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PREFACE

The computer programs CBASIN and CCHAN were obtained by the US Army
Corps of Engineers (USACE) from the Soil Conservation Service (SCS), US
Department of Agriculture (USDA), for use in preliminary structural designs of
important or unusual structures or complete design of routine structures.

The original program was written by Mr. Edwin S. Alling, Engineering
Division, SCS, Hyattsville, MD. The program was later adapted to USACE
criteria by Mr. Alling and Mr. George Henson, Structures Section, US Army
Engineer District, Tulsa.

This project was a task of the U-Frame Basins and Channels Task Group of
the Computer-Aided Structural Engineering (CASE) Project. Current membership
of the CASE project is as follows:

Mr. Bryon Bircher, General Chairman, CEMRK-ED-D
Mr. George Henson, Chairman, CESWT-ED-DT

Mr. Bill James, now retired from CESWD-ED-TS
Mr. Scott Snover, SCS, USDA

Mr. Tom Wright, CEMRK-ED-DT

Mr. Clifford Ford, CESPL-ED-DB

Mr. Donald R. Dressler, CEEC-ED

Mr. William A. Price, CEWES-IM-DA

Mr. William A. Price, Information Technology Laboratory (ITL), coor-
dinated the work at the US Army Engineer Waterways Experiment Station (WES)
under the supervision of Mr. Paul K. Senter, Assistant Chief, ITL, and Dr. N.
Radhakrishnan, Chief, ITL. The text of the report was written by Mr. Price,
and Appendix A was written by Mr. Alling.

Acting Commander and Director of WES was LTC Jack R. Stephens, EN.

Technical Director was Dr. Robert W. Whalin.
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CONVERSION FACTORS, NON-SI TO SI (METRIC)
UNITS OF MEASUREMENT

Non-SI units of measurement used in this report can be converted to SI

(metric) units as follows:

Multiply By To Obtain
cubic yards per foot 2.508 cubic metres per
metre
feet 0.3048 metres
foot-pounds per foot 4.4482 joules per metre
inches 25.4 millimetres
pounds (force) per square 47.88026 pascals
foot
pounds (force) per square 6894 .757 pascals
inch
pounds (mass) per cubic 16.01846 kilograms per cubic
foot metre
square inches 6.4516 square centimetres



CCHAN--STRUCTURAL DESIGN OF RECTANGULAR CHANNELS
ACCORDING TO CORPS OF ENGINEERS CRITERIA
FOR HYDRAULIC STRUCTURES

COMPUTER PROGRAM X0097

PART I: INTRODUCTION
GCeneral

1. The computer program CCHAN (X0097) for rectangular reinforced con-
crete channels, and its companion program CBASIN for stilling basins, were
obtained from the Soil Conservation Service (SCS) of the US Department of
Agriculture for US Army Corps of Engineers (USACE) use in obtaining prelim-
inary structural designs of important or unusual structures or complete
designs of small, routine structures. These programs were adapted to Corps of
Engineers criteria for hydraulic structures, and additional output information
on member forces and moments was added.

2. The SCS program document is included in this report as Appendix A.
Information in the main text of this report supplements or supersedes portions

of the SCS document.

Capabilities

3. This program performs the calculations for structural design of
rectangular cross-section structural channels in accordance with Corps of
Engineers criteria for working stress design of hydraulic structures. The
configurations are illustrated in Figure 1 of Appendix A, with their loading

conditions shown in Fugures 2, 3, and 4 of Appendix A,
Limitations
4. Program CCHAN (X0097) accepts as input the overall geometry, water

elevations, and soils parameters, with structural details as determined by the

program. The user cannot change these details.



PART II: DATA INPUT GUIDE

5. Data are as defined for, and entered into, the original SCS program
described in Appendix A--except as described below.

6. Data input was converted from the original SCS program’'s file input
to on-line interactive as a part of converting from mainframe time-sharing to
personal computer hardware. An additional, optional data line was added to
incorporate being able to select basic structural analysis to conform to
(a) the original SCS values, (b) the Corps of Engineers default values, or
(c) any other values. Input prompting messages were expanded to present more
recognizable help to the user. The user is led through data entry, line-by-

line, as needed. Text examples shown below are as printed by the program.

ENTER FIRST HEADER LINE:

Type in the first line of title information and press the enter key. This
line and the second header line may be up to 80 characters long and should
provide identification of the design being executed. You will now be prompted

for the second title line.

ENTER SECOND HEADER LINE:

Type in the second line of title information and press the enter key. You

will now be prompted for data line three, required:

ENTER THE FOLLOWING:

Enter the data requested in the order listed, separated by at least one space.
Refer to page 57 of Appendix A for detailed information on the input required.

Press the enter key once all the data items have been typed and are correct.

These instructions apply to all lines of numeric data.

CL WDTH HGT HGT DESIGN DFLT1 DFLT2 DFLT3 DFLT4
CHANNEL WALL BKFILL PARAM O=DEF O=DEF O=DEF O=DEF

FI FT FT



where

Appendix A Appendix A
_Prompting Message Nomenclature __Figure
CL WDTH CHANNEL, FT B 1,6
HGT WALL, FT HT X, 24350
HGT BKFILL, FT HB 1.2. 35 6
DESIGN PARAM: Use zero to get four preliminary designs, one for each type of

channel.

or use 1 to get final design of T1F channel.

or use 2 to get final design of T3F channel.

or use 3 to get final design of T3FV channel.

or use 4 to get final design of T1S channel.

DFLT1: Use 1 to get entry of data line four values, or 0 to use default
values.

DFLT2: Use 1 to get entry of data line five values, or 0 to use default
values.

DFLT3: Use 1 to get entry of data line six values, or 0 to use default
values.

DFLT4: Use 1 to get entry of data line seven values, or 0 to use Corps of
Engineers default values.

7. When the program prompts for an input line (DFLT#=1), the entire line
of values must be entered, not just those values that are different from the
defaults. Otherwise, the program will give unpredictable results by reading
erroneous values for the prompted input. Data line four is used only if DFLT1

in line three was entered as 1.

WAT HT WAT HT UP HD SOIL WT SOIL WT LAT SOIL LAT SOIL SAFETY

LC 1 LC 2 SLAB  MOIST SAT PR RATIO PR RATIO FACTOR
FT FT FT LB/CF LB/CF IC 1 LC 2 FLOAT
where
Default Appendix A Appendix A

Prompting Message Value Nomenclature Figure

WAT HT. k€ 1., FT .58 «BHW 4 (LC L) 2,4.5,6

WAT HT, LC 2, FT 0.1 B HW 2 (LC 2) 3

UP HD, SLAB, FT * HWP # i

SOIL WT, MOIST, LB/CF 120.0 GMOIST 2,3

SOIL WT, SAT, LB/CF 140.0 GSAT 243

LAT SOIL, PR RATIO, LC 1 0.8 K01 5

LAT SOIL, PR RATIO, LC 2 0.2 K02 5

SAFETY FACTOR FLOAT | O FLOATR

* HW 1 OR 0.8 of backfill height, LC 1.
# Used by T3F and T3FV channels.



Data line five is used only if DFLT2 in data line three was entered as 1.

MAX FOOT SPAN BETN FOUND
PROJECT LONG JTS MODULUS
FT FT LB/FT3
where
: Default Appendix A Appendix A
Prompting Message Value Nomenclature Reference
MAX FOOT PROJECT, FT 0.5 B MAXFTG =
SPAN BETN LONG JTS, FT * JOINTS
FOUND MODULUS, LB/FT? 100,000 MFOUND TABLE 1

* Used for strutted channel only, see Figure 1 of Appendix A.
Default for B =< 10 is 20.

Default for 10 < B < 20 is 2.0 B.
Default for B >= 20 is 40,
# Limit of FTG, shown in Figures 4, 6, 7, 11 of Appendix A.

Data line five is used only if DFLT3 in data line three was entered as 1. Its
data items are discussed in Table 1 of Appendix A.
COEFF COEFF PASSIVE

FRICTION FRICTION SOIL PR
SOIL-CONC SOIL-SOIL RATIO

where
Default Appendix A
Prompting Message Value Nomenclature
COEFF FRICTION, SOIL-CONC 0.35 CFSC
COEFF FRICTION, SOIL-SOIL 0.55 CFSS
PASSIVE SOIL PR RATIO * KPASS

* 1.0/KO1 = 1.25 if default KOl is used.

Data line six is used only if DFLT4 in data line three was entered as 1.

CONCRETE RATIO ALLOWABLE ALLOWABLE MINIMUM

ULTIMATE FC TO STEEL NET BEAR CONCRETE
STRENGTH F'C * STRESS PRESSURE THICKNESS
PSI PSI PSF IN
where
Default Appendix A SCS
Prompting Message Value Nomenclature Value

CONCRETE ULTIMATE STRENGTH, PSI 3000.0 FPC 4000.0
RATIO FC TO F'C 0.35 COESF 0.4
ALLOWABLE STEEL STRESS, PSI 20000.0 FSA 20000.0
ALLOWABLE NET BEAR PRESSURE, PSF 2000.0 ABP 2000.0
MINIMUM CONCRETE THICKNESS, IN 12.0 TMIN 10.0



8. After all numeric data have been entered, and if a detailed design
was requested ("DESIGN PARAM" in data line three was entered as not 0), then
the program will ask the question "IS MOMENT, THRUST,SHEAR REPORT DESIRED?
Enter either Y or N..." Respond with a capital Y if the report (shown in
Appendixes C through F) is desired or with a capital N if it is not wanted.



PART III: SPECIAL DISCUSSION OF USACE ADAPTATION

Flotation Criteria

9. The original SCS program defined the factor of safety against
flotation SF; as

Sum of all forces down
Sum of all forces up

SFf s

When the program was converted to USACE criteria, in accordance with Engineer
Technical Letter (ETL) 1110-2-307, the definition was changed. Figure 1
illustrates the adaptation of ETL 1110-2-307 to channels and transforms the

resulting equation to

Sum of all forces down - weight of water
Sum of all forces up - weight of water

Concrete Cover Over Reinforcement

10. Concrete clear cover over reinforcing steel was programmed in the
SCS program as being 2 in.* everywhere except for bottom steel in the bottom
slab where it was programmed to be 3 in. The USACE modifications added that
it would be 3 in. everywhere if the data item COESF is less than 0.38. (If

COESF is greater than or equal to 0.38, then the cover is not changed from the

original SCS values.)

* A table of factors for converting non-SI units of measurement to SI
(metric) units is presented on page 3.



FLOTATION
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Figure 1. ETL 1110-2-307 adapted to channels

10



PART IV: OUTPUT

11. Output consists of three parts. Each part has its own heading; the
first two parts, with headings expanded and rearranged for clarity, are as in
the original SCS program described in Appendix A. The third part, produced

with the "Y" answer described in paragraph 8, is new.

12. The first part is essentially a summary of the input data. It is
introduced with the printed line

DESIGN PARAMETERS

13. The second part is different for each of the five possible values

for the variable DESIGN PARAM in data line three, according to the following

list:
Channel Illustrated in Appendix A
DESIGN PARAM Type Appendix Figure
0 preliminary B * 43 bottom
1 T1F C ** 44
2 T3F D %% 46
3 T3FV E %% 48
4 T1S F %% 50

* Introduced with the printed line "PRELIMINARY DESIGNS FOLLOW"
*%* Introduced with the printed line "DESIGN OF SPECIFIED TYPE CHANNEL
FOLLOWS" and concluded with the message "END xxx DESIGN," where xxx
is the channel type.

14. Part three, if requested as described in paragraph 8, is introduced

by the printed line

MOMENT , THRUST, SHEAR REPORT

It starts with an echo of data lines one and two. This is followed with a
message referring to Figures 29, 33, 36, 39, and 40 of the SCS document in

Appendix A for illustration of location codes. This is illustrated in

Appendixes B through E.

10



APPENDIX A: SCS TECHNICAL RELEASE NO. 50 (REV.

"Design of Rectangular Structural Channels"

Page numbers at top of pages are as in the
original Soil Conservation Service docu-
ment. Page numbers at bottom of pages in
this appendix are for this document.
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PREFACE

This technical release continues the effort to produce design aids
which facilitate the attempt towards optimization of structural
design. Three earlier technical releases, TR-42, TR-43, and TR-45,
deal with the structural design of rectangular conduits. This
technical release is concerned with the structural design of rec-
tangular channels. Although primarily written for design engineers,
the material has considerable application for planning engineers
since preéliminary designs of structural channels are readily avail-
able to them.

A draft of the subject technical release dated August, 1971, was
sent to the Engineering and Watershed Planning Unit Design Engineers
for their review and comment.

This technical release was prepared by Mr. Edwin S. Alling of the
Design Unit, Design Branch at Hyattsville, Maryland. He also wrote
the computer program.

A>



TECHNICAL RELEASE
NUMBER 50

DESIGN OF RECTANGULAR STRUCTURAL CHANNELS

Contents Page

Introduction 1
Tymes of Structural Channels 3
Type T1F b
Type T5FV 3
Type T1S 3
Loading Conditions 3
Loading Condition No. 1 3
Ioading Condition No. 2 p)
Flotation Requirement 6
Surcharge 6
Design Parameters 6
Primary Parameters 6
Secondary Parameters 6
Design Criteria 8
Preliminary Designs -
Type T1F 9
Wall thicknesses 9
Flotation 10
Floor slab shear 11
Floor slab bearing 12

Type T3F 13
Base design 13
Pavement slab thickness 16

Type T3FV i 1y
Determination of joint. shear 17
Design approach 19

Wall base flotation 19

Base design 19
Pavement slab thickness 19
Delta Q 20

Type T1S 21
Edge beam analyses 22
Design approach 25

Edge beam loading 25
Strut design 28

Edge beam design 29

Wall design 30
Flotation requirements and floor slab shear S 1
Floor slab bearing . 32

Revised T/TT
AT



6

Detail Designs
Floor Slab Analysis

Deflection, shear, and moment due to NW

Deflection, shear, and moment due
Deflection, shear and moment due

to MW
to uniform loading, q

Deflection, shear, and moment due to Q, and M,

Solution for and M,
Solution for finite beam

Type TLF
Wall steel

Floor slab steel

Type T5F
Sliding stability of base
Base slab steel
Pavement slab steel

Type T3FV
Shear Jjoint requirements
Base slab steel
Pavement slab steel

Type TLS
Wall steel

Floor slab steel

Edge beam steel
Edge beam stirrups

Computer Designs
Input
Output
Preliminary designs
Detail designs
Type T1F
Type T3F
Type T3FV
Type T1S

A8



Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

Figure
Figure

O O W FWwWhH+H

Figures

Structural channel types.

Ioad condition No. 1.

Ioad condition No. 2.

Flotation conditions.

Thickness TB for IC#1 when HB > HWl.
Flotation condition, IC#1 when HB > HWl.
Bearing pressures, IC#l when HB > HWl.
Investigation of footing shears.
Pavement slab flotation, type T3F.

Joint shears in type T3FV channels.

Base pressures concerned with joint shears.

Pavement slab flotation, type T3FV.

Definition sketch, type T1lS channel.

Possible strut-to-wall connections.

Edge beam loading and displacement.

Type T1lS frame displacements, typical loading.
Alternate method of solution for edge beam analyses.
Evaluation of frame U and n.

Vertical forces involved with frame T and m, IC#2 when
HB ~> HW2.

Floor slab loads and moments for frame T and m.

Sense of positive edge beam loading.

Edge beam section.

Shear at top of wall; IC#L when HB > HWl1l, HTB < EB/12,
and HW1 < HT - EB/12.

Shear and moment at bottom of wall, ICi#l when HB > HWL.
Finite length beam and loading.

Uniform loading cases, infinite beams.

Qo and M, loadings, infinite beam.

Corrections for indicated tensile reactions.

Type T1F steel layout and point locations.

Wall steel design for IC#l, HB > HWl, and Z > HIW.

Floor slab analysis and loadings for IC#l when HB < HWl.

Determination of form of shear and moment computations.
Type T3F steel layout and point locations.

Sliding of type T3F retaining wall portion.

Contact pressure distribution for IC#2.

Type T3FV steel layout and point locations.

Direct tension through shear joint for IC#2.

Pavement design for IC#l, Q1 > O.

Type T1S steel layout and point locations.

Plan of edge beam, steel layout and point locations.

Edge beam loading for IC#1 when RX1 > O.
Layout of edge beam stirrups.

A9



iv

Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

Computer
Computer
Computer
Computer
Computer
Computer
Computer
Computer
Computer

output,
output,
output,
output,
output,
output,
output,
output,
output,

preliminary designs.
type TLlF detail design.
type T1F detail design.
type T3F detail design.
type T3F detail design.
type T3FV detail design.
type T3FV detail design.
type T1lS detail design.
type T1S detail design.

Tables

Table 1 Secondary parameters and default values.
Table 2 Input values per design run.

A10



NOMENCLATURE

Not all nomenclature is listed. Hopefully, the meaning of any un-
listed nomenclature may be ascertained from that shown.

A = required reinforcing steel ares

ACOMP = required compressive steel area in strut

AE = equivalent edge beam steel area per foot width

AG = gross area of strut

ATENS = required tensile steel area in TlS strut; required tensile
steel through T3FV shear joint

AV = area of web steel, equals twice bar ares

a = distance from point A to beginning of load on infinite beam

B = clear width of channel

BFGR = (B + TB/12)

b = width of reinforced concrete member; distance from point A
to end of loading on infinite beam

B = JOINTS; distance to extreme fiber

CB = direct compressive force in floor slab between walls

CF = direct compressive force in the footing projection

CFSC = coefficient of friction, soil to concrete

CFSS = coefficient of friction, soil to soil

C = distance from point A to left end of load on infinite beam

D = effective depth of concrete section; diameter of reinforcing bar

E = eccentricity of VNET; eccentricity of RC due to Mp; modulus
of elasticity of concrete

EB = width of edge beam

ET = thickness of edge beam

e = distance from point A to right end of load on infinite beam

FKEY = horizontal force acting on key wall

FIOATR = safety factor against flotation

TG = footing projection

fo = compressive stress in concrete

fs = gstress in reinforcing steel

GBUOY = GSAT - 62.4

GMOIST = moist unit weight of backfill

GSAT = saturated unit weight of backfill

HB = height of backfill above top of floor slab

HED = (HB - D/12)

HC = (HT - EB/12)

HDIFF = (HB - HWL) or (HB - HW2)

HIN = horizontal force of water in channel on retaining wall portion
of channel

Hi = components of horizontal load on the wall

HKEY = additional lateral earth force caused by key wall

HR = sum of resisting horizontal forces on retaining wall portion
of channel

HS = (HB + TS/12)

HT = height of wall above top of floor slab

HTB = (HT - HB)

A1



vi

HTW = (HT - HS-T.I.} :
= (HW1 + TS/12

giwﬂ = éubmergence height above top of floor slab for I]:ﬁﬁé

HW2 = submergence height above top of floor slab for

HWALL = total horizontal loading on the wall

HWD = (®W1 - D/12)

HWP = yplift head on pavement slab

& = moment of inertia

J = (FTIG + TB/24)

JOINTS = longitudinal span between transverse joints

J = ratio used in reinforced concrete design

K = MFOUND

KOl = lateral earth pressure ratio for IC#l

K02 = lateral earth pressure ratio for ICi#2

KPASS = passive lateral earth pressure ratio

L = span of finite beam

LC#L = load condition number one

LC#2 = load condition number two

M = bending moment at section under investigation

MAXFTG = maximum acceptable footing projection

MB = gimple moment due to PGR on B

MBP = simple moment due to PGR on BEFGR

MC = (MWALL + MFTG)

MD = maximum dead load moment in strut

ME = equivalent edge beam moment per foot width

MFOUND = modulus of the foundation

MFTG = moment at junction of stem wall and footing projection due
to loads on footing projection

MKEY = key wall design moment

Mo = overturning moment about toe of retaining wall portion of
channel; ficticious moment at ends of finite beam on elastic
foundation

MR = (MBP - MB)

M. = resisting moment about toe of retaining wall portion of
channel

Mg = equivalent moment, moment about axis at the tension steel

MSUP = supplemental moment added to end of finite beam when
O0<ZPOS = J

MW = simple moment due to water in channel; moment applied to
floor slab at wall

MWALL = moment at junction of stem wall and footing projection due
to loads on wall

MZ = moment in wall at Z below top of wall

m = T/U, T1S frame constant

N = direct force at section under investigation

NSHT = assumed direct compressive force in pavement slab due to
water in channel

NW = concentrated load applied to floor slab at wall

NWWALL =

direct force brought by the wall to the floor slab of TLS
channel

A12
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direct force in wall at Z below top of wall

1/U, T1S frame constant

intergranular bearing pressure; foundation pressure
bearing (contact) pressure at toe of retaining wall base
Pl for IC#

bearing (contact) pressure at heel of retaining wall base
maximum allowable bearing (contact) pressure

uniform loading on floor slab between walls

bearing (contact) pressure at D from face of support
bearing (contact) pressure at face of support; uniform load-
ing on footing portions of floor slab

overburden pressure on footing projection

gross pressure on TLS floor slab

uniform loading causing shear in floor slab

uplift pressure on bottom of slab

temperature and shrinkage steel ratio

shear transmitted across the joint between pavement slab and
retaining wall base of T5FV channel

Q for IC#L

ficticious shear at ends of finite beam on elastic foundation
supplemental shear added to end of finite beam when

O0<ZPOS = J

uniform loading on infinite beam

ratio of downward forces on channel to the uplift forces
maximum compressive force in strut maximum

edge beam reaction provided by strut

RS for IC#1l e

maximum tensile force in strut

edge beam loading; correction factor for long column buckling
about X axis

RX for IC#1l

maximum value of any RX1

minimum value of any RXL

correction factor for long column buckling about Y axis
maximum allowable spacing of reinforcing steel

width of strut

thickness of strut

maximum allowable spacing of steel at Z below top of wall
thickness of section under investigation; displacement at top
of T1S frame with struts removed

thickness of bottom of wall at floor slab

thickness of key wall

thickness of pavement slab

thickness of floor slab or base slab

thickness of top of wall

thickness of frame at y

displacement at top of T1S frame due to unit loads

flexural bond stress in concrete

A13



viii

EEFEREER

5598

oﬁqg Mﬂﬁqg

N R

<

o

ZPOS

¥(x)

e m

1 11 1 1 1| |

ma u

-

m u n

i |

i

I

e e e i

shear force at section under investigation

shear force at D from face of suppoyt-
buoyant weight of soil beneath retaining wall base in depth ZKEY

shear force at face of support
sum of vertical forces including uplift

shear carried by web steel

shear in wall at Z below top of wall

shear stress in concrete

width of a retaining wall portion of T3F or T3FV channel

overall width of channel

bearing pressure at end of pavement slab

WP for ICiL

reaction at top of wall

toe length of T3F and T3FV walls; reference edge beam

coordinate

(X - Df12)

(X + TB/12)

width of pavement slab between retaining wall bases
distance from point A to element of load on infinite beam
displacement; distance from center of retaining wall base
to point under investigation

(W/2 - XD)

(W/2 - XF)

displacement at load point in alternate method of edge beam
analysis

displacement at Z from end in actual edge beam

displacement at Z from end in alternate method of edge beam
anaylsis

distance from mid-depth of edge beam to point under considera-
tion in frame
distance from VNET to toe of retaining wall portion of channel;
distance from edge of finite beam to point A
depth of key wall below retaining wall base
distance from end of finite beam to point of zero reactive
pressure

n 1/4, lBlI-K 1/4
S (E(‘I'S g
a length parameter in theory of beams on elastic foundations
additional shear required to produce equal vertical displace-
ments each side of joint
incremental length along axis of frame
vertical displacement
vertical displacement of retaining wall base at joint between
pavement slab and retaining wall base
vertical displacement of pavement slab at joint between pave-
ment slab and retaining wall base
functional relation in theory of beams on elastic foundations
functional relation in theory of beams on elastic foundations
functional relation in theory of beams on elastic foundations
functional relation in theory of beams on elastic foundations
required perimeter of reinforcing steel

coefficient relating Q to bearing pressure at end of pavement slab
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TECHNICAL RELFASE
NUMBER 50

DESTGN OF RECTANGULAR STRUCTURAL CHANNELS

Introduction

This work is concerned with the structural design of reinforced
concrete rectangular channels. It assumes these structural channel
designs will be obtained from computers although the basic approach
is independent of computer usage. The material presented herein
applies to components such as rectangular lined channels through
urban areas, chute spillway channels, rectangular flumes, and ele-
ments of stilling basins.

