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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

Coirps 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 O. O'Donnell, former Chief, Structural Engineering Section
(retired)

|
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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]

[ACI ]

(WS ]

[HSR]

[chs]

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

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

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

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

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

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

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

ACI 318-71, "ACI Building Code . . . Concrete,'" with 1976
Supplerent.

EM 1110-2-2101, "Working Stresses for Structural Design,"
1 Nov 1963,

EM 1110-2-2103, "Reinforcement . . . for Hydraulic Struc-
tures," 21 May 1971.

OCE specifications (guidance from DAEN-CWE-DS personnel).
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1. PROGRAM PURPOUSE AND ORGANIZATION

1.1 PURPOSE OF PROGRAM TWDA
L.1.1 Program TWDA is to be a computer-aided structural design system
for analvsis and/or design of inverted-T cantilever walls founded on

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

tloodwall or a retaining wall
1.1.2 This program critcria]:igETfications document is intended for

use bv structural engineers. The computer program that these criteria
are for does not attempt to establish any soils design criteria; such
data must be ontered by the user after consultation with soils design
engineers.  Touere are no default values for soils criteria paramcters,
except as provided in the engincering manuals .for structural design.

1.2 ORGANLZATION

1.2.1 Structure - The program will be a series of design or analvsis
modules,® cach performing one specific step in the design or analysis
process. These modules will be callable, in any logical sequence, from
an executive 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 entryv procedure will be similar to that for
program TGDA,™ except that the data phase mav be incorporated into the
command phase instead of being separate as in TGDA. Features will
include:

a. Data are entercd by naming the group and listing the values
in that group, all on one line.

b. Defaulit 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. i

*% 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.

* TGDA (three-girder tainter gate design/analysis) is a computer pro-
gram (713-F3-R0-022) developed for LMVD's CASD Committee in 1976.
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l Start TWDA Executive Command Phase r‘t_‘__’—s@

=

RESTORE DATA DATA Computation | " | Computation Status
Command I Entry Review [. Module 1 ' Module N LAVE
. — ) ¥ . 7 Command

! AN / T
| | N ! i y K] i
Loy \ h I V. Lo
: | SR Mata Base (Input Data and I | |
Intermediate Calculation Results |

|

Old Status LEGEND

File From
01d SAVE
Command

New Status
File for
Future REST
Command

~—————— Flow of User Control

— — ~— — @« Flow of Data Values
Figure 1-1. BASIC PROGRAM FLOWCHART

c. Values to be calculated will be identified to the program
by tvping 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
vaiues 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 Jone as in the data input phase

in program TGDA with the LOOK command.

b. Defavlt Value Review 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 feor 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) 1Incremental 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. 8P - Stem Pressures for structural analysis. Same basis

as module SA, except that the pressures are calculated at the stem face

1-3
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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.




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 appli-
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 2.3; 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.
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d.

e.
f.

subcases)

g

Water

(1) Water elevations over heel and over toe, unit weight
of water (default = 62.5). See paragraph 3.2.1e¢ for
illustration of elevation.

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

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
{rom the earth elevations and incremer. al wedge
theory, or {(c) as inputted separately. See paragraph
3.3.3h for more detail.

Horizontal Loads

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

(2) Concentrated horizontal forces and their elevations

(PHl and PH2 in Figure 2-1).

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, (P through P in Figure 2-1), plus force
P centered on the tgp of the stem and PVB anvwhere
on the base.

Wind direction and magnitude, psf

Earthquake effect toward heel and toward toe (really two

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 (sce
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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"4+ W (wind, psf)

. PVS i .
Flev. # _ELWIT . __‘?M‘. L”vj ; , |
. -»— )

! P v5 ¥
P“ psf l N

P v

vl P ‘ \\&f‘"
. ’l IJ o o W3 @ Ground over heel
- —cT VY *l:’,.‘!.n -

N

Eley, * FELWIB

pressure if
there is a

Toe T pVB
crack over the

™ heel. See
.‘_Heel para. 3.3.3k

P

[ |
ELPHI ‘ jo— -
Pyy @ agy elev at or | = =
WWT abve bottem of toe
- -~ l . ‘ external
Py Y pst Puo e anzy elev on stem L applied
v - only ﬂ pressure,
T
I ELPH2 I t in addition
: . P to seepage
Y LENZ LN KL SN \NY) “erack” as defined in T pressure, an
paragraph S~12 of F"‘““; alternative
EM 1110-2-2501 r 1 to active
(See para. 3.3.3.k) - earth
b
F .
P

All forces and pressures are shown acting in the
positive direction.

|
LT

W, @ bottom of key

4
%% Centered on top of stem if key at heel,
otherwise at
# At or below top of stem end of heel.

* At or above Ground over heel.

% Any valueyon either side of the stem (efther direction) , + 1f over heel,-
if over toe.

Note that forces Pv through P . are applied at finished grade elevations
while va and va a%e applied X?re:tly to the concrete.

Figure 2-1. ILLUSTRATION OF APPLIED LOADS




(5)

(6)

(7)

(8)

(9)

Minimum satety 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).

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

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

Specification of '"hydraulic" or "nonhydraulic"
structure.

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

h. Loading Classification

(1)
(2)
(3)

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

Long~term operation.
Short-term operation.

Normal operation plus earthquake.

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

"wall base"

between the bottom of the wall base and the soil. The term
is used here to include any key. Deep-seated stability which includes
the 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 2.3.1lc 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 plane 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.
*%* Dpiscus<ed in Section 6.
+ 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

Existing earth\ ‘
(See Figure 3-4) \ E

Basic Working Point - *
)
(BWP) Vi ( Slope 2# ) | ! Backfill or |

Elev. of top of Soil 2,] -} Slope 1#) iy /' Heel (

extended to under BWP-]
Soil No. 2 () \.SLTT"
éx st\{x{:/g

- T T/ ground

Elev. of top of Soil 7
extended to under BWP

5 =1 / Soil No. 5
7 Soil No. 1 () o ——

X7
4 Soil No, 7 )
Y—
0 %S0il No. 6(\a_£o
3

Soil No. 4

/
p————

/ Soil No. 3

Filter zone ()

Homogeneous Subgrade \

(earth or rock) , may be \ '
soils 3, 4, and/or 5, p '
depending on base elevatfon  L..J

/

* Default value = 0.0 _ Alternate key__ -
locations (see para.
# - + -,
Default level, may be or 2.2.2(12))
%% WYater level may be above the
top of stem if the same on
both sides. If the water oy;;ional ??eet“/‘
is below the top of stem plle cutolt wa
o at key as noted in
there are no restrictions
para. 3.3.3.d

on headwater or tailwater
elevations.

% Soil no. 6 may be a strut reaction taking
all sliding forces. These forces

will be printed out.
() Different load cases may include different values for backfill soils

Figure 3-1. FINISHED GRADE SOILS CONFIGURATION
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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:

éRadius (shown -) -

-l
| Toe Heel

~0OR~-

I Radius (shown +)

Toe 1 [0}
'—ﬂ—xr__—yﬂﬂeel l

(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 fcr 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.)
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Basic Working Point —\>

L

Toe-side batter,
default 0.0

Wall Height

(above 28 ft., program
will suggest considering
a counterfort wall, without

st ing th
OEPTog wistﬁég)stem ratio
' " x Base width(may be se

default = B.W./3.0

12

- e
] --—idefault minimum ’r
[F'] toe wideh = 1.0"]
default=0,
default tood
= level toe , slope 1
[

T}nnemz

Toe elevatio
*

I
!
- F (default = wall height/10 Face of tot+em pan€l, extended
SRR WA if 1BSAME=0)
' - - Toe
. Zin:t::h . co-pl 6 r minimum =
son o-~plana
for strength Xl TMINB or as
or TMINB s 1 needed for
. ; \Base slope strength every-
’ default = 0.0, (level) \ whete along
| ¥ heel slab
1’/ or as designed#* \\ '

* = Varied by stability design,
see paragraph 5.3.1

|
|

|, _Base width#, default

Figure 3-2. WALL

Base thickness at heel

Alternate key locations as
described in paragraph 2.2.2(12}

# = These two points may both be set, at
user option, at the same elevation as
needed for strength at both locations

+ BASER radius, defining trapezoidal base

shape-—not used for rectangular (unitli

lice)
e o W walls

Set value or minimum thickness TMINS,
default = 12 inches for wall
heights not over 15 ft, 18"
for walls more than 15 ft. hi
(also default value for TMINB

0.0

5

[ batter, default

P-Default height of top panel,
calculated for concrete strength
Lwith fluild unit weight = 70.0
(See Figure 3-3).

by user)

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

1 '_Oll

ottom \ panel batter, default value
calculdted for stem thickness
12

#*
' |

Stemt at'base

SN, W

rkey depth,
default
= (Q.0%

y

b-b |

.

n.,

Vertical face

key batter, default =
= 3/5 x wall height

CROSS SECTION SHOWING MAJOR VARIABLES
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12"
Basic Working Point

N For resisting moment = applied moment
o L, usﬁpg Working Stress Design:
o (.35¢! kd's)d b=(syKH2b)H EJS]
I~ ¢ £l
Vertical L top panelq3 .35(3)(fé kid")
( e 2. max. H = _____?E;_____-_
: -v’.?sm(3000)(.383)(.891)(8.5*)2

(120/1728) (0.8)
= 111.8 inches= 9.32 feet

1/3 BW
To suit stem moment at base, according to
above equation transposed to d = f (...)

, Heel -~ - v 12"
. v—_‘i

\ T e I

f | :
* Default value for clear cover over reinforcing = 3 inches (EM 1110-2-2103) ]

f . W
P Retepis alye 9f0:35. ke for hydyaplig geructyres designed yith yso, - [us]

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]




.

Basic Working Point

Excavation Limits

default = 0.0 defauls C.0

Elevation default = same as
under basic| working point \>t
X « Elevatton of irerface betwggn Layers 5 & 6

Soil No. 5 excavation
\ ‘Elevation under basic working point

kElevafion of interface béﬁ@éen Lay, rs‘4 & 5
T~ Soil No. &4 excavation

L‘“Soll No. 3 excavaiion,
not including key

1L
Base slope Key excavation

calculated separately

Base width

e

* slope to toe _ _
** slope to h{e;gdefault level (shown -)

# 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 kev 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 kev length. Use a 1/2-inch incre-
ment on concrete thicknesses. Use a 0.l1-foot-horizontal to 1.0-foot-

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

plete flexibility for input. The specific values shown in this discus-
sion are suggested values; thercefore, the designer will be able to
override them with his own values (the default limits are for design

control as in paragraph 5.3.1):

minimum value is (3 feet + exposed stem height/10),
but not less than 5.0 feet, from paragraph S-12 of
EM 1110-2-2501.

(1) Minimum -earth cover over top of hee¢l: The default [
d

(2) Elevation of bottom of base at end of tow: Controlled
witlh in Timits 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
cever 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(1).

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

(4) Key length: Controlled within limits established byv
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 [F]
is 0.33, from paragraph 1-09¢ of EM 1110-2-2501, except
0.25 when water is within 1.05 feet of the top of the
stem.

¢. Hydraulic CGradient (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. 4.0
Uniform sands and silts 3.0 3.0 [FD}
Well-graded sandy silts 2 [F] 2.0
Lean, sandy and silty 1 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 buttom 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,
kev, 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 H
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 F R
shortening the seepage path, which may serve to increase the secpage . ;]
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 accordinglv. | P l;]

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 that 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 mul+iple
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)

(b)

(c)

e s . TP

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.

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:

’

\v4
H i: 1['§§§§\\
g itae— |

' l 938 psf
3 ] w

1
]
938 psf
uplift

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:

)

v

i
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(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 onlv;
will be used as zero for design:

Values as inputted by user for [F]
analysis, may be zero as described
in paragraph S-15e of

' EM 1110-2-2501. Will be taken

i as zero during design

~

UPLIF

(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
3.3.3£(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/or written to the
user's time-shari. rrminal.

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 1I 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 Cl and 02 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 [?]
following options that will be effective for both overturning and sliding

stability analyses:

(1) oOption l: 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 +)

4-1




where

K = —— sin2 (a + o)

a — 5
sin’ o sin (a - 8) [1 + \/51“ (¢ + &) sin (¢ - @l]

sin (a - &) sin (a + P)

derived from equation 3 or page 2 of EM 1110-2-2502, with

B substituted for 1 and (90 - «) substituted for f

When £ » ¢ , the slope is unstable and so equivalent values of Ka are
unrealistic. Data that include a backfill slope angle { larger than

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

Ka or use the incremental trial wedge option.

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) results are obtained {rom 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°, vy = 120 pcf) and the lower
half is clay (¢ = 0°, ¢ = 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 Addendum F to Fxhibit A.

c. Arching Active pressures are accounted for in accordance

with paragrapb 3g of EM 1110-2-2502. The program will provide for a [R]
"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.




4.3.2 Fully Passive Pressures can be calculated from Coulomb's equa-

tion for homogeneous soil:

(Angles are shown +)

2

YH>
P =1|4—]K
p<2 p

7sin2 (o = ¢)

where

P : : 2
sin? o sin (o + ) [ _ \j51n (6 + &) sin (3 + B)]

sin (a + &) sin (a + R)

~
1]

derived from equation 4 on page 2 of EM 1110-2-2502, with
R substituted for i and (90 - ) 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 agnalytical formulation. Fstablished sources for at rest pressures
include, but are not limiged to, the finite element method, Jaky's
equation, and as described in paragraph 3d on page 3 of EM 1110-2-2502.
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

& 1in the sketches in paragraphs 4.3.la and 4.3.2. The default value
for & , to be used if an actual value has not been determine by the
user, is zero. The value of § may be set to any other value for any

load case.
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4.4 RESISTING FORCE DISCUSSION FOR OVERTURNING AND SLIDING

4.4.1 Precaution - Passive pressure should never be used unless con-
struction and maintenance 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 suil lavers 6
and 7 in Figure 3-1.
4.4.2 Distribution for Overturning Calculations (see Fxhibit K for a
more detailed discussion):

a. Passive pressure distribution options for overturning analv-
sis of walls with keys, on soil or rock foundations, are shown in part 1
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 acrount 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 1is 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.

1t 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. 1If 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 0.0l foot for the kev length will cause the desired action

but with a wall that essentially has no key.

4.4.3  Limiting Value for Sliding - The limiting value of passive pres-
sure tor the sliding analysis may be selected by the user from the fol-
lowing options (methods a and b supply default values as appropriate):

a. For Floodwalls:

He 2( ¢') . ( @')
") AL s . ¥ '
}p 5 tan 45 + ) + 2H tan (45 + y) ¢
where
(o= t::m—-l (tan :/FS) F, from equation's %a & 4b

on p. 27, with paragraphs

. . P
¢ ¢/ (FS + 2¢") 1-19¢ on p. 29

where o and ¢ are test values.

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

sz 2 2! !
P < " tan 45 + ", )]+ IKH tan (45 + ”7)c
P 2 2 2

Remember the warning about the uncertainty of cohesion given in the [R]
referenced EM paragraph.

c. A User-Supplied Value ~ In the expressions in options a
and b above, the factor, "tanz(AS + '/2)" will be replaced bv Coulomb's
Kp as shown in paragraph 4.3.2 (adjusted for multilaver soil svstem).
4.4.4 Reduction of Excessive Pequired 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 be 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 {llustrated with

NPPD = 5 in Figure 4-1.
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\ I locations
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Part 1. Wall With Key

T ) RO\ g
A - L‘a «” (
a c e ' -
Passive pressure not avallable to
resist excess force above friction L
Jimit if ootlions b or d are used
without toe cover.

~

Friction limit:

-~ Ntan¢ + CL
\\

Part 2. Wall Without Key

NPPD diagram

data in parts

value 1 and 2 L Description e
1 a As in Plate 5 of EM 1110-2-2501 (item b) (default
. distribution for floodwalls). _
2 b Alternate distribution foy diagram a, when toe

I SR cover (Soil layers 6 & 7)" is assumed ineffective.*
3 ] c Default distribution tor retaining walls.

4 d Alternate distribution foy diagram ¢, when toe
N cover (Soil layers 6 & 7) is assumed ineffective.*
5 I 7€ ] Tstrut reactlon, instead of passive pressure.

NOTE: Option e in diagrams (strut reaction) will cause all hourizontal
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.

# See Figure 3-1

Fignre 4-1.  PASSIVE PRESSURE DISTRIRUTION QPTTONS




4.5 HYDROSTATIC PRESSURES

Hydrostatic pressures will be applied as explained in paragraphs
3.3.3f and 3.3.3k. 1In the computation of line-of-creep pressures, no
creep losses are included along the portion of the base where the struc-
ture is not exerting a compressive pressure on the subgrade, excent on
the toe-side face of the kev when this face is in passive contact with
the subgrade.

