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ABSTRACT

Abstract of a Report to the Graduate Committee of
the Department of Civil Engineering in Partial
Fulfillment of the Requirements for the Degree of
Master of Engineering.

COMPUTER AIDED DESIGN OF SOLDIER PILE AND LAGGING
RETAINING WALLS WITH TIEBACK ANCHORS
By
KEVIN J. D'AMANDA
FALL 1991
Chairman: Dr. Frank C. Townsend
Major Department: Civil Engineering
2> Soldier pile and lagging walls are used to support
open excavations and restrict lateral movements. They
also provide an increased facto>r o’ safety to nearby
structures and utilities against excessive deformations
and loss of bearing capacity. The soldier pile and
lagging wall consists of structure H-beams driven into
the ground with wood lagging installed between the
flanges of the beams to retain the soil. With the use
of tieback anchors as bracing, they can provide an
unobstructed area for construction.
The design of the soldier pile and lagging wall
consists of developing a pressure envelope for the soil

conditions and determining the number and location of




M---————————————

; ~ the anchors for a given H-beam's section modulus. The

pressure envelopes for braced excavations differ from
Rankine's active state. A braced excavation deforms
more laterally at the bottom of the excavation than the
top due to the installation of the anchors;7 Peck
(1969) developed pressure envelopes for braéed
excavations which can be used for the design of a
retaining wall.

A C++ language computer program was developed to
optimize the design of the soldier pile and lagging
wall. The pressure diagrams for sand and clays
developed by Peck and tieback anchor capacity curves
from the Federal Highway Administration were used in
the program. Also referenced was Naval Facilities
Engineering Command, Design Manual 7.2, for flexible
wall design. ~By varying the number and location of the
tieback anchors, the wall design may be optimized for

given soil conditions and wall requirements._ _
7
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CHAPTER ONE

INTRODUCTION

1.1 Background

Soldier pile and lagging retaining wails with
tieback anchors are used to support open construction
excavations and restrict lateral movements of the
surrounding soil. The wall provides a factor of safety
to nearby structures against any loss of bearing
capacity as the result of lateral movements. With the
use of tieback anchors, an unobstructed excavation for
construction can be provided. Figure 1.1 illustrates a
typical soldier pile and lagging wall with tieback
anchors. The basic design of the system is as follows:

a. Determine the given boundary conditions
indicating soil stratification, water level, slope of
the soil behind the wall, and surcharge loads.

b. Compute the lateral earth pressure diagrams
for the braced excavation including any pressure
diagrams from surcharge loads.

c. Design the components, which inélude the

soldier pile; wale; tiebacks; and lagging, based on the

pressure diagrams.




The pressures diagrams for braced cuts differ
from lateral earth pressures obtained by Coulomb's or
Rankine's theory. Peck (1969) derived lateral earth
pressure diagrams for braced cuts in sands and clays
which can be used to calculate the maximum moment and

reaction forces for the design of the retaining wall

system.
Exi1sting
[:] [:] Building
HEEEN
Temporary
DDD Hall
KA
3 Future
: Station
Temporary o
Ti1ebacks \\\\\tn S
Figure 1.1

Tieback Soldier Pile and Lagging Wall for
a Cut-and-Cover Station in Philadelphia
(FHWA/RD-82/047, 1982)




The basic concept of bracing an excavation is
based on the excavation causing the removal of a mass
of soil and water from a site. The ground water table
may also be lowered outside and below the excavation to
accomplish the construction. Consequently, these
actions will result in a total stress release and
movements in the surrounding soil. A retaining wall is
typically installed to control these movements.

Satisfactory performance of the wall requires that the

excavation periphery not have any excessive movements

or deformations. Moreover, deformations of the
surrounding soil may be limited so that adjacent
structures and utilities are not adversely affected.
The factors that influence deformations include the
dimensions of the excavation, soil properties, ground
water control, time (time excavation open, time a
section is unbraced, etc.), support system, excavation
and bracing sequence, near-by structures and utilities,
and transient surcharge loads. (Lambe and Turner,

1970)

1. Computer Pro m Requirements
The design of soldier pile and lagging retaining

walls requires the determination of the number and




location of tieback anchors for a given section modulus
of a soldier pile to ensure the pile is not
overstressed. This computer program was developed to
calculate the maximum moment of a soldier pile, depth
of embedment, and reaction forces based on the soil
conditions, depth of the excavation, and location of
the tieback anchors. By varying the location and
number of the anchors, the design of the soldier pile
wall may be optimized.

The computer program will also calculate the
requifed anchor capacities, bonded and unbonded
length of the tieback anchors, and the section
modulus of the wale system based on anchor spacing
and soil type. Tieback capacity and length is based
on pressure injected tiebacks in cohesionless soils

and post-grouted tieback anchors in cohesive soils.

1.3 Computer Language

The computer program was written and compiled in
Borland Turbo C++. C was originally developed in the
1970's for use with the UNIX operating system. The
definition of C was first presented in The C
Programming Language, First Edition by Brain W.

Kernighan and Dennis M. Ritchie in 1978. The




American National Standards Institute (ANSI)
developed a new standard for the language five years
later which resolved ambiguities in it (Turbo C++
Users Guide, 1991). Turbo C++ implements the latest
ANSI standard for C. 1It is manufactured and a

registered trademark of Borland International, Inc.




CHAPTER TWO

BRACED EXCAVATIONS AND TIEBACKS

2.1 Braced Excavations

Braced excavation retaining walls are used to
support the sides of temporary excavations in various
construction applications. The vertical face of the
cut is held open by the retaining structure until a
permanent structure can be installed. The permanent
structure may include the basement of a building, walls
of a parking garage, or underground facilities. The
braced structure restricts the inward movement of the
surrounding soil preventing settlement, collapse of the
excavation, and possible bearing capacity failure of
nearby structures. Table 2.1 lists the factors to be
considered in designing a braced excavation. The most
common methods of supporting a temporary excavation are
sheetpile walls, drilled-in-place concrete piles,
slurry walls, and soldier pile and lagging.

Sheetpiles are driven into the ground prior to
excavation, interlocked forming a wall, and then the
soil excavated. They may be supported by struts or
anchors as required. Drilled-in-place piles may be

used with a spacing so that lagging is not required.




Table 2.1

Steps in Engineering an Excavation

(Lambe and Turner, 1970)
Step Activity Consideration

No.

1 Explore and test
subsoil.

2 Select dimensions of Structure size and
excavation. grade requirements,

depth to good soil,
depth to meet stab-
ility requirements.

3 Survey adjacent Size, type, age,
structures and location, and
utilities. condition.

4 Establish permiss-
ible movements.

5 Select bracing and Local experience,
construction cost, time avail-
sequence. able, type of wall,

depth of wall, type
and spacing of
bracing, and de-
watering sequence.

6 Predict movements
caused by excavation
and dewatering.

7 Compare predicted
with permissible
movements.

8 Alter bracing and
construction scheme,
if needed.

9 Monitor construction

and alter bracing
and construction as
required.




Arching of the soil from the lateral pressures
developed by the pile will retain the soil across the
open spacing (Bowles, 1988). A slurry wall is
constructed when concrete is cast-in-placed in a cavity
retained open by a slurry liquid. After the concrete
cures, the soil next to the wall is excavated. Soldier
pile and lagging uses steel H-piles driven into the
ground prior to the actual excavation. Lagging is
placed between the piles as the ground is excavated.
The lagging may be either wood or steel members.
Anchors or struts are used to support the wall as the
excavation proceeds.

If present, ground water acts against the wall and
thus contributes to the stresses which must be carried
by the wall. It also influences the effective stress
of the soil. The total force felt by the wall is a
combination of the hydrostatic force and the effective
soil stress. 1If flowing water occurs, a seepage
analysis should be made. Factors which must be
considered in a seepage analysis includes the
permeability of_the insitu soil, leakage through the
wall, flow parallel to the wall, excess pore pressures
generated by changes in total stresses, seepage forces,

and the time the excavation will be open and hence the




degree of saturation. The actual pore water pressures
generated will typically be less than static pressures.

(Lambe and Turner, 1970)

2.2 Soldier Pile and Lagging

The procedure for constructing a soldier pile wall
is to drive the H-piles into the ground prior to any
excavating. The piles are driven with the flanges
parallel to the proposed cut. They are usually spaced
between four and ten feet apart. When they have been
driven down to the desired depth (typically five to ten
feet beneath the proposed excavation bottom when in
soil), the excavation begins in stages. The first
stage of the excavation is made to the location of the
uppermost str. . or anchor. Timber lagging, cut to fit
between the webs of adjacent soldier piles, is placed
in back of the front flanges of the piles. They aré
set one piece of lagging on top of the other with only
a small spacer between them. Straw or a geotextile may
be placed between and behind the lagging to reduce
seepage through the wall. Once the lagging is set
down to the first strut level, a horizontal wale is
installed against_the piles and the struts or anchors

placed at the desired spacinq; The excavation then




proceeds to the next strut level, with the process
continuing until the final excavation is reached.
(Keorner, 1984) |

Primary components of a soldier pile and lagging
wall are as follows:

1. Soldier piles which may be either steel H-
beams, steel tubular pipes, concrete piles, or cast-in-
place concrete piles.

2. Support system of braced struts or anchors.
Anchors may be cast-in-place deadman, piles used as
anchors, sheetpile wall sections, or tieback anchors.

3. Wales which distribute the anchor force as
a line load between the soldier piles. They are
usually structural steel sections.

4. Wood or metal lagging which supports the soil
between the piles. (Boghrat, 1989)

Advantages of using soldier pile and lagging walls
include fewer piles, the lagging does not have to be
extended below the excavation bottom, and the soldier
piles can be driven easier in hard ground than can
sheetpile sections. By varying the spacing of the
soldier piles, underground utilities may be avoided.
Also the use of heavy sections for piles will allow

wider spacings of wales and bracing. (Merritt, 1976)
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2.3 Tieback Anchors

Temporary tieback anchors are used to support the
sides of deep excavation retaining structures. Tieback
systems deform less than strut braced excavations
because; (a) a force at or above the active earth
pressure is locked off in every tieback, (b) tieback
construction does not require over excavation, (c¢)
tiebacks are not subject to significant temperature-
caused deformations or loads, and (d) rebracing is not
required for tieback walls. When the depth of the
excavation exceeds fifteen to twenty feet and the width
exceeds sixty feet or when obstructions significantly
impact construction, tieback walls are usually less
expensive than strut braced support systems. Tieback
walls provide a clean open excavation for construction.
Internally braced walls interfere with excavations,
concrete work, structural steel placement, and
backfilling. (FHWA/RD-82/047, 1982)

Some disadvantages of a tieback anchor system may
include obtaining permission for the placement of the
anchors in the property of a municipality or a private
owner. The location of the anchors may be outside the
boundaries of the project where soil properties were

not obtained. Achieving a satisfactory anchorage

11




capacity in soft clays or submerged sands may also be
difficult to achieve. (Clough, 1972)

The capacity of tieback anchors is dependent on
the size and shape of the anchor,. tendon type and size,
insitu soil properties, and installation and grouting
method of the anchor. Design of a tieback system
should include the following:

a. a tieback feasibility evaluation,

b. an evaluation of the risk and consequences
of failure,

c. the selection of a tieback type,

d. the estimation of the tieback capacity,

e. determination of the unbonded and total
tieback length,

f. selection of a corrosion protection system,

g. selection of a tieback testing procedure,
and

h. establishment of an observation and monitoring
system. (FHWA/RD-82/047, 1982)

Federal Highway Administration report number
FHWA/RD-82/047, Tiebacks, provides detailed guidance

and design procedures for tiebacks.

12




CHAPTER THREE

DESIGN THEORY

3.1 Lateral Earth Pressures in Braced Excavations

When sufficient yielding of a retaining wall
occurs, the lateral earth pressure can be approximated
by Coulomb's or Rankine's theory. However, braced
excavations yield differently than conventional
retaining walls. Figure 3.1 depicts the different
deflections of the two wall types. The deformation of
a braced wall gradually increases with the depth of
excavation. The variation of the amount of deformation
will depend on the type of the soil, depth of the

excavation, and construction of the wall.

Retaimng Wall Bracing Cut
[ YXR M%l’
Hall Wall
Deflection Deflection ~—
Bottos of Cut
XA
Figure 3.1

Nature of Yielding of Retaining Wall ari
Braced Cut (Das, 1990)
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At the top of the excavation, deformations are
small thus the lateral earth pressure approaches the at
rest condition. At the bottom of the excavation, the
deformations are greater, but the lateral earth
pressure will be lower than Rankine's active earth
pressure. Therefore the distribution of lateral earth
pressure deviates from the usual linear distribution
(Das, 1990). This is illustrated in Figure 3.2. The
total force exerted against the wall may be 10-15%
greater than active condition. The state of stress
behind a braced excavation has been described as an
arching active condition (Lambe and Whitman, 1969 and

Cernica, 1982).

Actual

Rankine’s

Figure 3.2

General Pressure Distribution on Braced
Excavation (Cernica, 1982)
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The pressure envelopes proposed by Terzaghi and
Peck (1967) and as recommended by NAVFAC DM-7.2 (1982)
are assumed for the design conditions within the
program. The earth pressure envelopes for braced walls
in sands, soft clays, and stiff clays are illustrated
in Figure 3.3. For stiff clays, NAVFAC DM-7.2 (1982)
recommends horizontal stresses between 0.2 and 0.47% H.
The value of 0.4 H is used within the program. The
stability number is calculated as Ny = ¥ H/c. Where Y
is the unit weight of the soil, H is the depth of the
excavation, and ¢ is the undrained shear strength of
the soil. Characteristics of these pressure envelopes
include:

a. They apply to excavations deeper than twenty
feet.

b. The pressure envelopes assume the water table
is below the bottom of the cut. Sands are assumed to
be drained with the lowering of the ground water table
behind the wall. Clays are assumed undrained and under
short-term conditions.

