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PREFACE

This document presents criteria prepared as the basis for develop-

ing TWDA, a computer program for design and analysis of inverted-T

retaining walls and floodwalls. Development of the program is a joint

effort of the Computer-Aided Structural Design (CASD) Project of the

U. S. Army Engineer Division, Lower Mississippi Valley (LMVD), and of

the Computer-Aided Structural Engineering (CASE) Project of the Office,

Chief of Engineers, U. S. Army (OCE).

Mr. William A. Price, Chief, Computer-Aided Design Group (CADG),

Automatic Data Processing (ADP) Center, U. S. Army Engineer Waterways

Experiment Station (WES), provided the overall design of the program and

led the program development team.

Engineering criteria for TWDA were provided by the members of

LMVD's CASD Committee and of the CASE Task Group on T-Walls and by other

Corps personnel:

LMVD's CASD Committee

Victor M. Agostinelli, LMVD (Chairman)
Arvis R. Dennis, Vicksburg District
Clifton C. Hamby, Vicksburg District
Sefton B. Lucas, Memphis District
Joseph Barber, Memphis District
James G. Bigham, New Orleans District
Joseph V. Milliorn, formerly with the New Orleans District
James J. Smith, St. Louis District
Thomas J. Mudd, St. Louis District
James Cronin, St. Louis District
Carlton Smith, St. Louis District

CASE Task Group on T-Walls

Victor M. Agostinelli, LMVD (Chairman)
Terry C. Cox, LMVD
Alvis Eikstrems, North Atlantic Division
Stacey Anastos, North Atlantic Division
Joseph V. Milliorn, formerly with the New Orleans District
Raymond Veselka, Galveston District

OCE (DAEN-CWE-DS) Personnel

Keith 0. O'Donnell, former Chief, Structural Engineering Section
(retired)
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4

OCE (DAEN-CWE-DS) Personnel (Continued)

Donald R. Dressler
Lucian G. Guthrie

Other Corps Personnel

William A. Price, WES
Carl E. Pace, WES
James D. Wall, South Atlantic Division

This document was compiled by Mr. Agostinelli, Mr. Price, and Dr.

Pace. It was published for LMVD.

A basic user's guide, a user's reference manual, and a validation

report will also be published on TWDA by WES.
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MARGINAL NOTES

Special marginal notes, in the form of a letter or group of letters

enclosed in brackets, are used to identify the principal sources of the

key items of criteria. These symbols include:

[F] EM 1110-2-2501, "Flood Walls," Jan 1948, with Change 3,
18 Jun 1962.

[FD] Draft manual for floodwalls (EC 1110-2-156, 17 Jun 1975).

[R] EM 1110-2-2502, "Retaining Walls," 29 May 1961, with Change
3, 25 Jan 1965.

[DI EM 1110-2-2200, "Gravity Dam Design," 25 Sep 1958.

[EL] ETL 1110-2-22, "Lock Gravity Walls," 19 Apr 1967.

[ED] ETL 1110-2-184, "Gravity Dam Design--Stability."

[El ER 1110-2-1806, "Earthquake Design . . . Dams," 30 Apr 1977.

[ACI] ACI 318-71, "ACI Building Code . . . Concrete," with 1976

Supplem ent.

[WS] EM 1110-2-2101, "Working Stresses for Structural Design,"
1 Nov 1963.

[HSRI EM'1110-2-2103, "Reinforcement . . . for Hydraulic Struc-

tures," 21 May 1971.

[ChSl OCE specifications (guidance from DAEN-CWE-DS personnel).
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1. PROGRAIM PURPOSE AAD ORGANIZATION

1.1 \PURPOSE OF PROGRI TWDA

1.1 Program TWDA is to be a computer-aided structural design system

for analysis and/or design of inverted-T cantilever walls founded on

earth or rock. Multiple load cases will allow the wall to act as a

tloodwall or a retaining wall

1.1.2 This program criteria ccl cations document is intended for

use hv structural engineers. The computer program that these criteria

are for does not attempt to establish any soils design criteria; such

data must be Lntered hv the user after consultation with soils design

engineers. ,,ere are no default values for soils criteria parameters,

except as provided in the engineering manuals for structural design.

1.2 ORGANIZAT ION

1.2.1 Str ucture - The program will be a series of design or analysis

IloduIls,* each pCr forming one specific step in the design or analysis

process. These modules will be callable, in any logical sequence, from

an executiV command phase.** While in the executive phase, the user

may call various procedures for data entry, data review, saving the

current design status, restoring from an old status save, etc. This is

illustrated in Figure 1-1.

1.2.2 Data Entry - The data entry procedure will be similar to that for

program TGDA," except that the data phase may be incorporated into the

command phase instead of being separate as in TGDA. Features will

inc lude :

a. Data are entered by naming the group and listing the values

in that group, all on one line.

h. Default values may be requested by entering the letter "D"

instead of a numerical value.

* A module is a subprogram that is controlled as one unit and that

performs one complete aspect of the purpose of the entire program.

** The executive phase of this program is the central core of the
user's flow of control. The user may enter data or start a module

while in the executive phase.

P;DA (three-girder tainter gate design/analysis) is a computer pro-

gram (71 3-3-RO-022) developed for LMVD's CASD Committee in 1976.
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Start TWDA Executive Command Phase Stop

REORE DA TrA DATA Computation Computation Status
[Command Entry Review Module I Module N rAVE

~1~- Command

L - .ata Base (Input Data and - - j
Intermediate Calculation ResuIls

F J
Old Status LEGEND New Status
File From Flow of User Control 'F e RST
Old SAVE F re for
Comand .. . Flow of Data Values Co.an

Figure 1-1. BASIC PROGRAM FLOWCHART

c. Values to be calculated will be identified to the program

by typing the letter "C" instead of entering a value.

d. A value that is to be left unchanged from its previous state

will be identified to the program by typing the letter "S."

e. The program will look for illogical and inconsistent data

and will identify such items to the user for correction or use anyway.

f. The current status of items of input data or of all data

values can be reviewed.

g. Multiple-level prompting is provided as in program TGDA, ex-

cept that the minimum level will be less wordy than in program TGDA, for

the more experienced users.

Thus, the program will accept several sets of input data, where the

following sets contain only the changes to the data comprising the preced-

ing sets. Repetitive data will remain unchanged.

1.2.3 Data Review - Data review will be available in two ways:

a. Input Data Review will be done as in the data input phase

in program TGDA with the LOOK command.

b. Default Value Rvew will be done in a separate module.

Unless reviewed with this option, default values will be set automatically

by the user's selection of:

(1) Floodwall or retaining wall criteria.
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(2) Hydraulic or nonhydraulic structure criteria.

Making the review of default values optional is expected to enable the

experienced user to simplify and expedite his preliminary designs. In

any case, the values will be printed out in the report file. The combi-

nation of a nonhydraulic floodwall, being illogical, will be rejected.

Default values will always be taken from OCE publications; nonstandard

values set by the user will be so labeled in the report file and veri-

fied interactively.

1.2.4 Restart Capability

a. In addition to the user-controlled SAVE files, the program

will use an automatic UPDATE file that is reset after the completion of

a command or a calculation module.

b. The RESTart command will restart the program from an old

update or saved file.

1.2.5 Volume Of Printout - Printout will be of two types:

a. The printout to the user's time-sharing terminal will be

restricted to the minimum needed for the user to make his decisions.

b. A full report of calculations made will be written to a

report file that can be listed at a time-sharing terminal and/or sent to

the high speed printer in the user's District office ADP Center.

1.2.6 Calculation Modules - A list of the major calculation modules

includes:

a. SA - Stability analysis Active pressures for overturning and

sliding, calculated along a vertical plane at end of heel.

(1) Coulomb's equations plus surcharge pressure equations
assuming elastic soil.

(2) Incremental wedge methods (see paragraph 4.3.1b).

(3) As imputted.

b. FA - Foundation stability Analysis of completely defined

wall (overturning, sliding, and bearing); uses module SA as needed.

c. FD - Foundation stability Design; uses modules SA and FA as

needed.

d. SP - Stem Pressures for structural analysis. Same basis

as module SA, except that the pressures are calculated at the stem face
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instead of at the end of the heel. This is for structural analysis of

the stem. Heel, toe and key slabs will use pressures based on the

stability analysis from modules FA or FD, as described in

paragraph 9.1.1.

e. WA - Working stress structural Analysis.

f. WD - Working stress structural Design.

g. UA - Ultimate strength structural Analysis.

h. UD - Ultimate strength structural Design.
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2. DATA

2.1 GENERAL

Data will be of two types, basic data and load case data. Basic

data will be used as common to all load cases unless overridden by data

for a particular load case. Load case data will consist of values apdli-

cable to only the one load case. Basic data will also include unchanging

data such as wall dimensions.

2.2 BASIC DATA

2.2.1 Criteria Selection

(1) Floodwall or retaining wall?

(2) Hydraulic or nonhydraulic structure?

2.2.2 Wall (basic data for design, described in paragraph 3.3; may be

set by groups for different wall types). Major items are listed below:

(1) Top of stem elevation and minimum thickness.

(2) Toe-side batter of stem.

(3) Heel-side top panel height and batter of stem.

(4) Heel-side bottom panel batter of stem.

(5) Minimum base slab thickness.

(6) Bottom of toe elevation or range of values.*

(7) Toe width or stem ratio.

(8) Base width, range of values.*

(9) Base slope, range of values.*

(10) Key depth, maximum value.*

(11) Key batter, toe-side face.

(12) Key location indicator (0 if at heel, 1 if at stem).

2.2.3 Soils data as illustrated in Figure 3-1 and described in

Section 4.

2.2.4 Loads common to all load cases (except ones for which value(s)

are reset in load case data), as described in paragraph 2.3.

2.3 LOAD CASE DATA (for each individual load case)

2.3.1 Possible Factors for Describing Any ONZ Load Case (in addition

to or in place of basic data):

* Varies between limits set by user.

2-1



a. Water

(1) Water elevations over heel and over toe, unit weight
of water (default = b2.5). See paragraph 3.2.le for

illustration of elevation.

(2) Seepage pressure according to descriptions in
paragraph 3.3.3f.

b. Earth

(1) Earth geometry over heel, at stem, and over toe if
different from basic data. Also soils properties data
if different from soils basic data input.

(2) Earth pressures on wall (a) calculated from the earth
elevations and K-value Coulomb theory, (b) calculated
from the earth elevations and incremr. al wedge
theory, or (c) as inputted separately. See paragraph
3.3.3h for more detail.

c. Horizontal Loads

(1) Trapezoidal (linearly varying distributed) loads,
horizontal on stem (W and W 3 through W 4  in
Figure 2-1).

(2) Concentrated horizontal forces and their elevations
(PH and PH2 in Figure 2-1).

d. Surcharges over heel and over toe, values and locations

(1) Distributed, over all or any part of cross section
(WH and WT in Figure 2-1).

(2) Up to five vertical concentrated line loads parallel to
wall, (PY1  through Pv 5 in Figure 2-1), plus force
Pv5 cen ered on the top of the stem and P anywhere
on the base.

e. Wind direction and magnitude, psf

f. Earthquake effect toward heel and toward toe (really two

subcases)

g. Design criteria

(1) Load factors for R/C Ultimate Strength Design or over-
stress factor for Working Stress Design.

(2) Allowable bearing capacity, range of values over ranges
of allowable toe base elevations and base widths (see
paragraph 7.2.2).

(3) Minimum creep ratio (see paragraph 3.3.3c for guidance).

(4) Minimum factor of safety against shear friction sliding
(see paragraph 6.1a).
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Figure 2-1. ILLUSTRATION OF APPLIED LOADS
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(5) Minimum safety factor for cohesion and (tan ) data

values used in sliding determination by allowable
strength equilibrium methods (see paragraphs 6.1.2
and 6.1.3).

(6) Limiting value of overturning stability resultant ratio
(paragraph 5.4.2).

(7) Reinforced concrete design parameters (see Exhibits E
and F for items).

(8) Specification of "hydraulic" or "nonhydraulic"

structure.

(9) Heel earth cover crack control (see paragraph 3.3.3k).

hi. Loading Classification

(1) Long-term operation.

(2) Short-term operation.

(3) Normal operation plus earthquake.

2.3.2 Typical Application of Load Cases - Any load case may have any

or all of the effects described in paragraph 2.3.1.
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3. STABILITY

3.1 INTRODUCTION TO STABILITY CRITERIA

3.1.1 The criteria for stability are the most uncertain and among the

most important data used in design of an inverted-T wall. A complete

stability analysis includes the effects of overturning,* sliding,** base

pressures,t and settlement. Settlement computations are beyond the

scope of this program.

3.1.2 This computer program will lead the engineer/user through either

design or analysis of an inverted-T wall with multiple load cases and a

multilayered soil system with assorted surcharges. It will show the

engineer a set of recommendations for design or analysis parameters and

then use the user's decisions to complete the detailed analyses.

3.1.3 This computer program will design or analyze for shallow-seated

stability limited to forces on the wall acting at or above the interface

between the bottom of the wall base and the soil. The term "wall base"

is used here to include any key. Deep-seated stability which includes

Lhe earth beneath the lowest point of the base or key is beyond the

scope of the program.

3.2 CONFIGURATIONS

3.2.1 Design Load Configuration References

a. Paragraphs 2.3.1c and 2.3.1d describe surcharge types.

b. Figure 3-2 shows details of.wall dimensioning.

c. Figure 3-4 shows location of edges of structural excavation.

d. Paragraph 3.3.3d describes the effects of sheet pile cutoff

walls.

e. Figure 3-1 illustrates the soils environment data.

3.2.2 Base Contact Configurations - This computer program works with a

unit slice of wall, measured along the vertical plafie through the basic

working point shown in Figure 3-2. This is taken as being the toe side

of the top _f the stem.

* Discussed in Section 5.
** Discusqed in Section 6.
t Discussed in Section 7.
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Vertical dimension line through Basic Working Point

This point must be
toward the toe from
existing ground

Basic Working Point - T se Fxigurn e 4)r

(W)Slope 2# 0 Backfill or

Elev. of top of Soil 2, Slope 1 / Hee mbankment
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(l

a. General Case--Trapezoidal Base. In the general case of a

curved wall segment, the base contact soil-structure interface is curved.

The base plan used for calculations in this program uses straight-line

approximations for the curved outer edges of the unit slice:

Radius (shown -)0.Te H e e l

-OR- _

Radius (shown +) I
0-Toe

\ =Heel

(See paragraphs 7.1.2b and 7.1.3b for formulas for base pressures.)

b. Usual Case--Straight-Line Wall Segment. The usual case of a

straight-line wall utilizes the familiar expressions for pressures under

a rectangular base contact area. See paragraphs 7.1.2a and 7.1.3a for

formulas for these base pressures.

3.3 GENERAL STABILITY CAPABILITIES

3.3.1 Wall Dimension Variations - The heel side is taken as being the

side with the greater driving force on the wall. Variable values are

set to the default value, unless defined by the user or controlled by the

various design routines. See Figure 3-1 for soils system description.

3.3.2 Quantities For Cost Comparison - Cost comparisons are used for

identifying optimum designs and for design memorandum quantity takeoffs.

Items considered include:

a. Structural Excavation below existing grade is shown in

Figure 3-4. It will be calculated separately for each existing soil

layer so that different unit prices can be used in each layer.

b. Structural Backfill, to either

(1) Existing grade or

(2) Finished grade if below existing grade. (Concrete
volume not included.)

3-3



+ BASER radius, defining trapezoidal base

shape--not used for rectangular (unit slice)L_ .- walls

Basic Working Point Set value or minimum thickness TMINS,
default = 12 inches for wall
heights not over 15 ft, 18"

for walls more than 15 ft. high.
(also default value for TMINB).

op pane batter, default = 0.0

Toe-side batter, 12 Default height of top panel,
default = 0.0 calculated for concrete strength

with fluid unit weight = 70.0

Wall Height (See Figure 3-3).

(above 28 ft., program 12

will suggest considering
a counterfort wall, without
stopping the un)

.-Toe wi dt 2 stem ratio
x Base width(may be se by user)

default = B.W./3.0

toe width = 1.0
'  

heel width, may be set in
nput data. Default min.

deput=4 -01.
default ottom panel batter, default value

levelA e * (slope r' calcul ted for stem thickness

SF tem t at base 2

Base thickness at heel a 1 e---de

(default = wall height/lO Face of Io--4o pan1, extended
if 1BSA.N1E=0)

i miiimum,
s needed

for strength -needed foror TMINB 1 -nedfo
-

1
Base sHe strength every-Baeslope, e, wh Ire along

default = 0.0, (level) \

Toe elevatio or as designed* heel slab

Alternat key locations as 'kydph
described in paragraph 2.2.2(12 ke depth,

default
Varied by stability design, 0.0*

see paragraph 5.3.1

# = These two points may both be set, at L

user option, at the same elevation as min.
needed for strength at both locations ) Vertical face

key batter, default 3
_Base widths, default - 3/5 x wall height

Figure 3-2. WALL CROSS SECTION SHOWING MAJOR VARIABLES
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12"

Basic Working Point

For resisting moment =applied moment
usfng Working Stress Design:

(.35fc' kd j)jd b-('yKrH2b)!!ws

Vertical top panel 3353)(f kjd)
max. H VYKr

H (120/1728) (0.8)

=111.8 inches- 9.32 feet

1/3 BW
________To suit stem moment at base, according to

1 above equation transposed to d - f .)