4.6 SURCHARGE PRESSURES
4.6.1 Vertical Pressures on the base will be computed from Boussinesg's
equat ions:

a. The expression for vertical pressures under a point load
(unit slice of a line load) is integrated from cquation 35.1 on pave 203

Wilev & Sons, 1948:

5/2
_ 3o ]
p\ = 5 o
. ) bt =
inz r
1 +
?
7
where
po= vertical pressure, psf
N
o= point leoad, 1b
r = horivzontal component of distance from load to point
2 = vertical compenent of distance from load to point

b.  The method to he used tor computing vertical pressures
under a dJdistributed load is shown in Fiyure 17-7 and in the text bhetween
the figure and the end of paraypraph 17.10 on pares 256-260 ot Soil
Enpineering by Mo . Spangler, International “extbeok Companv, 1651
Y. ..kauation 17- 7 and Fig. 17-4 mav be used to determine the unit pres-
cures at points in the soil which are not under the center of the area
over which a uniform load is aiplied. 1he influence coefticient for
the nnit pressure under point O due to the uniform load on the area
Biti mav be obtained from the coctticients for various rectancles, as
follows: FRectanple BOEDL = ACTeO-ARPO-DFTe+DEHe. Multiplving the re-

sulting coetticient by the vnitore Toad on the roctanyle BOFE pives the

[r]




unit pressure under point 0." FEquation 17-8 from papge 259 is shown

below:

2 9
% _ 2ABH V_ 2 V+__1_32 + 0 2 + B+ o2

1
T R S R B S N S I Ty
P B 2 + 82+ u + %82 A% 4 g2 4yl
o1 oann N aZ gl 4yl
+ sin LT '.7""‘ "7”“_‘"’2"‘"' "'2"2
H (A" + B” + H°) + A B
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

1]

unit pressure at depth H

Figure 17-7 from page 261 is shown below:

4 B
S
Uniform
/ load p
D/--- E &
Ground surface _L// 1/ 7
o/ H :
, .
/| -
s e i
/ 7 /’/
| L
S
e
6,¥*

Fig. 17-7. Point in Soil Eccentric to Loaded Area

s k! Horirontal Pressures will be computed using modified { .rms of
the theory ot elasticity eouations deseribed in Addendum B to Exhibit A.
these pressare< <111 be added to earth pressures computed according to
coulori 's epations, The incremental wedeo method ineludes all sur-
harpes in the trial wedpe caleulations. A study copparing the elastic-
itv eauations with the alternate concept of using Boussinesq's equa-
tions tor vertical pressure and multiplyvine by the factor K1 is shown

<

in Exhibit .

4-8
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4.7 EFFECT OF SEEPAGE PRESSURES ON EFFECTIVE FARTH UNIT WEIGET
Seepage pressures tend to increase the effective unit weight

of so0il when the seepage flow is downward through the soil and to de-

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

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

tollows:

for the wall side with the lower water elevation, where

buoyant unit weight of soil

v
b

Yogg = effective unit weight of soil
yw = unit weight of water

“H/L = hydraulic 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.

,,.4‘,;
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5. OVERTURNING STABILITY .

5.1 GENERAL

1.1 Terminoloyy is as described in paragraph 1-5 on page 8 of

EM 1110-2-2501. [ F]
5.1.2 Stability Requirements are grouped into sliding, overturning,

and bearing. Sliding stability is considered in Scection 6, overturning
in Scction 5, and bearing in Scction 7 of this document.

3.1.3 Horizontal Pressures are calculated as described in Section 4.
Actual and allowable bearing pressures are determined as described in

Section 7.

3.2 ANALYSIS PROCEDURL

5.2.1 The Moment Center is taken as the toe end of the bottom of the
base.

5.2.2 Force Summations in the horizontal and vertical dircections will

be made simultaneously so that resisting forces can be included when
acting along a sloping base. Sec paragraph 4.4.2 and Exhibit K for a
detailed discussion.

5.2.3 Moment Summatici establishes the location of the resultant force,
which then permits calculation of the earth bearing pressures as de-
scribed in paragraph 7.1. Moments duce to active carth will be multiplied
bv a "Correction Factor for Moment Arm,” to shift the effective leading

upward for the arching active case as discussed in paragraph 3y of

EM 1110-2-2502. This will act to increase moment but not horizontal [R]
force.

5.2.4 Sample Calculations are shown in Exhibit K,

5.3 DESIGN PROCEDURE

The desiygn criteria and options are described in general terms in
paragraph 3.3, 3.
5.3.1  The Basic Prodram Procedure for both sliding and overturning

stability can be diagrammed thus, in the form of nested FORTRAN DO

loops:




(Usur controls toe length parameter manuallv or sets stew ratio.

Touv clevation parameter is incremented by 3-inch units, between
limits set by the user.

[ Basc slope paramcter is incremented by O.1-Yoot-vertical or 1-
foot-horizontal units, between limits set by the user.
Key length parameter is incremented by 3-inch units, between
limits set by the user,
Program delermines minimum basce width (to nearest 3-incii unitc)
to satisfy resultant ratio, bearing pressure, sliding, creep
ratio, and heel cover requirements.
If passive pressure from sliding stabilitv check is too high,
g0 to next key length; skip cost comparison.
Calculate construction cost; save design if cheaper than last
saved design.

After the nested loops in the program have completed searching the ranges
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 revizioen.

5.2.2 By manipulating the limits, or py calling for just an analvsis

of any one combination of toe clevation, basc slope, kev length, and

base width, he can satisfy himself that the full-range design is the 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 sctting
both the upper and lower limits for that parameter to the (one) desired
value.

3.3.4 Scction 7 describes how the program determines the actual and
allowable bearing pressures under the basc.

3.4 ReSULTANT RATIO

5.4.1 vetinition - The resultant ratio is defined as being the ratio

of the horizontal distance from the end of the toe to the point of inter-
section of the resultant and the bottom of the base to the horizontal
base width.

5.4.2  Limiting Values

a. 0.53 minimum for:




(EM 1110-2-2501 Loading No. 2).

(2) Rcthining walls loaded with active earth pressure and
EM 1110-1-2101 Group 1 loads (EM 1110-2-2502).

(1) Floodwalls with water 3 feet below the top of the stem [F]

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

¢. For an earthquake loading condition, the resultant may fall
anvwhere within the bdase provided the allowable foundation pressure for [D]
the ecarthquake loading condition is not exceeded.

5.4.3 Relationship to Percent Effective Area - The relationship is

simplitied for this computer program by the consideration of onlv 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

racio 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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These changes in action affect uplift and bearing pressure computation,

as described in Exhibit K.




6. SLIDING
6.1 AVAILABLE METHODS OF ANALYSIS

This program will use any of the following four methods for
determining safety against sliding, as sclected 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 the

same as discussed in paragraph 6.1lb above except the same factor of
safety is used on tan ¢ and ¢ 1in 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, 1In 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:
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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

IH = net applied horizontal driving force

IV = 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 fatlure path and a horizontal
datum plane

c = cohesive strength = unit shearing strength at zero normal
loading along the potential failurc path beneath the basc
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 LETL 1110-2-184. The angle w

is used with a positive sign in the equation

cA
cos w (1 - tan ¢ tan w)

R = 1V [tan (¢ + m)] + (6-1)

See Exhibit B for devivation of Equation 6-1.

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

for downhill sliding resistance on a homogencous (soil or rock) founda-
tion material is taken from Equation No. 2 in ETL 1110-2-184. The angle

w is used with a positive sign in the equation

cA
cos w (1 + tan ¢ tan w)

R = 1V [tan (¢ - m)] + (6-2)

6-2
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6.2.1.3 Salety Factor - Sliding stability can be evaluated by following

the shear friction formula

which rclates the toral available resistance (R + Pp) to the net
applied force (CH) which tends to induce sliding. The full test values
of ¢ and ¢ 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
carth is calculated using the formula shown in paragraph 4.4.3b or a
usvr-cupplied value.

6.2.1.4 Apparent Deficiencics 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:zed 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 9).

This deficiency exists only 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 che failure plane; therefore, the safety ,
factor should be the ratio of th- 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. Tt will Cherefore never be possible to
have a total resistance equal to the sum of their maximums.

6.2.1.5 Passive Resistance of the Wedge 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 homogencous

rock wedge is

cA
(cos w) (1 ~ tan ¢ tan w)

Pp =N tan (¢ + w) + (6-3)
where

w = effertive (submerged) weight of the rock wedge above the
inclined plane of resistance (plus any surcharge loads)

¢ = angle of internal friction or, if applicable, the angilc
of sliding friction

w = angle between the inclined failure plane and the horizontal
datum plane (for earth w = 45 -~ ¢/2 wusually)

¢ = 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
for each layer and superimposed. However, if fissures, scams, 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 Safetv Factor - Paragragh

7b(2) of EM 1110-2-2502 suggests a value of 1.5 for walls on rock. The
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.

6.2.2 Allowable Strength Equilibrium Method (I) - Paragraphs 1-16
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througih 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 ¢' and fric-
tion ¢' from Equations 4a and 4b in paragraph 1-17 of EM 1110-2-2501.

They are formulated as follows:

c' = <
FS + 2q
where
q = ¢' (see paragraph 1-19e of EM 1110-2-2501)
c! = — S
FS + 2¢'
-1 {tan ¢
LI =<
and b tan ( 7S )

The equation for c¢' can be rearranged to read

2(c')2 + FS(c') - c =20

With FS positive, this equation yields one positive real value of ¢

and one negative value. The positive one is used:

' VFS2 + 8c - FS§

c' = 4

where ¢ and c¢' are in tsf.

c. Calculate K, and K from ¢'
A P

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

plane below the base of the wall. £ZD includes the net hvdrostatic

W
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forces, if any, acting on the wall., The driving torce contributed by

the soil is calculated as a function of ¢' and 4' , but the eftfect

is neglected if its value is negative since the soil cannoc pull on
the structure.

¢. Sum the resisting forces ZRw parallel to the assumed fail-
ure plane below the base of the wall., The resisting forces consist of
passive earth forces and friction and/or coliesion forces developed along
the assumed failure plane below the base of the wall. ZRw is formulated
as a function of ¢' and c'

f. Two equations (XDw and ZRw) then exist, each of which can be
solved for any assumed safety factor FS . The expression ZDw - ZRw =0
is solved by an iterative procedure with assumed safety factors. The
actual safetyv factor for the structure is the one computed where
ZDw - ZRw =0 .

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

procedure are identical with the Allowable Strength Equilibrium Method
(1), except that the factor of safety for cohesion FSC is taken as

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

v o &
< T Fs
and
v _ tan ¢
tan ¢ TS
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 w
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This position is indicated in

program by KFLAG=0 in the input

data is still being studied

OCE and LMVD.

(The angle w 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 Compressjion 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.

The situation shown above

by
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K._ Assumed failure plane

when the resultant talls ontside tne kera, a portion of tae base ol u

U wall will not be in compression, thus credlineg o oraor whicn carn ros-:it
in an incredase in uplift pressures.  This condition will atteot the
sliding stability analvsis when the assumed slidine plaac acts alons

the soil-structure intertace below the basc ot the waile  thbor v,
condition the program will have to recvele back throuvn the linc-or-
creep calculations until the creep path assumptions mateh the 1inal

part of the base that is in contact with the toundation.) o1 caas,le,
consider a wall without a key and with a horizontal hase.  When the
resultant talls outside the kern and the assumed sliding plane i< along
the interface between the base of the structure and the soil teandat ion,
uplift pressures will be computed assuming no creep loss Yor the portion
of the foundation not in compression. For the condition where th
resultant falls outside the kern but the assumed sliding planc = tihrouch
the soil, for example a wall with a kev positioned at the extreme end o
the heel, no increase in uplift pressure will be considered becausc tin
soil does not lift and form a crack as is the case at the soil-structar
interface. Another reason the uplift forces are not affected tor this

condition is because they are forces inside the soil-structure tree bod
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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 itsg 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.
1f, 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 age straightforward for rectangular or trape-
zoidal bases; use f = (PV/A) + (Mc/1) (no biaxial moment). The proper-
ties of the base (A, 1, cs are for the total base.

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

the familiar

- B . /// I S ~— .
BASE V /s /f 4 / / s.— Position Resultant
// // } X“L\-Z hits base
PLAN Ly L

. SN A
12
b. For a trapezoidal base, the formula becomes as shown in

paragraph C-1 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:

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

d.
dl = known location of resultant
BASE d2 = width of base in compression
PLAN
I
!
PRESSURE
DIAGRAM £

psf

d2 = 3d1 , for the

Then, calculate the maximum pressure

First, locate the zero-pressure point as being at

triangular distribution.

2P, P
f= - == X
d2 3 d1

b. 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 =k/7//-

(0 R v —_——
' ' Caa troid of effective base
~._ cen
e T
T S - ,‘::j:L” ‘ area
) . LT T
oo vy P ‘', ™ __~ position where resultant of
W i wy Lo S r’>Q",‘ w' . ,
' L»w b R L' | applied loads strikes base
L 2 R : !
— . . :
i { T
‘ h [
! —— e
. B |
- - R

the procedure is as follows:
(1) An dincremental search across the base is done to find

the zero-pressure point and the corresponding effective base width. The

corresponding width must satisfv the expression
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(2) The maximum stress is

- SR
b{w"' + 2w")

where w"' is computed using the effective base width. The details of
the procedure are given in paragraph -2 of Exhibit C.
7.2 MAXIMIM ALLOWABLE BEARING PRESSURES b

7.2.1 Selection of Maximum Allowable Pressure - The determination of

criteria for selecting allowable bearing pressures is bevond 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 layvers 3, 4, or 5 in Figure 3-1). There will be four
allowable bearing pressure data values for each of these soil lavers, as

shown in the tabulation below:

Soil _ At Top of Layer . At Bottom of Layer o
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 psft psf pst
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 puint
being checked and between the "marrowest base" and the "widest bhase"
values to the actual base width being checked. This check will be made

at the highest and lowest base elevations in each soil laver.




3. EARTHQUAKE ANALYSIS [ChS]
8.1 [NTRODUCTTON

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 [E]
the wall could result in loss of life or extemnsive property damage, then
the final design of the T wall should be in accordance with ER 1110-2-
1806.
8.2 SELECTION OF SEISMIC COEFFICLENT
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 faults capable of generating an earth-
quake. Minimum seismic coefficient values for various sections of the
Uniteu s can be found in the seismic zone maps of Appendix B of
ER 1110-2-, The seismic coefficient, when multiplied by the accel-

eration of gravity, gives the bedrock acceleration (also used as

*  Seed, H. B. and Whitman, R. V. 1970. ""reign of Earth Retaining
Structures for Dvnamic LoadS,"}{qlfeedings, ASCE Specialty Conference

on Lateral Stresses in the Ground and Design of Earth Retaining Struc-

tures, pp 103-147,




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 so0il 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 motioms.
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= a'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 COHESTONLESS EARTH PRESSURES DUE TO EARTHOUAKES

The dynamic earth pressure magnitude is approximated by the
Mononobe-Okabe method. This assumes that the soil developes a Coulomb
wedge behind the wall and that the ground acceleration is uniform within
the wedge. The effect of the earthquake motions can be represented by
forces khw and kvw where W 1is the weight of the sliding wedge and

k and kvg are the horizontal and vertical compounents of the earth-

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

8.5.1 Active Earth Pressure Conditions - The active pressure force

Pae due to an earthquake is computed, in effect, by the Coulomb theory
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 Juations
used to compute the active earth pressure in this prog am.

a. The influence of the vertical acceleration roefficient kv
on the earth presc .re coefficient Kae depends on the corresponding
component of the horizontal acceleration coefficient kh . For most
earthquakes, the horizontal components are considerably greater than the
vertical components. To study the influence of kV , the vertical
acceleration coefficient is taken as 2/3kh . For a value of kh of
0.1, a value of kv of 2/3kh equal to 0.067 can cause increases or
decreases in Kae of about 2 percent. For a value of kh of 0.3, a
value of kV of 0.20 can cause increases or decreases in Kae of less
than 5 percent. From this it seems reasonable to conclude that the
influence of kv can be neglected for practical purposes. (See Seed

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

b. For applying the increased earth pressure due to an
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earthquake acceleration, APae is computed by using the following
expression:
2
YH
AP = —— (AK
ae 2 ( ae)
where
AK = K - X
ae ae a
and
P =P + AP
ae a ae
where P is the total active static force. Pa is applied at 1/3H
(see Figure 8~1) above the base and APqe is aprlied at 2/3H above
the base. The distribution of Apae is assumed to vary linearly from
a maximum at the top of the wall to zero at the base. This is important
in the design of sections along the structure.