¢. Lateral stresses are apparent stresses which

are to be used for the calculations of the reaction

loads.

15




d. The behavior of an excavation in clays depends

on its stability number. (Lambe and Turner, 1970)

SAND SOFT - MEDIUM STIFF CLAY

CLAY

T :'—I : B
N 0.25H N 0.25H

————4 e .

fa————— | -

le————| H —— 0.75H e——— 0.5H

—| ———  -—

- ] ;7 T
g ——— 0.250

_-————! — — 11

; /! /

0.65Ka % wt % H Ka % ut x H 0.4 x ut ® H

Ka = 1 ~ (4crutzH)

Figure 3.3
Pressure Distributions on Braced Excavations
(NAVFAC DM-7.2)

The apparent stresses are for entire sand or clay
layering only. Engineering judgment should be used for
tills, silts, or fills; varying soil type with depth;
and when hydrostatic stresses act on the wall.

Lambe and Turner (1970) concluded that predicting

the behavior of braced excavations cannot be made with

16




complete confidence. This is the result of difficulty
in selecting the proper soil parameters, field boundary
conditions, and the details of construction. However,
Ulrich (1989) concluded that the recorded pressures for
overconsolidated clays agree with those developed by
Peck (1969). Ulrich also noted that soil
stratification does not have a significant influence on
the apparent earth pressure in overconsolidated clays.
In another case study in Washington D.C. where the soil
stratification was layers of sands, silty sands, and
stiff silty clays, the measured earth pressures fell
within the apparent earth pressure envelope of 0.2 H
for clays (Chapman et al., 1972). Results from other
excavations in the Washington area revealed that the
apparent earth pressure coefficient varied with the
depth of the cut. A value of 0.15¥H for a thirty foot
cut, 0.2 H for a forty to fifty foot cut, and 0.23% H
for a sixty foot cut (Chapman et al., 1972). The
design of braced cuts is predominately based on
pressure diagrams derived empirically as a result of
field tests. Sound engineering judgement should be
used in determining the applicability of a given

pressure diagram for a particular cut.

17




3.2 Active and Passive Earth Pressures

For the initial two stages of construction, the
soldier pile wall will develop earth pressures
approaching the active and passive states. In granular
soil, the soil is assumed to be drained and active
earth pressures are developed as the wall deforms
laterally. This is resisted by the passive resistance
which is developed as the H-beam compresses the soil
acting on an effective area of three times the width of
the H-beam below the bottom of the excavation. However
ihere exists some uncertainty of how the pressures act
at and below the excavation line (Bowles, 1988). The
active and passive earth pressure coefficients are
calculated assuming Rankine's theory.

In the case of cohesive soils, undrained
conditions (& = 0) are assumed with no frictional
resistance developed. The stresses in the tension zone
are neglected in the design computations with the depth

of the tension zone taken as z, = (2*%*c-q)/ ¥

3,3 Hydrostatic Pressure

Hydrostatic pressure is calculated as the unit
weight of water (62.4 pcf) multiplied by the height

of the water table. It is assumed in the program

18




that sand and gravels are drained and the water table
will be drawn down to the bottom of the excavation by
natural seepage or mechanical dewatering. This is
illustrated in Figure 3.4. Clay layering is assumed to
be undrained and analyzed using either a total or

effective stress analysis approach.

6round Surface
SAND - DRAINED XA
0r1g1nal Ground Hater Surface | B
—

! Bottam of Cut \

Uater table draun doun to
bottom of cut due to seepage
through timber sheeting or
mechanical deuatering.

Figure 3.4
Draw Down of Ground Water Table in Sands
due to Natural Seepage or Mechanical
Dewatering (NYCTA, 1974)

3.4 Total versus Effective Stress Analysis

Some question on how to analyze the wall is raised
when the ground water table is located above the bottom
of the excavationAin clay layering. The apparent

lateral earth pressure envelopes proposed by Peck are

19




based on empirical data from total stress analyses.
The use of a buoyant unit weight rather than the total
unit weight of the soil and superimposing hydrostatic
pressure onto the earth pressure diagrams change the
analysis to an effective stress analysis approach.
However the total stress soil parameter of undrained
shear strength is still used. Therefore this effective
stress analysis approach is not entirely correct.

Either a total or effective stress analysis
approach may be used to design the wall. In the case
of a total stress analysis, the saturated unit weight
above and below the water table should be entered. Por
an effective stress analysis approach, the saturated
unit weight above the water table and the buoyant unit
weight below the water table should be used. The
location of the ground water table for the effective
stress analysis must therefore be located above the
bottom of the cut.

Generally, the results from using the total unit
weights (total stress approach) are more critical
loading conditions than the approach adipted by using

buoyant unit weights (Liao and Neff, 1990).
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3.5 Ssurcharge Pressure due to a Strip Load

To account for the lateral pressures due to a
strip surcharge load located at some distance from the
wall face, an equivalent uniformly distributed pressure
acting on the wall is developed. The total. force
exerted by the strip load on the wall is calculated and
then converted to a uniform pressure by dividing the
total force by the height of the wall. The force is
calculated by the equations derived by Jarquio (1981)

and as illustrated in Figure 3.5.

FROM: TO:
b | o |
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|
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P=2q®=h/p1 % (82 - B1)
B2 =arctanl Ca+b )/ h ]
8l = arctan [Lb/ h ]

Figure 3.5
Conversion of Strip Surcharge Load to an Uniform Pressure
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3.6 NAVFAC DM-7.2 Recommendations on Flexible Wall

Design

The following recommendations from Naval
Facilities Engineering Command, Design Manual 7.2
(1982) were considered in the programming.

a. The total resistance force acts on an
effective area of three times the flange width of the
pile (3*bf) as shown in Figure 3.6. This is to account
for the differences between the failure in soil of an
individual pile element and that of a continuous wall

for which pressure distributions were derived.

| bt

460

“3 bf

Figure 3.6 _
Effective Width of Soldier Pile that Passive
Pressure Acts Upon (NYCTA, 1974)

b. For temporary construction, a factor of safety
of 1.5 should be applied to passive preisures. This
option is available within the program but it is not
recommended. Passive resistance is calculated using

Rankine's theory which is already conservative compared
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to a logarithmic spiral failure surface approach to
estimate passive resistance.

¢. Neglect the soil resistance to a depth of 1.5
times the pile width from the bottom of the excavation
for clays and the depth of the pile width for sands.
This, however, is not accomplished in the program. It
was considered that significant conservativeness
already exists within the wall design.

d. The required depth of embedment is calculated

based on controlling the moment within the section to

énsure the pile is not overstressed at the final
anchor location. The active soil pressure will be

resisted by the passive pressure and the allowable

moment of the section.

3.7 Other Design Considerations

Other design considerations included within the
program are:

a. To calculate the anchor reactions, it is
assumed the piles are hinged at the bottom of the
excavation and at all the anchor locations except the
upper anchor. The soldier pile between each pair of
hinges is assumed to be a simply supported beam

(Bowles, 1988 and Das, 1990).
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b. An allowable stress for the steel soldier
piles of 28,800 psi is used to calculate the required
section modulus.

c¢. Wales are designed assuming they act as simply
supported beams, pin-ended with maximum moments equal
to w*12/8. This moment is then increased by 33% to
allow for overstressing during preload testing of the
anchors. An allowable stress for the steel of 28,800
psi is used to calculate the section modulus from the

maximum moment.

3.8 Design Methodology for Wall Analysis

For the first two stages of construction, the
active and surcharge forces are being resisted by the
passive and reaction (stage two) forces. The reaction
force is calculated by summing moments about the point
of net zero forces on the embedded pile assuming it.is
hinged there and thus zero bending moment. The maximum
moment within the pile can be calculated by summing the
moments about the point of zero shear. From the
maximum moment, the required section modulus is
calculated. The embedment depths are calculated for
stage one by determining the point where the net moment

is zero and for stage two by assuming fixity at the

24




anchor location and summing moments there so the pile

is not overstressed. For clays,

the stresses within

the tension zone are neglected in the calculations.

The force diagrams are illustrated in Figures 3.7 and

3.8 for sands and clays respectively.
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Figure 3.7

Force Diagram for Stage Two of Construction in Sands
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Figure 3.8

Force Diagram with and without a Tension
Zone for Stage Two of Construction in Clays
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Kiewit design procedures are also used to
calculate the maximum moments and reaction force for
the initial two stages of an excavation. Kiewit
procedures were developed by Peter Kiewit Sons'
Company based on empirical data and field results.

In the first stage, it is assumed that a pinned
connection exists in the pile two feet below the

bottom of the excavation. The maximum moment is
calculated at this point. In the second stage, the
maximum moment is taken as M = w*12/9. Where w is the
average pressure on the span from the first anchor to
the bottom of the cut and 1 is the distance between t..e
anchor and the bottom of the cut. The reaction force
is calculated assuming pinned connections at the anchor
location and the bottom of the cut.

After the second anchor is in place, the pressure
distribution will correspond to those for braced cuts.
Reaction forces are calculated by assuming pinned
connections and summing moments about the anchor
locations. Next the point of zero shear is found and
moments summed about it to calculate the maximum
moment. The pressure diagram for sands is depicted in
Figure 3.9 and in Figures 3.10 and 3.11 for clays.

Embedment depth is determined by summing moments at the
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" last anchor point assuming fixity so the pile is not

overstressed. This is illustrated in Figure 3.12 for

sands.
s1gs  sigh .
'ﬂ"‘ 9.9
-t—{ P ——{ 5195 = Karghs
Rl - - Ssigh = 0.65Kaksmytah
s1g = Kalsh(q + 0.65utmh)
el -—
P ———
R2 —ef .
———
7RI a——
pp = HKpsfs % (utebind 2/2)
S s
Figure 3.9
Pressure Diagram for Stage Three of Construction
in Sands
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Figure 3.10
Pressure Diagrams for Stage Three of Construction
in Stiff Clays
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Figure 3.11
Pressure Diagram for Stage Three of Construction
in Soft to Medium Clays
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Force Diagram for Determining the Embedment Depth in
in Sand Assuming Fixity about the Last Anchor Location
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3.9 Tieback Anchor Capacity

In cohesionless soils, the tieback anchor
capacity is calculated assuming pressure injected
tiebacks using an effective grout pressure in excess
of 150 psi. Figure 3.13 shows curves developed by
Ostermeyer (1975) as an function of length and soil
type. An average of these values was used to develop
equations for each soil type to calculate anchor
capacity in the program. These values assumed anchor
diameters between four to six inches and a depth of
overbufden greater than thirteen feet.

In cohesive soils, tieback capacity is based on
post-grouted anchors with grout pressures in excess of
150 psi. Figure 3.14 illustrates tieback capacity
based on clay consistency. An anchor diameter of six

inches was assumed to calculated tieback capacity.

3.10 Minimum Unbonded and Total Anchor Length

The unbonded length of the anchor is calculated
based on locating the bonded length of the anchor
outside the failure zone behind the back of the wall.
The location of the failure zone is based on using
the failure surfaces from Rankine's theory. Report

number FHWA/RD-82/047 recommends that the length of
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Figure 3.13

Load Capacity of Anchors in Cohesionless Soil
Showing the Effects of Relative Density,
Gradation, Uniformity, and Anchor Length

(FPHWA/RD-75/128, 1976)
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Figure 3.14
Effect of Post-Grouting on Anchor Capacity in
Cohesive Soils (FHWA/RD-75/128, 1976)
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the anchor be of sufficient length to locate the anchor
in soil which would not be affected by movement of the
wall. The unbonded length should place the anchor
beyond the critical failure surface as illustrated in
Figure 3.15. Also recommended is a minimum unbonded
length of fifteen feet to avoid load losses as a result
of long term steel relaxation, creep in the soil,

anchorage seating losses, and structural deformation.

Critacal Failure Surface

SMARAN

Hall Face

Lﬂost Probable Failure Surface
Through the Ends of the Tiebacks

Figure 3.15
Determination of the Unbonded and Total Tieback
Length (FHWA/RD-82/047, 1982)

The total anchor length should be of sufficient
length to ensure a satisfactory factor of safety
against sliding along the most critical failure

surface through the ends of the anchors. 1If the factor
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of safety is insufficient, the total anchor length
should be increased (FHWA/RD-82/047, 1982). This is
also illustrated in Figure 3.15.

This computer program does not calculate the
factors of safety against failure of the tendons,
failure in the anchor zone, or overall external
stability against wall failure. Boghrat (1989)
recommends the use of the STABL computer program to
calculate of the total anchor length to achieve a
minimum factor of safety. The user manual for PCSTABL4
is presented in the Federal Highway Administration
Report No. FHWA-TS-85-229 (Carpenter and Kopperman,
1985).

3.11 Lagging Thickness

The required thickness of the wood lagging can
be estimated from Table 3.1 from report number
FHWA/RD-75/128 (1976). The table is based on soil

type, depth of the cut, and soldier pile spacing.
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CHAPTER FOUR

COMPUTER PROGRAM

4.1 Program Flow and Logic

The computer program logic and flow is illustrated
in the flow charts shown in Figure 4.1. Appendix A
contains the variable nomenclature for the program and
the actual program file is included in Appendix B.
Appendix C contains various calculations and equations

used within the analysis functions in the program.