1" Toe'- Heel 12'

BW 3/5 H

[HS R]
*Default value for clear cover over reinforcing =3 inches (EM 1110-2-2103)

# Rlefail value of035 is or b dali§S~rucurgs designeduyith YSD. wson-hydraulic tructures: esighed y WS)woul ea e aa t vs ue of 0.4~

Figure 3-3. WALL CROSS SECTION WITH ILLUSTRATION OF ALL DEFAULT
VALUES FOR HYDRAULIC STRUCTURES

Default values are taken from EM 1110-2-2501, unless otherwise noted. [F]
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basic Working Point

t Excavat ion Limits

default 0.0 default 3.0

Elevationd fault = same as
under basicl working point

SElevaton of Irerface betwkkn Layers 5 6

,Elevation of interface between La rs 4 & 5

i ' -Soil No. 4 excavation /

Toe. no nldng key/

Base slope Key excavation

calculated separately

% Base width

* slope to toe default = level (shown
•* slope to heelj

# excavation side slope, default 
= 1:1

% excavation extra width, default - 2.0 each side

Figure 3-4. STRUCTURAL EXCAVATION

c. Volume of Concrete (stem, base, and key calculated and

priced separately).

d. Embankment Above Existing Grade.

3.3.3 General Criteria

a. Incrementing Dimensions of Wall - Use a 3-inch increment for

base width, toe base embedment, and key length. Use a 1/2-ii1ch incre-

ment on concrete thicknesses. Use a 0.1-foot-horizontal to 1.0-foot-

vertical increment on base slope. See also paragraph 5.3.1.
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b. Limitations or, Input- The computer program will allow com-

plete flexibility for input. The specific values shown in this discus-

sion are suggested values; therefore, the designer wiIt be able to

override them with his own vLiues (the default limits are for design

control as in paragraph 5.3.1)

(1) Minimum -earth cover over top of heel: The default
minimum value is (3 feet + exposed stem height/lO), [F]
but not less than 5.0 feet, from paragraph S-12 of

EM 1110-2-2501.

(2) Elevation of bottom of base at end of tow: Controlled
witLin limits established by the user. The usual
highest elevation is to produce no cover over the toe.
The usual minimum elevation is to produce an earth
cover over the toe equal to one half the wall height.
Note that as the toe elevation changes, so does the
heel; and this may affect the heel cover discussed in

paragraph 3.3.3b(l).

(3) Base slope: Controlled within limits established by
the user. Usual limits are level and a 1:3 slope.

(4) Key length: Controlled within limits established by
the user. Usual limits are no key and 0.8 times the [F]
stem height.

(5) The stem ratio is set by the user. The default value yF1
is 0.33, from paragraph l-09c of EM 1110-2-2501, except

0.25 when water is within 1.05 feet of the top of the

stem.

c. Hydraulic Gradient (1/creep ratio) at the toe, based on

earth under the base. Minimum permissible creep ratios for boil control

may be taken from page 5-5 of the draft manual for floodwalls (Loading

No. 1 values are also in EM 1110-2-2501):

Floodwall Loading Floodwall Loading

No. 1 for Water No. 2 for Water 3 Feet
,Type of Foundation Soil at Top of Stem Below Top of Stem

Granular (sand or gravel) 4.0 4.0

Uniform sands and silts 3.0 3.0 F] [o
Well-graded sandy silts 2.0 [ 2.0

Lean, sandy and silty 1.8 2.0

clays
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d. Sheet Pile Cutoff Walls - Neglect bearing value and sliding

resistance of cutoff walls. For boil control purposes only, comparing

the creep ratio developed against the allowable minimum value for para-

graph 3.3.3c, the program will use two items of input data:

(1) Effective length of sheet pile below the bottom of key,
and

(2) A control parameter to select the location of the creep
path portion between the bottom of the effective length
of sheet pile and the end of the toe:

(a) One path along the toe-side face of the sheet pile,
key, and the bottom of the base-soil interface.

(b) Or the other path being a single, straight line
from the bottom of the effective length of sheet
pile to the end of the toe.

The two creep paths are to provide minimum and maximum
creep ratios.

e. Drains and Filters - These will be considered "ffective in

shortening the seepage path, which may serve to increase the sePpage 6]
uplift. In accordance with Engineering Manual recommendations, weep

holes will not be considered; but the user may include them if he wants F

to, by coding his water elevations and/or pressures accordingly,. 15]

f. Hydrostatic Pressures - The user has three ways to control

the calculation of line-of-creep '.vdrostatic pressures to be used for

design. For analysis, the user mav input his own set of pressures for

any or all load cases, in which case these input pressures will be sub-

stituted for the pressures calculated for Lhat load case(s). Note that

these options do not apply to boil control as discussed in paragraph

3.3.3d:

(1) The first control has two options over how multiple
load cases are handled:

(a) Option 1: Each load case uses its own pressures
according to the controls described in paragraphs
3.3.3f(2) and 3.3.3k. This is the default option.

(b) Option 2: All load cases use the pressures
determined for the first load case listed in input
data list.

(2) The second control has four options that may be used for
design or analysis:
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(a) Option 1: The line of creep calculations are as
described in EM 1110-2-2501 and as illustrated
and discussed in detail in Exhibit H for sliding
and Exhibit K for overturning. This is the
default option for this control. Its action com-
bines with the heel earth crack control (paragraph
3.3.3k) to determine how the pressures are
determined.

(b) Option 2 (perched water table): Any load case(s)
will use the water elevation over the toe for
weight and horizontal pressure above the toe only.
Uplift will be hydrostatic, based on the water
elevation over the heel. This would be selected
by the user for a channel with an impervious floor:

4 10' 5

I I 938 psf

938 psf

uplift

(c) Option 3: Pressures will be those caused by the
weight of water over the heel and toe. Uplift will
be a linear variation between the heel and toe
hydrostatic pressures. The user might select this
option for a wall on rock: [D]

7

625 1 938 psf

psf I

6 2 5[938
psf uplift psf
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IT-

(d) Option 4: Water weight and horizontal pressures
above the base will be hydrostatic pressures cal-
culated from the input water elevations. Uplift
pressures will be input data for analysis only;
will be used as zero for design:

15'

10'

625 psf t 938 psf

iT

j Values as inputted by user for
UPLIF analysis, may be zero as described

in paragraph S-15e of
EM 1110-2-2501. Will be taken
as zero during design

(3) The third control is the heel earth cover crack set of
options described in paragraph 3.3.3k. It is not appli-
cable to options (b), (c), and (d) under paragraph
3.3.3f(2).

g. Stability Design for Economy - Working within user-defined

ranges of values for toe embedment, base slope, and key length, the

orogram will determine the combination producing the least cost (calcu-

lated as described in paragraph 3.3.2). The least-cost combination will

be offered to the user for acceptance or modification before the final

analysis results are written to the report file and/.nr written to the

user's time-shari, rminal.

h. Type of Analysis - Both Coulomb and incremental trial wedge

analysis values of active earth pressures on a vertical plane along the

end of the heel will be presented to the user. The user will then select

the method to be used (or input his own values) for stability analysis.
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Default is the Coulomb method. The pressures determined from the final

stability analysis will be the ones used for structural design. The

methods of calculation are presented later in this document:

(1) Coulomb: See paragraph 4.3.

(2) Incremental Wedge: See paragraph II of Exhibit A.

i. The program will assume, unless otherwise directed by the

user, that the wall is a hydraulic structure within the meaning of

EM 1110-1-2101. [WS]

j. Maximum Movement of floodwalls will be estimated according

to the procedure described in paragraph 5-5 on page 5-7 of the draft [FD]

manual for floodwalls. The values of C1 and C2 will be input data to be

selected by the user. This estimate is to be optional. Default action

is to omit it.

k. Cracks in Earth Cover Over Heel - The presence or absence of

vertical cracks in the earth cover over the heel, as discussed on

page S-9 of EM 1110-2-2501, will be controlled by the user, with the F]

following options that will be effective for both overturning and sliding

stability analyses:

(1) Option 1: A crack, regardless of the depth of cover,
the default action in accordance with paragraph S-15a
on page S-18 of EM 1110-2-2501. This will preclude the
application of active earth pressure at the heel, with [F]
the line of creep starting at the bottom of the crack.

(2) Option 2: No crack, regardless of the depth of cover.
This will cause the line of creep to start at the ground
surface. This is the option used in the calculations
in Exhibits, H, I, and J and is the default option for
retaining walls.
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4. APPLIED PRESSURES

4.1 GENERAL BASIS OF EARTH PRESSURES

This section includes the determination of active and passive

earth pressures which are obtained from limiting conditions of equilib-

rium (failure criteria). Methods for approximating at rest earth pres-

sures are also included.

4.2 EARTH PRESSURE APPLICATION LOCATION

Earth pressures will be calculated along vertical planes at the

ends of the base for stability determination and base slab design.

Earth pressures for stem design will be calculated at the face of the

stem.

4.3 METHOD OF COMPUTATION OF EARTH PRESSURES

4.3.1 Active Earth Pressure can be obtained by the Coulomb equation

or by incremental trial wedge analysis, as discussed in paragraph

3.3.3h. Exhibit A describes the methods to be used and shows a compari-

son of the results from the two methods for nine load cases representa-

tive of a wide range of practical problems. The user can select either

method or may input his own pressures. The default method is by

Coulomb's equations.

a. Coulomb's equation for the fully active case in a one-layer

soil is shown below. Exhibit A shows the extension to a multiple-layer

system:

/ (Angles are shown +)

H

a a

4-1

-1



where
. 2

K sin (a + ¢)
a 2 a sin ( + ) sin (4 -

s1n a sn (a - 6)1 + 'sin (a- 6) sin (a + P)

= derived from equation 3 or page 2 of EM 1110-2-2502, with
6 substituted for i and (90 - a) substituted for f .

When P> , the slope is unstable and so equivalent values of K area

unrealistic. Data that include a backfill slope angle F. larger than

will be rejected and the user will have to input his own value for

K or use the incremental trial wedge option.
a

b. The Incremental Trial Wedge _Method shown in Exhibit A must

be applied with care to a multiple-layer soil system. When the trial

wedge method is used in a multiple-layer soil system, more accurate (and

more costly) rcsults are obtained from using a failure surface with dif-

ferent slopes in each different type of soil. The weighted average

single-plane slope used in Exhibit A ccsts significantly less money to

execute but yields forces as much as 15 percent lower than the more

accurate values. The 15 percent value is for an extreme case where the

upper half of the backfill is sand (' = 45', - = 120 pcf) and che lower

half is clay (p = 00, c = 300 psf, y = 120 pcf). For more usual sand

; values near 35', the error is about 10 percent. The program will

have the dual capacity of single-plane or multiple-plane analysis.

Single-plane analysis will be used for design; both procedures will be

available for analysis. The multiple-plane analysis procedure used in

the above comparison is shown in Addendui V to Exhibit A.

c. Arching Active pressures are accounted for in accordance

with paragraph 3g of EM 1110-2-2502. The program will provide for a LRI
"Correction Factor for Moment Arm" (CFMA) that will be used as an active-

pressure moment multiplying factor:

M = active force x moment arm x CFMA

This will act to increase moment but not horizontal force in both

stability and stress analyses.
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4.3.2 Fully Passive Pressures can be calculated from Coulomb's equa-

tion for homogeneous soil:

/ (Angles are shown +)

P P ,4

P p 2 ii) K

where
2

K =-sin (a- _

sin 2 sin (A + 1 n + 6) sin ( + )]2

sin (a + 6) sin (a + )

= derived from equation 4 on page 2 of EM 1110-2-2502, with
P substituted for i and (90 - a) substituted for F .

4.3.3 At Rest Pressures can be approximated by several methods. The

at rest state is not a limiting condition and is not subject to a gen-

eral analytical formulation. Established sources for at rest pressures

include, but are not limited to, the finite element method, Jaky's

equation, and as described in paragraph 3d on page 3 of EM 1110-2-2502. [R]

These methods are described briefly in Exhibit D. The program will not

calculate at rest pressure coefficients as such, but the user may input

his own horizontal earth pressure coefficients for the soil layers over

the heel, to be used instead of Coulomb's active earth pressure coeffi-

cients. It will be assumed, unless overridden, that the distribution of

at rest pressures is the same as for active pressures.

4.3.4 Force Along Soil-Stem Interface is accounted for by the angle

6 in the sketches in paragraphs 4.3.1a and 4.3.2. The default value

for 6 , to be used if an actual value has not been determine by the

user, is zero. The value of 6 may be set to any other value for any [R]

load case.
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4.4 RESISTING FORCE DISCUSSION FOR OVERTURNIN; AND SI.D1)ING

4.4.1 Precaution - Passive pressure should never be used unless con-

struction and maintenancv, of the backfill over the toe assure its effec-

tiveness. The program will leave this decision to the user, providing

for separate soil layers beyond and over the toe. See soil layers 6

,ld 7 in Figure 3-1.

4.4.2 Distribution for Overturning Calculations (see Exhibit K for a

more detailed discussion):

a. Passive pressure distribution options for overturning anal\-

sis of walls with keys, on soil or rock foundations, are shown in part 1 [F]

of Figure 4-1. Option "a" in the figure is the default preferred dis-

tribution for floodwalls (EM 1110-2-2501, Plate 5). Option "c" in the

figure is the default preferred distribution for retaining walls. The

pressure values have no arbitrary upper limit since separate calcula-

tions for sliding account for passive pressure limiting values. If

option "e" (strut) is selected, then all of the horizontal equilibrium

force will be taken by the strut.

b. Walls without keys (see part 2 of Figure 4-2), founded on

either soil or rock, will be assumed to use a combined horizontal

equilibrant force to resist the ?H forces, broken into two parts:

(1) A concentrated force along the base of the wall, as-
sumed to be mobilized first but limited to a maximum
value of

N tan + cl

where N is the total net force normal to the base.

(2) A force due to passive pressure distribution as de-
scribed for walls with keys in paragraph 4.4.2a. This
force will be assumed to be mobilized after the con-
centrated force limit is reached and will have no
arbitrary upper limit. See part 2 of Figure 4-1.

It is recognized that a wall without a key, that has an inclined base

as shown in part 2 of Figure 4-1, falls into a "gray area" of design

with respect to overturning, since the wall could behave in a manner

similar to a wall with a key. If the user should have a wall without

a key but with a sloping base and want the wall to be analyzed with the
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procedure described in paragraph 4.4.2a (walls with a key), an input

value of 0.01 foot for tile kev length will cause tile desired action

but with a wall that essent illy has no key.

4.4.3 Limitine Value for SlidinZ - The limiting value of passive pres-

sure for the sliding analysis may be selected by the user from the fol-

lowing options (methods a and h supply default values as appropriate):

a. For Floodwal ls:

(422
)45 12 + 2H tan 4+ c'

2 t an'(4 + 42 2

where

= tan (tan ;/FS) [F, from equation's 1:a & 4b]

c' ,|c)on p. 27, with paragraphs

c/(FS + 2c) 1-19c on p. 29

where kind c are test values.

b. For Retaining Walls (EM 1110-2-2502, paragraph 3c

P p tan (45 + 2) + 211 tan (45 + 2 :

Remember the warning about the uncIertaintV of cohesion given in the [F]

referenced FM paragraph.

c. A Iser-Supplied Value - In the expressions in options a

and b above, the factor, 'tan (45 + *'/2)" will be replaced by ('oulomb's

K as shown in paragraph 4.3.2 (adjusted for multilaYer soil system).P
4.4.4 Reduction of Excessive Required_Passive Pressure from sliding

stability is not possible through simple increase in base width, so the

program will, in the design mode, increase base embedment, base slope,

and/or key length instead. See paragraph 5.3.

4.4.5 An Alternate _Resisting Strut Force will he provided as an option

to act instead of passive pressure to provide horizontal restraint.

This is to prcvide for structural features, such as channel bottom slabs,

that would provide positive restraint. This is illustrated with

NPPD 5 in Figure 4-1.
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I0

e

a b c d

Part 1. Wall With Key

a ce

Passive Dressure not available to
resist excess force above friction L
lim'it if ottions b or d are used
without toe cover. 

t n +C

Part 2. Wall Without Key

NPPD diagram
data in parts
value 1 and 2 Description

Ia As In Plate 5 of EM 1110-2-2501 (Item b) (default
distribution for floodwalls).

2 b Alternate distribution foi diagram a. when toe
cvr(Soil layers 6 & 7) is assumed ineffective. *

3 c Default distribution for retainin& walls.
4 d Alternate distribut ion fo! diagram c, when toe

cover Soil layers 6 &7) is assumed Jnetfetive.*

-5 ___ e Strut react ion instead of as .ivefiressure.

NOTE: Option e in diagrams (strut reaction) will cause all horizontal
resistance to be taken by strut in both sliding and overturning calculations.
*Do not use passive pressure above base of toe unless construction and

maintenance of backfill will assure its effectiveness.

O See Figure 3-1

Viguire 4-1 . PASS IVF PRPF>S['RI DlIIi 1 WI N 01'1 IONS
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4.5 HYDROSTATIC PR'SSURES

Hlydrostatic pres.sures will be applied as explained in paragraphs [I]
3.3.3f and 3.3.3k. In the computation of line-of-creel) pressures, no

creep losses are included along, the port ion of the base where the St ruc-

ture is not exert ing a compressive pressure on the subgrade, except on

the toe-side fact of t-he key when this face is in passive contact with

the subgrade.

