.

o Locatioins 14 and 15 use pgmi, only.

e Locations 11, 12 and 13 check both pgmax @nd psmin fOr governing case.

Notes:

3. See Equation 4.22 for determination of xyc.

1. Analysis is for boxes with standard haunches (Hy = Hy, = Ty).

2. Equations may be used to analyze box sections with no haunches by setting G, = Gz = G4 = 0.0.

4. If Mg is negative use Ag min for sidewall inside reinforcing, and do not check shear at Section 9.
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Design Moments

Moments at Origin:
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Mn frin Mus rmin

Equation 3.24

Boxes with standard haunches and uniform wall thickness (Hy=H\=T1=Ts=Tg):

P, | B'F4Fs - 4F7

I = —
W

Equation 3.25a

Mogmax e Pgmax x DI2 F5F1 - 3F32 _,]
M 0= min PS min 8 3(|:2|:1 - F§ )

Equation 3.26a

Boxes without haunches (Hy=H\=0, T{=Tg™ Tg):

v RBA[ 1
12 M+ 2R

Equation 3.25b
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Equation 3.26b




Moment on bottom slab:

Ml () = Mo max —D.5Dv:==:2+ MNsmanx ¥ Equation 3.27
r\'ﬂnr’nin s min
Moment in sidewall:
Mnma}{ Psrnax | .
M ) = M + o 0.5y (D'-y) Equation 3.28
0 i S mmin

Design Shears

Shear on bottom slab:
V()= N

Shear in sidewall:

cmin T FLX Equation 3.29

Wy 'I'E-":' = Fsrmax [% - "_-.'“] Equation 3.30

Design Thrusts

Thrust in bottom slab:

M iz _ JFsmax Q
NI:lrnin P & rmin 2

Thrust in side slab; boxes with haunches:

NI:| max | _ D'5DVF1 +an|:2 _ MDS Mrax i
N|:| Frin FB MDS Frin |:‘l
Thrust in side slab, boxes without haunches:

1 IE
My rax | _PyB [ 2+3Fg L+ JPsmax D g
M pmin 4 | 1+ 2k Pamin | 4B | 1+ 2R

*Use Psmax OF Psmin as follows:

Equation 3.31

Equation 3.32a

Equation 3.32b

o Locations 8, 9 and 10 use pgya ONly.

e Locations 11, 12 and 13 check both pgya @nd psmin for governing case.
o Locations 14 and 15 use pgyin only.

Notes:

1. For boxeswith standard haunches and all walls of the same thickness (Hy=H\,=T1=T<=Tg) use Equation 3.25a,
Equation 3.26a and Equation 3.32a.

2. For boxes with no haunches and side walls with the amw or different thickness than the top and bottom slabs
(Hy=Hy=0, and T1=Tg ™ Tg) use Equation 3.25h, Equation 3.26b, and Equation 3.32b.
3. See Equation 4.22 for determination of X

4. If Mgisnegative, use Aqyin, for sidewall inside reinforcing, and do not check shear at Section 9.
5. Geometry constants F1 through F5 are not required for boxes without haunches.




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 ps.

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 based on the assumed

geometry.

3.2 Rigid Pipe Sections

Using the coefficients presented in Figures 3-1 through 3-6, the following equations may be used to
determine moments, thrusts and shears in the pipe due to earth, pipe and internal fluid loads:

M = (Cym1 We + Cmp W, + Ciyz W) B2 Equation 3.33
N =cCpng We + Cpp Wy + Crz Wi Equation 3.34
V =cyg We + Cyp Wy + Cy3 W Equation 3.35

Figure 3-1 provides coefficients for earth load analysis of circular pipe with 3 loading conditions (3; = 90°,
120° and 180°. In all cases, B, = 360° - 3;. These load conditions are normally referenced by the bedding
angle, B,. The 120° and 90° bedding cases correspond approximately with the traditional Class B and
Class C bedding conditions (2, 3). These coefficients should only 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
should be completed using the computer program described in Section 5.2 with reduced load angles, 3; .

Figure 3-2, Figure 3-3, and Figure 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.
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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 Figure 3-5 and Figure 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. The 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.

Go to Chapter 4




(\ Chapter 4 : FHWA-IP-83-6
Structural Design of Inlet Structures

Go to Chapter 5

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 M170, M242 and M259). For
corrugated metal structures, the designer typically selects a standard wall thickness and corrugation type that provide the
required 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. The face 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 1-3) 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 Committee. This design method provides a set of equations for sizing the main
circumferential reinforcing in a buried reinforced concrete culvert. For additional criteria, such as temperature reinforcing in
monolithic structures, the designer should refer to the appropriate sections 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.

The number and location of sections at which designers must size and reinforce 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 1, 8, and 15 will be positive moment design locations
(tension on inside) and locations 4, 5, 11, and 12 will be negative moment design locations. Shear design is by two methods;
one is relatively simple, and requires checking locations 3, 6, 10 and 13 which are located at a distance dvd from the tip of
haunches. the second method is slightly more complex and requires checking locations 2, 7, 9, and 14 which are where the
M/Vd ratio 3.0 and locations 3,6, 10 and 13 which are located at a distance vd from the tip 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 for pipe are shown in Figure 4-4. Pipes have three flexure design
locations and two shear design locations. Figure 4-4 is also applicable to elliptical sections.
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Figure 4-1. Typical Reinforcing Layout for Single Cell Box Culverts
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Figure 4-2. Locations of Critical Sections for Shear and Flexure Design in Single Cell Box Sections
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Box Culverts
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4.1.1 Limit States Design Criteria

The concept of limit states design has 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 crack 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 specifications, 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, the section stiffness is usually assumed
constant, but it may be varied with stress level, loosed on experimentally determined stiffness of crocked 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 (L) as follows:

My,=LM Equation 4.1
N, =L¢N Equation 4.2
Vu = LV Equation 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 Morston-Spongler method (2, 3) for culvert or trench installations.
Alternatively, these minimum load factors may be applied when the weight of earth on the buried section and the
earth pressure distribution are determined by a soil-structure interaction 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 Specifications (4) specify use of a minimum load factor of 1.3 for all loads, multiplied

by 3 coefficients of 1.0 for dead and earth load and 1.67 for live load plus impact. Thus the effective load factors
are 1.3 for earth and dead load and 1.3 x 1.67 = 2.2 for live loads. These load factors are applied to the
moments, thrusts and shears resulting from 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 individually 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.

Box Culverts Pipe Culverts

Flexuref 1.0 (d) | 0.9 | 1.0 (d)
Shear | 0.9 | 0.85 | 0.9
. Section 1.15.7b.
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 reinforcing 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 for variations equal to the ratio of the yield strength to the ultimate
strength. If hot rolled reinforcing is used in a precast structure, or if any unusual conditions exist, a
strength reduction factor of 0.9, instead of 1.0, should be used in flexural calculations.

4.1.2 Design of Reinforcement for Flexurol Strength

Design for flexural strength is required at sections of maximum moment, as shown in Figure 4-2, Figure 4-3 and
Figure 4-4.

(a) Reinforcement for Flexural Strength, Ag

’&‘Sfﬁf = g¢rd =N, - \/Q[Q[‘i’fdjz — My (2¢:d=h)- 20, ] Equation 4.4
g = 0.85bf", Equation 4.5

d may be approximated as

g=086h~1t, Equation 4.6



(b) Minimum Reinforcement

For precast or cast-in-place box sections: min. Ag = 0.002 bh Equation 4.7
For precast pipe sections:
For inside face of pipe: min. Ag = (B; + h)2/65,000 Equation 4.8
For outside face of pipe: min. A =0 75 (B; + h)2/65,000 Equation 4.9
For elliptical reinforcement in min. Ag = 2.0 (B; + h)2/65,000 Equation 4.10
circular pipe
For pipe 33 inch diameter and min. Ag = 2.0 (B; + h)2/65,000 Equation 4.11

smaller with a single cage of
reinforcement in the middle
third of the pipe wall:
In no case shall the minimum reinforcement in precast pipe be less than 0.07 square inches per linear foot.

(c) Maximum Flexural Reinforcement Without Stirrups

(1) Limited by radial tension (inside reinforcing of curved members only):

max. inside Agfy = 1 33h et Frp Equation 4.12

Where 14 is the radius of the inside reinforcement = (D; + 2t,,)/2 for circular pipe.

The term F,, 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. F, may be determined with Equation 4.13 below when a manufacturer has a sufficient

amount of test data on pipe with large amounts of reinforcing (greater than A by Equation 4.12) to
determine a statistically valid test strength, DL, using the criteria in ASTM C655 (AASHTO M242)
"Standard Specification for Reinforced Concrete D-Load Culvert, Storm Drain and Sewer Pipe."

DLy + 9w, /Dy
e A

D: Dy +h) Equation 4.13

Once determined, F,, may be applied to other pipe built by the same process and with the same
materials. If Equation 4.13 yields values of F, 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 Agq is less than Aq required for flexure, use a greater d to reduce the required A, or use radial

stirrups, as specified later.

(2) Limited by concrete compression:

5.5x10%g'¢¢d

max Agfy = — .75
*Y (87000 +f,) :
where:
qd=4085-005 fp ~4000 3
1000

0.65bf. <g <085bf,

Equation 4.14

Equation 4.15

If max Ag is less than Aq required for flexure, use a greater d to reduce the required Ag, 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
1.5.11. 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:

BI
|:nz:r s k
20000 dA o [

where:
Foe = crack control factor, see note c.

Equation 4.16



M, h

e = H +d- Equation 4.17
Note: If e/d is less than 1.15, crack control will not govern and Equation 4.16 should not
be used.

] . 074+0.1e/d Equation 4.18
Note: If e/d > 1.6, use j = 0.90.

1

[ U Jd Equation 4.19

=

B, and C; are crack control coefficients that define performance of different reinforcements in 0.01 in.
crack strength tests of reinforced concrete sections. Crack control coefficients B; and C; for the type
reinforcements noted below are:

Type Reinforcement (RTYPE) B1 Cq

[ 2
1. Smooth wire or plain bars 3 0.5tys, 1.0
1

2. Welded smooth wire fabric, 8 in.max. spacing of

longitudinals 2 e
3. Welded deformed wire fabric, deformed wire, 0 5t2s

deformed bars, or any reinforcement with stirrups ol [l e, 1.9
anchored thereto N

Notes:
. Use n =1 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.

b. For type 2 reinforcement having (tg s, )_;n » 3 () also check F¢, using coefficients B, and C, for type 3

reinforcement, and use the larger value for F,.

c. F 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 F, = 1.0, the average maximum crack width is
0.01 inch for a reinforcement area Ag. If a limiting value of less than 1.0 is specified for F,, the probability of
an 0.01 inch crack is reduced. No data is available to correlate values of F., with specific crack widths other



than 0.01 inches at F, = 1.0.

If the calculated F, is greater than the limiting F.,, increase Aq by the ratio: calculated Fcr/limiting F,, or
decrease the reinforcing spacing.

4.1.4 Shear Strength Check

Method 1: 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 concrete strength, @,V must be greater than the ultimate shear

force, V,,, computed at a distance @,d from the face of a support, or from the tip of a haunch with inclination of 45
degrees or greater with horizontal:

@, v, =39, ﬁbd Equation 4.20
II""IIIu = ¢UH¢ Equation 4.21

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

Method 2: Method 2 is based on research sponsored by the American Concrete Pipe Association (9), and is
more complex than Method 1, but it reflects the behavior of reinforced concrete sections under combined shear,
thrust and moment with greater accuracy than Method 1, or the current provisions in the reinforced concrete
design section of the AASHTO Bridge Specification.

Determine V,, at the critical shear strength location in the pipe or box. For buried pipe, this occurs where the ratio
M/V@,d = 3.0, and for boxes, it occurs either where M/V@,d = 3.0 or at the face of supports (or tip of haunch).

Distributed load within a distance @,d from the face of a support may be neglected in calculating V,, but should
be included in calculating the ratio M/V@,d.
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Figure 4-5. Critical Shear Location in Circular Pipe for Olander (7) Earth Pressure Distribution

(a) 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 2-1Db), the location where M/V@,d = 3.0 in a circular
pipe can be determined from Figure 4-5, based on the parameter rm/¢vd. 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 at x4, from the point of maximum positive
moment, determined as follows:

2l !

e «\/{‘i’v d}z Spirae el Equation 4.22
Sy

where
Xdc 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, as appropriate
Mc Is the maximum positive moment on span

This equation can be nondimensionalized by dividing all terms by the mean span of the section being considered.
Figure 4-6 is a plot of the variation of xq./I with |/@,d for several typical values of c,,, where

oM,
Wi e

Equation 4.23

At sections where M/V@,d = 3.0, shear is governed by the basic shear strength, V,, calculated as

2
$ Wy =(1.1+63pJf c‘i’v [Fd; ] Equation 4.24
I

where:

As
by bd
max. f'« = 7000psi Equation 4.26

P = Equation 4.25



Fq=0.8+1.6/d < 1.25
F. =1 for straight members

Equation 4.27
Equation 4.28
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Figure 4-6. Location of Critical Shear Section for Straight Members with Uniformly Distributed Load

Fc: L g when moment produces tension on the inside of Equation 4.27b

2r., apipe
d 1 .
Fo=1- — \;vgie;emoment produces tension on the outside of Equation 4.27¢
Im
M, :
Fry =1.D—D.1EH—2D.T5 Equation 4.28

i

The term F, is a factor used to reflect the variations that local materials 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. F,,, may be determined

with Equation 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, DL, using the criteria in ASTM C655 *AASHTO M242)
"Specifications for Reinforced Concrete D-Load Culvert, Storm Drain and Sewer Pipe."

R DLy + 110, /D Dy
vp oo ;
203F 41,1+ 63pd .

Once determined, F,,, may be applied to other pipe built by the same process and with the same materials. F, =
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 F,,=1.0 for pipe manufactured by
most combinations of process and local materials. Available 3-edge bearing test data show minimum values of
Fyp 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 materials and manufacturing process. For tapered inlet structures,
Fyp =0.9 is recommended in the absence of test data.

Equation 4.29

If @,Vp <V, either use stirrups, as specified in Section 4.1.5 below, or if M/V@,d <3.0, calculate the general shaer
strength, as given below.




Shear strength will be greater than V, when M/V@,d < 3.0 at critical sections at the face of supports or, for

members under concentrated load, at the edge of the load application point. The increased shear strength when
M/V@,d < 3.0, termed the general shear strength, V., is:

ERTA Ay Vp {4'5‘]{“% Equation 4.30
R IMIVe, 1) T Fpy

If M/V@,d = 3.0, use M/V@,d = 3.0 in Equation 4.30. V.. shall be determined based on M/V@,d at the face of

supports in restrained end flexural members and at the edges of concentrated loads. Distributed load within a
distance @,d from the face of a support may be neglected in calculating V,, 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 ¢ d Equation 4.31a
w

For pipe, max. s = 0.75 ¢ d Equation 4.31b

(b) Maximum Longitudinal Spacing and Anchorage Requirements for Stirrups

Longitudinal spacing of stirrups shall equal s;. Stirrups shall be anchored around each inner
reinforcement wire or bar, and the anchorage at each end shall develop the ultimate strength, f,, used
for design of the stirrups. Also, f, shall not be greater than f, for the stirrup material.

(c) Radial Tension Stirrups (curved members only):

_ 1150, - 045N, ¢, )
f"."rS(i)"."d

(d) Shear Stirrups (also resist radial tension):

W Equation 4.32



Py = ﬂ[ﬁuﬁ — g Mo |+ A Equation 4.33
fy by d

Vc is determined in Equation 4.30 except use III"'IIlc < Eﬁbqbvd

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

Stirrups should be used wherever the radial tension strength limits and/or wherever shear strength
limits are exceeded.

() Computer Design of Stirrups:

The computer program to design reinforced concrete pipe that is described in Chapter 5 includes

design of stirrups. The output gives a stirrup design factor (Sdf) which may be used to size stirrups as
follows:

7 Sde
f"."

Ay Equation 4.34

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, S;, 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 (ASI) vertical, the reinforcing spacing and area must be adjusted to provide the necessary area. This
is accomplished, 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

ﬁ51 Equation 4.35
Jrsio it

Agl' =



A consequence of installing the main reinforcing at an angle to the applied forces is the creation 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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Figure 4-7. Design Considerations for Slope Tapered Inlets

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 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 apply.

The concept of special features was introduced by the corrugated metal pipe industry to help stiffen long-span structures
without using heavier 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 stiffness of 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 be 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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Computerized Analysis and Design of Reinforced Concrete
Sections

(‘ Chapter 5 : FHWA-IP-83-6
@

Go to Chapter 6

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 axis that the designer may then assemble into a single
design. This program is modeled 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.
« Loading data - depth of fill, density of fill, lateral pressure coefficients, soil-structure
interaction factor, depth of internal fluid, and density of fluid.
« Material properties - reinforcing tensile yield 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.

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 are

separated into two groups; permanent dead loads (Cases 1, 2 and 3) that are always
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 two
foot surcharge load (Section 2.4) is added to the height of fill, and is therefore considered

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 uniformly 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 stiffness matrices are assembled into a global
stiffness matrix; a joint load matrix is assembled, and conventional methods of matrix
analysis are employed. For simplicity, the fixed end force 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
Concrete 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. If the limits are exceeded, the designer may choose to increase the amount of
steel reinforcement, add stirrups for diagonal tension, or change the wall thicknesses and
haunch geometry as required to provide a satisfactory design.
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Figure 5-1. Single Cell Box Section Loading Cases

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 al low 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 (Figure 4-2) 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 AS1, AS2, AS3, AS4 and AS8 in Figure 4-1 are sized based on the
maximum governing moment at each section. The area AS1 is the maximum of the steel
areas required to resist moments at locations 5, 11 and 12 in Figure 4-2. Areas AS2,
AS3, AS4 and ASS8 are designed to resist moments at locations 1, 15, 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 1 and 2
(Section 4.1.4) at the locations shown in Figure 4-2. The more conservative criteria is
used as the limiting shear capacity.

For the reinforcing scheme for precast box sections (Figure 4-1a), the theoretical cutoff

lengths, £ 4 for AS1 in the top and the bottom slab are calculated from the assumption of

uniformly 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.

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 16 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 1 specifying the
span, rise and depth of fill, and data card 15 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 pipe. Information needed to use the program is presented in Appendix C.

5.2.1 Input Variables and Dimensional Limitations

The following parameters are input variables in the program:

Pipe Geometry

Loading Data

Material Properties

Design Data

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

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

reinforcing tensile yield strength, concrete compressive
strength and concrete density

load factors, concrete cover over inner and outer
reinforcement, wire diameters, wire spacing, reinforcing
type, layers of reinforcing, capacity reduction factor, crack
control factor, shear process factor and radial tension
process factor

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 Figure 5-2. Load cases 1 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 necessary to analyze one half of the pipe section. The pipe is
modeled as a 36 member plane 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 of each joint are
assembled into a joint load matrix, 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.

2. Soil Weight




o

1. Internal Fluid Load

f

Figure 5-2. Pipe Section Load Cases
Note: These load cases also apply to elliptical sections.

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 Ag., Agj and Ag,, respectively.

Critical shear locations are determined by locating the points where M,/V ;¢ ,d 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 the shear strength,
stirrups are designed by outputting a stirrup design factor (Sgys). This is then used to

determine stirrup area by the following equation:

A, = Sdil8)

Equation 5.1
fy

This allows the designer to select a desirable stirrup spacing and to vary f,, depending

upon the developable strength of the stirrup type used. The stirrup reinforcing strength,
fy, IS based on either the yield strength of the stirrup material, or the developable strength

of the stirrup anchorage, whichever 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 1 through 3 are required cards
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 1 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 input data and
a one page summary of the design. Additional available output includes stiffness
matrices, displacements, moments, thrusts and shears at each node point and a table of
design forces.

Go to Chapter 6
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Design of Appurtenant Structures
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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 structural engineer. The design of these
structures is governed by the AASHTO Bridge Specifications (4), as is the 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 the following criteria:

« The cross section must provide a smooth transition from 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 be at least one half the diameter of the circular
section.

The outside of the transition section is not restricted by any hydraulic requirements; thus
structural, and construction considerations should be used to determine the shape. Typically, 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 T99) around both
structures to preclude significant longitudinal discontinuity stresses due to the differing
stiffnesses of the two structures.



Sguare Cross Sect on
With or Without Hounches

Figure 6-1. Circular to Square Transition Section

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 retaining walls 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 soill
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" (13) 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 revised
and reproduced in Appendix G. The revisions made were to change the steel areas
to reflect 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. For smaller structures, this expansion joint may be omitted
at the discretion of the designer.

6.2.2 Headwalls

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 wall. If 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 must be provided on each side of the
inlet, cantilevering 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 of the 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 barrel.
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Figure 6-2.-Loading Diagram and Typical Reinforcing Layout for Cantilever
Type Retaining Wall

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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Figure 6-3. Skewed Headwall Detail
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AASHTO Standard Specifications for Highway Bridges- 1977, and 1978, 1979, 1980 and 1981 Interim
Specifications

Section 1.9 Soil Corrugated Metal Structure Interaction Systems (pages 240-249E)
Section 2.23 Construction and Installation of Soil Metal Plate Structure Interaction Systems (pages 430-440)

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. It
must be recognized that a buried flexible structure is a composite structure made up of the metal ring
and the soil envelope; and both materials play avital part in the structural design of flexible metal
structures.

(B) Service Lead Design

Thisis aworking stress method, as traditionally used for culvert design.
(C) Load Factor Design

Thisis an alternate method of design based on ultimate strength principles.
(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 combinations
see Article 1.2.22.

(E) Design

(1) Thethrust 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)

(2) Thrust inthe wall is:
T=PX S2



Where

P = Design load, |bs/sq.ft. (N/m?2)
S = Diameter or Span, ft. (m)
T = Thrust, Ibs/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 aflexible culvert is dependent on soil structure interaction and soil stiffness.
The following must be considered:
(a) Soils

(1) The type and anticipated behavior of the foundation soil must be considered; i.e.,
stability for bedding and settlement under load.

(2) Thetype, compacted density and strength properties of the soil envelope immediately
adjacent to the pipe must be established. Dimensions of culvert soil envelopeCgeneral
recommended criteriafor lateral limits are as follows:

Trench widthC2 ft. (.610m) minimum each side of culvert. This
recommended limit should be modified as necessary to account for
variables such as poor in situ soils.

Embankment installationsCone diameter or span each side of culvert.

The minimum upper limit of the soil envelope is one foot (.305m) above the culvert. Good
sidefill isconsidered 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
aminimum 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).

(2) Pipe arch design

Corner pressures must be accounted for in the design of the corner backfill. Corner pressureis
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) Specia design considerations may be applicable. A buried flexible structure may raise
two important considerations. First isthat it is undesirable to make the metal arch
relatively unyielding or fixed compared to the adjacent sidefill. The use of massive
footings or piles to prevent any settlement of the arch is generally not recommended.
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 settlement, 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 depth of the base of footing and the direction of the footing reaction
from the arch.

Footing reactions for the metal arch are considered to act tangential to the metal plate at its
point of connection to the footing. The value of the reaction is the thrust in the metal arch
plate at the footing.

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

(H) Abrasive or Corrosive Conditions

Extrametal thickness, or coatings, may be required for resistance to corrosion and/or abrasion.
For a highly abrasive condition, a special design may be required.

(1) Minimum Spacing

When multiple lines of pipes or pipe arches greater than 48 inches (1.219m) in diameter 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), whichever isless, to permit adequate compaction of backfill material. For diameters up to
and including 48 inches 41.219m), the minimum clear spacing shall be not less than two feet (.610m).

(J) End Treatment

Protection of end slopes may require special consideration where backwater conditions may occur, or
where erosion and uplift could be a problem. Culvert ends constitute a magjor run-off-the-road hazard if
not properly designed. Safety treatment such as structurally adequate grating that conforms to the
embankment slope, extension of culvert length beyond the 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 |1.




1.9.2 Service Load Design

(A) Wall Area
A=Tdf,
where

A = Required wall area, in2/ft Im2/m)

Ts = Thrust, Service Load, |bs/ft (N/m)

f, = Allowabl e stress-specified minimum yield point, psi (MPa), divided by safety factor
(fy/SF)

(B) Buckling
Corrugations with the required wall area, A, shall be checked for possible buckling.

If allowable buckling stress, f/SF, islessthan f,, required area must be recalculated using f/SF in
lieu of f,

Formulae for buckling are:
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f, = Specified minimum tensile strength, psi (MPa)
for = Critical buckling stress, psi (MPa)

k = Sail 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)

Where

(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=T4(SF)
Where

SS = Required seam strength in pounds per foot (N/m)
Ts=Thrust in pipe wall, Ibs/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 = S2/E,|
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)

| = Moment of inertia per unit length of cross section of the pipe wall, inches to the 4th
power per inch (m4/m).

1.9.3 Load Factor Design
(A) Wall Area

A= TL/(pfy
Where
A = Area of pipe wall, inZ/ft (m2/m)
T, = Thrust, load factor, 1bs/ft (N/m)
fy = Specified minimum yield point, psi (MPa)
¢ = Capacity modification factor
(B) Buckling

If for islessthan f,, then A must be recalculated using f, in lieu of fy.
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f, = Specified minimum metal strength, psi (MPa)
fe, = Critical buckling stress, psi (MPa)

k = Soil stiffness factor = 0.22

s = Pipe diameter or span, inches (m)

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

Where

(C) Seam Strength

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



Where

SS = Required seam strength in pounds/ft (N/m)
T, = Thrust multiplied by applicable factor, in poundg/lin. ft. (N/m)

¢ = Capacity modification factor
(D) Handling and Installation Strength
Handling rigidity is measured by a Flexibility Factor, FF, determined by the formula
FF = S2/E,|
Where

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

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

Em = Modulus of elasticity of the pipe material, psi (MPa)

| = Moment of inertia per unit length of cross section of the pipe wall, inches to the 4th
power per inch (m#4/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) Service load designCsafety factor, SF:

Seam strength = 3.0
Wall area= 2.0
Buckling = 2.0

(3) Load factor designCcapacity modification factor, ¢. Helical pipe with lock seam or fully welded
seam

@=1.00
Annular pipe with spot welded, riveted or bolted seam
©=0.67
(4) Flexibility factor
(a) For steel conduits, FF should generally not exceed the following values:
Y4' (6.4mm) and 22" (12.7mm) depth corrugation FF = 4.3 X 102



1" (25.4mm) depth corrugation FF = 3.3 X 10-2

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

Y4' (6.4mm) and ¥4"(12.7mm) depth corrugation FF = 9.5 X 102

1" (25.4mm) depth corrugation FF = 6 X 102

(5) Minimum Cover

The minimum cover for design loads shall be Span/8 but not less 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 1/2150.8 X 12.71 and
2-2/3 X 1/2 (67.8 X 12.7 mm) Corugated Steel Pipe

Riveted or Spot Welded

3X1(76.2 X 25.4 mm) Corrugated Steel Pipe
Riveted or Spot Welded

. Rivet Single Double . Rivet Double
T(ri]rllccli]lis)s Size Rivets Rivets T(?:](él?]r;essis Size Rivets
(mm) (inches) (Kipsl/ft) (Kipsf/ft) (mm) (inches) (Kips/ft)
(mm) (KN/m) (KN/m) (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)

2 X 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
T(?rz%l?]r;ess)s Size Rivets Rivets

(mm) (inches) (Kips/ft) (Kips/ft)

(mm) (KN/m) (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) 3/8(9.5) 16.2(236) 33.0(482)
0.164(4.2) 3/8(9.5) 16.8(245) 34.0(496)

3 X 1(76.2 X 25.4mm) Corrugated Aluminum Pipe

6 X 1 (152.4 x 25.4mm) Corrugated Aluminum Pipe
Riveted

Riveted
: Rivet Double : Rivet Double
T(ri]rlw(::f:ais)s Size Rivets Tgﬁ?g"ss)s Size Rivets
(mm) (inches) (Kips/ft) (mm) (inches) (Kips/ft)
(mm) (KN/m) (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(406) 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(520)
0.164(4.2) 1/2(12.7) 54.5(790) 0.167(4.2) 1/2(12.7) 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 As r | X 10-3 As r | X 10-3
(inches) (sq.in/ft) (in.) (in%/in) (sq.in/ft) (in.) (in%4/in)

(mm) (mm?2/m) (mm) (mm4/mm) (mm2/m) (mm) (mmA/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) (4144.9) (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 0.439 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 X 1 (76.2 X 25.4mm) Corrugation 5x 1 (127 X 25.4mm) Corrugation

Thickness Ag r | X 103 Ag r | X 103
(inches) (sq.in/ft) (in.) (in%/in) (sq.in/ft) (in.) (in%/in)
(mm) (mm2/m) (mm) (mm4/mm) (mm2/m) (mm) (mm4/mm)

0.064 0.890 0.3417 8.659 0.794 0.3657 8.850
(1.63) (1883.8) (8.68) (141860) (1680.6) (9.29) (144990)
0.079 1.113 0.3427 10.883 0.992 0.3663 11.092
(2.01) (2355.9) (8.70) (178296) (2099.7) (9.30) (181720)
0.109 1.560 0.3488 15.459 1.390 0.3677 15.650
(2.77) (3302.0) (8.86) (253265) (2942.2) (9.34) (256394)
0.138 2.008 0.3472 20.183 1.788 0.3693 20.317
(3.51) (4250.3) (8.82) (330658) (3784.6) (9.38) (332853)
0.168 2.458 0.3499 25.091 2.186 0.3711 25.092
(4.27) (5202.8) (8.89) (411065) (4627.0) (9.43) (411082)

(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 | X 103 Ag r | X 10-3
(inches) (sq m/ft) (|n ) (in%/in) (sq.in/ft) (in.) (in%/in)
(mm) (mm2/m) (mm) (mm4/mm) (mm?2/m) (mm) (mm4/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 0.1712 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 0.1 741 3.425
(2870.2) (4.42) (5611.8)
1.745 0.1766 4.533
(3693.6) (4.49) (74264.1)
2.130 0.1795 5.725
(4508.5) (4.56) (93792.7)

- 3 X 1 (76.2 X 25.4mm) Corrugation 6 X 1 (52.4 X 25.4mm)

A Effective

Thickness Ag r | X 10-3 s Area r | X 10-3

(inches) | (sq.in/ft) (in.) (in%in) (SN/F) | (squinvto (in.) (in%in)
(mm) | (mm2/m) (mm) (mm4/mm) (mm2/m) (mrﬁzlm) (mm) (mm4/mm)
0.060 0.890 0.3417 8.659 0.775 0.387 0.3629 8.505
(1.52) |(1883.8)| (8.68) (141860) (1640.4) | (819.2) | (9.22) (139337)
0.075 1.118 0.3427 10.883 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) (253265) (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 M echanical Requirements

(2) AluminumCcCorrugated Metal Pipe and Pipe-Arch Materia requirementsCAASHTO M 197

Mechanical properties for design
Minimum Tensile Strength psi (MPa) Minimum Yield Point psi (MPa) Mod. of Elast. psi (MPa)
31,000(213.737) 24,000(165.474) 10 X 106(68947)

(2) SteelCCorrugated Metal Pipe and Pipe-Arch Material requirementsCAASHTO

M 218
M 246
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 106(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 corrugations having a 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 arches, and arches shall be bolted with annular corrugations only.

The specifications are:

Aluminum
AASHTO M219

Steel
AASHTO M167

(2) Service load designCsafety factor, SF

Seam strength = 3.0
Wall area= 2.0
Buckling = 2.0

(3) Load factor designCcapacity modification factor,@
o= 0.67
(4) Flexibility factor
(a) For steel conduits, FF should generally not exceed the following values:

6" X 2" (152.4 X 50.8mm) corrugation FF = 2.0 X 10-2 (Pipe)
6" X 2" (152.4 X 50.8mm) corrugation FF = 3.0 X 10-2 (Pipe-arch)
6" X 2" (152.4 X 50.8mm) corrugation FF = 3.0 X 10-2 (Arch)

(b) For auminum conduits, FF should generally not exceed the following values:

9" X 214" (228.6 X 63.5mm) corrugation FF = 2.5 X 102 (Pipe)
9" X 2v5" (228.6 X 63.5mm) corrugation FF = 3.6 X 102 (Pipearch)
9" X 2v5" (228.6 X 63.5mm) corrugation FF = 7.2 X 102 (Arch)

(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 thebottom of flexible pavement.)
For Construction requirements see Article 2.23.10.

(B) Seam Stregth

Minimum Longitudinal Seam Strengths

6 X 2 (152.4 X 50.8mm) Steel Structure Plate Pipe

Thickness Bolt Size 4 Bolts/ft(.305) 6 Bolts/ft(.305) 8 Bolts/ft(.305)
(inches) (inch) (Kips/ft) (Kips/ft) (Kips/ft)
(mm) (mm) (kN/m) (KN/m) (kN/m)
0.109(2.77) 3/4(19.1) 43.0(627.8)
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 2-42(2228.6 X 63.5mm) Aluminum Structural

Plate Pipe

Steel Bolts Aluminum Bolts

Thickness Bolt Size 5-1 Bolts 5-% Bolts

(inches) (inch) Per ft(.305) Per ft(.305)
(mm) (mm) (Kipsl/ft) (Kips/ft)
(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(5.72) 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) Stell conduits

6" X 2" (152.4 X 50.8mm) Corrugations

Thickness As r 1X103
(inches) (sp.in/ft) (in.) (in.4/in)
(mm) mm2/m) (mm) (mm4/mm)

0.109(2.77) 1.556(3293.5) 0.682(17.32) 60.411(989713)
0.138(3.51) 2.003(4139.7) 0.684(17.37) 78.175(1280741)
0.168(4.17) 2.449(5183.7) 0.686(17.42) 96.163(1575438)
0.188(4.78) 2.739(5797.6) 0.688(17.48) 108.000(1769364)
0.21(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)

9" X 2-%" (228.6 X 63.5mm) Corrugations

Thickness As r 1X 103
(inches) (sp.in/ft) (in.) (in.4/in)
(mm) mmz2/m) (mm) (mm4/mm)
0.100(2.54) 1.404(2971.8) 0.8438(21.49 83.065(136054)
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) 3.149(6665.4) 0.8468(21.51) 188.179(3082937)
0.250(6.35) 3.501(7410.5) 0.8473(21.52) 209.434(3431157)

(D) Chemical and Mechanical Properties

(1) Aluminum(l Structural plate pipe, pipe-arch, and arch

Materia requirementl] AASHTO M 167

M echanical Propertiesfor Design

Thickness
(inches)

(mm)

Minimum
Tensile
Strength
psi(MPa)

Minimum
Yield
point

psi(MPa)

Elast.

Mod. of

psi(MPa)




0.100 to 0.175 35,000 24,000 10 X 106

(2.54 to 4.45) (241.316) (165.474) (68947)
0.176 to 0.250 34,00 24,000 10 X 106
(4.47 t0 6.35) (234.421) (165.474) (68947)

(2) Steell] Structural plate pipe, Pipe-arch, and arch
Material requirements] AASHTO M 167

Mechanical Propertiesfor Design

Minimum Minimum

Tensile Yield ME?g'StOf
Strength point si(MP.a)
psi(MPa) psi(MPa) P

45,000 33,000 29 X 106
(310.264) (227.527) (199948)

(E) Structural Plate Arches

The design of structural plate arches should be based on retios of arise 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 masimum sizes imposed by
1.9.5.

(2) Special shapes of any size which involve arelatively large radius of curvature in crown or side
plates. Vertical elipses, horizontal ellipses, underpasses, 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 accordance with Article 1.9.5. The
construction and installation shall conform to Section 23, Division I1.

(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 formulae 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 corrugated plates at each
side of the top arc. Stiffeners may be metal or reinforced concrete or combination thereof.

(b) Reinforcing ribs formed from structural shapes curved to conform to the curvature of
the plates, fastened to the structure as required to insure integral action with the corrugated
plates, and 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 requirements for long span structures limit deflection satisfactorily.
However, construction procedures must be such that severe deformations do not occur during
construction.

(4) Soil design

Granular type soils shall be used as structure backfill (the envelope next to the meta structure). The
order of preference of acceptable structure backfill materialsis 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 structure backfill material shall conform to one of the following soil classifications from AASHTO
Specification M 145, Table 2: For height of fill lessthan 12 feet (3.658m), A-1, A-3, A-2-4 and A-2-5;
for height of fill of 12 feet (3.658m) and more, A-1, A-3. Structure backfill shall be placed and
compacted to not |ess 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, awidth of structural backfill six feet (1.829m) beyond the structureis
sufficient. The structure backfill shall also extend to an elevation 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 over the top shall also be select and shall be carefully and
densely compacted.

(C) Structural Plate Shapes
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(D) End Treatment

When headwalls are not used, special attention may be necessary at the ends of the structure. Severe
bevels and skew are not recommended. For hydraulic structures, additional reinforcement of theend is
recommended to secure the metal edges at inlet and outlet against hydraulic forces. Reinforced concrete
or structural steel collars, or tension tiebacks or anchorsin 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 amaximum 2:1 slope. Skew ends up to 15° with no bevel, are permissible. When thisis
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 structures 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.



Table A-1. Minimum Requirements for Long Span Structures with Acceptable Special Features
| TopRadusiniim) [ |

(4.572)}(4.572-5.182)}(6.096-6.096)](6.096-7.010)}(7.010-7.620)
Minimum Thickness

(mm) .109" .138" | .168" | .218"

I. Top Arc

.294"
6 X 2 Corugated Steel Plates (2.77) (3.51) (4.27) (5.54) (6.32)

(152.4 X 50.8)
[ Minimum Cover in ft. (m)

Top Radius in ft. (m)

Steel Thickness? in in.(mm) 15 1517 20-23 20-23 23-25
: (4.572) |(4.572-5.182) |(6.096-6.096) |(6.096-7.010) |(7.010-7.620)

019 25
2.77) (.762)
138 25 3.0
(3.51) (762) | (.914)
168 2.5 3.0
(4.27) (762) | (914)
188 2.5 3.0 3.0
(4.78) (762) | (.914) (.914) 3.0
218 2.0 2.5 3.0 (9.14)
(5.54) (762) | (.914) (.914) 3.0 4.0
294 2.0 2.0 2.5 (.914) (1.219)
(6.32) (762) | (.914) (.762) 3.0 4.0
280 2.0 2.0 2.5 (.914) (1.219)
(7.11) (762) | (.914) (.762)

I1l. Geometric Limits

A. Maximum Plate Radius-25 Ft. (7.620m)

B. Maximum Central Angle of Top Arc = 80°

C. Minimum Ration, 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 ribs are 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.