A computer program was written in FORTRAN for IBM 360 equipment to
perform this design task. The program operates in two modes. It
will execute rapid preliminary designs to aid the designer in se-
lecting the type of structural channel he desires to use in final
design. The program will also execute the detall design of the spec-
ified channel. Concrete thicknesses and distances are determined
and required steel areas and spacings are evaluated. Actual steel
sizes and layouts are not determined, these are the prerogative of
the designer.

This work documents the criteria and procedure used in the computer
program, explains the input data required to obtain a design, and
illustrates computer output for preliminary and detail designs. At
the present time designs may be obtalned by requests to the

Head, Design Unit
Engineering Division

Soil Conservation Service
Federal Center Building
Hyattsville, Maryland 20782.

The input information discussed under the section, "Computer Designs,
Input"” must be provided for each design run desired.
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Types of Structural Channels

Four structural channel types are treated herein. All are assumed
symmetrical about the channel centerline in both construction and load-
ing. Each channel is designed for the two loading conditions described
in the next section and each must satisfy flotation (uplift) require-
ments. ©See Figure 1 for definition sketches. Any one of the four
types may be most advantageous for a particular set of design condi-
tions. Because of the large number of parameters involved, it is not
always readily apparent which type will be best in a given situation.

Type T1F

In this type, the walls and floor slab constitute a reinforced concrete

U-shaped rigid frame. The cantilever walls are integral with the floor
slab. '

Type TS5F

In this type, the walls are designed as reinforced concrete cantilever
retaining walls. The most advantageous toe length, X, is determined
in the design. The pavement slab between the retaining wall bases, is
independent of the bases except for any thrust imposed on it by the
retaining wall bases.

Type T3FV

This is similar to type T3F except that the joints between the pave-
ment slab and the retaining wall bases are designed to transmit shear
forces and the slab is monolithic between these two shear joints. Thus
in type T3FV the pavement slab and retaining wall base deflect equally
at the joints,

Type T1S

This is similar to type T1lF except that two reinforced concrete struts
are provided in each longitudinal span between transverse joints. The
struts are located at the first interior quarter points of the longi-
tudinal span. Edge beams are provided along the tops of the channel
walls. Thus the walls are not simple cantilevers from the base as
with the other types, instead they are supported by the edge beam and
strut system and by the floor slab.

Loading Conditions

Two loading conditions are considered in the design of structural
channels. Parameter values should be selected so that these loading
conditions reflect extremes of probable conditions.

L.oad Condition No. 1

In this loading the channel is empty. The backfill is submerged to a
height, HW1, above the top of the floor slab. The backfill is naturally
drained, i.e., moist, above HWl. Load condition No. 1 is meant to

Revised T/TT
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77877775727

TRANSVERSE SECTION

LONGITUDINAL SECTION

Figure 1. Structural channel types.
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represent conditions following a rapid lowering of the water surface

in the channel, but before the water table in the backfill has lowered
significantly from a high level. Thus this loading should maximize:
lateral soil load, lateral water load, and uplift. The lateral pressure
ratio, KOl, should be taken as high as can reasonably be expected.

. | ‘
77777

HT
HB lateral
HW1 water
load
1
moist buoyant
lateral lateral
uplift earth load earth load

Figure 2. Ioad condition No. 1.

Ioad Condition No. 2

In this loading the channel is full of water to the top of the wall
and the backfill is submerged to a height, HW2, above the top of the
floor slab. Ioad condition No. 2 is meant to represent conditions
following a rapid raising of the water surface in the channel, but
before the water table in the backfill has raised significantly from
a low level. Thus this loading should minimize lateral soil load,
lateral external water load, and uplift. The lateral pressure ratio,
K02, should be taken as low as can reasonably be expected.

|

— I [j\' 77777777

moist lateral
earth load

lateral
water load

buoyant lateral
uplift earth load

Figure 3. Ioad condition No. 2.
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Flotation Reguirement
The total weight of the structur

al channel plus all downward forces act-

ing on it must exceed the uplift forces by a suitable safgty fgizzznunder
all conditions of loading. The most critical-case is logb czﬁ s,

No. 1. The flotation safety factor, FLOATR, 1S selected yl eneces;
Footing projections, FTG, are added, when required, to develop ary

T

FTG
}-————- HW1

uplift

Figure 4. Flotation conditions.

additional downward forces.

Surcharge

Because of the wide variety of possible surcharge loads, surcharge 1is not
included herein as a specific loading. The effects of surcharge can be
duplicated to some extent by arbitrarily increasing lateral pressure ratios,
unit soil weights, or backfill heights. Increasing unit soil weights or
backfill heights should be done cautiously when the surcharge is applied
only intermittently.

Design Parameters

There are some seventeen independent design parameters involved in the
design of the aforementioned structural channel types. The design para-
meters are classified as either primary parameters or secondary parameters.
Values for primary parameters must be supplied by the user for each design
run. Secondary parameters will be assigned default values if values are

not supplied by the user. The methods of supplying parameter values are
discussed under the section, "Computer Designs."

Primary Parameters

HT = height of wall above top of floor slab, in ft

HB = height of backfill above top of floor slab, in ft
B clear width of structural channel, in ft

mu

Secondary Parameters
Not all secondary parameters are used by all channel types. The secondary
parameters and their default values are listed in Table 1. Usage of these

parameters 1is explained where first encountered. Those parameters having
limited use are indicated.

Revised 7/7T
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Table 1. Secondary parameters and default values

Parameter Default Usage
HW1 = submergence height above top of floor slab, load condition No. 1, in ft 0.8HB
HW?2 = submergence height above top of floor slab, load condition No. 2, in ft 0.1HB
HWP = uplift head on pavement slab, load condition No. 1, in ft HW1 T5F, TOFV
KO1 = lateral earth pressure ratio, load condition No. 1 0.8
K02 = lateral earth pressure ratio, load condition No. 2 0.2
KPASS = passive earth pressure ratio 1/K01 T5F
GMOIST = moist unit weight of backfill, in pef 120
GSAT = saturated unit weight of backfill, in pef 140
FIOATR = safety factor against flotation i 9535
MAXFTG = maximum acceptable footing projection, in ft 0.5B
JOINTS = longitudinal span between transverse joints, in ft * T1S
CFSC = coefficient of friction, soil to concrete 0.35 T5F
CFSS = coefficient of friction, soil to soil 0.55 T35F
MFOUND = modulus of the foundation, in pcf 100,000**  TI1F,T1S
T5FV
* when B = 10 ; JOINTS = 20
10 < B< 20 : JOINTS = 2B
B2 20 : JOINTS = 40

¥¥note that a value MFOUND

uniform bearing pressure.

1 essentially produces a design corresponding to "rigid body mechanics," i.e.



Design Criteria

Materials
Class G000 concrete and intermediate grade steel are assumed.

Working Stress Design
Design of sections is in accordance with working stress

allowable stresses in psi are

methods. The

Fxtreme fiber stress in flexure fo = 1600
Shear, V/bD* v = 70
Flexural Bond
tension top bars = 5-”'J-fc'/D
other tension bars u = 4.8 £.'/D
Steel
in tension f, = 20,000
in compression, axially loaded columns f, = 16,000
Minimum Slab Thicknesses
Walls 10 inches
Bottom slabs 11 inches
Temperature and Shrinkage Steel
The minimum steel ratios are
for unexposed faces Py = 0.001
for exposed faces Pt = 0.002

9labs more than 32 inches thick are taken as 32 inches.

Web Reinforcement
The necessity of providing some type of stirrup or tie in the slabs be=-
cause of bending action is avoided by
(1) limiting the shear stress, as a measure of diagonal tension,
so that web steel is not required, and

(2) providing sufficient effective depth of sections so that
compression steel is not required for bending.

Cover for Reinforcement

Steel cover is everywhere 2 inches except for outside steel in bottom
slabs where cover is 3 inches.

Steel Required by Combined Bending Moment and Direct Force
Required area determined as explained on pages 51 - 34 of TR-42, "Single

Cell Rectangular Conduits - Criteria and Procedures for Structural Design.”

Spacing Required by Flexural Bond
Spacing determined as explained on page 47 of TR-42,

Spacing of Reinforcement
The maximum permissible spacing of any reinforcement is 18 inches.

*Shear sometimes critical at D from

face, someti
17 of TR-U. , sometimes at face, see page
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Preliminary Designs

Trial concrete thicknesses are determined for various critical dimen-
sions and preliminary concrete volumes are computed during the prelimin-
ary design phase of structural channel design. These quantities may
be increased during detail design if computations for required steel
areas and spacings indicate thicknesses are inadequate. Assumptions,
criteria, and procedures for the several channel types are discussed

below. Topics applicable to more than one channel type are presented
once when first encountered.

Type TLF
Preliminary design of type TLlF channels proceeds in an orderly manner.
First, required wall thickness at the bottom of the wall, TB, is deter-

mined. Then, the channel is checked for flotation and footing pro-

Jections, FIG, are provided if required. Finally, the floor slab
thickness is increased for shear or bearing if necessary.

Wall thicknesses. The wall thickness at the top of the wall, TT, is
set at 10 inches. The thickness at the bottom of the wall, TB, is
selected as the largest thickness required by: shear for load condi-
tion No. 1 (IC#1), moment and direct force for LC#l, shear for LC#2,

or moment and direct force for LC#2. Illustrative computatations
for a possible case of LC#1 follow.

HWD HB
Wl ’

= f :
g 62.4 x HW1
KOl x GBUOY x HWL

KOl x GMOIST x HDIFF

TB

Figure 5. Thickness TB for IC#L when HB > HWLl.
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Let HDIFF = HB - HWl
For any effective depth, D, in inches, let

HWD = HW1L - D/12
HBD = HB - D/12

Then the shear, in lbs per ft, at D from face for case shown is:

V = 31.2 x (HWD)2 + KOl x GMOIST x HDIFF x (0.5 x HDIFF + HWD)
+ 0.5 x KO1 x GBUOY x (HWD)®

where GBUOY = GSAT - 62.4 is the buoyant weight of the backfill, in pef
v V V

e T ~%wbh 0 x 12. O40

An iterative process is required since the assumed D must agree with the
computed required D. When the correct value of D is obtained, the
thickness, T, at D from the face is

and the thickness, TB, as required by shear is
TB = 10 + (T - 10) x HT/(HT - D/12).

The bending moment at the bottom of the wall is, in ft 1lbs per ft

M =10.4 x (EW1)® + 0.5 x KOl x GMOIST x (HDIFF)? x (HDIFF/3 + HW1)
+ 0.5 x KOL x GMOIST x HDIFF x (HW1)2 + 0.5
x KO1 x GBUOY x (HW1)3/3

The direct compressive force due to the wall, in lbs per ft, for a
bottom thickness, TB, is

N =6.25 x HT x (TT + TB)
The equivalent moment, My, is
Mg =M + N x (0.5 x TB - 2.5)/12

So the required bottom thickness for balanced working stress conditions
is

TB = (0.003683 x Mg)1/2 + 2.5

An l1lterative process is again required since the assumed TB must agree
with the computed required TB.

Eomfutations are similar for IC#2. The largest required thickness con-
rols.

Flotation. As previously noted, ILC#l is critical with regard to flotation.

PFTG = GMOIST x HDIFF + GSAT x HWl
?he uplift pressure, in psf, for a floor slab thickness, TS, in inches,
is

PUP = 62.4 x (HW1 + TS/12)

the overall width of the channel, in ft, is
WO = B + 2(FIG + TB/12)

A2



Hence the ratio, R, of the downward forces on the channel to the up=-
1lift force is

R=2N+HTG:::BTG)+12. x TS x WO

PUP x WO

where N = 6.25 x HT x (TT + TB).
This ratio must not be less than the flotation safety factor, FLOATR.

The initial value of TS is TS = TB + 1 and the initial value of FIG

is zero. If R < FLOATR, then FTG is set at 1.0, if again R < FLOATR,
then FIG is incremented by 0.2 ft and another attempt is made. This
process is continued, if necessary, until FTG = MAXFTG, then TS is in-
cremented by 1.0 inch until TS = TB + 10. If the flotation criteria
is still unsatisfied, the design is abandoned, and a cancellation
message is given.

Floor slab shear. ©Shear will sometimes govern the required thickness
of the floor slab. For load condition No. 1 the compressive wall
forces and the pressure on the footing projections are the only loads
producing shear in the floor slab. The uniform loading, in psf, caus-
ing shear is

PS = 2(N + PFTG x FTG)/WO

The required floor slab thickness due to shear is obtained from an ex-
pression for shear stress at D from the face of the wall, or using
5«5 inches as distance to center of steel

TS = (0.5 x PS x B)/(840 + PS/12) + 3.5

Occasionally IC#2 may be more critical than IC#l. The same expression
may be used to obtain a required TS, however FFIG and PS must be re-
computed for IC#2 with PS taking account of the floor pressures due to
the water in the channel. Thus

PS = 62.4 x HT - (62.4 x HT x B + 2(N + PFIG x FIG))/WO.

If PS £ 0, no further computations for TS are necessary since IC#l is
the more critical.

Note that in the above expression for TS, from a theoretical_viewpoint,
2.5 could sometimes be used instead of 3.5. To avoid confusion, 5.5
is always used to get these values of required TS for shear.

B

B B

-

777 2 ‘ 7777 mDOF N
= ;g = ’5 Eﬂxw —— éw1 HB

PFTG { f§ //I § i

7///‘//./// W/////f

PUP

o Il L L

Figure 6. TFlotation condition, LC#l when HB > HWL.
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Floor slab bearing. As explained at the end of the section, "Detail De-
signs, Floor Slab Analysis," it is sometimes necessary to increase the
floor slab thickness to eliminate negative displacements under the center
of the floor slab. The theory involved is somewhat complex, its presen-
tation is delayed until detail designs are discussed.

Revised T/TT7
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Type T5F

The preliminary design of type T3F channels includes the design of many
trial configurations. The toe length, X, varies from B/2 to 0.° The
design having the least concrete volume is taken as best. Determina-
tion of TIT and TB is the same as type T1lF. For a particular value of
X, the flotation requirements for the retaining wall portion is the
same as type TlF, that is, if B is temporarily taken as B = 2X, the
same relations apply. This provides an initial value for FTG. In
type TS5F designs, FTG is the heel length of the retaining wall base.

Base design. The maximum allowable bearing pressure, that is, contact
or intergranular pressure, is taken as 2000 psf in excess of the inter-
granular pressure that would exist at the elevation of the bottom of
the base slab if the structural channel were not present. The line of
action of the reaction (sum of all vertical forces including uplift)
must lie within the middle third of the base. Each design for a parti-
cular X must satisfy the above criteria. If this requirement is not
satisfied with the initial value of FTG, the footing projection is in-
cremented and another trial is made. This is repeated, 1f necessary,
up to FTG = MAXFTG.

A possible case of IC#l is used for illustration. Iet, in ft

HDIFF = HB - HW1

HS = HB + TS/12

HW = HW1 + TS/12

W = X + TB/12 + FTG

Then, in psf

PFTG = GMOIST x HDIFF + GSAT x HWL
PALIOW = 2000 + GMOIST x HDIFF + GBUOY x HW
PUP = 2.4 x HW

The sum of the vertical forces in 1lbs per ft, 1is
VNET = N + PFTG x PTG + (12.5 x TS - PUP) x W

The overturning moment, in ft lbs per ft, about O at the bottom of the toe

is My = 10.4(HW)® + 0.5 x KOL x GMOIST x (HDIFF)® x (HDIFF/3 + HW)
+ 0.5 x KOL x GMOIST x HDIFF x (HW)®
+ 0.5 x KO1 x GBUOY x (HW)3/3.
The resisting moment about the same moment center 1is
M. = N x (X + (TT + TB)/48) + PFIG x FIG x (W - 0.5 x FIG)
+ (12.5 x TS - PUP) x W* x 0.5

Thus the distance from the end of the toe to VNET, in ft, 1s
7 = (Mp - M,)/VNET

If 7 < W/2, the bearing pressure, Pl is maximum .

If Z > W/2, the bearing pressure, P2 is maximum .

*except that X may not exceed 4O ft

13

Revised T/TT

A27



14

Now, in ft, the eccentricity of VNET, 1is
E=W2-2

If |E| > W/6, the shape of the pressure diagram is unacceptable. If
——(HL,'ET 1 +6 x |E|/W) > PALLOW

the maximum bearing pressure is too high.

T ‘ ‘
oo
! A
HB
HW1 HS
X FIG HW
PFTG
e o " ! !
ITS
0 ! !
LT TTTTTTT Jo
W |
i —=1
P2
il
‘ where Z < W/2
Z E
VNET
F1 o W i
| p2
E g™ 5
> where Z > W/2

VNET

Figure 7. Bearing pressures, IC#l when HB > HWl.
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When bearing and pressure distribution requirements are satisfied, base
thicknesses required for shear are determined. For IC#l, shear is in-
vestigated in the toe at distance D from the face of the support and

in the heel at the face of the support. Several situations are possi-
ble in determining shear in the toe at D from the wall. Figure 8 illus-
trates one possibility in which X > D and Z < W/2.

Figure 8. Investigation of footing shears.

Now
D =TS - 3.5
XD =% - Df12
YD = W/2 - XD

Then, in psf
P]_-_-m:;—m(l+6xE/W)

Pp = BEL(] + 12 x E x YD/(W x W)

So the shear, in lbs per ft, at D from the face is
VD = (0.5(PL + PD) + PUP - 12.5 x TS) x XD
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To get the shear in the heel at the face of the support, let
XF = X + TB/12

then
YF = W/2 - XF
then
P2 = L1 - 6 x B/W)
and
PF=V?IET——(1+12xExYF/(WxW))
So

VF = (PFIG + 12.5 x TS - PUP - 0.5(P2 + PF)) x FIG
The required thicknesses for these shears are

TS = VD/840 + 3.5
and

0y = VF/BJ-I-O + 2.5
If either of these values exceeds the current TS, it is increased
accordingly.

Computations are similar for IC#2. The water in the channel must be
included in obtaining VNET and the resultant moments. Shears are in-
vestigated in the toe at the face of the support and in the heel at D
from the face of the support.

Pavement slab thickness. In type T3F channels, the pavement slab is
independent of the retaining wall portions of the channel. The pave-
ment slab must therefore satisfy flotation requirements independently.
The uplift head on the pavement slab is HWP. The uplift head could
have been made a function of HWl1l, the same as for the retaining wall
portions. However, it was felt that it should be possible to take
account of drainage systems, etc. that might be built into the pavement.
Note that HWP is measured from the bottom of the pavement slab, not
from the top of the slab as is the case with HW1l and HW2. Thus the re-
quired thickness of the pavement slab to satisfy flotation requirements
is, in inches,

TP = 62.4 x HWP x FLOATR/12.5

62.4 HWP

Figure 9. Pavement slab flotation, type T3F.
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Type T3FV .
The preliminary design of each type T3FV channel for a particular toe
length, X, is similar to that for type TOF channels with one important
&xcep?ion. The joint between the pavement slab and the retaining wall
base is designed to transmit shear from one structursl component to

the other. Thus the pavement slab and the retaining wall base are

forced to deflect equally at the joint. Note that the joint is structur-
ally a hinge, that is, it will transmit shears and direct forces, but

not moments.

Determination of joint shear. An expression giving the shear trans-
mitted through the joint may be obtained by equating expressions for
the vertical displacement of the pavement slab, 5,, at the joint and
fo? the vertical displacement of the retaining wafl base, &,, at the
;01nt. It is assumed that such vertical displacements are equal to the
intergranular bearing pressure (contact pressure) divided by the modulus
of the foundation, that is

5 = P/MFOUND

where
O vertical displacement, in ft
P intergranular bearing pressure, in psf

MFOUND = modulus of foundation, in pecf
Equating &, and &;, note that the term for the modulus of the foundation

cancels out, and
ERra
Q Q

Figure 10. Joint shears in Type T3FV channels.

The pressure P,, in psf, may be considered as that due to Q plus that due
to any other loads on the pavement slab. If the pavement slab 1is treated
as a "rigid body," the pressure due to Q is 2Q/XP; This leads to compu-
ted values of Q that are larger than actual values. If the pavemeat slab
is treated as an "elastic body," the pressure due to Q is Q\A, where A is
given below. See "Floor Slab Analysis,"” pages 33 - 328 for development of
similar theory and definition ol terms.
& cosh B! + cos P!
T ga(sinh B! + sin B!
8 = (5184 x K/(E x (TP)3)1/% , in per ft

Bl =8 x XP

e

Pb=Pp

), in per ft
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intergranular bearing pressures

Mc _ Q(w/2)(w/2) _ 3Q

I Pae - W

hQ/w

Figure 11. Base pressures concerned with joint shears.