4.1.1 Main Function

The program starts with the main function which
includes the main menu and exit routines. The main
menu routine displays the main menu screen which
prompts the user to input the next step. The options
include enter soil and wall data, read data from an
existing file, edit the input data, save the data in a
file, execute the wall analysis, execute the anchor and
wale analysis, save the analysis results, or exit
the program. The program will execute the appropriate
function upon input. The program will request

verification before exiting.
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MAIN MENU
1. Enter Soi1l Properties & Wall Data
2. Read Data From an Dxisting Fale
3. Edit Inputted Data
4. Save Inputted Data -
5. Execute Hall Pnalysas *
€. Execute Anchor + Hale Analysis
7. Save Analysis Data 1n Qutput File
8. Exit Program

/lnput Next Step /

YES

Exat
Progran

Qe -®
o— ||| -—0

@‘C :—@

Figure 4.1 ‘
Computer Program's Flow Chart

36




®—>| INPUT FUNCTION |

'

INPUT DATA:
WALL: SOIL:
Engineer Elevation of GHT
Project Nunber of So1l Layers

Date

So1l T
Top Elevation upe

So1l Properties
Bottom Elevation (elev., umt ut,

Number of Anchors friction angle or cohesion)
Anchor Elevations  Backslope "

Spacing Surcharge

(2)—>| rEAD_DATA FUNCTION
[ rout Frlenare /= REENTER FILENAE

| Read Data file | ABORT

Figure 4.1 (Continued)
Computer Program's Flow Chart
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(3)—={ UIEH 0ATA FUNCTION |

\Output Hall Data\®

YES Input Item No. &
New Value

NO

\Uutput So1l Dat;\v—

Input Item No. & 7
Neu Value

4 SAVE_DATA FUNCTION

v

Save Data in File I

Figure 4.1 (Continued)
Computer Program's Flow Chart
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ANALYSIS FUNCTION

Y

INPUT:

- Estimated vidth of pile
- Factor of safety agalnst passive pressure
- Depth of overexcavation below anchor location

L CLAY_ANALYSIS

CLAY SAND

SAND_ANALYSIS

Display Results From Anchor fnalysis

UJT W' : Ze ro
Shear

Max, Section  Enbedment Reaction
Homent Modulus Depth Force

©—»={ ancHoR FunCTION

INPUT:

- Spacing of Anchors
- Inclination of Anchors

- So1)

Calculate Hale Section Modulus

S=R[11[j5)Iud~2/ 1445

Y

Calculate Anchor Capacity
Pu=RO1I[j18d/s.cos

PONAN LWL~

Type:

Fine to Medium Sand
Nedivae to Coarse Sand
Sandy Gravel

Hechua Clay

fechua to Staff Clay
Staéf Clay .

Staff to Very Suff Clay
Very Staff Clay

Very Staff to Hard Clay

]
| Calculate mndwor m,.ﬂ Calculate limm Length |

Output from

fnalysis:

Anchor Section Anchor

Rou

Modulus  Capacaty

Anchor  Unbonded
Length Length

Figure 4.1 (Continued)
Computer Program's Flow Chart
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]

Figure 4.1 (Continued)
Computer Program's Flow Chart
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Figure 4.1 (Continued)
Computer Program's Flow Chart
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Computer Program's Flow Chart
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4.1.2 Data Functions

The data functions will input, read, edit, and
save the input data or save the analysis results. The
input function prompts the user for the inbut of the
various wall and soil data. The read function prompts
the user for the filename of the data. If the file
does not exist in the working directory, an error
message is displayed and it requests the filename be
reentered or the function aborted. Upon finding the
file, the data is read and entered into the appropriate
program variables. The view data function displays the
wall and soil data and requests if any changes are
desired. If a change is desired, the number of the
item and then its new value are entered. The save data
function will save the input data in a DOS file in the
working directory. 1If the file already exi;ts,
verification will be requested before coping over it.
Lastly, the save function will save the results of the
analysis in a DOS file. The save routine will request
the filename and verification before coping over an
existing file. After executing a particular routine,

the program returns to the main menu.
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4.1.3 Analysis Functions

The next series of functions perform the various
analysis calculations. The analysis function requests
entry of the estimated thickness of the pile, the
factor of safety against passive pressure, and the
depth of over-excavation below an anchor depth.
Following input, the function determines the soil type
and executes either the sand analysis or clay analysis
function. After executing the sub-function and
completing the calculations, flow is returned to the
analysis function and the results are displayed.

The sand analysis function executes its analysis
in three stages. The first stage is for the initial
stage of excavation before the first anchor has been
installed. 1It calculates the point of zero shear,
maximum moment at the point of zero shear, required
section modulus from the maximum moment, and the depth
of embedment at the point of zero bending moment. Stage
two is for the second stage of excavation after the
first anchor is installed. It calculates the same
items as stage one plus the reaction force. The
embedment depth is based on not overstressing the
pile at the anchor location assuming fixity there.

Additionally for the first two stages, the moments
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and reaction force are calculated using the Kiewit
criteria. Stage three is executed for the stages of
construction after the second and thereafter anchors
are installed. The pressure distributions for braced
cuts are used in this stage. The reaction forces,
point of zero shear, maximum moment, and required
section modulus are calculated in the function. The
embedment depth is calculated by calling the sub-

function, "min_D". It calculates the embedment depth

_from the maximum moment for each particular stage.

After the final stage is completed, the minimum
embedment depth is calculated from the maximum moment
for all the stages of construction. The sand analysis
function uses the function "ka_kp" to calculate the
average unit weight, friction angles, and coefficients
of passive and active earth pressures. The base
friction angle and unit weight are the properties of
the soil layer at the bottom of the excavation.

If the soil type is clay, the function clay
analysis is executed. It performs essentially the
same calculations as the sand analysis function. It
first determines the iocation of a tension zone, if
it exists, and excludes the stresses within it from

any calculations. Also it verifies the soil will
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support the excavation based on the net passive
resistance of the structure being greater than zero
(Pmt= 6c/fs + 2c - @ > 0). An error message is
displayed if it will not. 1In the third stage routine,
the stability number of the cut is calculated and the
pressure diagram corresponding to the stability number
determined. The function "ca_cb_wt" is used to
calculate the average unit weight and shear strength of
the cut and the base shear strength. The base shear
strength is calculated from an average over a depth
twenty feet below the bottom of the excavation.

Both the sand and clay analysis functions use the
function "strip" to convert a strip surcharge load to
an equivalent uniform surcharge load. This surcharge
load is then included in the design calculations.

The anchor analysis function is used to calculates
the section modulus of the wale for each row of
anchors, the required anchor capacity, the bonded
anchor length based on soil type and anchor capacity,
and the unbonded anchor length. Prior to the actual
analysis, anchor spacing; the inclination angle of the
anchors; and soil type are entered. After completion
of the various calculations, the results are displayed

before the program returns to the main menu.
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4.2 s ions and Limitations

1. The coefficient of passive earth pressure is
calculated assuming Rankine's theory which is
conservative compared to a logarithmic spiral failure
surface approach in estimating the passivé resistance.

2. An average unit weight and friction angle (or
cohesion) for the cut is used in the soil pressure
calculations. The base values for sands are the
properties of the sand layer at the bottom of the
excavation. For clay layering, the base value for
cohesion is calculated by averaging the cohesion values
over a twenty foot depth below the bottom of the
excavation. This is to account for soft or stiff
layers just below the bottom of the excavation. The
difference between a soft and very stiff clay layer is
more significant than that between a loose and dense
sand. It is recommended only minimal soil layering be
used.

3. A cut of entirely sand or clay layering is
assumed in the program. The computer program will
not accept mixed soil layering or silts. As an
alternative, an equivalent value of cohesion for a
sand layer may be averaged with a cohesion value of

the clay layer as follows:
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cy = [ Y #KHHI*tand + (H-H)*n'*q, ] /2H.

Where, H = total height of the cut,

H, = height of the sand layer,

Ys = unit weight of the .sand layer,

K, = lateral earth pressure coefficient for
the sand layer ("1),

] = angle of friction of the sand layer,

q, = unconfined compression strength of clay,
and

n' = coefficient of progressive failure

(ranges from 0.5 to 1). (Das, 1990)
With the average unit weight for the cut, the
pressure diagrams for clays can then be used to design
the wall. NYCTA (1974) recommends an alternate method
where the pressure diagrams are calculated using
Rankine's earth pressure theory for the individual
layers and an average uniform pressure over the entire
wall calculated from these pressures.

4. Sands are assumed to be drained with the water
table being drawn down below to the bottom of the
excavation. If the cut is not drained or the water
table is not drawn down, the hydrostatic pressure

should be included in the calculations.
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5. For clays, short-term undrained conditions are
assumed. If drainage may occur as in the cases of
long-term construction (partially drained) or post-
construction (fully drained), an effective stress
analysis should be accomplished using effective stress
parameters (c' and &'). Drained conditions for clays
are usually more critical than undrained conditions.

6. The assumption that the wall acts as a series
of pinned beams is conservative compared to assuming a

continuous beam and analyzing it using a finite

‘element approach.

7. The program does not calculate the overall
stability of the structure. Most probable failure
surfaces should be checked to ensure a satisfactory
factor of safety.

8. The program does not check the stability of
the base. Seepage forces should also be considered if
present to check for quick conditions.

9. Anchor capacity is based on field testing of
pressure injected tiebacks in cohesionless soils. The
capacity curves used were developed with the majority
of anchors less than eight meters and most were not
tested to their ultimate capacity (FHWA/RD-82/047,

1982). For cohesive soils, post-grouted tiebacks are
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assumed. The mechanism by which post-grouted tiebacks
develop their capacity is not entirely understood.
Increases in capacity of 25% to over 300% are possible
depending on the soil type and the post-grouting method
(FHWA-RD-82-047, 1982). The curves used represent a
wide range of values and an average of these values is
used to calculate capacity. The actual field
capacities of the tiebacks should be verified in the
field.

10. Wale design is conservatively calculated based

on assuming pinned ends at the anchor locations.

4.3 Example Problems

Examples problems for sand and clay layering,
with and without a ground water table present are
included in Appendix D. The solutions are compared to
the computer's solutions to ensure reasonable results

are produced by the program.
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CHAPTER FIVE

USER'S GUIDE

5.1 Program Start-Up

The program may be run either on the computer's
hard drive or one of its floppy drives. From the DOS
prompt, change the command prompt to the drive and
directory on which the program is located. Then type
SOLDIER and press enter to start the program. The

program starts up and displays the main menu shown in

Figure 5.1.

Figure 5.1
Main Menu Screen

Design of Soldier Pile and Lagging
In Accordance with NAVFAC DM-7

MAIN MENUV

Enter Soil Properties and Wall Data
Read Data From an Existing File
Edit Input Data

Save Input Data

Execute Wall Analysis

Execute Anchor\Wale Analysis

Save Analysis in an Output File
Exit Program

OO eWN

Your Choice? --
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The user then should enter the next step, usually
enter or read data. The description of the required
input data is listed in the next section. The
analysis functions can only be executed after the

data have been entered.

5.2 Input Data
The following data shall be entered for the
various analysis functions. Figure 5.2 illustrates

various input data.

\ Oistance from uall Strip Load
l to strip load *{ *
Surcharge Load
Top Elevation Slope of Backfill
Layer 1:

Top elevation, unit ueight, and friction angle
or cohesion.

Anchor Elevation

'Elevahon of BT

Anchor Elevation

Layer 2:
Tap slevation, unit ut, and friction angle
or cohesion.

Anchor Elevation

Layer 3:
Top elevation, unit ueight, and friction awyle
or cohesion.

Bottom Elevation
SCXAA

Spacing of Soldier Piles '

Figure 5.2
Input Variables for Wall Analysis
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5.2.1 Wall Data

1. Name of engineer, for maximum of 40
characters.

2. Project title, for maximum of 40 characters.

3. Date of report, for maximum of 30 characters.

4. Elevation of the top of the excavation (ft).

5. Elevation of the bottom of thz excavation
(ft).

6. Number of anchors used in the cut for a
maximum of ten anchors.

7. Elevation of the anchors from the top of the
excavation to the bottom (ft).

8. Center to center spacing of the soldier piles

(ft).

5.2.2 Soil Data

1. Number of soil layers for a maximum of ten
layers.

2. Soil type of the entire excavation, either one
for sands or two for clays.

3. Por clays, the type of the anaiysis to be
performed (either total or effective stress analysis)
is entered. If a total stress analysis is to be

accomplished, the saturated unit weight of the soil
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above and below the ground water table is entered. For
an effective stress analysis, the saturated unit weight
of the soil is entered above the water table and the
buoyant unit weight entered below the water table. The
elevation of the ground water table should be above the
bottom of the excavation for the effective stress
analysis.

4. Soil properties including elevation of the top
of the layer (ft), saturated, buoyant, or moist unit
weight (kcf), and friction angle (degrees) for sands or
undrained shear strength (ksf) for clays.

5. Elevation of the ground water table (ft).

6. Slope of t'e ground surface behind the
excavation (degrees).

7. Uniform surcharge load (ksf).

8. Strip surcharge load (ksf), the width of the
strip load (ft), and the distance from the wall face to

the start of the strip load (ft).

5.2.3 Wall Analysis Data

1. Estimated width of the flange of the soldier
pile (ft).

2. Pactor of safety against passive resistance.

3. Depth of over-excavation below an anchor

elevation for intermediate stages (ft).
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5.2.4 Anchor Analysis Data

1.
2.

The spacing of anchors (ft).

The angle of inclination the anchors are set

from horizontal (degrees).

3.