Section 23 - Construction and Installation of Soil Metal
Plate Structure Interaction System

2.23.1 General

Thisitem shall consist of furnishing corrugated metal or structural plate pipe, pipe-arches and arches
conforming to these 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 Engineer. Pipe shall be either circular or elongated as specified or
shown on the plans.



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

The plates at longitudinal and circumferential seams of structural plates shall be connected by bolts.
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 seamsin
the finished structure shall be in two rows. Bolt holes along those edges of the plates that form
circumferential seamsin the finished structure shall provide for abolt 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 asto give the angle of skew or slope specified.
Burned edges shall be free from oxide and bum 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

If elongated structural plate or corrugated metal pipeis specified or called for on the plans, the plates or
pipes shall be formed so that the finished pipeis eliptical 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 pipe shall be placed on the bed starting at downstream end with the inside
circumferential |aps pointing downstream.

Bituminous coated pipe and paved invert pipe shall be installed in a ssimilar manner to corrugated metal
pipe with special carein handling to avoid damage to coatings. Paved invert pipe shall be installed with
the invert pavement 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 paralel 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.-Ibs. (135.58Nm) and a maximum of 300 ft. Ibs. (406.74Nm); for 3/4" (19.1mm)
diameter aluminum bolts, the applied bolt torque shall be a minimum of 100 ft.-Ibs. (135.58Nm) and a
maximum of 150 ft. Ibs. (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 connection of pipe
sections will form a continuous line free from appreciable irregularitiesin the flow line. In
addition, the joints shall meet the general performance requirements described in items (1)
through (3). Suitable 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 digointing forces, these joints are satisfactory for
ordinary installations, where simple dlip type joints are typically used. Special joints are
for more adverse requirements such as the need to withstand soil movements or resist
digointing forces. Special designs must be considered for unusual conditions as in poor
foundation conditions. Down drain joints are required to resist longitudinal hydraulic
forces. Examples of this are steep slopes and sharp curves.

(3) Soil Conditions

The requirements of the joints 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 equivalent 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 as when the
backfill or foundation material is characterized by large soft spots 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 |oads. Backfills of
organic silt, which are typically semifluid during installation, are included in this
classification.

(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 (1). The values for various types of pipe can be determined by arational analysis
or asuitable test.

(a) Shear StrengthCThe shear strength required of thejoint is expressed as a
percent of the calculated shear strength of the pipe on atransverse cross
section remote from the joint.

(b) Moment StrengthCThe moment strength required of the joint is expressed
as a percent of the calculated moment capacity of the pipe on atransverse
cross section remote from the joint. In lieu of the required moment strength,
the pipe joint may be furnished with an alowable slip as defined in Paragraph

(4)(c).

(c) Allowable SlipCThe adlowable slip is the maximum dip that a pipe can
withstand without digointing, divided by afactor of safety.

(d). SoiltightnessC Sail tightness refers to openings in the joint through which
soil may infiltrate. Soiltightnessis influenced by the size of the opening
(maximum dimension normal to the direction that the soil may infiltrate) and
the length of the channel (Iength 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 Dgg soil size to size of

opening must be greater than 0.3 for medium to fine sand or 0.2 for uniform
sand; these ratios need not be met for cohesive backfills where the plasticity
index exceeds 12. As agenera guideline, a backfill material containing a high
percentage of fine grained soils requires investigation for the specific type of
joint to be used to guard against soil infiltration.

(e) WatertightnessCWatertightness 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

L ong-span structures 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, or backfill, longitudinal seams should be
tightened when the plates are hung. Care should be taken to properly align plates circumferentially 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 inches (.127m). The rise of arches with aratio of top to side radii of three or more should not
deviate from the specified dimensions by more than 1 percent 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 isless. This preshaping may be asimple "v" shape fine graded in the soil in
accordance with Figure 2.23E.

Table A-2.23.3 Categories of Pipe Joints

Soil Condition Standard Standard Standard

Erodible

Poor

Shear

Moment?

Tensile 0-42" Dia
(0-1.066 m)

48"-84" Dia
(1.219-2.134 m)

Slip

Soiltightness?

Watertightness

2%
0
0

NA
See Paragraph

(A)(4)(e)

10%

10
5000 Ibs
(22.24 kN)
10,000 lbs
(44.48 kN)
1in.(.025 m)
NA

10%
0

0.30r0.2

10%

10
5000 Ibs
(22.24 kN)
10,000 Ibs
(44.48 kN)
1in.(.025 m)
0.30r0.2

25%
10
5000 Ibs
(22.24 kN)
10,000 Ibs
(44.48 KN)

0.30r0.2

instructions.

1 See Paragraph (4)(b)
2Minimumb ration of D g 5 soil size 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

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, such material shall be
replaced by alayer of suitable granular material as shown in Figure 2.23C. Where an unsuitable
material (peat, muck, etc) is encountered at or below invert elevation during excavation, the necessary
subsurface exploration 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
arejoined by relatively small radius corners or sides, the corrective treatment shall provide for principal
support of the structure at the adjoining corner or side plates and insure proper settlement of those high
pressure zones relative to the low pressure zone under the invert, as shown in Figure 2.23F. This allows

the invert to settle uniformly.




2.23.6 Fill Requirements
(A) Sidefill

Sidefill material within one pipe diameter of the sides of pipe and not |ess than one foot (.305m) over
the pipe shall be fine readily compactible soil or granular fill material. Sidefill beyond these limits may
be regular embankment fill. Job-excavated soil used as backfill shall not contain stonesretained 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 not 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 control of soil placement and compaction must be
maintained. Because these structures are especially designed to fully maobilize soil-structure interaction,
alarge portion of their full strength is not realized until backfill (sidefill and overfill) isin 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 qualified construction inspector to aid the Engineer during all structure
backfilling. The Inspector shall advise the Engineer on the acceptability of al backfill material and
methods and the proper monitoring of the shape. Structure backfill material shall be placed in
horizontal uniform layers not exceeding 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 soil. Permissible exceptions
to required structure backfill density are: the area under 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 lift of overfill carried ahead of and under
heavy construction earth moversinitialy 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 backfilling loads, the bracing shall
not be removed until thefill is completed or to a height over the crown equal to 1/4 the span.




2.23.8 Camber

The invert grade 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 requirements of Division I.

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 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 horizontal 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 dlab 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 narrow aramp 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 asit is
placed. After the two ramps have been built to depth specified to the top of the arch, the remainder of
the backfill shall be 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 arch is 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 being 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 bring the backfill up evenly on each side of each arch so that unequal pressure will be avoided.

In all casesthe filling material shall be thoroughly but not excessively tamped. Puddling the backfill
will not be permitted.
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2.23.10 Cover over Pipe during Construction

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

2.23.11 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 speller 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.

4. Ragged edges.

5. Loose, unevenly lined or spaced bolts.

6. Illegible brand.

7. Bruised, scaled, or broken speller coating.
8. Dents or bends in the metal itself.

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 metal and structural plate pipe, pipe-arch or arches of the several sizes, asthe case
may be, which prices and payments shall constitute full compensation for furnishing, handling,
erecting, and installing the pipe, pipe-arches or arches and for all materials, labor, equipment, tools, and
incidentals necessary to complete this item, but for arches shall not constitute payment for concrete or
masonry headwalls and foundations, or for excavation.

Go to Appendix B
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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 section 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. For information on the loads and design methods see Chapter 2, Chapter 3, and Chapter 4.

B.1 Input Data

FIRST CARD: Format (19A4, A3, 11)

Problem Identification Card Columns 1 through 79 are read and echo printed in the output.
These columns can be used for job identification. An integer from 0 to 3
in card column 80 controls the amount of output to be printed. For a
description of the available output, see Section B.2.

REMAINING CARDS: Format (12, 4A4, A2, 6F10.3)

Data Thefirst field (12) isan input code that internally identifies the type of
data being input. The second field (4A4, A2) isacomment field which is
used to identify the data on each card and is echo printed in the output.
The remaining fields (6F10.3) are data items. Table B-1 describes the
specific input data and format required for each card and default values
for each parameter. If default values are used for al the parameters on
any given card, then that card may be omitted.

- (I\(li)c;gel) D(?;%rtlgtzl;)n Nome of Variables Default Value

T [ [N N [ [E—
|

|Format ] | 4A4, A2 | 6F10.3 ’




Inside Span Si ft None
Required Data 01 Inside Rise D; ft None
Depth of Fill h ft None
Tr in. T(Note 6)
Top Slab Thickness
02 Bottom Slab Thickness Tg in. T(Note 6)
Side Wall Thickness
Ts in. T(Note 6)
H .
03 Horizpntal Haunch I_Dim. H n. T(Note 6)
Vertical Haunch Dim. Hy in T(Note 6)
Soil unit weight ¥s pcf 120.
04 Concrete unit weight Yo pcf 150.
Fluid unit weight Ve pcf 62.5
Omin (Note3) None 0.25
Lateral Soil Pressure (Min.)
Lateral Soil Pressure Opmax None None 0.5
05 (Max.)
Soil Structure Int. Factor Fe None 1.2 (Note 7)
Flag for Side Load
Flg None 0 (Note 4)
Lt
Load Factor None 1.3
06 Flexure Cap. Red. Factor
. 0 None 0.9
Shear Capacity Red. Factor o None 0.9
07 Depth of Fluid Ds in. b,
Steel Yield Stress fy ksi 65
08 Concrete Compressive
Optional Strength f'e Ksi 5.
Data (Note 5) Concrete Covers
Top - Outside th in. 1.
Side - Outside tho in. 1.
09 Bottom - Outside tps in. 1.
Top- Inside thy in. 1.
Bottom - Inside tps in. 1.
Side- Inside the in. 1.
Limiting Crack Width
10 Eactor Fer None 1.0
Number of Layers of
11 Steel Reinforcing NLAY None I
Reinforcing Type RTYPE(Note 8) None 2




Wire Diameters
SDATA(1-3) in. 0.08T(Noteb6)
12 ASI - Outside Steel SDATA(4) in. 0.08T(Note6)
AS2 - Inside Steel - Top
AS3 - Inside Steel - Bottom SDATA(5) in. 0.08T(Note6)
AS4 - Inside Steel - Side
SDATA(6) in. 0.08T(Noteb6)
Wire Spacing SDATA (7-9) in. 2,
AS | - Outside Steel ;
13 AS 2 - Inside Steel - Top SDATA (10) n. 2.
AS 3 - Inside Steel - Bottom .
AS 4 - Inside Steel - Side SDATA (11) n. 2.
SDATA (12) in. 2.
Required Olvéa ' End of Data
NOTES

1. The input cards do not need to be numerically ordered by code number; however, a code number greater
than 13 must be the final data card.
2. 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.
3. a min. defaults to 0.25 if input less than 0.
4. 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.
5. 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.
6. Forspan < 7.0 ft T = span/12 + |

Forspan> 7.0 ft T = span/12
7. If the soil structure interaction factor is input as less than 0.75, it will default to 1.2.
8. 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.

B.2 Output

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

printed.

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



DEBUG =1 o Output from debug =0
« Listing of BDATA, IBDATA, SDATA, and ISDATA arrays
« Moments, thrusts and shears at design sections

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

DEBUG =3 o Output from debug = 2
« Displacement matrix
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 identify
the design (Table B-2a).

Summary Tablefor Design: This table presents al important design parameters for the box section. If stirrups are required 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 athicker section, or designed as a compression member according to AASHTO ultimate strength design methods. (Table B-2)).

B.2.2 Debug =1

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 itemsin the BDATA or SDATA arrays were input, assumed, or in no value is present (Table B-2b &

©).

Moments, Thrusts, and Shears at Design Sections. This table presents the forces at the 15 design locations in the box section (Figure
B-1). Under the service load category, two types of loads are shown, Group 1 and Group 2. Group 1 loads are considered permanent
loads, including dead load, vertical soil load and the minimum lateral load case (unless FLG at 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 (04 -0min) The ultimate [oads are found by adding Group | and Group 2 forces to obtain the “worst case"

and multiplying by the appropriate |oad 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 the member and positive moment causes tension on the inside steel.
The zero moment top and bottom distances represent the maximum distance from the A end (Figure B-2) of the member to the point of
zero moment in the member.

Table B-2. Sample Output from Box Culvert Design Program

a. Echo Print of Input Data
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b. Listing of BDATA Array
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c. Listing of SDATA Array




PARAMATER LaTa SOUACE
—_— 1 WIRE_LI& _CUF TOP_[.E40C0E_ 00 ASSUMED
2 WIRE OIA QUT SDE D«64000E DO ASEUMED
3 WIRE OIA_OUT 20T 0.69000E 20  ASSUMED
4 WIRE DIA INS TOP DL64000E 00 ASSUMED
" WIRE OIA I%S ROT Q.64000(0 00 GASSUMED
E WIRE CIRA INZ E0E D.640C0CE DO LSELUMED
7 WIRE _SFA CUT TOR J.20CQ0FE 0L ASSUMED
" WIRF SFA CUT SC0F 0.2000CE D1 ASSUMED
8 ___MIRE SPA_DUT ROT D.20000E 91 ASSUMED
17 kIRE S084 THS TOP D.20006CE 0Ol  ASSUMED
______ 11 WIRE SPA INS AOT Qa20F00E €1 aS55UMED_
12 H1RE E5F& IM: SPE D.270D0CG0RE €1 ASSUMED
—l e AR NPT bk (oD LD UNALUE L
14 Traf METY sueswnww [0 WO YALUE
15 sewEMPTY#swwvews [.0 _MO_MALLUE
1t st #[MPTY wauwawan H,0 MO WALUE
17  #asFE¥ATVeatwatan 0,0 NO VALUE
1¢ el PETY®zawwtaw [, KO VALUE
17 I0P STIEEL _LTH IM_QeQ MO _VALUE
ar BOT STLEL LTH TN 2.0 NO WALUE
28l aadfMPTYwawwesss [,0 MO WALUE
;e R METY veanrans 0,0 NP WALUE
az AkaEMPTY b aand [0 YO VALUE
24 aesEMPTYexeswawe 0,0 NGO Y ALUE
a5 LAT SOTIL RATIO J.¥0000F 01 _ASSUMED
g ) ARwEMPTY Aramendwn J,0 MO VALUE
2F  assfHPTYsssswaws 0,0 _ WO WALVE _
PR WA RTMETY adwwntean [0 MO VALUE
29 AMaEMPTYmasseass 0,0 NO VALUE
L] 0O out TOPR {IN) D.56B00E 01 ASEUMED
a1 0 0uT SIOE  tTAY De56E8000 01 _ assupen
BE 0L Aur BoOTT 1IN} 2aSeADLE DL ASSLMED
h3) 0O IN TOF LTN] NeRESNAE O ASZUMNED
LE O IN BOTT WIN} D.&6A00E 01 ASSUMED
55 0 1IN sIDFE (IN)  P.E6800F 01  ASSUMED

d. Joint Displacement Table
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f. Design Forces Table
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O

- hEIGHT WF FILL_N¥ER CULVERT.FT LY L L
UnlT WELBHTs PLCF i20.000
MINIMUM LATERAL SOIL _PRESSURE COEFFICIENT a5l
FAXIMUM LATEHAL S0IL PRESSURE COEFFICIENT YT
E0IL = STRUCTURE JMTERECTION COEFFICIRNT 1200

L LADING DATA
LOAD FACIDR = MOMEWT_AND SHEAR ls2B0
LMAD FACTOR = THRUST 1=300
WWHH G900
ETHENGTH REDUCTION FACTOH=-DIAGONMAL TEWSTON B+B50
LINITING CRACK WIDTH FRCTOR 1008

H A TER I &L PR OPFPERTTES

EYEEL = MIMIMUM ZPECIFIED YIELD STAESS. K3] EQel!
CCMCRETE = SPECIFJED COMPRESSIVE STRENGTHe KGI S ulbild
REINFORCING TYPE 3a000_
E 6N CRETE D ATH
- L o o
108_SLAH THICKMESSy INa BefO0
ECTTOM SLAE THICHNESGw IMs A« 000
SIDE WELL THECKMEESSy INs A«008
FORIZONTAL HAUMCH DIMENEIOMs INa B.000
VERTECAL HAUNCH DIMCUSIOMs DN 8,000

CONCRETE COVER OVER STEELs INM.

JCP _SLAR = !hlelﬂﬁ.ﬂjjﬁ. Z2s000
SIDE WALL = OQUTSIDE FALE 2000

EEIIEH SLAB - OUTSIDE FACE 2.000
OP SLAE =~ INSIDE FACE 1.000
A - IKSIDE FACE lallif
arn: HLLL - IMSIDE FACE 1000
REIWNFORTECING STLEL 0T ATEA
O -
AREA
LOCATION Sta INa STIRRURS o
BER FT REGUIRED T
- II.‘II'.'.':i.--ﬁ"lllﬂ'!‘F-'F!---‘---"-.‘-.---
MEIDE FACE Be287 [Ti|
TOP_SLAR - NUTSIDE FACE 0e192 ND
BOTTOM SLAR = INSIDE FACE D.271 ND
SIDE WhLL = DUTSIDE FACE 0.248 Ho
SIDE WALL = IMSIOE FACE I EH [T}
SPROGRAM ASSIGNED VALLE
WALL FACE STEEL 15 BEMWT AT THE CULYERT CORMEAS AND

EXTENDED [NTO THE QUTYSIDE FACE OF THE TOP AND BOTTOMN SLABS. THE =~~~

THEORET ICAL EUT-ﬂFF LEMGTHS MEASURED FROM THE BEMD POENT MRE 21.7




Design
Method

Computer
Code

Description

1 Si SPAN inside span of box section in.
2 R RISE inside rise of box section in. in.
3 T TT thickness of top slab in. in.
4 T B thickness of bottom slab in.
Ts _ _ :
5 TS thickness of side wall n.
6 Ye GAMAC unit weight of concrete kips/in.3
7 Ys GAMAS unit weight of soil kips/in.3
8 Vi GAMAF unit weight of fluid in box kips/in.3
9 o POF capacity reduction factor for flexure none
He . .
10 H depth of fill in.
11 Hy HH horizontal width of haunch in.
12 Hy HV vertical height of haunch in.
13 @ POV capacity reduction factor for shear none
14 Ui ZETA lateral soil pressure coefficient none
|
15 Fe BETA soil structure interaction factor none
16 ds DF depth of fluid in.
18 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
f specified compressive strength .
21 ¢ FCP of concrete KSI
29 Limy ELMV load factor for moment & shear none
23 oad factor for thrust
Ltn FLN factor for crack control none
24 FCR . none
FCR relative to | for 0.01 " crack
number of layers of
26 NLAY NLAY circumferential reinforcing none
|27 |RTYPE |RTYPE |type of reinforcing steel |none
’30 tol CT (1) |concrete cover over top slab outside steel (ASI) in.
’31 tho CT (2) |concrete cover over side wall outside steel (ASI) in.
’32 |tb3 |CT (3) Iconcrete cover over bottom slab outside steel (ASI) |in.
33 tha CT (4) Iconcrete cover over top slab inside steel (AS2) in.
34 tos CT (5) Iconcrete cover over bottom slab inside steel (AS3) |in.
’35 |tb5 |CT (6) |concrete cover over side wall inside steel (AS4) |in.
Notes:
1. Some index numbers are not listed here because those slots in the array were not used.




Description

Wire diameter:

I - 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 bottom slab in.
10 - inside steel top slab in.
11 - inside steel bottom slab in.
12 - inside steel side wall 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.
1. Some index numbers are not listed here because those slots in the array were not used.
2. Lateral soil pressure ratio = (0max = Amin)/ Amin-

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 crock requirements at service load.
MAXCONCOMPR 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.

B.2.3 Debug =2

Summary Tablefor Flexural Design: This table presents all the information required to design steel reinforcing based on flexure,
minimum steel, maximum steel and crack control. AS1 is taken as the maximum of the steel areas required at Sections 5, 11, and 12.
AS2, AS3, AHA and ASB are the steel areas required at Sections 1, 15, 8 and 4 respectively. The table also lists the governing design
criteriaat each section (Table B-20). See Table B-5 for a description of the governing mode output notes.

Summary Tablefor Shear Design: Thistable presents al the information used to evaluate the diagonal tension strength. Design
Sections 3, 6, 10 and 13 are for shear design by Method 1. Design Sections 3, 6, 10 and 13 are for shear design by Method 2 at d from
the tip of the haunch and design Sections 2, 7, 9 and 14 are for shear design by Method 2 where M/VI1Vd = 3.0. The program always
checks shear design by both methods, and uses the most conservative (Table B-2h & i).
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Eu'mm.
Flexure Design Locations:
Steel Area Precast Cast-In-Place
Al 0,5, -1 k2 3, L 12
5 I I
Aﬂ |5 15
A 8 8
A - 4

Shear Design Locations:

Method 15 3, 6, 10, I3
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, 11 and 12 are compared to the shear forces at locations 3, 6, 10, and 13
respectively.

Figure B-1. Locations of Critical Sections for Shear and Flexure Design in Single Call 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 forces 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).



MNode 2

Member 2

Mode |
Member 4
MNode 4 Member 3
ke
Motes:  |.  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

Go to Appendix C




(\ Appendix C : FHWA-IP-83-6

Users Manual - Pipe Design Program, Pipecar

Go to Appendix D

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 and design methods see Chapter 2, Chapter 3, and Chapter 4.

C.1 Input Data

FIRST CARD: Format (1 9A4, A3, 1 1),

Problem Identification: Card Columns 1 through 79 are read and are echo printed in the output.
Aninteger from O to 3 in card column 80 controls the amount of output
printed. For a description of the available output, see Section C.2.

REMAINING CARDS: Format (12, 4A4, A2, 4F10.3)

Data: Thefirst field (Columns 1 and 2) is an input code that internally identifies
the type of dataread on each card. The second field (Columns 3 through
20) is acomment 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
al the items on any given card, then that card may be omitted.

Code 3 : g Default
- (Note 1) Description (Note 2) Name of Variable
Card
o]
2

Format 1 4A4, A2 4F10.3
inside Diameter or .
01 Side Radius Bjorm in mggg
) (Note 3) Crown/Invert Radius ro ft. None
Required Depth of Fill He '
Data
02 Horizontal Offset u in. None
(Note 3) Vertical Offset % in. None
| 03 | Thickness h | in. | None
Bedding Angle ) Degrees 90 (Note 4)
04 Load Angle B1 Degrees| 270 (Note 4)
Soil Structure Int. Factor Fe None 1.2 (Note 6)




Soil Unit Weight Ys pcf 120.
05 Concrete Unit Weight Ye pcf 150.
Fluid Unit Weight Vi pcf 62.5
| 06 Depth of Fluid d; in. Dj
07 Steel Yield Stress fy Ksi 65.
Optional Concrete Compressive Stress fe ksi 5.
Dat - :
(Nao?e 5) 08 Outside Concrete Cover tho in. 1.0
Inside Concrete Cover thi in. 1.0
Load Factor Lt None 1.3
09 Flexure Cap Red Factor (0] None 0.9
Shear Cap Red Factor @ None 0.9
Inside Wire Diameter d: ;
Outside Wire Diameter q n :2 8822
10 Reinforcing Type out None 5
Number of Layers of RTYPE (Note7) None 7
Circumferential Reinforcing NLAY '
1 Inside Wire Spacing st in. in. 2.
Outside Wire Spacing 7 in. 2.
S : out
Limiting Crack Width Factor Fer None 1.0
12 Radial Tension Process Factor Frp None 1.0
Shear Process Factor Fup None 1.0
Required O\l/ZER End of Data
NOTES
1. 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.
2. The data punched in this field is arbitrary; it will be echo printed in the output and is helpful to the user for
identification of the data in card columns 21-61.
3. Since the program can design either circular or elliptical pipe shapes, there are different input criteria for
each shape. 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 = 01 and the offset distances u and v mush be specified on the card with Code = 02. Note
that for r > r, a horizontal ellipse will be designed, rl1 > r2, would define a vertical ellipse, but this is not
operational at this time.
4. The load Angle (3;) must be between 180° and 300° and the bedding angle (3,) must be between 60° and
180 . If ~ 1 +~2 > 360 then the program will set 02 = 360 - 0 1. 5. 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 used.
6. If the soil structure interaction factor is input less than 0.75 it will default to 1.2.
7. RTYPE = | for smooth reinforcing with longitudinals spaced greater than 8 in.,
= 2 for smooth reinforcing with longitudinals spaced greater than or equal to 8 in.,
= 3 for deformed reinforcing.

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

o Summary table for design



DEBUG =1 « Output from debug =0
o Listing of BDATA and | BDATA arrays
« Table of ultimate forces
» Flexure design table
« Shear design table

DEBUG =2 o Output from debug = |
« Pipe geometry
« Loads applied at each joint
« Pipe, soil, and fluid weights
» Service load moments, thrusts, and shears at each joint

DEBUG =3 o 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 the input 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.

Table C-2. Sample Output from Pipe Culvert Design Program

a. Echo Print of Input Data

_E___'!'I‘_FS_I_IJL |H*El;.ﬂ' RCF TEEY RUN_ IPKT=THROAT=RUMD O/ %Fp2 3
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b. Listing of BDATA Array




MAF OF BCATA ARRAY

PARAMETER OATA SOURCE
1 SPRING RADIUS TR 62, 000 NPT
{ CRCHN RADILS flﬂl b2 . 000 ASSLEMED
3 HEIGHT OF FILL 'EFT Ta 500 INPLT
4 MORII OFFSET IH 0000 ASSUMELD
b WEFEI]%!Mi OFFSET EIM E.ﬂg% ASEUHED
& WALL TH]ICKMNEZES IA « D INPUT
7 BEDDIMG ANGLE (DEEL G0 . 600 ASSUMEL
b SB!L-ETRUC INY COEFF « 20 ASSUMED
9 UN%T HT&E;’F!‘! i 0. 000 AEEUH E
d ZENE UNIT WTLLRVETS 5.660  AZElM
1 FLUID unT HTiLE!FIlJ &2.500 ASSUHEE
Z LCEFTH 0OF FLUID Ik Ed.000 ASSUME
k| TENSTEGTH SIFE%IKQP ﬁE;Dﬂﬂ AEEUHEE
g COMESTEGTH CCMCIKS 5. 00 a55UH
[E  COMCOVIDUT ST'E'E'LE]F-.}' I1.000 ASSUMET
& COMEDOV!TH STEEL TH L.o00 ACCUMEL
? LSnE FA’TEE! HOM, SHP 1.353 ASEUMET
12 EOAC rFactie: THROST 1,30 ASEUMED
9 INSIDE WIRE DTAMIIRY Te KD VALUE
£0 !P'UTEIEE WIREDIAMI IN) Jed Ly [N 'lf':lkLE
F P F REINFORCI hix £a 000 .ﬁgSLI‘" G
g2 #F LAYERS CIRCU™M REIM 1.000 A EUHEE
23 Spce Ihep wIRES (1%) 27000  ASSUMEE
. PLE U ! .
£s EAF RED F!nl!'l'éft FLEX 0.800 A%gUPE[‘!
&b CRACK FACTOR 1.000 ASSUMED
ST MODLS ELASTSTL (KEIL) 29000 . 20C ASSUMED
] 5UEIESHEL§S;EENI I.'HS]i 4292 G5 % iggHP‘ ﬁ
TR TR .
gi LAAe EhoCE o :EEn] 270.000 i%?ﬁ:EE
3 AP FA ! &
52 Sau EEE pQEE Fic$55 ?.333 AEEUHEE
35 SHEAR PPOCESS FACTCFR 1.060 ASSUMHEL
c. Pipe Geometry
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f. Moments, Thrusts and Shears at Joints
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g. Table of Ultimate Forces
o TAELE CF ULTIMATE FORCES :
R e e R R BN R R R W N BN N N N EN N N S A O
DES LGN —
LOCATION MOMENT THRUET SHEAR
L T R R R e T N F LR T L T e pepep
UEG FROM IHaRIPSSFAOT HIPS/FOOT KEIPFS/FOQT
B 3 S
dal 131.7672 : 2383 SR, U1 —
17.92 B4 96H Safas 4.711 .
LEER L =04 .40 B 29T 0170
148 48R _ 37725 ha057 2s082
180,00 65546 4.42% 0.0 .
h. Flexure Design Table
FLEXURE DESNGN TARLT .
- EEL L] R
Tith SOVERNING DESIEN
FEEEEEEF P e R e e T LE LS
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i. Shear Design Table

e ——— e i Gi R S — e — —————

SHERR DESIGN TABLE

DESIGN REQUIRED STEEL STIRRUP STIFRUP GCVERNING
LUCATION REINFORC ING RATIO FACTOR EXTENT MODE
DEG FROM SOelNadFT INs
IMVERT . L
17492 0.0 0.0 a0 0.0 COEEKOTGOVRN
148,58 D0 Lal 0sl Oel DOESNOTGOVRN

j. Summary Table for Design

"8, uINCH DIAMETER RETINFORCED CONCRETE CIRCULAR PIPE

T 2l s R E R RN E I SRR R 3 R R R R FRE L SR X E R T R S SR IR R L R 22 1R R Rt 8RR 2022¢%0 3

S ——— e s . ESE——

I’ NS T ALLATION DAT S

HEIGHT OF FILL ABOVE CROWNs FTy 7450
UNIT wEIGHTs PCF e 120=00
SOIL-STRUCTURE IHTERACTION COEFFICIENMT 1420
L _BEDUINE ANGLEy DEGHEES 90.00
TLDAD EMGLEs DEGREES 27000

I'Il.TEH.IlL PROPERTILES

- e M e R e M R i e ———

e —

L STEEL = qrutnun SPECIFIED YIELD STRESS, PSI 65000, _
REINFORCIMG TYPE 7
_ %Us OF LAYERS OF REJNFURCING _ o 1.
CONCRETE = SPECIFILD COMPRESSIVE STRESS, PSI 5000

— LU ADT*G O ATA

LOAD FACTGR = MOMENT AND SHEAR 130 .
LOAD FACTOR - THRUST 130
STREMGIF REDUCTION FACTOR=-FLENWRE 090 —
STRENGTF REDUCTION FACTOR-DIAGONAL TENETION r.50
LIMITING CRACK WIDTH FACTOR 1.06

P 1FE DATA

R R

WALL TFICKNESS, IN. B.00
INSIVE COMCRETE COVWER UVER STEELy INs 1.30
UUTSIOE CONCRETE COVER OVER STEELs INa 1.06
FLUILID DATA _
FLUID CENSITY s PLCFa 62«50
UEPTH UF FLUIDsINCHES ABOVE INVERT Ba.00
HEIHFEHEIHESTEEL D AT A
INVERT - Iﬂs[nﬁ_ﬁg;yﬁggc;nn. SGaINs/FTs Daltl
SPRINGLINE= OQUTSIOL REINFORCINGs S@«INJ/FT. D.13%

CROWN= INSIDE REINFORCINGs SGeINa/FTa 04130




C.2.2 Debug =1

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-29) lists the ultimate moments, 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
1.0. 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 steel ratio produced by that reinforcing and any stirrup requirements if the
circumferential 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 (a) 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 for each 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.



Flexure Design Locations:
1,5 Maximum positive moment locations at invert and crown.
3  Maximum negative moment location near springline.

Shear Design Locations:
2,4 Locations near invert and crown where M,I’Vr.ivd = 3.0

Motes:

l. Reinforcing in crown (A_ ) will be the same as that used at the invert unless mat,
quadrant, or other special Feinforcing 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 Setions

Design Computer Description
Method Code

1 N RADI | inside radius, side in.
2 ry RADI 2 inside radius, crown & invert in.
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 Os GAMAS soil unit weight Ib/ft3
10 Oc GAMAC concrete unit weight Ib/ft3
11 O GAMAF fluid unit weight Ib/ft3
12 ds DF depth of internal fluid in.
13 fy FY reinforcing yield strength Kips/in.2
14 fe FCP concrete compressive strength Kips/in.
15 tho CouT cover over outside reinforcing in.
16 thi CIN cover over inside reinforcing in.
17 Ltmy FLMV load factor, moment, shear none
18 Lin FLN load factor, thrust none
19 wd; DIN diameter of inside reinforcing in.
20 wd, DOUT diameter of outside reinforcing in.
21 RTYPE RTYPE reinforcing type none
22 n NLAY number of layers of reinforcing none
23 S f i SPIN spacing of inside reinforcing in.
24 S £o SPOUT spacing of outside reinforcing in.
25 . PO strength reduction factor, flexure none
26 Fer FCR crack width factor none
27 Eg EST modulus of elasticity - steel kips/in.2
28 E. ECON modulus of elasticity - concrete kips/in.
29 M'mi RADMI mean radius, side in.
30 Nm2o RADM2 mean radius, crown, invert in.
31 Deq EQUID equivalent circular diameter in.
32 B, BETAS load angle degrees
33 0 POD strength reduction factor, none
diagonal tension
34 Fro FRP radial tension strength none
process factor
35 Fy FVP diagonal tension strength none
process factor

Output Note

|FLEXURE |Steel area based on ultimate flexural strength requirements.
MIN STEEL ISteeI area based on minimum steel requirements.
CRACK |Stee| based on crack requirements at service load.

RADTEN + FLEX

Steel area based on ultimate flexural strength requirements, but stirrups are

required to meet radial tension requirements.

RADTEN + CR

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

DT NOSTIRUPS

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.

DT + STIRRUPS

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

MAXCONCOMPR

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.




* 7 Member Number
@ Joint Number

Note: For Circular Pipe
u=v=20 -:mdrl =r2

Figure C-2. Frame Model Used for Computer Analysis of Circular an Elliptical Pipe






(\ Appendix D : FHWA-IP-83-6

@ Design Examples

Go to Appendix E

D.1 Side Tapered Box Section Inlet Design Example

D.1.1 Problem:

Determine the reinforcing requirements for a cast-in-place side tapered box inlet. For geometry use the results of Example
No. 1 in Reference 1.

D.1.2 Design Data

Note: Add 2' surcharge for miscellaneous unanticipated loads.



Ziven Data

Face Throat
| L!.i 10,5 ft 7.0 ft
D, 6.0 ft 6.0 ft
5, =2 '
- LB P Bin. *
-0 e Hps H‘..,r 8 in.
S ¥, | 20 pcf
bt Foce  ds—— Throat B 4 e TE‘ | 50 pt:f
' 7 £2.5 pcf
W — A nin. 0.25
5, = 0.029 [ i 0,50
4 ¢ 0,90
K'J‘;;-L_ 3, 0.85
Fr:r |.0
* i 60,0 ksi
E‘ = |.|'_‘r_ﬁ|| LI = :I“—':'" ﬁh v A
f T S—— H‘, - fC 3.0 ksi
Th-n 2.0 in.
fi s 1.0 in.
" bi
e L o
F-87  foe— Midlength Section f
R Type 3 = Def. bar
f—vp |.0
Mote: Add 2' surcharge for miscellaneous unanticipated loads.
B, B
* Estimated wall thickness = T = 7 | = 7+ | = g
He @ Face =2'+2'=4'
=Ht+Dj/2 +
H.' @ Face P Say 8'-0"

T1=4+6/2+8/12=7.67'



=4+L; (1/Sg+S.)=4+

H Throat 0"
@ 7 (4=0.029)=7.7" sty
He' @ Throat =7.7'+3.67'=11.37' Say 11-6"
He @ Midlength =4+7/2(¥2+0.029)=5.85' Say 6'-0"
B, @ Midlength =105+7 =g 75
i
He @ Midlength =6+3.67=9.67" Say 10'-0"
D.1.3 Calculate Soil Pressure
Throat
Py =YsHeFe=YcT7=2Y.D’ Ts/B' Eq.31
D' =6+8/12=6.67"; B'=7+8/12=7.67'
P, =(120)(8)(1.2)+(150)(8/12)+(2)(150)(6.67)(8/12)/7.67' i Zobel
=0ay. YsH'e=(0.5)(120)(11.5)=690 psf
Eq. 3.2
Psmax. =57.5 Iofin/ft L5
i 2
Psmin.  ~%max. YsH'e™¥ % Eqg. 3.3
2R
(6.67 - : b
= (0.25)(120)(11.5)-62.5 '°- T3’ =176 psf
(20E.67)
= 14.7 Ib/in/ft
Face
D' =6+8/12=6.67"; B'=10.5+8/12=11.17"
2 =(120)(4)(1.2) +(150)(8/12)+
v (2)(150)(6.67)(8/12)/11.17=795 psf Eq. 3.1

=66.3 Ib/in/ft



Psmax.  =(0.5)(120)(8)=480 psf =40 Ib.in/ft Eq. 3.2
8

2
~(0.25)(120)(8) -62.5 LBB7==—=1" 21
Psmin. ( ot 12 b Eqg. 3.3
(2)6.67]
=5.9 Ib/in/ft
Midlength
D' =6+8/12=6.67"; B'=8.75+8/12=9.42"
¢ =(120)(6)(1.2) +(150)(8/12)+
v (2)(150)(6.67)(8/12)/9.42=1,106 psf Eq. 3.1
=92.1 Ib/in/ft
Psmax.  =(0.5)(120)(10)=600 psf =50 Ib.in/ft Eq. 3.2
62 5)(6.67 — =)
=(0.25)(120)(10) - {02 2MB BT = ==1" —y31 gy
Psmin. Eq. 3.3
(2667
=10.9 Ib/in/ft

D.1.4 Calculate Moments, Thrusts & Shears @ Design Sections

Using the following equations, calculate the moments, thrusts, and shears at design locations shown on Fig. 4-2.

*

Moment in bottom slab: iy, {x ) = {M” s } +0.5p, x(B'-x) Eq. 3.9

o min

o :
Moment in sidewall: fy] _ I:F:' = {M“"a“ }* +{p5m‘“ } D.SyI:D'—y) Eg. 3.10
pgmin

omin

where:



Mnmax __DUBIE [1_1563 +D'5G4]_{p5max }x DIE[ G'l _GE ] Eqg. 3.8
o

r""'I1-:-min 12 1+G1_GS DEmin 12 J]-I-I:::’W_I::’|
20
G“I ok 3 Eq. 3.4
TSB'
9H?2 *
Gy = —1 [’l—TTI Eq. 3.5
D'B'TS i
f k'
oH?
2 B‘H qu +2 Eq. 3.6
v T S F
6Hy [ a7
Gl =i e 2oL Eq. 3.7
-4 BI BI _|_3 q
| o
* Use Mam ax ar Mamin. as follows:
r"“’r]smin. r""'qsmin.