4.6 SURCHARGE l'RESS:RES

4.6.1 Ve rtical Presso res on the base will be computed from Boussinesq's

equat ions :

a. The expression for vertical pressures under a point load

(unit slici' of a line load) is integrated from iqoation 3.1 on pave 201

of Soil Moe han i cs in Fog ine, ri n PIracti c, by Terzaghi and Peck, lohn

Wflev & Sons, 1948:

\' 2 z 22.ffz r~,
z-

wht rt,

= xc'rt ical pressurc, psf

1 = point lo;id, 1i,

r = hori/ont;a l component of distiaoct, f ron load to point

z vir-1 ical ComlpOneot of distant I from load to point

b . lI( 1 met hd tO bn. useI for comptit i , ve rti 'a pi''sso ri.'

und-r i distributed load is shown in .i tiri 17-7 and in tht t ext bt-tweeni

the ficur and thit, end of par.ipra~ih 17.10 on pa!.es 251-2(.' ki Soil

Eni-inet. rin b' - . C. Spang Icr, Internit ional 'txtbeok (ompan, * 1 6 :

"...',uat ion 1 - and Fig. 1 7-4 may bei used to dct ermi ne t he in it pros-

,ori's at points in thi' so i wI hici arc not uindcr thi' centeor of thi' area

ove.r wh iI a iniform load i s at p1i Cd. 1 it i nfl t tII ' Ct'Oi' ft if tll for

tht' init t'r'ssir, undt.er poinut ) due to tht tiniforr ltad on the area

K( f I ma'. I, obt a in d f ror- t t' Iict I i in! Ifor var io s rec t an' Ies , as

Iit,,l ; : L,.( f 111t i tl . V( f I - ,( I I - t'-I 'i f IV* ! [)11t1 . i iI % i n the re -

r~~~~~~~~~~~~~~~, i 7 'i " tft 'r ')ti( . 11,11 'I l



unit pressure under point 0." Equation 17-8 from page 259 is shown

below:

a I ~+ + 2 +2 + 2112
2 2

++ i+n

I + A2B2  A 2 + Bi + B
(z-1 2A2AB+ITH2__

+ ~$1n (A2 -+ 32 + 12) + A Be/J

Where

A,B = width and length of loaded area

H = vertical distance from corner of rectangle A , B , down

to the point where pressure is being calculated

p = uniformly distributed unit load

= unit pressure at depth HZ

Fi gure 17-7 from page 261 is shown below:
A C

Unforn ./ load p
E

Ground surtdic i
0 <H

/

Fig. 17-7. Point in %oil Eccentrk to Loaded Area

.2 I r i ,,,it a I Pressures wi I I be comput ed using modif ied f rms of

t ,L t lht r, W! (,last ic itv ctriuat ions des(c-ib, ed in Addendum B to Exhibit A.

les, ttr,,sitrt--- -ill be aiddcd to earth pre',stres computed according to

,,l, ri- t,,t, rut i,,ns. Thc incremental wd, ,,',thod includes all sur-

,.ir'e'- in :he t rial ,utdgv calculat ions. A utttdv coriplaring the elastic--

it,.- t-qtiat irns with thk, alternate, concupt of- rsiwng Rors inesq's equa-

tions for vtrrt il.i prtessure and multiplin," by the factor K is showlla

i xhif-it :
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4.7 EFFECT OF SEEPAGE PRESSURES ON EFFECTIVE EARTH UNIT WEIGHF

Seepage pressures tend to increase the effective unit weight

of soil when the seepage flow is downward through the soil and to de-

crease the effective unit weight of soil when the seepage flow is upward

through it. The program will calculate the effective unit weight as

follows:

+ -YYeff b 1, w

for the wall side with the higher water elevation, or

A H
Yeff =  

-' _ L Yw

for the wall side with the lower water elevation, where

yb = buoyant unit weight of soil

eff = effective unit weight of soil

W = unit weight of water

^11/I' = hldraulic gradient (reciprocal of creep ratio)

The user will have the option of using either effective unit weight or

buoyant soil unit weight in the computation of active and passive pres-

sures. Default action will be to use buovant soil unit weight for both

active and passive soil zones.
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OVERIURN 1 N; STABILITY,

). I GE'N ERAL

-1.1 "erminoko~y_ is as descrihed in paragraph 1-5 on page 8 of

El 1110-2-2501. [F]
5.I.2 Stability Rec ryomunCts are grouped into sliding, overturninj,
and bearing. Sliding stahility is cons-iderod in Suction 6, overturning

in Section 5, and bearing in Section 7 of this docunint.

.i. 3 Horizontal Pressures are calculated as describd in Section 4.

Actual and allowable bearing pressures are do'termined as dLoscrihed in

Section 7.

5.2 ANALYSIS PROCEDURE

5.2. 1 Viho ,omon t Center is taken as the too end of the bottoll; of the

has e.

5.2.2 Force Summations in the horizontal and vertical diructions will

be mado simultaneouslV so that resisting forces can b included when

acting along a slopine base. See paragraph 4.4.2 and Exhibit K for a

detai led discuss ion.

5 . 2. 3 Moment Summatio c us tablisies the location of the resultant force,

which then permi ts calcalat ion of the eartIi bearing pressures as do-

scribed in paragraph 7.1. %Ioments due to active oarth will he multiplied

by a "Correction Factor for Moment Arm," to shift the effectiv,' loading

upward for the arching active cas , as discussod in paragraph I" of

EM 1110-2-2502. This will act to increase moment but not horizontal /

force.

5.2.4 Sample Calculations aro, shown in Exhibit K.

3 DESIGN I'ROCEDURE

TIio dos ipn criteria and options ar, describd in genoral terms in

paragraph 3. .

3. L ite Basic Pro' rim Procodu rc for hoth sliding and ove rtiurni ng

stab litv can be d iagrammed thus, in the form of nestcd FORTRAN DO

l oops :

5-1
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User cont roIs toe t,,I niJ 1 pill-alltett-r ImIliInuil 1v or sts s teill rat io.

I'o' elevat ion pariameter I s i ncremInted by -inch units, between
I imi ts set by tie user.

Base slope parameter is incremented bv 0.I-foot-vrtical or 1-
foot-horizontal units, betwe'n l imits set by th user.

Key length parameter is incre,mented by 3-inch units, betwee.l
iinlits set bV thl, ulSer.

Program determines minimum base width (to nearest 3-inchi unit)
to satisfy resultant ratio, bearing pressure., sliding, cree t ,
ratio, and heel cover requirements.

"If passive pressure from sliding stability check is too high,
go to next key length; skip cost comparison.

Calculate construction cost; save design if cheaper than last
Lsaved design.

After the nested loops in the program have completed searching the range.s

of possible parameter values within the limits set by the user, the

design that yields the lowest cstimated construction cost is presented to

the user for his approval or revision,

5. .2 By manipulating the limits, or Dy calling for just an analysis

of any one combination of toe elevation, base slope, key length, and

base width, he can satisfy himself that the full-range design is tle. best

one. The analysis mode reports the estimated cost along with the pres-

sure values and resultant ratio.

5.3.3 The user can set a desired value for any parameter by setting

both the upper and lower limits for that parameter to the (one) desired

value.

3.3.4 Section 7 describes how the program determines the actual and

allowable bearing pressures under the base.

5.4 RLSULTANT RATIO

3.4.1 octfinition - The resultant ratio is defined as being the ratio

of the horizontal distance from the end of the toe to the point of inter- [R]
section of the resultant and the bottom of the base to the horizontal

base width.

5.4.2 L iin i ti, Va

a. 0.33 minimum for:
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(1) Floodwalls with water 3 feet below the top of the stem IF1
(EM 1110-2-2501 Loading No. 2). F]

(2) Ret'aining walls loaded with active earth pressure and [R]
EM 1110-1-2101 Group I loads (EM 1110-2-2502).

b. 0.25 minimum, recommended for:

(1) Floodwalls with water to the top of the stem (EM 1110- [F]
2-2501 Loading No. 1).

(2) Retaining walls with at rest earth pressure on the stem
or maintenance condition loading. This is interpretid

to mean EM 1110-1-2101 Group II loads.

c. FQr an earthquake loading condition, the resultant may fall

anywhere within the b5se provided the allowable foundation pressure for [HJ

the earthquake loading condition is not exceeded.

5.4.3 Relationship to Percent Effective Area - The relationship is

impilified for this computer program by the consideration of only unit

slices of wall.

a. The percent effective area is defined as simply the ratio

of base area in compression to the total base area, times 100.

b. The relationship between percent effective area and resultant

ra~io is simple for the case of a rectangular base:

Percent

Effective Area Resultant Ratio

100 0.5

100 0.33

75 0.25

50 0. 1667

There is a constant ratio of 300:1 between the values calculated from

the two concepts for rectangular bases with resultant ratio values of

0.33 or less. For example, 75 : 300 = 0.25.

c. The relationship for a trapezoidal base is more complex and

is not as meaningful as it is for a rectangular base, so the derivation

is not shown here.

3.5 UPLIFT

The action to be taken in the computations for overturning

stability is modified if the resultant force falls outside the kern.
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rhiese changes in action affect uplift and bearing pressure computat ion,

as described in Exhibit K.
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6. SLIDING

6.1 AVAILABLE METHODS OF ANALYSIS

This program will use any of the following four methods for

determining safety against sliding, as selected by the user:

6.1.1 Shear Friction Method - This method complies with guidance

furnished in ETL 1110-2-184. It is the computer program default method [ED]

for retaining walls. The method uses the passive pressure formula as

given in paragraph 4.4.3b and the formulas for the horizontal components

of sliding resistance which is mobilized along the assumed failure sur-

face beneath the base of the wall, as given in paragraphs 6.2.1.1 and

6.2.1.2. Deficiencies associated with this method are discussed in

paragraph 6.2.1.4. This method is illustrated in Exhibit H.

6.1.2 Allowable Strength Equilibrium Method (I) - This method complies

with the provisions in EM 1110-2-2501, using different factors of safety [F]

on tan ( and c applied to the driving and resisting forces. This

method is the computer program default method for floodwalls. The" pas-

sive resisting force is as presented in paragraph 4.4.3a. This method

is illustrated in Exhibit I.

6.1.3 Allowable Strength Equilibrium Method (II).- This method is thc

same as discussed in paragraph 6.1b above except the same factor of

safety is used on tan ( and c in both the driving and resisting

forces. This method is illustrated in Exhibit J.

6.1.4 Modified Shear Friction Sliding Method - This method is presently

incomplete and will be completed upon receipt of guidance from OCE.

This sliding option, which will be based on a shear friction approach,

will incorporate solutions to the deficiencies cited in paragraph 6.2.1.4

relating to the formulations presented in ETL 1110-2-184. In the interim,

this option will be provided for in the structure of the computer program

but not actually programmed.

6.2 DISCUSSION OF ANALYSIS METHODS

The first three methods listed in paragraph 6.1 are discussed in

more detail in paragraphs 6.2.1 through 6.2.3.

6.2.1 Shear Friction Method (ETL 1110-2-184) - The nomenclature for

Equations 6-1 and 6-2 is given below:

6-1
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R = horizontal sliding resistance which can be mobilized

along the critical path beneath the base of the wall

P = passive resistance of the earth or rock wedge adjacent
to the wall

EH = net applied horizontal driving force

EV = summation of vertical applied forces above the assumed

sliding plane which is below or at the base of the wall

A = area of the potential failure path which develops the unit

shearing strength. (Any portion of the assumed failure
plane at the base-foundation interface which is not in com-

pression should be exluded from "A." However, if the
assumed failure plane is not at the base-foundation inter-

face but through the soil, no reduction in "A" should be
made.)

w = angle between the inclined failure path and a horizontal
datum plane

c = cohesive strength = unit shearing strength at zero normal
loading along the potential failure path beneath the base
of the wall = test ultimate

= angle of internal friction of the foundation material (test
ultimate value, degrees) or, where applicable, the angle of

sliding friction of the wall on the subgrade

FS = factor of safety

The shear friction method is discussed in the following paragraphs.

6.2.1.1 Resistance Force for Uphill Sliding - The expression for "R"

for uphill sliding resistance on a homogeneous (soil or rock) foundation

material is taken from Equation No. 1 in ETL 1110-2-184. The angle u

is used with a positive sign in the equation

R = Ti [tan ( ) + ] + cA

cos + + (1 - tanL) (6-1)

See Exhibit B for derivation of Equation 6-1.

6.2.1.2 Resisting, Force for Downhill Sliding - The expression for "R"

for downhill sliding resistance on a homogeneous (soil or rock) founda-

tion material is taken from Equation No. 2 in ETL 1110-2-184. The angle

W is used with a posiltive sign in the equation

R = an + w) + cA (6-2)

[t cos w (1 + tan 0 tan w)
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6.2.1. 3 Safety Factor - Sliding stability can be evaluated by following

the shear friction formula

R+ P
S _ 2. .

s-f 1:11

which rclates the toLal available resistance (R + P ) to the netP

applied force (.11) which tends to induce sliding. The full test values

ot p and c are used in these calculations so that the forces are

evaluated at their limiting values. This is the default method for

retaining walls and is illustrated in Exhibit H. Passive pressure of

earth is calculated using the formula shown in paragraph 4.4.3h or a

user-.upplied value.

6.2.1.4 Apparent Deficiencies in ETL 1110-2-184 Shear Friction Formulas -

The apparent deficiencies in the shear friction safety factor as given

in ETL 1110-2-184 are going to be discussed in a WES Miscellaneous Paper

which is in the process of being written. These deficiencies are sum-

mari.ed as follows:

a. Any normal component of the passive pressure to the plane of

assumed sliding is not considered in the frictional resistance (N tan ).

This deficiency exists nnly when considering inclined failure planes.

b. The safety factor in ETL 1110-2-184 is computed for an in-

clined plane using horizontal force components. In reality, the safety

factor should be considered in a direction consistent with the inclina-

tion of the failure plane. The vectors which drive and resist the move-

ment of the structure are along :he failure plane; therefore, the safety

factor should be the ratio of the resisting to driving forces in the

directioa of the inclined plane.

c. The frictional, cohesive, and passive resistances are

assumed to develop at the same rate. In reality, these resistances do

not develop at the same rate. It will Therefore never be possible to

have a total resistance equal to the sum of their maximums.

6.2.1.5 Passive Resistance of the_*We Adjacent to the Wall - Passive

resistance of soil is calculated as described in paragraph 4.4.3b.
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A theoretical value for the passive resistance offered by a homogeneous

rock wedge is

cA
P tan ( + w) + (cos w) (1 - tan p tan w) (6-3)p

where
wr w = effective (submerged) weight of the rock wedge above the

inclined plane of resistance (plus any surcharge loads)

= angle of internal friction or, if applicable, the angLc
of sliding friction

w = angle between the inclined failure plane and the horizontal

datum plane (for earth w = 45 - /2 usually)

c = unit cohesion along the failure plane

A = area of the inclined failure plane along the base of the
wedge

a. This simple formulation is valid for only a homogeneous foun-

dation. For layered foundations, passive resistance will be calculated

fou each layer and superimposed. However, if fissures, seams, cracks,

etc., are present, the user can have the program determine the force

required to resist sliding and manually evaluate the rock subgrade for

its ability to withstand this force. See paragraph 4.4.5.

b. Equation 6-3 above for passive resistance of a rock wedge

can be directly transformed into -he usual Coulomb equation for passive

earth pressure by introducing assumptions and limitations which are con-

sistent with the Coulomb theory (see Exhibit L for more details).

c. When the presence of a strut is indicated by the input data

(item in NPPD being set to 5, see Figure 4-1), the resisting force is

calculated as being equal to the net driving force multiplied by the

input minimum safety factor (FSMIN) against sliding.

6.2.1.6 Values for the Minimum Shear Friction Safety Factor - Paragragh

7b(.) of EM 1110-2-2502 suggests a value of .5 for walls on rock. The [R

minimum shear friction safety factor for a seismic load case should be

two thirds of the safety factor for the normal load case, but not less

than 1.15. ICs]

6.2.2 Allowable Strength Equilibrium Method (I) - Paragraphs 1-16 iF]

6-4



through 1-19 of EM 1110-2-2501 describe a method for evaluating safety

against sliding for floodwalls, based on applying a user-selected value

of factor of safety on the tan and c values in the equation for

resisting and driving forces. Paragraph S-15d provides an additional

description and allows the use of the assumed failure surfaces shown in

paragraph 6.3.1 of this document. The procedure'includes the following

steps, as illustrated in Exhibit I.

a. Assume a trial value of factor of safety FS

b. Calculate the allowable values for cohesion c' and fric-

tion ' from Equations 4a and 4b in paragraph 1-17 of EM 1110-2-2501.

They are formulated as follows:

C= 
c

FS + 2q

where

q = c' (see paragraph 1-19e of EM 1110-2-2501)

c' = c
FS + 2c'

and , = tan-

The equation for c' can be rearranged to read

2
2(c') + FS(c') - c = 0

With FS positive, this equation yields one positive real value of c'

and one negative value. The positive one is used:

c? FS
2 + 8c -FS

c
! 

= -E

4

where c and c' are in tsf.

c. Calculate K and K from 4'
A p

d. Sum all driving forces ED parallel to the assumed failure

plane below the base of the wall. ZD includes the net hydrostatic
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forces, if any, acting on the wall. The driving torce contributed bv

the soil is calculated as a function of c' and ,' , but the eftLect

is neglected if its value is negative since the soil cannot pull on

the structure.

e. Sum the res ist ing forces Z R parallel to tile assumed fail-
a

ure plant, below the base of tle wall. The resisting forces consist of

passive earth forces and friction and/or cohesion forces developed along

tile assumed failure plane below the base of the wall. ZR is formulated

as a function of p' and c'

f. Two equations (DW and YR ) then exist, each of which can be

solved for any assume-d safety factor FS . The expression ZD - ER = 0

is solved by an iterative procedure with assumed safety factors. The

actual safety factor for the structure is the one computed where

ED - ZR = 0
a a

6.2.3 Allowable Strength Equilibrium Method (II) - This method and its

procedure are identical with the Allowable Strength Equilibrium Method

(I), except that the factor of safety for cohesion FS is taken asc

being equal to the factor of safety for friction FS In this method,

CV =c

FS

and

tanntan pb' = tan __

FS

6.3 DISCUSSIONS COMMON TO ALL SLIDING METHODS

6.3.1 Assumed Failure Surfaces - The program will try a series of

failure surfaces, each one made up of two planes, varying between the

limiting cases shown below unless the user exercises his option of

specifying a single value for the angle a
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-imtg /]imit a

/"

This position is indicated inprga yKFLAG=O in the input ]'i situat ion shown above
program by iis still being studied by
data. OCE and ILMVD.

(The angle w0 is defined as the angle from
the horizontal, up to the assumed sliding
failure plane.)