The type of soil the anchors are set in. The

options include:

Type

1

Soil Description

Fine to medium sand
Medium to coarse sand
Sandy gravel

Medium clay

Medium stiff clay

Stiff clay

Stiff to very stiff clay
Very stiff clay

Very stiff to hard clay

5.3 Output Data

Figure
output file

properties;

and anchor and wale analysis results.

SPT N Value

12 - 30
20 - 45
> 45

4 - 8

9 - 11
12 - 15
16 - 20
21 - 30
> 30

5.3 lists a typical output file. The
is broken down into four sections: wall

soil properties; wall analySis results;

The wall and

soil property sections list the input data for the

wall and soil under items 1 through 12.
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*
*
*
*

» W N -

10.

11.
12.

13l
14.
15.

II.

III.

dekdedede ek ke kA kkkkkkkkkkkkkkkkkkkkkkikkkkkkkkkkkkkkkkkx

*

Design of Soldier Pile and Lagging *
In Accordance with NAVFAC DM-7 *
*

1232322333232 3323323232232 2222222222222 222222222 2220822

WALL PROPERTIES

Engineer: D'Amanda
Project: International Corporate Park
Date: 10 November 1989
The elevation of the top of the excavation is
102.00 feet.
The elevation of the bottom of the excavation is
81.00 feet.
The number of anchors is 2.
The anchors are located as follows:
Anchor Elevation (feet)

1l 96.00

2 89.00
The spacing of the soldier piles is 5.00 feet.

SO1I1L PROPERTTIES

The elevation of the water table is 50.00 feet.
The so0il properties are as follows:

Soil Type Elev Unit Wt Friction Angle
or Cohesion
sand 102.00 0.1150 38.00

The slope of the ground behind the wall is 31.5
degrees.

The surcharge load is 0.250 ksf.
The strip load is 0.50 ksf, 10.00 feet wide, and
located 45.0 feet from the wall.

WALL ANALYSTIS RESULTS
Estimated width of the soldier pile is 0.5 feet.
Factor of safety for passive resistance is 1.0.

The wall was excavated 1.0 feet below the proposed
anchor location.

Figure 5.3
Sample Output File
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Figure 5.3 (Continued)
Sample Output File

58

16. STAGE ZERO MAXIMUM SECTION EMBEDMENT
l REACTION(S)
SHEAR MOMENT MODULUS DEPTH
(ft) (k-ft) (in"3) (ft) (kips)
. 12.1 55.23 23.01 10.1 ---
21.9 20.45 8.52 5.5 Rl = 19.10
17.0 27.86 11.61 4.6 Rl = 42.04
' R2 = 17.17
NOTE: Stage 1 moment based on Kiewit criteria is
. 42.1 kip-ft.
Stage 2 moment based on Kiewit criteria is
19.0 kip-ft and reaction force is 16.7 kips.
' NOTE: Minimum depth of embedment based on maximum
moment is 3.8 feet.
. NOTE: NYCTA recommends minimum penetration depth of
six feet.
l IV. ANCHOR AND WALE RESULTS
17. sSpacing of the anchors is 10.0 feet.
' 18. The anchors are set at an angle of 5.0 degrees.
19. The anchors are set in medium to coarse sand.
20.
ANCHOR SECTION MODULUS ANCHOR ANCHOR UNBONDED
l ROW OF WALE CAPACITY LENGTH LENGTH
(in"3) (kips) (ft) (£t)
' 1 58. 4 84 7.4 7.0
. 2 23.8 34 4.0 3.8
NOTE: Tieback capacity is based on pressure
injected anchors using and effective grout
pressure in excess of 150 psi with a diameter
between 4 to 6 inches and depth of overburden
' greatecs than 13 feet.
NOTE: FHWA/RD-82/047 recommends a minimum unbonded
length of 15 feet.
l END OF ANALYSTIS




In the wall analysis results section, items 13
through 15 are the input values for the width of
the pile, factor of safety for passive resistance,
and the depth of over-excavation respectively. The
actual results from the analysis are listed under
item 16 and include: stage; point of zero shear;
maximum moment; embedment depth; and reaction forces.
The location of the point of zero shear is from the top
of the pile. The depth of embedment is calculated
from the maximum moment for that particular stage and
is measured from the bottom of the cut. Four notes may
be displayed within this section. The results using
the Kiewit criteria for the first two stages are listed
in the first note. The next note lists the minimum
depth of embedment based on the maximum moment from all
stages of excavation. If the penetration depth for the
last stage or the minimum embedment depth is less than
six feet, a noce is displayed indicating NYCTA (1974)
recommends a minimum penetration depth of six feet.
The last note is displayed for clay layering stating
the type of analysis, either total or effective stress,
used in the calculations.

The anchor and wale analysis results section

lists the anchor spacing, inclination angle of the
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anchor, and soil type under items 17 through 19. The
results of the analysis are listed under item 20. It
includes anchor row, section modulus of the wale,
required anchor capacity, (bonded) anchor length, and
unbonded anchor length. A note is displayed stating
how the anchor capacity was derived. Another note is
displayed if the unbonded length of the anchor is less
than fifteen feet. FHWA/RD-82/047 recommends a minimum

unbonded length of fifteen feet.

5.4 Error Messages

The follow error messages are possible within
the program:

"You must input or read data before editing them."
Data must be entered or read before selecting the
edit function.

"You must input or read data before you save
them." Data must be entered or read before selecting
the save data function.

"You must input or read data before analysis."
Data must be entered or read before selecting the
wall analysis function.

"You must accomplish wall analysis before you can
save it." The wall analysis function must be
accomplished before selecting the save function.
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"you must accomplish wall analysis before this
analysis.” The wall analysis function must be
accomplished before selecting the anchor/wale analysis
function.

"The bottom of the excavation must be below the

top. The elevation entered for the bottom of the
excavation must be below the top of the excavation.

"The elevation of this anchor must be below the
pricsr ancher or the top of the excavation and above the
bottom of the excavation.'" The elevation entered
for the anchor location must be below the previous
anchor location or the top of the excavation and
above the elevation of the bottom of the excavation.

"The location of the water table can not be above
the top of the excavation.” The elevation of the
ground water table must be entered below the elevation
of the top of the excavation.

"The soil type must be either 1 (sands) or 2
(clays)."” The soil type for the cut must be entered
either 1 or 2 for sands and clays respectively.

“"The first layer must extend to the top of the

excavation." For the first soil layer, the elevation

of the top of the layer must extend to the top of the

excavation.
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"phe elevation of the top of the soil layer must
be below the last layer." The elevation entered for
the top of a soil layer must be below the elevation of
the previous layer.

"The location of the ground water table must be
above the bottom of the excavation for an effective
stress analysis."” When using an effective analysis
approach to calculate stresses for clay layering, the
ground water table must be located above the bottom of
the excavation. The buoyant unit weight of the soil
shoula be entered below the water table.

"Trouble opening 'filename' -- Read mode. Reenter
the filename or type abort to return to the main menu."
The filename entered for read data does not exist in
the working directory. Either the filename must be
reentered or abort entered to return to the main menu.

"Width must be positive." The estimated width
of the flange of the soldier pile must be entered as
a positive number.

"Pactor of safety must be positive."” The factor
of safety for passive resistance must be entered as a
positive number.

"Soil will not support the wall below a depth of
XX.X feet." For clay layering, the soil will not
support the wall below the depth listed.
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CHAPTER SIX

CONCLUSIONS

6.1 Review of Objectives

The objective of the computer program was to
provide a rapid and effective method to analyze braced
excavations. By varying the number and location of
tieback anchors, the design of a soldier pile and
lagging wall may be optimized. Once an initial design
is computed, the engineer may then accomplish final
design calculations based on the results from the
computer program. This will significantly reduce the

time to accomplish an actual design.

6.2 Summary of Design Procedures

Recommended design procedures are first to
determine the soil conditions, wall requirements, and
any surcharge loads. Next, select an initial number
of anchors and their respective locations. Then run
the program with the selected data, revising the number
and locations of the anchors until the réaction
forces and required section modulus are within

acceptable limits. A soldier pile section may be
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selected from the Manual of Steel Construction (1980)

based on the required section modulus. Lagging size
may be chosen from the design table included in chapter
three (Table 3.1) from FHWA/RD-75/124 (1976). The
anchor analysis function of the program may be used to
estimate the wales' section modulus and the unbonded
and bonded length of the tieback anchors. Spacing of
the anchors may be varied until acceptable results are
produced. Also by adjusting the input parameters, the
effects of a ground water table; different soil
conditions; or increased surcharge loading may be
analyzed.

The program does not check the overall stability
of a wall and the surrounding soil mass. The soil
pressure acting against a wall may be greater in the
case of slope stability than for braced cuts and thus
govern wall design. Also, the factors of safety
against failure of the steel tendons of the anchors
and failure in the anchor zone should be verified

separately. The computer program PCSTABL can be used

to accomplished this analysis.
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6.3 Conclusions

The program SOLDIER.EXE can provide the engineer
with a quick and effective method of designing a
soldier pile and lagging wall. With the program, the
engineer can also investigate the effects of differing
soil conditions, water table location, surcharge
loading, and wall dimensions and properties.

The engineer must understand the design concepts
and assumptions made within the program to ensure they
are applicable to a particular project. This
computer program is not intended to be a replacement
for a complete design by a competent engineer. The
stresses produced by braced cuts can only be roughly
estimated and a monitoring system should be employed
for critical cuts to ensure the acceptable performance
of the wall. The overall satisfactory performance of
the wall depends greatly on determining accurate soil
parameters, the external loading conditions, and the

use of proper construction procedures.
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APPENDIX A

VARIABLE NOMENCLATURE
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The nomenclature of the variables used within
the program are listed as follow.

Variable

engineer
project
date

telev
belev

numa
anc[10]

s
gwt
nums

soil_type

soil[10][3]

bf

Definition (units)

Name of engineer, for maximum of 40
characters.

Project title, for maximum of 40
characters.

Date of report, for maximum of 30
characters.

Top elevation of the excavation (ft).
Bottom elevation of the excavation (ft).

number of anchors used in the cut
excavation.

Elevation of anchor for maximum of ten
anchors (ft).

Spacing of the soldier piles (ft).
Elevation of the water table (ft).
Number of soil layers.

Type of soil. Either one for sands or
two for clays.

Soil properties for maximum of ten
layers: Elevation of top of the layer
(ft), saturated or moist unit weight
(kcf), and friction angle (degrees) or
cohesion value (ksf).

Slope of the ground behind the
excavation (degrees). :

Surcharge load (ksf).

Estimated thickness of flange of soldier
pile (ft).
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fs

ang

type

pi

filename

wt

fa

wthb

fab

Ka

Kab

Kp

sigh

sigs

Factor of safety against passive
resistance.

Depth of over-excavation below the
anchor elevation for intermediate stages
(ft).

Spacing of anchors (ft).

Inclination angle the anchors are set
(degrees).

Soil type for anchor analysis
calculations.

Constant value of 3.141592654.

Name of file to save or read data or to
save analysis, for maximum of 10
characters,

Average saturated or moist unit weight
of cut soil (kcf).

Average Friction angle of soil
(degrees).

Saturated or moist unit weight of base
soil (ksf).

Friction angle of base soil (degrees).

Coefficient of active earth pressure for
the cut soil.

Coefficient of active earth pressure for
the base soil.

Coefficient of passive earth pressure
for the base soil.

Horizontal stress or force due to soil
(ksf or kips).

Horizontal stress or force due to
surcharge (ksf or kips).
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PP

ca

cb

Ns
zt

z[11]

R[10][10]

M[11]

s(11]

D[11)

Mmax

Dmin

Mk[2]

Rk

P{10]

Net passive resistance pressure or force
(ksf or kips).

Hydrostatic force or stress (kips or
ksf).

Undrained shear strength of cut clay
soil (ksf).

Average undrained shear strength of base
clay soil (ksf).

Stability number of the cut for clays.
Length of tension zone for clays (ft).

Depth of zero shear from top of
excavation (ft).

Reaction forces for each stage of
construction (kips).

Maximum moment for a stage of excavation
(kip-ft).

Required secti?n modulus for a stage of
excavation (in’).

Embedment depth for a stage of
excavation (ft).

Maximum moment from all stages of
excavation (kip-ft).

Minimum embedment depth calculated using
Mmax (ft).

M:ximum moment from Kiewit Analysis for

stage one and two of sand analysis (kip-
f£t).

Reaction force from Kiewit Analysis for
stage two of sand analysis (kips).

Anchor force for maximum of ten
reactions (kips).
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sw(l0]
L{10]
ul(10]
bp

c
ccf20]

H, h, hh, hhh

a, v, Y

i, 3, k, 1
ij, jk

str_anal

Section Modulus of wale (in%
Bonded length of anchor (ft).
Unbonded length of anchor (ft).
Used as a flag.

Dummy character.

Dummy characters, for maximum of twenty.

Various height of the cut variables
(ft).

Internal variables used in various
calculations.

Global counters.
Local counters.
Type of stress analysis to be performed

for clay layering. Either 1 for total
or 2 for effective stress analysis.
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APPENDIX B

COMPUTER PROGRAM FILE
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U T 2 T 22 2 23 323 R A I IIITIIITIIIIT S

* SOLDIER.EXE, Version 1.01, dtd 15 NOV 91

* Program written by Kevin D'Amanda.