Location 8, 9, and 10, use Pgax ONly
Locations 11, 12, and 13 check both Pg,4« @and P, fOr governing case.
Locations 14 and 15 use pgpmin. ONly.

Design Shears
Shear in bottom slab:
Vp (X) =py(B'/2 - X) Eq. 3.11

Shear in sidewall:

Vs (¥) = Psmax. (D12 -y ) Eg. 3.12

Design Thrusts



Thrust in bottom slab:

meax = e ot E Eg. 3.13
N b min DSmin 2
Thrust in sidewall:

N = p‘fl Eq. 3.14

Throat - Design Moments

3
o =BN2°6OT_ oo s
(8112)°(7 67)
S
G, (J)S172) 1o Eq. 35

(6.67)7.67)(8/12)° 667

3
G =haNF/ele] 1 —+ 8”23 = 0.348 Eq. 3.6
767 ligr12?  (8/12)

w

®
~

Eq. 3.7

+
e

_ iGN 12) 102_(3)(8!12) (8!’12)3 _ 0917
: 767 (8/12)° :

Mo :[—118.8)(92)2 [1—(1-5)[0-348)""{0-5]"{[]-91?)J_{Psmax}{(gmz[ 0.87-0.070 J:| Eqg. 3.8

12 1+0.870-0.348 Poin || 12 11+0870-0.348
I::'srn ax.
= -515584 - 28033 Eqg. 3.8
zmin.
Momax. = -51558.9-(57.5)(280.33)= -67680 in-Ib/ft
Momin, = -51558.9-(14.7)(280.33)= -55680 in-Ib/ft



Throat - Design Moments

Design
Location

[ Coordinat__|

psmln Psmax.

8 40.00 -21630 .

11 12.00 49680 44210 Sidewall moment Eq. 3.10
12 12.00 - 1370 -10630

15 46.00 ) 20010 ) Bottom slab moment Eq. 3.9

Throat - Design Shears

tinpar = (0.96(8)-1) = 6.68 in
Cldiar =(0.96(8)-2) = 5.68 in

@dinner = 0.85 (6.86) =5.68 in

@douter  =0.85(5.86) =4.83in

3[\/(% d)E L il ~ ¢y d

@ M =30 Eq. 4.22
uu‘i’vd

Uy

@Design Location 9

Mg < 0 do not investigate

@ Design Location 14 (positive moment region)

Ko = 3| [(5.68)2 4+ LN TOO10)
o | (9)(1188)

Xcoord@14 = 46.00-21.29=24.71 in
Coordlnat

Design Shear
(m) (In)

—a.B8. = 212310

Throat - Design Shears

Design
Location

No Check Mg <0 o
Shear in sidewall

11 Eg. 3.12




- 16.83 1330
’ - 12.00 1610 ’
12 12.00 - 4040 i
Shear in bottom slab
13 17.86 - 3360
| 13 1785 j 5230 | Eqg. 3.11
Throat - Desigh Thrusts
= =(5.75) [(5-5?3"[123J =2300 Ib/ft Eq. 3.13
: 3
i <147 (C712)) o0,
2
N - (1188)7.67)012) 5470 b/t Eq. 3.14
2z

Face - Desigh Moments

(S e g

Gy i
(827 (11.17)
5
& B 3[1_8f12‘=o.048
(6.67)(11.17)(8/12) 6.67 |
9 ™
&l AYBED) T, 812 142
VUAT A R et D)

G ==

ESN

(6)(8/1 2)[1_02_ (3)8/12) , (8/12)°

- (1659
T A 1417~ (8127

Eg. 3.4

Eqg. 3.5

Eqg. 3.6

Eq. 3.7



i 1+0.597-0234 20 WV +0597 0239

Ps Frin.

o _ (-66.3)(134)° [1—(1 .5)(0.239)+(D.5)(D.559}J_{Pgmax}[(amz[ 0597 -0.048 ﬂ

= T0935.’I—{P5ma“ }215.61 Eqg. 3.8

sHin
Momax. = -70935.1-(40)(215.6)= -79560 in-lb/ft
Momin. =-70935.1-(5.9)(215.6)= -72210 in-lb/ft

Face - Design Moments
.
Design
Location

psmln psmax

8 40.00 -47560 .

11 i 12.00 —69800 -63240 Sidewall moment Eq. 3.10
12 12.00 - -23680 -31030

15 67.00 ) +76600 - Bottom slab moment Eq. 3.9

@Design Location 9

Mg < 0 do not investigate

@ Design Location 14 (positive moment region)

L 3{\/(5.68)2 eIt 00 5.68} 33.96in.

(9NEG 3]
Xcoord@14 = 67.00 - 33.96 = 33.04 in
Coordlnat

(m) (|n)

No Check Mg <0

Design
Location

Shear in sidewall

- 16.83 930 Eq. 3.12
11 - 12.00 1120 q
12 12.00 - 3650 .
13 16.83 - 3330 Shearllzn bgttlolm slab
14 33.04 - 2250 q. 3.




Face - Design Thrusts

Npmax =(40)(80/2) = 1600 Ib/ft Eq. 3.13
Nprmin =(5.9)(80/2) = 240 Ib/ft Eqg. 3.13
Ns =(66.3)(134)/2 = 4440 Ib/ft Eq. 3.14

Mid-Length - Design Moments

(3127 66T

=, = - = 0.708 Eq. 3.4
(8112071942
5
Gy S e e P Eq. 3.5
(BE7N9 4208/ 12) G.67
3
Gs Edc)on ] bepg it s Eq. 3.6
942 [ (8/12) (8/12°
3
& LIS A2} gor BIOTELLISTIR) | i res Eq. 3.7
Q42 942 (8r12)°
- 9210118 (1= (1.5)(0.283)+ (0500 768))  [Pemax || (80)° (. 0708-0.057
4 7 14 1+0.708-0.283 Peri’ || 12 1 1+0.708-0.283
Pama:-:
= —659881—{ '}243.65 Eqg. 3.8
Momax_ = -78170 in-Ib/ft
Momin. = -68640 in-Ib/ft

Design

Location Coordinate



Psmin. Psmax.

(in-1b/ft) (in-1b/ft)
8 40.00 - -38170 Sidwall moment
11 12.00 -64190 -57770 Eq. 3.10
X
Coordinate
12 12.00 -12830 -22360 bottom slab moment
15 56.50 +78360 - Eq. 3.9

Mid-length Design Shears
@Design Location 9

Mg < 0 do not investigate

@ Design Location 14 (positive moment region)

o J(G.eaphw—aea _5759in
0)92.1)

Xeoord@14 = 56.50 - 27.59 = 28.91 in

Coordinat
Location X y (Ibs/ft)
(in) (in)

9 No Check Mg <0 o
10 Shear in sidewall
- 16.83 116. Eq. 3.12
11 - 12.00 1400
12 12.00 - 4100 .
13 16.83 ) 3650 Shearén bgttlolm slab
14 28.90 : 2540 q. o

Midlength Design Thrusts

Npmax. =(50) [{BET:IH 2)] =2000 Ib/ft Eg. 3.13

2



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

N = 192 0{942)12) 5200 b/t Eq.3.14
#

Summary of Design Moments, Thrusts And Shears

Service Load Forces Ultimate Load Forces*
3 Design
S Location
M N Y, My Ny A
(in-1b/ft) (Ib/ft) (Ib/ft) (in-1b/ft) (Ib/ft) (Ib/ft)

8 -21630 Mg < 0 - No Flexure Design Required
9 Mg < 0 - No shear Design Required
10 *x *x 1330 - - 1730
11 -49680 5470 1610 -64580 7110 2090

Throat 12 -10630 2300 4040 -13820 2990 5250
13 *x *x 3360 - - 4370
14 *x 590 2530 - 770 3290
15 70010 590 * 91010 770 -
8 -47560 Mg < 0 - No Flexure Design Required
9 Mg < 0 - No shear Design Required
10 * o 930 - - 1210
11 -69800 4400 1120 -90740 5720 1460

face 12 -31030 1600 3650 -40340 2080 4750
13 * o 3330 - - 4330
14 * 240 2250 - 310 2930
15 76600 240 * 99580 310 -
8 -38170 Mg < 0 - No Flexure Design Required
9 Mg < O - No shear Design Required
Mid-
Length




10 *x ** 1160 -
11 -64190 5200 1400 -83450

12 -22360 2000 4100 -29070
13 *x ** 3650 -
14 *x 440 2540 -
15 78360 440 * 101870

6760
2600
570
570

1510
1820
5330
4750
3300

* Load factor x service load force - Eq. 4.1, 4.2, and 4.3.
** Force at this location not required for calculations.

D.1.5 Reinforcing Design

Flexure

As

minAg

I 1] 1
- o= Ny = Jololea Ny @od-n- 24, |- £q 4
i
= 0.85 bf'; =(0.85)(12)(3000)=30600 Eq. 4.5
=0.96 h -t Eq.4.6
=(0.96)(8) - 1= 6.68" To inner steel (positive moment)
=(0.96)(8) - 2= 5.68" To outer steel (negative momet)
= 0.90
4 p
| o2 KNG A g 7oy 1T Eq. 4.14
(87000+f, ) f,
s et U Eq. 4.15
10000
= 085-005 (3000~ 400011 (12)(3000) = 32400
10000
(0.85)(12)(3000) = 30600 < 32400 use g' = 30600
=0.002bh B 4.7

=(0.002)(12)(8) = 0.192 in2/ft




Flexure

Design ff min.Ag max.Ag
@in. Ib/ft) (Ib/ft) (in. 2/ft) (in.2/ft) (in.2)
8 (+M) M8 < 0 - Use min. A 0.192*
Throat 11 (-M) -64580 7110 5.112 0.13 00.192* 0.887
12 (-M) -13820 2990 5.112 0.007 00.192* 0.938
15 (+M) +91010 770 6.012 0.256* 00.192 1.138
| 8 (+M) M8 < 0 - Use min.Aq 00.192* }
Face 11 (-M) -90740 5720 5.112 0.243* 00.192 0.904
12 (-M) -40340 2080 5.112 0.108 0 0.192* 0.949
15 (+M) +99580 310 6.012 0.286* 00.192 1.143
8 (+M) M8 < 0 - Use min.Ag 0 0.192* -
Mid 11 (-M) -83450 6760 5.112 0.203* 00.192 0.891
Length 12 (-M) -29070 2600 5.112 0.063 0 0.192* 0.943
15(+M) +101870 570 6.012 0.291* 00.192 1.140
| * Governs design at this location.
Crack Width Control Check
B P+ Mid -k /2 :
Fer - 1 WA-N72) con?ff, | Eq.416
(30000) ¢ A ]
e = E+d_ E Eq.4.17
N 2
] @ 0.74 + 0.1 e/d where j < 0.90 Eqg. 4.18
7 4
| 2 7] Eqg. 4.19
=

For Reinforcement Type 3 (RTYPE = 3)

Pse)

=3\{U_5(tb
I

Conservatively assume circumferential reinforcement spacing = 12 in. (S<£)

A g

O
P
I

Crack Width Control Check




n= | (inner and outer cages are each a single layer)

2 ; o s
B e 0.53(1)°(12) =182 (for tension on inside)
M
2 ] ;
B, %k 05(2)°(12) =288 (for tension on outside)
N
DeS|gn Asflex
<m o) <'b/ft> ﬂ.. (in 2/f) .
-21630 M8 < 0 - No Check Required
Throat 11 -49680 5470 5.68 (2.88 | 10.76 | 1.89 [0.90 (1.91 0.192 <0
12 10630 |2300 (5.68(2.88| 6.30 | 1.11 | - - 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
Face 11 -69800 | 4400 |5.68 |2.88 | 17.54 | 3.09 |0.90 |1.41 0.243 <0
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 11 -64190 | 5200 (5.68 |2.88 | 14.02 | 2.47 |0.90 |1.57 0.203 <0
Length 12 -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 0.291 0.20
* e/d < 1.15; therefore, crack control will not govern.
Since F¢, < 1.0 at all sections, flexure reinforcement will govern design at all locations.

Calculate Shear Strength
Method 1 - Locations 10 and 13
oV, =3¢yl D d Eq. 4.20

Use d = 5.68 (conservative) @ throat & midlength section

= (3)(0.85) [0 (12)(5.68) = 9520 Ibs/ft

1730 ’ 9520

4370 9520

Vy, <oV, Eqg. 4.21
De3|gn
Throat




10 1210 9520
Face 13 4330 9520
Mid 10 1510 9520
Length 13 4750 9520
fV; >V, therefore, shear does not govern design.
Method 2 - Locations 9, 10, 13 and 14
For M/(Vvivd) > 3.0
1 Fd |:'\'."IEI
&y  ={1.1+631/f. ¢.bd Eq. 4.24
|:n::I:N
Ag
Eq. 4.25
b d
Fd =0.8+1.6/d<1.25 Eq. 4.26
R =g f Eqg. 4.27a
Calculate Shear Strength - Method 2
d N,
Fn =1.0-0.12 _ 4 >0.75 Eq. 4.28
III"'IIIL-I
For M/(ve,d) < 3.0
A
OV, [ ] 4 5. bdd, Eq. 4.30
\'*"r¢v N
Iy

Section

Ny | Vo | d
(ib/ft) | (ib/ft) | (in.)

S
(in.2/ft)

9 I No Check - M8 <0
10 - - [1730

Throat 11* 64580 | 7110 | 2090 5.68| 0.192 |0.0033 | 6.400* [1.082|0.750| 5990 | 5990
]:_L32* -13_820 29_90 ig?g 5.68 | 0.192 |0.0033| 0.545 [1.082|0.932|12480 (12480




14 ~ [ 770 [3290 [6.68| 0.256 [0.0038 | 3.000 |1.040[0.972[ 5350 | 5350
| 9 No Check - M8 <0
10 : = [1210
o % | 00740 |5720 | 1a60 [5-68| 0.243 |0.0042 | 12,873 |1.082(0.750 | 6250 | 6250
12 | -40340 12080 14750 |5 50| 192 [0.0033| 1.759 |1.0820.947 | 4740 | 6870
13 } - | 4330
[ 14 | - [ 310 [2930 [6.68| 0.286 [0.0042| 3.00 |1.040(0.987| 5370 | 5370
| 9 |
10 : = [1510
Vi | 83150 | 6760 | Toa0 |5:68| 0.203 0.0035| 9.497+ |1.082(0.750 | 6050 | 6050
Length -
12 29070 12600 5330 |5 651 0192 (0.0033| 1.130 [1.082|0.941| 4770 | 8960
13 ) - | 4750
@ - 570 |3300 [6.68| 0.291 [0.0043| 3.00 |1.040|0.979 | 5440 | 5440

+ MIVgd > 3.0, use 3.0
* Shear strength (¢Vy,) at tip of haunch (Sections 11, 12) is cornpared to shear force (V) at @,d from tip of
haunch (10, 13).

@, Vp >V, at all sections; therefore, shear will not govern design.

Box Section Design Example.
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D.1.6 Summary of Design Example D.1

Compare hand and computer designs for throat face and midlength sections.

Required Steel Area, in.2/ft

Desig-

Location | o0 id Lengih

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 0.271 0.291 0.276
Sidewall - outside ASI 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.

- . A 2
Location DSl . Required Area, in 5/t Governed at
nation Hand Computer

Top slab - inside AS2 0.291 0.256 Mid-Length
Top slab - outside AS8 0.192 0.192 All Sections
Bottom slab - inside AS3 0.291 0.276 Mid-Length
Sidewall - outside ASI 0.243 0.248 Face

Sidewall - inside AS4 0.192 0.192 All Sections

D.2 Side Tapered Reinforced Concrete Pipe

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 1.

D.2.2 Design Data



Given Data

Ty = 120 pcf
14 = |50 pcf
4 Y - 62.5 pef
¢f = 0.9
Foce ——_ D. = P=(p ¢v = )3
— Throat
Fcr = 1.0
Nfﬁ" — F- 3 | _ﬂ
5o = 0.08 | vp
F = 1.0
p
T=4
| , 5 ;
1! fc = 5000 psi
L = 6-0" i f,’, = 65000 psi
E!f:lﬂ'-ﬂ" ey i -I'L : A : s
bo' bi ~ .
Class C Bedding Angle:

Note: Add 2' surcharge for miscellaneous

jl_ﬂll

Midlength Section

unanticipated loads

Circular - 90°
Elliptical - 0.5 B

RTYPE = 2, smooth WWF
Fe=12

t =AA

n=1



Assume h =8' (B wall @ throat)
He @ Face = 2' + 2' =4'

He @ Midlength Section = 4' + L1/2 (1/Sg + So) = 4 +
6/2 (Y2 + 0.05) = 5.65' Say 6'-0"

He @ Throat =4 + 6(*2 + 0.005) = 7.3' Say 7'-6"

Culvert Geometry

.3 3

Throat Section

|_. = __'__'_I Throat Section

Midlength Section

Face Section

Assume: ufv =0.,5= kl’ Typ. for HE pipe
Taper = 4.0

Throat: Di = B4"
= B84/2 + Bf2 = 48"

F ace:
it i (13, - A1+ 18 ) O 7o Lijos- Ws |fn.521%_35 b
| 7 o e
1+u1-:!-1if|+i;kf | +|;ft:.5-1J|+|,f:tn.52
D.

Z I ‘E_g Eq_ = ]
o - Laor =5 - 36062 23.5¢

1 =23‘56 :EI?.lZ"

W :k_JTS-



Yi 84
ro T 5 tv=sp +47.12" = 89, 12"
See Figure 1-2.
Midlength:

36 (1705 - |+J.ﬁ:1152)+ 84

I =
|+ 1/0.5 - HII + IJ"DS

O L 35 T -39.22 = | 1.78"

= 39.22"

v 41.78 4
W = Ts— = 23.56

L3 = % + 23.56" = £5.56"

D.2.3 Calculate Applied Loads
Throat (Circular Section)
Earth Load W,

We = FoYsBo (Hg +R,/6) Eq2.7b
Ry, =B, = Dj+2h = 100 in

= (1.2)(120)(100/12) [?_5 Y ] = 10670 Iblft

(12)(6)

Dead Load Wp
Wp = 3.3 (h)(D; + h) = (3.3)(8)(84 + 8) = 2430 Ib/ft Eq. 2.1

Internal Fluid Load W



W; = 0.34 D2 = (0.34)(84)2 = 2400 Ib/ft Eq. 2.4

Face (Elliptical Section)
Earth Load We

Bo =2 (h+ry+u)=2(8 + 36.44 + 23.56) = 136 in.
R =100 in.
We =(1.2)(120)[E] 4+ 2 =5790Ib/1t Eg. 2.7b
12 (12)6)

Dead Load W,

h §] h U
Wy =420 (s +§]|arc:tan|[—)+|[r1 +§]u[’l.5?—arr::tar‘u[—) Eq. 2.2

W W

=4 X8E) [(89_1 2+ %) arctan(0.5)+ (36 44 + %]n[’l a7 —arctam[[]ﬁj}

= 2950 ibf/ft

Internal Fluid Load W;

Wi =087 {rf arctan[%ﬂrﬁ(’l 57 - arctan[%j)— U v} Eq. 2.5

- 0.87|(89.12%) arctan (0.5) +36.442(1.57— arctan(0 5)) — (23 56)(47.12)|
= 3520 Ib/ft

Midlength

Earth Load W,

Bo =2(8+39.22+11.78) =118 in.
Ro =100 in.



W, = (1.2)(120)(118/12) [5 i ﬂ] = 104601b/ft Eq.2.7b
112)(6)

Dead Load W,
W,  =(4.2)(8) [(65.56 + 8/2) arctan (0.5) + (39.22 + 8/2)(1.57 - arctan (0.5))]
= 2690 Ib/ft Eq. 2.2

Internal Fluid Load Wjs

W; = 0.87 [(65.562) arctan (0.5) + 39.222 (1.57 - arctan (0.5)) - (11.78)(23.56)]
= 2970 Ibfft Eq. 2.5

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 = (Cmyy We + Cm2Wp + Cy3 Wy) B'/2 Eg. 3.33
N = Cpp We + Cpip Wy + Cpyz Wi Eqg. 3.34
\% = Cyg We + Cyp Wy + Cy3 Wi Eq. 3.35
M, =LM Eq.4.1
N, =L¢N Eq. 4.2
Vi iy, Eq. 4.3

Throat - Design Locations (Figure 4-4)

Design Location

1 1@ invert 8, =0°
2 near invert where M/Vd = 3.0 (Figure 4-5)
r=46"
fud ~f, (0.96 h - t;) = 0 9 [(0.96)(8) - 1] = 6.01 6, =19° Eq.4.6

3 maximum negative moment based on
earth load only (Figure 3-1) 63 =75°



4 near crown where M/Vd = 3.0 (Figure 4-5) 6, =149°
5 crown 65 =180°

Throat

Design Moments

Design Cm1 Cm3
Location Fig. 3-1 Flg Fig. 3-6 (in. Ib/ft) @(in. Ib/ft)

1=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 Ch1 Cho Chs N Ny
Location Fig. 3-1 Fig. 3-5 Fig. 3-6 (Ib/ft) (Ib/ft)

1=0° 0.32 0.12 -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° 0.41 -0.02 -0.19 3870 5030
5=180° 0.38 -0.09 -0.22 3310 4300

Design Shears

Design Cy1 Cy2 Cys V Vy
Location Fig. 3-1 Fig. 3-5 Fig. 3-6 (Ib/ft) (Ib/ft)

| I=0° | - - Not Applicable - -
| 2=19° | 0.21 | 0.40 | 0.20 | 3690 | 4800
| 3=75° | - - Not Applicable - -
| 4 =149° | -0.10 | -0.11 | -0.11 | -1600 | -2080
| 5=180° | - - Not Applicable - -

Face - Design Locations (Figure 4-4)
Flexure Design Location
1 @ invert 8, =0°

maximum negative moment based on
earth load only (Figure 3-3)

3 65 = 80°




5 crown 85 = 180°

Shear Design Location

2 and 4 where M/gvd = 3.0

From Egs. 3.33 and 3.35, using earth load only

el Bl 2220 2 1k
ci)'"-.-"'lj Ecﬂwed‘i’v - 8d 4+ 3 T2
Car _ (32NN _ (BHAEB8H09) _ e
G B 120+8 '

v

Critical Shear Location

Cv1 Cqn1/C

10° 013 0.30 0.433

15° 0.08 0.37 0.216 M/Vd=3 @ 13°

20° 0.03 0.40 0.075

160° 0.05 20.20 0.25 - :
4 165° 0.07 -0.15 -0.467 M/vd=3 @ 161

Design Moments

Design Cm1 Cm3
Location Fig. 3-3 Flg Fig. 3-6 (in. Ib/ft) @in. Ib/ft)

1=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

Design Thrusts

Design Ch1 Ch2 Ch3 N Ny
Location Fig. 3-3 Fig. 3-5 Fig. 3-6 (Ib/ft) (Ib/ft)




1=0° 0.27 0.12 -0.28 1740 2260

2=13° 0.32 0.18 -0.25 2460 3200
3=280° 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 Cvi Cys \ Vy
Location Fig. 3-1 Flg -5 Fig. 3-6 (in.-Ib/ft) (in.-Ib/ft)

| I =0° | - - Not Applicable - -
| 2=13° | 0.34 | 0.43 | 0.15 | 4790 | 6220
| 3=80° | - - Not Applicable - -
| 4=161° | -0.18 | -0.08 | -0.08 | -2100 | -2730
| 5=180° | - - Not Applicable - -

Midlength - Design Locations (Figure 4-4)
Flexure B'/D'=110/92 =1.20

¥ @ invert 0, =0°

3 maximum negative moment based on 0, = 78°
earth load only (Fig. 3-3) 2

5 crown 65 = 180°

2 and 4: where M/fVd = 3.0

it Cmt _ 3)(2)(d)ig) _ 13)(2)(6.68)(0.9) _ 0387
¢ B 110 '

Critical Shear Location

m1 vl /IC

10° 0.13 0.26 0.500 .

15° 0.10 0.35 0.286 Migvd=3 6,=14

160° 0.05 017 20.294 —
4 165° 0.07 -0.13 -0.538 M/(de—3 94—161

Midlength (Continued)




Design Cmi Cm2 Cm3 M My
Location Fig. 3-3 Fig. 3-5 Fig. 3-6 (in.-Ib/ft) (in.-Ib/ft)

1=0° 0.16 0.21 0.12 142720 185540
2=14° 0.10 0.13 0.10 93100 121030
3=78° -0.12 -0.10 -0.08 -96900 -125970

4 =161° 0.06 0.07 0.06 54680 71080
5=180° 0.09 0.08 0.07 75050 97560

Design Thrusts

Design Ch1 Ch2 Chs N Ny
Location Fig. 3-3 Fig. 3-5 Fig. 3-6 (Ib/ft) (Ib/ft)

1=0° 0.28 0.12 -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° 0.31 -0.08 -0.22 2370 3090

Design Shears

Design Cyv1 Cv2 Cys
Location Fig. 3-1 Fig. 3-5 Fig. 3-6 (in. |b/ft) (in. Ib/ft)

| l=0° | - - Not Applicable - -
| 2=14° | 0.30 | 0.43 | 0.15 | 4740 | 6160
| 3=78° | - - Not Applicable - -
| 4=161° | -0.14 | -0.08 | -0.08 | -1920 | -2490
| 5=180° | - - Not Applicable - -
D.2.5 Reinforcing Design
Flexure
J . A
= 9= Ny ~ yolald A’ ~N, (24~ h)= M, ¢ — Eq. 4.4
W
g-0.085 b ' = (0.085)(12)(5000) = 51000 Ib/in. Eq. 4.5

od = (6.68)(0.9) = 6.01




A, (51000/(0.600) -N, —J5mot1[q5moonam:|2 N, ((2(6.01-8)- zmuj

65000
L EMLI
Minimum Steel
Inside
2
Asmin. [Bi +h) Eq. 4.8
Go000
Throat: Asmin.= w = 0.130 in?/ft (inside)
Go000
2
Face: M (inside)
A= 50000 = 0252 int
Midlength:  Asmin.= M = 0.186 in?/ft (inside)
Bo000
Outside
2
Asmin. 5 (Bi +h) Eqg. 4.9
Go000
Throat: Agmin = (0.75)(0.130) = 0.098 in2/ft (outside)
Face: Agmin.= (0.75)(0.252) = 0.189 in?/ft (outside)
Midlength:  Agmin = (0.75)(0.186) = 0.140 in?/ft (outside)

Maximum Steel

4o
Asmax. = (5.5}{10 ]IQ ¢fd—|:]_."r5 NU i Eq. 4.14
(870001, ) .




E P 1 mtt
g =|065-005 w]lbf'c Eq. 4.15
| 1000

((5000-4000
1000

0. 65)(12)(5000) < 48000 < (0.85)(12)(5000) 0.k

g = |0E85-0.05

L

]] (12)(2000) = 45000

57000+ 65000

o _|B5x10%48000)(0.9)(6 68)
G 65000 86670

075N ]——’l GG - N,

Flexural Reinforcement

De8|gn Asmin. Asmax.
T O P O o
129230 3940 0.304 0.130 1.561
Throat 3 84870 8080 0.142 0.098 1.513
5 66340 4300 0.130 0.130 1.556
1 208560 2260 0.546 0.252 1.580
Face 3 135730 7080 0.292 0.189 1.524
5 113270 2000 0.280 0.252 1.583
Mid- 1 185540 3150 0.471 0.186 1.570
Lenath 3 125970 8390 0.252 0.140 1.509
9 5 97560 3090 0.226 0.186 1.570
0.01 Inch Crack Width Control
B M+ Mid-h72 -
For = ' s ]'—C1bh2 e Eq. 4.16
(00000 de ) A J]
e =E+d_ﬁ Eqg. 4.17
[ i
j =0.74+0.1e/d<0.9 Eq.4.18
i
e (id Eqg. 4.19

=




B

For Type 2 reinforcing - smooth WWF

i

Crack Control Reinforcement

De&gn Asflex
99410 3030 35.49 0.90 1.20 0.304 0324

Throat 3 65290 6220 13.18 0.90 1.84 0.142
5 51030 3310 18.10 0.90 1.50 0.130 <0
1 160430 1740 94.88 0.90 1.07 0.546 0.918
Face 3 104410 5440 21.87 0.90 1.38 0.292 0.274
5 87130 1540 59.26 0.90 1.11 0.280 0.191
Mid- 1 142720 2420 61.66 0.90 1.11 0.471 0.803
Lenath 3 96900 6460 17.68 0.90 1.52 0.252 0.050
9 5 75050 2370 34.35 0.90 1.21 0.226 <0

In all cases the crack control factor (F,) is less than 1.0; therefore, the flexural reinforcement will govern the design.

Shear (Method 2 for Pipe)

F4F
oV =(11+630).fF, poo 27 Eq. 4.24
FﬁFﬂ
A A A

r Bl =2 2 =jaad Eq. 4.25

d, b d (012668 7214
= 1+ i @ design locartions 2 & 4 moment produces tension on Eq. 4.27b

i or  inside of pipe Fie
Hoat g SO
42+ 23(2)

I'm depends upon whether the design section is in the r{ or ry

Face: segment. arctan u/v = 26.6° > 14° & (180° - 160°); therefore, r,,, is

located in segment r,



Face:

Fc =1+ Yy =1.036
(2)(89.12 +4)
Midlength:
Fe ' =14+ S =1.045
(Y6556 +4)
[

FRR e S U e g

Shear Strength

Design Vp

Eq. 4.28

Throat 4940 4800 0.304 0.0042 0.877 7690
4 5030 2080 0.130 0.0018 0.750 8000

Face 2 3200 6220 0.546 0.0076 0.938 8620
4 2390 2730 0.280 0.0039 0.895 7700

Mid- 2 4190 6160 0.471 0.0065 0.918 8320
Length 4 3470 2490 0.226 0.0031 0.833 7870

@,Vp > V; therefore, shear does not govern design.

RCP Pipe Design Example (Cont.)




120=JdINCH SPAN % A4 +CINCH RIGSE REIMFUACED ELLIPTICAL CONCRETE PIPE

LA RI R AL R R EEETRIE AN R LRSS RERLERERLESER AR RTR AR RERE R NERERETSRES RS X

I W5 7 & L LA T F N DA T A
HEIGHT OF FILL AGOVE CROWNy FTa 4,00
UNIT WEIGHT. RCF 12000
SOIL-STRUCTURE IMTERACTLIOMN COEFFICIENT 1.20
o T BEDDIMG ANGLEs DEGREES 0 - PR s T b L e SR e e 1 HH S
LOAD AMGLEw ULGREES 272+00

MAT E R &L PORTOCPI BRI T TS ETS

- A A S T B TR NN MR TR W R T T EE W CEN W MW EF W OWOSN W M AN NN M W W R T N BT W M MR MM MW M M

STEEL = MINIMUM SPECIFIED YIFLD STRESS. P51 65000,
REINFORCING TYPE 2.
MOa. OF LAYERS OF REINFORCING 1.
CONCRETE = SPECIFIED COMPRESSIVE STRESSe PSI 50C0.

LOAD FACTOR = MOMENT ANO SHEAR 1.30
LOAD FACTOR = THEUST 130
STRENGTH REDUCTIUN FACTOR-FLEXURE Da90
STREMGTR REDUCTICN FECTOR-DIAGOMAL TELSION D.90
CRACK WIDTH REDUCTION FACTOR il 1.00
P IPE DATRA
RADIUS 1s INa TGt
HADIUS 2 INs F9a.12
WALL TFICKNESSse IN. Ba.00
INSIOE CONCRETE COVER OWER STEELs INa l.00
DUTEICE CONCRETE COWER OWER STEELw [N 1.00
FLUID BATA
FLUIU LENSITY, PCF, 62.50
DEPTH UF FLUID«INCHES AHBOVE INYVERT B4 .00
REIMNMF ORCING S TEEL DAT®
INVERT=- INSIDE REIMFORCINGs SQeIMNL/FT. 0«558
CPRIMGLINE= OUTSIDE REINFORCINGs SGalMadFTa 0.291

CROwWN= INSIDE REINFORCINGy 5A&IY«FFTa D257




102+ 0INCH SPAN X &6.01NMCH RISE REINFORCED ELLIPTICAL CONCRETE PIPE

LGl AR E EL R RN R R L Ll AR IR R R R X R R R A Y R e AR Rt S R RAEER L)

I ST A LLATION DO-A-TA

- R RS S S e T TE M ET T R e M N R NN S e S o

HEIGHT OF FILL ABOVE CROWMs FTg £.00
UMIT WEIGHT,. PCF 120,00
SOIL=-STRUCTURE INTERACTIOM COEFFLICIENT 1.20
BEDDING ANGLEs OEGREES B0.00
LOAD ANGLEs ULGRELS ZA0-00
MATERIA&AL PROPERTIES
STEEL = WINIMUM SPECIFIED YIELD STRESS. PSI &500%.
REINFORCING TYPE 7.
Y0. OF LAYERS OF BEIMFORCING 1
CONCRETE - SPECIFIED COMPRESSIWNE STRESZ, F5I 500G
LOADTI NG O ATa& ot
LOAD FACTOR = MOMENT AND SHEAR 1.3
LOAD FACTOR = THAUST 1+50
STRENGTH REDUCTIUN FACTOR-FLEXURE 0490
STRENGIW REDUCTICN FACTOR-DIAGONAL TENSION 0.30
CRACK wIDTH REQUCTION FACTOR _ 1.00
P IPE DATA
RAQIUS I+ INa Ig,22
RADIUS 24 IN. 65 .56
WALL TFICKNESSs IMs Be00
INSTOE CONCRETE COVER OVER STEFL s IY. 1.00
OUTSIOE CONCRETE COVER DVER STEELs INa 1.00
FLUID DAT R
FLUIU OEMSITYs PCFe 250
UEPTH UF FLUTDsINCHES AHBOVE [HVERT Ba.00
REINFORCING STEEL D ATAS
INVERT- INSIDE RtINFORCINGy SG.IN./FT. D.479
SPRINGLINE- OUTSICE RELNFORCINGw SQGelNs/FTa De223
CROMM= INSIDE REINFARCINGs SCWINe/FT. 0.209




B4s 3INCH CIAYETER AECIMNFOFCED COMCFETE CIRCULAR PIFE

thdd drikRddorddirekrarrcrFrirddinprridarragrarrAarFi bk parr et et FE Y F AR ER A RN

I NS T & LLATIDN Db ATA

W A O R - B B W O M R ER M M W M M N R T N NN M W R R CECWE N ET NN M -

HEIGHT C° FILL EEOVE CROWNy FTg T.50
UNIT WEIGHTy PECF - 123.00
SOIL=-STAUCTURE [MTERECTION COEFEJCIENT 1.20
BEEDDIKG AMGLE s DEGRELS S0.00
LOAD AMGLEs DEGREES 272,00
Mk T ERTAL PROGPERT FE'S
STEEL = MINIMUM SPECIFIED YIELD STRESSy P51 65000.
KL INFQORCIMNG I"H'-_:E 2a
. ND. OF LRYERZ OF REINFARLCING 1a
COMCRETE = SPECIFILD COMPREZEIVD STRESS. PSI 5000
L a0 T &6 0 A T A
LOAD FRLCTER = MOMENT AHD <HE AR 1430
LOARD FACTOR = THEUST 1+30
STRENGTH REDUECTIUN FaCTOR-FLEXURE 090
STRENGTH REOUCTION FACTOS-DIAGONAL TEMSIOMN 090
CRACK wIDTH AEDUCTIAN FACTOR 100
FIL¥FE B LTA4&
WALL THICENESSs IMN. A«0d
INSTDE CQMCRETE COWEM DVER STESLs M. 1.00
WUTSICE CORKCRETE CUVER OVER STEELs 1M 1.00
F LU I'B 0OATS
FLUID DENSITTs PCFa 62.50
DEFPTH UF FLUIDs INCHES ABDVWE IMVERT B& .00
PEINFORECING STEEL O ATA
INVERT= THSIOE REINFORCINGs S5Q2IM./FT, 5_.31“1
SPRINGLINE- ODUTSIOE REINFOACINGs S5GalMa/FTa f-1%9

CROMN= IKNSIDE REIMFORCINGs SQuIN+F/FTs 0130




D.2.6 Summary - Design Example D.2

Compare hand and computer designs for face, midlength & throat.

Required Steel Areas, in.2/ft
idlengh

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.

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 1.

D.3.2 Design Data:



Steel Corrugated Pipe:

f, = 45000 psi
f, = 33,000 psi
y o
E = 29x 10%si
PWI:? Fill Heights:
Face ]
= Throat
Face:
o ccal B H, = P 2 A0

Midlength:
30, 1
H = 1|+T§{*§; "‘5,:,]'
30,1
o .|'_'+ + T.E_ l:z ¥ {}-GSJ
_ w3 Say 5.5
30 midlength Section Throat: 4
b | ‘
H-E- = fl + ﬁ (TE i 50}

z a+5%+ﬂﬂﬂ

= Bl Say 7.0



Note: Add 2'-0" surcharge for miscellaneous unanticipated loads.

Culvert Geometry

L |
2
|
T
Throat Sectiocn
Assume ufv = 0,5 = kl
Di = JB" v

- EUII

2T {1, - 1+ u’kf) o,
:

—_—

M) T 7
L+ 1k --nlil + k)|

I|| 2
z/h (”"D.S - | + 1/0.5 ) 78 39.0 - 0.0773 2

= + s

(405 - ‘1|(‘I + 1/0.52

L

D.
iz} = —%- * ?'— T (z) = 0.3273 z
viz) = 22 . 05662
|
»)
ro@ = =+ vz = 394+0.65462 Span = 2(r,

lhraat Section

Midlength Section

Foce Sectian

+1)



B N I A N S N

Face 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

D.3.3 Calculate Applied Loads:

Earth Load - W, = F¢ Y5 By (He + Ry/6)
« Neglect corrugation depth; therefore, B, = Bj, R, = R;
« Fo = 1.0 (flixible culvert)

W, = 1.0 (120) B, (He + 78/12.6) = 120 - span (He + 1.08)

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.