P 5y (1 -k K
ae i v ae
' where
v = . oooosint (o4t =)
ne 9
i L2 . ) N sin (¢ + %) sin (» - 7 - A)
Cos sin” o sin (s D11l o+ \/Sin (TN sin (o ¥ B)
= can M - 1,(}1,,
= tan "
v

kv = vertical ground acceleration
v = unit weight of soil

o= 1 't of vertical plane AB
¢ = angle of friction of soil

5 = R

horizontal ground acceleration




slope of ground surface behind wall

=
"

#

Q 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 Kae . It is possible to simplify the mathematical
calculation for Kae such that it can be obtained directly from
Coulomb's active pressure coefficient, as described by Seed and Whitman.

d. For the more general case, the variation of AKae with ay
shown in Figure 8-2, depends greatly on the slope angle of the backfill
u

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 criticai direction for the condi-
tion being considered.

8.5.2 Passive Earth Pressure Conditions - The increase or decrease in

\
A
g
AN

>

Figure 8-1. ACTIVE WEDGE DURING EARTHQUAKE
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P77\ 74

p-20° .

Example = A_ = 0.10g, B8 = 0.0, § = 30°, § = 0.0

ARaC = 0.D7 from scrond graph.

Figure 8-2. VARIATION OF DYNAMIC EARTH PRESSURE COEFFICIENT WITH THFE

HORIZONTAL GROUND ACCELERATION A
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a fully passive earth pressure due to an ecarthquake is computed as follows:

2
) H
P = " (rK
pe 2 pe
where
Pe- pt‘-— })
where
)
. sin” Co- o * 7)o
pe ( \ 9
. sin (¢ - *) sin (¢ + - - ©
cos osiIn sin + o+ 1 - B
) e ) sin («+ © + ) sin (¢ + ¢
and
K‘ = static passive pressure coelfficient for the fullyv passive

ciase (see 4.1.40)

For the case where passive earth pressure is used as a stabilizing force,
a reduction in the passive carth pressure due to an earthquake accelera-
tion is assumed at the same instant the fill pressure behind the struc-
ture is increased.  1f a reduction in Kl‘ has been used for computing
an effective Kp tor the static case, this same reduction in Aer is
used. TPPU is applied at /31" above the base. The pressure distribu-
tion of prt is the same as assumed for the active earth pressure
condition.
8.5.3 At Rest Earth Pressure Conditions - The increase in an at rest
ecarth pressure due to an earthquake is approximated bv the Mononobe-Okabe
method. The change in the active evarth pressure coefficient fKac is
first computed as described in parapraph 8.5.1, and then multiplied by
the ratio Kr/Ka to obtain the change in the at rest earth pressure
coeff ‘nt AKre . The change in at rest earth pressure is then com-
puted as follows:
2

. i H i

Prv oo ( kre
Only the horizontal component ot the earthquake acceleration is con-
sidered. .Prv is applied at two thirds the heiyht of the fill above
the base. The pressore distribution of P is the same as assumed

re

for the active earth pressure condition.




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-QOkabe 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 buovant 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. 1If
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

depth h 1is expressed by Equation 3 on page 5 of EM 1110-2-2200 as

P =
)

wino

CeOLy v7}1_y
The additional moment at depth y due to Pe is given by

4 2
M, = 15 Couv /hy

with
51

e
_ h\2
[i 0.72 <1000 te>

\

where g 1is acceleration of gravity (32.2 ft/secz).
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9. STRUCTURAL DESIGN CRITERTA
9.1 GENERAL

9.1.1 Critical Sections and Alternate Pressure Diagrams will be

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

as amended by Paragraph S-21 of the March 1961 Supplement to EM 1110-2- [F]
2501, 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 detlection. The heel slab sill also be designed for these
effects plus axial tension caused by passive pressure on the kev (if

the kev is under the heel). The stem will be designed for flexure, shear,
and deflection, plus the axial compression caused bv the weight of con-
crete. Critical sections for shear will be at the face of the stem in
the heel, at the bottom ol the slab in the kev, at a distance d  from
the face of stem in the toe, ar  at a distance d  above the top of the
slab in the stem. The key and/or toe should be checked as deep beam
brackets if they are short cnowgn compared to their thicknesses.,

9.1.2 The Method of Analv=is will be chosen by the user from the two
options of Ultimate Strength De=ign (USh) or Working Stress Design (WSD),
both in accordance with American Concrete Institute Standard No. 318-77
(ACI 313-77) with notation {rom the 1971 edition (ACI 318-71 with 1976
Supplement). This standard will be modified by the requirements of

EM 1110-1-2101, "Working Stresses for Structural Design,'” for WSD.

The label "hydraulic" or "nonhvdraulic" will be set as described in
paragraph 1.2.3.2 and usced to select alternate sets of default values

for analysis parameters. These values mav be changed by input data.
9.1.2.1 Working Stress Design procedures to be usced will be in accor-
dance with the "Alternate Design Mcthod" described in paragraph 8.10

of ACT 316-77. The equations and default parameters to be used are shown
in Exhibit E.

9.1.2.2 Ultimate Strength Design cquations 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.




9.1.3 Prossures tor sStractucal Doaien will e doseoribed i paravraph
bolood, Stems will oo desianed tor pressares solectod as deseribed in
paragraph Y. 3. tiecol, toc, and key Slabs will b o designed 100 pressures
derived from the overtarnine stability analvsis described in paragraph
ol e pregram is (o be organized to permit use ol load tactors in
ACL Ultimate Strength Desizsn (USD) procedures, but implementation of
this will be postponed until arter completion of cuarrent rescarch in USD
of hvdraulic stroctures.  Stability analveis and working stress desivn
will be tor the summation of the actual loads.

9,2 REINFORCING STELG DETATLS

9. 201 Fhe Primary Retercnce is Chapter 7 ot ACT Standard 315-71 witn
the 1976 Supplement. This is supplemented and amended 1or bvdraulic
structures by FM 1110-2-2103, "Details of Reintorcement--Hyvdraulic
Structures,” whenever the EM is more restrictive.

g, 2.2 Detault Values tor Cencrete Clear Cover over reinforcing steel

will bhoe according to the tfollowing table:

Structure Tvpe
Hyvdrauwlic [HSR]

Vrdinary

Sten, heel=-side face 2 inches 3 inches
Basc, top face 2 inches 3 inches
Base, bottom tace 3 inches 4 inches
9.2.3 compressive Reinforcement will not be used, for two reasons:

a.  The bar cover requirement, especially for hvdraulic struc-
tures, torces any compressive reinforcement so close to the neutral axis
that it is very inetticicent,

b \'lnnsid\\vr.ltiun ot the implications ot ACL 3i8-71 paragraph
Y.Ll and the corresponding Commentary leads to the beliet that lateral
reinforcement would bhe required to keep compressive reinforcement from
popping out o! the surface of the slab.

Y. 2.4 Placement of Keintorcing Steel - The user will have specified in
the dinput data the maximom bar size and the minimum bar spacing. The
provram will check whether one such laver will be sufficient for the

required arca of stecl per foot. [f not, the program will place as much

]




~teel as possible in the tirst (outer) laver and the remaining steel in

the sceond laver (and a thirrd laver it needed) . The program will then
Chiech Lo osee it the resulting actual effective depth  d is sufticient.

It it i~ not sutticient, the program will increase the concrete thickness
as needed. The user will alwavs have the option of louping back through
a new stability analvsis or design. The program will not attempt to
place and cut oft bars, but will show the required steel area and bond

requiremerts per tfoot at suitable intervals across the base and up the

Sstenl,
9.3 STEM LOADINGS
9.3.1 General - PEarth and other pressurces for stem structural analvses

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 considered to be vertical loads for stability analv-
sis but will be considered to cause horizontal pressures applicable to
stem stress analvsis.

9.3.2  Alternate Loading -~ It will be possible for the user to substi-
tute his own stem design pressures for the ones calculated bv the pro-

gram. Such a substitution will not change the pressures used for design

of the base slabs.
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EXHIBLIT A: COMPARISON OF COULOMB AND INCREMENTAL WEDGE LARTH
PRESSURE VALLES

[his exhibit is a rveport bv Dr. Michaecl W, 0'~Neill, Assistant
Protessor of Civil Engincering at the University of Houston. lhe report
presents the calculation procedures he will use in a subroutine to
caleulate active earth pressures that will be a part of modules 5A and

SPoof TWDA.

Procedures Followed

. Coulomb Active barth Pressure Diagram and Total Actd

¢ rorce:

Ao Following the procedure described in Addendum A to this
Exhibit, compute the active Coulomb earth pressure immediatelv above and
immediately below cach change of stratum, except for the surface stratum
line (for which calculations arce not made above the line) and a hori-
zontal line drawn through the base of the wall (1or which calculations
are not made below the line).

B. Obtain the horizontal component of the carth pressurce by
multiplving each earth pressure computed in Step A by the cosine of the
angle of wall friction at the depth at which the calculations are heing
made (Equation 2 of Addendum A).  Add hhvdrostatic pressure it appropriate.

C. If surcharge loads cxist, obtain the added lateral pressures
due only to the surcharge dat the deptihs described in Step A and at
intermediate depths where requived by a high stress gradient using the
cquations presented in Addendum B, Add these pressures to those obtained
in Step B and connect the points to give a continuous pressure
distribution.

D, lovevrate the horizontal pressure diadagram constructed in
Step € from the top to the base of the wall to obtain the total active
Coulomb horizontal wall force P .

AHC
IT. Trial Wedge Active Farth Pressure Diagram and Total Active Force:

A, Establish several nodes alony the wall,  Each node will he a

point for which the active forcee acting above the point will be computed.




Five equally spaced nodes were used in this comparative study.

3. For caca ith node, lav olt several straight lines (rays) at
5>-~ to lU-degree intervals cxtending to the ground surface.  See Ad-
dendum €. Cowmpute the active rforce on the wall for the wedge defined
bv each rav, the wall, and the ground surface, including the weights of
all surcharge loads between the wall and the point of interscction of
the rav with ground surface, using the method shown in Addendum C.

C. Seleet the active force for Node i as the maximum value ob-
tained trom all ravs through Node i. Denote the horizontal component
P:\H'l'i

D. Determine the iIncrement of active force acting between Nodes

i and i-1 as P . Divide the result by the vertical dis-

anri ~ Pamri-1
tance between Nodes i and i-1. The resulting pressure is the average
pressure between Nodes i and i-1, which is assumed to be constant be-
tween the nodes.*

E. Obtain the total active norizontal trial wedge wall force
PAHT by integrating the pressure digzram obtained in the previous steps
from the top of the wall to tie b,

Disvussion of Comparisons

For Cases 1, 3, and 6, the Coulomb and trial wedge procedures
stiould give identical results. The differences obtained in the pressurc
diagrams and total horizontal active forces are due to minor computa-
tional errors in the graphical procedure for obtaining the trial wedge
values and to the means of displaving the results (i.e., step functions
for trial wedge as opposed to continuous functions for Coulomb). By
increasing the number of nodes, the trial wedge solutions will converge
to the Coulomb solutions.

For Cases 2 and 7, the Coulomb procedure vields higher values of
active pressare primarily due to the method of handling surcharge. In

the trial wedge approach, the surcharge weight contributes to and is

* Wa, T. H., Soil Mechanics, lst ed., Allvn and Bacon, 1966, p 278,




included in a plastic failure model (the wedge). In the Coulomb analysis,

the pressures due to the backfill are computed assuming plastic failure
conditions, but the surcharge cffects utilize elastic theory to compute
the added pressures duce to surcharge. Combination of the plastic and
clastic methods in the lattevr case produces an inconsistency which yields
an overestimate of the lateral stresses.

For Cases 4, 5> and 8 (and for Case 9 as well), use of the Coulomb
active pressure coefficients ina ¢ = 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 purelv cohesive soil and, in fact, lead to an inaccurate estimate
of the active stresses 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 e¢quation for active pressure cocfficients does not contain a pro-
vision for specifving wall adhesion as a function of soil cohesion. Only
an angle ot soil-wall triction can be specified. Thus, not only are the
Coulomb equations inaccurate for pure clays (¢ = 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 Y, the Coulomb approach is quite approaimate since the
active carth pressure equiations do not permit modeling of a broken back-
till surtace.  The Jdegree of correlation with the trial wedge approach
is dependent on the engineer's choice of the equivalent backfill slope,

4 factor obtainable onlv throagh subjective means.

wioen . 3, the Coulomb and Rankine active pressure coefficients are
conples pumbers,  The value used in computations is the real part of
tihat narber, which is alwavs approximately equal to unity regardless of
tine =lope of the surtace.
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Addendum A

Procedure for obtaining Coulomb active earth pressure at a given depth
(Symbols explained on following sheet)

*< ‘5‘*4‘2 (0(4‘q6) (J)

a” sin ocsn(sl 5)[‘ an@g)sm(np)rl

For clay backfill, wall adhesion is considered by using a value of
§ of 100 and ¢ = 0. For this special case, when a = 909:

K‘L = Sin (qo g \ +.'V 5. (8) sin _(-A) ‘)]?m

Sin @0-6) Sin (“I ot B

and when a horizontal backfill exists B = 0, so that

\
Sin(q0-8)

NOTE: The above coefficient approximates the Rankine value.

Ka

NOTE: The properties ¢ and § are those exactly at the depth under
consideration.

(3]

Compute the active pressure (horizontal component):
=P Ka —2VReos 5 4 Yz ooy

NOTE:  Again, ¢ and ¢ ave the properties of the soil and interface

exactly . 1t ch}h under gon<1dgr1tlon

lﬂowlos, J. L, TFeundation Analysis and Design; McGraw-Hill, 1963,
p. 270,
“Ibid, p. 234
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Addendum B

(1)

Lateral earth pressure on walls using theory of elasticity

To the lateral pressures calculated from the use of the Coulomb equation
the following lateral pressures are added:

CaQCA N Line Lood

r__"‘H—iQ L/t

whenmeod 4Gy = L 2L
when m >0, -4 Q@ _m*n

| H h—nn—‘fl

Case B: Str‘n? Load
G| \ef{L?

N/ 7 ot Foter o 2

) 8 3 -
Ul - Jeloped Ly WESKD, Nov8
4

-

T,

A G—h = %’- (@ + e‘m@s‘m"d\ —s‘m(icosto()

1
Bowles, J. E., Foundation Analysis and Design, McGraw-Hill, 1968,

pp. 297-303.




Addendum C
Active force for one wedge (generic)

SURCHARGE
ARBITRARY

BaCKSLoPE

= GEow
B%\TRARY
soiL_|
f ¢f}Cl)X|)6‘
Z, -i‘- PosTion ARBITRARY)
: ’,w v' ,:,
?, Al )'(" Souit Z
z f:"_' 8 :/il,‘ %z ) CZ} KL) 51-
RO
ltne of base, 'y
critieal
wedne

solL B
”{

qs"b/ Cs )/ Xs J 53
&= Frial wedges 2¢ node =/
O =Lrial we?o.‘ o+ node ¢

EXAMPLE COMPUTATIONS FOR NODE i, Ray 4.

Weijk\’. (V\/) p

W= wei »«c}\f Block A + weigwt*of Block B
1We’z3\1{' of Blosk C + Q + % Cxq)
Cohesion (C) *

Q = le\*CRQ"fCSQ‘

*Buoyant below water table.Weights of Blocks (including effects of
buoyancy) denoted by Wy, Wp, Wc.




?S _ Wa ?53 "‘MB"' Q) ¢L + (WL +%X4) ¢.

W + Wg t W, 10 Ry

5: 2,8\ *2,_ 81 1 &3‘5:}
2,42, 1‘&3

Determination of Active Force for Node 1i,

C
w

Mg

Compute P
Ray 4)

where Y, ©

AHTi4

Ray 4:(1)(2)

Lay off vectors W and C, whose magnitude
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 (P,.).
Tail is at head of W vector.

Intersection of a and b defines magni-
tude of FAT.

(horizontal component of total active wall force, Node i,

PNn 'u{= PAT

coe b+ Y, (Rw1242,) (09)

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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Addendum F

Errors inherent in trial wedge method

Planar sliding is a basic premise of the trial wedge method.

In a homogenous soll system planar sliding 1s consistent with the
failure mode assumed in other methods of analysls, 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 orgder 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)
and sand (variable ¢) of equal thickness. The %otal active force
actirg 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
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encountered should be less than that reported above. Nonetheless,

the user 1s 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
soll 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 sufrficient
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

1s given Iin the discussion of Example No. 4,earlier in Exhibit A.
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Frictionless

Wall

Sand: ﬁ- ﬁ

30V p3f
30v psf
3U0 psf

30V psft

c =0
¥ = 120 pet
/
/
Vi
4
Id
/
C1ay:f5= 0
c = 300 pst ‘O ft
V=120 pet
Trial wedge failure surface (planar)
------- Possible true failure surface
¢ (Sand) ) P s PRANKINE
30 deg. 120 pef 13120 1b. 14009 1b.
35 deg. 120 pcf 12337 1b. 13625 1b.
40 deg. 120 pef 11715 1b. 13305 1b.
45 deg. 120 pef 11050 ib. 13030 1b.

Fig. AF-1. Inherent Errors Arising from Assumption of Planar Sliding
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EXHIBIT B:

DERIVATION OF EQUATLONS FOR SLIDING

B-1




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.