* Address until Jan 95:

* COMCBLANT, Naval Amphibious Base Little Creek,
*
*

Norfddk, VA 23521-5070
[ 2 2222222222382 3.8 822383323283 33223333233 3333333233322 32 223

. S
e e S

#include <conio.h>
#include <stdio.h>
#include <ctype.h>
$include <stdlib.h>
#include <complex.h>
#include <string.h>

// KRKRKKKKRKAKRI AR KRR IRk kAR Rkhkkhkhkhkkhkhhkkhkhkkkkhkkkkkkhkkkkkk

/] * DECLARE FUNCTION
]/ KREEREKEKKKKAKRKKRIKKKKRARK KRR R RK KA KRR AR AR KR KRR KRR RN kR k kX

void input(void);

void read_data(void);
void save_data(void);
void view_data(void);
void analysis(void);

void anchor(void);

void ka_kp(void);

void clay_analysis(void);
void wt_c_cb(void);

void sand_analysis(void);
void save(void);

void min_D(void);

void strip(void);

// L2232 RS2 2222232222832 3233222223223 222223323233 222 32322232

/] * DECLARE VARIABLES
[] KREEREKAKRRRERKRKKRRAKRKRR KRR KRR RN ARRRRRR AR RRRR AR AR R RN RR AR

float belev = 0, telev =0, s = 0, gwt =0, q =0, b =0,
anc[10], so0il(10]1(3], hh = 0, H, sw[10], d = 0, ang = 0, L{10],
ul(10], bf = 0, fs = 0, w = 0, gqs[3];

double sigh, sigs, wt, fa, v, y, Ka, Kp, Kab, wtb, fab, u, P[10],
Mc[2], Rc, qe, Mmax, Dmin, z[11], D({11], M[1l1], s([11],
R{10]{10], zt, pp, cb, ca, Mk[2], Rk; '

int type = 0, numa = 0, nums = 0, i =0, k=0, j=0,1=0,
bp = 0, soil_type, str_anal;

const float pi = 3.141502654;

char ¢ = 'x', cc[20], filename[10], engineer[40], project[40],

date(30];
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e T S 12 L35t R T R T R T T T Py s ;

/] *
/] * MAIN FUNCTION
/] EREERRERRRRKIRKKRKKRKARRAKIRKRKKRKIRKAREARKRKARIRRAARKR AR KR KKK

main(void) {

// ' 2232232333233 2233333322332 32333 3023322322222 22222222ttt d]

/] * INITIALIZE VARIABLES
[/ XEREIKKRKKRRRKRKKKKKK KKK KRRKRRKK KR KRR RRRRRKRRA KRR KRRk kkkk k&

for (i =0; i < 10; i++)

{ for (k = 0; < 3; k++) soil[i][k] = 0O;
for (j = 0; 3 < 10; j++) R[i][j++] = O;
anc[i] = z[i] = D[i] = M[i] = S[i] = sw[i] = P[i] = ul[i] =
L[i] = 0; }
// 1| 23322333333 3323 3333333332223 33 332232232333 3333 3338833333322 22223
/] * MAIN MENU ROUTINE

AR L L s e e R L
M:

clrscr();

cout << "\n"

<< "\t \nn
<< "\t \n"
<< "\t Design of Soldier Pile and Lagging \n"
<< "\t In Accordance with NAVFAC DM-7 \n"
<< "\t \nl'
<< "\t \n";

cout << "\n\n\t\t\t M A I N M E N U\n\n";
cout << "\t\t 1. Enter Soil Properties and Wall Data\n"

<< "\t\t 2. Read Data From an Existing File\n"
<< "\t\t 3. Edit Input Data\n"

<< "\t\t 4. Save Input Data\n"

<< "\t\t 5. Execute Wall Analysis\n"

<< "\t\t 6. Execute Anchor\\Wale Analysis\n"
<< "\t\t 7. Save Analysis in an Output File\n"

<< "“\t\t 8. Exit Program\n\n"
<< "\t\t\t Your Choice? -- ";
while ((i = atoi(gets(cc))) <=0 ! i >=9) {
cout << "\n\t\t" << cc << " is an incorrect response, try again."
<< 'l\n\a";
cout << "\t\t\t Your Choice? -- "; }
switch (i) (
case 1: input(); bp = 1; break;
case 2: read_data(); bp = 1; break;
case 3: if (bp) view_data();
else { clrscr();
cout << "\n\n\n\tERROR - You must input or read data before you
edit them!" << "\n\t Press the enter key to return to the
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main menu. \a";

gets(cc); }

break;

case 4: if (bp) save_data();
else { clrscr();

cout << "\n\n\n\tERROR - You must input or read data before you
save them!" << "\n\t Press the enter key to return to
the main menu.\a";
gets(cc); }
break;

case 5: if (bp) { analysis(); bp = 2;}

else { clrscr();

cout << "\n\n\n\tERROR - You must input or read data before

analysis!" << "\n\t Press the enter key to return to the
main menu.\a";

gets(cc); }
break;
case 6: if ((bp > 1) && (numa > 0)) anchor();
if (numa == 0) { clrscr();
cout << "\n\n\n\t There are no anchors in the wall data,
therefore”™ << "\n\t anchor analysis is not required." <<
"\n\n\t Press the enter key to return to the main menu.\a";
gets(cc); }
if (bp <= 1) { clrscr();
cout << "\n\n\n\tERROR - You must accomplish wall analysis before

this analysis!"™ << "\n\t Press the enter key to return
to the main menu.\a";

gets(cc); }
break;
case 7: if (bp > 1) save();
else { clrscr();
cout << "\n\n\n ERROR - You must accomplish wall analysis before
you can save the data!" << "\n Press the enter to
return to the main menu.\a";
gets(cc); }
break;

// 3232322322222 2222222222222 2222232222223 2223222222322

/] * EXIT ROUTINE
// 1233 32332323 3323323333333 33 3323333283333 323322333 38331323233232223 3331

case 8: cout << "\n\t Are you sure you want to quit the program?
(Y/N) -- ";

do { gets(cc);

¢ = toupper(cc{0]);

if ((¢ == 'Y') !! (¢ == 'N')) break;

cout << "\n\tThat's not Yes or No, please enter a Y or N. -- \a";

} while ((¢ != 'Y") || (c != 'N")): }

if (¢ == 'Y') {
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clrscr(); "
cout << "\n\n\n\t\tP ROGRAM TERMINATE D\n";

exit{0); }
goto M; }

// t 232X XTLLLTTLRESEL3 2222222222222 R 2222222222222 22 22 8¢

/] * INPUT FUNCTION

// * Enter program variables for calculations.
J] RREREEEERIEREKIEIKIRIR KKK KKK R KRR RKRARRKRAK KRR KRR AKE KRR AK R

void input(void) {

clrscr();
cout << "\n\t\t\tWall Properties\n\n";
cout << "\n\tEnter the Engineer's name. -- ";

gets(engineer);

cout << "\n\tEnter the project name. -- ";
gets(project);

cout << "\n\tEnter the date. -- ";

gets(date);

cout << "\n\tEnter the elevation of the top of the excavation in
feet. -- ";

cin >> telev;

cout << "\n\tEnter the final elevation of the bottom of the
excavation. -- ";

cin >> belev;

if (belev >= telev)

{ cout << "\nERROR - The bottom of the excavation must be below
the top!" << "\n Reenter the final elevation of the
excavation. -- \a";

cin >> belev; }

cout << "\n\tEnter the number of anchors that are to be used to
support the" << "\n\t excavation for a maximum of ten anchors.
- ",

cin >> numa;

if (numa) (

cout << "\n\tEnter from the top to bottom the elevation in feet
of the anchor(s).\n";

hh = telev;

j=0;

for (1 = 0; 1 < numa; ++1) (

cin >> anc{ij];

while (anc[j] >= hh || anc[j] <= belev)

{ cout << "\n\tERROR - The elevation of this anchor must be below
the prior anchor or" << "\n\t the top of the excavation
and above the bottom of the excavation.” << "\n\t Reenter

the elevation of this anchor. -- \a";
cin >> anc(j); } '
hh = anc[j]; ++3j; 1} }
cout << "\n\tEnter the spacing of the soldier piles. -- ";
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cin >> s;

clrscr(); . .

cout << "\n\t\t\tsoil Propert1es\n\p ; '

cout << "\n\tEnter the number of soil layers for a maximum of ten
layers. -- ";

cin >> nums;

cout << "\n\tEnter the soil type, either 1 for sands or 2 for
clays. -- ";

cin >> soil_type;

while ((soil_type <= 0) !} (soil_type >= 3)) { -

cout << "\n\n\tERROR - The soil type must be either 1 (sands) or
2 (clays).\a" << "\n\t Please reenter soil type. -- ";

cin >> soil_type; }

clrsecr();

if (soil_type == 1)

cout << "\n\n\tEnter the soil layering properties as follows from
top down:\n" << "\n\tElevation of the top of the soil layer in
feet from top down." << "\n\tMoist or saturated unit weight of
the soil (kips/ft"3)." << "\n\tFriction angle (degrees)." <<
"\n\t(The entry should read like: 100 .115 35)" <«
"\n\n\tNOTE: The top of the excavation is at elevation " <<
telev << " feet.\n"; }
else {
cout << "\n\n\tDo you wish to perform a total or effective stress
analysis?";
cout << "\n\n\tIf you would like to accomplish a TOTAL STRESS
ANALYSIS enter" << "\n\t the saturated unit weight of the soil
above and below the" << "\n\t ground water table."™;
cout << "\n\n\tIf you would like to accomplish an EFFECTIVE
STRESS ANALYSIS" << "\n\t enter the satuarted unit weight of the
soil above the water" << "\n\t table and the buoyant unit weight
of the soil below the water" << "\n\t table. The water table
elevation should be located above the" << "\n\t bottom of the
cut.";

cout << "\n\n\tEnter 1 for a total stress analysis and 2 for an

effective" << "\n\t stress analysis. -- ";
cin >> str_anal;
while ((str_anal <= 0) |! (str_anal »>= 3)) {

cout << "\n\tERROR - Please enter either a 1 (total) or 2
(effective). --\a";

cin >> str_anal; )}

clrscr(); '

cout << "\n\tEnter the soil layering properties as follows from
top down:" << "\n\tElevation of the top of the soil layer in
feet from top down.”™ << "\n\tSaturated or buoyant unit weight of
the soil (kips/ft"3)." << "\n\tUndrained shear strength (ksf)."
<< "\n\t(The entry should read like: 100 .115 1.5)" <<

"\n\n\tNOTE: The top of the excavation is at elevation " <<
telev << " feet.\n"; }
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hh = 1E10; j 0,
for (i = 0; i nums; ++i
]
0

: i)y |
cin >> soil[j][? 1{3101] >> soil(jl[2];
] i

>> soi
while ((so0il[j][0] > hh) (soil[0][0] != telev))
{ if (soil[3j][0] > hh)
cout << "\nERROR - " << "\n The elevation of the top of the
soil layer must be below the last layer." << "\n Reenter
all the soil data for this layer. -- \a";

if (s0il[0][0] != telev)

cout << "\nERROR - The first layer must extend to the top of the
excavation"”" << "\n Reenter all the soil data for this
layer. -- \a";

cin >> so0il{3j1[0] >> so0il[3]1[1] >> soil[3j][2]; }

hh = soil[j][0]:; ++3; }

clrser();

cout << "\n\tEnter the elevation of the water table in feet. --

cin >> gut;
while (gwt > telev) {
cout << "\n\nERROR - " << "\n The location of the water table can

not be above the top of the excavation." << '"\n Reenter the
location of the water table. -- \a";

cin >> gwt; }

while ((str_anal == 2) && (gwt < belev)) {

cout << "\n ERROR - The location of the ground water table must
be above the bottom" << "\n of the excavation for an
effective stress analysis." << "\n\n Reenter the location
of the water table. -- \a";

cin >> gwt; }

cout << "\n\tEnter the slope of the ground behind the wall in
degrees. -~-- ";

cin >> b;

cout << "\n\tEnter the surcharge load (ksf)." << "\n\tPlease
enter 0 if none. -- ";

cin >> q;

cout << "\n\tEnter the data for any strip load:"™ << "\n\t
Surcharge load (ksf), width of strip load (ft)," << "\n\t and
the distance the strip load is from the wall (ft)."; cout <«
"\n\tPlease enter 0's if none. -- ";

cin >> gs[0] >> gs[1] >> gqs[2];

clrscr(); }

// KRR KRRR AR Ak hkkhkhkkhkkhkhkhhkhkhhkkhkkkkhkkhhkhhkhhkkhkkhkhkkkkrrkkkk

/] * READ DATA FUNCTION

// * Read data from a existing DOS file to enter variables.
]] KEERRKRKKKKKKKRRRKKRKRRRRRRRRRRRRRRRRRR KKK AR RRRRRRRR KRR AR R Rk %
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void read_data(void) {
char *cx = "ABORT";

clrscr();
cout << "\n\n\n\tEnter filename. -- ";

gets(filename);

FILE *ffp;
while ((ffp=fopen(filename,”r"))==NULL) ({
printf("\nERROR - Trouble opening %s -- read mode.\a",

filename);

cout << "\n\nReenter the filename or type ABORT to return to the
main menu. -- ";

gets(filename);

j = strlen(filename);

for (i = 0; i < j; i++) filenamef[i] = toupper(filename[i]);

if (strcmp(filename, c¢x) == 0) break; }

if (strcmp(filename, cx) != 0) {

fgets(engineer, 60, ffp);

fgets(project, 60, ffp);

fgets(date, 30, ffp);

fscanf(ffp, "\n %f \n %f \n %f \n %d", &telev, &belev, &s,
&numa) ;

for (i = 0; 1 < numa; ++i)

{ fscanf(ffp, "\n %f", &anc(i]): }

fscanf(ffp, "\n %f \n %d \n %d \n %d", &gwt, &nums, &soil_type,
&str_anal);

for (i = 0; 1 < nums; ++i)