Thus
PP=Q)\.+WP

where WP = pavement slab bearing pressure at shear joint, in psf.

Similarly, the pressure Py may be thought of in two parts, that due to
Q and that due to other loads. From Figure 11, noting that Pl may be
obtained from relations described with type T3F

Py, = PL - LQ/wW
Thus equating bearing pressures at the shear joint

QL + WP = P1 - LQ/W

or, in lbs per ft
/ Lh

Q@ = (Fl - WP)(m)
This expression for Q may be thought of in two rather different ways.
“irst, as presented, in which Pl and WP are independent of G, so that
the value of Q obtained from the expression is the true, total value of
Q transmitted across the joint. Alternately, if Pl and WP are computed
for loads which include an assumed value of Q, the value of Q obtained
from the expression is the additional, or AQ required to produce equal

vertical displacements. BRoth concepts are used in the design of type
I'SFV channels.

Revised T/TT7
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Design approach. Determination of TT and TB is the same as type T1F.
For each value of X, the design cycles, starting with initial values

of QL and Q2 (for IC#L and IC#2) set equal to zero and continuing until
the design stabilizes at constant values of FTIG, TS, TP, Ql, and Q2.
That is, for QL = Q2 = 0, the design obtains the required FIG, TS, and
TP. Then new QL and Q2 are computed using the just determined dimen-
sions, next new values of FIG, TS, and TP are obtained. Then new Ql

and Q2 values are computed, etc. The design usually quickly converges
to correct values.

Wall base flotation. The wall base flotation is treated separately
from pavement slab flotation, but each must account for Ql. Refering
to Figure 6 and the flotation expressions under type T1F and letting
B be taken temporarily as B = 2X, if QL acts upward on the wall base
then

_2x (N + PFIG x FTIG) + 12.5 x TS x WO

% PUPx WO +2 x QL

if Q1 is negative, that is, acts downward on the wall base then

p _2x (N + PFIG x FIG) + 12.5 x TS x WO - 2 x Q1

PUOP x WO

R can not be less than FIOATR. Thus a minimum value of FIG corres-
ponding to the current wvalue of QL may be obtained.

R

Base design. Base design of type T3FV is the same as type T5F except
that the appropriate shear, QL or Q2, must be included at the end of
the toe. Thus for IC#l, the expression for the sum of the vertical
loads is

VNET = N + PFIG x FIG + (12.5 x TS - PUP) x W - Q1

Similarly, the expression for shear in the toe slab at D from the face
of the support is

VD = (0.5(PL + PD) + PUP - 12.5 x TS) x XD + Q1

Pavement slab thickness. In type T3FV channels, the thickness may be
governed by flotation or by shear due to the joint shear.

QL XP Q1

e |
S iEESEaREE
62.4 x HWP

Figure 12. Pavement slab flotation, type T3FV.
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If QL acts downward on the pavement slab, then required thickness for

flotation is
FLOATR x 62.4 x HWP x XP - 2 x Ql

TP = 12.5 x XP

If, however, QL is negative, that is, acts upward on the pavement slab,

then
_ FIOATR x (62.% x HWP x XP - 2 x Q1)

12,5 x XP

Shear within the pavement slab is only caused by the trans:Fitted Jjoint
shear, either IC#l or IC#2 may control. IC#l is used for illustration.

Let

TP

vV = |Q1]

then, assuming a uniform loading due to Ql of 2V/XP, the effective depth
required is

DP = V/(840 + 2v/(12 x XP))
If Q1 > O, then
TP = DP + 2,5
If QL < 0, then
TP = DP + 5.5
The largest of the computed required thicknesses governs.
Deltz Q. The computations indicated above, result in a new set of values
for TG, TS, and TP corresponding to a particular set of values of Ql

a.n; G2, The delta Q values are obtained as previously explained. For
LC#1

ﬂQl=(Pll—WPl)x(l—+lm)

where
WPl = 12.5 x TP - 62.4 x HWP + Ql_j4)
P11l is Pl for IC#l including effect of Qo1g
SO
B Upew = Agq + QL
Simi‘arly
AQ2 = (P12 - WE2 -
. R = ( )z m)
where

WP2 =12.5 x TP + 62.4 x HT - 62.k x (HW2 + TP/12) + Q2,74)

P12 is P1 for IC#2 including effect of Q2514
then if (WP2 + 2 x AQ2/XP) > 0

Lrew = VLo1g + 02
however, if (WP2 + 2 x AQR/XP)< O, then Q2 is limited to

Q2 = -(12.5 x TP + 62.4 x HT - 62.4 x (HW2 + TP/12)) x XP/2
These new Ql and Q2 values are used in the next design cycle.

A34



21

Type T1S

The design of type T1S channels is considerabl

Yy more complex than any
of the previous channel types bresented. One of the problems involves
the determination of the magnitude and distribution of the support pro-
vided the walls by the edge beams. Strut locations were selected at

ook ——
% a_

W/
SN

AU

2
e

DMWY

X

=R

N

Figure 15. Definition sketch, type TLlS channel.

the indicated quarter points of the longitudinal span between trans-
verse channel joints for two reasons. The spacing is architecturally
pleasing since the result is equally spaced struts in a long channel.
Such spacing causes a considerable reduction in the maximum moments

and shears that exist in the edge beams as compared to those that would
exist if the struts were placed at the ends of the longitudinal spans.
The struts require positive connections to the walls to prevent acci-
dental dislodgement from the supporting wall brackets and because often
the strut force will be direct tension rather than direct compression.
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Figure 14. Possible strut-to-wall connections.

The wall bracket itself may be designed to prevent lateral movement of

the struts.

Edge beam analyses. Before proceeding with the preliminary design, the
Load is brought to the edge beam by

the vertical wall. The magnitude of this load, RX, varies from section
to section along the wall. The struts provide the necessary edge beam
reactions. The immediate problem is to describe and evaluate the load-

edge beam theory is established.

ing on the edge bean.

| o
>
+Y c/2
!
Y i I c/k4
+X
Figure 15.

RX, 1lbs per ft

This may be accomplished by considering the frame

of edge beam

Edge beam loading and displacement.

displacements occuring at a typical vertical section in the channel.

1
;

e

Figure 16. Type T1S frame displacements,

e
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The displacement at the top of the frame is Y =T - U x RX

where
Y = displacement at top of frame, also displacement of
the edge beam, in ft
T = displacement at top of frame with struts removed,

in It

U = displacement at top of frame due to unit horizontal
loads at top of frame, in ft per 1b per ft

52
I

frame reaction provided by edge beam, also load on
edge beam due to frame loading, in lbs per ft.

Thus

RX = T/U - Y/U
or

RX =m - nY
where

m =T/Uand n =1/U
The frame constants, T, U, m, and n depend on the structural channel
dimensions and loading. They are readily determined when needed.

The elastic curve equation for the edge beam is

EI‘E%=HK=IH—HY
or letting
J+ﬁ4=n/EI

then 4Y

d

e + Up%Y = m/EI

The general solution could be written and the constants of integra-
tion evaluated by applying various boundary conditions. This becomes

rather involved and prone to error because of the interior location of
the struts.

The above procedure can be avoided by utilizing a method of solution

indicated on pages 15 - 17 of Timoshenko's "Strength of Materials,
Part II," for the somewhat similar problem shown in Figure 17.

RS

c/4
# _l- 1 -1

L*j -

Figure 17. Alternate method of solution for edge beam analyses.
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Let
o(pZ) = e”r3 (cos BZ + sin RZ)
¥(pz) = e P?(cos BZ - sin BZ)
8(Bz) = e P2 o5 BZ
t(pz) = e-aZ sin BZ
Then solve for Q, and My from the simultaneous equations

E—; 1+ ¥(pe) | + %9-[1 & B(BC)] + E% [W(iBC/ll) + ‘Jf(BC/”)] =
* %0- 1 - e(pc)| - &E [1 - ¢(5c)]+ %—S- [G(EBC/M + 8(60/4)] =

Having Q, and M,, then for any Z, the deflection YZ, 1is

YZ = Rgn—’*‘-ﬁ- E(B{Ic/h - z|}) + o(p{|3c/k - le)]

%5 o(pz) + o(B{C - Z})

MbB

[13(52) + t(plc - 2})

This expression finds the deflections due to symmetrical loads, RS, act-
ing on a finite length beam. To convert to the edge beam problem note
that YX)y _ o/ =0, or let  YX =YZ - Y,

where

Y, = RS—%Q [l + ¢'(BC/2)]+ -g-f;é [¢(Esc/h)+ + t1*(.’)&“:'0/1*)]
Mor32

[£(c/4) + t(38c/1)]

The sign of the deflections must also be changed to agree with the coordin-
ate orientation shown in Figure 15.
Thus

YX:-(YZ-YD):YO-YZ

The process of obtaining the magnitude and distribution of RX and of
obtaining the magnitude of RS proceeds by trial as follows:
Let RXgyer = m, that is, assume YXgyep =0

Then RS = RXgyep X C/2

Evaluate YX, due to RS, at a large number of points
Compute new H&ver, H}(aver =M = nmaver, and RS

Repeat this process until RS is essentially constant from one cycle
to the next.

When constant RS is obtained, compute RX corresponding to each YX,
that is,

RX = m - nYX
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Design approach. As with most statically indeterminate systems, sizes
and dimensions must be known or assumed before the system can be ana-
lyzed. Thus an initial set of trial dimensions is needed. Values for
this initial set could simply be guessed, or some approximate methods
could be used to obtain them. The latter is used herein. However, the
approximations are not discussed separately here since what is more
important is an understanding of a typical design cycle or iteration.

Design cycles are repeated as often as necessary to obtain a stable
set of dimensions. Each cycle uses current forces to obtain new dimen-
sions from which new forces are computed, etc., repeatedly. One

design cycle is described below, assuming a set of trial dimensions is
already available.

Edge beam loading. The first step in obtaining RX and RS values is to
evaluate U and n = 1/U, in ft per 1b/ft and 1b/ft per ft respectively.
These values depend solely on the dimensions of the frame. U is com-

puted as 1 a
FRAME E-FRAME 5 FRAME
_1 ] Myds 1y MySs 12 2As
o3 e ipue gy o
G -1
W 1 =

EB/24

HR + TS/2h

S T

Figure 18. Evaluation of frame U and n.

where .
E = modulus of elasticity of concrete, 1n psf
y = distance from mid-support of frame, in £t
t = thickness at y, in ft :
As = incremental length along axis of frame, 1n fit

Next, T and m = T/U in £t and 1bs per ft are computed. T is computed as
1
B
l @{ds 12 :E:HE&S

where the terms are as previously defined and
— average moment over the length As, in ft 1lbs per It

1Cc#2 is used for illustration. IC#1 is similar, but without the effects
A39
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of water in the channel. Figure 19 indicates the vertical foicez ig-
volved. The struts have been removed, but their effective weigh

included in the force NWALL.

llll
W
HDIFF

HB

62.4 x HT

y PFTG —— cu
T |t -~

I v

PGR

W/2

NN

-

TS

Figure 19. Vertical forces involved with frame T and m, IC#2 when HB > HW2.

This force, in 1lbs per ft, is
NWALL = 150 x B x ST x SB/(144 x C) + 150 x (ET - TT) x EB/1k4k4

and here + 6.25 x HT x (TT + TB)

PFTG = GMOIST x HDIFF + GSAT x HW2
so that PGR, which includes uplift, in psf, is
FGR = (2 x (NWALL + PFIG x FTG) + 12.5 x TS x W
+ 62.4 x HT x B)/W - 12.5 x TS

The summation for T over the wall portion of the frame is readily made.
wall moments due to external lateral loads produce a positive displace-
meat, T, while wall moments due to internal water produce a negative
displacement. The components of loads and moments involved in the
summation for T over the floor portion of the frame are indicated in

Figure 20. The summation may be said to include only the clear distance
B/2 since I is assumed to approach infinity at the joints.

A concentrated moment is brought to the floor slab at the Jjunction of
wall stem and footing projection. This moment, MC, is the sum of two
moments MWALL and MFTG. MWALL is the moment due to the loads acting

on the wall stem. MFTG is due to the loads on the footing projection
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and is
MFTG = 0.5 x FGR x (FIG + TB/24)2
- PFIG x FIG x 0.5 x (FIG + TB/12)
With reference to Figure 20, the summation for one half of the floor

= (12/E) x (M - MR + 2 x (MW - MB)/3)
x (HR + TS/24) x 0.5 x B/(TS/12)3

where moments are in ft lbs per ft and other terms are as previously

defined. Thus the frame displacement constants, ml for IC#1, m2 for
IC#2, and n are determined.

- & | TB/2
62.4 x HT -1

¢

TSI = )MC = MWALL
+ MFTG

PGR

s e
! \\\\\\R\\\\\\\\\

MR =MBP ~ MB 777 sl

- “BI* \\\\\\\\\\\\\\\ N\

Y
Figure 20. Floor slab loads and moments for frame T and m.

With the frame constants known, the edge beam loadings, RX, and the
strut forces, RS, can be computed for IC#l and IC#2 as outlined at
the end of the section, "Edge beam analysis." In these computations
the stiffness of the edge beam is reflected by the term B which is,

per ft s 3 )1/4
n _ 20 -
p =g -, (ET)?

RX values are found for a large but finite number of points along th?
edge beam span. The signs of RX1L and RX2 are adjusted so that a posi-
tive RX has the meaning shown in Figure 21. It is possible to pa?e

values of RX1, RS1, RX2, and RS2 of either sense, that is, positive or

negative.
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ICH#L IC#e

Figure 21. Sense of pogitive edge beam loading.

Strut design. With the edge beam loading known, the_prel%minary design
can proceed with the determination of a new set of dimensions. The
strut is the first unit re-evaluated.

The strut must be designed to carry direct tension if either strut re-
action RS1 or RS2 is tensile. Let RT, in lbs, be the larger of any
such tensile reaction. Then the required tension steel area, in sq
inches, is

ATENS = RT/20,000

Minimum values for the strut dimensions, in inches, are
ST = B/20 for deflections control in accordance with ACI 909(b)
SB = B/50 for lateral support in accordance with ACI 908

Also, neither ST nor SB will be taken less than 12 inches, which more
than satisfies ACI 912.

The strut must be capable of carrying the maximum compressive strut
reaction, let this be RC, in 1lbs. In addition to RC, the strut carries
its own dead weight in bending about the horizontal cross gectional

axis of the strut. The process of compressive design is thus as follows.

Set SB & ST at minimum values.
Get dead load moment, in ft lbs:

MD = 0.125 x (150 x ST x SB/14k4) x B x B
Get ecCentricity of RC due to MD, in inches

E =12 x MD/RC
Get correction for long column by ACI Eq. (9-3)

RX = 1.07 - 0.008 x (12 x B)/(0.3 x ST) s 1.0
1.07 - 0.32 x B/ST = 1.0

Get direct compression for short column
NX = RC/RX

Take NX, see page 32 of TR-42, as larger of
NX or NX x 0.64 x (1.+ 4 x E/ST)

Take compressive steel ares, ACOMP, in sq inches, as larger of

ATENS or 0.0l x ST x SB, in accordance with ACT 913(a.)
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Find required gross area of column, AGX in sq inches, from
ACTI Eq. (14-1) and ACT 1403

AGX = (NX - 13600 x ACOMP)/850
Get correction for long columns
RY =1.07 - 0.32 x B/SB s 1.0
Get direct compression for short columns
NY = RC/RY
Find required gross area of column
AGY = (NY - 13600 x ACOMP)/850

ILet AG = ST x SB in sq inches

If AGX, or AGY, or both, are greater than AG, then ST, or SB,
or both are incremented accordingly and the cycle is re-
peated until both AGX and AGY are s AG.

Edge beam design. The thickness of the edge beam is established by the
requirements for bending moment. This is done on the assumption that
web steel for diagonal tension will be provided when necessary. It
should be noted that the edge beam is subjected to unknown amounts of
torsion. Hence nominal closed stirrups (say #3 @ 12) should be provided
even when diagonal tension web steel is not required. Thicknesses re-
quired for bending moment are determined at the centerline of the sup-
port since moments at midspan are small by construction. A summgtion

ET

ST

Figure 22. Edge beanm section.

process is used to obtain the varilous shears and moments of interest
because the loading curves assume various shapes.
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Initially EB is set equal to ST. The maximum thickness required for
bending is determined. If ET, so obtained, is more than twice EB, EB
is incremented and another solution is made for ET. Next the maximu@.
thickness which would be required for shear, assuming no web steel, is
computed. If this thickness is more than that required for bending,
web steel is required. Required web steel 1is calculated during detail
design. Shears are investigated both left and right of the centerline
of the support. When the strut reaction is compressive, shears are
assumed critical at D from the faces of the support. When the strut
reaction is tensile, shears immediately adjacent to the centerline are

assumed critical.

Wall design. The wall must be designed for the most critical conditions
that exist at any section along the wall between transverse channel

joints. As noted, the edge beam provides a variable support to the wall.
In order to control the most critical loadings on the wall during design,
the maximum and minimum RX values are found for each load condition.
These are RXIMAX, RXIMIN, RX2MAX, and RX2MIN respectively. Required
wall thicknesses are found for shear at the top of the wall Jjust below
the edge beam, shear at the bottom of the wall, and moment at the bottom
of the wall. Moment near midheight of the wall, of opposite sign to the
moment at the bottom of the wall, often exists but is usually of smaller

magnitude than the moment at the bottom.

Shear at top of wall, below edge beam. -- The maximum required thickness
must be found for both load conditions. Shear is assumed critical at

the face of the support, although an argument could be made for D from
the support for IC#L if RS1 > O. IC#l is used to illustrate one possible

RS1 > O ;HTB = HT — HB RS1 < O & HTB

Figure 23. Shear at top of wall; IC#l when HB > HW1, HTB < EB/12,
and HW1 < HT - EB/12.

situation. For the situation shown, VF is the sh i
g ’ shear at the face, in 1b

VF = WRT - 0.5 x KOl x GMOIST x (EB/12 - HTB)2
S0, in inches

TT = (|vF|)/840 + 2.5
This is the thickness required at the face of the ed

ge beam. Thus TT

projected to the top of the edge beam, could be taken somewhat smalle;
w@en TB » TT. This refinement is considered unwarrented since at this
time the required TB is unknown.
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Shear at bottom of wall. -- Shear is critical at D from the face of
the support for IC#l and at the face for IC#2. Since the shear at
bottom of the wall is to be maximized, the wall reaction at the top,

WRT, is set equal to the minimum edge beam loadin IC#L 1 d
for illustration. ; ; Ehtiong

RS1 > O

RS1 < 0O
WRT = RXLMIN -WRT = RX1MIN
——
< 4 E L I 77777777
=
i —
| === a a —_:
B =
! !
7
! | s =i
\L_J’ ‘\La/

Figure 24. Shear and moment at bottom of wall, IC#1 when HB > HWl.

Computations and iterative process are similar to those explained for
thickness TB for type T1F channels with the addition of WRT. The
shear at D from the face is

V = 31.2 x (HWD)2 + KOL x GMOIST x HDIFF x (0.5 x HDIFF + HWD)
+ 0.5 x KOl x GBUOY x (HWD)® - WRT

then

D = V/840
and, when computed and assumed D values agree
SO

TB = TT + (T - TT) x. HT/(HT - D/12)

Moment st bottom of wall. -- Moment at the bottom of the wall is maxi-
mized by using the smallest wall reaction at the top, hence Figure 24
applies.

The moment expression for LC#l for the situation shown is the same as
for type TLF with the addition of the WRT term, thus

M = 10.4 x (HW1)® +0.5 x KOl x GMOIST x (HDIFF)® x (HDIFF/3 + HW1)
+0.5 x KOl x GMOIST x HDIFF x (HW1)Z
+0.5 x KOl x GBUOY x (HW1)%/3
- WRT x (HT - EB/24)

The direct compressive force is NWALL as given under "Edge beam load-
ing." The equivalent moment, Mg, thus is

M, = M + NWALL x (0.5 x TB - 2.5)/12
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The iterative process for TB then proceeds as explained for type T1F
channels.

Flotation requirements and floor slab shear. Required footing projec-

tions, FTG, and required floor slab thickness, TS, are obtained as ex-
plained for type T1F channels with the substitution of NWALL for N to

account for the weights of the struts and edge beams.

Floor slab bearing. It is sometimes necessary to increase the floor slab

thickness to eliminate negative displacements under the center of the
floor slab. The theory is presented in the following section, "Detail De-

signs, Floor Slab Analysis."

Revised T7/77
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Detail Designs

With the exception of the steel in the edge beams of type TLS channels,

detail design is concerned with the determination of requirements for
transverse steel, not longitudinal steel.

Each detail design begins with the set of trial dimensions obtained in
the preliminary design. Thicknesses are incremented, and the design
recycled when necessary, whenever it is determined compression steel
would otherwise be required to hold bending stresses to allowable work-
ing values. Required steel area and maximum allowable steel spacing
are computed at a large number of points in the channel cross section.
The points are similarly located and numbered in each structural channel
type so that there is little difficulty in changing thought from one
type to another. Schematic steel layouts are shown for each type. The
actual steel layout is selected by the designer once he knows the steel
requirements at the various points. The floor slab steel requirements
for type T1F and T1lS channels are based on analysis of the floor slab
as a symmetrically loaded, finite length beam on an elastic foundation.
This theory is presented before discussing the detail design of the
four channel types.

Floor Slab Analysis

A means of determining the deflection, shear, and moment at any point,
A, in the slab is required. This may be done by starting with the
elastic curve equation

E %;% =P ==KY
or letting
Lg* = K/EI
then
%;% + bpg*y = 0O
where
K = MFOUND = modulus of foundation, in pcf
E = modulus of elasticity of concrete, in psf
P = foundation pressure, in psf
i = moment of inertia, in ft#% per ft
B = (5184 x K/(E x (TS)3))*/4, in per ft

TS = floor slab thickness, in inches

The modulus of the foundation, MFOUND, is also known by such names as:
coefficient of subgrade reaction, subgrade modulus, coefficient of
settlement, and modulus of subgrade reaction. Rather than work through
+the solution of the differential equation, it 1is easier to utilize
various known solutions for infinite beams and to obtain the desired
results by superposition. In Figure 25, solutions for (a) and (b) may
be obtained by the procedure previously presented for the edge beam
analysis. Loadings (c) and (d) require further development.
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Figure 25. Finite length beam and loadings.

Deflection, shear, and moment due to NW.