Vertical Section Through Sliding Mass on Sloping Surface

: R
The satety tactor S = H
s

where ‘R = resisting torce (1t is applied as a driving force in
the derivation to determine its value when it is just
equal to tha horizontal componentsof the resisting forces)
H = driving force
Sum Verticel Forces:
0o = V- 0Ncosw+ 1A sinw
Where =t = C+¥{ tan ¢
then
o = V- Ncosw +¢cA sinw + N sinw tan ¢
© = V — N(cosw -~ sinfa tan §¥) + CA sinW

X V + sA sinw (B-1)
N = Cosw sinw tan g

Sur_Borizontal Forces !

0 = R ~-Nsinw - A cosw
0 = R —~ N sin& —CA cosw - N coswd tan ¢
= R - N(sinw + cosw tan ¢) -CA cosw
R ~CA cosal (B-2)
N = Einwo + cosa ten @

Equate N in equations B-1 and B-2:




R NI
> - AT

V +CA sinw -

= R ~-CA coswl
cosw- sinwtan g s1nW+ coswtan g

sinWw+ coswtan ¢ )

R -CAcosw = (V +ea smw) (cosw— sinwtan g

sintd . cozw
s1nW+ ccswtan g TOEW mtan #

EUt cosw=- sinditan 8 cosW _ sinw
cosw ~ cosw = 8

= tanW+ tand

(1-tanw tand) ?
by identity
M = tan (¢ +w)

l-tanwitan g

Substituting into ecuation B-3 we have

R CA cosw+ V tan(d +W) +CA s.ndutan(g +w)
V(tan(g +w)) + cA(sinwtan(p +w)) +CA cosw
V(tan(g +w)) +cAEsinwtan(¢ +w) + cosu]

by idsntities
tan 4 + tanw
l1-tan ¢ tanw

tan (g +W)

Sin 9 g similar for W:
cos ¢

since tan ¢

sin g + sinw
_ (i1
1 -8ing sind)
cos g cast)

S. tan (g H) =

(B-3)

(B-4)




Get coxmmon denoainator:

cosW sind + sinw coss
c0s¢ cosw

€0S9 cost - sind sinw
cOosg cosw)

cos sind + sinwcos)d
cos) cosW- siny sinw

)

divide by ccs g we have =

cosws
-——ﬂm + sinw SOS 8

= CcOo3 cos &
cos ¢ cosw _ S51n g sinw
cos ¢ cos ¢

sinw+ coswltan ¢
cosw - sinwd tan ¢

rultiply by sinw: 2
Sinw + coswsinwtan g

sinwtan(g +w) = cosul~ sinw tan g

&da cosu:

) sin @ + coswsinwtan ¢4
+ +
cosw + sinwtan(g +w) = cOs@— Sind 2 cosw

= sm'.nzc.)-%- cosw sin tany + coszt.)- SinGicodd tand
‘cost) - sinw tand
sin20+ coszw
cosWw-— sinawtang

1
= Cosw- sinwtans

sudstitute 1nto ecuation B-4 and multiply the denosnminator of the last teru
by cosw we have:
cosw

kE = vt + ‘=V(ta:‘+l‘»1- _CA
(tan(p )ZC s(.ﬂ\\otw- sinw tan @)
Cosw cosw[l“tanma
The formula for downhill sliding is derived in a similar papner.
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EXHIBIT C: EQUATIONS FOR EARTH PRESSURE UNDER A TRAPEZOIDAL BASE

CASE 1: Resultant Within Kern

CASE 2: Resultant OQutside 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 avallable for determining coefficients (Kr) to be multiplied
by the earth weight to obtain herizontal 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 K.. WES Technical Report 5-75-16
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 ¢ angle (¢') calculated from equation 6 on page
3 of the EM.

. (1) For an average sand (Kr = 0.5), the maximum slope is
1V:2.82H (19.47122°) for this method.

(2) For an average clay (Kr = 0.85), the maximum slope
1s 1V:12.29H (4.6507°) "for this method.

¢. Jaky's equation
Kr = 1-sing

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 tztween the numerators of the Rankine active
earth pressure coefficient for level and sloping backfill
conditions. This can be demonstrated as shown belou:




K = l-sing Rankine's equation for level backfill :
a 1+sing ¢

K __3}2&, Jaky's equation for level backfill

a_ 98, cosf - cos?B - cos M Rankine for sloping fill *

cosf + ycos 8 ~ coscd

“cos, ObB -‘\/333757?7:;:§> Modified Jaky for sloping fill*
K :

Where ¢ = angle of internal friction

g

angle of backfill slope

D=2 GRAPHIC COMPARISON OF METHODS - Figure D-1 shows a graphic
comparison of several methods for calculating Kr’ with ¢ varying from 0° to

90° and R varying from 0° 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
AXJAL 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
£ /£ 0.35 0.45
c ¢
f wax. 20000 psi 20000 psi for grades 40 or 50
s 24000 psi for grade 60 or
higher
n = Es/Ec 29000000 = 508.77 508.77
57000 § £ £' \['7'1
c c fc
E-3. FLEXURE

force:

-

\\
neutral axis

E-3.1 BASIC RELATIONSHIPS (Reference ACI Publication SP-3, "Reinforced

Concrete Design Handbook for Working Stress Method") for moment and axial

-

e-jd

= centroid Cross-Section Stress

of shaded area
and transformed
steel area nAs

a. For the concrete stress fc

1 and §j = 1 ~ 3

/
Applied force Equivalent
ggg_gggggg Equilibrium
(force at forces with
center of e>]jd
gravity of
slab, compres-
sion is positive)

to be at its maximum allowable value,

k




b. The equivalent external (applied) moment is then Ne, which

is found from
Ne = N(g + d") = M + N3,

where N is plus for axial compression. Manipulating this relationshig

and the ones in the previous paragraph, to get ¥ out of the denominator,

yields
Ne = Nd" + M = N(d-g) +M = N - _gis%zgg) +M= g (d-cover) + M
E-3.2 DESIGN
E-3.2.1 Determining minimum slab thickness
Summing moments about T yields
= = 421
Ne = Cjd = f _bkjd";
ﬂ
s2l N _ N(cover)
£ bkjd?3 = 5d + M >
or
(fcbkj)dz - Nd - (2M-N(cover)) = 0.0 (E-1)

Solving the quadratic equation E~1 for the smaller real, positive root
will yileld 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-1l:

Taking moments about the concrete force C, using the relationships
in paragraph E-~3.1a 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
g(d-cover) +M - Njd = Tyd

E-2

Lﬂ_“&“&; -



1 . cover ) _ .
M+ N [}(E - 3j) - 7 :]— Tjd = AsfSJd

M N 1 X cover
T m——— z - FESSAA 4 -
Al 34 " Fid [cl(2 » o) ] (E=2)
s s
# E-3.2.3 Determining reinforcement for Sections with more than the
minimum effective depth (under-reinforced) from Equation E-1:
F €
‘ c
Given: M, N, d, fs’ h, cover, d" 1 z
Find = A_ d 1—]1——;

(1-k)d
a. Basic relationships: l

f =E ¢ , by definition €
s s s -—‘/} s
k , from similar triangles

E
_ - k B _c k _f k
fc - Ecsc fs T- Kk ~ Eses E 1 -k — T-k
s n
b. Summation of axial forces = 0:
C~T = N
c = fcbkd - fsbd k2 . T = A fs
7 Zn 1-k s
c. Summation of moments about t = 0:
Cjd - Nd” - M =0
oy L 3ok
I Q-3 ==
£Pd k (B-l)d-Nd" ~ M = 0
\ 2n 1-k 3
2
bed (3k2‘k3) - Nd" - M =0
6n 1-k
fsbd2 £ _bd?
k3 - k2 - M+ Nd")Kk + (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

A=A (E-3)

E-3.3 ANALYSIS (by rearrangement of Equation E-1)

|
'
t
|

e




E-3.3.1 Concrete stress:

fcbkjd2 - Nd - (2M - N(cover)) =0

fcbkjdz = N(d-cover) + 2M

fc =N d-covgr M 2 . (E-4)
bkjd bkjd

E-3.3.2 Steel Stress:

Substituting the basic relationships of T for those of C
in equation E-1:

a1 1 . cover
Afid=M+N W G- -5
M N 1
f =7——=+—= 1d (5 - j) - cover (E-5)
s A_jd ASJdL 2 =5




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. 1In section
11.4.4 of ACI 318-71, the term Nu will be used as 2.0 times the axial

force N from the key.

a. Shear stress is calculated using equation 11-3 from ACI 318-71:

. v
v = u
¢ bwd

which for working stress design rules, becomes

-V
bd
b. The allowable stress is calculated according to equation

v =
11-8 in ACI 318-71 for sections with axial load (tension is used as

N
211 u
vV = []
c ( +_f,oo:xg) e

which is ACI 318-71 paragrapb 11.4.1 when Nu = 0.
Equation 11-4 in ACI 318-71 is used for sections without axial load:

negative):

v =1.945"  + 2500 % vud , but not over 3.5 f' | using V for V
c c bd ¥ c u
w u

and M for Mu since they would have the same load factor. (In equation 1l-4,
(Vyd) shall not exceed M,).

Both values of VC 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 Vu. Jn computing Mt' the quantity (d-a/2) may
be taken as 0.85d. Where the Aé provided is more than twice that required,
the stress may be considered as always less than O.Sfy for the purpose of
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.

[ U VU,




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 cude.

Stirrups will not be used in this program.

Embedment length into the span shall be as required by ACI 318-71 paragraphs
2.1.1 (hooks shall be used if necessary) and 12.1.4 (reinforcement shail
extend beyond the point at which it is no longer required tou 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 #11 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,

0.0AAbf
1 A
f'
c
times one or more of the appropriate factor$listed below:
1. Top bars (more than 12" or concrete below) = 1.4 .,
2. Fy over 60000 psi = not permitted .

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)
- _8
Ag (used)
The development length shall not be less than twelve inches, but not

less than 0.0004 d, f .
by

E-6




EXHIBIT F: FORMULAS FOR ULTIMATE STRENGTH DESIGN OF NON-
HYDRAULIC STRUCTURES WITH CANTILEVER SLABS WiTH AXIAL
FORCE (ACCORDING TO ACI STANDARD NO. 318-77)

NOTATION is as shown in Appendix B to ACI 318-71.
DEFAULT VALUES

Item

Eg

Maximum actual f; from
normal long-term loading

fy

Capacity reduction factors:
flexure
shear, bond

Steel area limiting reinforcement ratio:

Ag allowable « R
Ag balanced
Maximum ratio @ -EJLAS *
f.bd

Minimum ratio fy Ag **
gd

Maximum strain €
Stress rectangle magnitude
81 in ACI 318-71 par. 10.2.7

Load factors

(1) flexure
shear on concrete
bond on top bars
bond on other bars

(2) Using D=concrete weight + water weight
V = applied forces vertical + earth weight
W = wind
E = earthquake, horizontal or vertical
H = earth horizontal + surcharge horizontal
F = geepage horizontal + uplift

29000000
not applicable

40000 psi

0.9
0.85

(0.5 if load  ase
includes eartinguake)

nog ggplicable when
h>>E3%(ac1318-71

Table 9.5(a))
200.0

0.003
0.85f,
0.85

not applicable

(1) 1.4(D+F)+1.7(V+H) except:

a. If sign of D 1is oppo-
site to H or F, use
0.9 for D.

b. If sign of V {is oppo-
site to H or F, omit V.

(2) With wind or earthquake?

Note that V and H are the orthogonal components
of the ACI Code load factor group called L.

*for deflection control, based on
ACI 318-63, par. 1507
#*ACT 318-71, par. 10.5.1

a. Add(1.7w+1.87E) and
use additional overall
factor of 0.75.

b. If DHW+E only:0.9D+
1.3W1.43E.

c. Use bigger of a or b
above.

revSep 78




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 Forece.
€c default defaulg
b 3 0.003 0.85 f,

l ' ’ l l l actual parabolic stress

I“—' I* ? f* equivalent rectangle
a "ry“u
¢
b I
i: d
/

E

- Nu T_é_

';over d"= d—;ih

j,.d
- " -
|j gﬁ 15— ‘—_LT __——_—-—.i‘———.Nu MuS
As - i CJ: Note: = B c, at balanced desi
Cszfy/Es ote: a 1% alanc esign
CROSS SECTION STRAIN STRESS APPLIED FORCE EQUIVALENT
DIAGRAM DIAGRAM AND MOMENT EQUILIBRIUM
C=1(0.85f") ab (Force at cen- FORCES
¢ ter of gravity
T = Asfy of slab, axial
compression is
positive.)
With N as shown (for tension use =N):
The external equivalent moment is
Mys = My + Ny (d-h) (F-1)
2

From the strain diagram:

cp = d | == 0.685d for fy = 40,000, €c = 0.003, E_ = 29000060 (F-2)

€ 4+ f
c
4
From the stress diagram:
B,c
- l b : -
Jyd = d - —— (F~3)

F-2

i




The internal moment is

5&‘ = (§,d) [ b a (0.851’;)] for concrete (F-4)

Where a = Blcb for balanced design, and
-

M =3jd a
My _]u LAsbalanced ny for steel (excluding N) (F-5)
¢

F-3.2 DESIGN

F-3.2.1 Concrete thickness for strength, = The expression for minimem
effective depth "d" 13 derived by substftuting equations F-1 through F-3
into equation F-4 and solving for d, as shown in Addendum A to Exhibit F.

= [ " _
d f(é,b, 81, fc, €. 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 "As" must be sufficient to resist the applied
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 Mus/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 (F—7)

s - u,
max _ Bl <ol £ o 3t
B y

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 As is excessive. The actual need
is based on (1) calculating a from the max concrete strength based on
actual values of Mus' Nu' and d, and then (2) using this actual value of

a instead of Blcb in equation F-7:

(1) Get a:

MU + Nu \d—%) - MUS = C(jud)¢ ;
substituting C = (0.85 f') a b

and (j d) =d - d

to get

[8“"’ - {.85¢ b¢d]a+E4 + N (d-ha

using the absolute value of N and N as + for compression. Then solve
for a as the smaller real, positlve root of the quadratic equation.

F-3




(2) Get A :
s

h
d_—..
A Mu+Nu( 2)-N

s u (F-8)

et g S .—T_
of [d - 3:] *y
y 2
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 iIn paragraph F-2g.

F-3.3 ANALYSIS
F-3.3.1 The concrete resisting moment in flexure can be calculited using
equation F-4 with equations F~2 and F-3, using 81 Cé]fur a:
B.c
1 b
M = - . ! 3 ~
us (available) (d 2 ) [0 85 fc b blcg ’ (F~9)
with Sy calculated using equation F~2
F-3.3.0 The steel resisting moment, which must be less than the concrete

resisting moment by at least the ratio R from paragraph F-2e, can be
calculated by substituting equation F~1 into equation F-8, using the

relarionship

“us (avatlable) = U 8 Wf A+ KD (F-10)

F-& SHEAR

a. The actual shear stress can be calculated with equation 11-3 from

ACI 318-71:

b. The allowable shear stress is calculated from equation 11-8 in
ACI 318-71 for sections with axlal load (tension is entered with a

negative sign}

Ve = 2 (1+Sgﬁx;) £

which is ACI 318-71 paragraph 11.4.1 when N,=0.
Equation 11-4 in ACI 318-71 is used for sections without axial load:

v, = 1.9 4fee + 2500 s Yu? | but not over 3.54[fc.

bd M,

(In this equatjon, (V,d) shall not exceed M,-)

F-4




F-5 DEVELOPMENT OF REINFORCEMENT

Development of reinforcement
(Exhibit &, par. E-5), except

multiplied by 2.0.

is the same as for Working Stress Design

that the computed shear is V| and is not

F-5




Addendum A: Derivation of Equation for d

t -
Given MIAS = (jud) [(b %(b)(oss f“a‘b (F~-4) l
de dgc de (Eg (F-2)
with ¢ = oty EoBgtly e EgHEy
Es  Es
(F-3)
d .
and  j,d = _ By ,
2

derive equation F-6:

1. Substitute equation F-3 into equation F-4 and simplify:
d B¢

Mo 2 _1_2b) bBic, 0.85' ¢
' 2 2 '
gddelcb 0.85f" _ Bl ¢, b 0.85f 4
1 2

) v g2 2 \
ZMuS dZdelcb 0.85f c Bl cy b 0.85f C¢

2. Sub.titute equation F-2 into the equation above:

Mg = b2ty 085 £ face, | g2 g0 [acE, ]2
e E_+f € | €E+f
¢ sy cs 'y
Mas 295 090 B o gos P ousser e %8’ o

€ Es+f - 5
¢ y (e E +f )
c's 'y
' o -
ZMus - del 0.85f c LCES [2(&CES+fy) BIECE;L d2

= .