{ fscanf(ffp, "\n %f %f %f", &soil[i][0], &soil[i]([1],
&soil[i][2]):}
fscanf(ffp, "\n
s&qs(2]);
fclose(ffp);

cout<< "\n\tPlease reenter: Engineer's name. -- ";

gets(engineer);

cout << "\t Project title. -~ ";

gets(project);

cout << "\t Date. -- ";

gets(date);

cout << "\n\tData read, press enter key to continue.";

gets(cc): } }

$f \n %f \n %f %f %f", &b, &q, &gs{0], &gs[l],

// LR 222 X2 2222222222 2 222 2222222222222 2222223222222 2233

// * VIEW AND EDIT ENTERED DATA FUNCTION

// * View and edit entered program variables.
[] KEERKRRRRKRAKKKKKRRKK AR KRR KRR AR KRR KRR KK KRR RRRRARARRRARAR R

void view_data(void) {

WALL: clrscr(); :

cout << "\n\t\tWw A L L PROPERTTIE S\n";
printf ("\n\tl. Engineer: %s'", engineer);
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printf ("\n\t2. Project: %s", project);

printf ("\n\t3. Date: %s",date);

cout << "\n\t4. The elevation of the top of the excavation is "
<< telev << " feet." << "\n\tS5. The elevation of the

bottom of the excavation is " << belev << " feet." << "\n\té.
The number of anchors is " << numa <<".";

if (numa) {

cout << "\n\n\t The anchors are located as follows:\n" <<
"\t\tAnchor" << "\tElevation (feet)\n";

j =0;

for (1 = 0; i < numa; ++i)

{ printf("\t\t %2d\t %5.2f\n", ++j, anc[i]);}}

cout << "\n\t7. The spacing of the soldier piles is " << s << "
feet.";

cout << "\n\n\tDo you want to change any values? (Y/N) -- ";

do { gets(cc);

¢ = toupper(cc[0]);

if ((e¢ == 'Y') !} (¢ == 'N')) break;

else {

cout << "\n\t" << cc << " is an incorrect response, try again --
\a"; } } while (¢ !'='N');

if (¢ == 'N') { SOIL: <clrscr();

cout << "\n\t\ts 01 L PROPERTTIES";
cout << "\n\n\t8. The elevation of the water table is " << gwt
<< " feet." << "\n\t9. The soil properties are as follow:\n"

<< "\n\t Soil Type Elev Unit Wt Friction
Angle" << "\n\\t or Cohesion";
j = 0;
for (i = 0; i < nums; ++i) {
cout << "\n\t ",
if (soil_type == 1) cout << "sand";
else cout << '"clay";
printf (" %7.2f $1.4f %5.2£",
soil[j]1(0], soil([3][1), soil(31(2]);
i++; )

cout << "\n\n\tl0. The slope of the ground behind the wall is "
<< b << " degrees.";

cout << "\n\tll. The surcharge load is " << q << " ksf.";

printf ("\n\tl2. The strip load is %7.2f ksf, %4.2f feet wide,",
gs[0], gs[1]);

printf("\n\t and located %5.1f feet from the wall."”,
qs{2]); _
cout << "\n\n\n\tDo you want to change any values? (Y/N) -- ";

do { gets(cc);
¢ = toupper(cc[0]);
if ((c == 'N") 1] (c

'Y')) break:

else {
cout << "\n\t" << cc << " is an incorrect response, try again --
\a"; } } while (¢ !='Y'); }
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*
* EDIT DATA ROUTINE
* Edit program variables.

*

if (¢ == 'Y")

cout << "\n\tEnter the number of what you want to change -- ";
while ((i = atoi(gets(cc))) <= 0 {1 i >= 13)

{ cout << "\n\t" << cc << " is an incorrect response.\a";

cout << "\n\tYour choice? --"; }

clrscr();

switch (i) {

case 1: cout << "\n\tEnter the Engineer's name -- ";
gets(engineer);
break;
case 2: cout << "\n\tEnter the project name. -- ";
gets(project);
break;
case 3: cout << "\n\tEnter the date. -- ";
gets(date);
break;
case 4: cout << "\n\tEnter the elevation of the top of the
excavation in feet. -- \n";

cin >> telev;

s0il[0][0] = telev;

break;

case 5: cout << "\n\tEnter the elevation of the bottom of the
excavation in feet. -- ';

cin >> belev;

break;

case 6:

cout << "\n\tEnter the number of anchors that are to be used. --
cin >> numa;

hh = 0;

if (numa != 0)

{ 3=0;

cout << "\n\tEnter from the top to bottom the elevation in feet
of the anchor(s) --\n";

for (1 = 0; 1 < numa; ++1)

{ cin >> anc[j);

hh = telev;

while (anc[3j] >= hh !} anc[j] <= belev) {

cout << "\n\tERROR- The elevation of this anchor must be below

the prior anchor or" << "\n\t the top of the excavation
and above the bottom of the excavation." << "\n\n\tReenter the
elevation of this anchor. -- \a";

cin >> anc(j]; }
hh = anc{[3j]; ++3; } }
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break;

case 7: ’ . .,
cout << "\n\tEnter the spacing of the soldier piles. -- ";
cin >> s;

clrscr();

break;

case 8: cout << "\n\n\tEnter the elevation to the water table in
feet. -- ";

cin >> gwt;

if (gwt > telev) ( .

cout << "\nERROR - " << "\n The location of the water table can
not be above the top of the excavation." << "\n Reenter the

location of the water table -- \a";
cin >> gwt; }
break;
case 9: cout << "\n\tEnter the number of soil iayers. -- ";

cin >> nums;
cout << "\n\tEnter the soil type, either 1 for sands or 2 for

clays. -- ",
cin >> soil_type;

while ((soil_type <= 0) || (soil_type >= 3)) {
cout << "\n\tERROR - The soil type must be either 1 (sands) or 2
(clays)." <« "\n\t Please reenter soil type. -- \a';

cin >> soil_type; }
if (soil_type == 2) {
cout << "\n\tDo you wish to perform a total or effective stress

analysis?" << "\n\tEnter 1 for a total stress analysis and
2 for an effective" << "\n\t stress analysis. -- *;

cin >> str_anal;

while ((str_anal <= 0) !} (str_anal >= 3)) {

cout << "\n\tERROR - Please enter either a 1 (total) or 2
(effective). --\a"; cin >> str_anal; } }

cout << "\n\tEnter the soil layer's properties:" <<
"\n\tElevation of top of the layer, unit weight, and friction
angle" << "\n\t or undrained shear strength.\n";

hh = 1E8; 3j = 0;

for (1 = 0; 1 < nums; ++1) {

cin >> so0il[3}[0] >> soil[3j]I1] >> soil{3j][2];

while ((s0oil([3j][0] > hh) ! (soil[0][0] != telev))

{ if (soil[3]1[0] > hh)

cout << "\nERROR - " << "\n The elevation of the top of the
soil layer must be below the last layer." << "\n Reenter
all the soil data for this layer. -- \a";

if (s0il[0][0] != telev)

cout << "\nERROR - The first layer must extend to the top of the
excavation" << "\n Reenter all the soil data for this
layer. -- \a";

cin >> s80il[3][0]) >> s0il[j][1] >> soil[3jl1[2]; }

hh = soil([3j][0]; ++3j; }
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break;

case 10: cout << "\n\tEnter the slope of the ground behind the
wall in degrees. -- ";

cin >> b;

break;

case 11: cout << "\n\tEnter the surcharge load (psf).
"\n\n\t\tPlease enter 0 if none. -- '";
cin >> q;

break;

case 12:

cout << "\n\tEnter the data for any strip load:" << "\n\t
Surcharge ioad (ksf), length of strip load (ft).," << "\n\t and
the distance the strip locad is from the wall (ft).

cout << "\n\tPlease enter 0 if none. -- ";
cin >> gqs[0] >> gs[1] >> gs[2];
break; }

clrscr();
if (i < 8) goto WALL;
else goto SOIL; } }

// % d g & de K K do Kk %k Kk ok %k Kk ke sk ke gk d ke ok ek sk ke ok gk ek ok de ke ok d ok ok e sk ke ok ke e ok ok k ko  k ok ok ke ko
// * SAVE DATA FUNCTION

// * Save entered data into a DOS file.

VAR e T e T T T
void save_data(void) {

FILE *fp;

clrscr();

cout << "\n\tEnter filename to save the data. -- ";
gets(filename);

while ((fp=fopen(filename,"r")) != NULL) {

cout << "\n\tThe file already exits, do you want to overwrite it?
(Y/N) -- \a";

gets(cc);

¢ = toupper(cc[0]);

switch (¢) {

case 'Y': break;

case 'N': cout << "\n\tReenter the filename. -- ";

gets(filename);

break;

default

cout << "\n\t" << c¢c << " is an incorrect response, try again.
-- \a";

gets(cc);

¢ = toupper(cc[0]); }

if (¢ == 'Y') { ¢ = 'x'; break; } }

fp = fopen(filename, "w+");

fprintf(fp, "%s", engineer);

fprintf(fp, "\n %s", project);
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fprintf(fp, "\n %s", date);

fprintf(fp, "\n %f", telev);

fprintf(fp, "\n %f", belev);

fprintf(fp, "\n %f", s);

fprintf(fp, "\n %d", numa);

for (j = 0; j < numa; ++j) fprintf(fp, "\n %£", anc[j]);
fprint:(fp, "\n %f", gwt);

fprintf(fp, "\n %d", nums);

fprintf(fp, "\n %d", soil_type):

fprintf(fp, "\n %d", str_anal);

for (i = 0; i < nums; ++1)

fprintf(fp, "\n %f %f %f", soill[i][0], soit[i][1], soil[i][2]);
fprintf(fp, "\n %f", b);

fprintf(£fp, "\n %f", q):

fprintf(fp, "\n %f %f %f", gs[0], gqs[1l1, gs[2]):
fclose(fp):;

cout << "\n\tData saved, press enter key to return the main
menu.";

gets(cc);

clrscr(); }

// % Je % J % e de gk g de & de Sk d ok de sk K e ok g ok ok sk Kk v ok ok ok ok ke e ok ok vk ke ok ke de ke ke ke dk e e ke ek kK ok ok ok ok ok ok

/! * ANALYSIS FUNCTION

// * Determine soil type, call subfunction to accomplish

// * calculations, and display results from analysis.

]] KRARKKKKIKXKKKAKKKKKKRARKKRRIRRKRKARRRAANARRRRRKRRRRRR AR K XKk KK

void analysis(void) {

clrscr();

// Enter Width of Pile, Factor of Safety, & Excav. Depth

cout << "\n\n\tEnter the estimated width of the flange of the
soldier pile." << "\n\t (Enter 0 for default setting of 1
foot.) --";

cin >> bf;

if (bf < 0)

{ cout << "\n\tERROR - Width must be positive, Reenter width --
\a";

cin >> bf;}

if (bf == 0) bf = 1;

cout << "\n\n\tEnter the factor of safety for the passive

pressure.'" << "\n\t(Enter 0 for DM-7 recommendation of 1.5.)

cin >> fs;

if (fs < 0)

{ cout <<\"\nERROR - Factor of safety must be positive, Reenter
F.S. -- \a";

cin >> fs; }

if (fs == 0) fs = 1.5;

if (numa) {
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cout << "\n\n\tEnter the depth in feet below the anchor location
that is to " <« "\n\t excavated prior to installing the
anchor. -- " ;

cin >> w; }

clrscr();

cout <<"\n\n\n\t\t\tCA L CULATING";

if (soil_type == 1) sand_analysis();
if (soil_type == 2) clay_analysis();
if (z[0] »>=0) { 1 =1, 5 = 0;
clrscr();

cout << "\n\n\tRESULTS:" << "\n\n\tEstimated width of the soldier
pile is " << bf << " feet.";

cout << "\n\tFactor of Safety for passive resistance is " << fs
<< l'."’.

cout << "\n\tThe wall was excavated " << w << " feet below the
proposed anchor location.”;

cout << "\n\n\t STAGE ZERO MAXIMUM SECTION EMBEDMENT

REACTION(S)" << "\n\t SHEAR MOMENT MODULUS
DEPTH" << "\n\t (£t) (k-£t) (in"3)
(£t) (kips)" << "\n\t ----m-c-cmrmme e
printf( "\n\t %d  %6.1f %6.2f  %6.2f %6.1f

--=", i, z[i-1], M[i-1], s(i-1], D[i-1]);
for (i = 2; i <= numa + 1; ++i) {
printf( "\n\t %d %6.1f %6.2f %6.2f %6.1€ Rl
%6.2f", 1, z[i-1], M[i-1], s[i-1], D[i-1]1, R[O0]1[3]):
for (k = 2; k <= numa; ++k) {
if (R[k-1103]) (
cout << "\n\t\t\t\t\t\t\t R" << k << " = ";
printf£("%6.2£", R[k-11[31); } } ++3; }
printf("\n\nNOTE: Stage 1 moment based on Kiewit criteria is
%6.1f kip-ft.'", Mk[0]);
if (numa > 0) {

printf("\n Stage 2 moment based on Kiewit criteria is %6.1f
kip-£ft", Mk(1l]);
printf("\n and reaction force is %6.1f kips."™, Rk); }

if (numa > 1) printf("\nNOTE: Minimum depth of embedment based
on maximum moment is %3.1f feet.'", Dmin);

if ((D[numa] < 6) || (Dmin < 6)) ¢

cout << "\nNOTE: NYCTA recommends minimum penetration depth of
six feet."; } }

if ((soil_type == 2) && (str_anal == 1))
printf ("\nNOTE: A total stress analysis approach was used.");
if ((soil_type == 2) && (str_anal == 2))

printf ("\nNOTE: An effective stress analysis approach was
used.");

cout << "\n\nPfess the enter key to return to the main menu. ";
gets(cc); }
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// RERKRIKKRIKKKRRIKKRKKIAR KKK IR IRk ok k kA kA kA hk kA Rk kR kkkkkk %
/] * SAND ANALYSIS FUNCTION
/] *
/1 *