6.3.2 Effect Due to Some of the Base Not Being in Compression With

the Foundation

6.3.2.1 Portion of Base in Compression With Foundation (Percent Effec-

tive Base) - The total base-foundation interface of the T wall may not

be in compression with the foundation. If any part of the surface under

consideration is along the base-foundation interface and is not in con-

tact with the foundation, this portion should be neglected when obtain-

ing the effective base area to resist sliding. However if the assumed

failure surface is not along the base-foundation interface but through

the soil, no reduction in the area to resist sliding is made.
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- K...Assumed failure plane

Mi n t ie rc i t an t Ial 11 n t i ( i, 1 ,t 1-:, ,I ; r tIi ,! I 2

1 wall w iIt n ot liek i n comp r~- .iOll LIik kn. v iit 1 n: i , iO , , . .. ' ! i-.i

in anl increase in upI itft r i. Ihi &nn oLI I Ii" w il iti t

slidin,4 s tabil itLy anaIys i s wihicn t he asni IIHtd 1 kdn Iii t. I

thlt. sOi 1-stLruct-ure intertace hCOW thC i),11-W Ln ltn wo-i I

condition tilt- program will iiavL. to renych IC n l iirnni t:, 1 0! -:

creep calculat ions until the creel) path assuiwipt in, Ilatci t h( ti

part of the base that is inl contact with tilt founnat inn.) i 'Ii>J>

considier a wall. without a key and with a horizontal ian' ihcn t hn

resultant f alls outside the kern and the assLuritti >1 id j lk I oilt i ii on,:ik

the interface between the base of th t iSt run Ct In -(nd II t;n' C o IlI t 011ini-it inn'l

upilift pressures will be computed assuimii nc no crep Io s! i t it, ort -,n

of thtle foundat ion not in c omprosion. Fonr t iii n Ond i t io 0 i r1WjI[-L t n

resultant falls outside the kern but the aSSI-,lk-d si ii~ 1p lIc i lk, I'

the soil, for example a wall with a kev posit ioned at Lie LeXtre(Me k*II c

t Iie heet, I, no increase in uplift pressure Will be cons idi-red unan~i t I

soilI does no t i f t and f orm a crack as is t, he ease a t t he soh 1I- s t r 1,' it

interface. Ano ther reason the upIi f t f orces are not atI fOnted f or t I ,i

cond i t ion is because they are f orces ins, i de theit so ilI-s t r ttnttlrn- I r i' i
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7. BEARING PRESSURES

7.1 CALCULATION OF BEARING PRESSURES

Bearing pressures are calculated during overturning analysis

from the vertical resultant (see paragraph 5.2.2 for summation of verti-

cal forces) and its location (see paragraph 5.2.3 for summation of

moments). The formulas for earth bearing pressure are different for a

base in compression over its entire area and for a base with only part of

its area in compression.

7.1.1 The Procedure is to first calculate the minimum pressure, assuming

that the entire base is in compression. If the minimum pressure cal-

culates to a positive value, then this was the appropriate assumption.

If, however, the minimum pressure calculates to a negative value, then

the assumption was not appropriate and the pressures must be recalculated

with the assumption that only part of the base is in compression.

7.1.2 Entire Base in Compression - The formation and calculations for

obtaining base pressures aje straightforward for rectangular or trape-

zoidal bases; use f = (P /A) + (Mc/I) (no biaxial moment). The proper-
V

ties of the base (A, I, c) are for the total base.

a. For a unit slice of a rectangular base, the formula becomes

the familiar
x

Centroid

BASE / " " / .- _- Position Resultant

P__' / B2 /"."Zhits base

eP
P P ex P 6Pe

f _- + Y ____
psf B - (B B- B 2

b. For a trapezoidal base, the formula becomes as shown in

paragraph C-i of Exhibit C.

7.1.3 Part of Base in Compression - The calculation of bearing pressure

when only part of the base is in compression is a two-step process:

First, find the location of the zero-pressure edge of the part in
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compression; then, calculate the maximum pressure:

a. For a unit slice of a rectangular base, the procelure is

d = known location of resultant
1

BASE d7 d width of base in compression

I [./" , , '
/T I /J

) I d

PRESSURE

DIAGRAM f
~~Psf

First, locate the zero-pressure point as being at d = 3d , for the

triangular distribution. Then, calculate the maximum pressure

2P P
f = .___

d 2  3 d 1

h. For a trapezoidal base, the procedure is summarized below.

The general figure is also given below (resultant outside kern, toward

wide end)

effective base area =r

_ , - centroid of effective base

area

/ t. w position where resultant of

"' / b, applied loads strikes base

the proce dure is as fo lklows:

(1) An incremental search across the base is done to find

the /ero-pressure point and the corresponding effective base width. The

corresponding width must satisfy the expression
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v + M(+ - c

A + 1

(2) The maximum stress is

6R
b(w' + 2w')

where w"' is computed using the effective base width. The details of

the procedure are given in paragraph C-2 of Exhibit C.

7.2 MAXIMUM ALLOWABLE BEARING PRESSURES

7.2.1 Selection of Maximum Allowable Pressure - The determination of

criteria for selecting allowable bearing pressures is beyond the scope of

this document and of the computer program that it describes. The pro-

cedure in the program is: based on linear double interpolation between

limiting values read in as data.

7.2.2 Data Structure - The wall may bear on one or more of the existing

soil layers (soils layers 3, 4, or 5 in Figure 3-1). There will be four

allowable bearing pressure data values for each of these soil layers, as

shown in the tabulation below:

Soil At Top of Layer_ _ At Bottom ofLaver

Layer For Narrowest For Widest For Narrowest For Widest
Number Base Expected Base Expected Base Expected Base Expected

3 psf psf psf psf

4 psf psf psf psf

5 psf psf psf psf

The "narrowest" and "widest" base widths consistent with these allowable

bearing pressure values will also be input data, separately from any data

parameter used to control the stability analysis action.

7.2.3 Method - The program will interpolate linearly between the top

and bottom elevation of each soil layer to the elevation of the point

being checked and between the "narrowest base" and the "widest base"

values to the actual base width being checked. This check will be made

at the highest and lowest base elevations in each soil layer.
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. EART['HQUAKE ANALYSIS [Cis]

S. I INTRODUCT [ON

The seismic coefficient method of analysis is used in the follow-

ing earthquake force computations:

a. The earthquake--induced inertial forces of the wall, plus

that portion of the adjacent earth and/or water which is assumed to act

as an added mass with the wall, is computed as the product of mass times

acceleration (F = Ma).

b. The dynamic horizontal earth pressure magnitude and re- [F]

sulting force are approximated by the Mononobe-Okabe method.*

c. The hydrodynamic force is obtained by Westergaard's theory. [R ]
8.1.1 The seismic coefficient represents the ratio of an assumed accel- -p. 6]

eration of the wall to the acceleration of gravity. The earthquake

forces are superimposed onto the static forces for the loading condition

being analyzed for an earthquake (usually the normal operating condition)

in order to obtain the total loads for the earthquake loading case. A

static solution is then performed for the stability analysis and struc-

tural design.

8.1.2 Where a T wall is used as part of a dam, and where failure of [EI

the wall could result in loss of life or extensive property damage, then

the final design of the T wall should be in accordance with ER 1110-2-

1806.

8.2 SELECTION OF SEISMIC COEFFICIENT

8.2.1 Values for the seismic coefficient should be selected carefully. [E]

The most important consideration is the proximity of the structure to

known earthquake epicenters and/or fauk:s capable of generating an earth-

quake. Minimum seismic coefficient values for various sections of the

Unite- s can be found in the seismic zone maps of Appendix B of

ER ill0-2-1 The seismic coefficient, when multiplied by the accel-

eration of gravit-y, gives the bedrock acceleration (also used as

Seed, 11. B. and Whitman, R. V. 1970. "r,,cign of Earth Retaining

Structures for Dvnamic Loads," Proceedings, ASCE Specialty Conference
on Lateral_ _Stresses in the -Ground and Design of Earth Retaining Struc-

tures-, pp 103-147.
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structure acceleration) to be used in the analysis.

8.2.2 These maps can be used as a guide, in the absence of more

accurate data, for determining the peak acceleration that should be used

in the calculation of lateral pressures generated by earthquakes.

8.2.3 Structures that are in Seismic Zones 3 or 4, and which will

endanger life or cause substantial property damage if they fail, and are

on soil in which a liquefaction potential exists, should be analyzed by

dynamic or pseudodynamic procedures (ER 1110-2-1806). Liquefaction po- [E]

tential for a material is defined as being when the relative density of

the in-place material is less than 70 percent. Embankments constructed

by hydraulic fill methods are usually found to be susceptible to lique-

faction.

8.3 LOCAL SOIL CONDITIONS

Soil foundations may modify the intensity of structure motions.

A practical method for including the effects of soil foundations on

structure motions is to vary the structure acceleration by a soil- [E]

structure-resonant factor of 1 to 1.5. This factor depends on the degree

of similarity between the natural period of vibration of the retaining

structure and the natural period of vibration of the soil foundation. A

review of anticipated and actual damage patterns as a function of soil

conditions suggests that the forces and damaging effects included in

different types of structures are maximized when there is a similarity

in the natural periods of the structure and the ground on which it rests.

When the natural period of vibration is not properly established for a

soil foundation, the seismic coefficient should be multiplied by 1.5.*

8.4 INERTIA FORCE OF WALL

The inertia force of the wall mass is computed by multiplying

the selected seismic coefficient by the weight of the wall. It is ap-

plied at the center of gravity. This force is obtained by multiplying

the mass by acceleration as follows:

F = ma = ma (g/g) = (a/g) W -'W

* Uniform Building Code, 1976 Edition, p. 135.
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Also, that portion of the backfill above the heel or toe of the wall

which is not included as jart of the Coulomb wedge is included as an

inertial force acting at its centroid.

8.5 LATERAL COHESIONLESS EARTH PRESSURES DUE To EARTHQUAKES

The dynamic earth pressure magnitude is approximated by the

Mononobe-Okabe method. This assumes that the soil developes a Coulomb

wedge behind tile wall and that tile ground acceleration is uniform within

the wedge. The effect of the earthquake motions can be represented by

forces kIW and kvW where W is the weight of the sliding wedge and

khg and k vg are the horizontal and vertical components of the earth-

quake acceleration at the base of the wall. (See Seed and Whitman.)

8.5.1 Active Earth Pressure Conditions - The active pressure force

P due to an earthquake is computed, in effect, by the Coulomb theoryae

except that the additional inertia forces khW and kvW , as shown in

Figure 8-1 are included in the computations. Determining the critical

sliding surface and the active pressure corresponding to thi urface

leads to the equations as given in Figure- 8-1. These are th ]uations

used to compute the active earth pressure in this prog am.

a. The influence of the vertical acceleration coefficient k
v

on the earth presLi re coefficient K depends on the correspondingae

component of the horizontal acceleration coefficient kh . For most

earthquakes, the horizontal components are considerably greater than Lhe

vertical components. To study the influence of k , the verticalV

acceleration coefficient is taken as 2/3k h * For a value of k. of

0.1, a value of kv of 2/3k h equal to 0.067 can cause increases or

decreases in K of about 2 percent. For a value of kh of 0.3, aaeh

value of k of 0.20 can cause increases or decreases in K of lessv ae

than 5 percent. From this it seems reasonable to conclude that the

influence of k can be neglected for practical purposes. (See SeedV

and Whitman.) Neglecting kv , the expression for Pae becomes

ae 2 (Kae)

b. For applying the increased earth pressure due to an

8-3
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earthquake acceleration, AP is computed by using the followingae

expression:

AP =- 2(AK
ae 2 ae

where

AK =K -K
ae ae a

and

P =P + AP
ae a ae

where P is the total active static force. P is applied at 1/3Ha a

(see Figure 8-1) above the base and AP is appl-ied at 2/311 aboveae

the base. The distribution of AP is assumed to vary linearly from
ae

a maximum at the top of the wall to zero at the base. T'his is important

in the des ign of sect ions a I on ' the structure.

(1 - k )K
ac 2 v at'

22-si sin (_ +n -

:i2 +ssin (:_+ ) sin (t'- - fl) 2
sil sin ( - .) sin (a +

tan \y kkv!

kh = horizontal ground acceleration

k = vertical ground accelerationV

= unit weight of soil

], It of vertical plane AB

= angle of friction of soil
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= slope of ground surface behind wall

S= 90 degrees

c. The critical sliding surface was considered as in Coulomb

theory and the active pressure corresponding to this surface leads to

the expression for K . It is possible to simplify the mathematicalae

calculation for K such that it can be obtained directly fromae

Coulomb's active pressure coefficient, as described by Seed and Whitman.

d. For the more general case, the variation of AK with ahae a

shown in Figure 8-2, depends greatly on the slope angle of the backfill

e. The wedge's critical sliding surface along an irregular

backfill will be approximated by a single line or a continuous series of

straight lines, as the user decides. The increase in horizontal earth

pressure due to the earthquake will be formulated and computed by

multiplying the mass times the acceleration for the various triangular

or trapezoidally shaped earth masses. The force will act through the

centroid of the mass and in the most critica direction for the condi-

tion being considered.

8.5.2 Passive Earth Pressure Conditions - The increase or decrease in

ACC 3 -tit

Figure 8-1. ACTIVE WEDGE DURING EARTHQUAKE
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a f titl \ pa ss ive c.a rt ht p ressutre dUti to an ca rt hqna ke is computed as fol lows

2

whe re

2K K -K
pe pi p)

whe re

K = ------ sin 2 A - -

C(s Il+ + -') I (: - ) si-_ +Io Nn sill n + .+-,) sin(+

ad

KP stat ic pas- lye pressure cotf ftit ent for the fuilly passive

(-asc ( -cc 4.1 .411)

I-Forit OW t ( witeL tc~r pa,-si vt ear th pressure i used as a stab ilizing force,

a rc~dttt-tiOul ilt tie a e vearth pressurk, due to an earthquake accelera-

t on is a ,SittCdl ait t Ilk' sameI jus'tiant the fill pressure behind the st ruc-

tkirt- is ; rc a sed . 1 f a rt-duti t i on itt K 1)ha,, been used for computing

;11it efet't iVL, K to r L li- stat Li to tae, this same reduction in !AK p is

tIs . P is appi Ifd alt _'/ WI above the base. The pressure distribu-

t io ofiP is the same as ass;umed for the act ive earth pressure
p e

tOtid i t ion

8 . 5. 3 At Pes-t rarth- Pressuire Coud i t io-ns - 'rite inc rease in an at rest

earth pressure due to ani earthquake is approximated by the Mononobe-okabe

met hod . The change in the ;i~tive earth pressure coefficient .'K 1ci s

first computed as descr ibidc in) parap'raph 8.5.1, and then mult ipli ed by

the ratio K r Ka to obt a in t1 ltChange itl tite at rest earth pressure

coeff nt AK re. FTe chtange in at rest carthi pressure is then corn-

puted as follows:

only the horizontal o ominent (1 t it, earthqui take atccl erat ion is con-
s idered . P 1 is mpiida tiso lii rds the he it-lIt of the fill above

t he base . 'the p rk'ssttre tI is r il Ht ion o f IP reis the same as assumed

for the act ivc erth pressttrc tuidit iont.
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8.6 LATERAL COHESIVE EARTH PRESSURES DUE TO EARTHQUAKES

The computation of the dynamic earth pressure for cohesive soils

is beyond the scope of this computer program. A nonlinear finite element

analysis to account for inelastic strains in the soil could possibly be

used for critical cases.

8.7 WATER PRESSURE DUE TO EARTHQUAKES

8.7.1 Method - If the backfill over the toe or the heel is saturated

to some level, the dynamic soil force should be determined by using a

combination of the Mononobe-Okabe and Westergaard theories. When water

exists on both sides of the structure for the loading condition being

analyzed, simultaneous increases and decreases in water pressure on

opposite sides of the structure are included in the analysis. To include

the dynamic effect of water in a saturated backfill using Westergaard

theory, the computation is divided into two parts. For that part of the

soil below the saturation line, the increase of the force from the earth

pressure is computed by the Mononobe-Okabe method using the buoyant soil

weight. The increase of the force due to the water in the backfill is

computed by the Westergaard theory, and 100 percent of this is used and

applied with the other forces as shown in diagram (5) of Figure 8-3. If

water is the only medium which acts on the wall, the Westergaard theory

is applicable to determine the pressure and its distribution on the wall.

8.7.2 Westergaard Theory - By the Westergaard theory, the dynamic

water pressure down to depth y below the surface for a total water [D]

depth h is expressed by Equation 3 on page 5 of EM 1110-2-2200 as

2Pe = - Cey vy

The additional moment at depth y due to P is given bye2

4 2
M -- Cc~ b- Y y
e 15 e

with

51

I - 0.72 (000 2

where g is acceleration of gravity (32.2 ft/sec 2).
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L-4
y. L- .- f

2 (3) (4)

Hydrodynamic
water force
by Westergaard

Distribution and
application of
earthquake force

contribution by the
soil

force contributed by the

soil (not applied). This
same magnitude is
simplified and applied as
given in diagram (4).

tatic water pressure

Static earth pressure (buoyant below

water)

Figure 8-3. DYNAMIC PRESSURE VARIATIONS
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9. STRLUCTURAL DES[(;N CRITERIA

9.1 GENERAL

9.1.1 Critical Sections and Alternate Pressure Diagrams will be

selected as described in paragraphs 1-12, Chiapter 1, of EM 1110-2-2501

as amended by Paragraph S-21 of the March 1961 Supplement to EM 1110-2- I]

2301, unless the user elects to use the overturning stability pressures

exactly as calculated. The default procedure will be as described in

EM 1110-2-2501. All wall components will be designed for flexure,

shear, and deflection. "Itie heel slab sill also be designed for these

effects plus axial tension caused by passive pressure on the keY (if

the key is under the heul). The s tenm will be designed for flexure, shear,

and deflection, plus the, axial comprtssion caused by the weight of con-

crete. Critical sect ions for licar will be at the face of the stem in

the heel, at the bottom ol tiIL lab in the key, at a distance d from

the face of s tem in tlhe t oc , , at a d i stance d above the top of the

slab in the stem. [he. key ador toe should be checked as deep beam

brackets if they are short e'10(I ',11 COI Ico a l-d to ticir thicknesses.