2
€ E
( S+fy)

2
d2 ZMus (ECEs+fy)

= : - -
6b8) 0.85¢' € E_ [2(ECES+fy) By € Eq ]

3. Substitute equation F-1 for Mus with h = d+d":

d? 2[M+N (d"9+—"—>](s£+f »2
- u u 2 cs 'y

#b8, 0.85¢" € E_ [2(scEs+fy) - Blecr-:s]




1 2
1 _E1u + 5Nud - aNud (ecEs+fy) 2

-

¢bR_0.85¢' ¢ E [2(£E+f)—6 EE]dZ
1 cc's c s 'y 17°¢s

2
- ” - +
1 _ [Mu LiNud (LcEs fl) 2

¢bB. 0.85f' ¢ E J2(eE +f ) - B, e E }d
1 c ¢ s cs 'y 17c's

N (e E +f )2
+ u cs vy

6bB, (0.85)f" € E [Z(ECES+fy) - B ECES] d

#bE (0.85)F" € E_ [Z(ECES+fy) - 8, ecr:s] ) 1

4. Substituting DDEN _

(e E +f )*
E{ cs y
0 < Lu - %Nud ] 22 + Nu _ 1 * DDEN
poEf d ppel  d
0 [M - N d") o2 N d DDEN d°
- u u u
= 1 t T T

5. Change signs and rearrange:
DDENdZ-Nd—[M -%Nd'j=0
u u u

6. Solve quadratic for roots of d.

7. Keep the smallest real, positive root as the value of d.




EXHIBIT G: COMPARISON OF BOUUSSINESY AND BOWLES SULUTILONS FUK PRESSUKES
ON RETAINING WALLS DUL To SURCHARGE LOADLS

G-1 SOURCE - This comparison was made by Dr. W. P. Dawkins on

20 June 1977.

G=2 USE OF BOUSSINESQ THEORY-VERTICAL P TIMES K - The comparisons

are based on the premise that horizontal pressures doe to surcharges conld
be obtained by multiplying the vertical pressurce predicted by the Boussinesq
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.

G-3 USE QF BOWLES' EQUATIONS - The quations for the Bowles solution

are given in Fig. 11-20(a), page 3%6, for a point load, and in Fig. 11-11

i page 357, for a line load, in Fenndation Analysis and Design, sccond edition,
; by Bowles.
£ G=4 PRESSIRES - Pres-iare Jdistributions for the two solutions are

shown in Figs. =1 and ¢- . v Boussinesq solutions are plotted for

K = 1.0, Pressures Yor ti. o int Jead cases are those which ocoeur at

t
I

points on the wall nearest to tie point load.
G~5 RESULTANT FORCEY oo thiedir points ol action on the wall are
shown in Fig. G-3 for cach ¢ the pressure distributiens.  For the point

loads, pres..res are assuned to be copstant over g unit length of the wall.

G-6 COMPARISON - For both line and point load cases, the Bowles
equations give larger resultant forces,with the point of action of the
resultant being higher on the wall than the Boussinesq solutions for loads

at a distance greater than two tenths of the wall height.

G-1
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SYHMETRICAL STEH

YC =z 0.150
o.0625 ked

0.125 kc¥

¢ = 20°

D |

tate tlee 1O

LAty antEY ~no. [

Exhibit H
illueTratss the
sheor frickiom
M\R.f‘\oA ‘P“\'
SLIDING ANALISIS
AS GIVEN (N
ETL 1102~ 184,
the defauld
Method o
Yt&c\\-w.ma we s

C - 0.35 #sd = 0.7 ks?
ka = Yoad (45 - ¢/z.)“

kp = dam (45 + &/2) ¥
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'rsuBJt‘\.‘Y EX H l E l T H COMPUTEDL BY. DATE FILE NO.
SAMPLE RETAINING TWALL
SHEAR TRICTION SLIDING ARALYSY cHeckeD av DATE seet no. F
CALCULATE HYDROSTATIC VUPLIET *
Net Heod (AH) = 55 =3 -3 = 4§ FT
Crasp path (Le) = Q2 4+ ks + /148 4 st
+LS + 3.0

= 92 + 1S + 1686 + S + 3.0

__A.H_. = __a_‘s____ = 0.306 = ha AI'JU/I'C %Y‘&A] QM{‘
Le 3l.ob
: |
O.BEMEST f u,

3

|
Line of creep method Hfor haa\r}os&dﬂc
b PYessures assumes u:v\.f—or os; of
Qd 1) 1Ue potem*ial hemd ol omy
@ (froma &rowwa\ Su\"?cxu_ do M'h
c\‘)o-v\& .{!a.\uyg pam Ond hc\c
droumd Surfm) LSIVG  optfoa (z)

of parngroph 333

|

/

‘QS o 198 “]{
Hydrostatic prassures: |

P® base of Hia = 0.0625 C10:5) = 0.65625 ks{
Pi= 0.65625 + 0.0625 (92) - 6.306(94.2)(0.0625) = {0553 ksA
P, = LoS53 - 15 (0.306)(0.0625 ) = hozn ksi
Py = Lo2n - (0.06625)151) — (06.304)(15.86)(0.0625) = 0.3¢74 ks§

f @ %NumA over +0@ = 0.3614~A4.5(0.0625)-0.30604:5)(0.063

x O

wES FORM 4O
wevocT 1ses 1253
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SO EXHIBRLT .
| SAFPLE RETAITNTNG . WALL ~
ISHEAR  FRICTION SLIDING ANALYSIS

COMPUTED BY

CHECKED BY

OATFE

OATE

FILE NO.

SHEET NO, f

n

t

u

FORCES ¢

0.36794 (146.3)

(Lo21-0.38604)LL5)

5.988¢ Kk/f¢

0.9894 Kk/{4

(o683 -ho21)(15)( %) = 0. 0212 K 4+

(1621 - 636143 (14.8) (T ((0g 21.06) = 4,355 Y44

L zu =
1.ss a2




SuueCT EX Hl(S'T H COMPUTED BY DATE FILE NO.
TAMPLE RETAINIRG WALL
SHEAR FRICTION SLIDING ANALYSIS|cHECKED BY DATE SHFET NO.
FoRCE
SYMpoL FACTORS T
C, + (1S + 2.0) L1585 )(0:15) 4.0
C. LS (16:3) LoWLS) 3.61
Gy < (08 A)L0.S) 0.30
C (L5YLS5. M) 0. ts) (.23
4 -q-T__ 3
WE, (1) 8.1y LoIesy 2.1
\ 0.25 0.00
Tu)[“‘)( 15.5 1] Lo.12s) 211
WE, (3)C0.125) L5:6) Z2-10
! 0.25§ 0 6.0
S ASIE s )]to 25) .
W (10.5)(0.0625) L §8.13) 5.93
| . 0.2% 0.06
ké—‘ove + (\o\S)[uo 5| 2 )]Lo\ou_s) 2
W 1 (1a.8)(57) Contzs) 5.2
- (0.1)SN) (06.125) -0.25
.02
C+ We + Wy + Wy 24.41
H|a 0.656 (10.5) (¥) 3.444
Hiy  [Ghossy - ouese) 92 () 1831
H, ¢ 0.656 (4.2) 6.635
H, 0.3617404:5)(%) 0. 821
Un Lotl 2 030% (s .94
0.0625 (4" y
Ha ’ S [A-cw& (45" ~1Z—°)] K297 | use |bacuuse veglection
PO sctfve pressdre camed
2 (0N) (3 2) [-)uw (45°- z—f)] -4.019 gl
H‘AL H‘b *’ H‘C -Hl - Uﬂ *‘ HA b‘SIS

P RN TV

P T AT A




GUBE: T LOME DR M

SHEAR FRICTION SLIDING ANALYSIS b rel B~

EXIBIT H
SAMPLE RETAINING WALL ’
J_ 2 A A

Hp = 2¢h/ke = 2ch Jdoad Cas™+ $4) < 20014050 Fant (4574

Hpe = 8.497 kies

Heg = STk kp = T W dand (as™e #2) = 300 0625 )45 ) 4 A ag
Hf’¢ = (291 kips
STHpy = Z Hp, + ZHpg = 8.997 +1.29] = 10.288 kipPs

THE sHEAR- frictiom saddy foctor agamst siading

as  givem iaa ETL MiD~2~ 184, S

obtamad by dividimg the  Borzomtd slhidimg  resisiamce
(ZR) obtaimed from ras.s*wa forces :«uQuA\Ma

those  alomg e oribicd path (plame or  Combimatiom
of plames which oltere the lcsd 123 stamee Fo s'&uluwg)

bé «LL Sumna ity 0 o? onhgom‘bi SLYVa e loc«lg CZH)H

i
|
i
i
'
I
i

(
|
i

L e Yo cepliad b e shruckure.

- 24.4{ - 11.5542 = i2.8s58F

= \2.B55% “’M\ (20° &+ 21.046°) 4

g

= 35.323 kiPS

ZH {rom. ch 2o H-2

r& =

zv
\ SR = ZV.dam (gt + C-A + H
cosw/ j- + o -t amw)

= L13% + 3.836 + 10.288

cheer ~ frictionas sa%-la Lo ctor c~¢c\wsi s&-.o\m»& 40»3
Lhr*:& Sy e o sL.cai H- 2 !

|
|
?
(0.7) (15: 86)

%)

+29)

ces 20.06°[ i~ tam 20" Fam 204"

]
i
)

4+ (c.288

wE L E oMo vacy
Ry, T T 1RR
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TN
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L

R T T B
i EXHIBIT H ' v
SAMPLE RETAINING  WALL ‘ ! ,
P LHEAR O FRICTION SLIDING ANALYSIS - nr cae g_
| 3
jshmoL FACTORS n FORCE ‘
SR S K Rencnell R SRR S
|
¢ ‘ A (15 4 2.0) (15:8) (018 ) ! 4‘0”
t
i ‘
LG LS (163 conls X
1 I
S : L0 (51 oS ) c.3e
' I
Ce ICES)5.) COS) 23
192 -
, (2)CR. MY Lo 128) 2.0
WE, ] . 0:25 ] .00 |
o —z—(z)[d)(\ﬁs—n (0.125) 7 e i
N (3>0ed2s)t 5.6 2 10
WE, A 0:25 i . ¢. 0l
- 2(3)[(3_[@ )| L0125 e.ol
\:: (105 (0.0628)(B.12) 573
. Gkove Ay ‘ 0.23 00625 c.cé
LB Eresume () ceoets) TR
o [Lev128) 148y L5 1) 16.5S |
N |
S0 128001305 1) 0.8 -02s | |
- 1030 ¢
C We + £
¥+ \X,[: \1\)\0 .k)\) Z"LS(\
H, o 6.656 (10.:8) L—t\ 2.444
Hiy C1.0M183 - 0.656)(3.2Y (7)) 1,943
H ¢ 0.6s6 t4.2) £.025 L
Uy (0.5) (10+2) ©.£073) 4.117
—
1 ° i
. w3 1 o =
Ha 00615(‘1)[*0&\(45_ 7.20 ] 12919 |
2 l ! 0 !
_2.o(o-w)tq\1)[7\cm(+5"~%J -4.019 ' {
Syoracrerm— J
/1;7‘- H,b./.,g(‘-—ﬂl + M = 1.308
|
L |
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r\ua,sgv EX H 1 BlT H ' TMIWLTED BY DATE Fiee NO.

SAMPLE RETAINING WALL :
SHEAR FRICTION SLIDING ANALTSLSJ NErED BY

DATE SHEET NO. q

)

CALCULATE HYDROSTATIC UPULIFT
Nek Heowd (BH) = 5.5 -3 -3 = 4.5

Creep path (Lo - 9.2 + 163 * 51 + &5 + 3.0

= 351 Fr.

‘_M__ - i_ = 0.266 = L\a.(l\'au\\c &NA'(QM*‘ i
! Le 351

=o

I. LINE -0f - Creep meothod for hadros*&d"\(

1 PIRSSUTRS ASSUMEE U\w{—om\ loss of petentid

, hend alowg tha reep path ( from grousmd

{ surdae dowrr ho o a/or_l_g G fure plwne andd

! back Fo grousd surfeaca ) UsiNG  oftiomic2) of

| Paragroaph 333 K
|

5 |
|

H&dros*uh ¢ Pressvres

/

16.3

Pe bose of Hiew = 0.06285 (10.5) = 0.65625 ks4
P,
P2

i}

0. 65625 *+ 0.0625 (4.2) - 0.266 (9.2)Y(0.0625) = 1.0 T83

L0783 = 0.266 ( 16:3) (0.0625) = 807D

UPLIFT FORCES
Gy
V2

(0.&073) (\6-3) = /1 3.159 0 k// ZY = /5.3677K/I
(0:S)L16.3)00.271) =2.208"0 ¥/

1

WES € M a 1oe
Q5 L0 1968 253

H~9
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SAHPLE RETALINIVG WALL
SHEAR FRAVCTION SULIDING ANALYSIS

EXHIB\T H

SRR Sy * Vi

the forces whiek chw%e Aw, +o chee lcwa J(rw( {(lbu\'-]

swrdece 2 L8 We oy *\\‘- res siomce forces, AY‘.V«%& {orceg {
adleciad ba chmdxs i wpl p fovces cver mew Ccraxp !
bath , amd upli forces  verdicaic), !

{

Wy = (001252148 (S5.1) = 10.55
- (0.125)Y L01)Y (L8 "V) (0.8 = = 0.235
1030

Ty = ZC o+ Wer + Wey +Wo Wy -V

= 432 + 21 4+ 201 4 599 410,36 - [5.3677
= 4. 32 kips

He, = + (0.2 (0.0625) ( Fanw (45° + 29/2))
= 3.25 (2.04) = £.63 kIps
He, = 2 (o0 o/ dond (45° + 292)

= 20. 319 kK\PS

Hp = Hpg + Hpe = 6463 + 20039 = 27.02  KIpS

ZR = ZV. tam~gp + CA + Hp
= ]432 ta20° + 070148 + 2702
= S.2/2Z % i0.26 + 2702
= 42 592

shetar friction soted IUNG 1 ‘
N TRTINE | SQ;&W\% ¢ Tk -PNQL\YQ = S.F = ZR - A2

sWrdee 2) zZH

= 5.83

wioF

e

[V

RAFPYRN 253
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SAMALE RETAINING WALL
SHELL FRI T

SUBJECT EX/"'//B/T H
ON SLIDING ANALYSIS

COMPUTED BY: DATE

CHECKED BY: DATE:

FILE NO.

sueeT naL [ f

S UMAMARY

/L:w‘ /ure \.S L/r'/-?CC #l

/;NQWC'\erA;Ce' JZZ

:Sq,‘;r- %44&56 7évo /Lﬂvfézy £2A401'1F%;rnf§y /T,S'= 5472

WES FORM NO.
REV OCT 1968 1253
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SuBIECT EXRIBIT H COMPUTED BY DATE. FILE NOD. T
SAMPLE RETAINING  wWALL
SIHEAR FRICTION SUDING ANALYSIS CHECKED BY DATE SHEE T NO.

The total base —foudndion) intedace of Hhe T- wall 1
MaY Net be i Compresuimy with  Hhe foondabiors  If a4
pAct of the suvface under copsdevadiong s Glou3
the base—foondation nlerface And i Not N Conudnct
wite Pre fournd »‘-.\l:n)) s POw\-o»d Shou\A be Neg\ex_steé
wheny o‘o*mun\)ci +he effeckive base Aren to vesict
3|\<l.n\.\5_\, Howesev , e rccuvea (o,\\-uv-e_ Suvrface
1s w~ot A\ouc\ +he Bﬂse—(our\dk\'(ow ntevface.  but
%\mug\’\ the So«l) No veduchon iy Vhe rren to

resist S||A”\_\c\ is mAade.

A FO\(~"‘(!ON of +he bﬁse of A T“UJ‘\H w‘“ 'JOJF

be W compressiory Wwhen +he veculiagt falls sutside
the kernw  Hhus cvesting A creack which eaw
vesult 1w AN Inerease W uplift pressuves.
This  condibion will  affedt +he shding  shbiliy 3
ANalysis when the Assumed s\‘dwﬁ plane  Acls Alm\j
e soil- shvocdure mieface below +he base
of the wall (for Pz conddion Phe progeam
will have 4o vecycle back ‘“fwouih the live
of cveep caleolatione until the cveep path

Assumphiens  match fhe fina parT of the baze +wl 15 v conrtact

WES FORM NO.
REV OCT 1968 1253




SuALICY EXWIBIT H COMPUTED BY: DATE: FILE NO.
SAMPLE RETAINING WALL
SHEAR FRICTION SLIDING ANALYSIS CHECKED BY: DATE SHEEY NO.

with Yre foundition ). For example , contder a wall 1
withrout A Key rnd with A horizowdal base, when the |
vesaltand fills outsidc the Kern mud the Assumed shding
plane 18 nlong the wlerface behieen Yhe lbuse of the
stvoctuve And +the soil foundahon 5 uplift pressuees
will be compuied Assaming No creep loss for the
poction of Jhe Lcundatisn not 1N compression,
For the condition whave Yhe vesullavt flls outside
the kevn but Hhe Assumed S\\A\Qg plave 1s Yhrough the
sotl y for example & wall with 4 key positioned At +he
extreme end of the heel (see figure shown below),
No inevease 1IN uphift prescare will be coysideved
becAuse the sail does wol IFF and form & ernck As |

1S +he case AT Hhe soil-structuve devface .