Expressions for deflection,

shear, and moment are needed when the point A assumes various loca-

tions. Let YA, VA, and MA be these quantities in ft

ft 1lbs per ft respectively.
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When A 1s at the left end of the beam, i.e. Z = O
YA = XL [o(ps) + o(a(L - 7))]

VA = %‘i [e(ﬁJ) + 0(B{L - J]):I

ma = 1% [W(ed) + v(p(L - 0]

When A is between the left end of the beam and the load, i.e.,
O=s2=sJ

va = S [o(pla - 2)) + o(b(L - 7 - 2)]]
va = 3 [6(8(a - 2)) + 6(BL - 7 - 2))]

ma = 1% [W(eta - 2)) + ¥(B(L - 7 - 2))]

When A is between the two loads, i.e., J £ Z s (L - J)

va = XL [o(p(z - 3)) + o(B(L - 7 - 2))]
VA = I;W l:- e(p{z - J}) + e(B{LL - J - Z])]

ma = 18 [We(z - 2)) + WB(L - 7 - 2)]

Deflection, shear, and moment due to MW. Expressions for deflection,
shear, and moment due to the moment, MW, brought to the floor slab by
the wall follow.

When Z = 0
va = - WX B [ (p) - t(a(L - 3)]

o A w_:; B E(f}J) - o(p{L - J}')_-l

wa = - 2 [o(pa) - (st - 7))
When OsZ=Jd
YA:-MW’;BE [C.(ﬁ[J—Z]) -;(mL-J-Zlﬂ
va = - WX [op(s - 2)) - o(B(L - 7 - 2))]
wa = - 2 [e(s(s - 2)) - o(B(L - J - 2})]
When Jszs (L-J)

A =M—W%EE [C(B{Z -J)) +t(B(L - J - Z}Il
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VAz-Fi;—EE(B[Z-J]) -¢(B[L-J-Z])] |
MA = rg_w [9(6[2 - J}) +6(B(L - J - zlﬂ

fore terms
Deflection, shear, and moment due to uniform loading, gq. Be
for the uniform loadings PB and PF can be obtained, solutions for uni-
form loads must be established. These are obtained by integrating the

corresponding expressions for a concentrated load. Refer to Timoshenko,
pages 6 and 7 for similar material. '

Without proof:
fotex)ax = - & v(ex)

2p
Jetex)ax = - = o(ex)
Joex)ax = - > 0(pX)
ﬁf(BX)dx = + ;4 t(PX)
o Wiy x>
e NEEEEEEE 5 _[TTTTT _EIIIIEIID__._
e e T

Figure 26. Uniform loading cases, infinite beams.

When A is to left of loading, noting that dN = qdX

0 a
f_}%{q o(pX)dX - OE% o(BX)aX = = [6([3&) - e(abﬂ

similarly

va =& [Wea) - w(pv)]

= [ t(ee) + 6 (eb)]

When A is witain the loading

MA

e
Qa

YA 5K o(BX)dX + O% o(BX)dX = gﬁ [2 - 8(pc) - G(BEZI

and 0

VA = & Er(ﬂc) ; w(aen

MA = ;;*; [Q(BC) + Q(ﬁezl
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When A is to be the right of loading

YA = %K- EB(Ba.) “ e(ﬁbﬂ

va = & [- wpa) + v(pp)]

- 2 [C t(pa) + t(pv)]

Expressions for deflection, shear, and moment due to PB and PF can be

found from the above terms upon correct substitution of PB, PF, L, J,
and Z for q, a, b, ¢, and e.

Deflection, shear, and moment due to QQ_?nd Mye The end shears and

moments, Qg an&_Mﬁ, must be applied to the infinite beam in order to
convert the problem to a finite length beam, these cause deflections,
shears, and moments within the beam.

Qo‘— Z : _‘Qo

Mo A Mg

Figure 27. Qg and My loadings, infinite beam.
When Z =0

¢ (BL)

'EA-*-——- [é + ¢(BI:]
L [1 L e(BLﬂ . —-é-—l:l - o(pL)]

MA =§% EL + v(pL)] +Mg—°|i + B(BL):J

When 0=s2Z=1L
52
YA = % o(pz) + o(8(L - 2))] + MO [t(e2) + t(BLL - 2))|

EG(BZ) - 8(p{L - Z} )] M% Ev(:sz) - o(B{L - z}ﬂ
Mo
5

2
= %‘i E;(az) ok VB = Z}] EG(BZ) + 6(B(L - Z]:l

Solution for Q, and My. The required values for Q, and M, are computed

from the simultaneous equations obtained by setting the sum of the shears
and the sum of the moments at the end of the finite length beam, due ©O
all loads, equal to zero. The necessary terms, for the various shears

and moments, are given above.
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Solution for finite beam.

flection, shear, and moment may be wr

With Q4 and Mo known, expressions for the de-
itten for any point, A, in the beam.

depending on whether O = Z = J or

Different expressions will result
the expression for moment, in ft lbs

g £z 5 (1 »Jd)s

As one example,

per ft, at A when Z > J is

MA = % [w(pz) + ¥(B(L - z)) ]
H gﬁ[e(az) + 8(B(L - Z]):I

+ ¥ [ypiz - 9) + We(L - 7 - 2))]

+-%¥ [%(B[ 7 - J}) +o(plL - J - Z}z]
PB

+Blt(etz - 3 + L(p(L - 7 - z))]

+ EMeleiz - ) + t(p2)]

Note that a host of problems, in addition to the immediate one of channel
floor slab, can be solved by this procedure, e.g., combined footings.

MSUP

= L
—
J
k: |
PF MW
PB
ZPOS
NW NW?
PF
W 1
PB w
Hl”
—= = &
= e i
Figure 28. Corrections for indicated tensile reactions.
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Sometimes negative deflections, indicating

tensile reactiv
are encountered. If this occurs, € pressures,

the solution is considered incorrect
since this technical release is meant for structural channels on yield-

ing foundations and tensgile bearing pressures can not exist with earth

foundations. Negative deflections ma
Yy occur at either the end
beam or at and near the center of the channel. e

If negative deflections are encountered at the ends of the beam, a
cqrrect solution is obtained by modifying the effective loading’and
dimensions of the finite length beam as indicated in Figure 28. Assume
a solution is attempted, then let the distance from the end of the beam
to the point of zero reactive pressure be ZFOS. If ZPOS = 0, the solu-
tion 1s correct. If O < ZPOS £ J, add the cantilever shear ;nd moment
QSUP and MSUP, to the system. Change J to J';, and L to L'. Solve thi;
beam for a new ZPOS. If ZPOS > J, change NW to NW', MW to MW', J to

0.0 and L to L'. NW' and MW' are the statical cantilever equivalents
of the forces and moments within the distance ZPOS. Solve this beam for
a new ZPOS. The next solution will yield another ZPOS, etc. ZPOS values

so found, will approach zero, that is, the series is convergent and may
be stopped when desired.

If negative deflections are encountered at and near the center of the
channel, a correct solution can be obtained by increasing the weight

and stiffness of the floor slab so that negative displacements are
eliminated.* Therefore, when the analysis indicates tensile bearing pres=-
sures under the center of the channel, the slab thickness is incremented
and a new, smaller required footing width is determined corresponding to
the incremented slab thickness. The design is then recycled using the
new TS and FTG. This check and subsequent recycling, when necessary,
occur during preliminary design of type T1lF and T1lS channels. The prob=-
lem is usually only encountered with relatively wide channels.

*An alternate approach to obtaining a solution for T1F and T1S floor
slabs, wihen negative center displacements are encountered, is to
revert to "rigid body mechanics." That is, assume the floor slab is
a rigid beam subjected to uniform distribution of bearing pressure,
rather than an elastic beam. This can be done by using a very low
value of MFOUND as MFOUND = 1. Structurally, the assumption of uni-
form bearing results in larger center moments than any other ad-
missible distribution of bearing for these slabs. Some reasons why
"rigid body mechanics" ig often not the best approach are:

a. It may result in a greater slab thickness than is re-
quired by elastic theory.

b. Tt will result in a greater steel requirement than is
required by elastic theory.

c. It may cause moment oI opposite sign to the maximum
moment to be missed. Elastic theory often shows the
existance of such moments near the ends of the span.

d. It does not produce positive contact between floor

slab and foundation at all points.
" is used, detail designs rather than preliminary
This is true because the slab thickness must often
sign to hold bending stresses 1o allowable

If "rigid body mechanics
designs should be run. 10lS
be increased during detail ae

R Revised T/77
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e TIF

Steel areas and spacings are determined for the twenty two points de-

?i.‘e‘ﬁ in Figure 29. Both IC#l and IC#2 are investigated. Steel area
or temperature and shrinkage is computed and will sometimes control.

& 2
BT\
¢ HT/4
HT/4
8
9 10 HT/h
&l 19 17 — — 15 13 11
L T —— =
| | | | I 1
| | | | | |
|
A e e e

Figure 29. Type T1F steel layout and point locations.

Wall steel. IC#l determines the steel required at the even numbered
points in the wall. IC#2 determines the steel at the odd numbered points.
One case of IC#L is used for illustration. The section under considera-
tion is located at distance, Z, from the top of the wall.

For the case illustrated, the following components of shear, in lbs per
ft, are computed

vl = 0.5 x GMOIST x KOl x (HDIFF)Z
V2 = GMOIST x KOl x HDIFF x (Z - HIW)
V3 = 0.5 x GBUOY x KOL x (Z - HIW)®
vh = 0.5 x 62.4 x (Z - HIW)?
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then
VZ = V1 + V2 + V3 + Vh

and, in ft 1lbs per ft
M7 = V1 x (HDIFF/3 + Z - HTW )
+ V2 x (z - HIW)/2
+(V3 + Vi) x (Z - HIW)/3

also, in 1lbs per ft
NZ = 6.25 x Z x (TT + T)

]

4

Im

HDIFF

T
A |
VA
1l
1
# m
NZ

Figure 30. Wall steel design for LC#l,-HB > HWl, and Z > HIW.

=0

The required steel area for this MZ and NZ may be obtained as explained

in TR-42. If the current effective depth is inadequate without using com-
pression steel, the bottom thickness, TB, is incremented and the wall steel
design is begun again. This process is repeated, as necessary, until TB
exceeds its original value by 10 inches. When the effective depth is ade-
quate, the required maximum allowable spacing, in inches, is given by

s7 = 10,015 x (T - 2.5)/vZ
as explained in TR-42.

Floor slab steel. The floor slab analysis developed earlier is used to
obtain shear and moment values from which steel requirements are deter-
mined at the various points in the slab. Either IC#l or IC#2 may govern
the steel at a particular point. One case of IC#l is used to illustrate
the computation of the load components on the floor slab.

The vertical wall loading, in 1lbs per ft, is
NW =6.25 x HT x (TT + TB)
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The various horizontal components of loading on the wall, in 1bs per ft,

HL = 0.5 x GMOIST x KOl x (HDIFF)2
H2 = GMOIST x KOl x HDIFF x HW1
H> = 0.5 x GBUOY x KOl x (HW1)2
HY = 0.5 x 62.4 x (HW1)2
the total horizontal loading on the wall is

HWAIL = H1L + H2 + H3 + H..
The moment brought to the floor slab by the wall, in ft 1bs per ft, is

MW = Hl x (HDIFF/3 + HW1 + TS/24)
+ H2 x (0.5 x HW1 + TS/2)4)
+ (H3 + H4) x (HW1/3 + TS/2L)

fhe direct compressive force in the footing projection, in 1bs per ft,
s
CF = (KOl x GMOIST x HDIFF
+ KO1 x GBUOY x (HW1 + TS/24)
+ 62.4 x (HW1 + TS/24))x TS/12

The direct compressive force in the floor slab between walls, in 1bs
per ft, is
CB = CF + HWALL

—| |- 7T

777777777777777/_!__ - - 7777777777777 %7
e e—— —_ EB
* HW1
| !
F = -

FiEN HHHPB{HHGF 1]

gl
= -

Figure 31. Floor slab analyses and loading for LC#l when HB > HWl.

The uniform loadings on the floor slab, in psf, are
PB = 12.5 x TS - 62.4 x (HW1 + TS/12)
J = PB + GMOIST x HDIFF + GSAT x HW1
The floor flab deflections are analyzed and the effective loading and
dimensions are modified, in accordance with previous discussion, if
negative deflections are discovered at the ends of the slab.
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The form of the computations for shear and moment at a p§rticular section
in the floor slab depends on whether, or not, the effective span has be:n
modified and if so, on the location of the particular section relative to
the point of zero reactive pressure. If the section is outside the re;
gion of compressive reactive pressures, shear and moment are campu@ed y
statics. If the section is within the region of CO@pre351ve reactive
pressures, shear and moment are computed by the fin}te length, elastic
beam relations previously developed. For example, 1n Figure 32 statical
relations would be used at section 1, and elastic beam relations would

ey

section 1

I‘section 2

e ——  — -

ZPOS L!

Figure 32. Determination of form of shear and moment computations.

be used at section 2. The direct compressive force is either CF or CB
depending on the location of the section under consideration. The effec-
tive depth of the section is (TS - 3.5) for positive moment, that is,
moment producing tension on the bottom of the slab, and (TS - 2.5) for
negative moment. If the need of compression steel is indicated, the slab
thickness, TS, is incremented and the slab steel design is begun again.
When TS is satisfactory, the required steel area and spacing are com-
puted for the section. For negative moment, a check is made to determine
if the top steel qualifies as "top bars" with regard to spacing of steel
for bond.
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Steel ar

in Figurzaéé 3-1'1 i iﬁ:Cirfl.%s are determined for the thirty points defined

when necessary to ~Oll or key wall is designed at the end of the toe

taining wall portion of adequate stability against sliding of the re-
. on of the channel. The design of stem wall steel is

the same as type T1F channels. 3 2
HT /L4
3 L
HT /A4
j_ n, 6
! HT /4
TtEs 3 8
. HT/ 4
|27 25 23| 9 lO
2 a1 |
' 19 ity " “ 15 1% 11
! : IRR I | | I
| 0o l '
28 26 2k = 3
29 [lz0 20 18 16 L e
XP/2 Xp/2 X/2 X/2 FIG/2 | FIG/2
—= - B-ii Gl i T -—

Figure 33. Type T3F steel layout and point locations.

Sliding stability of base. IC#2 produces critical conditions for slid-
ing of the retaining wall portions of the channel. Often the base de-
velops adequate sliding resistance without using a key wall. This check
is made first. A factor of safety against sliding of 1.5 is required.
The backfill is assumed capable of developing passive lateral pressures.
The lateral pressure ratio is KPASS. The coefficient of friction between
conerete and soil is CFSC. A waterstop between the pavement slab and the
base is assumed effective at the elevation of the bottom of the base slab,
thus the horizontal force due to the water in the channel, in lbs per ft,

1S
HIN = 0.5 x 62.4% x (HT + TS/12)%3

For the case shown by Figure 34, the maximum external lateral forces,
in 1bs per ft, are
M = 0.5 x GMOIST x KPASS x (HDIFF)®

0o — GMOIST x KPASS x HDIFF x (HW2 + TS/12)
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H3 = 0.5 x GBUOY x KPASS x (HW2 + TS/12)%
B4 = 0.5 x 62.4 x (HW2 + TS/12)%

TKEY —= |- (VNET + VE) x CFSS

Figure 34. Sliding of type T3F retaining wall portion.
The algebraic sum of the vertical forces acting on the base portion, in
lbs per ft, is

VNET = 62.4 x HT x X + 6.25 x HT x (TT + TB)
+ PFTIG x FIG + 12.5 x TS x W
- 62.4 x (EW2 + TS/12) x W

The sum of the resisting horizontal forces, in lbs per ft, is
HR = HL + H2 + H3 + H4 + VNET x CFSC

If

HR/HIN 2 1.5
the base does not require a key wall,
If

HR / HIN < 1.5

a key wall is required. The depth of the key wall is set initially at
1.0 ft; it will be incremented as necessary to obtain an adequate

sliding safety factor. The key wall causes an additional lateral force,
in 1lbs per ft, of

HKEY =(KPASS x GMOIST x HDIFF
+ KPASS x GBUOY x (HW2 + TS/12 + 0.5 x ZKEY)) x ZKEY
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and an additional vertical force, in 1bs per ft, taken as

VE = GBUOY x ZKEY x W
Now

HR:H].+H2+H5+HLL+H]CEI+(VNM+VE)XCFSS

where CFSS is the coefficient of friction of soil t
o soil t
of angle of internal friction). soil (equals tangent

i g
HR/HIN 2 1.5

the current ZKEY is adequate. If
HR/HIN < 1.5

ZKEY must be incremented and another check made. Note that vertical and
lateral water forces are not included in the depth ZKEY. Although present,

they cancel and hence do not effect the ratio of resisting to sliding
forces.

With ZKEY known, the thickness, TKEY, of the key wall is determined as

follows. The force acting on the key wall over the depth, ZKEY, is very
uncertain. It is taken, in 1lbs per ft, as

FKEY = ((VNET + VE) x CFSS + HKEY)/1.5

Thus, on taking shear critical at the face of the support, the required
thickness, in inches, is

TKEY = FKEY/840 + 3.5

The moment at the face of the support of the key wall is taken, in ft 1bs
per ft, as

MKEY = FKEY x ZKEY/2
hence the required steel area at point 30 may be determined. The re-
quired spacing at point 30, in inches, is
s(30) = 10,015 x (TKEY - 3.5)/FKEY
Base slab steel. Bearing pressures at the toe and heel of the base

slab, P1L and P2, are computed as described under the preliminary design
of type T3F channels. A possible resultant pressure diagram for

™

e ////)//777777;7;7;;;f
o w/2
Tﬁ_ =
X/2 bl ! \
e/l e -
(Q2 for T3FV) |
- -~ P2
P
Pl

VNET ‘
B et

Figure %5. Contact pressure distribution for LC#2.
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Shear, moment, and direct force are computed at

is shown in Figure 35. X/2 in the toe for LC#e

the various selected sections. For example at
P = (VNET/W)(1 + 12 x E x ¥/(W x w))

then the components of shear, in 1bs per ft, are

vl = 0.5 x P1 x (X/2)
v2 = 0.5 x P x (X/2)
V3 = (-62.4 x HT - 12.5 x TS + 62.4 x (HW2 + Ts/12)) x (X/2)

so the total shear on the section is

VS =V1 + V2 + V). :
The moment on the section, in ft 1lbs per ft, 1s

e 2/3) x (X/2)
N + %i Elﬁ}) X (}42) + V3 x (X/2)

Components of the direct force, in lbs per ft, are
Hl = 0.5 x GMOIST x K02 x (HDIFF)=
H2 — GMOIST x KO2 x HDIFF x (HW2 + Ts/12)
H3 = 0.5 x GBUOY x K02 x (HW2 + TS/12)%
B4 = 0.5 x 62.4 x (W2 + TS/12)3

H5 = 0.5 x 62.4 x (HT)?
If a key wall is used, the direct force on the section for IC#2 is
taken as

NS =HL + H2 + H3 + H4 - HS

When the load condition is IC#l or if there is no key wall, the frictional

force is assumed uniformly distributed along the base. Hence the direct
force, with no key wall, is

NS = (X/2)(HL + H2 + H3 + H4 - HS)/W

If the moment, MS, is positive the steel area and spacing pertain to the
steel at the bottom of the slab at this section. If MS is negative, the
steel area and spacing pertain to the steel at the top. The base thick-
ness, TS, is incremented if necessary and the detail design of the retain-
ing wall portion of the channel is begun again.

Pavement slab steel. Pavement slab steel is governed by requirements
for temperature and shrinkage or by direct compressive force. For IC#1
the direct compressive force in the pavement slab is taken as the maximum
direct compressive force in the toe of the retaining wall base. It is
assumed transferred to the pavement slab by bearing. For IC#2, the
direct compressive force has two components. One is due to the water in
the channel which causes pressure on the ends of the pavement slab. This
force, in 1lbs per ft, is taken conservatively as

NSHT = 62.4 x (HT + TP/2k4)(TP/12)

The other component is zero if the direct force in the retaining wall
base toe is tension, otherwise the component is taken as the maximum
direct compression force in the toe of the base.
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Steel areas and spacings are determin
fined in Figure 36. 5

TLF channels.
shear transmitted between
slab. If any thickness

for the twenty eight t -
T@e.design of the stem wall is ihe gﬁmépzint;pig
The remaining detail design must take account of the

the retaining wall bases and the pavement
IB, TS, or TP, is incremented during detail

Xp/k XP/U X/2 X/2 FIG/2 | FIG/2

Figure 36. Type T3FV steel layout and point locations.

design, new Jjoint shear values, Ql and Q2 are computed and the detail
design of the retaining wall base and pavement slab is performed again.
This is necessary since any dimension change invalidates current Q
values. The new Q values are determined by the relations given under

preliminary design of type T3FV channels.

Shear joint requirements. Tnstead of using a key wall, type TOFV
channels depend on tension steel passing through the mid-depth of the
joint to provide the necessary resistance to sliding.. As with type TOF

channels
HIN = 0.5 x 62.4% x (HT + TS/12)?

the other lateral forces, for the case shown by Figure 37, are
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Hl = 0.5 x GMOIST x K02 x (HDIFF)?

H2 — GMOIST x K02 x HDIFF x (HW2 + TS/12)
H5 = 0.5 x GBUOY x K02 x (HW2 + TS/12)2
H = 0.5 x 62.4 x (HW2 + TS/12)%

!

\\*??90056664fﬁﬁ’775 I
HB

] T

Figure 37. Direct tension through shear joint for LC#2.

Hence the required tensile steel through the joint, in sq in per ft, is
ATENS = (HIN - (HL + H3 + H3 + H4))/20,000.

The joint must be capable of resisting the larger absolute value of QL
and Q2. This may be provided by a concrete shear key or a combination
of shear key plus steel shear area.