Thrust T= %

2
Required cross-sectional wall area:
(SF) W (SF)

f sf

A= o

¥ ¥
Sf=2

fy = 33000 psi

Required sectional wall area:

) W, T Area



Face 5486 2743 0.166
Midlength 6120 3060 0.186

Throat 6302 3151 0.191

Flexibility:

2 52
o B 1
E1 E(FF]
E =29 x 106 psi
S = span - use 2 times r, for non-circular shape.

Assume a 1" depth corrugation; therefore, (FF) = 0.033 (AASHTO, Section 1.9.4).

. 2 X r2 1re
Locatio ) red
(n) (i

Face 156.6 25.6 x 10-3
Midlength 117.3 14.4 x 10-3
Throat 78 6.36 x 10-3

Select a corrugation for steel conduit that meet the required area and moment of inertia calculated.

Choose a 3 x 1 corrugation with the following properties:

. S t A r

Face 108 3x1 0.168 2.46 25.09x10-3* 0.3490
Midlength 93 3x1 0.109 1.56 15.46x10-3 0.3488
Throat 78 3x1 0.064 0.89 8.66x10-3 0.3410

|* 2% less than required for handling, but since the face will be stiffened by the head wall, this is acceptable.

Wall Buckling

If the computed buckling stress divided by the required safety factor is less than the service load steel stress, f,, the
required wall area must be recalculated using f.,/SF in lieu of f,.

2 2
IfS - 29 Thenf,, = f, h [HS]

f 48E

r



If S I fLI =[l{5 2

r = radius of gyration

= soil stiffness factor
For granular backfill with 90% min. standard density, use k = 0.22.

For all sections, r ~ 0.34.

B
r [24E ﬁm.m\/(zngxm i
kY f, (i 2 45000
Use 2 x r, in place of span in calculating buckling capacity. Since 2 x r, is less than 192 in. in all cases, use:
L i e
oY G ey Y sk (e e [
450002(0.22) (Erg f
(2148(29% 10834 T

= 22000~

2r :
2 22500—0_0352(—2]
r

. f../SF f.=T/A
Location (2ry)/r g I
_ (psi)

Face 460.6 15032 1115
Midlength 345 18310 1962
Throat 228.3 20665 3540

Since f.,/SF > f, buckling does not govern.

Seam Strength

1
w

(SS) = T (SF) SF



Double

: T SS .
Location t rivets
- i i - (ki)

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 1 corrugated steel pipe with the following properties:

I N T

(in)
Face 108 3x1 0.168
Midlength 3x1 0.109
Throat 78 3x1 0.064

Since this is a relatively short structure, use a 3 x 1 corrugation with t = 0.168 in. throughout.

Go to Appendix E




() Appendix E : FHWA-IP-83-6

Improved Inlet Example Designs

Go to Appendix F

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-1 through E-5 present designs for reinforced concrete box section inlets. The following geometric

and design parameters are assumed for these designs:

Slope of earth embankment above box, Sg = 2:1.
Fall slope, S = 2: 1, where applicable.
Culvert slope, S = 0.03, except for Tables E-4 and E-5 where S = 0.06.

Sidewall Taper, T = 4: 1, except for one cell slope tapered sections (Tables E-3 and E-4) where T =
6: 1.

All box sections have 45° haunches with dimensions equal to the top slab thickness, i.e. HH = HV =
TT

Reinforcing strength, f,, = 60,000 psi.

Concrete strength, f.' = 3,000 psi.

Cover over reinforcing t, = 2 in. clear, except for bottom reinforcing of bottom slab where t, = 3 in.
clear.

The heights of fill at the face and throat section are shown for each design. In addition 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 soil structure interaction coefficient of 1.2 is applied to the earth load.

Two conditions of lateral soil pressure were considered, equal to 0.25 and 0.50 times the vertical soill
pressure. The worst case at each design section was chosen for design.

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, Sp = 2:1.
Culvert slope, S = 0.03.

Sidewall taper, T = 4:1.

Reinforcing strength, f, = 65,000 psi.

Concrete strength, f.' = 5,000 psi.

Cover over reinforcing, t, = | in. clear, inside and outside.

The heights of fill at the face (Hy) and throat (H;) are shown for each design. In addition to the fill

shown, a two foot 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.

Figure E-1, Figure E-2, and Figure E-3 present algorithms for sizing headwalls for cast-in-place concrete,

precast concrete and corrugated metal inlets. Following are Tables E-8, E-9, E-10 and E-11 presenting




headwall designs for one cell and two cell box, concrete pipe and corrugated metal pipe, respectively.

Figure E-4, Figure E-5, and Figure E-6 show typical designs of skewed headwalls for a concrete box
section, 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.

Reinforcing Requirements - One Cell Side Tapered Box Inlets

Span x Rise

DlmenS|on* Inlet Geometry (ft-in.)

Bi(Throat) 50" 6-0" 70" 80" 9-0" 100" 120"
Di 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
T 0-8 0-8 0-8 0-8 0-9 0-10 1-0

T

Ts 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 0-11 1-1
Hy 1-0 1-0 1-0 1-0 1-2 1-3 1-6
H, 3-8 4-2 4-9 5-3 5-11 6-7 7-10

Bar i i in.2
Designation Required Reinforcement Area (in.4/ft)

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)*
3A 0.20 0.21 0.31 0.43(12)** 0.51(4)* 0.62(4)* 1.04(4)**
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 0.29

Long. 1 0.13 0.13 0.13 0.13 0.13 0.13 0.13

* See Appendix G. Sheet 1.

** Numbers in parentheses indicate maximum bar spacing (in.) as limited by crack control Otherwise maximum spacing is
3 times slob thickness or 18 in., whichever is less.

Other Design Parameters

Embankment slope, S, = 2:1

Culvert barrel slope, S = 0.03:1
Taper, T=4:1

Reinforcing yield strength, f,, = 60,000 psi

Concrete compressive strength, ' = 3,000 psi

Haunch dimensions, Hy = Hy, = Tt




Reinforcing Requirements - Two Cell Side Tapered Box Inlets

Span x Rise

D|men3|on* Inlet Geometry (ft-in.)

Bi(Throat) 50" 6-0" 70" 8-10" 9-0" 10-10" 120"
D; 5-0 6-0 7-0 8-0 9-0 10-0 12-0
B2 7-6 9-0 10-6 12-0 13-6 15-0 18-0
L 10-0 12-0 14-0 16-0 18-0 20-0 24-0
- 0-8 0-8 0-8 0-9 0-10 1-0 1-4
.
Ts 0-8 0-8 0-8 0-9 0-10 1-0 1-4
Tg 0-9 0-9 0-9 0-10 0-11 1-1 1-5
Te 0-8 0-8 0-8 0-9 0-10 1-0 1-4
H; 1-0 1-0 1-0 1-0 1-2 1-3 1-6
Hy 6-4 7-4 8-5 9-6 10-8 11-10 14-3
Designation q '
1A 0.20 0.20 0.20 0.22 0.24 0.29 0.39
1B 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 0.42 051
3A 0.20 0.20 0.26 0.32 0.39 0.42 0.51
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
8B 0.20 0.25 0.20 0.40 0.60 0.55 0.63
8C (Length) NR NR | 0.49(8-10") | 0.61(9'-0" | 0.84(10-0") | 1.11(12"-0") | 1.26(16'-0")
8D (Length) NR NR | 0.49(8-10") | 0.61(9'-0" | 0.84(10-0") | 1.11(12"-0") | 1.26(16'-0")
Long. 1 0.13 0.13 0.13 0.13 013 0.13 013

* See Appendix G. Sheet 1.

** Numbers in parentheses indicate maximum bar spacing (in.) as limited by crack control Otherwise
maximum spacing is 3 times slob thickness or 18 in., whichever is less.

Other Design Parameters

Embankment slope, Sg = 2:1 Reinforcing yield strength, fy = 60,000 psi
Culvert barrel slope, S = 0.03:1 Concrete compressive strength, ', = 3,000 psi
Taper, T=4:1 Haunch dimensions, Hy = Hy,, = Tt




Reinforcing Requirements - One Cell Slope Tapered Box Inlets

Span x Rise
T I NS T S S I S N
Inlet Geometry (ft-in.)

Bi(Throat) 5-0" 5'-0" 5'-0" 7-0" 7'-0" 7-0"
D; 5-0 5-0 5-0 7-0 7-0 7-0
B¢ 7-6 8-10 10-2 10-6 11-4 12-8
Ly 7-6 11-6 15-6 10-6 12-11 16-11
Lo 5-0 9-0 13-0 5-4 9-5 13-5
L 2-6 2-6 2-6 5-2 3-6 3-6
Lg 1-3 1-3 1-3 1-9 1-9 1-9
Fall 2-0 4-0 6-0 2-0 4-0 6-0
T 0-8 0-8 0-8 0-8 0-8 0-9
Ts 0-8 0-8 0-8 0-8 0-8 0-9
Tg 0-9 0-9 0-9 0-9 0-9 0-10
Hs 1-0 1-0 1-0 1-0 1-0 1-1
H; 7-4 11-4 15-4 12-3 12-3 16-4
Required Reinforcement Area (in.2/ft)
1A 0.20 0.20 0.20 0.26 0.31 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
4B 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. 1 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
* See Appendix G. Sheet 3.
** Numbers in parentheses indicate maximum bar spacing (in.) as limited by crack control. Otherwise
maximum spacing is 3 times slob thickness or 18 in., whichever is less.
Other Design Parameters
Embankment slope, S = 2:1 Reinforcing yield strength, f,, = 60,000 psi
Culvert barrel slope, S = 0.03:1 Concrete compressive strength, f'. = 3,000 psi
Taper, T = 6: | Haunch dimensions, Hy = Hy, = Tt

Reinforcing Requirements - One Cell Slope Tapered Box Inlets

Span x Rise
R | 8 | 2 | a4 [ s | & | 10 |
Inlet Geometry (ft-in.)




B'(Tgroat) 7-0" 9-0" 9-0" 9-0" 9-0" 9-0"
i 7-0 9-0 9-0 9-0 9-0 9-0
By 14-0 13-6 13-9 15-1 16-5 17-9
L 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
L, 3-6 7-10 4-6 4-6 4-6 4-6
5 1-9 2-3 2-3 2-3 2-3 2-3
B
':Ta” 8-0 2-0 4-0 6-0 8-0 10-0
T 0-10 0-9 0-10 1-0 1-2 1-4
Ts 0-10 0-9 0-10 1-0 1-2 1-4
Ta 0-11 0-10 0-11 11 13 15
Hy 1-2 12 1-2 1-3 1-4 1-6
H, 20-6 10-11 135 17-6 21-7 25-9
Designation q :
1A 0.33 0.57 0.42 0.40 0.37 0.39
1B 0.33 057 0.42 0.40 0.37 0.39
2A 0.88(4)* 1.05(4)** 1.06(4)** 0.96(4)** 1.06(8)** 1.02(12)**
3A 0.99(4)** 1.21(4)** 1.20(4)** 1.09(4)** 1.20(8)** 1.21(12)*
A 0.24 0.22 0.24 0.29 0.34 0.39
4B 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. 1 013 0.13 013 0.13 013 013
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 slob thickness or 18 in., whichever is less.

Other Design Parameters

Embankment slope, S = 2:1 Reinforcing yield strength, f, = 60,000 psi
Culvert barrel slope, S = 0.03:1 Concrete compressive strength, ', = 3,000 psi
Taper, T = 6: | Haunch dimensions, Hy = Hy =Tt

Reinforcing Requirements - One Cell Slope Tapered Box Inlets

Span x Rise
Falcy f 2 | 4 | 6 | 2 | 4 | & |
Inlet Geometry (ft-in.)




Bi(Throat
( D. ) 6'-0" 6'-0" 6'-0" 8'-0" 8'-0" 8-0"
| 6-0 6-0 6-0 8-0 8-0 8-0
B¢ 9-0 10-0 11-4 12-0 12-5 13-9
Ly 9-0 12-0 16-0 12-0 13-4 17-4
L, 4-11 9-0 13-0 5-0 9-4 13-4
Ls 4-1 3-0 3-0 7-0 4-0 4-0
L 1-7 1-7 1-7 2-1 2-1 2-1
B
Fal 20 4-0 60 20 4-0 60
T 0-8 0-8 0-8 0-8 0-8 0-10
Ts 0-8 0-8 0-8 0-8 0-8 0-10
Ts 0-9 0-9 0-9 0-9 0-9 0-11
Hs 1-0 1-0 1-0 1-0 1-0 1-2
H, 8-2 11-9 15-9 9-11 12-8 16-9
Bar Required Reinf t Area (in.2/ft
Designation equired Reinforcement Area (in.2/ft)
1A 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(4)** 1.00(4)**
3A 0.31 0.42 0.62(4)** 0.93(4)** 1.34(4)** 1.12(4)**
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. 1 0.13 0.13 0.13 0.13 0.13 0.13
Long. 2 0.20 0.20 0.20 0.20 0.20 0.24
* See Appendix G. Sheet 3.
** Numbers in parentheses indicate maximum bar spacing (in.) as limited by crack control. Otherwise
maximum spacing is 3 times slob thickness or 18 in., whichever is less.
Other Design Parameters
Embankment slope, S = 2:1 Reinforcing yield strength, f, = 60,000 psi
Culvert barrel slope, S = 0.06:1 Concrete compressive strength, f'. = 3,000 psi
Taper, T = 6: | Haunch dimensions, Hy = Hy =Tt

Reinforcing Requirements - One Cell Slope Tapered Box Inlets

Span x Rise
10x10 10x10 10x10 10x10 10x10
N I S N S S AT N
Inlet Geometry (ft-in.)

B'(Tgoat) 8-0" 100" 100" 100" 100" 100"
i 8-0 10-0 10-0 10-0 10-0 10-0
By 15-2 15-0 15-0 16-3 17-7 18-11
L, 21-5 15-0 15-0 18-9 22-9 26-9
L, 17-5 5-2 9-8 13-9 17-9 21-9
L. 4-0 9-10 5-4 5-0 5-0 5-0
5 21 2-8 2-8 2-8 2-8 2-8
B
FTa” 8-0 2-0 4-0 6-0 8-0 10-0
T 1-0 0-10 1-0 1-2 1-4 1-6
Ts 1-0 0-10 1-0 1-2 1-4 1-6
s 11 0-11 11 1-3 1-5 1-7
H, 13 13 1-3 1-4 1-6 17
H, 20-10 11-11 13-11 17-11 22-0 26-2




Bar . , ,
p)
Designation Required Reinforcement Area (in.4/ft)

1A 0.38 0.74 0.42 0.40 0.39 0.44
1B 0.38 0.74 0.42 0.40 0.39 0.44
2A 0.90(4)** 1.20(4)* 0.92(4)** 0.88(4)** 1.04(8)* 1.10(12)**
3A 1.04(4)* 1.40(4)** 1.09(4)** 1.11(4)** 1.25(8)** 1.33(12)*
4A 0.29 0.24 0.29 0.34 0.39 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. 1 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 crack control. Otherwise
maximum spacing is 3 times slob thickness or 18 in., whichever is less.

Other Design Parameters

Embankment slope, S, = 2:1 Reinforcing yield strength, f, = 60,000 psi
Culvert barrel slope, S = 0.06:1 Concrete compressive strength, ' = 3,000 psi
Haunch dimensions, Hy = Hy = Tt

Taper, T=6: 1

Reinforcing Requirements - One Cell Slope Tapered Box Inlets

Span x Rise
Rl 12x12 12x12 12x12 12x12 12x12 12x12
Falcdy | 2 | 4 | 6 | 8 | 10 | 12 |
Inlet Geometry (ft-in.)

B'(Tgfoat) 120" 12-0" 120" 12-0" 120" 12-0"
' 12-0 12-0 12-0 12-0 12-0 12-0
Bt 18-0 18-0 18-8 20-0 21-4 22-8
Ly 18-0 18-0 20-1 24-1 28-1 32-1
L, 5-3 9-10 14-1 18-1 22-1 26-1
Ls 12-9 8-2 6-0 6-0 6-0 6-0
L 3-2 3-2 3-2 3-2 3-2 3-2
B
ral 2-0 4-0 6-0 8-0 10-0 12-0
T 1-2 1-4 1-6 1-8 1-10 2-0
Ts 1-2 1-4 1-6 1-8 1-10 2-0
Tg 1-3 1-5 1-7 1-9 1-11 2-1
Hs 1-6 1-6 1-7 1-8 1-9 1-11
H, 13-11 15-11 19-0 23-1 27-3 31-4
Designation q '
1A 0.57 0.50 0.45 0.48 0.53 0.58
1B 0.57 0.50 0.45 0.48 0.53 0.58
2A 1.04(4)** 0.97(4)** 1.10(8)** 1.20(8)** 1.38(12)** 1.50
3A 1.30(4)** 1.20(4)** 1.36(8)** 1.53(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. 1 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 slob thickness or 18 in., whichever is less.




Other Design Parameters

Embankment slope, S, = 2:1 Reinforcing yield strength, f, = 60,000 psi
Culvert barrel slope, S = 0.03:1 Concrete compressive strength, f. = 3,000 psi
Taper, T=6: 1 Haunch dimensions, Hy = Hy, = Tt

Reinforcing Requirements - Two Cell Slope Tapered Box Inlets

Span x Rise
A AT 6x6 6x6 6Xx6 8x8 8x8

@ | 2 | & | & | 2 | & | &
Dimension* Inlet Geometry (ft-in.)

IE;'_ 6'-0" 6'-0" 6'-0" 8-0" 8-0" 8-0"
i 6-0 6-0 6-0 8-0 8-0 8-0
Bt 18-0 18-0 20-0 24-0 24-0 24-8
Ly 12-0 12-0 16-0 16-0 16-0 14-5
L, 4-6 9-0 13-0 4-6 8-0 13-5
Ly 7-6 3-0 3-0 11-6 7-0 4-0
L 1-7 1-7 1-7 2-1 2-1 2-1
B
Fall
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Ts
T
Tc
Hy
Hy
- uired Reinforcement Area (in.

1A 0.20 0.20 0.24 0.29 0.29 0.29
1B 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
4B 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. 1 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 3.

** Numbers in parentheses indicate maximum bar spacing (in.) as limited by crack control. Otherwise
maximum spacing is 3 times slob thickness or 18 in., whichever is less.

Other Design Parameters

Embankment slope, S, = 2:1

Reinforcing yield strength, fy, = 60,000 psi
Culvert barrel slope, S = 0.06:1

Concrete compressive strength, f'. = 3,000 psi

Taper, T = 4: | Haunch dimensions, Hy = Hy, = Tt

Reinforcing Requirements - Two Cell Slope Tapered Box Inlets

Span x Rise
10x10 10x10 10x10 12x12 12x12 12x12

| raltay 2 ] 4 ] 6 ] 2 | a4 ] & |

Inlet Geometry (ft-in.)
D- 10'-0" 10'-0" 10-0" 12'-0" 12'-0" 12'-0"
| 10-0 10-0 10-0 12-0 12-0 12-0
By 30-0 30-0 30-0 36-0 36-0 36-0
Ly 20-0 20-0 20-0 24-0 24-0 24-0
L, 4-6 9-0 13-7 4-5 9-0 13-6
Ls 15-6 11-0 6-5 19-7 15-0 10-6
L 2-8 2-8 2-8 3-2 3-2 3-2
B
':Ta" 2-0 4-0 6-0 2-0 4-0 6-0
T 1-4 1-4 1-4 1-8 1-8 1-8
Ts 1-4 1-4 1-4 1-8 1-8 1-8
Tg 1-5 1-5 1-5 1-9 1-9 1-9
Tc 1-4 1-4 1-4 1-8 1-8 1-8
H; 1-3 1-3 1-3 1-6 1-6 1-6
H, 14-5 16-5 18-5 16-11 18-11 20-11
EcY Required Reinforcement Area (in.2/ft)
Designation q '
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 0.59
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(Length) | 0.16(12'-0") | 0.68(12'-0") | 0.83(12'-0") | 0.23(14-0") | 0.95(14'-0") | 1.19(14'-0")
8D(Length) | 0.16(12'-0") | 0.68(12'-0") | 0.83(12'-0") | 0.23(14'-0") | 0.95(14'-0") | 1.19(14'-0")
Long. 1 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 3.
** Numbers in parentheses indicate maximum bar spacing (in.) as limited by crack control. Otherwise
maximum spacing is 3 times slob thickness or 18 in., whichever is less.
Other Design Parameters
Embankment slope, S¢ = 2:1 Reinforcing yield strength, f,, = 60,000 psi
Culvert barrel slope, S = 0.04:1 Concrete compressive strength, f'. = 3,000 psi
Taper, T = 4: | Haunch dimensions, Hy = Hy,, = Tt




Reinforcing Requirements

- Side Tapered Reinforced Concrete Pipe

Diameter

Inlet Geometry (ft-in.)

4'-0" 6'-0" 8'-0" 10'-0" 12'-0"
Bf 6-0 9-0 12-0 15-0 18-8
r,@Face 18 9 26 1 347 4-23 507
1B 1B 1B 4 o
r,@Face 47 1 6-11 1 9214 116 2 13-10%
1B o 1B 16
u@Face 1311 1-11 9 2.7 1 3-3% 3111
1B 16 1B o
v@Face 27 1 3111 5213 66 2 7-10Y%
15 a 15 16
Ly 4-0 6-0 8-0 10-0 12-0
h 0-4 0-6 0-8 0-10 1-0
Hs 1-0 1-0 1-0 1-3 1-6
H; 3-2 4-2 5-3 6-7 7-10
Y Required Reinforcement Area (in.2/ft)
Designation q :
Asi 0.29 0.49 0.81 1.27 1.84
Agc 0.14 0.23 0.36 0.56 0.80
Ago 0.17 0.27 0.41 0.59 0.82
* See Appendix G. Sheet 5.
Other Design Parameters
Embankment slope, Sy = 2:1
Concrete compressive strength, f'; = 5,000 psi
Taper, T=4:1

Corrugation Requirements - Side Tapered Metal Pipe

Inlets

Diameter

inlet Geometry (ein)

4'-0" 6'-0" 8'-0" 10'-0" 12'-0"
Bf 6-0 9-0 12-0 15-0 18-8
r,@Face 189 26 1 34 2 4-23 507
1R 1R 1R 4 A
r,@Face 4-7 1 6-11 l 9-2 E 11-6 i 13-10Y4
16 g 16 16




u@Face 1311 1-11 3 2.7 1 3-3Y 3111

b 1B b o

V@Face 2-7 1 311 ] 5-2 E 6-6 E 7-10Y4
16

esign Without Sp

ecial Features (in.

Corrugation 3x1 6x2 6x2 6x2 )
Thickness 0.109 0.109 0.168 0.249

Design 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 Parameters

Embankment slope, Sg = 2:1

Culvert barrel slope, S =0.03:1

Corrugated metal,, fy = 33,000 psi, f, = 45,000 psi

Taper, T =4: |
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Figure E-1. Headwall Dimensionsfor Cast-In-Place Reinforced Concrete Structures.



o
jus)
i

f

>

]
=l
]
wl
-+
o0
| w
™

I
F

2

=g

By
ot g

-
1

H" rmin,

B
By

d;}:
2_'F' &' rrin. : :
o e ﬁ'+T5 5|nFif|2+T5}5mF
d, + t;sinF+1t_cosF-T
Wirgwall Flare fngle, F 5 i T lw 3
d, Ty +tecosF -t sinF

a. Wingwall Flare Angles Less Than 60°

—
'-—-______‘_-_‘_
—h
|

—
]

- °
B
£ 'i'|::-|-=lr-|rT53"|2+|f:|t
1- _TH+ifr_‘usF
w o sin F

—.
i

wa03F+ff5lnF+I:|f

b. Wingwall Flare Angles Greater Than or Equal 1o 60°

Figure E-2. Headwall Dimensions for Precast Concrete Culverts



Bf dt d 1

5 - — —_— —_—————
TH' 2&+1un538+mn53 12"
By
d. Tw = 14+ G
BF sin F
S L e e S .
’ te = ¥, i2sinF
Beveal
Angle, B
=il inF «1t
Wingwall Flore Angle, F 15 £k tf o g F
d5= TH+1fcnsF—twsinF

a. Wingwall Flare Angles Less Than 60

) { ; Ef d, 4:|1r
£ THz 3% *'Ton iﬂ+mf‘_|2"
T Bf
i e iy > on
1, H et v el
b
g ts = ‘t1“|'“r~::::-s.F+1‘\!¢5ir'=1-'+v::lt
Angle, B
Wingwoll Flore Angle, F TH + 15 cos F
T # sin F

b. Wingwall Flare Angles Greater Thon or Equal to 60°

Figure E-3. Headwall Dimensions for Corrugated Metal Pipe

Box Section Headwall Designs - 45° Wingwall Flare Angle




Headwall

Opening

Span x Rise

)| —) () ) )
50x5.0 0 8.0 12.0 16.5 6.3 8.0 25

6.0x 6.0 8.0 8.0 12.0 17.0 10.0 8.5 6.0 8.0 3.0

70x70 8.0 8.0 12.0 175 10.4 8.5 5.6 8.0 35

8.0x8.0 8.0 8.0 12.0 18.0 10.7 85 53 8.0 4.0

9.0x9.0 9.0 9.0 12.0 185 10.1 85 49 9.0 45

10.0x 10.0 10.0 10.0 12.0 19.0 9.4 8.5 4.6 10.0 50

12.0x 12.0 12.0 12.0 12.0 20.0 81 85 3.9 12.0 6.0

1. Above designs ore based on 45° bevel angle and 45° flare angle. See Figure E-1 for other angles.
2. See Sheet 7, Appendix G for key to dimensions and reinforcing requirements.
3. Designs ore applicable to one and two cell box sections.

Box Section Headwall Designs - 60° Wingwall Flare Angle

Headwall
Opening
Span x Rise

5.0x5.0 12.0|16.1
6.0x 6.0 8.0 8.0 12.0|15.9 6.0 3.5 8.0 3.0
70x7.0 80 (80 (120|156|6.0 | 31 | 80 |35
8.0x8.0 8.0 |80 (120|154 | 6.0 |27 | 80 [ 40
9.0x9.0 9.0 (9.0 (120|156|6.0 | 31 | 9.0 | 45
10.0x 10.0 10.0{10.0{12.0|159( 6.0 | 35 [10.0| 5.0
12.0x 12.0 12.0|12.0(12.0(16.4| 6.0 | 44 [12.0| 6.0

1. Above designs are based on 45° bevel angle and 60° wingwall anglw. See Figure E-1 for other angles.

2. See Sheet 7, Appendix G for key to dimensions and reinforcing requirements.

3. Designs ore applicable to one and two cell box sections.

Reinforced Concrete Pipe Headwall Designs - 45° Wingwall Flare Angle

Headwall
Opening

h Th tw I t¢ dg dy, d;
Diameter

12.0 16.0 17.7 11. 3 12. 0
6 6.0 12.0 17.0 18.6 12.7 9.0 12.0 3.6
8 8.0 12.0 18.0 19.5 14.1 9.3 12.0 4.8
10 10.0 13.0 19.0 20.4 15.6 10.6 12.0 6.0
12 12.0 14.0 20.0 21.3 17.0 11.9 12.0 7.2
14 14.0 15.0 21.0 23.3 19.8 14.2 14.0 8.4

1. Above designs are based on 45 degree bevel 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 requirements.

Corrugated Metal Pipe Headwall Designs - 45° Wingwall Flare Angle



Headwall

Opening
Diameter

4

6 12.0 16.0 19.3 8.5 6.7 8.0 2.0
8 12.0 17.0 21.0 8.5 6.0 8.0 3.0
10 12.0 18.0 22.7 8.5 5.3 8.0 4.0
12 12.0 19.0 24.4 8.5 4.6 10.0 5.0
14 12.0 20.0 26.2 8.5 3.9 12.0 6.0
16 16.0 22.0 31.6 113 8.4 16.0 8.0
20 20.0 24.0 37.0 14.1 13.0 20.0 10.0

1. Above designs are based on 45 degree vevel angle and 45 degree wingwoll angle. See Figure E-2 for

dimensions for other angles.
2. See Sheet 8, Appendix G for key to dimensions and other requirements.
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Figure E-4. Skewed Headwall for 8 X 8 Box Section
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b. Section A-A
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Figure E-5. Skewed Headwall for 72'' Reinforced Concrete Pipe
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b. Section A-A

Figure E-6. Skewed Headwall for 48" Corrugated Metal Pipe

Apron Designs - 30° Wingwalls, S =

-n--—-

2 3-0 3-10 13-11
4 3-0 7-10 18-6
6.0 6.0 0.03 6 3-0 11-10 231
8 3-0 15-10 27-9
10 30 19-10 32-4
2 7-0 37 26-3
4 7-0 7-7 30-10
14.0 14.0 0.03 6 7-0 11-7 35-5
8 7-0 15-7 40-1
10 7-0 19-7 44-8
2 5-0 35 19-8
4 5-0 7-5 24-4
10.0 10.0 0.06 6 5-0 11-5 28-11
8 5-0 155 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 6 6-0 11-3 37-11
8 6-0 15-3 42-7
10 6-0 19-3 47-2

Reinforcing Requirements - Square to Circular Transition Sections

Diameter
@ Throat (ft)




Fill Over
Transition (ft)

Bar
Designation

Required Reinforcement Area (in.2/ft)

0.20
0.20
0.20
0.20
0.20
0.20
0.13

0.20
0.20
0.37
0.42
0.20
0.20
0.13

0.22
0.22
0.46(4)
0.50(4)
0.20
0.20
0.13

0.26
0.26
0.61(4)
0.73(4)
0.20
0.20
0.13

0.30
0.30
0.85
0.97
0.20
0.20
0.13

Go to Appendix F




(j Appendix F : FHWA-IP-83-6
@’ Derivation of Equations for Locating Culverts

Go to Appendix G

F.1 Derive Equations to Determine Elevations of Critical

Points and Lengths of Critical Sections for Slope
Tapered Inlets

F.1.1 Definition of Terms

Assume the following parameters are known:

Slopes: Stream bed (S,), Fall (S5, Embankment (S,),
Lengths: Lq,L,, L3, Lt and vertical "Fall"

Elevations: Points Eg,Eq

Barrel Diameter: D;

Determine the followin variables:

Slopes: Barrel (S)
Lengths: Lg Lo L, Lp
Elevations:Eg, E+, Eg, Eg




F.1.2 Determine the Lengths Lg & L

Ty: selected by designer

Dy, Do = Dif12, (or as selected by designer, 12 in.min.)

1
Dyj =Dj |—+1
| | 8%

Dy =DinS? +1~Di (0.5%error for S =0.10)
by similar triagles:

(L + Ty Ci
=]
Dy + D) = Sole

Lg + SeSple = Se (Dyj + D) - Ty

A oD * D)~ T Equation F.1
s e

by similar calculations:

Lo = Se Dy +Dro )~ Th Equation F.2
: 1£5,5, '

L=Ly-Lo-Lg Equation F.3

F.1.3 Determine Lg



g = % {arctan —SI; - arctan S)

J'iﬂ = Di {tan g)

ERG ez (DI-} MNote: See Eq. F.2 for determination of S.
LE -

Ll'l ot Ll

|

. {l’ﬂﬁ‘ (arctan T - arctan S]\ + 5}
f
-1,} | + 52

F.1.4 Determine Elevations Dg, Eg, E, Eg

Substituting:

Eq. F.4

El.LEE = (EL.LEE) - SoLE Equation F.5
El.LEt = (EL.EE) - Fall Equation F.6
EI'EBF = (EIET) + S(L3 + LB) Equation Frf



El.LEg = EL.LEg + SoLg Equation F.8

F.1.5 Determine Slope of Barrel S

EiEs = ElE:
et (I R

S = Equation F.9

F.1.6 Determine Height of Fill over Inlet at Face, H;, and along
Length, H(x), Where x Is Horizontal Distance from Face Culvert

H; varies with site coditions and height of headwall, and must include any surcharge loads
being considered.

H(X) = Hs + x(1/S; + 1/S,), 0< X < Ly Equation F.10a
H(X) = Hf + L2(1/Sf + 1/Se) + (X -L2)(1/Se + S), L2< X< L]_ Equation F.10b

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

Assume the following parameters are known:
Slopes: Stream bed (S ), Fall {Sf,'l, Embankment (5_)
L engths: LI’ LT, and vertical "Fal|"

Elevations: Points EE’ ED

Determine the following variables:
Slopes: Barrel (5)
Lengths: LC’ LF, LB’ L LD

Elevations: EC’ EES' EF’ ET




F.2.2 Determine Lengths

T, : Selected by designer

H

DH = Dif'IE, (or selected by designer, 2 in. min.)

Dy = DYS°+1 = D, (0.5% error for § = 0.10)
Lg = DIJ’E minimum, selected by designer
[ SE [D'v’ﬂ # DHD] ¥ TH

0 | - SE Sa

For inlet location without Fall:

e EE{DWDH}“TH:I g T
e o



Due to the increased number of variables, the remaining parameters are most easily
determined by an iterative process.

a. Estimate barrel slope S
Aol LS 2Bl
L —iLg+Lg +L4]

> Equation F.12

b. Determine remaining lengths

Li = |Fall-LyS + (D, +DH{\/5§ +1-Jg2 +1]]SE Equation F.13
Se[Fall =Sy +Lg)+ S.lLi + Lg)]

Lamt erlgr L 1-5.5; Equation F.14
Fall'= Fall + Sy (L'g - Lo) Equation F.15
Le = [Fall'- S (Lg + L1)] S Equation F.16
LE = LB + LC + LF Equation F.17

Note: Lg and/or L may be negative indicating that the points Eg and/or E¢ are located
outside the toe of the embankment (to the left of point Eg in the figure on Section F.2.1)

L=Lt- (Lot Lg) Equation F.18

c. Check result, calculate A
A= SO(LT_LO_LC) -S (L+LB) 3 LF/Sf Equation F.19

d. if A > 0.01, calculate a new S

_ SL+A
T

Repay steps b and c. This iteration will normally close with one additional cycle. See
Example

e Equation F.20

F.2.3 Determine Elevations

El. Ec = ELEE - SoLe Equation F.21
El. Eg = ELLE - L¢/S¢ Equation F.22
El. Er = ELLEg - SLg Equation F.23
El. Er = ELLER - SL; Equation F.24

El. ES = ElEO o SLO Equation F.25




F.2.4 Determine Height of Fill over Inlet at Face(H;) and along

Length H(x) Where x Is the Horizontal Distance from the Face of
the Culvert

H; varies with site conditions and height of headwall. Must include any surcharge loads being
considered.

H(X) = Hs + X(S + 1/Sy) Equation F.26

F.2.5 Example - Side Tapered Inlet with Fall

a. Given
Di = Ei = !'l'-ﬂ H SD = {]1-[:'5 EE- EE = |?¢5 f1
LT = 350 ft SE T El. ED = 0.0 ¢
LI = 4.0 ft Sf = . 2
Fall = 1.5 Dl. = 6.0 ft
b. Designer selected parameters
DU = Dl = LI'#D f-t
b T i i s
| RS [t A . R : :
TH = 1.0 ft {for simplicity)
B e
LE. = __21_ = 2.0 ft
o Determine remaining variables
| =

- by (200 + 1.0) - 1.0] = 10.0 1

v e
A 555 EE(DWDH]'TH:'

| R R b R



=

5

= m I—E'-'.1++IJ-|J = 8.18 ft

Ly-Lo-Lg? So-Fall (350 10-8.18) 0.05 - 6.0

A S (VS WY 1550 Vs 350-(10+ 240 - 00317
/7 FuII-L|5+{Dv+DH}{1|/5G2+I - 52»,[]_ 3
— &
- [6.0-4.0(0.0317) + (4 + H[‘JD.{}SE i -‘JELEJSI?Z v 2= 11,75 it
— —
vl _LhSfEGII-S(LI+LBJ+SD{LT+LE}:|
c = Lg-Lg-L 90

= a‘ia_z_ ”'?5_2 [6-{}+03|?(£l+2]+G.05[||.?5+2}] = :
- (0.05) 2 g

Fall' = Fall +5 (L' -La) = 7.41 ft
Le = [Far-sag L] s = [741-00317 2+ 9)] 2 = 10845

LE S LB + LC + LF = 2 + (=20.01) + l4.44 = -3.57 ft

J = 3500 - (-3.57 + 10.0) = 383.57 ft

L= LT -(LE+LG

Check A

A =0.05[350 - 10 -(-20.01)]- 0.0317 (343.57 + 2 - 1444 - 0,174

etk

A > 0.01; therefore, recalculate S and lengths LF’ LE’ c*

CSL+A 00317 (363.57) » (-0.178)
e o OLI.57) =04l 2

L, = E*qm.uamdm 1) (¥0.05% + | -0.0312% + | ﬂz - 11.76 ft

7 2_6.0 - -0.0312(4+2) + 0.05(1 1.76+2)
L = 8.18-2-11.76- AL Rl = -20.03 ft




— - e e T T

Fall' = 6.0 + 0.05 E.Ja-{-zci.ﬂaﬂ - 7.4] ft

Ly = 741 -0.0312Q2 +4) 2 = 1545

Le = 2 + (-20.03) » 1445 = -3.58

L = 350 - (-3.58+ 10) = 343.58

Check &

A = 0.05 350-10-(-20.03) -0.0312 (343,58 + 2) - L4

A < 0.01, Okay

g. Cetermine elevations

El. EC = E]‘EE_SQ LC = 7.5 - {0.051-20.03)
E1.Eg = ELEc-Lp/S, = 18.50- 14.45/2
Flib. = ENER~ Sy £ 711,28 ~0031#)
ELE, = ELE--SL, = 101.22-0.03124)

h. Determine height of fill

= | ft at headwall + 2.0 ft surcharge

Hf = | +2=3.0ft

H =3+4(0.0313+ 5) =513 1t

throat

¥ Summary Sketch

= -0.006

|8.50 ft

11.28 ft

11.22 ft

11,10 ft



L= 20.0%

Le = 3.5

T —
—
i R —
r— —
T ——
—
—

EL. |1.22"

El. 11100 Th

Lp = 1045 F:LD‘ L, =40

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,y Selected by designer

.
DH = TEI’ {or as selected by the designer, 12 in. min.)