]

.,ll la

-

WES FORM NO.
REV OCT 1968 1253
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SUBJECT E.XH|D\T H

SAMPLE RE TAINING WALL
SHEAR FRICTION SULIDING ANRLYSIS

COMPUTED BY:

CHECKED BY:

DATE.

DATE

FILE NO.

SHEEY NO.

for Vs condibian

the matevial \oenqa

because H\euk are forces

S“\er\reé .

; Anolher reason ¥he uq:er— fovces ove mob affected

msde +he soil-shvoclove {ree bedy and therefore,

do wnot affect +he ovevall shdig stabilidy .

! Tre ¢ and C values should be consistent with

A plane of failore
favovel the sal should use +he ¢ and C of

the soil.  For Adu  of the falure planes along

the soil - shrutlure ivferfice , use the @ avd C fon
slding Peicdiny At the tecfice.

WES FORM NO.
REv OCT tass 1253




TTEXHIBIT X T ToTe FILE NO.
SAMPLE FLOODWALL SLIDING ANALYSIS
*QMKb/: —t%NS;‘L‘— AND C/= TS_ST DATE sng_e.r.nn.j
s’
' ]
1 ]
[l 1
T r—ﬂ-----------"-----
3.0
v 1
| L 165"
| AN
' —&v——l—-t—
‘—7/5“1%—775 !
D R V- /A3 It l Y
2.0 # K ' .

L :
HEEL 1 7oF 5

of samﬁeh‘\ (&Q

stem

16:3°
!
| : |
. Y. = 1so pcf P=2. C= 035 1sd - 0.7 ks§ :
! T = 625 ped
Vid = 125 ped ko= doad (45— B4) ko< donl (as+ B)

while sha Ylood walf mamudd, EMmo-2-2501, does mod provide
~ cler - cud procdwre for computimg the deckor of seded

agoirmst  slidimg, o method 1o pres ondad here Hhad compliy
with e provisioms of is ol This method s

progrom defalt produre o floed  wells.

WES FORM NO.
REV OCT 1968 1253
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DU EXHABIT I
SANHMPLE FLOODWALL
SLIDING ANALYSIS CHECKED BY- DATE snegg No. B |

COMPUTED aY DAYE FILE NO.

PASSIVE EARTH RESISTANCE AT TOE OF WAL

He

r
~
b}

{ Heg + Hp ) cos 21,06
[—.}- % k,-l—\2 4+ 2¢ H/ ke ] Cos 2106

w

1}

3 , o
[-;-(c.ns-o‘ous) k- t4.5) + 2 ¢ (4.5 kp ] cos 21.06

= 0.5905 kp + 8.339¢” [k

ACTIVE EARTH DRIVING FORCE AT HEEL OF wWALL

HAP - — . HA

C

!
H
t
) (os 2\‘06‘

Ha,=( Hag - Ha,

—\z' N ka H: cos 21,06 - 2¢ HSka  cos 21.06°

=

1 -
= _;_—(0\‘?-5 -~ 0.0625) Ka"(32) » cos 2l.06
= 2.¢ (%2)/Ka - Cos 21.06°
a 204683 ka — m.n10 ¢ [k

WES FORM NO. Y
REV DCT 1968 1252




S . e e o T
; | EXHIBIT I ’ ' i |
‘ SAMPLE FLOOOWALL i J ‘
SUIDING ANALYS!S [ 1 . {r &

| NET APPLIED FORCE TENDING TO INDUCE SLIDING
L Z D, =(H-He-udese +Ha ) (See sheek H-5 for H L H ¢ Uy AT
= {1316 -0.827 - 3.994) (o5 21.06 + 2.4683 kn - 174110 ¢/ Ka

= (.08 + 24683 ka ~ 17110 <V ka

REACTION FORCES TENDING TO, RESIST SLIDING
=[12.855 8+ cos 21,06 + fH.316-0.821- 3.4 14} Sim zlo6" +

{3 (025 - 0.062s)-ka (8.2~ 2:¢ (.20 /Fa § Sinv 2hi06" = )

S (0125 - 0.0625 ) Kp (48)F + 2.C (45K |- Sim 20.06%] Fam ¢t

15-86C + 0.5905 k, + 8.349:-c'JE, , ) !

= [14.338+ 0.9505 kp - 6612 ¢Tlan - 0.220¢ Kp ~ 32341y |- Fom @ + |

! 1s.86¢" + 0.5905 kp + 8,398 /T

EQUILIBRIUM OF APPLIED AND REACTION FORCES
CONSIDERING TRIAL FAILURE SURFACE 4

L Wirn[Zog = f GRS Fst2cy and ZRy = R (FS P+ 2],
| The 2fWiLIRRIVM Telakiomship [ ZDy = ZRy becomes
[§.CFs, Fs+2¢) =4, (FS,Fst2¢)] which cam be
fromsposed Yo read[f(Fs,rst2¢) - £,(Fs, Fs+2cy=0]

The computatiom o Fs imvolves solvimg the cvpressigm i
L evs, Fsy 2y ~H,¢Fs,Fs+2¢) = ©
by om chevrarive prowdure ; @ither %rc\pk;c(\m Chy howd )
ovr omc\Qa‘hu\Ql C Oan Com~puter). The prowadur e
mcdudss () Kssum~im o Frial vedus of Fs,
(2) Calculetim alloSalbe  vdues of ¢ amd ¢’
(3) cdcuh&w\a lka aad kp from. @7, () s»&ski%wh»a
Csokaoanmd kp imto Z Dy 0sd Zly, cmd (5) ather
p&u)dm«@ T 0w = { (FS,Fs42¢) amd  ZRy« 4, (Fs, Fs+zc’/ﬁ3ef’dlw

me poimt o imdersectioa. or  solvimg dor Fs
oo micke I Dy~ ZR, = O

1-4




SUBJECT Ex H l B I T I COMPUTYED BY: DATE FILE NO.
SAHPLE FLOODWALL
SLIOING. ANALY SIS CHECKED BY DATE: 5"‘5_57"‘“5
Am  xample o the above poedure s as
":om‘.otoi N
. o [ _dom d ]
@ - Fom ( T ) where ¢ 20
¢ = < where ‘i'=c’
FS v 2% C =035 %s¢
] The positive velue od ¢ s
/= —dFST t&c - FS where C omd ¢ i
4 VN *S‘?
} For  Fs =\
R N
= 20°
1 —
c [CDT Bloss) -l = 0.23734 4s?
\ 4
, or 0.41468 ks?
' ‘)Mw\ ¢/= Yoa~ 20° = 0.36391
ka = Yoad (45°= O4) = dam (45°- 2072) = o 490629
| ‘. U .
| kp = doat (45°+ @72) = Fond (45 +20/2) = 2.0396]
. Ik = Jao0346) = (14285
Ha,= 24683 ka - 111110 ¢ [k,
= L21618 -S5.10120 = -4.50 (mgleck of rvu.a,l&*l\lt)
, ZDu < 608 + 2.4683 ka — L1740 ¢ Vka = 6.08 + Hay

6.08 [6)

6.08

WES FORM NO.
Rev HCT 1968
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TeumiECT EXHIBIT I COMPLTED Av GATE FILE NO.

SAHPLE FLOODWALL
SLICING ANALY SIS CHECKED AT DATE SMEET NO. 6

i
l
|
|

|
i
|
|

!
{
|

Hey = [MJB& + 0.9505 ka - 6.612 ¢ Kn - 0,229 kp
~3.2341 ke J--}o.mab’ = 3.62

He. = 1s.86¢ = 153

C

H?¢= 6.5405 Kp = L2o0

Hp = 8.319 <V ke = 569

z 0w = Ha¢ + Hp, ¢ H,;¢ + HPC = |8.0¢

TR -ZDuw = 804 - 608 = .4

Com*imug (SSUMImg so\—Yn-hd Jochrs amd canuﬁdrﬁ
SRy -ZDy Uil ther dif{evemce iy MGQ'\&\LL.
The Sos\aw\ PN *\Aem AN Rku\o.\&fr\u/w\ \o\‘k\q
the vam\a forces —Qi)-ud 4o the res\_s‘*'\rwa
forces  oed  the Swpn*& Pochor  which  producs

{’\\\S (0“/\&\*\0!\« 1 S tl\Q Sﬁ\"?ﬂ% «P&c’*—nY
aac\\MS* S.Q‘ul'm»a .

WES FORM NO.

REV D0 T 1968
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URECT CEXHIBIT I
SAHPLE FLOODWALL

SLIDING ANALYSLS

COMPUTED BY: DATE: FILE NO.

CHECKED BY" DATE: SHEET NO. l

PASSIVE EARTH RESISTANCE AT TOE OF WALL

Heg
—_—
= l2 ﬂ, k? Hl + ZC’H/ kf

]

ACTI\VE EARTH DRIVING FORCE AT HEEL OF WALL

< (6125 ~ 0.0625) kp ¢ 10:2)° + 2¢7 (10:2)/ Ky
3.2513 kp

+ 2004 ¢’/ kp

Hag = HA¢ -
= dhkyn H - 2¢H/ R

- —— H

Lz (0.125 - 6.0625) ka (a2) - 2-¢" 19.2)/ Ka

2.645 ka - 18.¢ ¢" Jka

1

Hac

4

Ha

C

WES FORM NO.
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SUBJELT EX H' Bl T I COMPLTEL 3y [sL g ‘;il..i. NO. 1

SAMPLE TLOODWALL ?
SLIDING ANALYSIS CHECKED BY DATE [s=ee~ w0

NET APPLIED FORCE TENDING TO INDUCE SLIDING
Dy = Hi = Un + Ha ( See Sheed H-8 Por H. amd Uy vilg

]

422 = 4.1 + 2.645 ka - 15.¢¢ /K
.305 + 2.645 ka - 13.4¢ /ka

[}

REACTION FORCES TEMNDING TOo RESIST SLIDING

z R,

EQUILIBRIUM OF APPLIED AND REACTION FORCES
CONGIDERING TRIAL FAILURFE SURFACE &

WitH{ZDyw = % CFS, FS + 2¢”> AND ZRy = £, C(Fs,Fstac)],
the e FuiliBrivH relatiomechip [ ZDye ZBy ] be(omes
L ers,Fsr2c’) = 4, CFs, ts&ch] which (am be

The corw\pui-k*ioM ol Fsg gmvoﬂvas Sonw& tl\Q oxpressg
ZD’\ - ZRH = 0
fOUFS, Fst2¢) - L (FS,Fst2¢) = ©

or M\t\lai (kﬂa ( Om e Computer). Vouz dore
imdudas () Y ssosmim e, Ak vdue o Fs
(1) cahculed i cllowedld vadurg o ¢ and ¢’ ,

L}.) (—ALU&G\*\M& ka onmd kp “’YOM (P’; (a) SU\LS‘* ‘)\'t\‘i‘(m%
¢’ kKa J O~ d k lM‘l’o ZDH omdt ZRH ) anmd (5)

3:)& the P°“‘“‘x O-{! AM*&YSQ(*[OM er SoQUw\a for
Fs +0 M\&JQ Z D.—\ - ERQ-‘ =0

Heg + Hpy = Vodamd” + €A * 3.2513 ky 4 20.4C 7R

14.3223 *om @7 4+ 16.80¢c” + 32513 kp &+ 20,4 VK

framsposad *o  tewd [ CFS, Est2ac) - §CFs, Fst2cy=0]

ba Om U\Qch\VQ pvourl\)!-l ) e.ftxu 3\*6\91\ caﬁa (L kw»d)
P

either  plottinn Z Oy = DICFS, FS+2¢7) and Z Ry = CFs, Fst2Ddp

+

par

L

WES FORM NO.
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SUBJECT: EXH‘B‘T I COMPUTED BY: DATE: FILE NQ.

SAMPLF FLOODWALL
SLIOV.G ANALYSIS CHECKED BY: DATE: SHEET NO,

The +otal base -fouudadiond mdeface of 4he T-wall
MAY Not be N Compression with the foundston. T auy
pavt of the surface under comsdevahion 13 along
the base—foondabon ndeface And 1S Nt N Condact
widn  Pae (:ouMC\'P\\'lorJ, this  povrtion should ke Nes\ec:‘ecl
wheny o‘o*mmug +he effective base Aren to vesict
shdig.  However, £ +he Ascumed farlore surface
1s w~ot A\ou3 4he base- {foondahon milevface but
through  the So«\, No veduchon In Hhe Ares +o
resist shimﬂ s made.

B povtion of +he base of A T-wall will net
be N comprescion When +he vesuliagt falls ostside
the kern  thus creating A crack which  eaw
vesolt W0 AN Inerense Wt uplift pressuves,

This  condibion will  affed +he slxéms s*&\n\\ﬁ
Auqusus when he Assumed s\dms plane Acks h'ouj
the sol- strockure mierface below +he base
of the wall (for Pnis condbion Phe progeam
will have de v-e,c._yde back ‘“‘\fouﬂ"\ He lige
of cveep caleolations unvhl the cveep prih
Assumghens maafech the fiual part of the base Hwl 15 v conrtact

WES FORM NO,
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SUBJECT EXHrBlT b COMPUTED BY: DATE: FILE NO.
SAMPLE FLOODWALL
SLIDING ANALYS(S CHECKED BvY: OATE: SNEET no. |

with ¥ne. foondaticn). For example , consider a wall
without A Key And with A hovizowtal base, whew the
resultand falls outside the Kern Aud he Assumed shding
Plane 18 along +he wderface between the ase of the
shruchuve And e sall fooudahow , uplift pressuces
will be computed Assuming No creep loss for the ;

portion of dhe Loundationw not 1N compression,

For the condirion wheve Hhe vesullavt fils autside
the Kern but dhe Assumed sldwq plawe 15 dhrough the
soil | for example & wall with o key positioned At +he

{

extveme end of the heel (see figure shown befow)}

No mucvense N uphft pressure will be consideved
because the soi) does wot bft and form & eracK as
1s +he case At the soil-structore milerface .

]

‘ll“ﬂ

WES FORM NO.
nev ocT vese 1293
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et EYNBIT T COMPUTED BY: FILE ~o.
SAMPLE FLOODWALL
SUIDING ANALYSIS CHECKED BY:

SHEE T NO.

Auother veason the ugl®h forces ave wot affecied
fovr Vs Coud\jnmd 1S bhecause ‘H\e% ave Lorces

msde the seil-shucluve {ree body and theve fore
do wot affedt +he ovevall s\ang s+nb,l-<kj.

Tre B and C valoes should be consistent with
the mmevia] bewa shenred. A plave of faidore
theovah Haa ool should use +he @ and C of
the soil. For Adu  of the falure planes along

Hhe sorl - stvucddure lukvface, use +the @G snvd C fon
S\‘i;u-‘: Oricdind AF 4he glerfice .
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TEXHIBIT
ISANPLE FLOODWALL

SLIDING _ANALYSILS

DATE:

FILE NO..

Yo = 1so pef

To = ¢2.5 ped
Rd = 125 pcf

G20

ke = ;'N\: (as - ¢/z.)

*om ¢ = o AN O ¢ = = DATE: SHEET NO. |
'l\s'
. oyt
‘ :
4
I e ectcccae oo, -
20"
PR
[¥-1%-1
ii\ .
s’
577

C= 035 tsf = o ksﬁ

kp e }a»f (4374 %},)

WwES FORM NO,
REV OCT 1968 1253
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42 H-VH + 5159 =

P 37 dy-vh+ PLeT-L280 = 91T = HZ
L ~ -

mm M ovlbog =W
mmA M L2g o = TH
v, W Esseu s nz-mz Nz
D42 MR TESTN 2 N T ATy 40 = 02
,_Nbvﬁ_*,va??*??.?Mmg 4+ _m? 402 = M2
Lo = -

v
w_ <ol ¥/ 9T = OH A9y« Y = R
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SUBJECT

EXHIBIT o

COMPUTED BY:

DATE: FILE NO.