Base slab steel. The detail design of the steel in the base of the re-
taining wall portion is very similar to type T5F except that joint shear,
QL or Q2, is present at the end of the toe. Upward Jjoint shear on the
toe is positive. The expressions for various quantities must properly
include the effect of joint shear for the load condition under investiga-
tion. For instance, paralleling the discussion for type T5F, the shear
and moment at X/2 in the toe for IC#2 become

VS =V1L +V2 +V5 + @
and

MS = (2/3 x V1 +1/3 x V2 + V3 + Q)(Xx/2).
The expression for direct force on the section depends on whether the
Jjoint between the base slab and pavement slab requires tensile steel
through it or not. If tension steel is not required, a frictional force
is assumed uniformly distributed along the base. If tension steel is
required, no frictional force along the base is assumed. Hence NS is
either

NS = (X/2)(HL + H2 + H5 + H4 - HS)/W
or

NS = HL + H2 + H5> + H4 - H5

If the shear joint requires tension steel, then the required steel area
for points (21) and (22), in sq in per ft, is taken as
A(21) = A(22) = -0.5 x NS/20,000

The steel spacing at points (21) and (22), is governed by the signs and
absolute magnitudes of QL and Q2. Positive Q determines spacing at
point (22) whereas negative Q determines spacing at point (21).
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Pavement slab steel. The pavement slab of type T3FV channels is sub-
Ject to bending moment and to shear due to the transfer of joint shears.
ghi pave?enttslab 1s assumed to act as a uniformly loaded, simple span
etween joints. The uniform loading is 2 x 8 ) T -
IC#1, the shear is EIILEED e R SR Tk
Vs = |a1| - (2 x |a1|/(xP))(xp/4)

the moment is

MS = |QL| x (XB/4) - 2 x |QL|/(xP)(xP/4)2/2

and the direct force is taken as the maximum direct compressive force
in the toe of the retaining wall base.

Positive Q controls steel on the top of the slab while negative Q con-
trols bottom steel.

For IC#2 the direct force in the pavement slab has two components as
described for type T3F channels. The second component is either

- ATENS x 20,000 if ATENS > O, or the maximum direct compressive force
in the toe of the base if ATENS = O.

Figure 38. Pavement design for LC#l, Q1 > O.
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Steel areas and spacings are d
the wall and floor slab, defin
quired perimeters are also det
beam, defined in Figure 4O.

etermined for the twenty two points, on
ed in Figure 39. Steel areas and re-
ermined for the eight points, on the edge
Tension and/or compression steel required
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Figure 39. Type T1lS steel layout and point locations.

in the struts is determined during preliminary design.

Wall and floor slab steel requirements are determined at five cross
sections along the longitudinal span between transverse channel Jjoints.
These five sections are (1) the sections immediately adjacent to the
transverse channel Jjoints, (2) the sections at the struts, and (5) the
section mid way between the struts. Rather than list all five (thrge
because of symmetry) sets of steel requirements, one composite ge? is
reported. This set consists of the maximum required area and minimum
allowable spacing corresponding to each of the twenty two points in the

composite section.

Whenever, in the process of detail design, it is necessary to increment
either TB, TS, or ET, new edge beam loads are computed, new struts are

designed, and the detail design is begun again. This 1s nec?ssary_since
any dimension change alters existing spans, loads, and relative stiff-

nesses, all of which affect edge beam loading.
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Figure 40. Plan of edge beam, steel layout and point location.

Wall steel. Design of wall steel at any one of the cross sections
listed above is essentially the same as the design of type TLF walls
except that the support provided the wall by the edge beam, at the
particular cross section being investigated, is included in the compu-
tations for shear and moment. The direct compression force includes
the weights of the struts and edge beam as well as the wall.

As previously noted, the sense of the edge beam loading may be either
positive or negative for either IC#l or IC#2. Thus the sense of the
moment at any distance, Z, below the top of the wall is unpredictable.
Moment expressions are therefore written such that positive moment in-
dicates steel required at an even numbered point in the wall while
negative moment indicates steel at an odd numbered point. Thus if
both IC#l and IC#2 produced negative moments at a particular Z value,
the largest area and smallest spacing would be tabulated for the
corresponding odd numbered point.

Floor slab steel. The design of floor slab steel at any cross-section
is essentially the same as the design of type T1F floor slabs. It is
only necessary to modify the expressions for MW, NW, and HWALL, see
page 42, to include the effects of edge beam loadings and weights.
Assume a positive edge beam loading, RX1l, in 1bs per ft, is added to
Figure 31. Then the term -RX1 x (HT - EB/24 + TS/24) is added to the
expression for MW and the term -RX1l is added to the expression for
HWALL. The value of RX1 is that at the particular cross section under
investigation. The term 150(ET - TT) x EB/144 plus a term accounting
for strut weight is added to the expression for NW. With these changes,
the” analysis proceeds as described for type T1F channel floor slabs.

Edge beam steel. A summation process is used to obtain the shears and
moments at the one-eighth points of the edge beam span. Either load

condition can produce moments of either sense at any section of the span.
Hence an approach similar to that indicated for the wall steel is used
here to determine critical steel requirements at the odd and even numbered
points shown in Figure 40.
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c/8 + c/8 c/8 + c/8 _I

RS
Figure 4L1. Edge beam loading for LC#1 when RX1 > O.

The procedure used to obtain required steel area is based on a moment
per foot of width. Hence, if the moment at a section of the edge beam
is M ft 1bs, the equivalent moment per foot of width is

ME = M/(EB/12)

from which the required area per foot of width is obtained, if this is
AE, the total required area at the section, in sq. inches, is

A = AE x (EB/12).

Flexural bond requirements are satisfied by determining the steel peri-
meter required at the eight edge beam points. For any shear, V, in lbs,
the required perimeter, Zo, in inches, is taken as

P . Vv " Vv
~w)D 347Tx 7/B8xD " 303.6 x D

The allowable bond stress for #7 bars is used. Thus the computed peri-
meter is conservative for all bars of equal or smaller diameter than

#7 -

Edge beam stirrups. When edge beam web steel is required for diagonal
tension, the maximum shear stress is not allowed to exceed 3@52 = 190 psi.

EB may need to be incremented, and ET recomputed, to hold the shear stress
to this limit. Maximum allowable spacing of the web steel is then the

smallest of:

g =R ACT 1206(a)

S = Av/(0.0015 x EB) ACI 1206(b)

S = 20000 x AV x D/VRP ACTI 1203
in which

VRP=V-TOXEBJCD
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. V = shear at section under investigation, in 1lbs per ft
VPR = shear carried by web steel, in lbs per ft
D = effective depth, in inches
AV = area of web steel, twice the bar area, in sq inches
S = maximum allowable web steel spacing, in inches

AV is initially set at 0.22 sq in for #3 stirrups. If S, for this area,
is less than 4 inches, the stirrup size is increased to #4, the spacing

is recomputed, etc. Although the maximum allowable spacing may be com-
puted at either sections D distance from the faces of the supports or
the section at the centerline of the support, the spacing is conserva-

tively reported as that at D from the faces.

The web steel layout may be selected by consideration of a diagram
similar to that of Figure 42. The ordinates of the diagram are re-
quired values of AV/S. They may be assumed to vary linearly from zero
to a maximum over the supports. The ordinate at D from the faces of
the strut is obtained from the required stirrup size and spacing com-
puted above.

computed
_ vary size and size vary size and
Nominal | spacing as and spacing as ﬁ;;;;;l
#3@12 | desired spacing | desired

” ~

F
~
- ARy roue
N
AV/S for computed AV/S for nominal #3@12
size and spacing = 2(.0.11)/12 = 0.0183
D

C/k

Figure 42. Layout of edge beam stirrups.
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Computer Designs o

Input

Froy one to four %ines of input data are required for each design run.
A glven computer job may include many design runs. A design run is
TaRe; T a-pa?tlcular set of design conditions and takes one of two
forms. The first form consists of four preliminary designs, one for
each channel type, plus an indication of the channel type that might
be selected for detail design on the basis of least concrete volume.

The second form consists of the detail 4
esi of b
nel types. gn one of the four chan

The input data provided per design run consists essentially of values
for the_primary design parameters and, if desired, values for the second-
ary design parameters. Table 2 shows the lines that may be provided per
run together with the specific parameters contained on the four lines.

Table 2. Input values per design run

B HT HB DESIGN DEFAULT 1 DEFAULT 2 DEFAULT 3

HW1 HW2 HWP GMOIST GSAT KOl K02 FLOATR
MAXFIG  JOINTS MFOUND

CFSC CFSS KPASS

The first line contains the primary parameters B, HT, and HB and is
always required. If DESIGN = O, the four preliminary designs are per-
formed. If DESIGN =1, 2, 3, or 4, then the detail design of type T1F,
T3F, T3FV, or TlS is performed. (If desired, the Design Unit can run
the detail design of the structural channel type indicated from the pre-
liminary designs. However, it will often be a better procedure if the
concerned designer will take a critical look at the preliminary design
results before a detail design is run.)

If DEFAULT 1 > O, the next line of input data must be provided, it con-
tains values for HW1 through FLOATR as indicated. If DEFAULT 1 = O,
this line of input data must not be included, default values for the
eight parameters will be provided by the computer.

If DEFAULT 2 > O, the next line containing values for MAXFTG, JOINTS,
and MFOUND must be provided. If DEFAULT 2 = 0, default values will be
used and the line must he omitted, similarly for DEFAULT 5> and the line

containing CFSC, CFSS, and KPASS.

Thus the number of lines of data that must be provided per design run
will vary depending on whether the default values are satisfactory or
whether the user wishes to supply some or all of the secondary parameter
values. Note that although various lines may be omitted, those supplied

must be complete and in the order indicated.

Qutput |
Th;Poutput for each design run, whether preliminary desligns or a detail

design, gives the parameter values gassumed for that run. These para-
meters are listed and identified at the beginning of the design.

Revised T/TT
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Preliminary designs. Preliminary design results are listed in the
order T1F, T3F, T3FV, and T1S, see Figure L%, Output values consist

of distances, thicknesses, and concrete volumes in cubic yards per
longitudinal foot of channel. The thicknesses and distances, in inches
and feet, may be identified by reference to various figures:

for type T1F see Figures 5 and 6

for type T3F see Figures 5, 7, and 9

for type T3FV see Figures 5, 7, and 9

for type T1S see Figure 13.

Detail Designs. The output for the detail design of any channel type
includes three segments: & repeat ¢f ~he preliminary design results,

a similar output giving final dimensions (this will often be identical
to the preliminary design values), and a listing of steel requirements
giving required area and maximum allowable spacing in sq. in. per ft and

inches.

Type T1F. - See Figures 4L and 45 for output examples, see Figure 29 for
the steel locations listed.

Type T3F. - See Figures 46 and 47 for output examples, see Figure 33
for the steel locations listed. Note that a key wall is required in
Figure 47, the required depth of the wall is given in ft and the re-
quired thickness of the wall is given in inches.

Type T3FV. - See Figures 48 and 49 for output examples, see Figure 36
for the steel locations listed. Note that the shear forces transmitted
across the shear joint are given in 1bs per ft for IC#l and IC#2. The
tension steel area, in sq inches per ft, through the Jjoint is also given.

Type T1lS. - See Figures 50 and 51 for output examples, see Figures 39

and 40 for wall and edge beam steel locations. Required strut steel
areas, in sq inches, are given for tension and compression. Required
edge beam web steel is given by bar size and spacing in inches. Required
edge beam longitudinal steel areas, in sq inches, and perimeters, in
inches, are given for eight locations.

A72



A=
HT=
HB=

TT=

TYPE

EXAMPLE SPECIAL

24,00
16.00
15.00

10.00

10.00
10.00

3.00
10.00

12.00
10.00

ELASTIC ANALYSIS AND wORKING STRESS DESIGN
SPECIAL DESIGN

RECTANGULAR STRUCTURAL CHANNE
L
CROSS SECTION DESIGN

FOR

Jal" Fop Esl - - ‘f!'r'r
DESIGN PARAMETERS

Hwl= 12.00 KOl= 0,80 FLOATR= 1.50
Hw2= 1,50 KO02= 0,20 JOINTS= 40,00
HWP= 12-00 KPASS= 1-25 MAXFTG= 12.00

CFSC= 0.35 CFSS= 0.55

PRELIMINARY DESIGNS FOLLOW

TYPE TI1F STRUCTURAL CHANNEL - TRIAL VALUES
TRA= 19,00 IS= Ei-ﬂﬂ FTG PHOJ‘!G-&D

TYPE T3F STRUCTURAL CHANNEL = TRIAL VALUES

TP= 90,00 XP= 4,00

Te= 19,00 TS= 20,00 FTG PROJ= 9,00
TYPE T3FV STRUCTURAL CHANNEL = TRIAL VALUES

TP= 32,00 XP= 18,00

TB= 19,00 TS= 20,00 FTG PROJ=]1,60
TYPE T1S STRUCTURAL CHANNEL = TRIAL VALUES

ST= 15,00 EB= 15,00 ET= 26,00

TB- 21.00 TS= EZ-UG FTG PROJIIU|‘°

ARE USED

PREPARED BY THE DESIGN UNIT AT HYATTSVILLEs ™D,

DESIGNS FOR STRUCTURAL CHANNEL TECHNICAL RELEASE

MFOUND=
GMODIST=
GSAT=

QUANT =

QUANT=

QUANT =

QUANT =

100000.
120.
140.

5.015

S.084

5.208

4.990

LA B B A A B A AR A A A A I N I I A I I N R R R L

T1S STRUCTURAL CHANNEL MIGHT BE SELECTED FOR DETAIL DESIGNs QUANT= 4,990

sEsExxsxsxsszssss=sasssxzzszss END PRELIMINARY DESIGNS zzsssssrssassssSESSSEISEXIS

H=
HT=
HB=

TT=

X=
TT=

T7=

SA=
TT=

e & @

TYPE

EXAMPLE SPECIAL

24.00
16.00
15.00

ANALYSIS AND WORKING STRESS DESIGN ARE USED
SPECIAL DESIGN PREPARED BY THE DESIGN UNIT AT HYATTSVILLE
FOR
DESIGNS FOR STRUCTURAL CHANNEL TECHNICAL RELEASE
JOAN FOR ESA ===aca=sce= T/77
DESIGN PARAMETERS

Hel= 0.0 KOl= 0.80 FLOATR= ],50
Hw2= 0.0 K02= 0.20 JOINTS= 40,00
HWP= 0,0 KPASS= 1.25 MAXFTG= 12.00

CFSC= 0.35 CFSS= 0.55%

10.00

12.00
10.00

6.00
10.00

12.00
10.00

ELASTIC

RECTANGULAR STRUCTURAL CHANNEL
CROSS SECTION DESIGN

PRELIMINARY DESIGNS FOLLOW

TYPE TI1F STRUCTURAL CHANNEL = TRIAL VALUES
TR= 18,00 TS= 19,00 FT6 PROJ= 0,0

TYPE T3F STRUCTURAL CHANNEL = TRIAL VALUES

TP ]11.00 XP= 0,0

Te= 18,00 TS= 19,00 FTG PROJ= 2.80
TYPE T3FV STRUCTURAL CHANNEL = TRIAL VALUES

TP= 11.00 XP= 12,00

TR= 18.00 TS= 19,00 FTG PROJ= 4,40
TYPE T1S STRUCTURAL CHANNEL = TRIAL VALUES

ST= 15.00 ER= 15,00 ET= 23.00

Te= 12.00 TS= 13.00 FTG PROJ= 0,0

MD.,

MFOUND= 100000.

GMOIST=
GSAT=

QUANT=

QUANT=

QUANT=

QUANT=

120.
140.

2966

3.294

3.186

2.285

& ® ® 8 &% & & % & & & & & & & & @ e & & & & & & & & & @

T1S STRUCTURAL CHANNEL MIGHT BE SELECTED FOR DETAIL DESIGNs: QUANT= 2,285

Figure 43.

AT3

ssxzssssszsssz END PRELIMINARY DESIGNS ==xz==z3xEEZIEZZITEZESXTZE====

Computer output, preliminary designs.
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RECTANGULAR STRUCTURAL CHANNEL
CROSS SECTION DESIGN
ELASTIC ANALYSIS AND WORKING STRESS DESIGN ARE USED

SPECIAL DESIGN PREPARED BY THE DESIGN UNIT AT HYATTSVILLE, MD.

FOR
EXAMPLE SPECIAL DESIGNS FOR STRUCTURAL CHANNEL TECHNICAL RELEASE
JOAN FOR ESA ====s==w== 2/29/72
DESIGN PARAMETERS
B= 24.00 HWl= 0.0 KOl= 0,80 FLOATR= 1.50 MFOUND= 100000.
HT= 16.00 HW2= 0.0 KO2= 0.20 JOINTS= 40.00 GMOIST= 120.
HB= 15.00 HWP= 0,0 KPASS= 1,25 MAXFTG= 12,00 GSAT= 140,
CFSC= 0,35 CFSS= 0.55

DESIGN OF SPECIFIED TYPE FOLLOWS
TYPE T1F STRUCTURAL CHANNEL - TRIAL VALUES

TT= 10.00 TB= 18.00 TS= 19.00 FTG PROJ= 0.0 QUANT= 2,966
TYPE T1F STRUCTURAL CHANNEL = DETAIL DESIGHN
TT= 10.00 TB= 18.00 TS= 20.00 FTG PROJ= 0.0 QUANT= 3,049
STEEL REQUIREMENTS
WALL
A(C 1)= 0.24 S( 1)= 18.00
A( 2)= 0.24 S( 2)= 18.00
A( 3)= 0.29 S( 3)= 18.00
A( 4)= 0.14 S( 4)= 18.00
A( 5)= 0,34 S{ 5)= 18.00
A( 6)= 0,27 S( 6)= 18.00
A(C 7)= 0.55 S( 7)= 18.00
A( 8)= 0.99 S( 8)= 18,00
A( 9)= 1.17 S( 9)= 18,00
A(10)= 2,31 S(10)= 14,37
BASE

A(11) - A(16) DO NOT EXIST SINCE FTG=0

A(l17)= 1.45 S(17)= 18.00
A(18)= 2.16 S(18)= 18.00
A(19)= 1.47 S(19)= 18.00
A(20)= 1.33 S(20)= 18.00
A(21)= 1.34 S(21)= 18.00
A(22)= 0.90 S(22)= 18.00

SEEE==Sssa=ssssszsas=za=z=s=za=z=== END T1F DESIGN A R P P YRR,

Figure LL. Computer output, type T1F detsil design.
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===HI====Il===I=I=ItIII==IIll===llt==l

RECTANGULAR STRUCTURAL CHANNEL
CROSS SECTION DESIGN
ELASTIC ANALYSIS AND WORKING STRESS DESIGN ARE USED

SPECIAL DESIGN PREPARED BY THE DESIGN

UNIT AT HYATTSVILLEs MD.
FOR

EXAMPLE SPECIAL DESIGNS FOR STRUCTURAL CHANNEL TECHNICAL RELEASE

JOAN FOR ESA ==eeeeece= 7/77
DESIGN PARAMETERS

R= 24,00 Hel= 12.00 KOl= 0.,80 FLOATR= 1,50 MFOUND= 100000.
HT= 16.00 HW?2= 1.50 K02= 0.20 JOINTS= 40,00 GMOIST= 120
HB= 15.00 HWP= 12.00 KPASS= 1,25 MAXFTG= 12.00 GSAT= 140,

CFSC= 0.35 CFSS= 0.55

ODESIGN OF SPECIFIED TYPE FOLLOWS

TYPE T1F STRUCTURAL CHANNEL = TRIAL VALUES

TT= 10.00 TR= 19.00 TS= 24,00 FTG PROJ=10.60 QUANT= 5.015
TYPE T1F STRUCTURAL CHANNEL =- DETAIL DESIGN
TT= 10.00 TR= 19,00 TS= 24,00 FTG PROJ=10.60 QUANT= 5.015
STEEL REQUIREMENTS
WALL
AL 1)= 0.2¢4 S( 1)= 18,00
A( 2)= 0.24 S( 2)= 18,00
A( 3)= 0,29 S( 3)= 18,00
Al 4)= 0.15 S( 4)= 18,00
A({ S)= 0,35 S( S5)= 18,00
Al 6)= 0,27 S( 6)= 18,00
Al 7)== 0,52 S( 7)= 18,00
A( 8)= 1,05 S( B8)= 18.00
A( 9)= 1,08 S( 9)= 18.00
A(10)= 2.50 S(10)= 12.86
BASE
A(ll)=  0.29 S(11)= 18,00
A(l12)= 0.29 S(l2)= 18.00
A(13)= 0.29 S(13)= 18,00
A(l4)= 0.29 S(14)= 18,00
A(15)= 0.84 S(15)= 18,00
A(16)= 0,40 S(16)= 18,00
A(1T)= 0.72 S(17)= 18.00
A(l18)= 0439 S(18)= 18,00
A(19)= 0.82 S(19)= 18,00
A(20)= 0429 S(20)= 18.00
A(2l)= 0480 S(21)= 18,00
A(22)= 0429 §(22)= 18,00
c=============zz================ END T1F DESIGN ===========SS=S=S==S==S=s==========

Figure 45. Computer output, type TIF detail design.

Revised 7/77
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RECTANGULAR STRUCTURAL CHANNEL

CROSS SECTION DESIGN
ELASTIC ANALYSIS AND WORKING STRESS DESIGN ARE USED

SPECIAL DESIGN PREPARED BY THE DESIGN UNIT AT HYATTSVILLE, MD.

FOR

EXAMPLE SPECIAL DESIGNS FOR STRUCTURAL CHANNEL TECHHICAL RELEASE

JOAN FUR ESR ==~e==eaw 2/29/72
DESIGN PARAMETERS

= 24.00 HW1l= 0.0 KOl= 0,80 FLOATR= 1.50 MFOUND= 100000.
H?. 12,00 Hi2= 0.0 KO2= 0,20 JOINTS= 40.00 GMOIST= 120.
HB= 4.00 HWP= 0.0 KPASS= 1.25 MAXFTG= 12.00 GSAT= 140,

CFSC= 0,35 CFSS= 0.55
DESIGN OF SPECIFIED TYPE FOLLOWS
TYPE T3F STRUCTURAL CHANNEL - TRIAL VALUES
X= 10,00 TP= 11.00 XP= 4,00
TT= 10.00 TB= 16.00 TS= 17.00 FTG PROJ= 4,60 QUANT= 3,092
TYPE T3F STRUCTURAL CHANNEL - DETAIL DESIGN
X= 10.00 TP= 11.00 XP= 4,00
TT= 10.00 TB= 16.00 TS= 17.00 FTG PROJ= 4.60 QUANT= 3,265
STEEL REQUIREMENTS
WALL
A( 1)= 0.24 S( 1)= 18.00
A( 2)= 0.24 S( 2)= 18.00
A( 3)= 0,28 S( 3)= 18,00
A(C 4)= 0,28 S( 4)= 18.00
A( 5)= 0.31 S( 5)= 18.00
A( 6)= 0,31 S( 6)= 18.00
A( 7)= 0,94 S( 7)= 18.00
A( 8)= 0,35 S( 8)= 18.00
A( 9)= 2.08 S( 9)= 17.34
A(l10)= 0.19 S(10)= 18.00
BASE
A(11)= 0.20 S(11)= 18.00
A(l12)= 0.20 S(12)= 18.00
A(l13)= 0,20 S(13)= 18.00
A(l4)= 0.20 S(14)= 18,00
A(15)= 0.20 S(15)= 18.00
A(16)= 0,65 S(16)= 18.00
A(17)= 1.75 S(17)= 18.00
A(18)= 0,20 S(18)= 18.00
A(19)= 0,70 S(19)= 18.00
A(20)= 0,20 S(20)= 18.00
A(21)= 0.41 S(21)= 18.00
A(22)= 0,20 S(22)= 18.00
KEY WALL
DEPTH= 2,00
THICK= 14.00
:§§3;= g-;; S(29)= 18,00
PAVEMENT SLAB Satleas- 4y
A(23)= 0.26 S(23)= 18.00
A(24)= 10,13 S(24)= 18.00
A(25)= 0.26 S(25)= 18.00
A(26)= 0.13 S(26)= 18,00
A(27)= 0.26 S(27)= 18.00
A(28)= 0.13 S(28)= 18.00
CHERERERRtaszssz==aan==ssuesaszs= END TS3F DESIGN ====z==ss=zs=szass=s=azsssc-scascsauss
Figure 46. Computer output, type T3F detail design.
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RECTANGULAR STRUCTURAL CHANNEL
CROSS SECTION DESIGN
ELASTIC ANALYSIS AND WORKING STRESS DESIGN ARE USED

SPECIAL DESIGN PREPARED BY THE DESIGN UNIT AT HYATTSVILLE, MD.