El EF =E|.EE —LES
EltET=E|- EF'LI 5

Hf varies with site conditions and height of headwall. Must include any

surcharge being considered,

H(x) :Hf+x(5+5—i}

e

Go to Appendix G




(\ Appendix G : FHWA-IP-83-6
@’ Typical Details for Improved Inlets

Go to Appendix H

Sheet 1. Typical Reinforcing Layout - Side Tapered Single Cell Box Inlets

Sheet 2. Typical Reinforcing Layout - Side Tapered Two Cell Box Inlets

Sheet 3. Typical Reinforcing Layout - Slope Tapered Single Cell Box Inlets

Sheet 4. Typical Reinforcing Layout - Slope Tapered Two Cell Box Inlets

Sheet 5. Typical Reinforcing Layout - Side Tapered Reinforced Concrete Pipe Inlets

Sheet 6. Side Tapered Corrugated Metal Inlet

Sheet 7. Headwall Details for Box Inlets

Sheet 8. Headwall Details for Pipe Inlets

Sheet 9. Cantilever Wingwall Designs

Sheet 10 Miscellaneous Improved Inlet Details

Go to Appendix H




(‘ Appendix H : FHWA-IP-83-6
@ Computer Program Listings
Part |

Go to Part |1, Program Pipecar

Program BOXCAR

v G LEVEL 2} MATH 1 CATE = P2251 1EF3E/08
£
£
L PRUGRAM BODY¥CAR
£
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£
C SUEMITTED T FEGERAL HIGHWAY AQMINISTRAETEON = BUGUST 19&2
c AFVFLOPER FOR FHEE PRPOJECT NOL. DAOT=FH=I1=9£92
C BY SZTPPE0Y GUAPERTS AMD HEGER INCe 1696 #ASSACHUSETTS AVFSUE
C CAMBRIGE « MASEACHUSETTS 2213A
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c
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C SME CERLL SCKa
C
¢
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C
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L Ak rdard ket ganwndw e AN WEND OF COMMON axspadwaanddinrdwandd st dnradmed

IV &6 LEVEL 21 LENE BATE

aze51 1873557009
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TW=6&

IPATH=L
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GO 7O €245, 15TOP
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IF ¢ Dia)aNT+Cu? IPDATACLA)=2
IF € NE2l=a5 3 GSay59545%

54 PUATAILIS¥=]1.2
IFDATACIR)==1
0 TN 1

hE RNATACL]}SI=
IEDATAC1S)
a3 701

ntll
=1

C LNa” FACTORy CAFACTTY RED. FACTORS KODE=E

60 COMTTNUE
FOATACZ2)=001}
BEDATALZ3ZI=0CKET)
EBATACRI=DOLZ )
FROATACL?¥=(042321)
IeDATALZ22)=1
THOATACZ22)=1
IBDaTACSI=]
TefaTarlly=1
Gl T X

el )

DEPTH OF FLUIDe KOCE=T
T0 CONTINUE

ROATAflEI=0L]1)

IROATATIG)=1

Go TO |

R

MATERIAL STRENRTHSs FYaFCFPs KODE=S
B0 CONTINUE
IF & LAY 14EGalial oo TC Bl
ROATA420=D(1])
IBOATAL20X=1
Bl IF 1 D02 4FQelal GC T 1
BEOATAAZ13=D42)
IBDATALZ211=]1
GO Tw 1

c CCMCRETE COVERs KODE=S
90 COMTINUE
07 95 I=1s8
IF € DLT))95 405,92
42 EDATAC29+13=p0I}
TBDATAL 29+T3=1
oY COMTIMIJE
GO TG 1



Iv. & LEVEL 21 REEAD DATE
i
f CRACH FACTOR KOOE=110
c
LG CoOMTIMUOE

[ B o]

Lo o )

Lo

C
G

110

1248

12

121

130

1373

1358

999

594

Iv G LEVEL

095
996

BLATALZ4)=NT1)
TEDATACZ4)Y=]
G016 1

REINFORCING TYPE AND NUMBER DOF LAYERS
CONTIRUE

ADATEEFRtI=04L1)

FRaTaL2ti=0C2)

IEDATACZAY=1

IROATAL2T=1

GO Tl 1

WIRE DIAMETEHS KODE=LZ
FOMTINUE

00 LZ1 [=3«G

TF (O0CI-23) 121elElalz2
EDATARII=UII=-2)

TSDATALT =1

CUMTIMUE

IF (TEOATACR) «NEs 1} GO TQ 1
1s0aTAdLY=]

IsnaTad4?1=1

SOATALLY=DCr1}

SDATATZ)=0M1)

G0 TG 1

WIRE SPACINGs HCOE=13
CONTINUE

02 r3% I=9.12

TIF (DCI=82) 135401354135
SUATECTN=OLTI=A]
ISOATARLY=1

CONT INUE

IF CISDATA{S) «NEa 1} GO TOQ 1
IsnaTad?i=:

IsCATALA}=]
SDATACTY=OCL
CDATA(R)I=0{1])

0 oro ]

EMD OF DATAs XODOEaGiwl3

COMTINUE

WRITECIW+2000) KODERITEXTCINIRI =245}
COMT TNUE

21 FREAD DATE

15T0R=1
0T 956
ISTRF=2
COMT TNUE
RETUFN
ERD

pz2251

= B2251

1K 435709

18555409
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THIE SUBRCUTINFE FILLS OUT THE R DATA MO SDATA ARFAYS.WHERE

G LeVEL
C
G
C ME
C TH
r In
G
C T &
C
c 4
C TH
C
L TH
£

b bt bl b s il R ek B i gt bk ol i

1

21 ImIT DATE = p22%,1

SUSROUT TME THIT

1e735/709

EQENs IT CALCULATES VALUES FROM INFUT AND INSERTS THEM TARTO

£ AFFROFSTATE AHERAY.
IT ASSIGHE MIFAULT VALUEZS CMN THT FOLLDWING PASIS:

TBDATAL=)UE JEDATAC=)=] -VALUE HAS PFEN INPUT KO VALUE MNEEDED
CATAG=)ER TINETACw)=N«VALLF HAS MKCT BEEM ITRPLTs DEFALLT VALUE
LCIVE® TO BCATADx) AR SCATAC*)] IRDETAL+) OR IFDATAL#) 15 THENM

T ERUAL TQ =1

1T ECUTTINE EL30U CHECKSE FOR FRRCR CONCITLOWS IN THE IMPUT DATA
ARt FRINTS TrE B0ATA AMD SCATA ARRAYS FOR 4N IDELG YWALUE GREATEER

&M iy

IMTEGER TSCATAC RS aIRDATALRS)
CuMMLN AIFLACSY JEDATASLISDATA
COoOMBCE FBRCALES BDATACIS Y SDATA (IS}

COmMMrsy SISCALEZN ) To DL« INBUG IR o IW e ITAPE R IFATHZICYC SMINT

CUMMIN FTARREY/AMEMBIY 47

COMMEN FRAKREYS FILI1EGr«PVEMBL4+25)

EGU IVALENCE CFBDATACLI ™) )

EUUTVALENCE fROATACIY«SPEAN) y{PDATAL? aRTRED

FOUTVALEMCECTTwEDATAC2) ) oA TEAEDATACSG ) I a TS FDATALS) Y s (HH +

HCATALIL 14 (HY WROATACLI2))
UIMEKSICKN ASSUME(35)

DIMEMEICK SOURCELEDY

DATA SULHCES4MINPU»4HT 4 HND Ve dHALUE v %HASSU o AHMED &K
GH LT !

REAL=E SCREIPTITRYy FTEXTITR)

DAT® SCETPT/EFINEINE S+8FPAY (TN} 4EHTNSIDE RAFHISE o 1IN,
HHTLUP SLAF+EFTHE [IM)4EHHECT SLARGHHTHE d1NYseHSI0E WAL
BHL T (IN)oBHCONC UNTH8HT MT KCT+28FS0IL UNTBHT NT KCIy
BAFLUTL UNgBHT WT KCI4SHFLEY CAP«EHRED FACTHHHBURIAL Dy
EHEPTH  IN«EHHORIZ HALAHIACH IN#8EVERT HAUSREACH IN &
EHEFEAR CAs9HP FED FR4BFLAT SOIL+PFPRESS CCoBFSOIL=-STR
Bl IHNT COF gRHFLUID DE#ZHPTH (IMIgEH#m#CMPTY gRHe wm e dad g
AHCONUCRETE o BH E [KET }4BHSTEEL F oBH (KSI) «HHSTEEL ST
AHR (ARSI« AMCOFCRETEAF STR KST«PHLOAD FAC 4 AHTOR MyV &

LAY FAC +AHTOER F #HHs0]l CRACHAHE FACTORyHEH=4aERMPTY
EHEesdwatke, 00 LAYERE9AHOF REINF+BHREINFORCEHING TYPEs
AH+=#E MPTY gtiHn st e v kg AHNexL PP TY g At annrsaka g AHTOR OUT o
EHCVR (IN)BHS5ICE OUTAH CVR IN 4HHEBOT OUT +BHCWR [IN}s
BHTOP IKS +BHCYR CIN}.PHBUT IN5S sBHCVWR (IN}4PHSIDE 1INS.
EH CWR THK

FL»

DATA TTEXT/EPHWIRE OIA«BH OUT TOP+HHWIRE DIAs2H OUT SDE«BHWIRE DI1As

BH OUT SDT«RHWIRE DIAs8H INS TOP«BHWIRE DIA+RH TNS BOT,



1¢¥ B LEYEL

Bt bl pk ok ek b g e R

i1 TaIT OLTE = 82751

EHHIRE DIf+aH INS SOE+23WRIAE SPA4AH OUT TOPLEHWIRE CSFR S
54 OUT 20D 4EHWITRE 5FhefH GHT BORTLBEHWIRE SPAZRH TMS TOP,
CEHWIRE SPRadn TEY FROTeRPMIRE SPO4AH NS SOF GHF sawEMPTY ,
ﬂH*tﬁiiﬁt!'HF#ﬂlEHFTT'HFi*iﬁitk1|EH*i*EHPT?|EFt#f1rt!t‘
QHlw-[HFTT,EHﬂntin1ti’HHwi*[ﬁpTY‘EHtﬁﬂkﬂti-'ﬂan.EHpr1
Al rrrntanna FHTOF STEEw#HL LTH THNeAHRODT STEE«AHML LTH IMs
AH = 2aE HPTY yfiHd kbma g ik d P TY g OH www e a b s At 4wk FMPTY 3
HH*!';'*"1HH*'*E’PTTnﬂH"*i‘**ﬂiﬂF LAT SCy8FIL RATID.
AHr s bE P T Y s r kv m s EH e wE M TY g AF TR T Y AR C AL AHA R wEFETY o
AH»amdbemaq EH A wrEHP T Yy At watwtag BFD OUT TCoAFP  (INY
b LT ST4aHDE  [THI148HD OUT PULEWTT  ¢INY ¢ EHT JN TOP .
HH [If) A FHD IH B TeBHT (IHNY «2HD IR SXDsBHE [Imy 4

IFTIFDATARLILER D) R TE 140

1F ‘IRISEfiﬂllLT12lllﬂFlIRIEEflft-ET-EUl]] e T 102
N % I=1l.4

LA L |

MEMO fTa 21T+

REMH (4g R}

THICE =FLOAT (PFINCEPANALIE w5}
AGGUMEL3I=THICK +1a

1F f SPabkafiTafite) ASSUHEIIX=THICK
TEICK=ASSLIMEE2Y

ASSUMECS)I=THICK

ASSUMEL hy=THICK
ASSURMELE) =D ROEF =D4A
ASSEIFELTI=d«bT R4 848aqE =g
ASSUMFEAY= R AL TR =04

ALSLI¥E( )= LS

BESUMECLIDY TE TeE DEPYH NOF FILL = FHTAL ERROR IF CMMITTED
AGBUMFECILe=ThICK

AESLUMEC1Z2)Y=TRICH

AESUFECIZ)I=0.9

AESUMECIS = 0.0

AGSLUFELISE=S] <2

AESLIMELIGF=RISE

ASIIIMEL 200=KE8.

AREUMELZ]) =R

ERSIIMELIZZI=] .5
ABEIMEL 2R I=RASSUMEL22)
ABEUMELZR =) 45

BESJAC[ A= 00

ASSUIFE{2TI=2

ASEUMETANI=1

ARSUMELIRLEI=1.

AESURE[I2IC1S

ASSUMETIEY=) 4

RESUNME(ZL)=]) .

LESLS/00



Iv & LEVEL

g %!

21

22

23

28

Ba

Bl

A2

1

21 INIT

ASSUMEL25)=1a

og 17 I=zXs16

IF CIBDATALT) ¥ 1BaTel0
IBDATALL)=-1

ECATACI F=ASSUMELT)
CONTINUE

00 27 I=20«24

IF { IRCATACI) } 27412+20
IRDATALTIX==1

FOATAL] Y=ASSUMELT]

; COMTINUE

ng 22 1=26+27
IF 1 LBCATACI) 3 22421022
IROATALT)==1
EOATACTISASSUMEATLY
CANTINUE

00 28 T=37435
I[F CIBDATACINY Pa, 23«24
180ATAAT Y==1
EDATACI}=ASSUMECT )
COMNTINUE
EOATACL 3)=23000.

CATE

Br251

IeFE5/709

EOAVALLAY=IEOATACE ) #1 T2R 00D o dwwl Sl wSCRTIBCATACZ1) 01000}/

1200 .
IBDATAL{L1T}==1
IRDATALIRI==1

INITIALIZE PHERRIL +}
50 TR B1

COMTIKUE

N1=1a

D2z

O TO B2

IF {tHHERaDate PRa (HY sEQafald}

BI=HH/HYS 2

RE=HV=TES/HHI2 a
Nl=TS+HH+Q1 =TT
DE=TT+Hy+G 2

DizTE+HY+Q7

DR=TS+HH+Q1laTH
PHEMB{l »1)=02
PMEMELZ2412=01
PMEMB(L 413=D3
PYEYE[A41)=0%
ENEME{]l 42 3=02
PFMEMBE (2 «2) =04
PMEMEL3423=D3
FMEMEL4420=D01

GC TC 80



ﬁ}H G LEVEL 231 IKIT DATE = 82251 18/3%5,09

g FMERECL »3)=TT
. PAEME(I43)=TS
- PMEMELZ 4 3)=TR
PMIMELS 4 1275
1S BAL+TS
QE=RISE*{TT+THY /2
PMEMEL] p4 =)
PMEXELZ ¢9) 202
PMEMP(3 y41=01
PHMEMP {4 443200
PHERUTL «S1=HH+T3 /2.
PMEMEBLZ2 g R1zHY+T.T#Pa
FHEMELI yS)=HH+TE /¢ a
PHEY R4 45 =HV+TR/ 2.
PHTHSIL ¢ A) HH=T S22,
FHEYA(E y£I=HY*TE /2,
PME (I 4B sHH+TE /2,
PHEFELG 461 HY+TTi2.
RO TO 14%
108 CONTIRUE
LRTTFEI Wa9ha}
WRETFE(FN+1050)
LGGo FORMATEY SPAMy RISEs ARD PEPTH CF FILL MUST BE GtvEN-':
REITTEf1Nalfidni)
TFAT k==
GC TH 18D
18 COMTINUE
EFNM=SPANSFLD, i el
WRITELI Wa297: Aol
7 HRITELLM10813 SFAN :
1nu11Fun:;g:; PERMITTED RANGE OF SPANS 1% 3 FT TO 2¢ FT+ SPAK GIVEN ASI18DEC 7!
bt 1
CRITE4IWglirls)d
1PATH==1
GOy T 1% ; ki
192 cONTTIMUE ; Ty
ERITELIWa9S9} ' :
RISESRISEAL2,
WRITFR{IW.1002) RISE :
1207 FORMETCY PERMITTED RANGE OF RISES Js 2 FT TQ En Fr. RISE GIVEM AS®
13F2043)
WRTTFECEwelbli)
IFATHS~1
9599 FURMAT(® wwx [MPUT ERRCR #asb)
1412 FORMATE * EXECUOTICK FOR THIS PROBLEM HAS ﬂEEH TERMINATED« 1)
: GO TO 156
149 COMTINUE
~  H=AFAY1{TT+THBeTS}



Iv 1+ gEHEL

31

a2

34

994

21 DATE = p2psl

INIT
ASSHPELY Y= LW OHeTT
ASEUMELZ)I=Da RB*R
ASELREL )= Jfifer
ALSSUMELGYSDanEiwTT
ASEMEL D I=laileTE
AEEUNEL G Y=l TS
GO 31 f=Fsl2
ASEIUMFEFLL1Y=2.
COMTIMUE

D0 3F I=lel2

IF ¢ ISOATACTIY 12
TECATAL[)==1
TGDETACT+25)==]
EDOATALT }=ASSURE 11)

G4 sld2 434

1F 4% o6Ta6Y GO TO 23

COMNT Inlg

A=TT

TF €7 uEfe 2 «PFEa 1 +EQLE ¥ A=TS
IF 45 «Edfla & 20Ra T +Efte 5 } A=TH

EOATALZ D+ )SA=ROATASZ I+ 1) =SDATRELI Y /2.
IF (ISOATACI+29) «NE. =11 ISDATR(I+27)1=1

COMTINIE

if L TSDATACES) «EDs Oa) GO TO 994
63 TQ 99

SDATRELZ2E) = T.5/70DATELY4Y = ]

IS0 ATALEE)==1
HETTEETRaguhe)

1735409

BI5E FURMATE FAFAFF el a0 1HA) 4 F g3 alH BT X sl e s/ 43X alHu gl Xy

994 IF { IDBUG«EQWD}

IMALL IMFIRMATION PRESENTED IS FOR REVIEW. APPROVAL.

INTERPRETAT ION

& k¥ feZka%® AND APPLICATION BY A REGISTERED ENGIMNEER « "y 25Xy 1Hug Fy

SI¥elH= g b TR e lbaa Fu3XsESCiNA)])
G0 1D 9P1
FEITEAT W99}

DEEUG

95 FURMATHIEL 9/ F/F o TaIy AR OF RDATA AND SDATA ARRAYS®* 4 /1 )

FRITECIwe S0l

DEB1G

L8l FDRHATi'B‘:Wlﬂi'PAH#HETEH':TEE"ﬂATﬂ'rTﬁ?i‘SDURCE1qTTE'

100

Tdl

02
T03

I *PAFAHATER "« TO N *DRATA Y T102*S0OLRCE Y ¥
00 980 1=1+3%

JE = o1 oa 3= ]

KF = 1 = 2

IF LIBDATALCTYY TOZ,
J = )

IF tIHDATATI) +EQs
G TOD T223

o TELAE

G0.TCD Fo3

= 5

IF ¢ISDATAMTIY) TrREaT0STO4

TCle THA
F =7

CEBLEG



1v & LEVEL 21 INIY DATE = B22%51 1873520
TOo4 W =
GO TO ra?
TS N = 3
GO TO T27
TECE M = 5§
TOT J1 = Jde 1
Nl = N +« 1}

1¥

|

3

L

e N o B

1

KREITF I Wa3T0C0Y ]« (SCRIPTURYu K= JF oK F Y 4BDATACTI o (SCHURCECKY aK=dnoJ1)
Ta LTTEXTAR ) 4K =JF gKF o SLATALI Y g fSOURCE (K} uK=N N1

00 FREMATEY ¥ ol g b2 R EL 2 Sn 2 A TESe T 24 X 28R wEL1 2 Sx2 Xy 204)
217 CONTINUE

E N |
1scC

CIOMTIMDE
COMTIMNUE

RETURN
ExO

EVEL

1
C
4
A

10

23

100&

21 CESIGN DATE = B2251 18435

SUBRDUT INE DESTRN

HIS SUPRCLTINE SEAUEKTIALLY CALLS DTHER SUBRCUTIMES IM OQRDER TO
OHPLFTE THE AMALYSIS AND CRESTGN OF THE OME CELL AON. ;
PRIMTOUT OF THE X+Y - DEFLECTIONS AMND ROTATIONS FCR EACH MEMBER
MO LOADIANS CASE ¥S5S AVAILABLE WITH AN IDBUG WALUE. GRIATER THAN 2.

COMMONSRARRAY /P12 5 «F ILILOSY«PMEMEL4 425

COMMCHNARECALE FEP ANy I EE w T T TR TS s GANAC y HAMAS yEANAF g PO gHe HHe MV 4G »
1 ZETABETAwDF oB L4 ECoEEg FY pF CPoFLMV aFLN g2 03 s NLAY s RTYPE o G405y
2 CYiere3DATRCIS)

COMMONSARNALAP LI Z D) oS TIF 12 312 oFIXMOC %954 ) 40OMIEd 9DV IE) TP LE DS
IASEENeSMATINLEDY

COMMON ATSCALEANITaNCLOD 9 IDEUG TR TN s JTAPEw IPATH ICYC 4 HINT

ICyL=0
CANTINUE

O & T=144
CALL GEnJHEUETI
CONTINUE

CaLL GETIF
CALL GENLD

CALL MATMPISTIF «9aF s Sallad 2]

FYXFARD DISPLACEMENT MATRIN FOR REACTION COMPONENTS

Na Io J=i+5

UE1Z#J3=ESad]

Ulitaud )=l Bedt)

Ut g =i T edd

UETe.ldz=70

UtHadi=w,

ULllsd}=Ts

CONTINUE

IF {(I0BUGALT a3} Gk TO 2

VRITE(IWe931

FORMATEP1® o fyt )

WEITECI w1200}

COAMATI"G* T2y *OTSPLACEMENT MATRIX = THCHES AMD RADTANG ",
T FAxT30 4 "LOAD CASE" s/ sTPa" HODE " oT 181 "aTINa"2%yTa24"37,3T54%,
O NARLTEL.ERE

9

DEB UG

a9



Iv G LEVEL

iag2
JEDR

1054
i1
e
C
"

DO t1 o = 1 4 4

i}
JE = Jw3=2
JEH S dwd=]
JC = 3]

WRITECE«2O02) JafUCLAWKIaK=122)
MRITELA21033) AU [JR K ) s K=145)

21 DESTIGN CATE = B2291

WEITEC(E 1004} (UIJC oK) g K=145)
FORMATE TS 47 1aTIO "Nt uTI12450F L0 Ba N
FARMATE T LO4 * Y T 139 S(EL DBy PEI]
FORMOTA TRy *ROT® pTIZ5KE 10 42X )7
COMTINUE
COMTTHUE

CALL ENLDOFQ

CALL SIMBPH

CaLl  FMxX¥N _

IF (IPATH «LEs« © 3 RETURN

CaLL DESRCK
RETUERN
END

18/35/409



Iv & LEVEL 21 GENJSE OATE = 82251 te/s35/09
SUBRTUTIAE GERJSEFD
GEMERATES FLEXTEILITY COELFICIENTS FROM™ OME CELL AOX CECMETRY,

FAR MEVWBERE WITH LINCARLY VARYTNG FALKCHFS THESFE COEFFICIENTS ARE
AETERMINED BY WUPERTCIL INTEGRATION,

N N B 0 ]

THE EMTESHATION POINTE SRE N O T AT CAOURL INTERVALS
REAL4S MEidGd) oM 2 fE 0y eI G0 g ¥ IO aMSCRD g ME LN D)
FELL*8 IKERAaq45{}
COAMSON FRESCALEF BOATALRZE)
COMMUN FRAERAYS FILPLECY yPHEME (S 435 o XN SE o0}y INER
COMMIMN AISCALES N
H=55
EQUTVALENCE (RDATACTL YoM e (BDATALZ Yo HY D a dEDATACIAY oEC )
DASEPHERE(Mal)
CE=PMENB{M«2)
DC=FMEME (Mg 3D
SP=PMEMA{ My ]
BLATFMEFE(M45)
ALE=PHME B[ Med)
¥L=481L 4
YE2=ZP=-ALH
CALzERA=DEd FALA
CA=fCA=-DEC 1A ALE
IF (IHA sEGale e DR adHY «ERaZal] GO TO &
DEI=RALAFT
CXZ=CEP=ALR=ALR } /130,
DXI=ALE /S,
(=81 T vl A
OXI=2Preas,
Cra=0¥1
DX3=0x1
E N=wp¥3]
PE 10 T=1aE
M=K D))
=D =A LK
INEH My 1d=0+D a0 +EC
EXT TeMlzK
10 COMTINQE
GO 11 T=Tu45S
X=X+ [ M2
o=
TNER (M 1 =000 v
XEIT«MI=X
11 COMTIMIFE
Nt 12 I=efab?
=X+ E
D= +*CAa{R=x2)



Iy 9 LEVEL 21 GENJS DATE = 82251 18735409

INER AWMy I¥=DaCa0eEL
XXCLaM)=¥

12 COMTINUE
DA 2% I=t4N
¥=XXiLaM}
Degp-%
MIfI1=1a
M2ET )=
MALT =¥
M4 LT l=n4D
PGi11=Dex
MEL TI=K e}

20 CuMTINUE
EMEMBEIN yTI=TRAP (%1 4N g SP M)
FHEME(K 48) = TRAF (M2 4Ny SP g M)
PMEME (M Q)= TRAP (M3ahy SP g™}
FMEME (M 4 1GISTRAP (MA 4R 4 5P yM)
PUFSEIM 11 3=TRAP CHS ok o SP M3
PMEME(Ma 12V TRAD MG 4N SP M)
RETLURN

END

I¥ G LEVEL 21 TRAP DATE = AZED1 14/35/09
FUNCTION TRAP{MOMaNsSeM)

USES THE TRAFEZOIDAL RULE %ITH S0 INTEGRATION PCINTS TC OBTATIN
THE FLEXIRTILITY COEFFTCIFNTS

THIS I5 THE PND VERSION OF THIS PROGRAM

THE THTELERATION FOINTS ARE M Q T AT EQUAL IMTERWVALS

REAL =4 THRER(4+50)YsMOM 1)

COMMON FHEARRAYS FLIZ2ET) X5 04&)3INER

LELES

H=S /K

TRAP=0y

00D 1 1=1«K

TRAPSTRAFP+IMCACTI I FTNERIM T I HOMET#1 3/ THNERCH QT # 1)) n
1 EX(I*2aMd)=XN{TsM})
1 COMTINUE

TRAP=D0sS0THAF

RETURM

END

Oy ¥ 2 00 M1 03



Iv & LEVEL 21 GCETIF DATE = A2?2S] 16435509

el e s R e R

SUBROUTINE GETIF

CIMERATES STIFFMESS MATRIX :
FLEXTETILITY CCEFFICIENTS ARE INVERTED AMOD ASSEMELED TC OBTAIN
STIFFMFSS MATRIY

C MM A RS F SR AR T S T TR TS CANAL s SAMAS aB R MAF o PO sHaHEs HY sl &
1 ZETOwBTTAWDFad L aECaESaFYaFCPaFLHY o P L+ B2 A 3o LAY sRTYPEn G4 s 3™
g CTRE)e SDATRLEIS Y

COMMONARERREAY FUCIZ 45k ol L UGB oW 20 g S il dyGigRinaB)yClég5)y
1 MMEMBECA w25 o I50w4d

COMMGRN PENALFFILIGUT «STIFL1E412%

COMMIN FISCALEFNITMOLD s IGBU G IR s I LTAPEaLFATEICYCaNINT
CIMEMSTION FOXgStwaAKd SaX el Ty

Y e S -

CEMEEATE SCRIPT &

CO 5 J=245

Fidallzta

F{ladi= 2

ERUL gufd =i

S R =
E CupMTINUL

FIldar)=PHEER[IxT)

FLZpi)=FYEFECTpBY

FE2 e PI=PHEMBITIn1E)

FIA423=FL242)

CC=FMEFEAT 1« 5}l s

SPoPREME{T 41

Ftleld=SPFfOC/MEC

IMNERT F TO GET AR

DELYASF Z g2 deF 0 5g8) =FL{245) %R (8,27

AR IEsd)=Ta/FiInld

BRELC+2)=F{342}¥/DELTA

BE LS, 80 S 2)F0ELTA

LEKA2330==mF 2430 0ELTA

BEES a2l =K {242}

CALL ASSEMLT zAK )

L0 CAMTENUE

REMDYE REACTIUN CURPORENTS
OO 12 J=1pl2

ETIFCTp JIETIFI 9440
STIF(BaI=STIFCIOa}



1v & LEVEL 21 G5T1F DATE = 82251 16/25/059

SETIFI94)I=STIFL1244d12
12 CamTINUEL

OO 13 I=1412

ETIFLIZTI=STIFLI»T)

STIFC(I+RI=STIFcI &1}

ATIFC(Is9Y=5TIFI{]1412)
13 CumMTINUE

CALL CROUTCESTIF«9.12)

RETUFRN

£Enb

v L Livel 21 LR BATE = BF251 1a/s35/09
SURKTUTERE ASSEMIMy LK)

AASEMALES THE MIMEER STIFENESS MATRICES INTD A GLCBAL STIFFNESS
¥ETRTY

L B - T

FEo bl wdt MARTL g 3 i qMaP Moy 3q 3y oWBAL S 4 MAB[Hele3)
CIMMTN FRERRAYFFILCIED ) o FHEHEBAG 425 )oFTL1 40 ARy KAPWKEA4KPE
CuMmin JITARPAYSMEMPLS 42
COMMEN fIECELEA NI TeNOLOw JOBUG IR w I W ITAPERIFPATHRICYC oNINT
COMIH FANALY FILZUBLY «STIFC12412)
SIMEYETOYN DLZeZdeAKidael)
C e e PR Slend ks . TS Rt R ot DeAE MR BTSSR el R PR R Bl R el RS andl PR B RSl R Al R ol Ao e
JTA=MEMB (M 31 )
JTA=MERDO{M 2]
SPZPMEMB (M 48 )
IELA=2={ T =110
IRFE=3+ (JTR=11)
Cuswens™yR™M KPg
b3 1 I=la3
Tl Jd=l435
1 DAl 4udd==BK AT gd) I
qix 11 =143
1Y AT 22Tl 1+5P eD1dT a1
NG 2€ I=143
o 26 J=1.3
A KHA Mgl g3 =00 gl
TF L M P13  CALL ROTSAMaN)
OC A I=14%
TROW=TRAA+]
N £ J=143%
ICHL=IRRA=.
B STIEFAUICLLaTROEISETIFAICOLATROM D (i}
C
Ell‘llFDPu H-ﬂ-B
00 3 T=}+3
e 3 J=1a3
F NIl wJI=XFAIMada ]}
[ . . S i T
Nee 1% JJ=S1.3
13 KAR LM gl wdd=D0Taad
IF { MaMEL1Y CALL ROTS[MaD}
DO B I=143
TENWSTRAA®]
DC & J=143
ICOL=TFHEA+,
€ STIFLIROMICOLY=STIFIIRCKICOLY #0011 4d)



1v 6§ LEVEL 21 ASSEW DATE = 82251 18535405

CasnseFCRM MBH
Ll 5 I=1e3
O 5 J=las3
5 Diladd= AKOT guld
D0 23 T=1423
00 23 Jz1a3
23 KBRUIMylsdd=DATsJdY
TF [ MaNELTY CALL ROTSI(MaD)
00 & J=1¢3%
IROW=IREB=+]
DO 4 J=1 o5
ICOL=IRFE*J
4 STIFUIROWICOLY=STIFCIRDOWICOLY *T T 4]
LK
Cowenws FORM KAA
N 7 1=1.3
00 7 J=tad
T DElandd= AK{Ind)
OO0 17 1=1+3
17 DET433=D41n3k+SFeD0]s2)
0O 27 J=1g3
27T DE3sdizDi34J)+S5P DL 2gdd
0o 30 T=143
OG0 30 J=1.3
30 MapadMyl sd)=D{Tsd)
IF © MuhELl1) CALL ROTSUAMu0)
0o 2 I=1a2
IRDW=TR 22+
DD 2 J=1.3
ICOL=IR A&+
2 S1IFIIRDOW ICOLY=STIFCIRONSICOLY4DII 9d)
C
CanwmssMEMRACR PFATAICES ARE MOk TN THE GLCUBAL STI1FFAREE:S MATRIX
C
RETUKN
EMD



Iv 6 LEVIL 21 RATS DATE = BP251 187357509
SURECUTINE RCTYE (MyO}

CHAYMGE S MEMBFR STIFFMESES MATRICES FRC» LOCAL COORDINATE SYSTEM TO
GLIBAL COORDIMATE SYSTEM

O3 ™ 0

MTAFRETION DIZe3)
L0 TU Bledaudath M
1 RETUERN
Fzla
RO TO &
Di2s3==N12:2)
Deladb==D13a2)
GO To 1
4 F==1.
DEleZd=FalE2ye3)
Ceaald=FaDi3a2)
T=0C2a21
CA12423=0101 1}
THil1+120=T7
DtZ e 3d=da
Ni3g2)=ia
Lo TE 1
EMD

ra

LH



IV G LEVEL

[ n Nl ]

4

21 CROUT

SUREQUT IKE CROUT (AN NF}

KYERTS STIFFMESS MATRIX

DIMENSTIUN AL2)
P=ne¢l)

JaAz]

00 1 J=24k
JAASJAA+NF
ATJARY = ACJAAY/E
J0 =R

DO 2 J=2aN
Ji=g=1

JO=JCahF
JEzJeJi

CT 3 I=JdsN

5=l

[Aa=] =NF

A0 4§ K=lwedl

IA = JA+NF

KA= O+
EES+ALTRIRALNA]
Jazyit+]
LEEJEI=ACJA ¥=5
IF [J=KY Ta242
Jdr=iel

10=ug

OC 5 J=d2ed
S=0a

IN=]1 0=k F

= =MF

03 & K=1sJ1

JA = JA+NF

e =K+12
ScATJAY *A{KA)+S
T189=J+1ID
AfIRISLALIRY=3)FALUR)
CONMTINUE

Rt TURMN

END

DATE = 22251

18735709



Iv & LEVEL

U

-

P
Ln
L

21 GENLD DATE = B2251 16F735/09
HSURRCUTIMNE GERLD
ERERATES JUINT LOAD PATRIX

FEAL *4 MOM([57)

AREAL =4 LLOAOF]245)

MM RS AL A SHANAF IS s T T TEH e TSGR A s GAMAS w EOMAF W PL yHy HHaHY s Q
1 £ETEZHETAwOF a0l yECE EnF Y uF CPaF LMY oy FLN w3 2w RS a LAY «RTYPE s Q44015
2 CTIrRrY4SCATALSES)

s S R ARRATY AU I P S g (g S a2 (8 T g Ay S e bGy5) s Cidg5)y
1 PYMEMBLG 425 4805y 5%}

Cowmol A ICCALE /M ITaNOLE « IDB UG TR ¢ I ITAPE s IPATESICYC 4 NINT

COMMOMA ANALAJLOADg STIFC1 2412 oF TXMC Gy S pt)

ITNTEGER «2 TROATACAS ) TSDATALIS]

COaMM I AIFLAGSY IBDATALISOATA

03 287 =18

D3 250 J=1#5

DO 250 K=1e9
FIXHLOl glali=Fa
DO 211 T=1ls

DN 2L) WJ=1aE
It [add=0,

2L Taudl =T
EdTedi=la
FeIadd=la
CAlyd¥=Da
CONTIMUE

oo 215 [=1a.12
CO 215 J=1aE
JLOADATI wdd =D
DN 1700 L=1le%
GO TD 110273040 3l

COMCRFT: DEAD LOAD = LOADIMG CONCITION 1
COMTINUE

G=GAMAC )2,

WT=TT =l
FE={TS«PHEMBI g2 )+ HHaHY 125
LA=THE=G

LP=PMEERLLl w81

WR=WT+WA+F, *PSFSP

PR = PEFf2a.

k=WR=-WBE

10112 =NWT

Hl{3s1l=l

W2l 1lal)}=WT

W2{3410=U



I¥ & LEWEL

©¥r ™M

rle

11

12

20

21

a0

21 GFNLD DATE = 822571 1es 56,09

R{led)=5F

BeSsl¥=5P

DO L1 M=1s34%

CALL MOMENTIWIEMeL d g2 tM oLy s ACH Lt PIM oL Y3 Cd M gL Y a KL T g M) 4 FOM Y Ay
1 VENIT)

CALL FYEOMOtHOMoFHAEyFHEALME
CHLL FLLO{MyLsVAsVESFMARLFMEA)D
CONTINUE

LR 12 I=1s9

K=f]=1)}aJ5+2

JLOAT KK a 1)=JLOADEK 1} ~P5
CONTINUGE

RO TE 1640

VERTICAL SO0TL PRESSURE = LCADING COMOITION 2
CONTIMNUE

WT=BETASF#GAMAS =12,

SP=PFEMPLL144)

P=WTnTErZ2a

Do 21 M=193a2

H1EM 22 =WT

WILHa2)=WT

BIMs2)I=5F

CALL NOMENTOMICM gL b aWZd ML Y g AN gL JpB Mgl I o CiMa LI 4 X i1 oMl o HOM 4 VA,
1 VBWNIT2

CALL FXEDWOIMOM yFMABFHBA+H)

CALL FLLOCMypLy¥AsVHoFMAESFHEA]

CONT INUE

JEDADLZ 421 =JLOAD 2 42) =P
JLOADIS 4 23 =JLTADLS e 23 =F
JLOADLE o 2= JLOADCHL2) +F
JLOACCLI1a2)Y=JLOACC11s2)+F

GO TO 194

HORTZOMTAL S0JIL PRESSURE = LOADING COMDITION X

COMT TNUE

GGAFAS«ZETAwL2 1590CT T3
B ST=GaH

WSHE=Gw(H+RISE+TT+THE?