He +

( Hyf, + Hp. ) Cos 21. 06

SAHMPLE ~ FLOODWALL
SLIPING ANALY SIS CHECKED By DATE: SHEET NO.
PASSIVE EARTH RESISTANCE AT TOE OF WALL

H I
“—J

44
1

[__‘L Y. k?. Hz‘ + 2_.<"H,/ Ke ) ]‘c.o"s p.l.q(s"

0.590¢ kp x 8.34a¢” [k

"

- 2. 22)/Ka - Cos 21.06"

2.4683 Ka — 7110 ¢”J ka

ACTIVE EARTH DRIVING FORCE AT HEEL OF WALL
Hh* H - PRSI HAC
Ha,=( Hag - Hao) cosanoé’

—|?: Y. ka H" cos 21.0 6" - 2 1/ Tk - cos 2106

2 .
'Q_KO‘”--‘" -0.0625) ka*{d.2) - cos al.0é

N 3 , - °
[%(0‘\15-0‘0615) kp-(45) + 2 ¢ ta.s) kp ] cos 21.06

WEL FOHW N
eV OCT 1968
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o

Y EXHIBLT J COMPLTED By DAE Fii- N0

SAMPLE FLOODWALL
. SL} DING ANALY SIS (HECKED v nave fuEEc NO. G

NET APPLIED FORCE TENDING TO INDUCE SLIDING
“7: Dw =W~ H -V esw + HAN (Sct E\\ed H'S for H, . H, < U V&Ql\i&)
= (iL246~0.827 - 3.994) Cos 21.¢b + 2.4682 ka — (1. yn0C S Ka

i = 608 + 24683 ka ~ (11710 S ka

REACTION FORCES TENDING TO. RESIST SLIDING

=R, = Hg‘o tHey =[zV. cosW +5H Simw] dom g’ + A + Hr,
=[1.8s28 . cos 21,06 % f11316=-0B27- 2.9 914} Sim 21.06" +
| §3 (025 - 00628y kA (42)- 2. (9.2)/Fa } Cim 21.0¢° =
fE(ouis - 0.0625)kp (4.8) + 2.C7 (45T |- Sim 21.06°]- +am ¢+
(5.86¢" + 05705 ky + 8.399.c"JF, )
= [14.338% 0.9505 kp = 6612 ¢Tly - 0, 214 kg - 3340/l ] Fen b +

Is.86¢” + o.sq0s kp + 8.3¢¢. ¢ 7,

EQUILIBRIUM OF APPLIED AND REACTION FORCES
CONSIDERING TRIAL FAILURE SURFACE {1

WirH [z Do = ficrs) anp ZRy = 4. (Foy), the  equilibriuma
YLQO\*IOMS»\HP [ ZDU = ZRIJJ bQ(DM\QS [ ‘v((FS) - 'PZ,LFS)l
which cam be Hdromsposed do voed [§(Fs) -4, (Fs)= 0]

The com«pu‘l—ts‘hom o} Fs yaavolve g Seﬁuvw& the R Pressiom
Z Dy - ZRy =0
sy -hrsy = o

by an .‘*u‘a\*i\/e Prou.fxuwk, Q\*Lo.r 6Yo\\>k:cau
of omaldicul, ( omv the computer). The aprouwluu
e Rude ) —&C\SSUA’\«"N\ N Ny vc.QtuL o‘? FS 5

(1) Caleudat alowethe velues Lot ¢ c’,
(B)Cd(t{lk‘-"\h‘\a l(A O\MA kr PW“‘« 4’/ (4) SU\Q,»S*\*\\*}M%
<, ka, omd ky mwto ZDy ovd ZRu , and (5) e

ot ivmg ZDwe 2(FS) ond ZRo -h(Es) * oo
e poima\ o% imkey s2ctioan or anv;m& ?-.,‘ Fs

Fo meke ZDduw - ZRw =0

C §r3 ‘QC\'\-c\ )

WES FORM NO.
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COMPUTED BY FILE NO.

SUBJECT - EX H\B‘Y ‘\'J
. SAHMPLE FLOODWALL
SLIDING ANALYSIS CHECKED BY sHEET no.

PASSIVE EARTH RESISTANCE AT TOE OF WALL

ey = HP‘? * Hrc

\ 1 .
S Lk B + 20 H Kk
_;(o\lz's ~ 0.0625) Kk, ¢ 10020+ 2¢7C10.2)/kp

3.2513 kp + 2004 ¢’/ kp

W

ACTIVE EARTH DRIVING FORCE AT HEEL OF WALL

‘ b
- -%Te ka Hl - 2c¢'H Sk
1 .
= _'{ (0125 - 0.0625) ka (A2) = 2-¢"(9.2)/ ka
= 1.645 ka - 184 ¢ /ka
nEvbaTses 1253
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ORI | EXHIBIT < COMPUTED BY DATE FILE NO.
SAMPLE _FLOODWALL

Lsumue ANARLYSIS CHECKED BY oave Y

r

NET APPLIED FORCE TENDING TO INDUCE SLIDING
Dy = Hi - Un + Ha ( See Sheed H-5 for H, amd Uy valids)
422 = 411 + 2645 ka — 136/
.30 + 2.645 ka - (8.4 kn

1

[

REACTION FORCES TEWDING To RESIST SLIDING

'ZEH

Hry + Hpy = Vodanmg’ + A + 3.2513 kg # 20.4¢ 7R

-

14.3223 kam @7 + l4.80C” + 32513k, + 20,4k

EQUILIBRIUMY OF APPLIED AND REACTION FORCES
CONGIDERING TRIAL FAILURE  SURFACE J

With (20w =4 cFsy  anp  ZBa=f (F9)], the eguilidrium
ercd-\omsl\:p [ 204 = TR] betomes [P (Fs) = P (Fs)]
Which Canm be  Froamsposed do veacd [ §(Fs)-P(Fs)=o]

The compurakiorm of FS inwvolves solumg the erpressiod
=z D'-\ - Z.Py\ e O
PeFsy - trs)= o

by o serative procedure, 2 ther art«pL: cx@a (Ld Rondy
oy QMQ.& really Cona CO'\'\PUL*RY)- 12 P'DL—RO\“YQ
wdudss 1) cSsumima o Amik value of Fs

(2) Cc&cuic\*\"\t\*& APIRYN AN V*Qlus of ¢ a~d ¢’
k&)c_dgukc\*'\m& ka owd k? fros~ ¢, (a) SkLS‘h‘h\hMa
'y kn and kkp it ZDy avd TRy, amd (5) eithy
plothivg Z Dy = PCFS)  avd = 2y = L (FS)

*Ll po‘m—‘\ 0?» iM*t\'s‘ec*\Or\ or SoQU\w& (Zw FS

fo meclen ZDby- Z8y =0

WES FOAM ND. gy
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SUBIECT: E*H\B\T d COMPUTED BY: OATE: FILE NO.
SAMPLE FLOODWAUWL
SLIDING ANALYSIS CHECKED BY: DATE: SHEET NO.

The +otal base -foundnlio nHedface of Hhe T-wall
may  Not be N Comprestion with the foundston. T any
pavt of the sudace under consdevation s alog
the base—foondihon leface And 18 Not oy Consdact
with  Pae  foundidien, Hhus porhied should ke neylected
wheny o\o*mmua +he effective base Area 4o vesict
shding .  However, £ 4he  ascomed farlure surface
's ~ot Along  4he base - foundahion wtevface.  but
throogh  the Sml, No veduchon g the nren to
resist sthc‘ s made.

A Fov-%;u of e base of A T-wall will wot

be N compresciany When +he vesalinut falls outside

the kern  thus creating A crack which e
vesolt 1w AN Increase W uplift pressuves.

This  coudilion will affed +he S'\Amﬁ shibilidy
ANalysis whew fhe Assumed s\dma plane Acks ﬂ'”ﬂ
He sal- shvocdure leface below +he base
of the wall (for iz conddion e prodvam
will have Jeo Vcc._yc\e back ‘L\'\-roua"\ 4he lige
of cvecp ealculntinys unhi the cveer path
Assumpicns match the final part of the baze #wl 15 v conrtact

1ES FORM NO.
AFV OCT 1968 1253
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SUBJECT

COMPUTED BY: DATE FILE NO.

EXHIBIT o
SAMPLE FLOODWALL
SLIDING ANALNSIS CHECKED BY OATE SHEE T NO.

'JJ\l.““\ e -(ouudv\'l\'\c\\\/. For CYAN\P‘E, Couﬁld‘;“r A \uAH

withoud A '(e.j fad with A hovizontal base, whew the
resuldand falls outside the kern Aud the Assumed shdwg
plane 15 along Hhe mderface between the base of +he

shvoctuve And +he sail fouuddww, uplif + pressuees

will be cOmPu“eﬂl ASSUMING NO Creep lass for +he

portion of Jhe {oondation nob 10 compression,

For the condi ion u)'r\ove. +he v-eSun" Lfalls cutside

the kevw but +he Assumed shdwg plane 1s Yhrough the

sotl , for example # wall with a key posttioned At the

exdvewe end of Hhe heel (see fiqure choww be'ow)}

N¢

wevence 1N upliff prescace will be cousideved

becAuse the coil does wel I and form & cvacK as

133

+he case At the soil- structure udevface .

[ ]

——1—7
T

P

WwES FORM NO.
REV OCT 1980

1253
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SURIE T EXH‘B[T ﬂ COMPUTYED BY DATE FILE .
SAMPOLE FLOoDWALL
SLIDING ANALYS'S Cnecrmeo By DATE: L L

Auother reasor ¥ne ugl®t forees ave wot affected
for Wns conddbiad 1T becasse %\e-.k oave forces

msde the soil-shudure {ree \ood«j And thave fove |

do wst affect +he ovevall shding stab.lidy .

Tre @ and C usloes should be consistent with
the mprlevial ‘oenucl shenvred. A plae of failure
Pavou-' tne ol should use the ¢ and C of
the sml. For Ay of +he falure planes  aloug
Pre soil - shructure InferfRce , use  the ® snvd C for
shdins fricdinn At the nrtecface.

wgs FORM NO.
REV OCT 1988 1253
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fsomecr T EXHIRIT K MR [ T )
TAMPLE OVERTURNING ANALYS|
FOR FLOOD w‘LLngTAl\“QG Q)ALL_L HELRED BY foae SHEET NO 1 |
| Sign convenion
j Forces 2nd e
' Pressvres -+ _.',_.L_-
t } ﬂ """""""""
! 3o
{ %___i___ _ ) —
: A ; [
n
N !
0\ | . , .. & 155
Q’ s 2O v
N A
~ ] ’ rl
N | - - e an ww ar » w oa-
W “5’
51
R o
Yo = 150 pcd ¢ =20 C=0.354s50 =~ 0.7 kst
: Yo= 625 pcd
| YTead = 125 pcf ka = dowr (as*- $2) k= kool (45‘##’;)
[
l
]
WES FORM NO, 12%3
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' SUBJECTY -

I

EXYHIBIT K
SAHPLE OVERTURNING ANALYS

. FoR FLOOD WALLS

i
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L

J11vlSovualy HI3AVI INISYd

i
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T A e DR

SAMPLE OVERTURNING ANALYSIS:

FOR FLOOD WALLS ¢ RETAINING WALY .. .. .. Fovrs - o 3!

CALCMLATE LINE OF CREEP HYDROSTATIC PRESSURES
Note #het these pressure  wilk Yo didlevend ﬁrof\n the
pressore showa  iae Exhibits H, I, and d Jecause

the essomed  Lima Creep is iw o ol\ﬂ’-zwv-* Jo cat som
((~Qm~3 ?\\\e so s*YL\C*\AYL A\A\*QY?‘CFC().

L Lost heod = Checdweder - Fadocder ) dedd ddamce a5
wed. dokd Adistamce 3504

2. Poxemtial heed = (handweder - deilwader) = fosd  Racd
= 95 - lost heed

YM'\C\\M]M& Se prge heed

Vardi el distamce  do Fal weder,

ostwe id Redow  dalweder

podeamt el hesd + positioam heed

\)pi.ﬁ‘\ Perd x  Wh. o} weder

3. Postiom head

4 Uphipt hacd
s UpLPE prescore

"\

OLUMN ! T 2 3 4 3 6 1
Creep path Tost  [[Podcadid|[ Pos & iom| Upk Bt [UPLAR Pressore
POINT f ramment gﬁﬂw, heod hesd heod [ heed psd
T
' 0 (o) ° 9.50 f~4.50 o o
2 0 0 o 9.50 Lhoo 10.50 656
4 §.2 9.2 2.419 T.01 10,20 1 1T 2) 1015 . 4
5 5 101 .40 6.60 1020 16. 80 1050
6 514 16. a4 4.ab 5.04 4.50 q9.54 596.S
1 14 10,54 || 8.28 2y lf 450 §.12 3515
q 4.5 25.04 || q.50 0 0 0 °
A .
ot “'“l;ﬁ; T
K-3




EXHIBIT K ‘
SAMPLE OVERTURNING ANALYSIS!
FOR FLOOD WAWS & RETAINING WAUS

1
t
{
1

CALCULATE ACTIVE EARTH PRESSURE

= 281195 - 4980 = - 698.28

The 01l Witk mox pulk om  the wall
15N t‘r\z oc Xive S.*C\‘l&', x'km{wm, Lﬁ)f

kA¢ = doad (45°- #/2) = 4am (45°- 20%2) = o.

490

PA=O.

t
i
i
!
|
1

Pa = YHKka —2¢/ka = Clzs-62.5) (2200 42)~ 2 (100) (Jo. 49




SUBICUT E XH'B‘T K COMPUTED BvY DATE FILE NO.
SAMPLE OVERTURNING ANALYSIS
FOR FLOOD WALLS € RETAINING UWALLY CHECKED BY DATE SHEET NO. 5§
FORCE AND HOHWENT SUHHARY FORCE Honsurm,“\‘:”,
Item FACTORS (ft, 1k ——— N ¥ ARM , FT 4o
C, TS +2.0) (15:5)L1S0) 40619 6.6 26854
C, LS (16:3)(150) 3668 8.1s 298190
G F Lo 1ICS. (ISS) 2499 1481 | 43¢0
Ca LS (S CIse) 1283 15.55 119943
CONCRETE subToTALS 93114 8:10 | 81041
We, 20125) &le&;n_ 2119 [ua4z2f24022
S.6 + 5.648
We, 30125 2 2109 |2.812 | 5921
Ww 10\S (8.132) (62.5) SN30 | .93 (88382
sbove E, 10:S (0. 164) () (62.5) 5S TS12L| 413
. N < 2 2633 (3412
H, 28115 (.Y () l%}o i“
~480.0 (2) -9016 1100 -9%1.¢6
Hia 656 C10:5) L F) 3444 -0 {-2410% ,
Hig (1615.4 - 656) (4 2)(3F) 19219 2.633 | 50380 ‘
Hie 656 (9:2) 6035 N 66319
[ SURTOTAL Hy it408 -LoB6 |-12389
LM, 3515 (4:5) UF) - 804 -bs 120
6
I Us, 5496 .5 (51) -3400 2.85 |-9690
1 UMy (1650 = 596.5)(5:1) (&) ~1293 3.80 |[-4u
i SURTOTAL  Un ~4643 3l -14 60|
1 U, 3575 (1b.3) -58217 | 8.5 [-4an4q
VA (596.5 = 35%.8) (14:1) (F) S168S | 1% |-1583Y
Uy 239 (2.2) -s26 | isv2 |- 17992
(A (10506 -~ 546:5) (1:S) -680 | 15,85 [-10518
Us 453.5 (001)(3) —159 |14.567 [-2312
Us (10754 - 1050) (L5) () -9 158 |[-30]|
SUBRTOTAL Uit - - + U -B39a6 | 9.50 |-g4si4
| SUBTOTAL F — W/, pusst Resishecel SA1L 110496 M, 498

LI TV

' ey
Qe M AL ¢




SUBJECT: ﬂ‘“‘&““’ K !COMPUTED ay: DATE: FILE NO.