FOR
EXAMPLE SPECIAL DESIGNS FOR STRUCTUR H
JOAN ‘FOR ESA omeicoem B AL CHANNEL TECHNICAL RELEASE
DESIGN PARAMETERS
B= 24.00 HWl= 12,00 KOl= 0.80 FLOATR= 1.50 MFOUND= 100000.
HT= 16.00 HW2= 1,50 KO2= 0,20 JOINTS= 4L0.00 GMOIST= 120.
CFSC= 0,35 CESS= 0.55

DESIGN OF SPECIFIED TYPE FOLLOWS

TYPE T3F STRUCTURAL CHANNEL - TRIAL VALUES

X= 10,00 TP= 90,00 XP= 4,00
TT= 10.00 TB= 19.00 TS= 20.00 FTG PROJ= 9,00 QUANT= 5,084
TYPE T3F STRUCTURAL CHANNEL - DETAIL DESIGN
X= 10.00 TP= 90,00 XP= 4,00
TT= 10.00 TB= 19,00 TS= 20.00 FTG PROJ= 9.00 QUANT= 5,084
STEEL REQUIREMENTS
WALL
AC 1)= 0.24 S( 1)= 18,00
A( 2)= 0.24 S( 2)= 18.00
A( 3)= 0,29 S( 3)= 18,00
A( 4)= 0,15 S( 4)= 18.00
A( 5)= 0,35 S( S5)= 18.00
AC 6)= 0,27 S( 6)= 18.00
A( 7)= 0.52 S( 7)= 18.00
A( 8)= 1,05 S( 8)= 18,00
A(C 9)= 1,08 S( 9)= 18.00
AC10)= 2,50 S(10)= 12,86
BASE
A(11)= 0.24 S(11)= 18.00
A(12)= 0.24 S(12)= 18.00
A(13)= 0,28 S(13)= 18,00
ACl4)= 0,24 S(14)= 18,00
A(15)= 1,31 S(15)= 16.43
A(16)= 0.58 S(16)= 18.00
A(17)= 0.71 S(17)= 18.00
A(18)= 1.47 S(18)= 18,00
A(19)= 0.48 S(19)= 18.00
A(20)= 0,27 S(20)= 18,00
A(21)= 0,48 S(21)= 18,00
A(22)= 0.24 S(22)= 18.00

KEY WALL NOT REQUIRED
PAVEMENT SLAB

A(23)= 0.77 S(23)= 18.00
A(24)= 0.38 S(24)= 18.00
A(25)= 0.77 $(25)= 18.00
A(26)= 0,38 S(26)= 18.00
A(27)= 0.77 S(27)= 18.00
A(28)= 0,38 S(28)= 18.00

sessssssanssasssassssass=ss===== END T3F DESIGN ®=cs=scscasEscSsSEsSSRSSasOocEsSSo=S

Figure 47. Computer output, type T3F detail design.
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RFCTANGULAR STRUCTURAL CHANNEL
CROSS SECTION DESIGN
ELASTIC ANALYSIS AND WORKING STRESS DESIGN ARE USED

SPECIAL DESIGN PREPARED RY THE DESIGN UNIT AT HYATTSVILLE, MD.

FOR
EXAMPLE SPECIAL DESISGNS FOR STRUCTURAL CHANNEL TECHNICAL RELEASE
JOAN F0NQ ESA m==mececw=e= T/77
DESIGN PARAMETERS
R= 24.00 HWl= N,.0 KOl= 0.80 FLOATR= 1.50 MFOUND= 100000,
HT= 16,00 HW?= 0.0 KOZ2= 0.20 JOINTS= 40.00 GMOIST= 120.
HR= 15,00 HWP= 0.0 KPASS= 1.25 MAXFTG= 12.00 GSAT= 140,
CFSC= 0.35 CFSS= 04,55

DESIGN OF SPECIFIED TYPE FOLLOWS

TYPE T3FV STRUCTURAL CHANNEL = TRIAL VALUES

X= A.00 TP= 11.00 XP= 12.00
TT= 10.00 TR= 18,00 TS= 19,00 FTG PROJ= 4,40 QUANT= 3,186
TYPE T3FV STRUCTURAL CHANNEL - DETAIL DESIGN
X= 6400 TP= 11,00 XP= 12.00
TT= 10.00 TR= 14,00 TS= 19.00 FTG PROJ= 4,40 QUANT= 3,186
STEEL REQUIREMENTS

WALL
A( 1)= Nelb S{ 1)= 18,00
AG 2)VE HaPs S( 2)= 18,00
A( 3)= 0.29 S( 3)= 18,00
A( 4)= 0,14 S( 4)= 1R,00
A( 5)= 0e34 S( 5)= 18,00
A( 6)= 0427 S( 6)= 18,00
A( 7T)= 0455 St 7)= 18.00
A( B)= 0.99 S( 8)= 18,00
Rl FEST Leld S( 9)= 18,00
A(l0)= 2,31 S(10)= 14,37

BASE
A(ll)= 0,23 S(11)= 18,00
A(l2)= 0.23 S(12)= 18.00
A(l3)= 0,23 S(13)= 18,00
A(lée)= 0,23 S(l4)= 18,00
A(lS)= 0N,59 S(15)= 15,98
A(le)= 0,36 S(16)= 18,00
A(lT)= 105 S(17)= 18,00
A(lB)= 156 5113)= 1&.39
A(19)= 0,57 S(19)= 18.00
A(20)= 0.40 S(20)= 18.00
A(2l)= 0D.46 S(21)= 18.00
A(22) = Ne23 S(22)= 18,00

SHEAR CONNECTION
REQD TENSION STEEL AREA= 0.31
SHEAR FORCE FOR LC NO,.1l= 4.586T7TE+03

SHEAR FORCE FOR LC NO.2= =3,0020E+03
PAVEMENT SLAB

A(23)= 0.26 S(23)= 18,00

A(24) = Nal3 S(24)= 18,00

A(25)= 0D.42 S(25)= 18,00

A(26)= 0,78 S(26)= 18,00

A(27)= D71 S(27)= 18,00

A(2H)= 0,99 S(28)= 18,00
SESS=sS=ssSsSss=====sz=s======== END T3FV DESIGN =====s=======z=ss==sssS==S========

Figure 48. Computer output, type T3FV detail design.
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RECTANGULAR STRUCTURAL CHANNEL

CROSS SECTION DESIGN
ELASTIC ANALYSIS AND WORKING STRESS DESIGN ARE USED

SPECIAL DESIGN PREPARED BY THE DESIGN UNIT

AT HYATTSVILLEs MD.
FOR

EXAMPLE SPECIAL DESIGNS FOR STRUCTURAL CHANNEL TECHNICAL RELEASE

JOAN FOR ESA ===eccaecea- 7/77

DESIGN PARAMETERS

HT: fﬁ-gg Hwl= 12,00 KOl= 0,80 FLOATR= 1,50 MFOUND= 100000.

= 16. HW2= 1.50 KO2= 0.20 JOINTS= 40,00 GMOIST= 120.

HB= 15,00 HWP= 12.00 KPASS= 1,25 MAXFTG= 12,00 GSAT= 140,
CFSC= 0.35 CFSS= 0.55

DESIGN OF SPECIFIED TYPE FOLLOWS

TYPE T3FV STRUCTURAL CHANNEL = TRIAL VALUES

= 3.00 TP= 32,00 XP= 18,00
TT= 10.00 TR= 19,00 TS= 20,00 FTG PROJ=11.,60 QUANT= 5,208
TYPE T3FV STRUCTURAL CHANNEL = DETAIL DESIGN
= 3.00 TP= 32,00 XP= 18,00
TT= 10.00 TR= 19.00 TS= 20,00 FTG PROJU=11.60 QUANT= 5,208
STEEL REQUIREMENTS
WALL
Al 1)= 0,26 S( 1)= 18,00
A( 2)= De24 S( 2)= 18,00
A( 3)= 0,29 S( 3)= 18,00
A( 4)= 0,15 S({ 4)= 18,00
A( S)= 0,35 S( 5)= 18.00
A( 6)= 0.27 St 6)= 18,00
A( T7)= 0.52 S( 7)= 18,00
Al 8)= 1,05 S({ 8)= 18,00
A( 9)= 1.08 S({ 9)= 18.00
A(l0)= 2,50 S(10)= 12.86
BASE
A(ll)= Ds24 S(l11)= 18,00
A(l2)= 0.24 S(l12)= 18,00
A(l3)= 0.32 S(13)= 18,00
A(lé)= 0«40 S(l4)= 18,00
A(lS)= 1.74 S(15)= 14,25
A(lé)= .14 S(16)= 18,00
A(l7)= 0.48 S(17)= 18,00
A(lB)= 0.53 S(18B)= 16,85
A(l9)= 0,48 S(19)= 18,00
A(20)= D.24 S(20)= 18,00
A(2l)= 0.48 S(21)= 18,00
A(22)= 0.26 S(22)= 18,00

SHEAR CONNECTION
REQD TENSION STEEL AREA= 0.31
SHEAR FORCE FOR LC NO.1= 6.,5370E+03
SHEAR FORCE FOR LC NO.2= =1.,7764E+03

PAVEMENT SLAB

A(23)= 0.77 S(23)= 18,00

A(24)= 0.38 S(24)= 18,00

A(25)= 0.77 S(25)= 18.00

A(26)= 0,38 S(26)= 18,00

A(2T)= 0677 S(27)= 18,00

A(28)= 0.38 S(28)= 18.00
e=m===z=======s=s===s===s=szs====== END T3FV DESIGN =======SS==SS==SSS=333==s=3=3===

Figure 49. Computer output, type€ T3FV detail design.
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RECTANGULAR STRUCTURAL CHANNEL
CROSS SECTION DESIGN
ELASTIC ANALYSIS AND WORKING STRESS DESIGN ARE USED

SPECIAL DESIGN PREPARED BY THE DESIGN UNIT AT HYATTSVILLE, MD.

FOR
EXAMPLE SPECIAL DESIGNS FOR STRUCTURAL CHANNEL TECHNICAL RELEASE
JOAN FOR ESA =========~ 2/29/172
DESIGN PARAMETERS
B= 24,00 Hil= 0.0 KOl= 0,80 FLOATR= 1.50 MFOUND= 100000.
HT= 16,00 HW2= 0.0 KO2= 0,20 JOINTS= 4L0.00 GMOIST= 120.
HB= 15.00 HWP= 0.0 KPASS= 1.25 MAXFTG= 12.00 GSAT= 140.
CFSC= 0.35 CFSS= 0.55

DESIGN OF SPECIFIED TYPE FOLLOWS
TYPE T1S STRUCTURAL CHANNEL - TRIAL VALUES

SB= 12,00 ST= 15.00 EB= 15.00 ET= 23.00
TT= 10.00 TB= 12,00 TS= 13.00 FTG PROJ= 0.0 QUANT= 2,285
TYPE T1S STRUCTURAL CHANNEL = DETAIL DESIGN
SB= 12,00 ST= 15,00 EB= 15.00 ET= 23.00
TT= 10.00 TB= 12,00 TS= 13.00 FTG PROJ= 0.0 QUANT= 2,285
STEEL REQUIREMENTS
WALL
A( 1)= 0,24 S( 1)= 18.00
A( 2)= 0.12 S( 2)= 18.00
A( 3)= 0.86 S( 3)= 18.00
A( 4)= 0.67 S( 4)= 18,00
A( 5)= 1,11 S( 5)= 18.00
A( 6)= 0.95 S( 6)= 18.00
A( 7)= 0.56 S( 7)= 18.00
A( 8)= 0.8k S( 8)= 18.00
A( 9)= 10,29 S( 9)= 18,00
A(10)= 1,04 S(10)= 11.46
BASE

A(11) - A(16) DO NOT EXIST SINCE FTG=0
A(17)= 0,31 S(17)= 18.00
A(18)= 1,04 S(18)= 18,00
A(19)= 0,42 S(19)= 18.00
A(20)= 0,16 S(20)= 18.00
A(21)= 0.39 S(21)= 18.00
A(22)= 0.16 S(22)= 18.00

STRUT STEEL
REQD TENSIOM STEEL AREA = 2,15
REQD COMPRES STEEL AREA = 2,15

EDGE BEAM STEEL
STIRRUPS REQUIRED, USE AT LEAST
NO. 3 AT 9.7 IN. CC
AT D DISTANCES FROM FACES OF STRUTS

A( 1)= 0.85 P( 1)= 1,75
A( 2)= 1,02 P( 2)= 2.10
A( 3)= 3,64 P( 3)= 3,56
A(C 4)= 4,41 P( 4)= 4,28
A( 5)= 0,72 P( 5)= 1.86
A( G)= 0.86 P( 6)= 2,23
A(C 7)= 3,54 P( 7)= 0.0

A( 8)= 2,77 P( 8)= 0.0

cRERRERERssnscnnsunnssnazssassss END T1S DESIGN ssssssssasssasnsnssnns s ssssssss

Figure 50. Computer output, type T1S detail design.
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67

HT=
HB =

SB=
TT=

SB=
IT=

ELASTIC ANALYSIS
SPECIAL DESIGN

RECTANGULAR STRUCTURAL CHANNEL
CROSS SECTION DESIGN

FOR

EXAMPLE SPECIAL DESIGNS FO
AT Fon ey oo Detal R STRUCTURAL CHANNEL TECHNICAL RELEASE

24,00
16.00
15.00

12.00
10,00

12.00
10.00

WALL

BASE

2/29/72
DESIGN PARAMETERS

HW1= 12,00 KOl= 0.80 FLOATR= 1.50
HW2= 1,50 KO2= 0,20 JOINTS= 40.00
HUP= 12,00 KPASS= 1,25 AAXFTG= 12.00

CFSC= 0,35 CFSS= 0.55

DESIGN OF SPECIFIED TYPE FOLLOWS
TYPE T1S STRUCTURAL CHANNEL - TRIAL VALUES

ST= 15,00 EB= 15.00 ET= 26.00
TB= 21.00 TS= 22.00 FTG PROJ=10.40
TYPE T1S STRUCTURAL CHANNEL - DETAIL DESIGN
ST= 15,00 EB= 15.00 ET= 26.00
TB= 21,00 TS= 22.00 FTG PROJ=10.40
STEEL REQUIREMENTS
A(C 1)= 0,26 S( 1)= 18.00
A( 2)= 0.17 S( 2)= 18.00
A(C 3)= 0,32 S( 3)= 18.00
A( 4)= 0.93 SC 4)= 18,00
A( 5)= 0,38 S( 5)= 18.00
A( 6)= 1.25 S( 6)= 18.00
AC 7)= 0.44 S( 7)= 18.00
A( 8)= 1.55 S( 8)= 18.00
A(C 9)= 0.50 S(C 9)= 18.00
A(10)= 2.83 S(10)= 13,30
A(11)= 0,26 S(11)= 18.00
A(12)= 0,26 S(12)= 18,00
A(13)= 0,26 S(13)= 18.00
ACl4)= 0.26 S(14)= 18,00
A(15)= 1,05 S(15)= 18.00
A(16)= 0.26 S(16)= 18.00
A(17)= 0.53 S(17)= 18.00
A(18)= 0.83 S(18)= 17.34
A(19)= 0.75 S(19)= 18.00
A(20)= 0.26 S(20)= 18.00
A(21)= 0.94 S(21)= 18,00
A(22)= 0,26 S(22)= 18.00

STRUT STEEL .

REQD TENSION STEEL AREA = 3.70
REQD COMPRES STEEL AREA = 0.0

EDGE BEAM STEEL

STIRRUPS REQUIRED, USE AT LEAST
NO. 3 AT 6.6 IN. CC
AT D DISTANCES FROM FACES OF STRUTS

AND WORKING STRESS DESIGN ARE USED

PREPARED BY THE DESIGN UNIT AT HYATTSVILLE, MD.

MFOUND= 100000.
GMOIST= 120.

GSAT= 140,

QUANT= 4,990

QUANT= 4,990

A(C 1)= 1,18 P( 1)= 2,46
A( 2)= 0.0 P( 2)= 0.0
A( 3)= 5.24 P( 3)= 5.38
A( &)= 0.0 P( 4)= 0.0
A( 5)= 0.72 P( 5)= 2.83
A( 6)= 0.0 P( 6)= 0.0
AC 7)= 0.0 P( 7)= 0.0
A(C 8)= 4,71 P( 8)= 0.0
P ————————— T T T T L PR T T T L B 10 T1S DESIGN ESEEEEEEEETEENESESEEEEEAEESEERS®
Figure 51. Computer output, type T1S detail design.
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**********************************i********************

CCHAN -- SOIL CONSERVATION SERVICE PROGRAM STRUCHAN

QDQPTED TO CORPS OF ENGINEERS CRITERIA BY CASE FROJECT
*********i***ii********************i*********i*********

FHEERERRRAERER XA RRRRR AR AR
+ CORFS FROGRAM * X0097 *
*+ MICRO VERSION * 8%9/02/01 =
AEFREEAEAF AR AR AR AR ARXRARAR RN

ENTER FIRST HEADER LINE

Example Special Design for Structural Channels
ENTER SECOND HEADER LINE

Rerun of “Joan for ESA" sample runs in SCS Technical Release
ENTER THE FOLLOWING

CL WDTH HGT HGT DESIGN DFALT1 DFALTZ DFALTZ DFALT4

CHANNEL WALL BEFILL FARAM O=DEF O=DEF 0O=DEF O=DEF
T ol § T
24 16 B 0 O 0 ) 1
ENTER THE FOLLLOCWING
CONCRETE RATIO ALLOWAEBLE ALLOWARLE MINIMUM
ULTIMATE FE 1O STEEL NET BEAR CONCRETE
STRENGTH 1 STRESS FRESSURE THICENESS
81 i PSE IN

4000 0.4 20000, 2000.0 10.0

s END OF INFUT sesssooomsomosssssmsmmEmssEsEs=

B3



CCHAN
CORFE OF ENGINEERS, CASE FROJECT MODIFIED
SOIL CONSERVATION SERVICE FROGRAM - RECTANGULAR CHANNEL

Example Special Design for Structural Channels
Rerun of "Joan for ESA" sample runs in SCS8 Technical Release

DESIGN FARAMETERS

CL WIDTH HEIGHT HEIGHT WATER HT WATER HT UFLIFT HD
CHANNEL WAaLL REFILL e~y Belle ON SLAB
(FT) (FT) (FT) (FT) (FT) (FT)
£ HT HE HW 1 HW2 HWF
24, 00 146.00 15. 00 12,00 1.50 12.00
LAT SOIL LAT S0IL FASSIVE SAFETY SFAN BETN MAX FOOT
FR RATID PR RATIO SOIL FR FACTOR LONG JTS FROJECT
LC 1 LG 2 RATIO FLOATION (FT) (FT)
k01 K02 KFASS FLOATR JOINTS MAXFTG
. B30 L 20 1,25 byt e, 40, OO 12,00
FOUND WT SDIL WT SOIL COEFF COEFF
MODULUS MOIST SAT FRICTION FRICTION
(LBS/FT##3%) (L.LB/CF) (LB/CF) S—-CONC SDIL-9
MFOUND GMOIST GSAT CFSC CFES
100000, 00 120,00 140, 00 . ) Sl o
CONCRETE RATIO ALLOWABLE ALLOWABLE M IN T MM
ULTIMATE FC TO STEEL NET BEAR CONCRETE
STRENGTH F e STRESS FRESSURE THICHENESS
FSI FSI FSF IN
FFC COESF FSA ABF TMIN
4000, OO0 <40 20000, 00 2000, GO 10,00
FRELIMINARY DESIGNS FOLLOW

TYFE T1F STRUCTURAL CHANNEL - TRIAL VALUES

THICY TOF

THICK BOT THICE =TE
OF WAL.L OF Wal.L. FLL SLAB FROJECT CIUANT
(IN) (IND) (IN) (FT) (CY/FT)
TT TR TS
10,00 19.00 20,00 B.00 4.10
TYPE TIF STRUCTURAL CHANNEL. - TRIAL VALUES
TOE THILK WIDTH
LENGTH FAVEMT FAVEMT
(FT) (IN) (FT)
X TP LF
11.00 0. OO e D0
THIGK: TP THICK RBROT ity 3 (5 A
OF Wal.L OF WALL FL SLAE FROJECT QUANT
(IN) (IR ¢ TN (FT) (A 1)
1T T TS
10,00 19.00 20,00 740 4.45

Bl



TYFE T3FV STRUCTURAL CHANNEL - TRIAL VALUES

" TOE THICK WIDTH
| LENGTH FAVEMT FAVEMT
; (FT) (IN) (FT)
X TF XF
.00 26.00 18.00
THICE. TOF THICKE BOT THICEK FTG
OF WALL OF WALL FL SLAB FROJECT QUANT
(IN) (IN) (IN) (FT) (CY/FT)
TT TH TS
10.00 19.00 20.00 ?.20 4.58

TYFE T18 STRUCTURAL CHANNEL - TRIAL VALUES

WIDTH THICE WIDTH THICE
STRUT STRUCT EDGE BM EDGE BM
(IN) (IN) (IN) (IN)
SB ST ET
12.00 15,00 15.00 25.00
THICKE TOP THICK BOT THICK FTG
OF WALL OF WALL FL SLAE FROJECT QUANT
(IN) (IN) (IN) (FT) CY/FT)
T TB T8
10.00 19.00 20.00 7.80 4.24

* N * % W % X N H H W H N W W ¥ F W OF W W W F E K XN X N E NN RN N W

TYFE T1F STRUCT CHANNEL MIGHT BE GSELECTED FOR DETAIL DESIGN, GUANT= 4.097

====m=cm=s====cm==m========= END FRELIMINARY DESIGNS ==s==ss==s=s=s===sssssm=s==s

B>






FTET T W NN NI T3 360 6330 30963 303 62 3 36

gg:$¥ D—- SOIL CONSERVATION SERVICE PROGRAM STRUCHAN
ED TO CORPS OF ENGINEERS CRITERIA BY CASE PROJECT
LR bbb b R b b b b b b S b B L TR R e gegaegeggege s

R W NN RN AN RN
* CORFS FROGRAM * XO0097 B

* MICRO VERSION * 8%/02/01 #
3369 36 9 3 3 36 W 3 3 36 3 I W R

ENTER FIRST HEADER LINE

Example Special Design for Structural Channels

ENTER SECOND HEADER LINE

Rerun of "Joan for ESA" for detailed design

ENTER THE FOLLOWING

CL WDTH HBT HBT DESIGN DFALT1 DFALTZ DFALT3 DFALTA4
CHANNEL WALL BKFILL PARAM ©O=DEF O=DEF O=DEF O0=DEF

FT FT FT
24, 16. 135, 1 0 0 Q 1
ENTER THE FOLLOWING
CONCRETE RATIO ALLOWABLE ALLOWABLE MINIMUM
ULTIMATE FC TO STEEL NET BEAR CONCRETE
STRENGTH FC STRESS PRESSURE THICENESS
FSI PSI FPSF IN
4000 0.4 20000 2000 10

IS MOMENT, THRUST,SHEAR REPORT DESIRED .7 Enter egither Y or N ...