9.1.2 The Method of Anal,, is wil I I bO h chen b\ the' user from the two

options of Ultimate Streij;to ,i g (ISD) or WorkijgStress Design (WSD),

both in accordance with American ConcrOt it Inst itLte Standard No. 318-77

(ACI 316-77) with notation from tile 191 edition (AC1i 318-71 With 1976

Supplement) . This standard will be Modified I)V the requirements of

EM 1110-1-2101, "Working Stressos for Structural Design," for WSD.

The label "hvdraulic" or ''nlnhvdraul 1iC will be set as described in

paragraph 1.2.3.2 and used to select alternate sets of default values

for analysis parameters. fh'se values may be chan ed bv input data.

9.1.2.1 Working Stress Design procedures to be used will be in accor-

dance with the "Alternate Design Mthod" described in paragraph 8.10

of ACt 31o-77. The equations and default paramters to be used are shown

in Exhibit E.

9.1.2.2 Ultimate Strength Design equations and default parameters are

shown in Exhibit F for nonhvdraulic structures. These equation and

parameters for hydraulic structures will be issued when completed and

approved by OCE.
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l.-2.n d. >te' wil , d ~,';in h , I1, 1,t~J . J' ssc, riis d in

pLra,,ralph 1) 3 . H" , '), 0 -'. i, F Cr,."- 11 ru I

, ri V d 1 o :1 I t , ts\, it rnin ,' 1 t iliI , , II.lI, ia dCII,' I-ri d in )lr-,41.ii I

5- . I Z lst-' V 1> t' zya ii / d 0 : 1 ; i t l 0 1 load I - to rs ill

AC 1 Lt il t I t r .n s.i ,i:n 1 >l0) p to (I r k. t , I jIt -:L.I I n .1 t i on 0

tis W I I I) -> 1 O( -fI d nI l i U a11,r t c somp ,t ion <,t e',rrl-nt rc, ar) in I SD

o it rat il - tr et itc - . St'1 il itv iL al1lv1 n ailid 1.,),is -i tV r d5>i

rill L st th - s;t1!!i t ,l 0 i[ t l ct atll saIk.i

I.2 RI )N : i 1 N': IIX S F l i )I.' I IS.

9. .. 1 ,i! -Pr im.i r Rvi- rc , Is us tis.t : 7 o .\t St( I n Lti 3 1 ,-71 wi t

tie 19/n Sni inm-nt. In i p t pl emsint sd aln1a aIn, Idd o r ivd ra u ic

st ruc Lurs by 1)M I 111U-2-2103, "lDe tails oI Re in irc , men t--livd raul I i c S

StLtc L'trs," Lienev.-r ki
5 i}1 is more rst r iCt iv.

.2.2 K t k'll sc, 1 r Ce1'c t.- Clea- &ssVs.- ov%.-r Is.- i tllto1-Ci n: stil el

i o a-cordin Ln tlic Iollowing, table:

.. . . .- S t rue t ii r,- l _p - ._ _

tlrd iar- rlvd ra ii ieC, :1

StL i, lIs---s ide tacL 2 inchies c, incies

Las-, p o ae 2 inch c 1 inCies

Bas, Lbotto, lase inches 4 inche s

9.2. 3 Coisre v 1lee V C t1rceitlrt will not he Lisd, for tWO r'.ason

1. Fle bar cOVCer i-Ct liretilcLet, espe Cially t0r IlI'drtil c -trnIc-

tis.,, forct- CiliV Irpre-,SSi Vt rstinforcotuiltent so ClOse' tO tilt. 1,'Utr l r i S

t hat it is very inet i u 1nt

's, Cons i hl t ion 01 the ilnpl icait ions of AC(1 31 -71 pzil rag-lp i

a.2. ) Id t 11 Corr,,,s) iid in<; Comc, ntiarv leads to ti beL it t hat lateral [\C I]

re i lltr-tl-nc't wozll Id hie req ii red to kVeep coi, Iress il reinlforc menLt from

pop)t ! iig otlt I t li si r ace ol- tic s lab.

9.2.4 PI 'lesln1) t o f s.-liforci ng Steel, - hc uscr will have speci fied in

tVs, inpit dtta thl, -asimsuin bar si e aid tI lli Mini MUM blr spacing. The

ir o r,im , ill I lck wiL- t ir o s- st lic la yer will be siiff ic ient for the

r, iii-, r , rs o t o I t ptr foot. If not, the) program will plaC as rnliCt
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tt, I - k)o 1 It, in the I ir ,t (outer) laver and te remaining steel in

t !IL -,1 Ond 1 -r (,And ai thIird laver it n cdtd). The program will then

I Ic'-K t, 0 ,. I ti rC Ilt i tlg ictual eI tct ive depth d is sufiicient.

I i -- l t Sill t kl I it , ti' pro_,ram wiIillncrease tie concrete tLhickti ss

A,. 1, ,.d. Ii ' -tLr will lways iavLc tIh opt ion of looping back through

,A 1u' ,taihil itv ,Ialv ;is or I, h i.;n . fhe program will not at tempt to

1)l 1cC Cind cut of I bar, hut Will slow the required steel area and bond

r i u I rl- t t)s per I oot at Uitablt intervals across the base and up t he

st .[,I.

9.3 STEM LOAI)[NGS

. 3.1 General - Earth and )theLr prc.ssurts for stem structural analyses

will be calcualted as described in Section 4, applied directly to the

face of stem as described in paragraph 4.2. Thus, surcharges located

over the base will be considtred to be vertical loads for stability analy-

sis but will be considered to cause horizontal pressures applicable to

stem stress anaflysis.

9.3.2 Altctrnatu Loadinj, - It will be possible for the user to substi-

tute his own stem design pressures for the ones calculated by the pro-

gram. Such a substitution will not change the pressures used for design

of the base slabs.
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1AHIIT A: 01U,1'AR ISoN iw. (\)LL.Ull AN) INCRCIN'I'A I N'LDCC LAWN I
PRCSSU' %'.\ V!. .S

Elb Is exli ibl i t i.s a report be Dr. Michlael W .U' Xe 11, Assi stanti

P'rot cssor of Civil Luig inee rinig at Lilt L'n ivers i tv of Houston. 'thle reliport

presents t he cal coulatLion p roe duire s lie will us in a sub rouit inci to

calcu late act iye eart LI re-sS ;Lires that will be a part of modkii es SA anld

SP~ of IVDA.

Proec _dUrts Fol1lowed

I Cou lomb Ac t ive- C'ar Lb 1) ressure liac raml and Toito 1l Ace Live tore e

F. l-' ow ing the procedureu described in Aide-nduiai A to this

Exilb 1 it , compute c die- act i ye Couliiomb eart Lb) rs su re i mmcd loat (. III abhove a nd

immediatelv below each ehiiie 0o s -t ratu LM, except Ior 'the. surface stratm,,

I inrc ( f or wh ieb calculat ions si re not made above Ilie- line) and a iher i-

zontal I inc2 drawn tbroiigh Litm hiSk' 0 the1, wall1 ( I Lr wh ieh CalC Ula it ions1

are not made below tiLe line-).

BI. Obtain Lit likc i/(IIt :l. Iomponen11t, oI tile earth1 pressurk b)

muIL ipl)evi n g echl earth presult ee""','utcd ii; Step A bev t1e 1'os inL' 01 tIe

angle of wallI friction at Lilt l tth ati whichl thle ealeullat ions Ilre( heine'-

made (Equation 2 of Ad.J en'ldLI Ai\). Ad d il d rustat ic p re-s ire. it aippro p r iatt

C. If surcharge Ioak' LXi t , obta in tlle- added lateralprsue

dlue onl1V to the surchiarge it I uc dc )lbs described in Step A and at

intermiediate depths, where, reyiiri d be a hI gh stress grad ient _is Inc tile

qoat ions prese-;nted in Acdtdenit 1C Add these pressures to those o-Ita ined

in Step B and coil'ec I lie poi ills to givye a continuous press ore

(list ribution.

1). hltee ratu the icr izcntal prc'ssIire' d iaigram constructe'd ill

Step C from the L01p to the, base' of- the vol 1 to obtain the, total actie

Coulomb hior izontal wall force P

I. 'r ialI We d I AC vk .11-Li)rt t 1 )iia tra II an11d UotalI A CtLi V F'1c0rC I

A . LstablI isli serl nodesa iii t1,Lhe waII. lach1 node wj I11 be a

pc int for wh i cli the act lye, foree ;3et lug ',a ooei t hei pc i nt w i II 1be compuit ed
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F ive equd liv spat d node-, wert, used ini this comparat ive. stud'.'.

3.For eacr ith niode, lav ot t several straight linues (ravs) at

5-to lO-dcgrue ilntervI-Vd :.ten i to t huL g roUnId S Ur f ace. Seu- Ad-

dundum C. Compute. th i Ct iV vuore u onl the wall for thlt- wcdgu! de fi ned

by each ray, tilt wall1, anid the g.,rounid surface, including tile wofts0

all surcharge loads huctwueni thu wall and the point of intersuC t ionl o1

the ray with grIound s;urface, using thle method shown in Addendum C.

C . Se I cct thu- act ive forcu f or Node i as tilt maximumi value oh-

tainud from all rays,- through Node i. Denote tile horizontal coMponu~nt

p

1) . Decrine tile jul( Cement of active force acting; between Nodes

i and i-I as P - P .Divide tile result by thle vertical dis-
AlTi AHri-l

tance be tween Nodes i and i-l. The result ing pressure is thle average

pressure between Nodes i anid i-I, which is assumed to he constant be-

tween the nodes.*

E. obtain the total act ivk iion zontal trial wedge wall force

PAHT bvitgrat Ini thilt'~ eii i oh ta iined in thle previous steps

from the top of the ai to iK.-i

Di i--. - ( omiarisons,

For Css i,3, anid h, th, (J ion i and tr ial1 wedge procedures

Should giVe iden2ltical results. The(- differences obtained in tile pressuore

diagrams ani-d total horizon-tal aic. i vu forces are due to minor computa-

t tonial errors inl the graphical procedure for obta ining the trial wedge

vali ues and to thle means; of di splay jug the res ults (i.e.* , step funct ions

for trial we~dge as opposed to continuous funct ions for Coulomb) . By

inc reas lug the nuniiher of niodes, thle t r al wedge solutions will converge

to the, Coulomb s-olutfions.

For Cases 2 anid 7, the Coulomb pro~cedure vie Ids hgerValues of

Li i/ res r'p r imar ilv tlue to Ii( the met hod of hiandling, surebarge. In

Lhe- t r ial we dge app roaich, tl)e sutircharge we iglit rout ribhuteus to and is

l 1, 'I. HI., Soil %1L'ChaliC-s, ],st etd., A\Ilvn and Baconl, 1966, ) 278.



inc luIded in a pLastic fai lure mode I (the wedge) In the Coulomb analysis,

the presslres due to the backfill are computed assuming plastic failure

conditions, but the surcharge effects utilize elastic theory to compute

the added pressures due to surcharge. Combination of the plastic and

elastic methods in the latter case produces an inconsistency which yields

an overestimate of t lateral stresses.

For Cases 4, 5 and 8 (and for Case 9 as well), use of the Coulomb

active pressure coefficients in a = 0 soil (clay) is equivalent to

using Rankine-Rosae coefficients. That is, the Coulomb equations as com-

monly employed offer no advantage over the Rankine equations for use

with purely cohesive soil and, in fact, lead to an inaccurate estimate

of the active stresscs within the zone of purely cohesive soil. When

the backfill surface is horizontal, Coulomb active pressures in the clay

are too high (Cases 4 and 5), and when the backfill surface slopes up-

wards, the Coulomb active pressures are too low.* Further, the standard

Coulomb equation for act ive pressure coefficients does not contain a pro-

vision for specifving wall adhesion as a function of soil cohesion. Only

an angle of soil-will friction can be specified. Thus, not only are the

Coulomb equations inaccurat-, for pure clays (p = 0), they are also in-

convenient to use since wall adhesion must be converted to an equivalent

angle of wall friction, a process for which few criteria exist.

For Case 9, hie Iokilomh approich is quite approximate since the

active carth1 pressur,, eiaition- do not permit modeling of a broken back-

till surface. lih J,,treeC W corre lation with the trial wedge approach

is dependent on tile eng iner > choice of the equivalent backfill slope,

A IJlti)r Obta ilble. OD1); throtlgih lbjective means.

'.on , lie (ot lomb and Rankine active pressure coefficients are

,' ,,1. ntw r ;, lh. - va1Lue used in computations is the real part of
tciaIt lnheICr, whiii is always approximately equal to unity regardless of
tit,, 'lope 0! th .' urtace.
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Addendum A

Procedure for obtaining Coulomb active earth pressure at a given depth
(Symbols explained on following sheet)

1. Compute:

For clay backfill, wall adhesion is considered by using a value of

6 of 100 and = . For this special case, when a= 900:

\a sirp (qo-~)jIq~~

and when a horizontal backfill exists = 0, so that

NOTE: The above coefficient approximates the Rankine value.

NOTE: The properties and 6 are those exactly at the depth under
consideration.

2. Compute the active pressure (horizontal component):

NOTI: Again, c and_, are the properties of the soil and interface
exact Iv :it depth under consideration.

Rowe , . . Fo II d t ion Anal si s and Design; McGraiw-IIi II, 1908,
p. 270.

Ibid, P. 28
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Addendum B

Lateral earth pressure on walls using theory of elasticity(1)

To the lateral pressures calculated from the use of the Coulomb equation
the following lateral pressures are added:

£sAi Lin'e Loo4.

- ~ ~ Y,\

C.c( I. -Iri) L?

e\i / aou~l,,, .-P.-co,- of a.

Bowles, J. E., Foundation Analysis and Design, McGraw-Hill, 1968,

pp. 297-303.
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Addendum C

Active force for one wedge (generic)

5URCUAR6E

zA. " ',~ I/~~. "I ,ud I

EXAMLE CMPUTTION FORNODE1, Ry 4

buoyncy deoe bya WAf-- WB, Wc.~

EXAMPLE ~ ~ ~ ~ ~ ~ A 7OPTTOSFRND a _



Determination of Active Force for Node i, Ray 4: 1)(2 )

Lay off vectors W and C, whose magnitude
Wu and directions are known.

Lay off Line a, which is the vector of
the lateral soil reaction force
against the wedge (R). Only its
direction is known. Head is at tail

of C vector.

Lay off Line b, which is the vector of
the desired active force (PT
Tail is at head of W vector.

Intersection of a and b defines magni-

AT'vY tude of VT

Compute P Ti4 (horizontal component of total active wall force, Node i,

where yW = unit weight of water.

1Bowles, J. E., Foundation Analysis and Design, McGraw-Hill, 1968,
pp. 291-295 (Basic Vector Diagram and Mechanical Procedures)

2Terzaghi, K., Theoretical Soil Mechanics, Wiley, 1943, pp. 95-99

(Stratified and Cohesive Backfill Considerations).
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AddendUi )

Pressure comparisons

CASES STUDI[f 5

96 100

0c

5200=S 50' CO
1 =10 FCF

6 z200

CASEI C.A5E C.ASE B

G~~ I1 - 20

*1~ = zoo

C -t0 FSZo 13.3*c eC=ZoODs 5-S!l

C ASE ~jCASE S el(

0 PCQ s ;o S:xv'IP AAct

06C 00F5 C z500 I-F A 4AL','Il5
'jo PSZOF =Io 0pci'

C. z oop~r C Ioo'. OOS- S 1
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Addenidum 1I

Calculation worksheet,; for Addendum D:

Cases 1, 2, 3

Cases 4, 5

Case 6

Case 7

Case 8

Case 9
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Addendum F

Errors inherent in trial wedge method

Planar sliding is a basic premise of the trial wedge method.

In a homogenous soil system planar sliding is consistent with the

failure mode assumed in other methods of analysis, such as the Rankine

and Coulomb methods, and is essentially correct. In a stratified

system planar sliding can be assumed to occur within each stratum,

but the angle of failure will vary depending on the angle of internal

friction of the various soils. Hence, the overall failure surface

will be piecewise planar and not fully planar in the sense assumed

in the trial wedge method. See Fig. AF-1. In such a case the

maximum active force obtained from a trial wedge analysis will be

slightly less than true maximum active force.

In oroer to evaluate the approximate upper limit of the error,

an extreme case was studied, as depicted in Fig. AF-1. A wall that

is completely frictionless is backfilled with strata of clay (0 - 0)

an4 sand (variable 0) of equal thickness. The total active force

acting on the wall was evaluated from the Rankine earth pressure

equation (correct solution) and from the trial wedge method (approxi-

mate solution). The apparent maximum error observed in the study

was 15 percent.

Since the problem studied represents an extreme "mismatch"

between backfill materials, the error for most practical problems

A-63



encountered should be less than that reported above. Nonetheless,

the user is cautioned that such an inherent err-r does exist in using

the trial wedge method in stratified soils.

A second type of inherent error occurs whenever stiff cohesive

soil overlies cohesionless soil, the trial wedge method will yield

unconservative results. An error occurs because the entire wedge

is assumed to fail as a block in the trial wedge method, so the

underlying cohesionless soil cannot fail and produce active forces

until the weight of the wedge and overlying surcharge is sufficient

to cause shearing failure in the clay. In a physical sense, active

forces can be produced in the cohesionless soil before failure of

the overlying clay occurs. Information relative to this condition

is given in the discussion of Example No. 4,earlier in Exhibit A.