SAHPLE OVERTURNING ANALYSIS
FOR FLOOD WAULS £ RETAINING WA

CHECKED BY: DATE: SHEET NO. ‘

DISCUSSION OF OVERTURNING ASSUMPTIONS ( GENERAL)

a. For overkurmimg of a walk with « &3 ) founded
om 2iter & seil or rock flouMJki-;oM,ng
Roviyomiel n%u.l\h\\ch force Fo  resisd e =
Fm.es wil ~med Ao sula,u‘\u\ + ama Rimiks.
This ~ssumpxiOm (SSUMRS te wall 1s sede
mékimsi’ sQ\o\ima} the ossUmphiom s checked
leder. T4 i well is mod sede agaimst  shiding
the o\a.s'\QM ig :‘w\hlo.%.wdz and « maw  Frel Jas~.am
is skarded. The .Q%w.i‘\g,-mm«* force om0y Reva
o dsdribindiom (,ovr.qspo.v\o\\w-a. 1o ey o{,
e Pour opkioms s discussad i poren 4.4.2.
Howevey, the o\a?.m“ Q%W\Q(L—rm‘l pressure
A'\S'\‘T‘lprk*\ot\« f-nv %Quoi walls  correspords o
| optioa” o s showm i Figwe K-8 Th
rhgm,\“ R%u'tn'.lr'uam* Pressuve distr bukiom
L fer rdoimimg walls  covrespond  do opkios e
hs  shoWm inn F\dw.t K-18. For the %Quoa\\oaﬂ
Q\LO\AMPL., S pusom\ul oan  poges K-l thru
K-13 op. thic Exhibid, o umblomad s of

Rovigomtal  forces ( ZH = sa0 povnds s with ke

msis%a\ Q«a O .QEL\’{LY‘]C\M* fane A

WES FORM NO.
REV OCT 1968 1253



SUBJECTY EKH\B‘T K COMPUTED BY DATE FILE NO.
SAMPLE OVERTURNING ANALYSIS
FOR FLOOD WALLS § RETAINING WALLS | .ccven ay

DATE SHEET NO,

Accovdane®  wibh dishebbion option "ot of Figure
K18, For +the vetanimg wall example option "c” Figure
K-18, 1s used.

b. For overtorumg of a wall Wit horizonk) base
And  withost o Key (see Fiqure K -2A), foonded o
evther o0 soil ov veel foundation, the horzontal
equilibvant fovce Yo vesisd e £1 fores will wot be
subjected do any Imds. This assumiphon Assumes Yhe
wall 15 safe O\%c«ws"' S\\A\ug) the. assumption 1s
thecked ladev, T€ 4he wall 1s net safe a.f,mus'} s(.J:u?
the desigy 15 vadessuale and A wew +ial desiqy
'S started, The equibibrant fovce will be bvokew
e +wo paciss |
) A force(Svichon and/ov cohesion) Along the base of

e wall, owd
@) A fovee doe 4o PASSWE pPressuve distvibudion ACCovclwg
to options shown v Figue K-1A .
For a T-wall with A horizewtal base, the fovce Along the
base of the wall 1s fobe Ascomed 4o be mobilized

first but will be limtes b A maxtvom value of

EVian @ +CL  (See Fizore K-2A of +hig Exhibeh)

WES FORM N, 1
REV OCT 1968 253




SUBJEUT

EXHIBIT K
SAMPLE OVERTURNING ANALYSIS
FOR FLOOD WALLS & RETAINING WALS

COMPUTEU BY

CHECLKED By

DATE FiLe WNG.

SHEE T WD

]

/OP*-‘OM .\0\" 0\~\A eC_”

oXR *‘f‘\&\(v\ QN\
pressure dishh budion

Y . 23S OPQ,W“L” anmd "A"
STRUT ReERCTON iamovog pe~ss VL
i I ] PYE SSUTR
(&N b C
Fraue K- 1A

- Ang kc af'/¢25+
S.01 4ert lons.

Frgure K-lc

WES FORM NO.

REV OC1 1968 1253




PR COMPUTED B> DATE
Svsie T EXHIBIT K v

SAHMPLE OQVERTURNING ANALYSIS
FOR FLOOD WALLS ﬁ RETAINING WA CHECLKED BY DATE

FILE NO.

SNEET NO. q

HORIZONTAL BASE WALLS

zv
PSS ZH
A |
/ I ]
-_—
¢ |
Fiq. K-2A | -

<z *Oﬂ Igé + C.
U. ~
INCLINED RASE WALLS

\C)Fﬁons o, orc only) _/M

ne Puswe Puu,sun
possibl vtk opfhems

b ord if nokes: )
/

IS

PP N

Flg. K-28 \\\\\\\\*7/

svhmg +CL

WES FORM AT 1253
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EXHI BlT K COMPLTED BY CATE FOLE NG

MPLE OVERTURNING ANAL(SIS)
FLOOD WAUS & RETAINING WAUYcrecres o At

SA
FoR

Ig\ M@ cdditioee Lorce is Ytzt-u\[n\ 4o
Sz\hs{la 2gui ki briuma , 24 w AL comx %’“’”‘“
Passive  pressure (Figure K-UA)  a.skrtbuded

Cwrh oo Leads e recogoniged thad o weld
withowd & kaa With s~ e limed fese

felle WA o M §T% e d‘\ J\uxam witl,
respect  do ovu&urm-.»& , simce ths well  coudd
L%(v;{a':r_lc)s\wm Boshiom s o well with
N knd,\. Thve(lou, f—ov ow*wm'\w\a el h*d ,
bon optiom Wik e onvu\u\ e the progr e
Which Wil peramid e Wer o alss.an,\ thig
)(a?g d well i siei Lo ?ML'.OM cs &
well  wirh \c.o& e deseribed peregiepl
Cot 4 this Exhibit or s a well withoud
N \c.ea oy desordsd i ML z"‘. thie Exhibd.
For t\\x well with ot o & C ian &\Mo\ JZ,—(»S,Q
welk )t b cneee "35‘”\ %‘AY OVar‘l’urw\\m%
cos b e owell Ras « ko& the user would




r-

fﬁba,egv EXH\B\T K COMPUTED BY CATE FILE NO.
SAMPLE QVERTUR'IING ANALYSIS
FOR FLOOD WALLS § RETAINING WALS

CHECKED BY DATE smeeT no. ]

(5¢¢ Fiuvre K-lc)
Sumph‘s inpot A keu\ lenally of 0.0\ (oo""\'b obian

the desired vesult. I +he user chooses fo let
dne wall frickion and coheswe fovces ( inclined
bate weils, cee Fguve K-2B) ke developed

4nr$+) +he maxmum valve of ths Govee will be

Ntaw @ + CL

{

TF any add bioval foce 15 \'-equweA +o srﬁ"sﬁj
equ:bwum, it will come fvon. pazcwe prescuve
(see Ciguve K-28) distribuded with no lmit,
e vecd ot dhis Exhibt s diwded into  dwo
pevalicl sechions. Shedls K-12 dhroush K-13
ilivsivate +he pvocedure for floed wally And
Creeds  K-id *\-\r‘rcui"f\ K-tb illoshate the

l F(oceedwe fov ve-&mmmg waAlls.

we L FoEM
LTI MR LAY
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SOBLECT EXHIBIT K COMPLTED BY OATE FILE NO.
SAMPLE OVERTURNING ANALYSIS
FOR FLOOD wWALLS CHECKED By GATE SHEET NO./,L
FLOOD WALL CALCULATION OF HORIZONYAL REACTION FORCE
tee earth elevakiom
\\.‘%S’ HPI
) J __\ bottos of toe eﬁnthw
l\z"s"ll *—H,L
1 o bodom. of ey &Luﬁﬁi%
||
Hp = le * HP?. = "‘ih. ?P + hIPP
5910 = () 4s)Ph + 5. P
P = 5441 - q43.52 H/f&.
() (4:5) + 5
\ #*
He, = 3 (4:5)(143.52) = 1613
He, = (s51)(143.52) =~ 4238
Get N:
Force Force Hommen
Fackors N * Arm £
Subkoddis * from P4 Q-5 | 540 | 10,446 M, 448
Horizow tal rvap.ckiom force [-1,693 -1 S 2,509.3
-4,238 2.85 |~12,0618.3
Totals o 10, 446 61,929.2
REvocTIses 1253
K~12




SokLe Y EXH(GI T K COMPUTEC BY DATE FILE nC
SAMPLE OVERTURNING ANALY SIS
FOR FLOOD WALLS CRECRED BY CaTE a»«ter«uo/j
- 16.3" -
ﬂce\-w /. tee
b
Wekl i
\ Proc
Ii-s#b_L
3X Y 163
61924.2 !
Re.su‘)'ko.m* VL\'*'\UJ foxce s Qoudu\ —_—l = =-5.400
ResuldtamXt ratio = _—35:39° _ os.3620) 0.333
16.3 INSIDE the kerm
BASE PRESSURE
163 _g.qllle3
p o P 4 MC 10,446 4 uo.ue)[—r 5"][ z]
Tof A I 1643 - () 16.3)3
“WEEL [ 3
= 643.93 r 51333\
= 1{qn. 24 PSF Tok
t10. 62 PSFE HEE L
B 12
K-13

J
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e EXHIBLIT K
SAMPLE OVERTURNING ANALYSIS
FOR RETAINING WALL

A SR -

s

.

RETAINING WALL CALCULATION OF HORIZONTAL REACTION Foece

toe cath elavedioad

T

Hr - —;—.(xh“k'g)Pf

5910 = = C10.2) Pp

Pp - usdq.02 #/p4.

- — —
thl T *'5’
1 ]\ botom of
i e cLivakiom
| , HP
lh, - 59
l o boktom of
k‘a gm&j'\w

(Jn.* N
et e ]| e [
Subdoleks from Page kS sal | 10,496 a1, 418
Horigosdell ramction force  [-5,91 2.3 - 13,5953
To}‘is o) 10,496 5n402.1

WES FORM NO.
REV OCT 1968 1253




Flie NO.

COMPUTEDL BY: OATE

SUBLECT B X H \ B ‘T K :

SAMPLE OVERTURNING ANALYSIS
FOR RETAINING WALLS CHECKED BY VATE sueet o f5

16:3°

Heel —\ /— doe

P\uu.

l X =581

|

—_— 3.2 163 —
Resuldamt varkical force is loceded %-— = 5510
from~  the *oe
Resuldamt  retio = —5-%—- = 0.3385 > 0.313
W\S'\JQ 1“\1 k—lr’\-\
Boase Pressuyre
163 163
p - _P + He 10,416 uow‘\e)[—z. 'S‘S'“][{']
Toe A - I 163 - LN L1e3)d
o~ 2
WesL
= 643,93 X 624.1D
= 1268.03 PSF ToE
19.83 PSF HEEL ]
ey oiTie 1283
K-15




F:BJELT EXYHIRIT K COMPUTED B DA TE FlLE NO.
SAMPLE OVERTURNING ANALYSIS
FOR FLOOD wWAUWS ﬁ RETAINING WA CHECKED BY LATE GmEL T ~(,/

The seeprge lwe-of-creep calculabions for overturnmg should
Mnalnc* ey gw* @E\ the T-well bese whih se
nod i combecd with th foundakiom. If perd
% le comcrede dese it ool i condect  witl
the. FouMAa-}'\om i Mgt o will Bwe o rec“.ll
ok throusds e lime Qim—vsl~cru{> el el letions
Ut il the Cremp \)odrl\ oSS Umphioms  maadel,  dlo
f-\m& poxh 0% te Jese thed fe i condecd with
e FoumAz&wm. 1t e doe- side f—ém Of the
Epa, plls  withim the  progeckionm ot te bese
which 18 ot conded  wul g frandedion
two optioms  xist s il ows :

& IR pessive passore  is med used e dhe-sids
f—u.a f'ﬁ- e  Re showtd Lo Oomitlad
N |

b} Ip possiVe pressure  is Ussd the toe - side

i ﬁ.c»ce cjf the Q,hé should a0t L 0oy B 2d
‘ proo~ e Ceap petl, ol culet ionms -

C/J (@' Qu{"\()m&.

The hnse pressure o e used for  shruckurd
olns‘am/oma%sas o Lo tht developed La tle
Qow\w& Wsed e the ovu*urm'.»a OW\AQaa\_t. cend
{ cas dsorded i dedail i Swelionq | para 911,

WES F M N
REv - 19es 1253
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Edidal Lo .
j%s.'we Resistance For 7 Walls | .. fDrg::/:r R0ecT? |
'Egu««a/enf Relation For Gaulomb 77:eoru £ETL ///0‘2-/84' ) __I_c ]

1

Ful: sind colgrld=sin (95- V/z)co;(q.,ﬂ/z/ cos™ (45+9/2)

= s z(%fyﬁ [Hco.r(?ow‘)] /"Q

b lan{ds ) {uq(c,"+¢/°) 220 (95455 ) - tank (5B )

fan=t  tanlie-Fa) cel(754P%)

Z
e S Dp cortf
= 0, ;7n1(9'5+7;£)+ 7—~—”——--—-

Fooz Vo (i-sin )
. Ceorg 901
Babt  ang s ol T s tan] tan (454712
{ ) N
s v o Oy P . . . .
| P ’J“:i/"-’- L/‘vni\‘f;i'f’é)"’ 28 Ly lan (4s +55 )

. 1 \ . ' )',./’
Nete: e combel Te” is cFien wrcd insiead of "o Fo

- ——

repremal  Fhe cobzsien of the pannive a’ea{.ye.

* e — e ————

SYLUSL COAPUTAT.ON SHITET
AN N

L-1




bthdd L
 Fossive Resistance For. T-Walls
'Egm/a/enf Relation For Cavlomb 77ieom ¢ETL /0-2-184)

ﬂL—_Pa LaZ [bm:/er lzaa 7? |

-

ite Pooe T r:.-‘:'.r"nff.r:
N . . P - ; ’ ’
(/';'.‘:,“,ca' qn BT g 2163 rf;?f'e(./ w8 fed 14 45

|

' :
! o= Wan{pe ) = === A
!

l

|

|

|

|

|

. 4 N
of ¢ paerive 1rvedpe s

cofo [ Fangl tandl)
o P 1 . . /l A
/rfl;: ﬂ-?f).".-“-:l/ dotauia 0w c:f()///,, ', 0 Ji .'3;, , """’g
.-

O R ! : = }
! IA/‘ Vo VU/ -i' \,L 10 «,".(& Gr ('.\'A.I“:L-’], 7" IC»//.?‘ e 'J’ . -

Il

~recion redtd o e Lovlenid 67""“'}/3-'1 ver pasnve

._I.I' -Q 2 Vs J'/ ] ~ ; ,3/ Vet
Cercyy iR Q8 e PR,

W :6.3

| IN=ep oL I" E\T‘fr\"— e :
AN /,/
Ry SR _—
I ’ "/Zt ‘/P( - /("”'6' PP L’.P ! 7

. J_Dz__- 8 Te
; 2land tan(B+e) 4 | Sind Cov L (/- tand tan)

But! cose(I-tang tand)= COS = Sine T Cozc(»f :C)

i oo W,Dp {an (‘f¢) . SO:

T2 tanL

_cosé
sind Cos gL,

Y I COTICTATION T
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DEPARTMENT OF THE ARMY
WATERWAYS EXPERIMENT STATION, CORPS OF ENGINEERS
P. 0. BOX 631
VICKSBURG, MISSISSIPPI 39180

REPLY TO
ATTENTION OF:

WESKD 24 January 1983

SUBJECT: Replacement Sheets for WES Report, Program Criteria Specifications
Document for Computer Program TWDA

TO: A1l Recipients of Subject Report

1. Those sheets containing pages 8-8, 8-9, and 8-10 should be replaced with
the attached sheets containing identically numbered revised pages.

2. We hope that a set of these changes will be replaced into every copy
of the original documents in your office. Additional copies of these

changes or of the basic documents can be obtained through informal request P
to Mrs. Rosemary Peck, Engineering Computer Proarams Library, FTS: 542-2581. )




a fully passive earth pressure due to an earthquake is computed as follows:

H

APpe = = (Aer)
where
AK = K - K
: pe pe P ‘
, where
; " - sin2 (a - ¢ + 6)

cos # sin” a sin (a + & + 0 = !
( ) sin (a + 5 + 3) sin (a + 8)

pe 2
2 1 - \/siq~£¢;i_il_ﬁin (¢ + . -~ 8)

and /1

K_ = static passive pressure coefficient for the fully passive .

case (see 4.1.4b) A

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. 1f a reduction in Kp has been used for computing P
an effective Kp for the static case, this same reduction in Aer is
used. APpe is applied at 2/3H above the base. The pressure distribu-
tion of APpe is the same as assumed for the active earth pressure
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 AKae is
first computed as described in paragraph 8.5.1, and then multiplied by
the ratio Kr/Ka to obtain the change in the at rest earth pressure
coefficient AKre . The change in at rest earth pressurc is then com-

puted as follows:
2
- H
APre 5 (AKre)
Onlv the horizontal component of the earthquake acceleration is con-
sidered. 'Pre is applied at two thirds the height of the fill above
the base. The pressure distribut ion of APrU is the same as assumed

for the active earth pressure condition.

8-7




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 EARTHOUAKES

: 8.7.1 Method - If the backfill over the heel is saturated to some level,

2 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 saturated unit

é 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 4
; 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 'i
total force when the acceleration is positive, a decrease when the acceleration i
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 l

ISP S ORI

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 replacemen: 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 diagrar (4) in Figure 8-3.

(a parabola) summed algebraically with the toe-side dynamic pressures

The net dynamic pressure diagram of the heel-side Westergaard water pressures 1
(another parabola) is placed in array EFH. See Chapter 11 in the User's i
i
|

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 v below the surface for a total water depth h (p]

is expressed bv Equation 3 on page 5 of EM 1110-2-2200 as

2 —
P = 3 Ce(vv vhy

8-8




The additional moment at depth v due to Pc is piven by

2 .

-4 2
Me =1 C ay hy
i
with J
c, - 51 |
h 2
L= 072 {7600

e

Y
where g 1is acceleration of gravity (32.2 ft/sec”).
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Figure 8-1.
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\‘Magnitude of earthquake
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soil (not applied). This
\ same magnitude {s ;
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glven in diagram (4).
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