MTV WILL BE OUTFUT

C3



CCHAN
CORPS OF ENGINEERS, CASE PROJECT MODIFIED
SOIL CONSERVATION SERVICE FROGRAM - RECTANGULAR CHANNEL

Example Special Design for Structural Channels
Rerun of "Joan for ESA" for detailed design

DESIGN FARAMETERS

CL WIDTH HEIGHT HEIGHT WATER HT WATER HT UPLIFT HD
CHANNEL WAL.L BKFILL 1 3R | LC 2 ON SLAB
(FT) (FT) 42K . (FT) (FT) (FT)

B HT HE HW1 HWZ2 HWP

24.00 16.00 15. 00 12.00 1.50 12.00

LAT SOIL LAT SOIL PASSIVE SAFETY SFAN BETN MAX FOOT
PR RATID PR RATIO E0IL FR FACTOR LONG JTS FROJECT

LC g LE 2 RATID FLOATION (FT) (FT)
K01 K02 EPASS FLOATR JOINTS MAXFTEG
. 80 « 20 L 1.50 40,00 13260
FOUND WT SOIL WT SOIL COEFF COEFF
MODULUS MOIST SAT FRICTION FRICTION
(LEBS/FT*#73) (LB/CF) (LEB/CF) S—-CONC SOIL-S
MFOUND GMOIST GSAT CFSC CFSS
100000, 00 120,00 140, 00 . DD R
CONCRETE RATIO ALLOWABLE ALLOWABLE MINIMUM
ULTIMATE FC TO STEEL NET BEAR CONCRETE
STRENGTH e B STRESS FRESSURE THICKNESS
PSI FS1I PSF IN
FPC COESF FSA ABF TMIN
4000, 00 . 40 20000, 00 2000, 00 10.00

DESIGN OF SFECIFIED TYPE CHANNEL FOLLOWS

TYFE T1F STRUCTURAL CHANNEL - TRIAL VALUES

THICK. TOP THICK BOT THICE FTG
OF WALL OF WALL FL SLAER FROJECT QUANT
(IND (IN7 (IN) (FT) (CY/FT)
L B TS
10.00 19.00 20,00 8.00 4.10

TYFE T1F STRUCTURAL CHANNEL - DETAIL DESIGN

THICK TOF THICE ROT THICE FTG
OF WALL JF WALL FL SLAE FROJECT CQUANT
(IN) (IN) (IN) (T (CY/FT)
TT TE TS
1O, Q0 sy O 2l QO B.00 4,10

Clh



STEEL REQUIREMENTS IN WALL

HEIGHT
ABOVE EBASE
(FT)
16.00
12.00
8.00
4.00

el

DIST
FROM WALL

(FT)

8.00

4,00

. 00

DIST
FROM WALL

(FT2

« 00O

6.00

12.00

o — e m— i — i, e S —
——— T — —— —— A S — — — — — — —

el R e B i e il e

AREA REQGD MAX AREA REQD
INSIDE SFACING OUTSIDE
(IN**2) (IN) (IN*%2)

. 24 18.00 « 24
. e 18.00 «15
« 39 18.00 27
« D2 18.00 1.05
1.08 18. 00 2.46

HEEL FPORTION
AREA REQGD MAX
TOF FACE SPACING

(IN**2) (IN)

« 24 18.00
.24 18.00
«B7 18.00

TOE FORTION

AREA REQGD MA X
TOR FACE SPACING
(IN**2) (IN)

. 87 18. 00
« 78 18. 00
.64 18.00

C5

STEEL REQUIREMENTS IN BASE

AREA REGD
BOT FACE
(IN*%2)
. 24
.24
.48

AREA REGD
BOT FACE
(IN*%*2)
271
. 24
. 24

END TiF DESIGN

MAX
SPACING
(IN)
18.00
18,00
18. 00
18.00
12.78

MAX
SPACING
(IN)
18.00
18. 00
18.00

MAX
SFACING
(IN)
16. 97
18.00
18.020

e s o m e maen R e EEE GG B G e SEEES S S S S S S —
S — — — — — —— T — — —— — — — —— — ————



MOMENT , THRUST , SHEAR REPORT

Example Special Design faor Structural Channels
Rerun of "Joan for ESA" for detailed design

TYPE T1F STRUCTURAL CHANNEL

MOMENT , THRUST ,SHEAR RESULTANTS AT STEEL DETERMINATION SECTIONS
CONSULT FIGS. 29,3%,36,39,%40 0OF REFERENCE DOCUMENT FOR LOCATIONS.
TABULATED MOMENT CAUSES TENSION IN STEEL AT INDICATED LOCATION.
DIRECT COMPRESSION IS POSITIVE, DIRECT TENSION IS NEGATIVE.

C6

LOCATION LOAD EFFECTIVE BEND ING DIRECT SHEAR
NUMBER CONDITION DEPTH MOMENT THRUST FORCE
IN FT-LBS/FT LBS/FT LBS/FT
WALL

1 1 L 00 0. 0. D

2 1 <00 0. Q. s

4 1 « DO W 0. 0.

a 1 9.7 432. oga6b. 432,

5 1 .00 (o 0. s

é 1 12.00 a7 ey 5740 i e i 2980.

7 1 - Q0 Q. 0. 5 1=

8 1 14. 25 257264. 2006. &719.

7 1 « 00 0. 0. 0.
10 1 16.50 L2202, 2900, 12851.
1 2 . 00 0. 0. 0.

2 2 « 00 Q. O. Q.

5, 2 o oo8. 006 . 591.

4 2 . 00 0. o 0.

9 2 12.00 Y o 1225, 1409,

A 2 . 00 0. 0. 0.

7 2 14.25 12647. 2006. 2041.

8 = .00 0. 0. Q.

Q 2 16.50 29068, 2900, Qend .
10 2 «. 00 Q. 0. 0.



[y
(38
r'-Jr*JNMNMI‘Jl"JMNMHHHHH.—nr—tp—ni—u—sr—n.--r-t

——— ——— — — —— — S —— — —— —
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Staop - Frogram terminated.

17.50
« 00
17.50
D0
1790
. Q0
. 00
16.50
17«80
. 00
17.50
. 00
D0
16.50
. 00
16.50
« 00
16.50
17«20
« 00
: Gt &
. 00
17.30
. D0

CT7

0.

0.
o932.
0.
295603,
0.

0.
32604,
&784.
7 &
18447.
5 0

iz

o

0.
47301.
Q.
12987 .
19317,
0.
17036.
0.
147389.
0.

END OF MOMENT,THRUST,SHEAR REFORT

3142.
0.
3142.
0.
z142.
0.

0.
15993,
15993,
0.
15997,
0.

0.
843.
0.
847,
0.
843,
~-43284.
0.
-4384.
0.
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ErREr s
HEXAEAEAX AR R R RE AR ERA R AR R AR AR R AR R TR

CCHAN —— SO0IL CONSERVATION S
ERVICE FPRDOGRAM STRUCHAN
*iEiEIED TD CORFS OF ENGINEERS CRITERIA BY CASE FROJECT
b e s

HALA AL AL AR RLF LR AR AR AR AR ARRS
# CORFS FROGRAM * XO0097 *

¥ MICROD VERSION * 89/02/701 =
B L R E LR R R e R R

ENTER FIRST HEADER L.INE

Sample run for DESIGN = 2

ENTER SECOND HEADER LINE

¥V, My 5 report selected

ENTER THE FOLLOWING

CL. WDTH HET HGT DESIGN CFALT1 DFALTZ2 DFALTI DFALT4

CHANNEL WALL BEFILL PARAM ©O=DEF ©O=DEF O=DEF O=DEF
FT FT FT
24 14 4 2 1 0 (] 1

ENTER THE FOLLOWING
WAT HT WAT HT UF HD WT S0L WT SOL LAT SOIL LAT SO SAFETY

e L& SLAR MOIST SAT PR RATIO FR RAT FACTOR
FT A =1 LB/CF LB/CF Bl L 2 FLOAT
& () 0 120 140 Q.8 o2 e
ENTER THE FOLLDWING
CONCRETE RATIO ALLOWARLE ALLOWABLE MINIMUM
UJLTIMATE FC TO STEEL. MET BEAR CONCRETE
STRENGTH F* G STRESS FRESSURE THICKNESS
FS1 g B FSFE IN
4000 0. 4 20000 2000 1O

1§ MOMENT, THRUST , SHEAR REFORT DESIRED 7 Enter =ither Y or N oceans

MTV WILL BE OUTFUT

e — e — == ——— —— ——— — e 5 e — ——— — i — — i — S TN D —
- — i ———— e ey e = = T T I e = —— =L — —_ o
_....._._._—_:-—_-—..n.p—-—--—-——-—--—-——--——---—-—-————.-- d - —— — ——



Sample run for DESIGN = 2

Vy, M, § report selected
DESIGN FARAMETERS
CL WIDTH HEIGHT HEIGHT WATER HT WATER HT
CHANNEL walLL BEFILL ) BN 1 g
(FT) (FT) (FT) (FT) (FT)
E HT HB HW1 HW2
24,00 146.00 4,00 « 00 . DO
LAT SOIL LAT SOIL PASSIVE SAFETY SPFAN BETN
FR RATIO FR RATIO S0IL PR FACTOR LONG JTS
LE 1 LG 2 RATIO FLOATION (FT)
KO1 k02 EPASS FLOATR JOINTS
. 8O . 20 1.25 1.50 40,00
FOUND WT SOIL WT SOIL COEFF COEFF
MODULUS MOIST SAT FRICTION FRICTION
(LBS/FTx%73) (LB/CF) (LB/CF) S—CONC SOIL-S
MFOUND GMOIST GSAT CFSC CFSS
100000.00 120.00 140,00 . .-
CONCRETE RATIO ALLOWAELE ALLOWARLE
ULTIMATE FC TO STEEL NET BEAR
STRENGTH F'C STRESS PRESSURE
FSI PSI PSF
FFPC CODESF FEA AEF
4000, GO .40 20000, 00 2000, 00
DESIGN OF SFECIFIED TYFE CHANNEL FOLLOWS

TYFE TZIF STRUCTURAL CHANNEL. - TRIAL VALUES

TOE
LENGTH
(FT)
X
10. 00

THICE TOF
OF WALL
(I
TT
10, 00

THICE
FAVEMT
(IN)
TF

. O

THICE BOT
OF WALL.
(IN?
TE
14, 00

CCHAN
CORFS OF ENGINEERS, CASE FROJECT MODIFIED
SOIL CONSERVATION SERVICE FROGRAM - RECTANGULAR CHANNEL

WIDTH
FAVEMT
(FT)
XF
4,00

THICKE

FLL SLAR
CIN)
B

e S 1 ¥ )

D4

FTG
FROJECT
G

4, &0

LLIANT
By o

NI 2L

UPLIFT HD
ON SLAE
(FT)
HWF
. 00

MAX FOOT
FROJECT
(FT)
MAXFTG
12.00

MINIMUM
CONCRETE
THICENESS
IN
TMIN
10.00



TYFE T3F STRUCTURAL CHANNEL - DETAIL DESIGN

TOE

THICK WIDTH
LENGTH FAVEMT FAVEMT
(FT) (IN) (FT)
X P XP
10.00 11.00 4. 00
THICK. TOF THICE EBOT THICE ETE
OF WALL OF WALL FL SLAB PROJECT QUANT
(IN) (IN) (IN) (FT) (CY/FT)
{5 B TS
10,00 16.00 1705 4,60 oo &5
STEEL REQUIREMENTS IN WALL
HEIGHT AREA RERD MA X AREA REQGD MAX
ABOVE BASE INSIDE SPACING OQUTSIDE SPACING
CFT) (IN*%2) (IN) (IN*%*2) (IN)
16.00 . 24 18.00 . 24 18.00
12.00 2B i8.00 « 28 18.00
B8.00 s wid 18.00 . | 18.00
4,00 . 94 18. 00 . 18. 00
.00 2.04 T alS 19 18.00
STEEL RERUIREMENTS IN BASE
HEEL FORTION
DIST AREA REQD MAX AREA REQGD MAX
FROM WALIL. TOF FACE SPACING BOT FACE SFACING
(FT) (IN*%2) (IN) (IN*%*2) (IN)
4,60 S48, 18.00 . 20 18.00
Zos oD . 20 18. 00 . 20 18.00
. 00 . 20 18.00 - e 18.00
TOE FORTION
DIST AREA RERD MAX AREA REQRD MA X
FROM WALL TOF FACE SFACING EBOT FACE SFACING
(FT) (IN%**2) (IN) (IN*#2) (IN)
. 00 1.79 18.00 «a 20 18. 00
9.00 .ok 18.00 « 20 18.00
10.00 .41 18.00 .20 i8.00
KEY WALL .
DEPTH= 2.00 FT
THICK= 14.00 IN
INSIDE AS= 17 IN**22 MAX SFA= 18.00 IN
OUTSIDE AS= LS50 ITN*#2 MAX SPA= 12.79 IN
FAVEMENT SLARB
DIST AREA REQD MAX AREA REGD MAX
FROM WALL TOFP FACE SFACING BOT FACE SPQ;INB
(FT) ( IN#*#2) (IR ( IN#%22) (Iﬂl
10, 00 g 1900 o IB.QQ
{100 .26 18,00 « 13 18.00
12. 00 .24 i8. 00 . s 18.00

g i — —— ————
_-.'l—_d-‘-_‘_—“d_u‘--h_‘—-ﬁ——'"_-—-

— . ——— e e S ——— — — — —

— — ———

END T3F DESIGN
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MOMENT , THRUST ,SHEAR REFORT

Sample run for DESIGN = 2
Vy M, S report selected

TYFE TZIF STRUCTURAL CHANNEL

MOMENT , THRUST , SHEAR RESULTANTS AT STEEL DETERMINATION SECTIONS
CONSULT FIGS. 29,33,36,39,%¥40 OF REFERENCE DOCUMENT FOR LOCATIONS.
TABULATED MOMENT CAUSES TENSION IN STEEL AT INDICATED LOCATION.
DIRECT COMPRESSION IS FOSITIVE, DIRECT TENSION IS NEGATIVE.

LOCATION LOAD EFFECTIVE BEND ING DIRECT SHEAR
NUMEER CONDITION DEFPTH MOMENT THRUST FORCE
IN FI=-LBS/FT LBS7ET LBS/FT
WAI_L

1 1 . D0 0. 0. 0.

= 1 . 00 Q. 0. 0.

52 1 00 s B 0.

3 1 Q.00 Q. D38 . i B

i} | . DO 0. 0. 0.

& 1 10.50 0. LID0 . 0.

¥4 1 20 5 0. Qa

8 1 12.00 2 5 1838. &

? 1 « DO 0. 0. 1
10 1 13550 1024, 2600, 768.
1 2 « D0 Q. 0. 0.

2 2 « D0 0. O. 5 S

3 2 ?.00 bbb, g - 499.

4 2 « 00 B3 0. 0.

= 2 10,590 OS2 11350, 1927,

& = . Q0 Q. 9 0.

i 4 2 12,00 179271. 1838. 4497,

8 2 . 00 9 8 0. Q.

9 2 13 DO 423472, 2600, L9
10 i . 00 ). Q. Q.



BASE
11

1 «. 00 0. 0 0

}g } 13.50 0. 669. 0.
v : . 00 0. 0. 0.
e : 13.50 4469, 461 . 344,
15 \ . 00 0. 0. 0.
e : 13.50 1476. 254 . 448,
P .00 0. 0. 0.
s } 13.50 3644, 902, 1882,
o : 14,50 118. 451 . 159.

.00 0. s 0.
21 1 .00 0. 0. 0.
=2 1 .00 0. 0. 0.
11 2 . 00 0. 0. 0.
12 2 13.50 0. 214, 0.
13 2 e 0. 0. 0.
14 2 13.50 36465, 214, 3072.
15 2 .00 o 0. 0.
16 2 13.50 13602, 214. 5455.
17 2 14,50 33653, -7581. 4561 .
18 2 . 00 0. 0. 0.
19 2 14,50 11125. -7581. 3I908.
20 2 3.50 2829. -7581. 3908.
21 2 14.50 0. ~-7581. 0.
22 2 13.50 0. -7581. 0.

PAVEMENT
23 1 8.50 0. 1437, 0.
24 1 .00 0. 0. 0.
25 1 B8.50 0. 1437. 0.
26 1 .00 0. 0. 0.
07 1 8.50 0. 1477. U,
28 1 . 00 Q. Q. 0.
23 2 B8.50 0, P41, 0.
24 2 .00 0. Q. 0.
25 2 8.50 0. 941 . 0.
26 2 .00 0. 0. 0.
27 2 8.50 0. 941, 0.
28 2 .00 0. 0. 0.
KEYWALL
29 1 «. 00 Q. 0, 0.
X0 1 . 00 0. 5 0.
29 2 . 00 Q. Q. 0.
30 2 10.50 8148. Q. 8168.
m===s================ END OF MOMENT,THRUST,SHEAR REFORT ===================:
Stop - Program terminated.
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*******************************************************

25:2? -~ SO0IL CONSERVATION SERVICE FROGRAM STRUCHAN
= ED TD CORFS OF ENGINEERS CRITERIA BY CASE PROJECT
B R e R S L R R R

R R e vy
* CORFS FROGRAM * X0097 #*

* MICRO VERSION * 8%/02/01 =
NAEH AR FEEENFERAARR R LR A AR

ENTER FIRET HEADER LINE
Rerun of samples

ENTER SECOND HEADER LINE
DESIGN = 73

CNTER THE FOLLOWING

CL WDTH HGT HGT DESIGN DFALT1 DFALTZ DFALT?Z DFALTA4

CHANNEL WALL BEFILL FARAM O=DEF O=DEF 0O=DEF O=DEF
=3 EE FT
24 16 15 > 0 0 0 1
ENTER THE FOLLOWING
CONCRETE RATIO ALLOWABLE ALLDWAEBLE MINIMUM
ULTIMATE FE T8 STEEL NET BEAR CONCRETE
STRENGTH F'C STRESS FRESSURE THICKNESS
FS1 o1 PSFE IN
4000 0.4 20000 =000 10

1S MOMENT , THRUST ,SHEAR REFORT DESIRED ? Enter sither Y or N

MTV WILL BE QUTPUT

aw

E3

e menmemmmmmm=mm CND OF INPUT s=sssssmmsmmsssssss

e G eSS MM i e



CCHAN
CORFS OF ENGINEERS, CASE FROJECT MODIFIED
SOIL CONSERVATION SERVICE FROGRAM - RECTANGULAR CHANNEL

Rerun of sample
DESIGN = 3

DESIGN FARAMETERS

CL. WIDTH HEIGHT HEIGHT WATER HT WATER HT UFLIFT HD

CHANNEL WALL BEFILL LG 1 L& ON SLAR
(FT) (FT» (FT) (FT) (FT) (FTJ
B HT HE HW1 HWZ HWF
24 . G0 16.00 15.00 12.00 1.30 12.00

LAT S0IL LAT S0OIL FPASSIVE SAFETY SFAN BETN MAX FOOT
FR RATIO FR RATIO SOIL PR FACTOR LONG JTS FROJECT

LE & EG-2 RATIO FLOATION (FT) (FT)
K01 EO2 KPASS FLOATR JOINTS MAXF TG
30 .l 1385 ) I8 40, 00 12.00
FOUND WT SOIL WT SOIL COEFF COEFF
MODULUS MOIST SAT FRICTION FRICTION
(LES/FT#%%) (LB/CF) (LR/CF) S-CONC S0IL-S
MFOUND GMDIST GSAT CFSC CFEs
100000, 00 120,00 140,00 ) S
CONCRETE RATIO ALLOWAELE ALLOWABLE MINIMUM
ULTIMATE FC TO STEEL NET REAR CONCRETE
STRENGTH F'C STRESS FPRESSURE THICKENESS
FSI FST FSF IN
FFC COESF FSA AEBF TMIN
4000, 00 « 40 20000, 00 2000, 00 10,00

DEEIGN OF SFECIFIED TYFE CHANNEL FOLLOWS

TYFE TZIFV STRUCTURAL CHANNEL - TRIAL VALUES

TOE THICK WIDTH
LENGTH FAVEMT FAVEMT
(FT) CIND (FT)
X TP XP
T 00 26. G0 18. 00
THICKE TOF THICK BOT THICH FTG
OF WALL OF WALL FL SLABE FROJECT GUANT
CIND - (IN) (IN) (FT) (CY/FT)
TT TE TS
10, G0 19.00 20,00 Qe 20 4.58

TYPE T3IFV STRUCTURAL CHANNEL — DETAIL DESIGN

TG THICE WIDTH

LERNGTH FAVEMT FAVEMT

(FT) (IN) 0] 20 15
A TF XF
a0 2&. 00 18. GO

THICE. TOF THICE EOT THICE FT1G

OF WAL OF WALl Fl. SLAR FROJECT LHUANT
(IN) (IN) ( IN) (FT) (CY/FT)
T B s

10,00 19. 00 20, OO0 a2t 4.58

EY4



STEEL REQUIREMENTS IN WALL

HEIG -
ﬁBﬂVé :LSE ﬁ?iglgggn spnﬂx o Tl g ks
ACING OQUTSIDE SFACING
(FT) (IN*%x2) (IN) (IN*%2) (IN)
16.00 . 25 18.00 .24 18.00
12.00 . 29 18. 00 15 18.00
8.00 55 18.00 27 18.00
4. 00 S 18.00 1. 08 18.00
. Q0 1.08 18.00 2.44 12.78
STEEL REQUIREMENTS IN EASE
HEEL FORTIDON
DIST AREA REED MAX AREA REGD MAaX
FROM WALL TOF FACE SFACING BOT FACE SPACING
(FT) (IN*%2) (IN) (IN*%2) ( IND
Q.20 . 24 15. 00 « 24 18.00
4,60 . i8. 00 5 = 18. 00
« 00 1.41 4 | « 79 18. 00
TOE FORTION
DIST AREA RERD MAX AREA REQGD MAX
FROM WALL TOF FACE SFACING EOT FACE SFACING
(FT) (IN#*%*2) (IN) (IN**2) (INJ
» 00 .48 18. 00 b 15 93
I .48 18.00 .24 18.00
e D0 . 48 18. 00 . 24 18. 00
SHEAR CONNECT ION
REGD TENSION STEEL AREA= g
SHEAR FORCE FOR LC NMO.1= 7. 1891E+03
SHEAR FORCE FOR LC NOD.2= -2.3925E+03
FAVEMENT SLAE
DIST AREA REGD MAX AREA REDRD MAX
FROM WallL TOF FACE SPACING EOT FACE SFACING
(FT) (IN*#%2) (IN) (IN*#*2) (IN)
=e D0 e 18.00 g 18. 00
T e 00 . B2 18. 00 . 18. 00
12,00 B2 18.00 .41 18.00

e — e ——

T T ey END TIZFV DESIGN =s==s=s=sSssssss=s=s==s

ES
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MOMENT , THRUST , SHEAR REFORT

Rerun of sample
DESIGN = 3

TYFE TZFV STRUCTURAL CHANNEL

MOMENT , THRUST ,SHEAR RESULTANTS AT STEEL DETERMINATION SECTIONS
CONSULT FIGS. 29,33,36,39,%40 0OF REFERENCE DOCUMENT FOR LOCATIONS.
TABULATED MOMENT CAUSES TENSION IN STEEL AT INDICATED LOCATION.
DIRECT COMFRESSION IS FOSITIVE, DIRECT TENSION IS NEGATIVE.