A-64



Sand: ; -#
c" 0

=120 pc[

Frictionless

Wall 10 ft

/

/.
Clay: = 0 10 ft

c - 300 psf
/- 120 pcf

Trial wedge failure surface (planar)

---------------- Possible true failure surface

c (Clay) 0 (Sand) PAJiT PRANKINE 4 EFI"Cr

30J p~f 30 deg. 120 pcf 13120 lb. 1400) lb. 6

30,j psf 35 deg. 120 pcf 12337 lb. 13625 lb. 9

3uO psf 40 deg. 120 pcf 11715 lb. 13305 lb. 12

30U psf 45 deg. 120 pcf 11060 lb. 13030 lb. 15

Fig. AF-I. Inherent Errors Arising from Assumption of Planar Sliding
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EXHIBIT B: DERIVATIGN O~F EL)UAT LONS FOR SLIDING

B-i



*1
I

Derivation of equations for uphill sliding as given in ETL 1110-2-184.
Note that the horizontal component of the applied loads is not included in

the derivation.

V

Vertical Sect-ion Through Sliding Mass on Slopia Surface

R

The satety tactor S =

',.,here R = resisting torce (lt is applied as a driving force in

the derivation to determine its value when it is just

equal to the horizontal components of the resisting forces)

H = driving force

SLn Vertical Forces;

o V - N cos}+ TA sinc
N

Wbere T = C+ 9 tan0

then

o = V- N cos + CA sin, + N sinj} tan

o = V -N(cosW - sin Wtan .0) + CA sin W

V + sA sinw (B-l)N = Coso.- sinwa tan

S'L Forizontal Forces :

o = R - N sin()- TA CosWA

o = R - N sin -CA COsw - N cos Wtan 5

= R - N (sin W + cosw tan 0) -C-A cosLO

R - CA COS(J (B-2)
N=sinc. + cosc.J tan

Equate N in ecuationms B-1 and 3-2:

B-2



V +CA sin.W. R -CA cosLi
coscJ sinw~tan .0 ~ + COSCi tanl

R -CA Cosc W +cA sii.)snj cos ) (B-3

S~nCJ+nw+ COBIj tan 0
ELtcos&J - simj tan co( _iwtaCO5J _ S InJ

tan( - tan 

(1-tan&Jtai ) 7

hy identity
taricJ+ tan 0 tan +aJ
I-tanuJ tan 0

Substituting into e<;uation B-3 we h .ve

R =C A CosW + V tpn (o + W) + CA z: n J tan(.0 + cJ)

= V (tan(t0 + W)) + cA (s in W tan (o +.u))+ CA cos w

= V(tan(0 +ZW)+As~tnO+w)) Cos] (B-4)

by identities

tan (0 +C ) - tan0 +tan ta
I-tan 0 U3iaLj

since tan 0 =Sn0and similar for W,Cos 06

tansi g5~)= + sjrlcJ

sin 0 inJ&
Cos 0 CaSL.i

B- 3



Cet coanaon denominator:

cosW sin6 + sinbijcos6
caso cosw

COS6 cosLLJ- sin5 siflw

=cos(4sino + sin()cos65
cos casCO- sing sinc 3

divide by cos 0 ue have

ccscJ sin 0+ sifl(J CS
- Cos0 Coso
Cos 0 cos&1 sin 0 sintd

Coso 0Cos

siflCAJ+ cosC~tafl 0
coscAO- sirnJ tan0

mrutiply by sinW~: .2

sincwtan(06 +cj) =si+ cosu ir j tan 0

cod.J cosCJta

cosW4+sin(,Jtan(o +(J) = sin 2 ( + coScjsilnaj tan 0 + c~~
cost3- sincJ tan 0

=sin
2&)+ coswintitan) + cos 2 W- Ssv&JCoseJta~i*

casw- sinw tano

sin2cj+ cos2,.
cosLaJ- sin&.Jtan

1
cosw.- sinc4 tan

Substitute into equation B-4 and multiply the decmoinator of tha last terti
by cosci we have:

RC = VtanJ +GA) CA V(ta*K$i. cA

costOC4 Cos E

-e~ formula tor downhill sliding is derived in a sirailat Mirner.
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EXHIBIT C: EQUATIONS FOR EARTH PRESSURE UNDER A TRAPEZOIDAL BASE

CASE 1: Resultant Within Kern

CASE 2: Resultant Outside Kern
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EXHIBIT D: COMPUTATION OF AT REST EARTH PRESSURE

D-1 PRESSURE CALCULATION

D-1.1 Direct Determination of Expected Pressure - Two of the more

common methods available for the direct determination of horizontal

at-rest earth pressure are described below:

a. The finite element method can be used to predict at-
rest earth pressures. It accounts for multiple
layer soil systems and for irregular backfill and
surcharges. However, it is beyond the scope of this
program.

b. Boussinesq-type elasticity equations can be used to
calculate pr ssures. Manipulation is required to account
for sloping backfill, and is beyond the scope of this
program.

D-1.2 Use of Horizontal Earth Pressure Coefficients - There are several

common methods available for determining coefficients (K r) to be multiplied

by the earth weight to obtain horizontal pressure due to a level backfill.

Several of them are discussed below:

a. Field or laboratory tests by soils engineers can yield a
suitable value for Kr' WES Technical Report S-75-16
discusses various methods and their accuracy.

b. Approximate coefficients for typical soil types are shown
in paragraph 3.d on page 3 of EM 1110-2-2502. These
coefficients are valid for only level backfill. The
procedure described in the referenced EM paragraph can be
used to get a coefficient for a sloping backfill, but the
method becomes invalid when the backfill slope angle exceeds
the equivalent 4 angle (0') calculated from equation 6 on page
3 of the EM.

(1) For an average sand (K = 0.5), the maximum slope is

lV:2.82H (19.471220) for this method.

(2) For an average clay (K = 0.85), the maximum slope
is lV:12.29H (4.6507 ) rfor this method.

C. Jaky's equation

K = l-sino
r

can be used for cohesionless soils with level backfill. See WES
TR S-75-16 for a discussion and comparison with measured values.
It has been suggested that Jaky's equation can be modified
to approximately account for sloping backfills, based on
the similarity between the numerators of the Rankine active
earth pressure coefficient for level and sloping backfill

conditions. This can be demonstrated as shown beloy:
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K a 1sin Rankine's equation for level backfill
a l+sln

K Jaky's equation for level backfill
r -

K acs cos3 - jcoS
2

- cos' j Rankine for sl,,ping fill *
LCos + - os2 j

K r- cos _osB - 2s Modified jk, for sloping fill
r

Where = angle of internal friction

B = angle of backfill slope

D-2 GRAPHIC COMPARISON OF METHODS - Figure D-i shows a graphic

comparison of several methods for calculating K , with varying from 00 tt,
0r

900 and B varying from 00 to 80.

* This is the total earth pressure coefficient, not its horizontal component.
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EXHIBIT E: FORMULAS FOR WORKING STRESS DESIGN OF CANTILEVER SLABS WITH
AXIAL FORCE (ACCORDING TO APPENDIX B OF ACI 318-77)

E-1 NOTATION is as shown in ACI 318-71.

E-2. DEFAULT VALUES

item for hydraulic structures for other structures

f /f' 0.35 0.45c c

f max. 20000 psi 20000 psi for grades 40 or 50
s 24000 psi for grade 60 or

higher

n E /E 29000000 508.77 508.77s/Ec 57000 4c 'c

E-3. FLEXURE

E-3.1 BASIC RELATIONSHIPS (Reference ACI Publication SP-3, "Reinforced

Concrete Design Handbook for Working Stress Method") for moment and axial

force:-f "F

andd kd Yr I or e

hI k)d A 
Nd

neutral axis IcceeteLofse'J
- centroid Cross-Section Stress Al4ed force Equvlent
of shaded area Diagram a i Mimn Eqle ibrium
and transformed (force at forcs wt
steel area nA acenter of e>jd

gravity of
slab, compres-
sion is positive)

a. For the concrete stress f to be at its maximum allowable value,

k 1 and j-I-k
3l+f

nf
C

E- 1



b. The equivalent external (applied) moment is then Ne, which

is found from

Ne = N(t + d") = M + Nd",

where N is plus for axial compression. Manipulating this relationship,

and the ones in the previous paragraph, to get R out of the denominator,

yields

Ne = Nd" + M = N(d-h) + M = N(d _ d+cover) + (d-cover) + M22 2 dcvr

E-3.2 DESIGN

E-3.2.1 Determining minimum slab thickness

Summing moments about T yields

Ne = Cjd = fbkjd2l

or
fcbkjd2l= Nd + M N(cover)

c 2 2 2

or

(fcbkj)d
2 

- Nd - (2M-N(cover)) = 0.0 (E-l)

Solving the quadratic equation E-1 for the smaller real, positive root

will yield the minimum allowable effective depth d. Adding the cover to

the center of the reinforcing steel yields the minimum slab thickness for

moment at that location. Note that the effect of axial tension is to reduce

the compressive stress and so yield a smaller value for minimum slab thickness.

Such reduction must be applied with caution.

E-3.2.2 Determining reinforcement for balanced design in Sections with

minimum effective depth, as in Equation E-l:

Taking moments about the concrete force C, using the relationships

in paragraph E.-3.la and E-3.1b, derive an expression for As to have the

steel stressed to its allowable stress simultaneously with the extreme fiber

concrete stress reaching its allowable:

N (e-jd) - Tjd

Ne - Njd - Tjd

W(d-cover) + M - Njd Tjd

E-2
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M + N [d( j) -cove- Tjd =A f jd

IS5

A - + N d( - j) cover (E-2)
s f sjd f s d L'2 2]1

E-3.2.3 Determining reinforcement for Sections with more than the

minimum effective depth (under-reinforced) from Equation E-l.:

E

Given: M, N, d, f h, cover, d" IF-

Find = A s I Il

a. Basic relationships: z

f = Es cs, by definition s

k , from similar triangles
r kcc sil-kE

fkEc =E E E S k f k

c cc cs l-k ssE T-k 1 -k
s n

b. Summation of axial forces = 0:

C-T = N
f bkd f bd k

2

C= c = s k , T=Af

2 2n 1-k

c. Summation of moments about t - 0:

Cjd - Nd" - M = 0

k, 3-k

f bd
s k (3-k)d-Nd" - M = 0

2n 1-k 3

fsbd2 (3k2 -k
3
) Nd" - M = 0

6n 1-k

f bd
2  

f bd
2

s k - s k2 - (M + Nd")k + (M + Nd") =0
6n 2n

Solving this cubic equation for the smallest real, positive root

will yield the actual value of k. Then, from the force summation C-T - N, get

fsbd k
2  

f A
5 ss

2n 1-k

A bd k
2  

N (E-3)
s 2n 1-k f s

E-3.3 ANALYSIS (by rearrangement of Equation E-l)
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E-3.3.1 Concrete stress:

f cbkjd 2 Nd - (2M - N(cover)) =0

f Cbkjd2 =N(d-cover) + 2M

f =N 2-oe + M 2 (E-4)
c bkjd 2bkjd2

E-3.3.2 Steel Stress:

Substituting the basic relationships of T for those of C

in equation E-1:

1 cover
A sf sd =M +N (d (~j) - 2

f M + N rd (I j) - cover (E-5)
s Ad Aid 2
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E-4. SHEAR (See ACI 318-71, paragraph 8.10.3)

Allowable stresses will be 55% of the code allowable for

ultimate strength design given in ACI 318-71, Chapter 11. In section

11.4.4 of ACI 318-71, the term N will be used as 2.0 times the axialu

force N from the key.

a. Shear stress is calculated using equation 11-3 from ACI 318-71:

V
V u
u

0bdw

which for working stress design rules, becomes

V
bd

b. The allowable stress is calculated according to equation

11-8 in ACI 318-71 for sections with axial load (tension is used as

negative):
v=2(l Nu

c + SOO0Ag) 4 C

which is ACI 318-71 paragraph 11.4.1 when N = 0.u

Equation 11-4 in ACI 318-71 is used for sections without axial load:

V 1.9 + 2500 As u but not over 3.5 f' , using V for V
c c bd M c u

w u
and M for M since they would have the same load factor. (In equation 11-4,u
(Vud) shall not exceed Mu).

Both values of v are multiplied by 0.55 before comparison with v.

E-5. DEVELOPMENT OF REINFORCEMENT

Development of reinforcement (bond strength) shall be as required

in ACI 318-71 Chapter 12, except that computed shear V shall be multiplied

by 2.0 and substituted for V u. Tn computing Mt, the quantity (d-a/2) may

be taken as 0.85d. Where the A provided is more than twice that required,

the stress may be considered as always less than O.5f for the purpose of
y

satisfying provisions relating to splices. Splices will not be calculated

in this program, but the information is presented in this appendix for

completeness. This presentation assumes no hooked ends except in keys.
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Reinfoicement in T-Wall components is assumed to be negative moment rein-

forcement as considered in ACI 318-71 paragraph 12-3 on page 43 of the code.

Stirrups will not be used in this program.

Embedment length into the span shall be as required by ACI 318-71 paragraphs

12.1.1 (hooks shall be used if necessary) and 12.1.4 (reinforcement shall

extend beyond the point at which it is no longer required to resist flexure

for a distance equal to the effective depth of the member (d) or 12 bar

diameters, except at ... the free end of cantilevers.

Flexural reinforcement shall not be terminated in a tension zone unless one

of the following conditions is satisfied:

1. The shear at the cutoff point does not exceed two-thirds that
permitted ...

2. For #ii and smaller bars, the continuing bars provide double the
area required for flexure at the cutoff point and the shear does
not exceed three-fourths that permitted.

This may be applicable to the heel slab when there is a key under the heel:

At least one-third of the total reinforcement provided for negative moment

at the support shall have an embedment length beyond the point of inflection

not less than the effective depth d, 12 times the bar diameter, or one-

sixteenth the clear span (one-eighth of the cantilever span), whichever

is greater.

Development length in inches shall be the product of the basic length for

#11 or smaller bars,

O.04Abfy

times one or more of the appropriate factor5listed below:

1. Top bars (more than 12" or concrete below) = 1.4

2. F over 60000 psi - not permitted.
y

3. Bars modified by 1. or 2. above, and spaced laterally at least
6 inches on center - 0.8
(1.4 X 0.8 - 1.12).

4. Bars modified by 1. or 2. above and in excess of that required
A (reg'd)

As (used)

The development length shall not be less than twelve inches, but not

less than 0.0004 db f
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EXHIBIT F: FORMULAS FOR ULTIMATE STRENGTH DESIGN OF NON-
HYDRAULIC STRUCTURES WITH CANTILEVER SLABS WITH AXIAL

FORCE (ACCORDING TO ACI STANDARD NO. 318-77)

F-I. NOTATION is as shown in Appendix B to ACI 318-71.

F-2. DEFAULT VALUES

Item Default Value

a. Es  29000000

b. Maximum actual f. from not applicable

normal long-term loading
C. fy 40000 psi

d. Capacity reduction factors:
flexure 0.9

shear, bond 0.85

e. Steel area limiting reinforcement ratio:
A. allowable . R (0.5 if I'jad - i,.
As balanced includes eCirt ui'lkc)

f. Maximum ratios VJA. not applicable when
f'bd h> I-(AC1318-71

c 10
Table 9.5(a))

g. Minimum ratio f A 200.0

h. Maximum strain C 0.003

i. Stress rectangle magnitude 0
.
8 5

fc

j. B1 in ACI 318-71 par. 10.2.7 0.85

k. Load factors
(1) flexure not applicable

shear on concrete
bond on top bars
bond on other bars

(2) Using D-concrete weight + water weight (1) 1.4(D+F)+I.7(V+H) except:
V applied forces vertical + earth weight a. If sign of D is oppo-
W wind site to H or F, use
E earthquake, horizontal or vertical 0.9 for D.

H - earth horizontal + surcharge horizontal b. If sign of V is oppo-

F - seepage horizontal + uplift site to H or F, omitV
(2) With wind or earthquake*

Note that V and H are the orthogonal components a. Add(l.7W+l.87E) and
of the ACI Code load factor group called L. use additional overall

factor of 0.75.
*for deflection control, based on b. If D+W+E only:O.9D+

ACI 318-63, par. 1507 1.3W+I.43E.
**ACI 318-71, par. 10.5.1 c. Use bigger of a or b

above.

rev Sep 78
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F-3. FLEXURE

References:

1. Commentary on ACI Code 318-71, Chapter 10.
2. PCA Notes on ACI 318-71, Lecture 4.
3. ACI Publication SP-17(73), Commentary on Flexure.

F-3.1 BASIC RELATIONSHIPS for Moment and Axial Force.

Ecdefault default

b 0.0 3 0.5 factual parabolic stress

equivalent rectangleaZ  , u

s csfy/Es Note: a = lCb at balanced design

CROSS SECTION STRAN STRESS APPLIED FORCE EQUIVALENT

DIAGRAM DIAGRAM AND MOMENT EQILLIBRUM

C = (0.85 f') a b (Force at cen- FORCES

c 
ter of gravity

T = A f of slab, axial

s y compression is

positive.)

With N as shown (for tension use -N):

The external equivalent moment is
Mus N.M + N (d-h) 

(F-l)

From the strain diagram:

L_ s Es/J

Cb d08 fo (0.8 f0,00 a 0b03 (Fre at 290000 FRCE

From the stress diagram:

iu d l bD 
(F-3)
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The internal moment is

= (jud) b a (0.85fc) for concrete

Where a = c for balanced design, and
I b -

Mu = Ju d  
%FA balanced fyj for steel (excluding N) (F-5)

F-3.2 DESIGN

F-3.2.1 Concrete thickness for strength, - The expression for mfyil'mp

effective depth "d" in derived by substftuting equations F-I through F-3
into equation F-4 and solving for d, as shown in Addendum A to Exhibit F.

d = f(O,b, 81, f'c, EC, Es, Mu , Nu , d") (F-6)

To account for the R factor defined in paragraph F-2e, an adjustment

must be made in the application of Equation F-6. This adjustment is

described in the following discussion. The effective depth "d" and the

reinforcing steel area "A " must be sufficient to resist the applied5

moment and axial force. However, the ACI code limits the allowable

steel area to a fraction "R" of the steel area for a balanced design.