SP=PMEME(Z244}

W1lZe31=WsT

Wi(4 431 =WER

W2{Z+3)=W5R

W2Ca ¢33 =WsT

RE2s3I=5P

Bia s 3)=5%PF

00 31 Mz2,442

CALL MOMENTOWICMaLY a2 (Mol Yy o ACMaL Yo ELMyE 3o CUMoeL X (1M} yMOM VWA,



1¥ G LEVEE

31

C ADD

-1

41

2L GENLD DATE = B22B1

I ¥ELHITY

CALL FYEOMEAMOMqFRABgFNBA M b
CabL FLLUCMaLsY A VEsFMABEFMBA}
ConTIMAIE

FT=RETeTTIZ

PR=WdRE«TRIZ .
JLOADEL 920 =S DA DEE p B PT
JLOATIES o 3) =L AT (S w53 =PT
JLOEEET o 2 LA ET g X3 =pH
SJLUACEL Pu3 d=JLOADRE L0 22+PR
ITIOMAL LATERAL %0IL FRESAURE
Hla2e %12USTASDATACDS )

Wlidy SR FBEeS0ATALRE )

FeliZy HISUEB+E0ATALIDSY

WZlhy SISWHST=S0ATALRR )

BiZ+s S}=5F

Hif g 5]1=5F

00 23 M=24042

Calh POMENTIRICM45) oW ZEMy G AlM oS B dM T aCiMgBly

B E{LlaMYsMOMa VAR VRLNKEIT]

CALL FNETHO dHOH«FHARGFHHA4M)

CALL FLLD AMySaVA+VELFMARLFHBA)

COMY THUE

JLARE v B UL A0 B 2P Ta50ATAL 25)
JLOADLY o SE=JLOAT (R4S =PTSpATEAC2S )
JLOABIT 4512 LNAD I Ty} =PRSDATA(25)
LAl O S0 LOADL L0 S0+ PR 50ATAREED
G TO i1ehO0

THTERMAL NMATERE LOAD = LOADING COKDETION &
CONTINUE
WoR=GAMAF«DF 2] 2,
SF=PFEMELZp4)
WASKWSASPANSISPAN=TSY
W=WR=WiE

EP=TRS2 &

Sl1=5F=32=0F

BEI=TE/2 s

WItEZ4%)="s
WEL2+0}=-H5H
Af2euwizi]

BLZsa)EDF

Ctégd =82

Hlfasa)=W

MZL2+b0 =M

BL3qgd)=gN

BiSq4)Ys5PAN

Cidpdy=52

187358109

2=l2=TE

2-12-76

2-12-¥6
2=12=7¢

2=12=76&



Iv & LEVEL 21 GENLD CATE = 82251 18/35/709

Wiflasdlz=wER

W20 Ga8)=F,

Afagd =52

Flky81=DNF

Cia8)=51

F=WF =TS

JLOACT Paf¥=JLNADNT Ey%)+F

JLGANCL T o8 Y=L DAGEL 1w 5) +P

[0 &3 M=Z2gh8

CALL MOMENTINIE gl oW P IM gL F oA M oL Yo P ™My L ba CUM el b X1 ¢M) s HOMa VA,

I YRLRITI

CALL FRECHMCIMOME sFHARLFMREA MY

CALL FLLODIMsL aVEsVEFMARSEPRAD
#1 CUMTINUE

1t0d CONT INUF
1010 D0 1003 J=1.5
JLTBARL Tyl I=JLOADES gl b
JLUADIE « JISJLIALCL D ad)
JLGADIT ¢ JI=JLOAD (12w ul)
103 COMTINUE
RETURN
E&D



IV & LEVEL

T Eay M

r

21 : . MOMENT DATYE = B2251

SUBKGUTINE MCMENT LWl skZaEeE4L ol MON e VL VB3N]

GENERATES MEMEER MOMENWTE AND SHEAREZ

La

1110
161

192

110

REAL«% MOML1)aXC(E) :

CoMAah JIRCALESMIToNOLD2I0RUGoIRalWaITREPE«IPATY
CUNTINUE

EF § WlaEQef. «AND. W2.EQ40e 3 GO TO 101

FLET LS §

BP=4¥1rkE

T8 +EeC

COMPUTE S=PAR«YAsAKD WB
[F {{R) Gelisy

BEAR=R/Ca

GO TS 1%
BEAE=EWl AR+ 2a QM B # 5a 2/ AP
VAT el # (H+C~ABARY /2 e rS
YE=OFP#E+«{A+REAR ) F2 o FS

GENEARTE MOMEMTS

B 100 I=1eW

=K1l

TF (1YsLELAY GO TL %

IF [YWGEwA+87 GO TO 2
rp=yY =4
KASWINEF*OMREP*XPJSZ Wl E
FPEARSIWLANKP+ 2 sQMaYP s P I uFEY S (2 anileaN xR EY
HOMI T aVAaY-HE+FXP=XP RAR)
g T4 1E£D
FOML = URR ES=T)

G0 T 19%

BOMETI=Yhay

CONTINLE

G0 TN 114

EONTIHUE

OO0 162 T=1leM

MOM{Ik=0.

Vo=

YA=0a4

CONTINUE

RETURM

END

18/35/09



IV 6 LEVEL 21 FAXEQOMI ODATE = R2251 l1a/55/509
FUBRTUTIAKE FXEDMQIMOMsFMAH«EFEA LMD
C GEMERATES MEMBER FIKED EAD MOMENT S

COMMON /RARRAYS FILI1E0Y 4PMEMBIS 3250y X(G50:8)
REAL #8 L 4aSad&aMOML{1)
BIMEMSLIUN ALCSTY

COMMOM AISCALES KIT

D 1 I=keMiT
RETI=MOFCE Y wki] 4 M2

I CONTINUDE

JASPMEMBIMa11)

JES=EMEMBE{M41l1}

5= PHMEMBEIM %)

JEZHMEMH {My12)
Cl=5+TRAPLALNIT s 54MY

Do 2 I=1aMN1T
BLIN=MOMEII w{S=YETlqM)]

> COMTINUE

C2=S54TRAP(A+NTIT 4+ SaM)
== Jd5 e 9+ JEnJ5

FHABR=(=JS+C1l+JanC2) /D

FMBAZ{= J4wCYl+ 5 a2 /D

RETURN

ERD



1¥ G LEWEL 21 FLLD DATE = &2251 18735709

EUERNUTINE FLLOfMyLe¥AgWhoFMaEsFMBAD

ASSEMBLES PEMRER FIXED END ®OMENTS AWD SHEEARS IMTC JOUIAY LTAD ¥ATRIX.

i B N

REAL =& JLOADILIZ2 %)

CORMONSAM AL AJLOADSTIFI1 2912 oF IXHD (G454
COMMON FRARHAYF FILC1EC)4FMEMHIA«25)
COMEaN FISCALE /M IToMOLD s IDEUG IR ¢ I ITAPE w IFATHFW ICYC o hINT
DIMENSTION TSUREA 48} 45VI4)

DATA ISUBFZ2e0elabsd g T aFsBalleTullallelelded/
DATA SV/elas=laglanial

VE(FMARFMAA ) FPHMEFRIMe4)

IF ¢ IDBUGWLT.3Y GO T0 1

1 COMTINUE

VA=V A+Y

VR=VE=VY

FIZME{MaL g 1)=Fupn

FIXMOLMyL o2 )=FMAA

FIKXMCIHsLs3)=VA

FIZMO[MsL #%)=VE

I1=ISUR(I4M)

I2=15UR 42aM 3

IT3=TSUEC(Z4H)

Ta=JEUEiaeM)

SZEV M)

JLOADITI L gL ¥=JLTADI I I L) *SaV R

JLOADCL e L F=JLOADL] 24 L) +52VR

JLOADKT 2L Y=ULDAGEI s L)I=FMRAB
JLOADITH4LI=SJLOADCII a4 LY=-FHBA

PETLEN
_END



I¥ b LEY¥EL 21 MATHE DATE = B2251 1aF35/09

SUBRDUT IRE METHE (A hyaFaMaDaNF}
PIMEMNSION BC2laBE2)aDC2)

MULTIPLIES IMVERTED STIFFMESS MATRIX GY LOAD MATRIX TO GET DISPLACEMENTS
FOE £EaCH LUAD COMDITIUM.

(o B i B

DOURLE FRECIEINY AsEBaCaleS
C=acC]l})
JH=]1 =FF
O 1% J=14M
JHS JE=F
1" ODCJdEI=ZPLJRYIFC
14=)
N 21 I=2«N
Il=1-1
TA=]A+1+nNF
C=pi1IA)
JE==HKF
DO 21 J=1aM
S=0s
JA= | =NF
JBE=Jd«MNF
00 22 K=1.T1
JHE = JE+HE
KB=K+J8
22 S=E+AlJAY»CIFED

IR=T +JE

21 DLUIEBY=LBIIB}=5)SC
DO 170 T=2aN
IFsK+]1=1
Iel1=TF+1
TA={ TR=1)wMNF &P
[E==%F
GO 170 J=1loM
E=l.
TR=IE+NF
KA [ A
0N 142 K=JP1aN
KazKo+NF
KRE=K+]1B

102 S=S5+A(Ka)+N{KRY
KE=]P+]R

100 DEKEI=0(KAD =5
RETURY
END



Iv & LEVEL 21 FrpFD DATE = £2251 1&8/35/769

SUBRTUT IAE ERDFN

C
i DETERMINES WMEMAFR EMD FLORCES PRINTS MEMBER EMO FORCES TABLE
c FOR TDEUG EQUAL T2 3
C
EFEAL +% LLCEN(1245}
REAL IMERCS 57 M ALl g a2 ) g AL (A n B u 2 o FEA(A s 2Y o KER LA T4 30
C
(o REAEL SCALAR COMEDN
CLRMOS RS ALE A RSP AN W Rl S T Ta TE TS e GAMAC hGAMAS w GAMAF g POwH e HHe HY 4 G
1 JETARRE IR o OF g 1 e ECaE S ¢F Y qFCF aF LMY o FLN Q2 4@ 3 o hLAY s R TYPEw G89 Q5 s
2 CTUF)asDaTALER]
C
C FEAL Cl=HMDAN BAPRLYS
A A e L I - L P L T R T AL F - LA L T - L - I
1 PUEHBL G425 a5 00k
COMBON /D ARRAY FIMERGF ARy ARy KR Ay KRR
CuomMmeny FANALF JLOAD sSTIF M1 212 aFlRMO (445 4]
£
UMM I AR AY FAMOMI 20 s S e VL2 NS P U345 Yo FNLA LGS ) aFYLAL A 4 5)
1 oBMAILG gE e FELE (44T Y g FYLECR 4TSy BHBIA oS o ENDRCZ 0D+ ENOVIZ 00 Sy
O BRMICD e RRY I iR ) CREF L) CAYANGI2L )4 GRMINEE2C ) GRYEPLLZ2D)
A GGEMIPLE2)I)AGRP2PLIZ Y4 GRP2HGII Yo FPREINI L) e FYMIE A2 0D s FMMINC2 D)y
& FPMANLE) gFYMAY C20) o FMMAYED2N Yo 7NOMT o IMOMB XL 120)
C
£
C INTEGER SCRLAR Cu=MCMN
COMBMON FlSCALEA I ToNOLDwIOP UGy IS« Mo ITAPE S TFPATF ICYCE A NINT
C
c THTEGER CO¥HDM ARRAYS
COMMON FIARRAYFAMEMPCG 42 COMMON
C
C SCRATCH

DIMESETON DEZeI3 dalaCZ)sUBIR)FELE)
TF t IC3UG «GEa 3 ¥ MRITECIWSIC99)
1099 FORMATCPL* o TET"END FORCFSe KIPS AND IMCH=KIPS®,/
1 Ta3 A =C Nt TH 3 "E=C00 s/ al XY LCADT 35Ky
I *FXLAY 11X +"FYLA"
1 Il Ea"RMAY 1T YFELET g 11 g *FYLE Y11 M *EME s fal ol Y"CRASET 8Ky
Z * Fk TaG¥a FY PaOfy "MOMENT ¥ 515X, "* Fu PO FY * 0¥,
5 *MOMENT®
OO 1 H=1a.4
00 1 W=1la5
E¥LACMe M I=040
EFLAEMyN =040
FXLE (Mg k=00
FYLEtMeMI=0."
H¥A(Myhi=0al



I¥ & LEVEL

1

11

12

13

14

21

EME {Myh}=0Dal
CONTINUE

DU 100 M=1 a0
JTA = MEMBIM,1])
JTR = MEMBIM42)
K = 3adudTA=]1)+]1
L = 3#{JTE=]3)+]
00 5 M=1.5

EKDFC

GO TO 117511122131 M

UVALL1Y = LIrKa.M}
VAC2Y = ULK+]aN}
UAT2) = UIK+24N)
UBd12 = LUtLaN)
UBEZY = UIL+1.%)
UBIESF = LIL*=2sM
GO TN 14

UALL) ==UlK+1g4M )
HALZ2)Y = ULKaKY
UALEY = UTK#*Z24N)
UEd1Y ==LiL+1aM}
uB{z) = UiLyMN}
LBEZY = ULL*24M)
GO TO 14

LHALYLY = =ldKeN)
UALZ2Y = =ULK+*1aM2
UAT3) = LUiK+2.4)
UBLLY = =ULL4N)
A2y = =LUEL+14N]
UEf3) = UlL+IaN)
GO TO 14

UALIY = UIE+1sM4)
LAL2) = =UfKaN)
Uatd) = ULK+Zgn]
UBE1) = LUIL#+)aNY}
UBEZ} = =UTLeND
UREAI = LULL+24N}
COMTINUE

00 2 T=1a5

0O 2 J=143

DiIaudd) = KAATMy T wudd
CALL SO0LVEELFRsUR 0O}
DO 3 I=143
DG 3 J=1s3
Diled? = KBEBEMyInd)
CALL SOLVECUAWUB 4D}
DO & I=143
FBLI) = FELLY+URAL(I}

DaTE

R22G1

15/35/009



v & LEVEL 21 EnDFD atE = BR2251 18535500

FEILBLMy kY = FEL1]
FYILHIMyE) = FRL7)
EXEIMsh) = FRECID
C
FYXLAIMaM] ==FR{])
FYLALMsl) ==FRL2}
BMACMyNY ZaFRI2IRPMEME{My4)=-FEL3)
i CONTINUE
Yei CONT INUE
C
Bt 20O M=1ge4
LD 257 N=1.%
FYLATHMg Y = FYLACMaNY «FT¥MO (M N3
BMA(Myh} = BMACMGNI+FIZKMDIMaN4]1)
FYLHEMah ) = FYLECM«KY+FI PO IH4N 44}
BME (MyN) = EME{H HNYSFIEMI (M 4N o2}
L
C DERUG DOUTPUT
C

IfF{ IDELG LT, 2 » RO TO 1142
WRLTECTWel1ET) MyNgFXLACM NI qF LALLM N) s ENA ¥ 4K I oF XL P {Ma Ny
1 FYLEIMaN} sAME(H 4]
1102 FORMATE* MEMBER * 4210, X 15.5¢45K43F15:5)

1102 CONMTINUE

C

250 CONTTHUE

261 CONTIMUE
RETURN
EfD

v 6 LEVEL 21 SOLVE DATE = P2251 18735/709

SUEBRCUT INE SOLVEIDUSDFaak)

C BPULTIPLIES XXX MATRIX BY 3I¥1 MEATRIX.
C

DIMENSTION OUCRY qDF {2 4K L3430

D 1 I=1+3

DULII=0.

O 1 K=143

1 DUCTIN=NUIT)I+AKIT KI®DF (KD
RETURN
ERD



N6 LEVEL

i

C Gl

r: TH

C

C
1
2

C
1

C

C
1
2
x
i

C

c

C

C

C

C

w

C

C

c

C

21 , SIFLPH DATE = B22%51 1B£35/09
SUBRCUTINE STMEPNM

VEK THE MEMBER ZMO0 FORLCES AND THE LUCACING VALUES
£ ZERVICE LJAD FORCES ARPE CALCULATER AT THE CRITICAL DESIGN SECTIONS

CO™M N/ R R L /S P AN R I CE a T Ta T e T4 GAP AL CAMAS y GAMAF 4 PLsHa FHaHY &
POV,

P T wEET R a DF gl yEC wE S g F Y o FCP  F LMY g FL M G2 o OF 4 NLAY ¢ RTYPE a O 4 D5 4
CTCRILEDATANIS )

COMMONARARPRAY AT I2 45 sl M8 T g W2l n S AL 48 a4y BY 4 CMG450,
FMEMBC4 92T ) a¥K{50¢4])

COMMOS T ORRAY MMEMELY 5 2 )

COMMONSEARRAY AAHOMIZD S oWl 2 Cn S b aP LA o FNLATA 4T aFYLAL S 45)
sBMALS g O a P LB (G S a FYLE (4 a9 g PP LG 45 4 ENDML? DS e ERDYI 20450y
GRMLILIZOYaGRVIL 234 GRELT 214 GRY NG IO s GREEINGLIZ0 ) GRYZPLL20Y
tGRM P L2 s GRPZPLL 2 )2 GEP NG I} yFPAING A4 FVHINIZN Y 4y FHMTINCZ 00y
FRPRMAEE S e FVRAR C D b FMPMAE L2 0 o I MOMT  ZNOMB S XL L 27 }

COMMONAIFLAGEFIEDATATSS ) »ISDATACES Y ICONIG)
COMRONSTSCALE M TaNCLDw IORUG o IA o INa ITAPE 4 TPATHRJCYC o KINT
OTHMEMEICh TMIE}TWIE])

ENDEO{EROMsCMOM 4 K g EP)==BPOMN N (L =X FSPI+CMOMRY FEF
EMDEFRIEMOM CHAM o X o SP IS (OMOM+CHOM ) F 5F

THITIALIZE CATA
USE MINIMUM [ FOR SETTING DESIGN SECTICM LOCATICNS

TOHE SLAR

D = AMINIMEQATACZE DN ESDATALES))
D=+P&V

¥LE1 =L SPAN+TSY F2,

YL 2i=D L0

¥Lid) = T54824 # HH + T
ELtay=TS5/2a+HH

MEMRER 2 = =10FE WALL

D = AMIMICSDATACREL)+SCATRERAS ) )
D=0 *F 0Oy

ELESY = TE/A2e = HY

¥Ligr= ELtE)Y + 0

FLOTI=D L1
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¥LLR) ZRIEST Sl {TTTH I A
XLIi9) =0

MEMBER & = SIDE #wALL
¥LEL1TY = wL(R)

sLr11)d XLiS12

EOTTOM SLAR

D= AMIMNI{SDATALIZ}SOATATLIGS 2
D=0wxFPoy
KLE12Y=TESF2 4 +EP AN=HH
XLE13» = XL1i2 - D
FLET4I=(ial
FLILIRBI=(GSPAN+TEY /2 a

EO 11 I=1.%

TWdTId=0.0

THLT¥=da"

00 11 J=1a27
ENDMEJeT =Nl
EMDVE Jg 1 ¥=0aT
AMCHIJa1)=00
Videlt=0s0

CONT INMUE

00 240 K=l
GO TR (1%e20s3Laafd W
HEMBER 1
Ii=z1
I[2=3

i4=q

a0 TC &C

MEMBER 2

Il=8

Iv=k

14=5

G TO 619
HMEMEER 3

I1=15

I2=13

I4=12

Gl TO &8
MEHEER &

Il=0

I17=110

Ia=11

COMTINUE

CENRTER SPAN MDMENT
PHI#D FROM HAUMCHy SHMEAR ANG

Il
|

11k

NATE

MPOMENT

7251

IB/38/00
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IF

1 HIFSPM NATE = Az251
= TIF OF HAUNCHs SHEAR AND HMOMENT
CO 1¢4 LOCK=] 5

I T1.Ee 0O % G0 TO 45
ENCMET Y 4 LOCH I SENDFOIRMACM L DCHN I o BFR I  LCCHN Y o KL O{T] )y

18435709

PHMEMELMa%) )

COnNTINUE
ENDMIT2+LOCHISENDMO CEMALMoLDCH] «EMA (M4 LOCKH XL TI20

FHEFPE{M45) )

EXRDVIT 2oL NCHISENDEHRABMAIMaLCCN ) B HB (MyLOCK o XL L I2) o

PHEMEL{Ms4) )

ENDME T4 o LOCHNISENDNOCEMACMSLDCN) +EME (Mo LOCN ) o XL (T8 )y

PMEHB (M ya3 )

ENCVY T4 LOCHISENDSHR (HMA (Mo LOCN ) o BMBECMyLOCNY 9 XL CTI 4} &

PMEMEEMya) )

IF ¥ +EQ« 1 «ANDs LDCM WGE& 3) GO TO 130
IF (M LER. 2 +AMDs LOEM LT« 3 3 GO TO 180
IF M EGe 3 LAMD. LDECM LEQs 3Y GO TO 1040
IF [F «EQe 3 +AKDa. LDCM «50& %) GO TO 1040
ITF (M «EGs & «AMDa LDCM LT« 3) GQ TOD 140

HOMENT FOR CEHMTER SPAN POINTS 1s B 15

1F ¢ 11 «ECs 0 G T3 46
CALL MOMEMTIWIC(MyLOCH ) aW2 M oLDCh) p AL MeLOCh Y sB AMsLOCHY
CEMaLDCNY XL LTI 1 AMOMATI 1 +LDOCNY 2 DUMDUML T )

COKRTINUE

MOMEMY 4T POINTS 3x G 1d9 13

CALL MAOMENTEIKIAMe LOCH ) o W2 EM g LOCH Y g A Mo LOCN Y4B Iy LOCNY »
CiMa LT X LAT 2 Y AHOMIT 2 LU MY sPRLeRE 1]

IF (XLCT?)» +LEs AUMoLOUNDY WEIZALOCHN)Y=KL
TF EXLIT2Y «5Ta ACM4LOCNY wAKDs ¥LOIZ2Y oLTu ATMALOCHDI»

BEMsLDCN})

VATZ24LOCNI=AL=W] (MaLDCNIwIXLA{I2}=A{MoLOCKI = W2 (4L DCND

=WLICHMy LOCH I ) e ZL A T2 ) =A4MaLDCNT Y22 2 o FEIM4LOCN)

TF (XLCT2) oBGEa B (MoLOCMI+*RA{H4LOCNY) VNITZ24LECNYI==RR
MOMENT AT THE HAUMCHES] POINTS 44 S5« 114 12

CALL MOMENT (W1 (MoLOCH Yo N2{MyLDOCHI«ATMALDCN ) B (M« LDCH 24
CiMaLOCN o Rt (A AFONE a3 LOCKY s DMy DUMa 1}

IF tXL{I4) «LEs ACMaLOCNYY VY{TI&aLDCH)I=HL
IF ¥LiI&) #GTa ACMsLDCN) LANDs YLEI®)Y 4LTs ACHMsLDCHI=
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21 STEEPN DATE = H2251 18/15409
EAMaLDChYD
?il#qLﬂCH]:HL-Hl[F-LDEN]!lFLiIﬁl'ﬁtﬂiLﬂEHII'IHEIﬂrLDCN]
*Hl[H|LDEh]l![1LI141*ﬁlH|LDEN1?*‘2!H-fq1F|LUEH]
TEF LFLETA4F GEa ACHMGLDCRI+B{MLEEN)) WAT44LDCHY==RE

CONTINUE
CONTINUE

STCRE AXIAL FCRCES
DO 210 I=1a%
PUleT)=FYLA LLs1)
P{zaTY=FXLELS4T)
FEEaTI=FUELF {321
DO 21C WJ=127
VideId=Vdde TI+ENDVI U ]D
AMO¥ L o IXSAHCM L I «SNOM I T}
CONT INUE

FISD XG IN TOF AnD BOTTCGME ELARE AND
CALCULATE Ma¥V AT XD AWAY FROM CEWTERSFAN

k=2
TF § JRDATET14) Wi 2 F WN=3
DMT=0,0
DME=[wd
MT=T o
MB=T .0
Ne 388 I=Lah

MT=WT+RW1{1a1)

HA-WE+W1[35aT]

DMR=DME+AMOMTLI ST

DMT=DMT+AMOML 141}

CORTINUE

WT=WT+M1l{1-9%

DHEZOMB+ AMNOML I5 b

NMT20MT+AMOMI] 44
LI )= A O (SART(ACOATAL X4 wPOV b n a2 4 ot OMBF/ T AWEI=SDATAL IS =DV )
¥LEP =% OalSOATILSORTACTS POV o2+ saDMT/ S fRTI-SDATALSI Y 2PLYV)
KLLZ ISk SPAN+TE) FZa=EL L2)
KLEIA)=LSPaAN+TS Y F2u+XLL14)

TarF

IF £ XLt2) «LE«. € 3 GO TO 320
=1

J=2

CONTIMUE

D0 32T LLCCN=1.%
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LEVEL 21 S IMSEH NATE = &p251 18/35409

et

[ ]

caLL MECHENTOR1IC My LOCR Y oW EC o LOCK) ¢ AC My LOCKY sEIMs LOCN T
] CIMeLDCR Y aXL () Yo dHIMULY SLOCNYsFELaFR41D

IF (¥XLtJ Y «LEs ACMoLODCHYY V{J #LOCHI=RL
JF OAXLOd 7 GFs A¥KLDCNY oA8HD. WLdd 3 oLT. AWM LOCHI+

1 BOMyLDCK )

2 Vid sLDCHIZRL=WL(MLDCHI* (XL () F=A (M 4LDCKYI=CHZ(HALECND

= Wl {HLDCMIT o0 YL Of I =ACMALOCN YT+ /2. FRTMaLOCK)

IF (XL4W 1 +6GFe AEMaLOCMY+BIMgLULNIY VIJ $LOCMNI==RR

AMOMCJALDCNI= AMOCMCD w LOCN Y #ENDMOCEM AL M LOCN Y o EME CMaLOCH Y o XL T Y

1 FHEMBLY y43 )
VidsLLCN IS Ad g LOCHI +ENDSHR CEMA MMy LOCNY »BME IM gl ODCY Yo WL (¥ o

1 FMEFR{M, 4] )

A7 COMTINUE

TF 4 ¥ . «XEs 13 GD TO Z&4¢

EDTTON SLAE

323 TF f XL4l4} GF « SPEN+TSSZ«~HH ) GO TO 24D

Mz3

J=14

GO TO S22
J CONTINUE

FIMD LCCATIOM OF C MOMENT [N TCR END BQTTCM SLARS

OMT = DT + AMOCML] «ZIwTARSTN = X3 4+ AMOM{]1,5)
DAE = DMB+AHOMC1S2 D oTARSHEN = 3) + AMOM{1G45)
IF t EMT aLE« faC Y GO TO TS5
LMOMY = £8PAM 4 TLYIF2e= SORTIZ2.#CMTAWNT)

ig IFIO¥B «LFEs el 2 GO TO TE
ZFOMES(SPANHTEY/FZ, + SOAT(Z.aDME/UR)

TE CONTTNUE

FInD VHERE MA¥D=32.0 TH THE SIDE WALL

IF tAMOMIA e LY +AMOMIE 2 +AMOMIAy T)#AMGMIR4R) HLTs Ol )
1 0 TD hin
D = AMINICEZDATACSY)SCATANISD )
D=0 =p 0y
KX=TE/Z2s =~ HY = [0 + PPEME(Gxa ) 2000+ RISE
L=6
TEMPLI S=tAMGEIG ¢ LY +AMOMIE4 2 +AMOM{G 43 ) +AMOM IG5 I FINVIERl T4V 62 3+
I Viaa3)4YEiEsB]d
I6 L=L+1
IE ¢ L «EGs A ) L=w
50 COMTINUE
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YEX=PMEMHE(S44) 7200
TEMF=TEMP1
IF ( L +EBa« 1€} GO TOD :0E
IFCL +bEs H oANDe X&LF ulRISE«TEY A2} =9
IF € alTa TofZe+Hi+ O 1 GO TO 470
TV1=0ad
TMizdal
DO 450 K=145
CALL MOMEMTEWICGaK ) a W TG qM T oAb u b qP dd o4Ok X THIKIWRLeHE
1 #11
IF ¢ SLEw ATA4K)Y TVINI=AL
IF (X oGTelTa oK) b8Py ¥ olLTe Ala Kl+Rib4yKY]
1 TVl":I:FtL-'ulHh.lf'.lII;]I-A'."HFH]-'.'HE'."I,H]-'-IIIH|HJI*II*#[4|HI‘]**?
2 F2.FELHgN}
IF (X oFTe AtagMI+BCALK)Y § TWI(K)==RF
TYIKI =TV IR +ENDSHR CEMAT Oy K ) wBEME T4 4K ) o ¥ 4 PMERPIA 44 )
THAKYI=THLK}* ENDMOCEPALAsK)gBMET4gK)a N 4 FHEFE(R 4] )
IF ( K LED. & % GO TC AST
THI=TM1+TH{K)
TVI=TV1+TV K}
COMTIMNUE
0 = SOATAEIS)aPCV
IF ¢ TM1 «LT. O.% 3 GE TC S0
TEMEL = 2a0 = ARSLTHIZTVLLID)
IF (TEMP1l & TEWMP LGTe Dad 1 GO TO 4a8%
1F ¢ ARSITEMPY LT, AESCTEMPI} ' &0 TO TF
DO 475 J=1a5
VILed P2TV LD
AMAOMEL g ¥=TML L}
COMNTIMLE
¥LEL¥=X
IF (TEMP1 « TEMP .GTa. J.C ) GO TC 50
63 T0 T3
CONTINUE
DO 495 [=1.%
ViLaId = f.1
AMDMELy1) = D40
COMTINUE
XLILY = NaD
COMT IKUE
Tl Fy—F—= [0 T0 &U&
YRITE €1Wa5D9)
FORMAT (1H1)
MRITE (1Wa5100
FORMAT (/74TaN4*SERVICE MOHMENTS ANO SHEARS FOR EACH LUAD %y
ICCONDITION® ¢/ 45K gl 29T 1H =30/ F 0 X4 "OESIGN" SNy *CTSTs FROMY 4 T35, "MDME

SMTIIMaE IPSAFTIY o T100 g *SHEARCKIPSAFTI ol g Gl g "SECTION*4EX o *A=ENDIINS

TP T 25 a5 - 1 TR w8 (1M by /g T 28 PLL=1 P ol g "LC=2 V4B Xy "LL=3"4bXy
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BRLC =4 LA *LC=E " 1 6Ry PLE=1 o Mg "L =2 4 EX g "LL=3 46X "LL=4"4EXy
DELC=5Y)

Do 2%F 1=1a15
MPITEAT WSO TaXLtTd o lAYOF Lol dal=1aS)a(VILaT2gL=1s%])

BLE FORMAT {CXgTSaFlladeSIF1Tal )l 0N 5d{F10.2))
BuT COMTINUE
L6k CO%Tlaue

RETWR

£ERD

Iy G.LEVEL 21 F M NATE = 82251 1E/35/09
SURRCUTTIRD FREMM

DETERMINES THE *INIMUM AND MAX IMUM DES1GM FORCES AND RESULTING
ULTI®ATE FURCES AT THE CRITICAL DESIGM LOCATIONS,.

T On

FEAL =4 QLOANCIZw5]) :
FEAL %4 FHERC AT T aKBA (haSa VoAl e 20 tw KBA 44 e 53w KER LG 4343}

MM RS C AL EP NG Rl SE« TTa TE o TSaGAMAC s GAMAS yGAMAF s P T aH o FHaHY a0 s
] EETAREETA4NF a0 e E L S eFY oFCP 4F LMY g FLN o2y 03 o NLAY s RTYPE o DA 435 4

2 CTLE)350ATALIS)

COMALKFRARRAY /L1 2ot ol 0 a St oWl a b eN P iS5 Ci8:5),

I DMEMRL 4o 2T ak(D0s%)

COMMOUNSR ARRAYATMER s AR K ARy KD Ay KRE

COMMONAANAL/JLCADSSTIFA1 2412 gF INMD (84 Sa0 ) gDMIEY sOV LI+ DF (A
1 ASEtRI4SRATICEAY

COMMONF P SCALE /NI ToNOL D JOBUG+ IR ¢ IW s ITAPE o IPATHAICYC o NINT
COMMOMNSLIERRAY FMEME (4 42)

CUMR N B ARRAY AR DML 2 T Y a W PSS da PSS Yy FXL AT 4S54 FEYLAL 4 45)

1 o8RG 45D aF LB G S e FYLRAG i S ta BME (948 ) ENDEIIC 4 S)wENNY (2 0e5) s
d RRFIIZCYERVI(PDI G CGRPLEII S GRYZNGIZ2 ) 9 GRMENG {20} 4 BRYZPL E2D)

S eGEMIFLC2C) o GRPEPL (3 ¥wGRPENGII ) o FFMINCSIWFYMIRIZD) o FHMIRIZ D,
G FPMAXT E g FVMAK LY qFMMAXAZ DY o ZMO T ZMONE o XLEZ D}

CHMAONS IFLAGESTROATECES Y o ISOATACIS X ¢ ICONES)D
DIMENSION STGEt 31
CATE SICESVTOP 4 "'SIDE "4 *BQT T /

LI

COOFZ=g .0

00 198 L=1«2"7
GRM1(LY=d41
FREVITLYSL,C
GRMZPLILY=Gaf
CREYZFPLILYI=DA0
CERMINGIL3=0,0
GRVEKSILI=C.0
IF fL +GTe 3Y GO TP 100
GRFI{LI=CaD
GEFZFLEL)=a0
GRFZHGELIZD.0

06 COKTIMUE



1F C(IHOATAAINY «LWe &7 GU TU 1IDZ

COEF3=T a0
1v & LEVEL 21 Frapws, raTE = EZ251 18735409
T4=4
102  CONTIMUE
0O 1 I3 Ly 15

GEMICTISRACM ] wl )42 FORET w2 3+ AFCMIL 33 *COEFZ
GRVIETIaV T4l SaWE T4 20 +WE] o3 )«CCEFS
N0 1 ExTae5
ﬁH"EFLITJ:RFHPPLiI}4l1-+516h11.'AFEHII.HIIIIE.*APHH[I.H:
CAM2NGETI=GRMIMGT I+ (1l a=SIGN] q AMOM [T KX /2w NOM LT 4K
CRVEP LAY I=G P YRRLE T+ (1o +SIGNL] o aVIT oKD/ a VLT 4K}
SRV NG L ISRV PNG I I+ [l a=SICR e laa Vi Ta KD /2 au Wi 4K
1 T T INUDE
DY 3 - T=1.3
GRFICL)=FeT 4l }+FdlaZ2)+*PI]42)*CREF2
DT 3 K=ST4+9
CRP2FLIID=CPPEPLA I+l a+STGHAlaaPI{l oK /2 auP ] a¥]
GREZHGLIIEGRPENGETI I+ 0] o =SIGN L) wasPII v F2a#PiT oK)
L COMTINUE
D 5 K=lqals
EYMINIEI=SIGPYItEY+BRVANGIKT JaF LMY
FMMIM (KIS IGRMIIK)+GR®ING CKY I AFEL MY
FYMAYIKISIGRVICK Y #+5RVIPL (KD » aFLMY
EME A SEGRMLI (R +GRMIPL (K Y aFL MY
TF (FMEIREN )} 4GTae D.0) FEMINIKI=0L0
IF (FY¥IMIKTY oGTe 2.0) FYURINIKIz=D.D
IF (FMMANIN} +LTe D) FHMAX(K)I=Dan
IF (FVMAYIKY oLTe T+0) FUMAYI(K)=O.0
IF [ K 5Ty % ¥ GO TR &
FESTARIEI=IGEREPIMTM) +CRPF2NG ) yaF LY
FFMAFCKISIGRPI(KI+GRP2PLIK Y ¥nFLN
5% CONTINUE

¢ SFECTAL SFEAR DESIGHN SECTIONS
0 2 J = BaTal
FHFINIJYSIGRMIGJ) « GRMEPLIJYIAFLMY
FoM A X (JISIGRMIAJI*CRM2PLCUY D aF LMY
IF CFHMTNIDY ofiTa Guf) FEMIMN(JI=0LO
IF SFMMAYIJY oLTe Da®) FMMAX L JI=[.3
K=l
FMMIN(KY={CGh*1 1K} + GRM2PLIK))IwFLMY
FMMAXCKI=ECFY1ICK I 4GRMZPLIK )Y Y=FL MY
TF IFMEIMIKY oGTa Da0F FMMIMIK =040
IF (FMEAYXIKY oLTa J40F FHHAX(KI=0LD
& COMTINUE
IF ¢ FEMINKE]) «MEs ol » GO TO 1493
IF ¢ FMMTIN{15).8E, £40 1 GO TO 1498
C
C
C DERUG NUTPUT
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C
IFCIDRLIG.LT-12 GO T4 1233
1492 CONTINUE
WREITE{IW#1121)
1101 FORMATETL® ¢ T234 *SERVICE LCAOS* . TA04 ULTINATE LCADS"y FaTlTg
1 SECIH= T 7T (1H=0 4/ " SECTIONF 4T2D4*GROUP 1% 4T50
2 MPGROUP D2t 1
WRITECI w1102}
1103 FORMATETI 2w MM ENT 4T A5« "SHEAR o T304 "MPLUS 3 149 " VPLUS* 2 TSE
B FMUEGY s TEE "WNEGY s TT O "FMMAN Y s TAGa *FUNAN T TG *FHHINY,T119
3 «"FYMIAT]
URITE(IHilla?]iiiﬁRHI[IIiﬁﬂvlllImGRFEPLTI?tﬁﬁUEFL[II|GHFENGII}i
1 GRUDONGIT Y 4FMMANC I  yF VMANCTI D 4 FEMINC I FYMIMNIL)a]I=14151)
1107 FORMATETS w12+ Tl NeFl0alaT?0asFl a3
WHITEL I wel1105)
WRITECIW+1106) TSINEL T 4GRPIATIY o GRFEPLLT Y4 GRFERGLT} ¢FFMAXLT
1 FPMIN{I}s I=1e3
IF f FMMINTE)Y «MEw Tul ) GO TO 1500
IF ¢ FMMINCIE)aMEs D7 3 B TO 1501
G T 1%02
1500 J=1
G TO 1509
1501 J=3
15g4 TPATH =
WRITFAIN41ED2ZY SINELSY
1503 FURMATC/ /A4 *INEGATTVE MOMEMT EXISTE IN HTOSFAR OF YRy PSLAR T
1" THE DESIGN SUBROUTINE IS MOT EQUIFPED T1 ADECUATELY*s /9
o HAKRODLE SUCH & CASE AWDO THE REINFORCING DESTIGN SHOULD® « /s
3 # PE COMPLETED BY BAKD USING THE MGMENTS, THRUSTEs AND LI
4 * SHFEARS GIVEW ABOWE® 1
Go TO 1203
1502 COMTINUE
ZMOMBC=SPANTE=SHOMP
: WRITE(IWe1104) ZMOMT 4 ZHGMBL
1164 FORMATI*O ZERQ MOMENT TOF T4F15.5+TF5Cs"2ERD MOMENT BETTOM Y F15«Se
14" I[NCHES FROM CENTERLINE OF STOEMWALL*e//
17" anwaNOTES? ALL UMITS ARE KIPS AND INCHES*s/s"1% }
1105 FORMATE'D MEMEER®«T134*THRUST® s TEG *NPLUSY 4 TEE4TNNEG" s
Z TTHe*FHNMAXY g TO94 "FNM T *
1106 FCRHATH T3|Aﬂ12x'F10-3111I1F16-311#!1F10.3-13H.#E-F10.31
1 1LO¥4FLlDs3}
1263 CONTINUE
RETUEM
£EnND
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SUBRCUT INE DESCH

CALCULATES THE REGQUIRED STEEL ARES AT THE FLEXLUPF DESIGN

LOUCAT Ions RASED 0% THE FOLLOWING: FLEXLRF
MIMIMUM STEEL FOR FLEXURE
LIMITING COMCRETE COMPRESSTON
Da01"* CRACK AT SERVICE LOADOS

IT CHECKS FOR DIACCGNAL TENSION SHEAR AT THE BPFROFRIATE OFESIGN

CCATIGHE USING METHQDS 1rAASHTOY AND 2

4 PRIMTOUT 9F THE FLEXURE DESTGN TARLFs THFAR CFESIGN TABLE METHOD 1

AMD SHEAR DESTGM TRABLE METHOD 7 ARE AVATLARLE WITH AM IDBUG VALUE

GREATER THEN 1.