Execute analysis for sands
AAAKKRKKRRARKKRRERKKRAKRKARRKRKRRRK KRR KA RIARKRRKKKRKRRK AR KAk kK

void sand_analysis(void) {

// ' 2233232233223 3332322232322 2222222 R 2ttt s ]

// * STAGE I - SAND
J] KEEEKKKKKKKKKKIRRRKK K KRR KKK KIKKARRRRIKK KK RRRRKKR KRR KK IRk Kk k%

j=0; 1i=0; v=0; y=20;
if (numa) hh = anc[j] - w;
else hh = belev;
ka_kp();
strip();
hh = telev - hh;
sigh = Ka*wt*hh*s*hh/2; // Horizontal Stress due to Soil
sigs = Ka*qe*s*hh; // Horizontal Stress due to Surcharge
pp = (3*Kp/fs-Kab)*bf*wtb;
z[0] = O; /* Zero Shear */
u=0;
while

(sigh + sigs + Kab*(wt*hh+ge)*bf*z[0] - pp*z[0]*z[0]1/2 + u > 0)
{ z[o0] z[0] + 0.05;
if (gwt >= (telev - hh )) u = 0.0312*bf*(3*%Kp/fs-Kab)*z[0]*z[0];

else u=20; }
if ( (gwt > telev - hh - z[0]) && (gwt < telev - hh) )
{ z[0] = 0;

while (sigh + sigs + Kab*(wt*hh+ge)*bf*z[0] - pp*z[0]*2[0]/2 +
0.0312*%bf*(3*Kp/fs-Kab)*(z[0]-telev+thh+gwt)*(z[0]-telev+hh+guwt)
> 0) z[0] = z[0] + 0.05; }

v = z[0]; /* Calculate Maximum Moment */ if
(gwt <= (telev - hh - z[0])) u = 0;
else

{ if (gwt >= telev - hh) u = 0.0104*bf*(3*%*Kp/fs-Kab)*viyky;
else u = 0.0104*bf*(3*Kp/fs-Kab)*pow((v-telev+hh+gwt),3); }
M[0] = sigh*(hh/3+v)+ sigs*(hh/2+v)+ Kab*bf*(hh*wt+qe)*v*y/2-
pp*vXviv/6+ u;

s{o] = M[0}/2.4; /* Calculate Section Modulus */

v =0; /* Calculate Depth of Embedment */
u=20; ‘

while (sigh*(hh/3+v)+sigs*(hh/2+v)+Kab*bf*(wt*hh+ge)*v*y/2-~
pp*v*v*v/6+u > 0) {v=v+0.05;

if (gwt >= (telev - hh )) u = 0.0104*bf*(3*Kp/fs-Kab)*viyty;
else u =0; }

if ((gwt > telev - hh - v) && (gwt < telev - hh) ) { v = 0;
while (sigh*(hh/3+v)+ sigs*(hh/2+v)+ Kab*bf*(hh*wt+qe)*v*y/2-
pp*bf*viv*y/6 + 0.0104*bf*(3*Kp/£fs-Kab)*pow((v-telev+hh+gwt),h3)
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> 0) v=uv+ 0.05 }
D[0] v; :

z[0 hh + z[0]: . .
/E : [ Calculate Moment based on Kiewit Analysis
Mk[0] = Ka*qe*hh*s*(hh/2+2)+Ka*wt*hh*hh*s*(hh/3+2)/2; Dmin = 7;
cout << "\n\n\t\t S TAGE 1 COMPLETED."

// % % %k de gk K ok K s Ak kK vk kK Kk ok ke ke kK ok ok ok ok ke ok ke ok ok ok ok ok ok ok kK ok ok o ok ok ok ko ok ok ok ok ke ok

/] * STAGE II - SANDS
[/ EREKRIKKIKKKEKKKKK KKK KKK KKRKARK AR KKK KKK KRR KRR A IARIAA KK IRk KA *

if (numa) { ++1i;

j=1; v=0; y=0;

if (numa == l) hh belev;
else hh = anc[j] - w;

ka_kp();

strip():

hh = telev - hh;

sigh = Ka*wt*s*hh*hh/2; /* Horizontal Stress due to Soil
*/ sigs = Ka*ge*s*hh; /* Horizontal Stress due to
Surcharge */ pp = (3*Kp/fs-Kab)*wtb*bf;

v = 0;

u = 0;

while (sigh + sigs + Kab*(hh*wt+ge)*bf*v - pp*v*v/2 + u > 0) {
v=uv+ 0.05;

if (gwt >= (telev - hh )) u = 0.0312*bf*(3*Kp/£fs-Kab)*v*y;

else u = 0; }

if ( (gwt > telev - hh - v) && (gwt < telev - hh) )

{ v=0; u=290;

while (51gh + sigs + Kab*(hh*wt+ge)*bf*y - ppkv¥y/2 +
0.0312*bf*(3*Kp/fs-Kab)*(v-telev+thhtgut)*(v-telev+hhtguwt) > 0)
v=v+0.05; }

/* Reaction Force */

if (gwt <= (telev - hh - v)) { u = 0; }

else

{ if (gwt >= telev - hh) { u = 0.0104*bf*(3*Kp/fs~Kab)*vkvy*y; }
else { u = 0.0104*bf*(3*Kp/fs-Kab)*pow((v-telev+thh+gwt),3); } }

R[0][0] = (sigh*(hh/3+v)+ sigs*(hh/2+v)+ Kab*(wt*hh+qe)*bf*y*y/2
- pp*v*v*y/6 + u) / (hh+anc[0]-telev+v);

v=0; u=20; /* Zero Shear */

while (R[O][O] - sigh - sigs - Kab*(wt*hh+qe)*bf*v + pp*v*v*bf/2
-u<o0) { v=v+0.05;

if (gwt >= (telev - hh )) u = 0.0312*bf*(3*Kp/fs-Kab)*v*v;

else u = 0;

if ( (gwt > telev - hh - v) && (gwt < telev - hh) ) { v = 0;

while ( R[0][0] - sigh - sigs - Kab*(wt*hh+qe)*bf*y + pp*viy*bf/2
- 0.0312*bf*(2%Kp/fs-Kab)*(v-telev+hh+gwt)*(v-telev+hh+gwt) < 0)

v=v+ 0.05; }

z{1] = v;
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if (gwt <= (telev - hh - v)) { u=0; } // Maximum Moment
else

{ if (gwt >= telev - hh) u = 0.0104*bf*(3*Kp/fs-Kab)*v*v¥y;
else u = 0.0104*bf*(3*Kp/fs-Kab)*pow((v-telev+hh+gwt),3); }
M[1] = sigh*(hh/3+2z[1]) + sigs*(hh/2+2[1]) +
Kab* (wt*hh+qe)*bf*z(1]1*z[1]/2 - pp*z[1]*z[1]*z{1]/6 -
R[0][0]*(hh-telev+anc[0]+z[1]) + u; S[1] = M[1]/2.4;

// Section Modulus

D[1] = 0; u = 0; /* Depth of Embedment */
while (M[l] - Ka*(qe+(telev-anc[0])*wt)*pow((hh-
telev+anc[0]),2)*s/2 - s*Ka*wt*pow((hh-telev+anc[0]}).,3)/3 -
bf*Kab*(qe+hh*wt)*D[1]*(D[l]/2+hh-te1ev+anc[0]) +
pp*D[1]1*D[1]/2*(2*D[1]/3+hh-telev+anc[0]) - u < 0 )

{ p[1] = D[1] + 0.05;

if (gwt >= (telev - hh ))

u = 0.0312*bf*(3*Kp/fs-Kab)*D[1]*D[1]*(2*D[1]/3+hh-telev+anc[0]);
else u = 0; }

if ((gwt > telev - hh - D[1]) && (gwt < telev - hh) ) { D[1] = O;

while ( M[1] - Ka*(qe+(telev-anc[0])*wt)*pow((hh -
telev+anc[0]),2)*s/2 - s*Ka*wt*pow((hh-telev+anc{[0]),3)/3

+ pp*D[1]*D([1]/2*bf*(hh~telev+anc[0]+2*D[1]1/3) -
bf*Kab*(ge+hh*wt)*D[1]*(D[1]/2+hh-telev+anc[0]) -
0.0312*bf*(3*Kp/fs-Kab)*pow((D[l]-telev+hh+guwt),h2)*
(D[1])}+hh-telev+anc[0]-(D[1]-telev+hh+gwt)/3) < 0)

D{1] = D[1l] + 0.05; }

z{1] = z2[{1] + hh;

// Calculate Moment & Reaction based on

Kiewit y = hh-telev+anc[0];

Mk[1l] = Ka*s*y*y*(ge+wt/2*(hh+telev-anc[0]))/9;

Rk = Ka*ge*s*(telev-anc[0]) + Ka*wt*s*pow((telev-anc{0]),2)/2 +
(Ka*s*y*y/2%(qge+wt*(telev-anc[0])) + y*y*y*Ka*s*wt/6)/y;

cout << "\n\t\t STAGE 2 COMPLETED. ";}

// 222 SRR 2SRt s 20 2222 2 2222222222 2 ]

/] * STAGE III - SANDS
// I 2222228 8 8 8 8 83232232322 3022333332883 33333832323 2323 3223232333333

j = 2;
while (j <= numa) {
v=0; y-=0; /* Average Unit Wt & Fricion

Angle */ if (3 < numa) hh = anc{3j] - w;
else hh = belev;
ka_kp():
strip():
sigs = Ka * qge; /* Horizontal Stress due to Surcharge */
sigh = 0.65 * Ka * wt * (telev - hh);
/* Horizontal Stress due to Soil */
for (i = 0; i < 10; i++) { R[i][j-1] = 0; }
for (k = 0; k < j; ++k) /* Calculate Reaction Forces */
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{ if (k < j - 1) H = anc[k+l];
else H = hh;
v = 0
for (i = 1; i <= k; ++i) v = R[i-1][3-1] * (anc[i-1] - H) + v;
R(k]1[3-1] = (pow((telev-H), 2)*(sigh+sigs)*s/2 - v) / (anc[k]-H);
} i =0;
// Calculate point of Zero Shear
v = R[0][3F-1]:
while (v - (telev - anc[i]) * (sigh + sigs) * s > 0 )
{ v = R[++i][3-1] + v;
if (i == j - 1) break; }
z{j] = v / ((sigh + sigs) * s);
v =0; /* Calculate Maximum Moment */
i=0:; M[(j] =
while (telev - anc[1] < z[3j])
{ v =R[i][3-1] * (z[]j] - telev + anc[i]):
++1i;
M[3] = M[3] + v:
if (i == j) break; }
M[3] = M[3] - (sigh + sigs) * s * z[j] * z(j] / 2;
s{j]l = M[31/2.4;
: /* Calculate Depth of Embedment */
v = M[j]; min_D(); D{j] = y:
if (j == numa) { Mmax = M[O0];
for (i = 1; i <= numa; i++) if (M[i] > Mmax) Mmax = M[i];
v = Mmax; min_D(); Dmin = y;
++3;
cout << "\n\t\t STAGE " << j<< "™ COMPLETED. ";
}

—

KdekdkhhkkkhkhhhkhkdhkhhkkhhkhkhkkkkhkhkkxhkXkkkhkhhhkhkhkhkhkkkkkkkkkkhkkkkk

// *

/1l * CLAY ANALYSIS FUNCTION

// * Execute analysis for clays.