These two conditions can be satisfied either by determining the effective

depth for an increased moment equal to M us/R or by going into equation

F-6 with an "effective width" equal to b times R.
F-3.2.2 Steel reinforcement

a. The area of steel required for balanced design, with the

R factor added to get the maximum reinforcement allowed is
M R

A = us N
ma d b (F-7)max [d I f T

which will be strong enough because R was included when equation F-6 was used.

b. Since the actual value of d will, in general, be greater

than the theoretical value, the full A is excessive. The actual need

is based on (1) calculating a from the concrete strength based on

actual values of M , N , and d, and then (2) using this actual value of
us u

a instead of 6Icb in equation F-7:

(1) Get a:

M + N (d-h) = M = C(Jud);

substituting C = (0.85 f') a bc

and (jud) = d - a
u

to get

c a 85f' b Pd] a + [Mu + N (d-1-0
usg the ajolute value of Hu and Nu as + for compression. Then solve

for a as the smaller real, positive root of the quadratic equation.

F-3



(2) Get A
s h

A = M +SN(d-) N
u u (F-8)

S[d - j

This must not be greater than the value from equation F-7 or the value

of the expression in paragraph F-2f. It must not be less than the

value of the expression in paragraph F-
2
g.

F- . 3 &NALYSIS

F-3.3.1 The concrete resisting moment in flexure can be calculited using

equation F-4 with equations F-2 and F-3, using6 c]for a:

u lable)= (d - t) 0.85 f' b 6lC (F-9)u s (availab--) 2 1 C-9I)

with :b calculated using equation F-2

F- 1. 3.. The steel resisting moment, which must be loss than the concrete

resisting moment by at least the ratio R from paragraph F-2e, can be

calculated by substituting equation F-I into equation F-8, using the

re)ar jonship

Mus (available) " (Jud) (f yA + Nu) (F-10)

F-4 SHEAR

a. The actual shear stress can be calculated with equation 11-3 from

ACI 318-71:

uU VU
#bw d

b. The allowable shear stress is calculated from equation 11-8 in

ACI 318-71 for sections with axial load (tension is entered with a

negative sign)'

uc " 2 (1+ 
g N

which is ACI 318-71 paragraph 11.4.1 when Nu=O.

Equation 11-4 in ACI 318-71 is used for sections without axial load:

U - 1.9 \c + 2500 A
s  

Vud , but not over 3.54f7.

(In this equation, (Vud) shall not exceed Mu.)

F-4
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DEVELOPMENT oF REINFORCEMtENT

Develop rent of reinfrcement is the same as for Working Stress Design

(Exhibit h, par. E-",), . xpt that the t mputed shear is Vu and Is mt

multiplied by 2.0.

F-5



Addendum A: Derivation of Equation for d

Given M.. = (Jud) I (b cb)(O85 fc)J$ (F-4)I

d& c  dc c  dccEs (F-2)

with Cb - = +f
"Ify ccs+fy tcFs y

S(F-3)

And jud d- 

(

2
derive equation F-6:

I. Substitute equation F-3 into equation F-4 and simplify:

Mu s S (d 1c b) bBlCb  0.85f' c

22
d~b61cb 0.85f' c  2 Cb 2b 0.85f'c

1 2

2Mus l2dbB1cb 0.85f'c 1 I12Cb
2 

b 0.85f' c

2. Sub.titute equation F-2 into the equation above:

us .c FdC- 1 0 S [d E l  [dFEE+ 2
2M~ = O2db 0.8 LCsi b 2 0.8Sf' [ c :fi

2M 20Bb 0.85f' E E 2 2 2 2 2
us c c s d b 1  0.85f' c E d

cE+f - cc s
Cs y (tEcr+fy) 2

2
M us Ob 1 0.85f' CE s [2(cEs+f) - 8 1 EcEI d

2

(E cEs+fy)

d2 2M (E+f Y)2d - us ca )

4b61 0.85f' EcE s [2(CEs+f) - E

3. Substitute equation F-1 for M with h -d+d":

d2 2 [M + Nd - d+d (t E +f ) 2_2 ]

0.85f' c cE s 2(ccEs+fy) - 61cE]

F-6



oM + u d - Nu d''  (c Es +f y>2

b 10.85f' E 2(cEs+f) - 1  cEsi d 2

EMu - Nud"] (Es+fy) 2 2

ob 1 0. 85f' E [2(cEs+f)- lE] d2

N (E F +f )2

+ U CS y

(0. ()85)f' £EE [2(,cEs+fy) - E

4. Substituting DDEN - 1bBl (085)f'cEs [2Es+f) - c
(EcEs+f)

0 M- u d"] 2 N U1 DEu u 1 * DDEN

d- Nd' 2 N DDEN d
IM. u -+ u

1 1

5. Change signs and rearrange:

DDEN d2 _ Nud - [Mu - Nd'J= 0

6. Solve quadratic for roots of d.

7. Keep the smallest real, positive root as the value of d.
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EXtit1T G: COMIPdOUSON Of., BtL)SSINLS) A', LOh'll, SO.UTDI)N[. l!k 1u .i' L ELS

ON RETAININC AILS DUE Li '.UC'BilARCE l. )AB S

G- I SOURCE - This comparison was made by hr. W. P. hawkins on

20 June 1977.

(;-2 USE OF BOUSSINESQ THEORY-VERTICALI' T INELS K - The comparisons

are based on the premise that horizontal pr,,ssurus doe to surc:harges cil d

be obtained by multiplving the vertical pressure predicted hv thi. Boussinc:<q

equation by the coefficient of active earth pressure. The Boussinesq

solutions are given by Eqns 67, page 87, for a line load, and Eqns (c),

page 363, for a point load, in Theory of Elasticity by Timoshenko and

Goodier.

C-3 USE OF BSmES' ELOATIONS - The quations for the Bowles solution

are given in Fig. 11-20(a), page 356, for a point load, and in Fig. 11-21

page 337, for a l inc 1 o, in 'iindation Analvsis and Des in , second edition,

by Bowles.
by B R SS R F'S - i' r J i , ri but ions for the two solutions are

shown in -Igs . -. d - . sinsq solutions are plotted for

K 1.0. iesdmr's .'r li i cases are those which occur it

points o0 the wail I n r '.t ' '. t poiiit load.

;-S RFS:I;11ANT I c. ,, . . ts of act ion on the wil 1 are
hown in Fig. C-I for ,. ~ 2I t pc-~.~r - -c distribLt ions. For the point

loads, pre-, .. res are Lo500,d to , ,,,otant ovur a unit length oi the wall .

G-6 COMPARISON - F r hoth i n and po in t load caases, the Bowles

equat ions gi ve larger re'sL It nt fOrces wi th the point of action of the

resu Itant being higher on t "c wa I I than the Botuss i nesq solutions f or loads

at a distance greater than two tenths of the wa II height.

G- I
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4- scti- -uJ~vL N4-(-ce boelowc -kci rs

Will kt~ve -, 'rccic 6( C 4 \ oucdm

0 C1-r ClI CUIA+gt"J Lk i+{I +k{ C Clee p P

A SSur~f;" cw~S mAA+ctk 4Te f'IUAl AI p Oi o -C e- +e -4i (5 1tj oI,J ,qf4

WES~ FORM NO. 1253aREV OCT 1966
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S-RiC EKA C3 T- COMPUTED BY- DATE: FILE NO.

SM\E ?,ETT7kMING W~ALL
S"EAR FRICTIt4J SLIDN~G PNAL2qStS CHECKED BY: DATE S HEET NO.

,si 
4

\ A),, e- OUIAAA- 1 1, )\ . A w

LvI~~\O A k~Iej f-i wji+(\ A 6ovzoeA, u .Ae.4i +tic.

S Vu cA- ANAJc 4Te Soil 4%ouIAAA1OJ I U.P lifi- Py-esLAW-

wj Oe cov~pu4 ecd A~SSirAtjq No Creep IbsS 41- 4e-

For +I~e Coik-ji- 0 j U19-e A4 e V-e-SUHAA 4 -f IOLT'1

4-4ye keviq + -he ASSUVjr0e S110S pfrue. is 46IwoSk +Me

Soil ) oy- e-KAMPIC A WAIl WorA A ke~y po1swI A-Ae

No weis' IQ VplCL- pY-eS :ae WAilt be- COIQSIdeyed

becALJSE '4A-\e S.11 c.~oeZ *.40* ibf PI-Nd Cfrr A- CY-ACI AS

is '4 ',e CiS A 4 e soi I ~-L~c~uve Iwj--Ace

.E FOPH NO. 1253

E OCT 1968

14-13



SUHJECT .RY 1 COMPUTED BY: DATE. FILE NO.

SAMNPLE RETAINING WPLL
SHEAR FR~ICTION SLIDING AWK~LSIS CHECKED BY: JDATE SH-EETNO

Awo-~e~ -e~o~,l r ue l-I4 -6rceS o 0,\e -o+

t0' - S C0 -AA-1Q,0 IS 6aCAise \Q L .3,ve ,

4Sce4-4-\P- Sot I - S-r-Al&ye C-e P- 0 A -j4 +{ke(~e v

d0 oN.4 qctfec+ + )e O'JOY-Afl S II-Jj S4+.Iiij

7 -0A C vpdL)L-s s~hIJ 6e cow.sis+e,4.j w~ri-%

+-he rnievirj 0e t~ 4 ke, ,s -eA A plwje of' fPIum-

4-~~t'\(Ou-) j'J 4AL ~ ~yj se +he- AN C o

44\t soil. For Ai4L 0 A4re -tlupe. pl;-jCes A1

4A'~ sod- ru~~ t~jbc~c. cSe 1-be AIV4 C -FOiz.

WES FORM NO0.

POCT 966 1253

11-14



C. :t

1-s5

-i-t

I.~s

IS. tO 4? - 0,13 s4 0.1 i

& Z's Pc4

ItsIL Peua kOUC fadvaII ( £11 B1 Z 01 c4Y4 of~0t4

UA' cL k PAAII Mli 0 -'Z- Z5w ~ -. t 40e 061po

WES FORM NO. 1253

M EV OCT 191



)(IIC E -H I B I T 77 COMPUTED 3Y DATE Fl E -40

S ALD1MC ANLDVZL 1E'D ~ QT *E~

S II D I

_____b+ j 2

22

.. l' ut - l

III,.l rL-4
OD-

-- is 00i

; ; .... :S-..

+ +>

V4

\U,

4.,,,.

' 4''

22

-

yES E'ORIE NO. 1253
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</



51 HIE T LX K I B IT 1. COMPUTEC aY DATE FILE 10.

-SA tjPLE FL OZD %UALL
-S L I.DI MG& Ali ALY SI CHECKED ey DATE SHrN.

PA~siVE EAR.TMj PESISTAMCE AT TOE OF W)ALL

( kp. z +~ '1 'H -k cos aI-

2 -- ots~6s kf,-4.5) - 2 C (r.5vJFf ]Cos Z106

ACTIVE E AtT4i Dk..V I~ KF OP-E AT HEEL OF W~ALL

-~~ NAos aF ol

y ~ oL5 .6z5 ) kA (9,Z) * L ZIOS 206

- 2. C. (9,2)/217060

S2- 46 ? 3 k.. - igI. V 0C. J- 7

F O v cT 9i 125?

1-3



E. X- EH IBT I

SA HPLE 1 ~L OD~JALL
SL I01 WG A Q A LYfS I$ S ____

K) E T APPLIED FOPCE TEKJ DI W G TO 1 QD UC E ~L 1 0

f w H N- HL - ,,)ouJ Ao ( Set s~eeA H-5 i~-c H, , k, Um "LS

0.bl- 31 4) Ccs 21,06 + 2,lrBgakA - 19 -010 CV

, 6o 8 +i 2 4C83 A - ~ 19i I V A

F.EAC T10KM 0P R(A U T F-W 1 K)6 TO, PLESI&T SLIDING,

=[IZ~b s t Cos 21,0C -4 1 ll1Uz,- 0,821- 3.1 1I4?j Si Z106, 4-

+--oI5 0,0 62S ).kf (4,S)l + 2. C' 41.S)fkl SIA, 21,06] a- ~k+
5.6'+0,5103 k?4~39cJ

1 4.71-84 0. 9sS A - 6-.&I 2C 4rk - 0, 2Z 1- ke -3 .3a34"1 f].-*.4 +

EG1I L P.tU M OF AppLIED AJD REACTIOKM f0ooc&S

f- "~SI-OEj P- KG TIIA L F ALVPE Sulf-ACE i

VJIT H E7- w -Tj FS +±Z C ) A K)D 7 w=T ,P

rY- QVLkjLIgRR.IuM p VL c, - oN 4 z D)= 7- R be co-es
E[, - &, F &1-2 r') -~C F S, P -S Zc] Lk iA

Ti R C 0 rwxpFUb~* A~ V 1- 1 F S Oi-VOUP S SOQ Vt. Oa AR -/Ptk&.IA

Z Ds -~ Z =c. t) I~c; - '

Oiv'J*v-cC*kve proLkALkrm, e, tk,,r a Cxp I- ckc61v.A)
Or kc~CAzcck C oa^' t kL C o-pLer ). T - L ~k k&

(2 (4Lcia cUL AU-vIIxkes oT 0' cc
3CIdC A C INa <A(A k p A t 0&-,~ 0' , (4).-C S) k

P , A %1 7 Dw C~ - (S, P.S +z() &-A ZR,)~- -, (FS, Fsi- 2c'}7 a et
Q. polr.-A-j rF,1 C~ Ct~*O.x (r S 0 A~V 1  {-t-

~, os~C~-. ~ Dw - o

1-4



ISUBJECT EX I I IT COMPUTED BY DATE IFrLE NO.

5 AMPLE F L O0 DWAJLL
k 0 1 tA 6 P , : Z -ECKEO BY DATE: SHEET NC.

A~~ Q~~C~vkA Q- 4 caO k OCzA4X.

F & *-r e c , z

TkQ qcsi41vk V o~xC

FoSr~ = SC 4-4c

= 20'

44 o. 2 494-/ 8 2o31

Ak. -- =0. 
4(,s-~ * - -o.2 s- o/9 -o.1

k, -o iv~s(- 72) --- - 4. (.s'-. 2/)= 0.,41a9

kVp /2.039 61 I4 I

A,3 2.&8 3 kA - 0 C' ,kC

= I ,o8 - =~. = 4,o8~. v~AtzD 6-~ + 2.46 3 VA I1LII 9~ 1 0,oS4

.FS K 0 M NO 1253

SOCT 196-

_._. . , ,1- -



It j4, 33 -A64 01 c~ 9 k>- - 6.6 12 Cfb - 0, 22 14-p

-3, 23 4 1 L'TVI - A o,. 6 2

c159o IS 86ci's

5 0 ' 5 e V - 0 .c

w - -.

e c-r AV ~- LAa 4 m t:: 4 e s -

.ES O'R. 0 1253
Fr V ItT 1968



SBJECT X~ H I~ 1 I COMPUTED BY DATE

S A ?LE 7LOOD .. )ALL
L LI V N G, A N A LY S I SCHECKED BY DANE S.EE

GPAPIAL SOLUTION

o 0

E 0 0 3 0 0 0 V)2
-

w 0 1 ~ 0 6 0 0 0 IL

0

-_T 34 c- c - c- -

AA o ~ L 0 go

00 0 0 0 Q 0 0 0 0

00 co 00 N O~

0. rj '0 0 c - .0 -0 f< S

oo .0 0 0 0 0 c -0

.0 0- a- a- a- - V- 0

-~ C'l N - 0 0 0 0

0 J0 a-LnCI- . LA 0 0
.0 .0a - - n - q -

Cl ~ ~ ~ a 00 w. A A 4I I L u i

0

,,A 0 LA~ o a 0 0 0 7

.FS Opw . ~
EC V TS , 969 125

AN i



F I E.BIT1
SAMPLE FL LDLF.J ALL
S LiD I W C> AW A LYfS~ I S'

a I

+ 4 .-

II~

~ 4?

_i .4kZ

-..........

7','

1-8



A0A097 760 ARMY ENGINEER WATERWAYS EXPERIMENT STATION VICKSBURG MS F/G 13/13
PROGRAM CRITERIA SPECIFICATIONS DOCUMENT. COMPUTER PROGRAM TWOA--ETC(U)

FEB 81 V M AGOSTINELLI. W A PRICE, C E PACE
1.q. ."Tflfln NL

C////III///EEEEEEEEEEEEI
*I//I///II/fllfl<



SUBJECT F X I I -T I COMPUTED BY: DATE: FILI NO.

S I IMPLE FLOODWALL
SLI 0 1i. , A i~aL'' t S CHECKED BY DATE SHEET NO.

PA SV E. A 9-Ti PE S\S-T A C= A-1 TOE 0 E6 WALL

2 ri kr HL + 2c H/ '

4 ( 0-11S - 0,062S ) kp ( 0') + 2c C-' 1') k

= 3,Sz13 kp + 20,4 C'! kp

ACTIVE EAR.TH DkVIIG Fo8.CE A-T HEEL OF JALL

II
HA HAC.IH

A, = Hi? - HAC

.- - H )- 2A c LZ),
2

= Z.64S leA - '8. ,

WES "M NO.