[ N A e T R o W e e O

FEAL#4 wLDADLLIZ « %1
FEAL =0 THhERT 4S50 aNAR (g2 g 3) o AR G 2ad Yy KBRS e Xy3)aKFRLG434 1)

COMMONSA R S CALE/ P AN GR I CEw TTa TP TS o CAMAC o GAMAS 4 GAMAF s POF gH e HH yHY
1 POV

1] LETA#EETA4NF a0l 4ECESaFYoFCP 4F LMY e FLN sFCRaGIaMNLAY »RTYPE 04 4 0%
2 DTERIASCATACIS)

COMMOMFARARRAY FULLI2 oS gl L4y ) 420445 A0S B A4S ul {450,
1 PHEMECG 420 ) 4¥ (Bh:ea)
COMMONARARRAY/TMER W KA A AW KRAR KRB

COMMONA R AL AL AG o STIFE1241 2 ) e FIXMOCS 4544 4 OMEEI 4DV IE) 4OP LG
1 AS(FRIySRATICIAND

COMMCY TECALE/NITaNOLCaINEUG IR o IWp ITAPE g IPATH A ICY LW NINT
COMMONSTARE AY FMEMELDS 3 3)

CUMPON/HARRAY ZLMOHA20 4 a2 0952 aP LI a5 b aFNLALA S 4FYLACS »5)

1 wBEMALG g S ) wFXLB (A4S FYL LB I a5y o AMA L A4S ) s ENDM 2 0G24 ENDOVEZD45) 4
2 GRYIIZEI4GRYICPD) 4GRPLL I} 9y CRVENG (20 )+ GRMINGIZC I GRVIPLLZ0)
3 #GRMIPLIACY yGRPZPLEITS ) o GRPENG IS ) qFPPINEI ) oF WMINEZD Y 4FMMIKLZ20 )
4 FPMAaXIZ) 4FYMAN (20) yFMMANCIT Y ZMONT «ZMOMBE XL L20)

COMHONATFLAGS A TRDATAC IS Y o ISOATACIS )L ICCNLG)

REAL MUsNUsMOgND oHLATY oM D
INTEGER AASHTO{4)sCHECKIE)

DIMERSICh THOEX CBY wDSAE) o SIDFI3 )4 SHIE4 10 Y4 POTATISE) 4 GOVERNILS ),
1 PRIMTCIE) wZ108 o6 haCRACKIG) s AMINCG) yAMAXY CE) 4 AREAFL (6 )
DIMENSIDN INDEXZ2 4R}

DATA INDEX FZ4%05xTa0a110l241475T0ESY  ITNw,? DUT?,

I YEOTHY Z4POTHTF*A  #y 853117, %12 T,#] B,815 ¢ ¢5 ¢

2 oGOVERKSTY  FLY* y4HEXURSSHE  #8H MINs4Hs STo3HEEL «8HCRACS
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21 DEsSCK DATE = 287251

I 4pn Wl s0HDGTE «SHMAY Se2HCON L4HCIPMP f

DATA YNDEX2F 243 2CaTa%1%413 4144

OATA ARSETIFlsheldelld S e CRECE AN a3 431 4254314235432 4347
1 YESAT YES*FaMa/St NO ¥ 7

FIND DESTIGM VALUES FOR EACH REINFORCIMG HEMFER
DE Tl L=le2
CO 71 H=1s1°7
SHAL aM} =0l
COMTINGE

451
DMI1)==FMMINEG)
DPLlY=ARSEFPMTHI1D)
DMEDI=AMANIE=FHMINCE ) y=FFMIN(L] })
CPIZ2Y=ARSCFPHMINTZ) )
DML Fr==F*ETHIL1Z]
CR{5I=ARSIFPFINILIDL]

AR 2
DHI4 )=FEMAX(]]
OPC4)=ARS(FPMAX L]}

as 3
BMISISFMMAXE1E)
DRLAIZAESCFPMAY (3 ))

a5 4
DHIG}I=FMMAXIR}
CPRLEIZARSIFRPMAY L2} }

DS¢1¥=TT
DST2)1=T%
DSe3)=TE
DSra =TT
D&ES3I=TH
DSeRI=TS

FYPET=FY 21300
FEPFSI=FCP#1C00s
Bl=fi A =405 0{FCP=a4)
IF (FEl +GTe U«8%) AI=f«RS
IF TRl LT Beb5H) BI=Cuk®
N 12 I=1ah6
FLAY=D.1
Chl1=0,0

ICONEL¥=1

18535509



Ly GoLEYEL - 21 DESCK DATE = g2251 18£35709

C FIHR STEEL AREA FOQRE FLEXURE
C
PHIDF=S0ATALZ29+ ] ) =P 5GF
EG=1d«Z ¢+FCPPST
FLEX SES+PHIDF w2 = OF{TY*l 000 e%{2s «PHIDF=~DE(T}] -
1 PLODLOeDM(I]
TF €LEX LTa #0ad % AEA4TY = J.0E1E
IF (FLEX #GFas 40} BASC[IS(ECAPHIOF = DPII)#1000«0 =
1 SORTIES=FLER ) § / FyYe=1
EEATIO(I»=ASC T /12 FRH]DF
AREAFLITY=AS(]I )

L B}

MIRI=UM STEEL AREA FIR FLEXURE

AMINEI)I =N 025415 {1)
IF TASCTI3aGT »Pa 024¢D5L]2) GO TO 2
ASETIY=DS(TY =024
ERATTIOLTI=ASLI}F12+FPHIDF
FCONCT =2
2 AREAMF=E s GES*BE 1 =FCPPS I +PHIDF/AFYPSIFEFYPSI+ATO00 &)
1 = {50, +»DPLIYSFYPSTI D
AMAXKITISARFAME
IF TASCIY LT« AREAFMF) GO TO 3
WRTITEITWel®02)F POINTIT)CMOIEY4CPITI o ASIT I AREANMF
160 FORMATE L X Q00 *a?) e fFe® (NESTGN NOT POSSIBLE AT SECTION F.i8.7 DUE®
Fe* TO EYCESSIVE COMERFTE CCMPRESSICNT/®  DM=® . Fli.3+* INLKIPS/FTY
T 45X 4"0P2 P4F10:%4 KIPSHET o3/ s TES *REQGUIRED STEEL AREA = v,
GF10aZe? SO oTHoFFToPolCXa *MAXTHUM STEEL AREA = "oFifa42,
G * SHalNelFTa s aldaT9G( 0%} 77 F)
AS(I) = 1.0FE15
SRATIOITY = 1.0E1S
ICONCIY =4
GO TO 10
] COMTINUE

STEEL AREA BASED ONM 7.01 INCH CRACK

o ¥

K=PTYFE+Da.5
GO TO (100Ge2 200+30003s K
1000 Cl=1ali
RSl EnCTAI ) P eSDATAC(G+T JSNLAY I N0l u/du)
G0 T8 140
2504 CC=1aB
B2zle.0
FLAY=CTA I »»2wSDATRATE+T D} FNLAY

G0 TO 140
LRYIEH Ci=la%



1v & LEVEL

140

2007

1
2
2005

21 DESCR OATE = R22%51

Bo=q0 wSaCTEI) 242 aSOATALE+I JANLAY Y42l o/ 5s)
COMNTINUE
RU=OMUI)SFLMY 102010
NO=OPATYAFLN*INOD,
EzHO/NO+SOATAT2S+I0=0SE)}F2a
IF (E/SOATAC29+1) +LTe 1a1%) GC TC 13
Bzl T4 +0. 1 #EFSDATA(ZI+])
IF (Ad o6Te 049 % AJ=0,.9
AP=1o /]l w=lJeSOATAL2O+1)/ED
COKTINUE
RE = MY & NO#(SOATACZI+1)=DSCT3/ceddfRJFAP
Rl = COwl2a*»DS0] )22 2xS0RTL{FCPPSI)
AREADL = IRZ=RI*B2/ZJ000./PHIOF/FLCR
IF & £ «EGs 1 7 G0 TQ =
IF  FLAY LT+ 3 ) GO TOD 11
cal=1.
Co=1.-9
EP=f0 «S*FLAY) 23 (] uf3a)
ARET12=AREAD]
GO TO 7
IF & AREDL? +GT« AREA(QL ¥ AREATLI=RAREDLZ
CONTINUE
CRACK CIY=AREADIZASLIY
IF [ CRACKITY +LEs 1« )} G0 TO 13
TCONKETY=D
ASH1Y=AREAD]L
SRATIOCYI}=ASIIY/]1Zu/RHIDF
CONMTINUE
COMTINUE
IFCIDAUE aL T2} GO TD 164
Dgd 2007 I=1s:86
PRIMT(Ial=2% GOVERMNALICON, JY»3a2)
PRINT{IaT=1% GOVERMCICONLIIInZ=])
PRIMTLIZ»1) = GOVERNAICCON(IYI=3)
COMT INUE

18735704

WRITECI w2005 (POINTAT I n =1l eb s (OMCI)oI=1aB ) lDF I }eI=]lsEly

[SOATAL29+4T )4 l1=1 46 g (AREAFLAI Y wIZ14E) o AAMINTT )4I=148ads

(AMANS T ) p I= 14 Y4 ICRACKIT }aI=1l g lafASII)aI=]4E)

FORMATE*O* o TS Ga "weanws  FLEXKURE DESIGN TABLE +awwautyfy

1"JREINFORCIMG* 4 T28+ "AS BPeTH24" A5 1%4TTI4%AS 2% TBALYAS 37,T103.

SO T o) LR & LA PO

LS 4P o7y TA04230" =) 3/ *ODESIGN SECTIONToTP9E0AGe11X) a7y
POULTIMATE MOMENT Yy T2 wbFl5abnsnt INMIPS/AFT s/
SOULTIMATE THRUST?4T204EFL5aGe/ st KIPSAFT® 8/l

*NDEPTH TC STEELY9T2046F 15454 0" TMuets ity

*OSTEEL AREASCFLEXI"4T2C4EF1559/ 4" SOuIN/FTY4/y

*OMINe FLEX STEEL"4T209EF15«Tala" SBalNe/FTosd,

YOMAXe FLEY STEEL"#TZ0eEF15.50/ 8" SULIN/FT gl
TOCRACK INDEXY 4T2346F15+547/ 0/



Iv & LEVEL

Mmooy

iy RNy

20499
1649

25

&1

[ R

&0

432

21 DESCH DATE = 82251

1) *JGOVERNIMNG ETEEL'fTFﬂ;EF;Etﬁifr' EQ.INL/AFT s /)

WRITE (IWe2009) (PRINTL(TI«I=1sla81}

FORMATE® GOVERMING MODET#T2696038443X0aFf 471" )

COMTIHUE

IF (AS€Z2)1afTe AS{32) GO TC 25

R gt R

ICONC2Y=TCONLE)

SRATIQU2)=SRATIDLS)
CONTINUE

00 3G T=0.5

ASCTI=AGITI+1)

SRATIO{I=SRATICII+1)

1CONEI=ICOMET+T)
COMTINUE

DIAGUGNAL TEMSIOM CHECK

FCREI=FCPPSI
IF £ FCPPSI «GTa. T000.Y FCPEL=TOG0.6

AASHTIC SHEAR CHECK = METHOD 1

DO &0 I=144
N1 = 3
Z141l+5) = KO
D = AFINLASDATACCHECK (2o =1) b SOATAYCHECK(22]2Y )
IF (FHMIN{ALGSHTOLI))uNE« Oa0 ) GO TOD &1
M = SDATALCHECK(ZxT )
Hi =)
IF CFMMAXCAASHTOCIX)NES D0 ¥ GO TO &2
O = SDATACCHECKSZ2*I=11)}
Nl = 2
CORTINUE
PHIDYV. = D+« POY
VU SAFEYIAFY™ A (AASETOCEY Y p=FYFIRCRASHTONI YD

IF 4 VU 4LTs D«036 » SORTEFCPSI) + PHIOV ) G0 TO 65

MRTTECTIWs95%1) AASHTOCT)SIDECNL)
ISDATAL2S+1lY = 1
ZI4I+5Y = YES

COMTIALE

Z14Ix12 = Wl

Z10I¢2%= D036 & SORT(FCPSIY = PHIDV

Z14T33y = Z14T Yy F 210042}

Z1tI.8)= D

CONTINUE

DG 432 I=1a5
SRATIOCIF=SRATIOCI}*FGFSPOV

18/35/0%



16 LEVEL 21 DLSCK GATE = £2251 18/35/09

5 CaNTINUE
OO 1506 T=1.3
AREDOI=SEATIQLE)
MUZABRSLFPMAY (1))

IF (7=2) 110fe2100431127

TOP SLAB

3 Moo Ly

11 COMTIENIE

M=

kl=2
FHOI=5RATIQC1}
RHGA=SRATIOLS Y
BIk=S0ATALIZ)
DOUT=S0ATACSS)
co TO 4LG0

SIDE WALL

In Nl

2¥I05 COMTINUE
B = 3
K1 = 6
EHNZ=-SEATINL(S]
OTY=SDATALES)
DOUT=SDATAE31)
GOTH 4300

BOTTON SLAE

Lar B e |

Bl100 COMTENURE
N =7
KT = B
RHOZ=SRATIDIL4)
DIM=SDATACZG]) .
DOUT=3DATATEZ )

40073 CONTIHUE
: DO 2590 K=MeK)
; YU=AMAYTEFY AR CTNODEX CEY Y o=F YPINCINDEX CK 32D
YUZ = AMAXICFYMAXCINDERZIM) de=FY¥MINGCINOEXZEK) D)
IF [ YU «EfQ« D0 3 GO TQO EEE{- - :
IF {FMMAXCTHDEXCKI P +FAMINCINDEXCKYY )} 5000y &000s TOODO

G009 RHE=RHOD
MU=FMMIK{INDESX CHD)}
D=oouT
L



¥ 6 LEVEL 23 : DESCK PATE = P2ZEL 14/35/09
3. bt a0 rg ee9s
S GO0S RHOzAMTRICRMOI ¢RHDZ2)
g MUSFMMAX ¢ THOEX (KD }
Bz AMI AL IOI%00UT)
ll1:5
50 TC 4060

TE00  RHOZRHDZ .
MUSFHFAXCIKDEN (KD}
D=0Th
iz}

s REQ0 COMTINUE
i IHIR « LIz ABSIRUAYVLID/PCY Y
SEFLK 2D L2
SHIK 32 s hr
EHIK «8) =RHD
SHEK 53 2D :
IF ¢ RHO »6T« D402 ) AFO=0.02
; ; EOzQs 8+l wnsD
i IF & FIF aGTa 1a2% ) Filzla25G
FHEGah=hNU /YU b 0+S0RTI 25+ INUFVU/GCa Dl al)
IFIFANLE T aThY FHSTaTH
AMVYDZABS (MUAVUSL FPOV )

i

A
P
i

s T TREA YD 5T o3 ) AMYO=2.T _

Eﬁ L ¥YC = (lel*b3adnfH0) + SORTCFCPSIY = FOW 9D a1Z+3FDF/FAw

i 1 : : beltAMYD+]1.)

%. IFIVE +GTe 4CaSHQRTIFCPET 1P GV al2.+0) YO =S 945CRTC(FCPSI VAP0 12 a2l
i FOT = YLZalD{Mafsryo

fowsk SHIK«G) T XELCINDFEX (%))

g SHIK«TY=FN

A EHIK 22 =YWL 1000 .2

T e o SHEK «21=RAT

B A E IF ¢ ROT LY. laG Y 60 TO 2500

}Ef ASINCEl bR aVU2 aFRALAMVD+1 o ¥ AFOSZARTIFCPET )~ U-Eﬂ&ﬁiDiPDU

e SHER g1 1=ASTHC

Rt IF € ASINGCALIZ2«/POV/L oLTa 0,02 )} GO TQ 250G

ﬁ'--" HEITEf1we5S01) INDEX(K}eSIDE¢n1) :

ﬂ;;{ a5kl FERHJTE#!TaﬂqﬁﬁtlHilq!;TBB;}r*:ﬁax.'-*;f:TEE1tﬁf12ux¢'HARHING'-
i _ 1 21XaP &ty laTi0e " a¥ 3N "0ESTGH NOT POSSIALE AT SECTION FalZ2abXy
i : T o eV P TAN a2 g BE «*STIRRUPS ARE REGUIRED OM *+A%4¢*SIOE STEEL®s
: 3 3Katetely 300570800 ) ; '

e ISDATACLIZ+H Izt ' ]

e SHiK410) = 1.0E15

A GO 10 2500
j 3500 TF € M LT, T8 3 GO TO 2001
IF (E=2) 1002+1Q00241070&

SR e
TR
ok



IV & LEVEL 21

el

Il

1ugd

2301

2003

25012
1500

2L08

CESCE

EOTTOM S AR
CONTINKULE
JFLASTNG «LTa AS({%)
AELa)=ASTING
ICONIS) =%
SRATIDIA)=ASINGA12: /0 /R0
GO TR 2503

Y gD TR OZHL0

STDE WaLL
CONMTIMUE
IFLA5TMNE LTa. ARLSY) GO TR 32504
AESLSIZASING
ICON 5=
ERATRG(Ey=nsInNC A 1. /DAY
GO T 25406

TOF SLAE

CONMTINUE

IFLASTINCLLTASCRY) GO TO 2530
ASL3VZASING

ICOMIE)=%
SRATIOLI=ARINCAL2./D /Pty

0 TO 2614Q

CONT THUE
IFL1«EQ 1Y GO Fu 2£123
IFLASINC-LTASC2)) GO TO 25¢{0
ASIZ2I=A8INC

TCOMIZ2i=n
SEATIOC2X=AS TN A 12 /D /AR DY

G0 TO 2504

TFEASIWCLTAAS(1Y)Y GO TD 2590
ASC1)=hSBINCG

ICON{l}=4a
ERaTIOLLY=ASTINC X 12 /CFAFGY
CoTTNUE
CONTINUE
SOATACLIOY = ZMOMT = TE/ 2.
SOATALEDY

IFCILRUG.LT7Y GO TO 174
kEITEATWa200RD
FORMATCA FaTHEg " mwn

= CT41)
SPAM = ZHCOME + 1.5#T% = CTL3} = B0ATALID/Z.

NATE = 82251 187354009

= EDATALL}F2.

CAASHT OO g K=l g a0l ot al=ladd qud=1451}
EHFAR DESTGN TABLE - METECD I

!’i‘!"'f'

1 *2DESIGHN SECTION*wTI243{I2+26X 04124/ ALL SECTIONS ARE AT O%afa
2 F FROM THE HAUMCHT S 4 *QLLTIHATE SHEAR "+ T2694(F10adv 16X afy



£l DESCH ORTE = BZ251] 187557409
' RIES/F T o/ n 'DALLOWAELE SHEER*aTPOIF 103 016X)ndn

¥ BEIPESAFTY o Fu " INTAGONAL TENSIONTyT2S 33 TF1 0wt ib X aFllabels
*OILOEX LIAITY o/ o " NTDERTH -TU STEELFaT2RyA(FL0Se]lEX) g/

1 THe s w*" OETIRRLUPE RENUIRECLT®a TRl 3 1A% 22X o A% H

WHITEELw 2 006) CINDEX (M) gK=ky B)Yp ERSHOK I FaRE=1ly HYpl=lal0D

FURMAT(* 1t ufaThAs*aerenx SHELR DESIGH TARLT = METHOD 2 wkdmsa? oy

FUDESIGN SECTIDN® T2E+8 L1201l dalal 0/l

FOM A SPHT LI ¥ o T2DEAFLO 503N nlusa

FAOULTIRATE SHEBP*wTIfAEFIDala EN)arle? KIESFET Yo fu
PUINTIMATE TERUET T oT204BIF L0432 a3Xkal ¥ KEIFSFFT*s/fa

TLRTEEL RATIO! ¢y T23 4P IF10.RpdX)ely

PADERTH T0 STEEL® g T209BCFENsSa X bad o TN e "IHa a/y

FODISTANCE FRUMTQT204BIF10 o393 b gl y® A=ENDs IMa®ady

FETHREUST FOOTOR 4FRI Yo TP3ab(FIafelN) aly

SINTAGCNAL TEMCEIOK® g 120 BEF 1043 s % ads" STRENETHy KIPSAFT o/,
SOULTIRATE SHEARY 92723 gEqF10u6adN efe? ALLOWARLE SKEART./,
POMIW STEEL ARP A OUE '+ TZ34RdF10+602Xnla® TO DIAGONAL TENSTONT/

5o e llafFT® ]
1Ta RETUER

Iv & LEVLL

Fr i B B B B B i B T B

R

21 ouUTrRUT NATE = BZ25] lafisrs/n=

SUBFMUTTHT GUTPLT

CReAMTEES Any FEINIS OUT & ONE CELL EBHCX DESIGH SUFHARKY SHEL V.
TeE PRINT NuT LECLURES THE FOLLCWINGS

INSTALLATINOR DATE

LOADTHG DATA

METEFIAL FROFERTIES
COMOCEETE OLTA
REINFORCING STEEL RATA

THE DUTPUT IS5 AVAJILABLE WITH ALL TREUG VALUES.

3z

1

COMMal FIFLACSS TROATALISDATA

CoMmam IS C AL M [T MOLEy DR G 4 IP 4 Yy ITAPE o IFATESICYD 4 MNINT
INTEGER ISOLTACZIG)«IBCATREIS]

COMPCHNS RSCALF /ASDATAECIS ) SDATALASG Y

REAL JL2ADE124%10

CaAMMEGH e AL AL DAL STIF 14l 2 Y oF TN P04 Ta 4 s LMLy a DVIEN 4 DOF LG D 4
ERLEY 22 ATI LA )

EGIYELESNCE ISP ANLBDATALCLY)

MIMENETON STAFLCT ¢ Y2 lSBES Y4 STIRRIZ)

GaTh SFIRR  Ff* MO *Ta¥i¥[Poe g

CATE TERI34lsGe2e5/

T=1lsE=lE

C21lis

=1 T2REE

OEFAN=BOATACI YT

NEISE=OCATAL2Y L +T

CHZECATACL O DA T

OGAMASSFRDATAETY v+ T

NFETE=EDATAELLS)

ALPHA = (1+5GATAIRRIISHDATALLS)

IF L TRCATAC19).THa2) CIETASCS

N 38 [=1s5

K=I%F{11

CSITARCIL LA KY

CORTIRUE



STAETLIy20= STIRARCHAXGCISDATACLA) «ISCATACIS)ISCATACRERYS 1 ¥
STAR(2e2)= STAR (142}

STASE392)= STIRRIPANC (ISOATAC20) 9 ISOATACSL)+ISOATAL29))+1)
STARtas2d= STIRAIMAKC CISCATE (16D 4ISOATACLII) +ISOATACZT )y

1 1SOATACZAIGISOATACLIT)IZISDATACLEY I 1)

STAR{S.2)= STARC%e21

C
WRITEClwpl) DSPANSORISE
€
WRITE(LWed)
KRITFLIWaYTY
WRITECIW45) UHeOGAMASIOZETA+ALPHASBDATA(15)
1V 6 LEVWEL - 21 ouTAUT DATE = 82251 18/35/09
¢
: WRITF (T Web)
WRITE(INWS7)
WRITTIIWeT) BDATALZ2)4BDATAI23)4BDATALT ) BDATACLLZ) +RDATAC2Y)
c
«RITEC(Ing2)
KRITECI D7)
NRITE4TWe3) EDATALZC) JBOATACZ1) 4E0ATA(27)
c
WRITE{TwaAY
MRITE4Ina97)
WRITE(I%a9) CBDATACT 29T=3250 0 (BDETACI}ZI=11912)y
1 ¢BOATAUI}#I=30,35)
c
NRITEGINs1060
WETTELTWe97)
WRITZ(IWa)l)
SPITEAIWa12) (OSTARCI pd) ad=142)9131,45)
c
WRTTFATH«13Y SOATALLIT}SNATALIZD)
€
Caanase F 0P R M A T %
C

9T FORMATOTIDT2{*=*])

Cranan
1 FORMATO*1*oT104Ftuls® FTu SPAN X "yFa,1le" FTs RISE REINFCRCEL COMC
IRETE BOK SECTICUTFATID72(*x%}3
Coamun
4 FORMATE FT1%*] S 7T ALL AT IOMN DA T &%)
Cronen
I FORMATOTIZ?H*HETGHT CF FTLL OVER CULVYERTFT* o TTCaF12aZ0l s
1 TI1Z*UNIT HEIGHTy PLF*aTTGaF12elefa
2 112« ™MiIMTHUM LATERAL SO0JL PRESSURE COEFFICTIENTT s TTDaF12 434/
I TIZ2.*MAXIMUM LATERAL SOIL PRESSURE COEFFICIENT aTTCsF12a3g/y
4 TIZ2+*E0IL = STRUCTURE TATERACTION COEFFICIENTYsTTO+F12.3 3
Coaans
6 FORMATE FT1L.fL O A D I K G D& T a*)
Crenas
T FORMATOTIZ24*LOAD .FACTOR = MOMENT AMD SHe AR "o TT04F12.54/
I T124"LCAD FACTAR = THRUST*aTT0aFl2e24ra
2 T124*STRENGTH REDUCTICK FACTOR=FLEXURFE ¥ 4TT04F12a34/ s
5 Tl2+"STREXNGTH BRECUCTION FACTOR=DIAGONAL TENSION®*sTTOWF1Z2+4307Fs
4 TIZ«*LINITING CRACK WIUIH FACTOR*TTOAF1243)

Casnne
A FARMATYI rT1f-*4 A T F R T A | D B NP F BT T F &394



FER TN ~a u rs amg = 1 — ar C [ [ 1y [T ] L L | L] R e ] r

E‘I‘l!!"

3 FUORBETE(TIZ2H*STEEL = RIMTHU® SPECIFIED YIELD STRESSs KEI*WT70s
1 F12.53/T12+*CONCRETE = SPECIFIED COMPRESSIVE STRENGTHe KEI%,

¥ 6 LEVEL 21 DUTPUT NATE = 87251 18735709

2 TTOsFl12adnin
3 T1Z2+"REINFORCTMG TYPE*TTAAF1IZ242)
Coannns
A FORMATIL. #T10+*C C M C R ETE D AT AF)
EI L L W
E FUORHEATY
TLZ9*TOP SLAB THICHNESSs IMa* oy TTOaF12:2/
TIZ2+*E2TTO% SLAR THICKKESS e IMP=TTlaF12.5/7
T12s *"SIDE WALL ITHICKKESSy IN"aTT04FI12ad4/ s
T12y*HORIFUNTAL HAUNCH OTMENSTONs IN"aTTO0aFla3/F
TIZ2+"WERTICAL HAUNCH DIMCNSION s INa*wTTORF1Z2aXes o
T12+*CONCRETE COVER CWER STEELw TNa "TTDe/lw
TIE#*TUP SLAE = QUTSIDE FRACET«TT04F12+3¢/s
TIAL*SINE WALL = OUTSIDE FACE*sT704Fl12.547%
TIB4*BOTTON SLAR = OGUTSIDE FACE®*aTTNeF12+43 » /a
T184*TOP SLAB = JNSIDE FACE®aTTDaFlZ2edels
TI1B«*BAOTTOM SLAB = IMSIDE FACE"TT04F 1230w
T18+*STOE WALL = IMSIDE FACE*aT70sF12a3 )

e T REY = B, RN ) B R T Y,

Casnns

10 FORMATI /7Tif0+*R E I M F ¢ R C T W G ST EYE L D AT A%Y
Ceaawe

11 FGRMATITIZ2 20K YAREAT 9]l 0K aFaTIZ2Za 12N *LOCATTIR Y148 ?50a TNt sbX s

1*STIRRUPS "4/ g T12 434X+ *"PER FT T o T "TREQUTRED?Y o/ s T124TOT1H=] 1

Ceeans

12 FORMATCT12 4" TOP 5L AB = INSIDE FRCE™q
EXsFSelullEaltns
T12sr" TOP SLAR
EXeFOadalldXehds
T1Za~ BOTTOM SLAR
BY aFSaIgl0Nqps f
T12 " SIDE WALL
GHeFOaIellX g4 F
Tl2s ¥ SINF MALL
EXgFhGadgllXybayf
T124F00"=%])

AUTSINE FACE®,y

INSTDE FACE*,y

AUTSIOE FACE™s

INSIOE FACE™y

e omj G LF B ofal B o e e

El--i L ]

15 FORMATLT1Z2" sPROGRAM ASSIGNED VALUE"##
I T124"THE SIDE WALL ODUTSIDE FACE STEEL I%5 RENT AT THE CULVERT CORN
2ERS eNDUs TAZL*CXTENDED TNTQ THE QUTSIUE FACE OF THE TOP AND BOTTOD
AM ELARS. THE®"/T12s *THECRETICAL CUT=0FF LENGTHS MEASURED FROM",
4 * THE PEND POINY ARE*4FEwls/T1Z2+*AND*oF3ula® Ihe REEPECTIVELYs *4
6 TANCHORAGE LENGTHS MUST BE ADDED«*)
L.-I LN
RETURN
END

Go to Part |1, Program Pipecar




(\ Appendix H: FHWA-IP-83-6
@' Computer Program Listings
Part Il

Go to Table of Contents

Program PIPECAR

Lv & LEVEL 21 Mol LATE = BZ22%51 IR TR F A1

C

c

C FROUGRAF PIPECAR

L

C AMalys [= AME DESIGN FROGRAM FOR REINFCRCED CENCRETE FIPE

A

C SUFPMITTED TG FEDERAL HIGHWAY SAOMINISTRATION = AUGLST 1982

L CEVELOPED FOP FHWUE PRAJECT KOs OOT=-FH=11=5552

L BY STRESOMN GUMPERTY ABD HEGER JTHC. 1695 MASSACRUSETTS AVENUE

L CAFRRICESFASSACHUSETTE 02138

L EXAMPLE STAMDARD PLAMS FOR IMPRCOVED IMLETS

C

L THI® 15 THE MAIM PROGRAM. IT SEQUENTIALLY CaLLS THE VARIOUS

C SUREROUT THES REFDED TO COMPLETE THE ANMALYSIS BHD DESIGN OF

C THE PIFE

C
COMBEARSTACALE /IOORUGHEPATH nDog3o
CUMMONSIFLAG/AIEDATALRE] Beo20
CORMCNSFRESEAULPRIZTY ZOLPTA 3T o SLPRIETY 4 SLPTHXIT ) 4FLFRUIT) Coaap
1«FLPTIIZTY 0050
CoMMONACCURDAR 3T e YLTTI oA L3 T8RS
COMMONSRECALEFRDATACSS) agaTo
CUMPALNASTLARSAREATES) o SRATIOCS ) o SCOVAG) yAREAOT (S 4 STEXTIS] D9 0&0
ISTERLLED npoog
COMMONADESIGH FOMES 4DV LS )9 OP (S 9y WLLCLS? gc1ed
COMMONIPROPFSILI TN 9CO(ITIALENLIDT) i B
COMMOMACONET A M e S48 €Y s K2 34336 4K 170525236 tor2o
COMRONALOADSFIC T+ B 228 2aF 203434360 pa1s0
COMMONSD ISP AN 393 2T ) oa1ac
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IF IRETAES «EQ. 1R0. } BS =
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YOI p==RAOMP«COS (AT DT Y
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ITF CIHETA#HRFTAS ) «LTe ba28144) GO TO TELR
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400 FUORMATE AN SHIOT UT o8 s BHVERTICAL s S5 X 1RHINCHES FPOM CERTER 215X,

1 BHTRCHF S L1 Y3 THRADTANE )
1300 COMTINUE
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C CALCUMLATES THFE MOsMAL AND TANGENTIAL PRESSURESIKIPSFIN/FTY DN EACH

C JOIRT DUz TO PIPE SO0L AKD FLUID LOANS.POSITIVE RAGIAL PRESSURE IS
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IFY o FCP e COUT g CTM 4 FLMY 4 FL o DI M 4 D0UT 4R TYPE o« NLAY 4 SPINSPLUT o POGFCRREST 04250
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C SET FLUIG LEVEL TN MEBAREST JOINT DN 3az
C
IFCIEDATACLIZ2)Y «EQe 1} GO TD @50 04 557
FE=Y{XT1=-THISZ . LT Y
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FTOP=MsZ&/R2FE+F}
00 170 E=1437
DEGLILIY = £T=1) +» S 00000
IF €1 «kfle 1) GO TO 22%
IF (T «EgQe 37y =0 TO 101
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IF LACI) oBTa (B/2.11 GO TO 300
SLPRATF=FIRVCOSIPIARATI)]

GO TO A4=0

CONTINUE

IF f At1) o4GTa. BS/2s ) GO TO 310
SLPRII}=0.0

B0 TO 359
ELPRATI=PTNPeSTNINS* (AIII=BS/2 4w PIFAG)
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150  CONTINUE U4&60
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IF €1 «Efe 13 £0 TO 20C naEEQ
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HeS(ULII+0C=10) /2 »ALENIT=124R2 04900
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450  CUNTINUE pas20
EG=iQIl1+Q0 =101/ 2a#LEMI]=]102R" G950
210 CUNTINUGE DAS4D
3 FLUID LOAD 04960
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c
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IF (FLFRCID aGT. 0.G) FLPRETII=CW0 t499¢
FLETA1) 20,0 45000
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i
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500 COMTINUE 052!
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FLRREK)=FLPREXI+PREACTIK}/S/F) 053511
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LR%0 FIOERAATELI2N 4RHODEDG FROF SX 228 CLH*Y aFH 3240 1H 9 QX a PG 41 H=] }
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ASEYME s THAT JOINT 1{IRVEARTY IS FIXED EAMD JOINT XTLCROWNY CGNLY
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CCUMTINUE
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NiRI=W]13TTa ald GRAEN
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G0 TO 1z80 L L
15 WRITELE w3 UM s dol Y wdZlad ) s AUNET adsl#1 0 sud =1 a2 JadUNSTsdale2} 07135
led=1432 97136
1205 CCMTINUE ATl4n
WAITEIE 20037 LOUNTIadadThadaleddalzleld 7150
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Zul  FORMATE A /95102 2H0ISPLACEMENTSy INCHES n i or1vTn
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C CALCULATES THE MOMENTSe THRUSTS AND ZHEARS AT JOJWNT 10 INVERTY AND
C JOIHT STICHGWND
C
£
COMMLN/REACTIFR (e T2
COMEONSOESTORINMISI=0OPIS)Y «DVL{S ) o WLOCLS D 0A3A0
COMPANACONST AR I T3 T a G a KB g s SR 4RI (3434 5R) ogsorl
COMMORFDISPFUNL I a33T) oe&0C
COMBONALGACAF LT 543426 aF P 224245 6) oawN1L
CHMmRNFTISCALEFTORBUGy IPATH 08420

CowrkELE FRECIETION Kls K29 K124 Fle F2e UM
DOUVELE FRECISINN RaeTH{leddaBllalddsClled}

C
CALL MaTHEYIR1IZtinlnlkoglMElyla2 B [ FLE 1214
CO 100 I=1ga Oa4TL
DD 170 Jd=1+3 feadl
Rl aula FoB 0T el =FlTaudsld nasa(
luc EOaMTINUE a%s0C
0o 20w T=1a3a2 0ES51C
Trlseli=vwl?dlaledid 0ER2L
TEYs2 =12 {Pnly 36} gas it
TElaZi=M12i3+1+3610 DEDH(
Ti2+1)=0eDD2D
TiPs2)=3.000
Te243)=00D0
Trl,12=C.000
Teas2i=0a0QN
Tla«dl=0aa0D0
Call MATMPYZTUNILsln2E sl 1] 1114
00 300 J=1.2 gasTL
Filads2) = CH#1sJ) = F2Ui1andas36E} » KE2(In24 560 3UN 2533 T)
Aa0 COUONTINUE pasap
2T L CONTINUE 8600
OMET ¥R 425191 +R i34 1) DE&AC
DPCLISRC1nla2)+Fils2ell 0RG2(0
IF (DAESC(OMILII+RI5:241)) LT ABSIOMEL)Y) GO TO TOD
DM Ly=CMNEL1}+R (34351 DR6ACL
ODP{LI=NPI1Y*RIls3s11 111314

Fon PMufFRh=—_Aa/sT . 1. e =orE.A _A1 Al L EF



Pl ML de=E— Ly R L L TRARLIPE FLOF HEpoy

DPESI=RE(1s]lad)*RE{lada) GA&TL
[F (DABESIDMIS)=R43edad?) oLTe EBSC(OMCS)R) GO TC A00