LOCATION LOAD EFFECTIVE BEND ING DIRECT SHEAR
NUMBER CONDITION DEFTH MOMENT THRUST FORCE
IN FI—=LESIEY LBS/FT LBS/FT
WALL

1 1 . Q0 0. ) 0.

¥ 1 « 00 0. 0. 0.

= 1 « DO 0. 9 0.

4 1 2.795 432. 926 432.

S 1 . 00 0. Q. Q.

& 1 12.00 5792, 1225, 2980.

7 1 - 00 D (3 0.

8 1 14. 295 237 28 2006. &719.

9 1 . D0 Q. 0. .
10 1 16.50 L2202, 2900. 12851.
1 2 . 00 0. 0. 0.

¥ P « D0 0. 0. 0

5 2 AT 558, a6, o971

4 2 « D0 0. i i 0.

S 2 12.00 2953 . 12259 1409,

o) 2 « D0 0. Q. 0.

7 2 14.25 12647. 2006. 3041,

8 2 « Q0 0. Q. 0.

9 2 16.50 29048. 2900, Pl
10 2 « 00 0. (). Q.



BASE

11
12
13
14
15
16
17
18
19
20
21

e
i1

12
13
14
15
16
17
18
19
20
21

22

FAVEMENT
23
24
25
26
z7
28
23
24
29
26

S . — . — G ———— —— ——_—
—_-_—_-—--_-—-——_-—————--

MR RIEI R R e e e

Stop - FProgram terminated.

17.50
.00
17.50
<00
17.50
.00
- 00
16.50
- 00
16.50
. 00
16.50
« Q0
16.50
« 00
16.30
. 00
16.50
17.350
. 00
17.30
- 00
17.350
« DO

23,90
.00
23.50
. 00
23. 30
« 00
. D0
22.a0
.00
22.90
. 00
22.30

END OF MOMENT, THRUST ,SHEAR REFORT

E7

0.

0.
11293.
0.
44228.
0.

0.
26680.
0.
12070.
0.

0.

Q.

0.

0.
004,
0.
25622,
7713.
0.
3B813.
0.

0.

0.

0.

Q.
242463,
Q.

R, P i
{)I

{]I

t:’-

Dl
8075.
DI
10746.

3142.
0.
3142,
0.
3142.
0.

0.
15993.
0.
15993.
0.
159953.
Q.
B43.
0.
B45Z.
0.
8473.
-4384.
0.
—4384.
0.
-4384.
0.

15995=.
0.

—— — ——— — — — —
— i ————— —

0.

0.
4859.
0.
?410.
0.

0.
10575.
0.
8899.
0.
7189.
0.

0.

0.
590,
0.
33510,
2910.
0.
26352.
0.
2392.
0.

O —— T ——
— — ——— ——— — -






* Done *

47 ;3@ ; @mC: \UFRAME \CHANNELS >43; @3 3m
47 3 303 @mC: \UFRAME\CHANNELS >43: 30: Zmx #3@97

LR E s Rt S S RS 2 2 T T T I ERS S Rk

CCHAN -- SOIL CONSERVATION SERVICE FROGRAM STRUCHAN
ADAFTED TO CORFS OF ENGINEERS CRITERIA BY CASE FROJECT
EHREERERERR X R R R EERERERAEEREEREEREERXAERERRRTRERE RS

R e RS e R R R R S
* CORFS FROGRAM * X@#@97 *

* MICRO VERSION * 89/@2/@1 *
R T T

ENTER FIRST HEADER LINE
Rerun sample, DESIGN = 4
ENTER SECOND HEADER LINE

vV, M, 5 report selected

ENTER THE FOLLOWING
CL WDTH HGT HGT DESIGN DFALTi1 DFALT2 DFALTZ DFALTA4
CHANNEL WALL BKFILL FARAM @=DEF @=DEF @=DEF @=DEF
FT FT FT
24 16 15 4 1 % i 1
ENTER THE FOLLOWING
WAT HT WAT HT UF HD WT SOL WT SOL LAT SOIL LAT SO SAFETY
LC 1 LC 2 SLAR  MOIST SAT FR RATIO FR RAT FACTOR
FT FT FT LE/CF  LB/CF Ll LEL2 FLOAT
i i @ 126. 144, .8 .2 15
ENTER THE FOLLOWING
CONCRETE RATIO ALLOWAELE  ALLOWABLE MINIMUM
ULTIMATE FC TO STEEL NET BEAR CONCRETE
STRENGTH v STRESS FRESSURE THICKNESS
FS1 FSI FSF IN
4@ @4 2B il 10

IS MOMENT , THRUST ,SHEAR REFORT DESIRED

MTV WILL BE OUTFUT

— —

— N — ————— — — i —
——— — —— ——— T T Tl oy e . —— —— — =

_-_—'_'———_- -

F3

END OF INFUT

Enter ei1ther

Y or N

-—--.-—_—-_u—-————-——-l—#_r

ﬁ-—-——--l-—-p-—--—q———--h—h
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CCHAN
CORFS OF ENGINEERS, CASE FROJECT MODIFIED

SOIL CONSERVATION SERVICE FROGRAM - RECTANGULAR CHANNEL

Rerun sample, DESIGN = 4
V, My S report selected

DESIGN FARAMETERS

CL WIDTH HEIGHT HEIGHT WATER HT WATER HT UFLIFT HD
CHANNEL WALL HEFILL N S B ON SLAE
(FT) (T (FT) (FT) A S 1 Al 4 i
B HT HE HW1 HW2 HWF
24 ., @9 16. ¢ 15. @ ol « S04 . 3¢
LAT SO0IL LAT SOIL PARASSIVE SAFETY SFAN BETN MAX FOOT
FR RATIO #R RATIO SOIL PR FACTOR LONG JTS FROJECT
BB = B RATIO FLOATION (FT) LET D

8! FOZ FFASS FLOATR JOINTS MAXFTG
. 8 . 24 125 1.350 44 . (40 12, @
FOUND WT S0OIL WT SOIL COEFF COEFF
MODULUS MOIST SAT FRICTION FRICTION
(LES/FT*%#3) (LBZLCF) (LB/CF) S—~CUNG S0l ~5
MFOUND GMOIST GSAT EFSE CFESS
1 el . @3 126 . @ 144, @i . skl o'l
CONCRETE RATIO ALLOWAERLE ALLOWAELE MINIMUM
ULTIMATE & TO STEEL NET EEAR CONCRETE
STRENGTH i STRESS FRESSURE THICENESS
FS1 el S IN
2 s CEESF FSA ABF TMIN
Qe . . 4 2080 . D 200, @ 19 .48

DESIGN OF SFECIFIED TYFE CHANNEL FOLLOWS

TYFE T15 STRUCTURAL CHANNEL - TRIAL VALUES

WIDTH THICE WIDTH THICE.

STRUT STRUCT EDGE EM EDGE EM

( IN) (IN) (IN) (IN)
SE ST =B )

12, @ 15. 15. @@ 23 . U@

THLGE F0F THIEEGE BOT THICE FTG

OF WALL OF wWALL FL SLAB FROJECT CUANT
(IN) (IN) (IN) (FET) LY.L T
Bt TE ) i

144, @ 12, @) 15,90 . G T

Fi



TYPE T1S STRUCTURAL CHANNEL - DETAIL DESIGN

WIDTH THICK WIDTH T
STRUT STRUCT EDGE EM EgéEKBH
(IN) (IN) (IN) (IN)
SE ST EB B
12. B¢ 15. 088 15. 0% 23. 00
THICKE TOF THICE EOT THICK F16
OF WALL OF WALL FL SLAE FROJECT GQUANT
(IN) (IN) (IN) (FT) CY/FT)
G B g TB TS
1, o 12. @0 S e 16 . B 2.29

STEEL REQUIREMENTS IN WALL

HEIGHT AREA REQD MAX AREA REQGD MAX
ABOVE EASE INSIDE SPACING OUTSIDE SFACING
(FT) (IN¥*%*2) (IN) (IN*%*2) (IN)
14.75 . 24 18. 99 .12 18. 00
11.@6 .86 18. @@ .67 18. 00
. 58 1.19 18. 0@ e 95 18. ¥
Z.69 .0b 18. @@ . 84 18. @@
. (4 ' 29 18. @i 1.04 11.39

STEEL REQUIREMENTS IN BASE
HEEL FORTION

A(11) - AC146) DO NOT EXIST SINCE FTG=@

TOE FORTION

DIST AREA RECD MAX AREA REQRD MAX
FROM WALL TOF FACE SFACING EBEOT FACE SFACING
(FT) (IN%*%*2) (IN) (IN*%*2) (IN)
. 0 i) 18. @4d 1.@2 18. @@
6. B . 444 18. @ . 16 18. @9
12. 8¢ . 36 18. @3 .16 18. W9

STRUT STEEL
REGD TENSION STEEL AREA
REGD COMFRES STEEL AREA

hn

EDGE EEAM STEEL
STIRRUFS REQUIRED, USE AT LEAST
NO. 3 AT 9.8 IN. CC
AT D DISTANCES FROM FACES OF STRUTS

DIST AREA REGD FRMETR AREA REQGD FRMETR

FR STRUT INSIDE REGD OQUTSIDE REQD
(FT) (IN*%2) (IN) (IN*#*#2) (IN)

e P 1 7L « B : P il .02 2. 14

L ) RA-17) > o6 4,32 4,28

5 . 1 N 1.86 . 86 e a D
144, a4 5 | . 144 e T . 3

o e e e e s END T1S DESIGN =====s=s==SS====SSSSSSSssSss=SS

F>



MOMENT , THRUST ,SHEAR REFORT

Rerun sample, DESIGN = 4
Vy, M, S report selected

TYFE T1S STRUCTURAL CHANNEL

MOMENT , THRUST , SHEAR RESULTANTS AT STEEL DETERMINATION SECTIONS
CONSULT FIBGS. 29,33,36,39,%4# OF REFERENCE DOCUMENT FOR LOCATIONS.
TABULATED MOMENT CAUSES TENSION IN STEEL AT INDICATED LOCATION.
DIRECT COMFRESSION IS FOSITIVE, DIRECT TENSION IS NEGATIVE.

Fé6

LOCATION LOAD EFFECTIVE BEENDING DIRECT SHEAR

NUMEER CONDITION DEFTH MOMENT THRUST FORCE
IN FT-LBS/FT LEBS/FT LBS/FT

WALL

1 1 7.66 1694, Zb61. 279 .

- 1 . D4 (718 (. @.

= 1 8.12 1@684. 839. 1964,

4 1 . 06D 718 ., @ .

S 1 8.58 145Z9. AR 87,

b6 1 . (0 (@ . i o .

7 1 Q.64 8444, 1861. 439,

8 1 1) . 7 18

5 1 i (7 o . 71
164 1 Q.S 19612, 24413, 8303.
1 2 . @ @ . @ o (.
2 =2 7 .66 1352. 561, 2148. -

7 %, . A @ . 7 o 7 .

4 2 gH.12 8463. 839. 1622,

o 2 « U (@ . (7 o 7 o

b e 8.58 126714, 1528 i O

7 2 . (060 (@ . (@ . (1 o

8 2 Q.04 124646, 1861. 998.

9 s « 1206 o (i (7.
14 2 Q.59 46467. 244, 91,



BASE

i | 1
= ' o0 ) a. @.
13 - g. ﬂ.
! - B0 @ g
14 1 17 @. - 9.
15 . ﬁ' ﬁl
16 1 g ) e a.
1 ?.50 18897. 9936. 2451.
2 L . 00 o a. 2.
El ’i 13- =10 S@S1. 9936. 1748,
o . O i 5 97543. @ .
22 1 . 050 @ g
11 = . " i .
= e - 03 @. @. @ .
=¥ 2 - 00 @. @. @.
2 = . 2. . @.
14 Z . 09 (. . 3.
15 2 . (B @. @. @.
16 2 . B @. . @.
17 . 16,50 8@2. -2824. 2065.
18 2 9.5 1862. S e 2149,
19 Z 1. S@ Sls Lot s -2824, S R
20 2 . B . 3. .
21 2 19,50 453%5. -2824, @ .
22 = . 09 A . 3. @.
EDGE BEAM
LOCATION LOAD ErFECTTVE BENDING DIRECT SHEAR
NUMEBER CONDITION DEFTH MOMENT THRUST FORCE
IN FT=-LBS LES LES
1 1 . 09 . 4. .
2 1 24 . 9 21637, (2. 12750.
i 1 10 . . .
a4 1 el v v 1) 128287. . 25668.
o 1 1% . A . .
6 1 2. @@ 26911. @ 13522,
7 1 19.54 1481544, @, a.
8 1 . D @ . . @ .
1 2 19.549 29695. @, 19358.
2 ’ . 108G . @. .
> 2 19.59 144191. . 24847.
4 2 . 40 . . .
S 2 19.54 21857. g, 19982.
b 2 . 3 (. . .
7 = . G . 0. .
8 2 20, @ 82471. @, @ .
—===om=============== END 0OF MOMENT, THRUST, SHEAR REFORT =======s==s==s=======
top - Froaram terminated.

¥



WATERWAYS EXPERIMENT STATION REPORTS
PUBLISHED UNDER THE COMPUTER-AIDED
STRUCTURAL ENGINEERING (CASE) PROJECT

Technical Report K-78-1
Instruction Report O-79-2

Technical Report K-80-1
Technical Report K-80-2

Instruction Report K-80-1

Instruction Report K-80-3
Instruction Report K-80-4

Instruction Report K-80-6

Instruction Report K-80-7

Technical Report K-80-4

Technical Report K-80-5
Instruction Report K-81-2

Instruction Report K-81-3
Instruction Report K-81-4

Instruction Report K-81-6

Instruction Report K-81-7
Instruction Report K-81-9
Technical Report K-81-2
Instruction Report K-82-6

Instruction Report K-82-7

Title
List of Computer Programs for Computer-Aided Structural Engineering

User's Gt_lide: Computer Program with Interactive Graphics for
Analysis of Plane Frame Structures (CFRAME)

Survey of Bridge-Oriented Design Software

Eva[uation of Computer Programs for the Design/Analysis of
Highway and Railway Bridges

User's Guide: Computer Program for Design/Review of Curvi-
linear Conduits/Culverts (CURCON)

A Three-Dimensional Finite Element Data Edit Program

A Three-Dimensional Stability Analysis/Design Program (3DSAD)
Report 1: General Geometry Module
Report 3: General Analysis Module (CGAM)
Report 4. Special-Purpose Modules for Dams (CDAMS)

Basic User's Guide: Computer Program for Design and Analysis
of Inverted-T Retaining Walls and Floodwalls (TWDA)

User's Reference Manual: Computer Program for Design and
Analysis of Inverted-T Retaining Walls and Floodwalls (TWDA)

Documentation of Finite Element Analyses
Report 1: Longview Outlet Works Conduit
Report 2: Anchored Wall Monolith, Bay Springs Lock

Basic Pile Group Behavior

User's Guide: Computer Program for Design and Analysis of Sheet

Pile Walls by Classical Methods (CSHTWAL)
Report 1: Computational Processes
Report 2: Interactive Graphics Options

Validation Report: Computer Program for Design and Analysis of
Inverted-T Retaining Walls and Floodwalls (TWDA)

User's Guide: Computer Program for Design and Analysis of
Cast-in-Place Tunnel Linings (NEWTUN)

User's Guide: Computer Program for Optimum Nonlinear Dynamic
Design of Reinforced Concrete Slabs Under Blast Loading
(CBARCS)

User's Guide: Computer Program for Design or Investigation of
Orthogonal Culverts (CORTCUL)

User's Guide: Computer Program for Three-Dimensional Analysis
of Building Systems (CTABS80)

Theoretical Basis for CTABS80: A Computer Program for
Three-Dimensional Analysis of Building Systems

User's Guide: Computer Program for Analysis of Beam-Column
Structures with Nonlinear Supports (CBEAMC)

User's Guide: Computer Program for Bearing Capacity Analysis
of Shallow Foundations (CBEAR)

(Continued)

Date

Feb
Mar

Jan
Jan

Feb

Mar

Jun
Jun
Aug
Dec

Dec

Dec
Dec

Dec

Feb
Mar
Feb
Mar

Mar

Mar

Aug

Sep

Jun

Jun

1978
1979

1980
1980

1980

1980

1980
1982
1983
1980

1980

1980
1980

1980

1981
1981
1981
1981

1981

1981

1981

1981

1982

1982



WATERWAYS EXPERIMENT STATION REPORTS
PUBLISHED UNDER THE COMPUTER-AIDED
STRUCTURAL ENGINEERING (CASE) PROJECT
(Continued)

Title

Instruction Report K-83-1 User's Guide: Computer Program With Interactive Graphics for
Analysis of Plane Frame Structures (CFRAME)

Instruction Report K-83-2 User's Guide: Computer Program for Generation of Engineering
Geometry (SKETCH)

Instruction Report K-83-5 User's Guide: Computer Program to Calculate Shear, Moment, Jul 1983
and Thrust (CSMT) from Stress Results of a Two-Dimensional

Finite Element Analysis
Technical Report K-83-1 Basic Pile Group Behavior Sep 1983

Technical Report K-83-3 Reference Manual: Computer Graphics Program for Generation of Sep 1983
Engineering Geometry (SKETCH)

Technical Report K-83-4 Case Study of Six Major General-Purpose Finite Element Programs Oct 1983

Instruction Report K-84-2 User's Guide: Computer Program for Optimum Dynamic Design Jan 1984
of Nonlinear Metal Plates Under Blast Loading (CSDOOR)

Instruction Report K-84-7 User's Guide: Computer Program for Determining Induced Aug 1984
Stresses and Consolidation Settlements (CSETT)

Instruction Report K-84-8 Seepage Analysis of Confined Flow Problems by the Method of Sep 1984
Fragments (CFRAG)

Instruction Report K-84-11 User's Guide for Computer Program CGFAG, Concrete General Sep 1984
Flexure Analysis with Graphics

Technical Report K-84-3 Computer-Aided Drafting and Design for Corps Structural Oct 1984
Engineers

Technical Report ATC-86-5 Decision Logic Table Formulation of ACI 318-77, Building Code Jun 1986
Reqguirements for Reinforced Concrete for Automated Con-
straint Processing, Volumes | and |l

Technical Report ITL-87-2 A Case Committee Study of Finite Element Analysis of Concrete  Jan 1987
Flat Slabs

Instruction Report ITL-87-1 User's Guide: Computer Program for Two-Dimensional Analysis Apr 1987
of U-Frame Structures (CUFRAM)

Instruction Report ITL-87-2 - User's Guide: For Concrete Strength Investigation and Design May 1987
(CASTR) in Accordance with ACI 318-83

Technical Report ITL-87-6  Finite-Element Method Package for Solving Steady-State Seepage May 1987

Problems
Instruction Report ITL-87-3 User's Guide: A Three Dimensional Stability Analysis/Design Jun 1987
Program (3DSAD), Report 1, Revision 1: General Geometry
Module
Instruction Report ITL-87-4 User's Guide: 2-D Frame Analysis Link Program (LINK2D) Jun 1987
Technical Report ITL-87-4 Finite Element Studies of a Horizontally Framed Miter Gate Aug 1987

Report 1: initial and Refined Finite Element Models (Phases
A, B, and C), Volumes | and |l

Report 2: Simplified Frame Model (Phase D)

Report 3: Alternate Configuration Miter Gate Finite Element
Studies—Open Section

Report 4: Alternate Configuration Miter Gate Finite Element
Studies—Closed Sections

(Continued)



WATERWAYS EXPERIMENT STATION REPORTS
PUBLISHED UNDER THE COMPUTER-AIDED
STRUCTURAL ENGINEERING (CASE) PROJECT

Technical Report ITL-87-4

Instruction Report GL-87-1
Instruction Report ITL-87-5
Instruction Report ITL-87-6
Technical Report ITL-87-8
Instruction Report ITL-88-1
Technical Report ITL-88-1
Technical Report ITL-88-2
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