REV OCT1M 1253

1-9



SLI Di t'JG AN tLYS % C. 3 D. T ES-FE 1

NEI APPLIED FoiLCE TES3DItWG -TO INQOUCE7 SLIDlt G

2:Di= H, - UK1 + NA (SCC S&~eeA H- POr NA 0, U 01V4W

I('l A22 - 4-lirl A- Z-6Ar5 kA - 1+ / A

- 6 0 So 4 2. 4 4S kA r-' Tk

RZEAC'TIOW FORCES TEUbIMGi TO Z E S I ST SL1 t 1

Z = V I N, 0 Np + C.A -% 3 -2 S 13 At 2.14c'

- l'.32j +Ov(~ 14-80C 4 32511kp 20,-,-C-'I

EQVILI86RjkM OP APPLIED AK D UEACTIOMJ FOP-CF-S
Co01.)IOEIIN6 T~iAL FAtLUR.- Su iF AC c

W [ ID.F =TSc' (FS F ,2-C S Ac tu 4 ct D - -T ,FSA
tsp'c *-U~~ru rz ic.-t o t r- iIZ i ZR Ub) e s~F.~Z)~

C ,L FS+ , )= C F r S~ 2 -C] ujt. cv~., b e -~~

(A) s? s- LC A it O r, - t( , S* C* ) ' C FS

Ted' COZU-~~. OTj IF S e,F3z' V Z0 :4V aFS So aAt

~~~d ~~ A Q -~~~ 4 : ZA.t~~~0- OI" =O~K a

C~ F~ S, FL o 2- ') - ,(F .

68s aORM AcNO.'Ve py1253 -t e- r k c-

orV OC A 1,. 0^ A_96PA8 kT- r .A r

i M CkLA j--&. (1) CkS SU A- 1 -10 6 Y-4 V1 k Z 0 :



SUBJECT: K I COMPUTED BY: DATE: FILE NO.

SrWPKLU F LOODWALL
&.LID 1MG ANALYSIS CHECKcEDBY: DATE: SHEET NO. JL

L 10

r o- 00 r- -n-

00 -c V-c- ; ZLL.

lt -i 7

-ow
a c-

et ~ 0 ~ -i4 r - - - V-
.c t0 - 1- 4ao-a 4- -a a

In c-. N C

co e 4. dc 0 'A in i A1
qd V- to o oo c-r - - c- w a

6.i '.4 6 6 06 -6

c- 4I In In 00 f0 0 i
cf en en " *Yac- 0-c ,

0 0000o?0

00 0- 0 C

o- 0 0 0 .i0 14 u

- i c- 0~N

0,00

- -4 00 0 0 0

-- 0

fe' 0~ t o *a-a-a-G
..o u'4 /:t: "t 1 T

&;4 + e).~ ' eq r" C4 vu
0 o'1  

0 0 ri a - 0
.o ina 0 cgr3

BV oCT rIf" 25



SUBJECT:SMLFF O COMPUTED BY: DATE: FILE NO.

SLIDI%.d AWAL.yslS CHECKED BY: DATE: SHEET NO.

The +o4fvd 6rse--outArAtioj it-*4~ce 4f 4),-, T-W'kIt

Nrf,' wcJo 6e iN, Corpreszlot1 Lu-4 1 -P-e- f0u,.,J4uosj. V;

pepr- 4 &C 44- svv-c..cce uw.jec- cw~i4 ero.4 go.j -t41-

'i4,e bASe--, ,oJ - 94tVEYCACe AWA 'S W+ 114 CojcJ

Is N0+ AIOi.)C +Ke 6Ae -f 4w4A4-60oI 4 CcCACPt. LA~

+V~o -4,-e soil; N~o -e-4c,toj iKJ A-i-\e. Pkst6A +o

Y-esis4v- SA IO s ,vAAC.

A po '4Iok.j o-F 43/\e 64s ef A T-wqII w-11 wd-o+

be 1w. com-ess'o,OP Wev-n '44,-v--s IAQj4 .6Ih 0jst

+the keri- +4\L)s creAjrfUj A CicJ W~m c,*J

This co'jAtAioj Lj~dI 4.-ea -We slillij '1 A~
A1.JaysiS LJVeQ. '*~e 4S~urf- %11111 01414C 4(4s AIDN

! e Soil - skrwuctvap INAC4-ece belowj +A'%.L 6,e

w~f kie ~ ~e~YCIC 6tkeck Avrouck 44t 1%,je

of creep CA1C-U1A+r,~js LAlQ.J1i +1h cyeep p6r

ASsumemw~t.S KNP+dc 41)e ;4IJAI pi'w* o-F +44& m 1~s.4-4 n5 w INJ

WII room "O. 1253
may OCT$"$6

1-12



SUBJECT, EXHIBIT I COMPUTED*By: DATE: FILE NO.

SAMPLE FLOO~whXL.
SLIDING AvlAu'S(S CHECKED BY: OATit: SHEET No.

uj\AW,- W~re. ;e-aAtt For encvenple co,,sidey- A UJAill

ik 10A ke-j AWc8 U.JrW A ho'cirz011AI 605. Wl'~e'4. Olt

rest Alo 4111 astNc &ag keW AJ Ap- As$~ cWIQ

-- c.4uve. AW4J 4 i~e Soil -CuA4410kJ I kli p-essIL4AW-S

W~j e cmv~e AeI tj3 oCpp- ls

For- + e Cojrk~ tje- 4 e reAAfj- s dutlsi,de

44 *. LA A-Ole ASnumec SIIJ FIA'e is 41 vouskI -PAC

Soil j 4v- e-gAmpfe. A- Ww oAA Akey pos1i4om.e4 A-t4e

ei4vewvye ej c4P 4he, 1rev- (See 41tt-e, Sn'ouipi aJ u~

WOIC~-~ IQ. Upli(4- p~e3-e wilt b~e coq~sIde-ec

becAOsC 4\re, S.11 roe~s 461 I f+ rtv..j -CorM k rACKvRi AS

is 4-\'e consA+ 4--e, S0iI.S+s-wACure I~J4%tA*Ce

- h.-.Assu&,scA Fc.tvt 4Ac6.-1

.Ev OCTW

1- 13



SUBJIECT, UR15~1T I C016PUTED BY: DATE PFILE %0.

SAMPLE FLOOW~kL
SUDiNG ANALII CHECKED BY: OATE7 SHEET NO.

AviW~e-c re~sot-I 'Pne ,xtI,4 f4-ces Am-e N~o+ oArec-445

;ov - W's cLK~% is IS -C-Ajse 4 4P,,ra-- ~e

1t1iS%4e 41- So~ I Sk--c-AUe -fre0 60 4,-1 AWJ +k'~ref-ore

do, N'o+ o4e+k 4 e. Ode4-A)) sliJw5.J s+P-mL

TVP A-~J4 C VAIULS sIS~aAIJ 6e co,..si+e-Aj~ wjrfi~

4-he rrIvev-W ~eiw~q ske i r e-A A pdAwe of iu

+~~?\' ~ ~S-OU\ u hI se -f-he- $ AVA.J C Of

44,e soil - s-6ui'1 Y-s j~e use 4 -e 96 ANd C -roer

WES POtd POO.

*v c TIt" 1253

1- 14



-EZ'H I B IT d DATE: FILE NO.-

-KJ PLE FLOOD WALL S L I r1.L A L

* C-

I 'S
0 D

-I ....

-roe

I|,

16-."

0.16

t= .s Pc4

R Es o OC . 1253

J-1



SUBJECT - XI I %VT 'd COMPUTED BYi DATE: FILE NO.

& AMPLE FLOODWALLCHCE YDTSETNO
SLID I NG ANA LYSIS CEES AE SETO2

Q-

C# -c-

+ %A

C- I~

94- 01

-bjr-

D

to 11 le I t 11 11 b, i

->b

------------ --------

1.- 2

Lu



uBE, T E)( Vi I I T J! COMPUTED BY: DATE: FIL NO.

SAMPLE FLOODWJALL
-SLIDI NG ANALY IS CHECKED BY DATE: SHEET NO.

PAnsVE EARTh R.ESISTAMCS AT TOE OF WALL

14

Hp,S = . f 4-2. + r<. coS Z joc

O.AiOs-  + 8. c-k-] f lo

ACTIVE ,EA.TM DIIVWIG OILCE AT REEL OF WALL

14171c.
NAp H - i A ^€

6--- z-= - HITT) co-saIc."

-' 12-, - 0,0 06 5) kA -k. 0 s, .1. c ,

- ..- (O.S 2 1.06

S2. 4 6 83 kA - 11 11 0 C' ' "--

1V 'QC T 9

J-3



E X H 1 6 T , JCT 'F11 PO[)

S AM PLE FLOODLOALL

WE~T APPLIED FORCE TE WDIN)G TO INJDUCE SL.LI 010

-Z D 4 Ht Vl, Co r I- A S&et z- f- IA ~r1, K ~ VIJLCLS

34 6.Af - 511 31,9j4 C O. 21,U 4C 2 4,4 kA I 10U C-4-k-

- 8~o +-,A- Z A - IIt k

.EACTIOt..FR.CES TEDOI.6 TO, RES I &T SLIDING)

9W t + HP = [ZV COS )+ :--St3. 4 C,' +C.A 4 Hy,3
12 518 C 0 S 21, 0 4 H.1 C, .21- ZI 1,h s ;AA.D ,6*

j(O.k2S 0 06 Z B) - VA 2 . C . )/ 21 06'
i-, 0. 0 6 2S )k C.e - A S)1 + 2.C' ( i.S)JFi S.- 21 -06 .- 0'+

0[ -C 0 Oi"kA - 6.612 CTFi, - 0, 2Z 14-1 3A3,1 1&,0

34i58c.' o'slos kp ft Llql. (. F.

C QU IL I BR 0 t F APPLIED AWJD Pr=AC-tO I mF0 -F
CO WS) DE RI J G TR-IAL P A ILU PE SURF A C E £1

zZci 04-- , p: [Dw z ku3 b ( oiwk Qs C *, I v s 4FS)3

LAk c a,,, b c 4-r c-Av. -s Q~ L F * S) ~C

76- ClW--y C..4lO4K c' FS je'xVAo -es& ,Dl, A t .0-Pe& %

~cps) c- -S) o

Lo dkikdl Cokf-k VCAL-ts oi S' " ci

kA ~ -k1 FS kcXD 0- P .-A L.Q =-S)S C A

%a L z.S =,A 7 -o= 1(-

REV OC T 1966 25

j-4



SL-%DVA6 A N A L S IS CH-ECKEDBY DATrE S.EE:: o.

- a- j

-o

3 ~ ~ 0 60O~

- c- a, - 0 - ~ .

CCC a A U- n r--q

.0 c- - - - r7 4 .~ - a

Vj 0.0 11 0 - - - c- -0 -3
c- c- c - - -0 o

c- 0 r I -

# i - - c- 00 0 &1

n 0000 0 O 00 o . 00 00 00
21 

000 00 0

- o .c O r D n - 0~ Lol n

c- 0. r- J 0 0 0 a

'o 6 6o -e4A i LlA A~ i~ ~ e1sh
t

It0 
0 d- - - fl + c rl

NJ-5



E XHI BIT .J '.

6 A M PLE FLOODWOALL

&LI D iN C- ANA LYSIS -*~6

Os

tl. , ".- ,,,C

iic

If II *'i II

- + c- N

LU-,,-,,0

4

.,., --:-_.- _ ,, -" - '

I.-,

Z .-

4~i

_ _ _ _ _ _ _ _ _ __7_ _ _ _ .6

5NU'

-I -2

RE TC 9 1253 .
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EII

S jECT - H bi yIT .i COMPUTED BY DATE ELENO.

SAMPLE E-LOODWL ALL
.S L t CL N G A KAL' SI S CHECKED BY OA-E %NEE T NO.1

PASSIVE EA-Twi PESISTAK)CE AT TOE OF WJALL

+ '1

2 r6 r~ H2 + 2 C /TH

0- S- 0,0625) k . 4- ZCiI,2 '-r

- 3.ZS13 kp +r 20. 4 kp

ACTIVE EA 9-1' DR.%V(MG FOI.CE AT REEL oF UJALL

HAO HC

H A,,, HA H A

= 12 - 0 062z5 kA 2 2 -2-L 9, ,,iT

- ;.646 kA

WES FORM NO. 1253
REV OCT 1968
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EX M 113iT v) COMPUTED BY DATE FI.F NO.

SAKI- --- FALO 0OD IAt.LL
SLI DING c ARH LY'~S C-ECKEO 3 DAIE ,E EVT No. 8

N UT APPLIED FOiLCr TEKIDItQ(- To I~JoVCE SLIDI1,3

X " - - Ut HA Se S~eCA F- Ior ". oA. Ii V~ S.)

11A2 7- 4 119 L-Z~4 A - l kA4 f

'j,3 0 4 2-64 S kA -I?., C'kA

REACTION FOPICES TEkJbIK)G TO P-ESIST SLI 01 MG

HL. 3 +Hew = V * 0^1 ( ' + C' A 43- 1.3 kA 2..4- c 74

I i-3 2 Z3 )rOolc + 14 8 C 4- 2 5 11 k1, Jr Zo. 4. c

LQUIiLl~ALJ OF AppLIED AM~D ULEAC.TIOK) FO-CS

LCo.I~jOE9IIW6 TPLAL FAILUQ.E SUR-;LF CE2

WjtzD[ 7-4Dm LFS) AW3D Z 43 .CFSiI, t~t e Q riu
rLUJ' C 7-D = '43 P O\eS S) - -h(FSJ]

C CO'n. b-e. rcw-s p a lvs4 -o YR-c,-A .LF)-1(F'

ba - CkAx VXtAVL 0,\,L0ciFJs v ~.tvp 4r.p SA '.& ciz %-pysCf4
C P C.SUW- *Ci~ P5Stk. 4)

6 L4- 4L~~O~~'C- '

kLk S0 A~ LO t*IOvS Ur- -

o trSer o o

J-8



SUBJECT.: 11 T .iCOMPUTED BY DATE F ILE NO

SAMPLE FLQOWALL j_
G Lt D IN b A 4ALYSIS C::.ECKEO By DATE. SHEET

- 0 Oo 0 0

w - a; 06 -L C c: c ILL*

0 1.
a-

'a1~ 00 U r - oO 0 - '

,a 00 00

r-lU

at

~ H a- - I-, 1/10 0 ' 4
~~C-

-c- 0 '1 ~

0 0 0
c- 00 c cy-a~ - Lu

IN _ _ _ _ _ _ _ _ -7 7 -

0 0 A ao N
-c .0 m~ 'o00 0 00000o

0- o~ 6 o -@-a a

-00

9 ~ N - + ~, cr o- cr t-

0 0 a 0 o 0 0 40 0~

,r u ; - ir $

WES FOSW NO. 1253
E V OCT 1941l
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a fully passive earth pressure due to an earthquake is computed as follows:

pe= 2 (AKpe)

where
AK K - K

pe pe p
where

K sin 
2 (a- +6)

pe cos sin 2 sin (a + , + 0) 1 1 - _in -A ) sin ( + .'-8 2

11
pe (iin (a + + ; ) sin (a + B)_

and

K = static passive pressure coefficient for the fully passive
case (see 4.1.4b)

For the case where passive earth pressure is used as a stabilizing force,

a reduction in the passive earth pressure due to an earthquake accelera-

tion is assumed at the same instant the fill pressure behind the struc-

ture is increased. If a reduction in K p has been used for computing

an effective K for the static case, this same reduction in AK isp pe

used. AP is applied at 2/3H above the base. The pressure distribu-pe

tion of '.P is the same as assumed for the active earth pressurepe

condition.

8.5.3 At Rest Earth Pressure Conditions - The increase in an at rest

earth pressure due to an earthquake is approximated by the Mononobe-Okabe

method. The change in the active earth pressure coefficient (K isae

first computed as described in paragraph 8.5.1, and then multiplied by

the ratio K /K to obtain the change in the at rest earth pressurer a

coefficient AK . The change in at rest earth pressure is then corn-re

puted as follows:

AP (AK )

re 2 re

Only the horizontal component of the earthquake acceleration is con-

sidered. 'P is applied at two thirds the height of the fill abovere

the base. The pressure distribut ion of AP is the same as assumed

for the active earth pressure condition.
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8.6 LATERAL COHESIVE EARTH PRESSURES DUE TO EARTHQUAKES

The computation of the dynamic earth pressure for cohesive soils

is beyond the scope of this computer program. A nonlinear finite element

analysis to account for inelastic strains in the soil could possibly be

used for critical cases.

8.7 WATER PRESSURE DUE TO EARTHQUAKES

8.7.1 Method - If the backfill over the heel is saturated to some level,

the increase of soil force over the heel is determined by the Mononobe-Okabe

theory described in paragraphs 8.5 and 8.5.1, using the saturate unit

weight for submerged earth. When water exists above the soil top surface,

the increase of force of the water above the soil top surface is computed

by the Westergaard theory described in paragraph 8.7.2. Earthquake on water

above the soil top surface on the heel side causes an increase in the

total force when the acceleration is positive, a decrease when the acceleration

is negative. Earthquake on water above the soil top surface on the toe side

causes a decrease in the total force when the acceleration is positive and

an increase when the acceleration is negative. The Westergaard theory

yields a parabolic shape to the added-pressure diagram. All forces due

to earth on the toe side of the stem are computed as a passive reaction to the

summation of all other forces. A replacemenz figure 8-3 for page 8-10 is

attached.

The heel-side increase in soil forces due to earthquake is placed

in array EH for use in stability calculations and in array EHS for use in

stem stress analysis, after the inversion shown in diagraw (4) in Figure 8-3.

The net dynamic pressure diagram of the heel-side Westergaard water pressures

(a parabola) summed algebraically with the toe-side dynamic pressures

(another parabola) is placed in array EFH. See Chapter 11 in the User's

Reference Manual for more detail on these arrays and how the user can modify

the computed values or substitute his own.

8.7.2 Westergaard Theory - By the Westergaard theory, the dynamic water

pressure down to depth y below the surface for a total water depth h [D]

is expressed by Equation 3 on page 5 of EM 1110-2-2200 as

2
P - C ov vh ye, 3 e
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The additional moment at depth v de to P iS ,iven 1N
C'.,

M = 4

with
51

eh 2

-0.72 10 2

where g is acceleration of gravity (32.2 ft/sec).
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