DHISI=OM(S=R{3s3e2) pa&9L
DPESX=0FISI+RI1 43427 DA T
#ul CONT TNUE 0BT1C

OO &01 J=143
Rilsda2) = =RE34Je2)

v ¢ LEVWVEL £1 FEALT CATE = £2292 L2f5af7 %
ALYl CobTIMRF
FETLURN TRRD
END 1HES!
Iw & LEWEL 21 THSHFO CATE = a22%2 12424 F24
SUFR LT INE THER»R nTeE!
C
G CALCLLATEE THE THTERMAL THRUSTS. SFCARS BHD MIMEMYTS AT EACH FERD OF
[ FACKH “FHELER
[ BU¥] REPRESENTS THE FOUACES AT THE LEFT END 2F A MCMELR
C PYM2 RESRFSEMNTS THE FUACES AT THF AIGHT END OF & MEMBER
[ PYyA+*TEKkq T}t X BEFERZ TO THE P4 ¥ CF M FOR X=1a2s3 PESPECTINELY
i ¥ KEFERS T¢ THE LcaDImMG CCHOITICN
C 7 REFFEES T0 THE ELEMERT
C & FRINTOQUT OF THE SERVICE LDO&D FORCEFS IS AVWAILABRLE WITH AM IDSUL
L YALUE GREATER Twa™ 1
c
C
CO=mian s PEOBFSTE AT o CNCITro BLENCETY af 50
CUMAIN AL CADFFLE A e R 36 0aF 213423 0) 17311
CUMMrMFIESCALESTORUGT PATH v
CAEMOL AU ST Al g A T g K2 1 A Ay TEV g K12 SR IED nT33"
COMMEOMAN IS0 A NE Ty T3 T QrLhs
COMMINAPYMAPYMY (39292 E) hPYNZ2 (334800 i 131 )
ORUHLE PRECESTOMN Kle K23 K1Zs K1Z2TOC3s30y PY¥1 s FYMZy UNMgFlaF2
OAUELE PRECISION TOZa )0l Se 3t a Rl a2 da e gl oG Sl o5t3433abiT43]
COMMOYNSFREACTIFREACIRe 1521
NODELE FRECISTIOM™ ACO}eREAC
c
IF (10HUG LT« 23 GO To 2 a738C
RRITELGR 99 GTEeL
L FORMATL 1HL )
WRITF (G4 ED0Y CT&lcl
2 CUNTINUE nFa2(
DEG = 9.0
oG 20 I=1y%R OTa[
Tile12=LU1TD
TEla23=5I01 JTHE[
TEla 30000
Tr2sl) = =51011
TC242)=CO0TI)
T2 w23zt 204
TEIs1)=n, 002
Teig2k=0.000
TEEs30=1.000 AT49(
0N SC3 L=l43 orsif
0D3a 307 M=14d szl
K1Z2TiMalLy = KI1Z20LaMaeId 4T5at
374 CONTINUE nTsSal
CHLL MATMPYLKLCl sl s I aUNEIalald 02 17HAL

CALL MATHMPYIRLIZ (1l o Bt g UbhilalaT+1)4ED =R



CALL MATMPYIKI1IZTCLalXdsUMTlelalYsR) Dropt

CALL MATMPYIKZ2T Lplg T 4UNElslal+]l)de5] ETEQL
Iv & LEVEL 21 THSHMD BATE = gr2ga 12F3i5/24

o 420 J=1a3 ET&00

DO 470 K=lel 07610

GEJgKY = Dided) = FlludsHal) + ErJpKl |
s} = ROJaK) = E200aKaI) + SEJaK] |

AL CuMTINUE i
CALL MATMPY ¢t TaGaPYMIr1eiaTh] aTES
CALL MATHRPY IT WePVMILET141:122 AT6E
IF C(IDPUGL «LTa2%F GO TEC 200 IT6eT

L

C WEITE THEUSTS ESHERRS AND MOMENTS fTTRO

ic

IF ¢ I «EQ« 1 ¥ 60 TO- 201
Wi = 0
00 203 JI = 143
DO 203 J2 = 143
J3 = J3 o+ 1
AN = (PYMIGJZ29d]leTd=PYRZ(JE sl l=100/2.,7050000
203 CONT INWE
DEG=IT=211#5,050C0
WRITECE«204) 1oNEGaTALJD}edd=149)

50 TO 241
201 WRITE(E+70%1 [sDEGe{REACTIE sl sl ) sdE= a3 o {REACTJEa291)aJET1530y
1 (REACLUB a3l baudb=1a3)
240 COMTINUE 9716l
IF  IDAUG «LTe 2 » &GO TO 1200
I=37

DEG = 187,10
WRITE(B69204F TaMEGedREACIJA4la2@tandE=1a3 Yo dAEACIJAR2 v 2 o613y
1 FREACLUGrdac)adb=193]
EO0C FURMATL AS TG, "SERVICE LOAD THRUSTICKIPSAFTYs SEEARIKIPSSAFT Ry %y
1*MOMENT CINSKIPS/AFTIP S So T30y "DEAD LOAD*TT1950TI0L LOAD  T105,
2 "FLUID LOAD®/«T1P«"DEGe FROM" a5X s 304 IH= o RNy IR C1H=Fo 53X+ S0 CEH=1,
S Fe® JOINT®aTLlZ2w"VEPTICAL* g T30 20 "R "n TN a "V o TN *F P Jak) o N SN,
g KR LG MY 1
208 FORMATI 2K gl 23Tl 2 aF 20 aT283208F ] 0+%45%0:2F1 0% )
1200 CONTINUE
HETUHN ATH=E!
FHO DTHGL



21 HATIAY NATE = B2252

EURROUT JNE MATIMULALE )

IHYVERTS 2 X } PATRIX

COUELE FREECISION ACI«X0ePEA«Z0e0ELTR

12/34/24

DELTR=AClal b2 a2 b0 (0ol 0t A Lo P Al nd ndlial ol a3)N0 2l dn
PR LR N R L s LSS LS PSR L TSR A S RS R E N T P R P RS L

ACLls2)

BLLali=ehq2 oy 2) 0l (Zolp=a 2y wrafSa2))/0ELTA
BEflaR ==l 8d o2 mbf3pRl=~A0Tg2) wA M4 3)F/0ELTA
AClad IS CAS D+ P R b Ty B =213l A (Lad ) OELTA
FEZa il A2l wat 2 =AC Syl b wA {2y 30 FOELTA
B2 lAN el el it b=Ailg2twAl 1) /POEETA
ElEs Sr==0BU Lyl AL 240 )-ATCwl ) mAdl S0 RrFOELTA
BrSadd= 0ty wpdBy2yaf (2 )mAf242 ) DELTA
B2 a2)Z= B 1 VAR (320 =A1Sa 1) A0 1420 F/0ELTA
BLEa2)1= A le D0 wl 2 2 hoh (2l dmAL 420 RELTA
RETURM

EXND

21 KaTapY DATE = BPA5Z2
SURPTUTIAE MATMEY(AsPRWC)
EMERETES PATRIY MULTIPLICATIOY

POUBLE PRECLISTON A4y Zds AP ,33 4 CHIX43)

0e 17 1=143%

DD 1" U=la2

CeTadi=nganbd

N 17 HEls2
CfTadI=Cllgdi+htly KRl g}
COMTIKLE

FETURY

EMND

21 HATHLD DATE = Rp22bha

SURRTLTTINE METXCOIFalarl

MULTIFLIE: S5x5 MATAIX BY 3%)1 MATRIX

IV & LENEL
G
¢
C
C
[
Iv & LEVEL
C
C G
C
C
| B3
Iv o LEVEL
c
L~
L
C
1w

COUELE PRECISION XT21 4803433 o TE1D

B0 17 T=143

YT} = RFalfDnD

a0 1" K=1«2
YEII=YL J N0 T 4mImi KD
EOMT THMEE

RETURN

E M

12 /34524

17734524

aTsaa

aTait
aTaaf
aTast

27910
0T9a
grSsc
BEOCC
A8a1c
geozr
BEGEE
HED&C
GB@SC
[Ff
qE@at

DA1ZL

Falai
TE15(
B l16L
GA1TL
CALACL

ap27vTL

na2oac
AR3IOC
aa31c
ngs2c
PASSC



Iv & LEVEL 21 FUYMMAN CATE = #27%2 12734/24

EUBRPUTIME PYMMAN b&a&To
C
C LUCATEES AND CALCULATES THE THRUSTSs 5SHEARS AND POMENTS AT THE &
[y CRITICAEL CESIGhK SECTIONSe THE PRAOCEDURE FOR FINDING THE EXACT
C LOCATION CF P/PHINO=3,0 ASSUMES LINEAK SHEAR ARD CLADRATIC
C MOMENT OISTRIBUTTON €% & YFNPER.
C LNAO FALTORS ARE THEM UWSED TO COMVERT DESIGM FORCES TO ULTIMATE
c FORCES =
C
COMMONZPYMAPYMI 0S4 a3 oFVMPL34 342E) "HAAR
CUPMCNARSCALE /RADI LR AD I eHeUw¥W a THoEET A4 HHsGAF RS s GAPACs GAMAF g OF 4 CREST
TF Y s FLPs COU T4 CIN e FLEY e FLN Ol RaDOUT o RTYPE sNLAT + SFEINSSPOUT s P OaFCR % NESOL
1EET»ECO%N+R ANM L4 RPADOMEZ L EQUIDABETAS P OD
COMMUONFPRORSASIEIZTYCNER TR ALENLS T CAS2(
COMHONACOORO Bt AT uYL3TIAL2TIsPeRS
CUMMONADESTGHAOM IS IPISYsNYLEG) o VLOC IS ) eSS0
COMMONA ISCALT FIDRUG T PATH 98 3D
OOUBLE PRECISION PYM1 . PYY2
REAL MMAY opaat
C
C L IS IMDEX FOR LOCATICMS AT WHICH DESIGN WILL AE CHECKED GEOEZ
C
L=2 0BES 70
C
C SEARCH FOR MEMBER WNEAR IMYERT WHERE M/wD=z=3 T899 7:
C
W= il R=1.1 4
ng 300 I=2+ 36 Terld
GEPYMIA 2]l ldePUYMLIT25251 repz2no
C=iPYH Lt a la T I+ VML 2 a2 I =P YN [ 14 [ =10 =PHF2 224 1=130/%. 92030
FeOauD*i PYMIClwl e ID #PYPFLIULw2 9T ) =PVH2(1lalal=10-PYM2{]ly24I=1)) 19940
IFTDABRS ICH+IPYMLUZaSql F=PVMII2434T=110722) LT AESCCY) GO TO 4p9 nans
CEC+tPYMIL 2 Sy [ =PYM2 2y Sa =130/, 09064
GZG+FYMI {3434 1) 9074
FEF LS e {PYALALly 3T =PYHIIY 454l -10"} uk- Bl 4
400 CONTINUE uaoqq
D=PPOaf TH=CIAN=Q JNS2 42
[F (DIN +EQafe0) D=D=P0O=D0a(4#TH
IF IG «GTs 04080 GO TO 159 gl ac
O=PO0A(TH=COUT=DOUTFZ 42
ITF t00UT WEfw Daldd D=D=PO0Rf.04+TH
350 TIF [ABSIG/C/ADY LLEw 3.0 GO TD 200 0935¢
GR1=G 091&(
Ci=C to17y
F]_:F 09180
100 CANT INUF ng 194
200 CONTINUE ng2o(

JzI=1 as21dq



Iv G

LEVEL

2300

(R

v B

10 £ =

1400

15L0

21 PyMMAY

J12%
d2E0d

CO&TINUE

VIINI T=Cr=CLly 4] FHILY

BERE3deDeYUNIT+C ]

¥L={ =R +SORTIRQ #fy=2 a ¢ VUNTT w3, Qe 2aC1=-GLF/WUKTT
CGEILI=C] = aXl=0 g5 VUNKT Texl »XL

DPLLY=F1+IF=FLY «XLAALENL )

PYELISCI+WUNTT oWl
VEOCELYZAL J23+ " S NBT2EERYLIALENL JIny]

IF . <EB« %3 G688 TD 21D

SEBRACH FUR LOCATION OF WmAX NEG MOMENT

MMAY =0 s d

na 1530 T1=10.258

EzPv™ 11l w2 +PYMIIZs22]1)

THEDABS L5+PYELE3 3100 GTe ARSIS}Y GO TO 1100

IF (ABSC5Y LT ABSIMMAX}) GO TO 10060

MMLY =%

GO TO 13ALRD

CONTINUE

IFIDABS [5«PYMICZ454T1) &LTe AES(MMAY¥3Y GO TO 12040
HMLX=S+FYM1[5s34]]

CONTTHUE

oML lizg

OVECANSAFVRII 2yl o I *PVMI I 24 2 s 10 =PVYH2 (2414 I=13=PYHZI2423]=102)172s
NP{AYSIRYMIT] sl o 10 #PUMI (1420 =PYH2(lylyI=10=PVYMN2L]l 4241 =102/2s
VLOCEAF=ALED

TF(NAESEOMLA1+PYMTIIRadeld) LT ABE(DMII)FY GO TQ 1000

LTS E LN T TR B L
PPEEI=StPVYMLIdLaT o T =PYFIila3al=100750.+0PC8)
CVLANI=IFVYMIN Sl =PYFRI2y 34 T=10)72,+0VIE)

LONTTNUE

SEAPCH FOR MEMEER MEAR CROWN WHERE ®SVO=E

T=3%k

CONTINUVE

SPYMI{ 3l it «PYHL1 L3241

C=fPYRL (23 19D +PYMIC2 g2 gl =PYNE L2 gl yT=1)=PVM2[24241=1)0/2a
FDaGatFVMIt I ala s +PWMIE 4Py T mPYM2Mlalsiml)=PYMZL1s2al =130
IFLDARSLC*+APYMI (2o Ta T 1=PYMPI24FaI=122/24) WLTs ABSICH) GC TO 1500
C=C+dPVRT {2 3,1 }=PYMIEId 3T =101 7F0.

G=G*PYRM1LA: s

FeF+C5adPVYHMILY o 54l 0=FYMPT{1aRal=1}k]

CONTINOF

D=PCOWCTH=CIN=-0INSF2w)

DATE = 82252 1273472%

oaz2a0
gazat
ne2el
09250
D260
pe27d
maz2al
5231
05501
i LR
[ CELY

a935L
0936l
0e3 Tl

0e39(
pFACE
09411
D9az(

LR E NS
094sC
09asl
09a Tl
09480
noagL

pesic
no52(
59533
foSs

ﬂ?ﬁﬁJ

0956[
Ba57L
a9 580
09590

B961(
foe2
1963

0964 (
09651



v 6 LEVEL

160D

210y

2400

21 FuMMAX

IF DIk Efs 0sCF DEC=-FRL*0{0a042TH]
TF €06 «O0Tela0) GO TO 145T

N=phCal TH=COUT=DDUTF T, )

TF (DOUT «EGQe Dal} D=C-PEDapl.fa=TH
COMTIRUFE

C=ARSIC)

TFIAHSIGFACADY «LFe 30y OO TD 1R0G
Rl=fh

ti=C

Fi=F

I=l=1

GO -TO 1470

CONT INUE

L="%

Jel

Wi==1

JE=d*]

GO TO 2000

CONT INUE

YEOCITY=ATTY

YEOCLT)=AL3F)

0N 2470 J=Ia%

DMESI=NaE, I xF LMY

DVTJIZOY Sy «FLFY

OPEQY=0F CJ ) 2F LY

COMT TNLE

RETURN

Enl

DATE

p2a%2

12734724

T3

ﬂqilﬂ
L1 5o
DeT3
EET#E
ASTRD
e TARE
aeTTe
g TAcL
peFal
R
09 E2C
[
09ER
aR5
S RA
aapT
ik-4-4.8
rea9
negg
pagl
992
heald
994
neg s



(¥ & LEVEL 21 DESGY

OO E A SO oo OO

L B B N e e N e ]

DATE = 82251 1A/44/55

SUBROLDT IKE OESGH

CALCULATES THE REGUIREDR STEEL AREAS AT DESIGN LCCATIOME 1s 3 AMD 5§
BASED ON TRE FPLLOWIMNGD FLEXMURE

MIMIMDIN ETEEL FOR FLEYURE

LIMITIMG CONERETE COWPRESSION

Gall*® CAACK AT SESWICE LOADS
IT CHECKS FDe RAOIAL TEXSTCN AT DESIGH LOCATICME 1 AND 5 AAD
IF REGUIRED CALCULATES THE CIRCUMFERENTIAL EXTEMT AND FAXIMUM
SERCING UF STIFRUPS .
T1 ALS0 ChECKES THE CGIEGOWAL TEWSINN sSHEAR AT NESIGN LOCATICHS 2
AHD &4 &ND TF REGUIFED Yy CALCLULATES THE CIRCUMFERCKTIAL E€XTEKT aNO
PFaxIMue SPACING OF STIRRLUPS .
ALL THE CALCULATED STEEL AREAS ARE PASSED T3 THE PRINT SUBRRQUTEINE
THEODTGH THE CLOMMOM BLGCE STLAR
A PrRIMTOUT QF THE LLTEIMAYE FORCES AT EACH DESTGN SECTICHNy ALOKG
kTTH FLEEKURE AMOD SHWEAP DESIGM TABLES ARPE AVATLARLF WITH AN IDAUC
VALUE GREATER THA™ Da

COMMONFARSCALEARADIL 4P AT Z aH aWaW a THoaFETA g HH yGAMAS 4 GAHAC s GAMAF ¢ 0OF 4
IF Yy FLPoCOUT g CIN o FLEY 2 FLE DI N« DQUTaRTYPE s LAY 4 SPIN o SPOUT 4 PO4FCRLEST
1vECON+RADMY s RARMZ 4 ECUTO R FETAS 4P IDaFPPsFYP

COMAONF ISCALEATDEUGSIPATH

CHMMONAPVMAPYMY (335436 4y YR (24 3450)

CAOMMONFDESTGM OMIS Y4 DRCSY NV (B ,VLOC 15D

COMBMONSSTLARFAREAL (G wSRATIO LS ¢ SROVLR) q AREADT 12) 4 STEXT (5} s
15TSPALS )

DOUELE PRECISION PVM1 4 PYNZ

AkEATC1E = IMSIODE STEEL AT INVERT
ARREALIL2) = MFAYL=3 NEAR TLVERT
TARE Malk OF 113 AMD {2y FOR IMSIDE STEEL AT IMNVERT«

AREAL1CI) = OQOUTSIDE STEEL
AREALL4) = M/YD=3 NEAR CRTWH
AREAILS) = TNSIDE STEEL aT CROWN

TAKE Max OF t&41 AND (53 FOR IMEZIDE STEEL AT CPCwM

CONMONACOORO/ XL ZATH 4 ¥ L ETyuA AT )0

REAL JePdeND Ml gNLoMIPSTaNIPSI o NLAYsMRAD yNRAD
DIMENSEON APEAF (S)oAREACL{SYyRDOT IS 4CRINDLS )
CIMEMRSION RLOCE9)+GOVERNIZT I aRADT2)4DAGIL2Y

OATA RANFAHRADY +HAL JoDAGFEHD TAG oS HONALF 4 RLCC/SHINYE s HRT o
1Z2H  #9HSPRIG4HNRLI s 2HHNE + SHCADMW ¢ 4HN #2H f

OATA GOVERNZ4HDOES p4HMOTG p4HOVA K SHFLEX ¢ AHURE o+ 4H s4HMIN
14HSTEE s aHL s4HDa0Y s 9H CRA4GHCK +4HRADT 4 HER+F o8 HLEX 4 YHRADT,
14HEM=Cu4HA s YHOT NaSHOETI wSHRUCPS pdHOT #544HT IRR a4 HLUPS #YHMANXCy
T4HONCC s 4HOMPRS

10060
10070

10ca0
10050

17100
17110

10130
101ag
10150
10150
10170
17180
10181

inzo0
1021d

10220

102350
10281
laz25cC
102&(
1027¢
10271



Iv & LEVEL

C

S0l

21 DESGHN

D0 %01 I=le5

AHEAL1fl X=0.1

AREAFLI}=0.D

AREACII ¥=040

ROTC! 3=0.0

SRATIOU] ¥=Q40
AREACTEITI=0.0
STEXT(I)=04+10

EGOVIIr=De0

CONTINUE

W = ATANCUAY)Y
Bl1=20.85=0. 050 {FCP=#,)

IF (Al »GTe De85) Blz0eAS
IFT Bl «LTe Te651 Bl=z0.&5
FCPPEI=FCPalIn0BA.
FYPSI=FY«1000.
PI=3.14)592a530 497
SPMHZ{RADML+*UYw2 o

C DESIGN STEEL AT THREE MOMENT SECTTIONE

iz Nl s

B0 1 L=145s2

CASYM=] .0

Cil=0a

FLAY=N,

ODIAMSDIN

TFIL «Eda« 3 DIAM=DOUT
MI=ABSIONIL) )

MI=OPA4L »

MIPST=M1+1000
NiPS]l=N1+1000,
OH=L .04 «TH

IFCERIAR GTa 021 OH=DIAMSZ &
CIB=CIN

IFIL «EGs 3 CIM=COUT
D=P O TH=CIA=DOH]
A=1D.2*FCPPSI

REQUIRED STEEL FOR FLEXURE

IFEG=1Qa0a0=-MIPETa{ e al=TH) =2, aMI1FPE]]

DATE

-LT#

= E2251

P11 GO TO 1111

18/84 755

AREALIL Y ={Q+0=-N1IPSI-SERTIQa(G=0vD=NIFSIa (2o aD=THI=2 < aM1PE1))

1) /FYPET

AREAFILY=AREALIL)
SAATIDUL)=AREAICLY FA412.2D)
SGOVILI=1.

18240

103060

19310
10320
103530
1n34g
1135¢

10280

1na0g
10418

10430
1naag
1745
104¢&
1047
1048
1049
1rE00
10510
19520
1952

1025568
10571
10580
10590

10&0L
1061L



Iv &

LEWelL 21 OESGN

L ]

DATE = BZ251 18744755
MINITHUM STEEL RAREA FUR FLEXURE

IF (L E0« 31 CASMN=D.TH

TFEAREALAILY 05T &« CASMAMSPHM»#2, FESODC.) &3 TO 2
AREALICL }=CaSMyaSPMyxe?, rE5000.

APEAFCLI=ARCATIL{L )

SERATIOLLY = ARE ALNL}SU12.%0}

SROVILYI=2a

CAECK COMCRETE COMPRESSION
AREAMF=E 8F4+12 JxB14FCPPSLal/

IFYPEIw L ETOO0 L4 FYPEI Y} T wNIPETIAFYPSI]
IFCAREALCLY LT+ AREAMF) GO TO 3

111 WRITEIE «10JL+OHEL Y yDPLL) yAREAIEL Y yAREAMF

l-l"'

03 F 0

o

O

FORMATE A FulHOQ+9SL1H®Y o/ +SXA29FDESIGN WOT POSSIBLE AT POINT 411l
1TH OUE TOaFs5Xy IWHLACESSIVE CONCRETE CCPPRESSICR MI=4FTe2%

112H INWKIPSIFTa g GXaIHNIZaF Ta209H KIPSAFTa oFf A oy BXs20HREQUIRED STEE
1L AREA=+s

1IFhedwllH S5QaINafFTaslS8 y 19HMARIHUM STEEL AREA=sFEaldsllH E0eIMN/FT,
Iafn

1957 tH*} 1

EREATAL I=]1 +TEZ2E

AREAFILY=SAREALIILY)

ROTILI=] «QEFE

SRATIOEL¥=1l-0E2H

SGOVILY AL

GO TO 1

CHECW FAADIAL TENSION AT CROWN AND INVERT
DES(GN RADIAL TEMSTUN STIRRUFS IF REGUIRED

IFitL «Eqe 23 GO TO 850
RADTEN=CMIPSI=0+45wNIPS 1w} 12« FOFARADIZ#CIMI/L 2 /SARTIFCPRPEIY*FRP
ROTELI=HADTEN

IFCRADTEN &LEs 140 GO TO 990

SGOvILY =4

K=L/24+0.T5

NRITESG #8501 RLOCEIwH=2) yRLOCTIaK~1)gRLOCI{I*K }+RADLL1 I 4RADC2)

SIZE RADTAL TENSIOW STIRRAURS
AREADTIL)= 1slwi(MIPSI-0445*KNIPSIA03}F {0« +RADIZ+CIND]
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Sheet #1: Typical Reinforcing Layout - Side Tapered Single Cell Box Inlets
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Sheet #2: Typical Reinforcing Layout - Side Tapered Two Cell Box Inlets
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Sheet #3: Typical Reinforcing Layout - Slope Tapered Sinfle Cell Box Inlets
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Sheet #4 : Typical Reinforcing Layout - Slope tapered Two Cell Box Inlets
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Sheet #5: Typical Reinforcing Layout - Side Tapered Reinforced Concrete Pipe Inlets
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Sheet #6: Side tapered Corrugated Metal Inlet
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Sheet #8: Headwall Details for Pipe Inlets
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Sheet #9: Cantilever Wingwall Designs

WALL DIMENSIONS REINFORCING STEEL SCHEDULE QUANTITIES |ucxuwn
’ I, -
BEARING
H 8 T T o LI far © dar k. Bar F Bar = Bar J Bar K |Concrede ;:::f " € H
T -
- Size |Spacing| a b Length |Size |Spacing| a -] Length | Size |Spacing a b Length |Size | Spacing|lengéh |Size |Spacing| Length |Size |Spacing | Length Length| Cu vos | ¥¥ ks K'%.H.
o |4-c |owe"| iag| /-2 4 et | 57 -7 | et 4 15 t[-8% 7Y 4 - [8-7" | 45" |oee 2oz | ros @
7?7 |48 |ovo |7-3 | -3 I-& &7 =) a-a I-@ 4- + I~ 4-1 5-5 | o492 3.0 | L2Z 7
8 |54 |i-o |i-M|i-s 4 -G 77 =i a-z 4 I-& 4-7 4 -G 47 @5 0.569 26.4 | 139 a
9 |&o |i-r [1-4 |1-2 4 e 8-7 2-1 0-4 4 @ 5= 4 i~ 5-t 7-5 o.Ge8 2az | LeO -]
o | o7 | -8 | 1-4%| -3 4 i-t¥e -7 2-3 t-@ 4 1-4¥g 5@ 4 1-th 5 a-5 o7es me LM o
W7+ |i-5 | 1-4%| -6 4 8% | -7 e z2-2 4 |14 | 5~ |2ve | 7-2" 4 ool | &-1 4 rak | @a-1 9-2 0903 .0 s i
2 (a0 |re [ 15yl re 4 i-oh | 17 27 13-8 5 -t | 5-¢ 2-7 7-2 4 o-71% | &N 4 -3 | @-T w0-2 0.923 477 216 2
| |aa e | e 5 i-& 127 2o -] 5 "t 5-7 2-1o0 | 8-1 5 o-3 7-4 4 16 7-1 e o84 55z | ese -}
4 |92 |9 |1-ey] i1 & e | 137 211 a-g & -aly | e-4 2-1t 8-t 5 o-lod | *9 4 -8 | 75 2-2 LT o7 | 258 14
15 | @ | ts | ety | t-a [ o] 14-7 EX] 17-5 @ -5 &6-7 3-2 -5 3 o8t | 87 4 /-8 8- -2 Lece f. 3] e i8
w (o7 |2 | 174 e @ -2 B8-4 34 -4 @ e 56 3-4 8-& & - o (3-4" | siu” & | 1-2" [/4-4"| & o7 9-/ 4 -9 89 i4-2 1361 ozo | zew i
7 | -n [ e-m | 1-1h] -6 7 =il | =0 37 i2-3 7 -y | 81 3-7 9-2 7 -t | 300 | 3-7 6-9 7 Ity [15-4 & o-7% | oG 4 ity | 23 52 1459 | jod. 4 | o4 7
18 | Hio | -4 | 18] e 7 -] =23 58 iz 7 -2 a-4 38 g-a 7 - 3-j0 | =- G- 7 |2 -4 7 a-7 o5 4 e -7 ol 1853 127.9 | aes /-
9 | 27 | 2o | -8%] -2 7 i@ o 4 15-7 7 1@ @2 ERT] -4 ? @ &-/ 214 7-4 7 G 17-1 7 a-& =21 4 & o-g ol 1758 5.7 | a4= 9
x| a | 2w | o9 ] -2 a -8 -8 42 4@ 8 -9 @11 4z to-a & -9 4@ 42 8-4 8 -2 -1 7 o-7 -4 4 8 06 i 1Bt 6c.n | 586 0
2 | e | v | 22% | 20 -] 1-9% iz 49 5-7 4 1-ak Ty 4-9 1+-8 8 -9% | 4-9 4-2 22 a 1~9% | i8-10 T o745 | ve 4 1-9% | o8 8% 2227 2.4 | a8 o
Z | e | 30| -8 | 2O a -7 H-e 41 Frar -3 i=7h 7-8 4] iz-a a 1=7¥z 4-9 4=1 9-4 a = | i9-10 7 S~pie | M- 4 1= 7 FIat=1 18- g.9s2 186.5 4 .00 T3
ex | iss |20 | 28] 20 2 1-9% | j2-5 =0 174 o 1-9% a-f 50 2-3 ] -9% | 5-7 50 o-a 2 =94 | 2o-1o 8 o7 | m-io 4 ok [ e 20 z49z | 210 | 428 25
M | 151 | 2n | zZ-afy | 2-3 9 -5 -5 5.4 18-3 E] -2 8- 54 i3-8 E) -9 510 | 54 | o0 | 9 -9 2i-7 8 o-7 13-3 4 1-9 i2-1 23 2.754 2334 | 240 24
o |7 |25 |25 |25 o rith 14-0 55 19-f fi=] 1=t -3 5-5 14-4 =] 1-itte -] 5-5 =i 10 =ity | 22-7 L C-TY | 14-3 4 -rite | 28 22-3 2B08 278.2 | 4167 25
o | e |36 | 2-8%]| 2-a ] ety | 147 5-a 2= w | -2k a-8 58 80 o | i-9% | 71 -8 2-5 o | -o% |ea-4 s 074y | 4 ] i-o% | is-0 230 78 oos | 48z 26
g || 2e | 2ate| 20 10 -7 15-0 -9 20-5 0 =Ty ENT 59 5-4 o 1=7 7-1 59 126 0o 17 |24-4 E] o-aly | 158 4 =t | 1s-8 24-0 3.535 | 2440 | mom | g7
2= |7 |88 |27 | 2o 10 6 156 G- 22 o | i-e o2 G- i5-1} o Py 7-4 &=/ 13-4 w0 | e e5-1 s o-a 18- £ I "o 242 Ledo | 3796 | sm) =)
R " -9 %65 2 2z-3 i -2 -0 [-3F-4 -t " -9 8-5 G-2 | t4-3 " -9 261 0 | o7 ie-8 + -2 -8 259 2805 | 4210 | s49 zy
2 | 3io[4-0 | 284 | 50 " oY% | el &5 28-0 it 1-a% H-2 &5 17-8 1 rat [ 8-8 &-5 4-9 T ro% | 26-10 - o-ay | tamis £ i-@% | i 26re 4422 4770 | 2am e
(1]
’ Siel aves or NOTES
31 Finishad Ground i g 1. The designs prasentad hars ore bosed on the Faderal Highmay Adminlgteo- B Fod H & 2O’
Line tion Publlcation “Feinforoed Gmcrete Metoining alls* Seotembar 1367, e .
=Ty T walls rmay be designed . retalning walls according to current 8 ForlH * 20
. ;EH TE warking atress or ultimaote strangth pe mn
& \
. DESIGNDATA: n = 10, f_ = LX00 -
. ;;wf;.‘wm nl; ?..&ﬂ&lwgmlﬂﬂ '-m;:“llzﬁ e
Bar K & Ely el For o The <oeHichert of FTetlor beTween momcey ond soll i foken la
® fa Ctre ] > 20 /- 5 o 0,45, & sofety focter of 1.5 b provided ogairat sliding, ah
R
For Overtornig A minimum sofety loctor of 1 is provided ogoirm!
SBar L SBar F overturning. Resultant of the loods s ot or within the middie third of the
Fe® /L5 Chra \~ el t piitiel
3 concreh
, | Compremive s 71 100 . ‘ﬁ"..:!*f.’.,:l..'"..;‘;“,'."n't‘:“.,.?’;.’.“’.
Ses Elevation T Bar A with the cpproval of e anginesr. All sxposed adges of wally shall by
For Rminforcing ——11 e bl R | i Chorelarac 3% 1. #aceph of roted BARS A,CEE
lab (e Leed &  RERFORC]
x 5}:& ,.a.:r.. ?M’ﬁ : r Torming 0 LOTI ASTS. | Damerainis o 1o vy o roarreny Note: The reinforcing schadules shown are only for
g s B LT rvany Jelasi e reeihy.
: ., i i ione are vdrie - " oa ewirabie '
Optional Apron Siab | b Weep Hole — :;Mam’:w?&, Lo st 33 bex Somatens 7 nr@aacics; | o ccrrcspono‘.‘ng change mus’ be made
Sag Sheef 0 _Z "“\_é ] @ar ¢, =i v s in the footing design to adjuet reinforcing.
- 3 AT 3 FOUNDA PRESSURE! tha rasimam premures shown
Fl;j-"rf-—m Bar M (Match Bar k) [ 111 n e mcwmulhﬂhwhmelmwﬂﬁm site,
LE RN V-1 L.ngl‘h :l‘::'fwlhm mrb-h.::od.u the width of foofing may be modified to
3 . I (o T
5 S o I"m s U.S. DEPARTMENT OF TRANSPORTATION
. ;2 3 JOMTS:  Exponslon * ot o meximumn spocing of
- ion jolt f 30
% o 20’ BN —Bar & P e e e e FEDERAL HIGHWAY ADMINISTRATION
correapond wi ruaticotions.
x T WEEP HOLES hobs sholl be provided of
al ] LT 1] 1l gar e 1510, AtMiblt rdor e looched i bk o s s ot oot WASHINGTON, D.C.
i ¥ - Sar ™ B 8 on outhel plpa ey be used in ileu of weep hobe.
f 7T ¥l B ¥ A The wall shall ba bockf(led with o wall groded, Ires draining E‘mb Standard Plans For Iw Inlets
4 L acir al\, | Bar J ; T——'aam i materiol.
) =l Food/ K 5 FOUNDAI OM ROCK: Fi haced e
= 3 ! 3 i it ¢ n.,mmm.mmmﬂ?nkm?ﬁmhﬁmfm CANTILEVER WINGWALL DESIGNS
(e Tha designe of Thess footings are bayend the scops of this praject.
2107 ' 10 ALTERMATE DESIGM  The cpron integral e Nt Buste
£ ialg) (H& ") rmlnhpnll md the Hiird gl K el v :Lm i
qfs H™ o and apron 4 um-wmwnmw“h
a bwwdlhm-olfh-snbc RECOMMENDED), lmlm%é_ Lo i -
L E VA T’ON Gt Brissan Chal Bridge -
SE C T_I'r ON .E— ncouuun@_ﬁm APPROYED 9
{ Back Chint Mydrawfas Brawch [T S S ——

mace)

Go to Appendix G

Go

to Sheet #10




Sheet #10: Miscellaneous Improved Inlet Details
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Symbols:

M

r

P

e

FI, FE et

fl

factor for effect of curvature on shear strength in curved sections

factor for adjusting crack control relative to average maximum crack width of
3.0 in. when I_--:r =" 1.0

foctor for crack depth effect resulting in increase in diagonal tension (shear)
strength with decreasing d.

<oil-structure interaction factor thot relates actual leod on culvert to 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

coetficient for effect of local materials and manufacturing process on the

diagonal tension strength of concrete in precast concrete pipe

coefficients used in hand analysis of two cell box culverts

design compressive strength of concrete, It:-.~;.-‘i:'|.2

design  ultimote stress: in stirrup, lh.ﬁ]"in.z; may be governed by raximum
anchorage foree that can be developed between stirrup and each inner rein-
forcement wire or bar, or by yield strength f}r, whichever is |ess

specified tensile yield strength of reinforcement, 1|:r5,"il'l-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 hounch dimension, in.

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

ratic of offset distances for elliptical pipe section {ufv)

horizental distance from thraat section to invert of bend section in a slope

tapered inlet, ft (Figure [-3)

load foctor used to multiply calculated design forces under service conditions to

get ultimate forces

overall lergth of improved inlet, ft {Figures | -1 and 1-3)
length of fall section of slope tapered inlet, ft (Figure 1-3}
length of bend section of slape tapered inlet, ft (Figure [-3)

span length uvsed in the determination of the critical shear location for
uniformly distributed laads, in.

development length of reinforcing bar, in.

moment acting on cross section of width b, service load conditions, in.-lbg
{taken az absolute value in design equations, always «)

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

conditions, in.slbs



maximum midspan moment acting on cross section of width b, in.-lbs
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morment at corner of box section octing on section of width b, service load

conditions, in.-1bs

merment o side wall of box section acting on section of width b, service load

conditions, in.-1bs
ultimate mornent acting an cross section of width b, imL=lks

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

cormpressive, - when tensile), 1bs

axial thrust acting on cross section of width b, of fop, side or botfom slab,

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

mumber of layers of reinforcemant in a cage (1 or 2)

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

soil pressure at bottom of pipe or bax sectien that reacts soil, fluid, and dead
lgad, |bsfin/section width b

fluid pressure octing on inside of pipe, Ibfin.fsection width b
soil pressure at invert of pipe section, Ib/in./section width b
soil pressure at crown of pipe section, Ibfin.fsection width D
lateral soil pressure on box section, Ibs/in./section width b

soil pressure at fop of pipe or box section, Ibfin./section width b



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

radius to centerline of pipe wall, in.

— X -

radivs to inside reinforcement, in.

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

radivg to inside fop and botfom section of elliptical pipe, in. {Figure 1-2)
slope of culvert barrel, £t/ft

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

slope of fall, ft/1t

slope of notural channel, f1/ft

circumferential spacing of shear or radial tension stirrup reinforcement, in.
spacing {longitudinal} of circumferential reinforcement, in.

taper of side wall of improved inlet (Figure |-}

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

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

crete, in.

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

radius ¢, in. (Figure 1-2)

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

as absolute value in design equations. alwavs +)



cC

W

Z

rmt’

Z

basic shear strength of cross-section of width b, where I-.-'u"‘n.-’q:vd < 3.0, lbs

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

rie

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

wartical offset distonce from center of elliptical pipe to center of rotation of
radius T4 in. (Figure 1-2]

width of weir crest, fi

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

uniformly distributed load wsed in the determination af the critical shear
lacation, Ibs/in./section width b

horizental coordinate, in.

distance from point of maximum midspan moment o point where M/V¢, d = 3.0,

n.

vertical coordinate, in,

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

distance from bend peint in top and bottomn slab reinforcing, respectively, to

point of zere moment, in.



a o . rotio of lateral to vertical soil pressure on box culvert
rmaax® T rman

B AASHTO coefficient used to compute design loads

— Wi =

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

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

unit weight of concrete, !I;.u;'f’rj

unit weight of internal fluid, ||.:|:‘:.-"’r'1‘3

unit weight of sail, Ibs;"”j

angle from wvertical to o design sectien, degrees; in circular pipe, this is the
angle from the invert; in elliptical pipe, this is the angle from a vertical line
through the center of rotation of Fporr,

flexure strength reduction foctor for wvariobility in material strengths or

manufacturing folerances

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

focturing tolerances
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