// 13 223322332323 22233 232123222323 3323222322222 3 2233333232323 2323 3

void c1ay_ana1ys1s(vo1d) {
fa = 0; j = 0;

// Khkkhkkkhkkhhkhhkhhkkhhkhkhhkhkhkhhkhkkhhkhhkhkkkhkhkhkhhkhkkhkhhkhhhhkkhkkkihikihkk

/] * STAGE I - CLAYS
// I 2222323233 32383 333233323 3333323323333 432 2223224833233 23232323 322

if (numa) hh = anc([0]
else hh = belev;
float hhh = telev - hh;

wt_c_cb(); /* Calculate Average unit wt, ¢, and ¢ base */
strip(); .
zt = (2%ca-qe)/wt; /* Depth of Tension Zone */

if ((6/fs*cb+2*%cb-qe-wt*(telev-hh) < 0))
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{ v = (6*cb/fs+2*cb-qe)/wt;

printf£("\a\n\n\nERROR - Soil will not support the wall below a
depth of %4.2f feet.", v):

z[0] = -1; goto Q; }

if ((hh >= telev - zt) && (zt >= 0))
{ M{0] = 0; z[0] = 0; s[0] =0; D[O] = 0; }

if ((hh < telev - zt) && (zt >= 0)) {

sigh = s*(wt*hhh+ge-2*ca)*(hhh-2zt)/2; /* BActive Pressure */

= (6*cb/fs+2*cb-wt*hhh-gqe)*bf; // Result. Resistance Press.

z{0] = sigh / pp; /* Zero Shear */
M{0] = sigh*((hhh-zt)/3+2{0]) - pp*z[0]*z[0]/2; // Max. Moment
D{O0] = O; /* Depth of Embedment */

while (sigh*((hhh-2zt)/3+D[0])-pp*D[0]*D[0]/2 > 0) D[O] = D[0O] +
0.05;

z[{0] = z(0] + hhh; }

if (zt < 0) {

pp = (6*cb/fs+2*cb-wt*hhh-qe)*bf /* Resultant Resist Pres */
z[0] = ((ge-2*ca)*hhh*s + wt*hhh*hhh/2*s) / pp; /* Zero Shear */

// Max. Moment

M{0] = (ge-2*ca)*hhh*s*(hhh/2+2[{0])+wt*hhh*hhh/2*s*(hhh/3+z[{0])
-pp*2[0]*2[0]/2

D[O0] = /* Depth of Embedment */

while (s*(qe 2*ca)*hhh*(hhh/2+D[0]) + wt*hhh*hhh/2*s*(hhh/3+D[0])
- pp*D[0]*D[0]/2 > 0) D[0] = D[O] + 0.05;

z[0] = 2z[0] + hhh; }

s[0] = M[0]/2.4;

// Kiewit Analysis
Mk(0] =

if (zt < 0) Mk[0] = s*wt*hhh*hhh/2*(hhh/3+2) +
s*(qe-2*ca)*hhh*(hhh/2+2);

if ((zt >= 0) && (zt < hhh))

Mk[0] = s*(wt*hhh+tge-2*ca) * (hhh-zt)/2 * ((hhh-2zt)/3+2);

Dmin = 7; Kp = zt;

// Set zt, stage 1 equal to Kp to compare to zt, stage 2

cout << "\n\n\t\t STAGE 1 COMPLETED. ";

// R RSS2SR 222222222 2222223222222

/] * STAGE II - CLAYS
[] RERERERERKKIKRRRIRKKKKKR KRR KKK KRR KRR KRR KRR Rk KRRk Rk Rk kR k kK&

if (numa) {

3 = 1;

if (numa == 1) hh = belev;
else hh = anc[l] - w;

wt_c_cb();

strip(); ,

zt = (2%ca-qe)/wt;

if (zt > Kp) zt = Kp;

hhh = telev-hh;
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if ((6/fs*cb+2*cb-qe-wt*(telev-hh) < 0))
l { v = (6*cb/fs+2*cb-qe)/wt;
print£("\a\n\n\nERROR - Soil will not support the wall below a
depth of %4.2f feet.", v);
' z[0] = -1; goto Q; }
if ((hh > telev - zt) && (zt >= 0))
{ M[1] = 0; =z[1] = 0; R[O0][0] = O; s[1] = 0; D[1l] = O; Rc = 0;
Mc[1] = 0; }
' if ((hh < telev - zt) && (zt >= 0)) {
hh = telev - hh;
sigh = s*(wt*hh+tqe-2*ca)*(hh-zt)/2;
l pp = (6*cb/Es+2*cb-wt*hh-qe)*bf;
v = sigh / pp: /* 2Zero Earth Forces */
R[0]J[0] = (sigh*((hh-zt)/3+v) - pp*v*v/2) / (hh-telev+tanc[0]+v);
l z[1] = (sigh - R[0][0]) / pP; /* Zero Shear */
M[1] = sigh*((hh-zt)/3+z[1]) - pp*z[1]*z[1]1/2 - R[O0][0]*(hh
-telev+anc[0]+z[1]); D[1] = O;
if (anc[0] > telev-zt) {
' while (M[1] + pp*D[1]*(D[1l]/2+hh-telev+anc[0]) - sigh *
(hh+anc[0]-telev-(hh-2t)/3) < 0)
D[1] = D[1] + 0.05; }
l else {
while (M[1] + pp*D[1]*(D[1]/2+hh-telev+anc[0]) -
s*(ge-2*ca+wt*(telev-anc[0]))* pow((hh-telev+anc[0]),2)/2 -
l s*wt*pow( (hh-telev+anc[0]),3)/3 < 0)
D[1] = D[1] + 0.05; }
z[{1] = z[1] + hh; }
if (zt < 0) { hh = telev - hh;
l pp = (6*cbh/fs+2*cb-wt*hh-qge)*bf;
sigh = s*wt*hh*hh/2;
sigs = s*(ge-2%ca)*hh;
l v = (sigh + sigs) / pp:
R[0][0] = (sigh*(hh/3+v) + sigs*(hh/2+v) - pp*v*v/2) / (hh
-telev+anc[0]+v);
' z[1]) = (sigh + sigs - R[01[0]) / pp;
M[1] = sigh*(hh/3+z[1]) + sigs*(hh/2+z([1]) - pp*z[1]*z[1]/2 -
R[?][0]*(hh-te1ev+anc[0]+z[l]);
D(1] = O;
' while (M[1] + pp*D[1]*(D[1]/2+hh-telev+anc[0]) -
s*(qe-2*ca+wt*(telev-anc([0])) * pow((hh-telev+anc[0]),2)/2 -
. .E.*v]:t*pow((hh-telev+anc[0]),3)/3 < 0) D[1] = D[1] + 0.05;
z[1 o
s[1]

z[1] + hh; }
M[{1]/2.4;

H
\/

hhh-zt; // Kiewit Analysis
telev - anc[0];

y = hhh-telev+anc[0];
Mk(1l] = Rk = 0;
if (zt < 0) { Mk[1] = s*y*y*(qge - 2*ca + wt*v + wt*y/2)/9;
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Rk = s*(ge-2%ca)*v + s*ut*v*v/2 +
sx((ge-2%catwt*v)*y/2+ut*y*y/6); }

if (((zt »>= 0) && (zt >= y)) && (zt < hhh)) {

Mk[1] = s*y*y/9 * (ge-2*ca+wt*hhh)*H/(2*y);

Rk = s*(wt*hhh+qe-2*ca)*H*H/(6*y) & }

if ((zt >=0) && (zt < y)) {

Mk{1] = s*y*y/9 * (qge - 2*ca + wt*v + wt*y/2);

Rk = s*((ge-2*ca+wt*v)*(v-zt)/2 + (ge-2*ca+wt*v)*y/2 + wt*y*y/6);
} cout << "\n\t\t STAGE 2 COMPLETED. ";

// AAKRKREKRE A KKK KRR I KKK KK KRR TR KRR AR AIRAKRKR KRR ARk ARk kX

/] * STAGE III - CLAYS
J] KEEERAKRAKIRKRK IR I KKK RKKI KKK R KNI KRRKR RN RRIRRRN R KRR KK

if (numa > 1) {

= 2;

while (j <= numa) {

double a, h;

if (j < numa) hh = anc[j] - w;

else hh = belev;

wt_c_cb();

strip();

if ((6/fs*cb+2*cb-qe-wt*(telev-hh) < 0))

{ v = (6*cb/fs+2*cb-qe)/wt;

printf£("\a\n\n\nERROR - So0il will not support the wall below a
depth of %4.2f feet.", v);

z[0] = -1; goto Q; }

float Ns = wt*(telev-hh)/ca; /* Stability Number */
for (i = 0; i < 10; i++) R[i]{3J-1] = O;

for (k = 0; k < 3; k++) (

if (k < j - 1) H = anc[k+1];

else H = hh;

h = telev - hh;
a = telev - H;
v.= 0;

if (gwt > H) u = 0.0104*pow((gwt-H),3)*s;
else u = 0;

for (i = 1;
(Ns <= 6)

{ if (a < h/4) sigh = 1l.6*wt*pow(a,3)/6;

if ((a >= h/4) && (a <= 3*h/4))

sigh = 0.05*wt*h*h*(a-h/6) + 0.2*wt*h*pow((a-h/4),2);

if (a > 3*h/4) sigh = wt*pow(h,2)*(0.05*(a-h/6) + 0.2*(a-h/2))
+ 0.4*wt*pow((a-.75*%h),2)*(h-2*%a/3); }

if (Ns > 6)

{ Ka = 1 - 4*ca/(wt*h);

if (a < h/4) sigh = 2*Ka*wt*a*aka/3;

else sigh Ka*wt*h*h/8%(a-h/6) + Ka*wt*h*pow((a-h/4),2)/2; }

R{k][3j-1] (s*qe*pow((telev-H),2)/2 + s*sigh - v + u) /

i <= k; i++) v = R[i-1][3-1] * (anc[i-1] - H) + v; if
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(anc[k]-H); }

v = 0; /* Calculate point of Zero Shear */
u=0; 2[j] = 0; _ ‘
for (i = 0; i < numa; i++) v = R[1][j-1] + v;

if (Ns <= 6) {

while ( v + 0.05*%wt*h*h*s - (ge+0.4*wt*h)*s*z[j] - u > 0) {

z[j] = z[3] + 0.05;

if (telev - z[3j] <= gwt) u = 0.0312*s*pow((z[jl-televtgwt),2); }}

if (z[j] > 3*h/4) {

while (v- s*ge*z[j] -u - s*(0.25*wt*h*h+ wt*(h-0.8*z[j]) *
(z[j1-0.75*%h)) > 0)

{ z[3] = z[3j] + 0.05;

if (telev-z[j] <= gwt)

u = 0.0312*s*pow((z[j] - telev + gwt),2); } }

if (Ns > 6) {

while ( v + s*Ka*wt*h*h/8 - s*(Ka*wt*h+ge)*z[3j] - u > 0)

{ 2031 = z[j] + 0.05;

if (telev-z[j] <= gwt) u = 0.0312*s*pow((z[j]-telev+gwt),2); } }

v =0; /* Calculate Maximum Moment */

M[3] =

for (i = 0; 1 < j; ++i)

{ v="R[i]J[3-1] * (2[j] - telev + anc[i]):

M[3] = M[3] + v;

if (Ns <= 6) {

if (z[j] <= 3*h/4) sigh = 0.05*wt*h*h*(z[j]-h/6) +
0.2*wt*h*pow((z{j]l-h/4),2);

else sigh = 0.05%wutxh*h*(z[3]-h/6) + 0.2*wt*h*h*(z[j]l-h/2) +

0.4*wt*pow((z[jl-.75*h),2)*(h-2*2[3j]/3); }
else sigh = Ka*wt*h*h/8*(z[j]-h/6) + Ka*wt*h*pow((z[j]-h/4),2)/2;
if (gwt > telev-z[3j]) u = 0.0104*s*pow((z[j]-televtguwt),3

else u = 0;

M[j] = M{3] - ge*s*z[jl*z[j]/2 - sigh*s - u;

s(j] = M[jl/2.4

D[j] = O; /* Calculate Depth of Embedment */

if (Ns <= 6) {

if (ancf[j-1] >= telev-3*h/4)

sigh = 0.4*wt*h*pow((.75*h-telev+tanc[j-1]1),2)/2 +
0.05*%yt*h*h*(5*h/6-telev+anc[j-1]);

else sigh = 0.8*yt*(h-telev+anc[j-1]) *
pow((h-telev+tanc[j-1]1),2)/3; }

else sigh = Ka*wt*h*pow((anc([j-1]-hh),2)/2;

if (gwt >= anc[j-1])

u = 0.0312*(gwt-anc[j-1])*pow((anc(j-1]-hh), 2)*s +
0.0208*pow((anc[3j-1]-hh),3)*s;

if ((gwt > hh) && (gwt < anc[J 1]))

u = 0.0312*pow((gwt-hh),2)*(anc[j-1]-hh-(gwt-hh)/3)*s;
if (gwt <= hh) u = 0;

while (M[j] + (6*cb/fs+2*cb-qe)*bf*D[jl*(D[j1/2+(anc[j-1]1-hh)) -
sigh*s - s*ge*pow((anc{j-1]-hh),2)/2 - u < 0)

92



D[j] = D[j) + 0.05;

++3;

cout << "\n\t\t STAGE " << j<<" COMPLETETD. ";}}
if (numa > 1) { Mmax = M[0]:

for (i = 1; i <= numa; 1i++)

if (M[i] > Mmax) Mmax = M[i]; Dmin = O;

while (Mmax + (6*cb/fs+2*cb-qe)*bf*Dmin*(Dmin/2+(anc[j-2]-hh))
- sigh*s - s*ge*pow((anc[3j-2}-hh),2)/2 - u < 0)

Dmin = Dmin + 0.05; } Q: 1 = 0; }

// 2383333333283 33223 2222000002222 2220232322222 2223233238223
/] * KA_KP FUNCTION
// * Cal. average unit weight, friction angle, and Ka for cut.

// * Calculate unit weight, friction, Ka, and Kp for base soil.
// 2222222223283 422322 888 8820023233232 3333 33332222232 31

void ka_kp(void) {
for (k = 0; hh < soil(k+1]{0]; ++k)

{ if (k >= (nums-1)) break;

v = soil([k][1l] * (soil[k][0] - soil[k+1][0]) + v;

y = soil[k][2] * (soil[k][0] - soill[k+1][0]) + y; }
v = v + soil[k](1] * (soil(k][0] - hh);

y =y + soil[k][2] * (soil[k][0] - hh);

wt = v / (telev - hh);

fa =y / (telev - hh);

l = nums - 1;

while (hh > soil[l1][0]) --1;

fab = soil[l][2]);

wtb = soil[1][1];

Kp = pow(tan((45 + fab/2)*pi/180),2); /* Calculate Ka & Kp */

Kab = pow(tan((45 - fab/2)*pi/180),2);

if (b == 0) { Ka = pow(tan((45 - fa/2)*pi/180),2); }

else { Ka = pow(cos(fa*pi/180),2)/(cos(fa*pi/270)*pow(l+sqrt
(sin(fa*pi/108)*sin((fa*pi/180)/(cos(fa*pi/270) *
cos(b*pi/180))),2)); } }

// 222 X222 2222222222 22222222 2322222282222 22332222228 2

/] * MIN_D FUNCTION

// * Calculate min. embedment depth for stage III1 of sand excav.
J] KEEERERERIKK KKK RRRR IR RERAARRARRRRRRRARRRARRRRR AR AR KRR

void min_D(void) { u =y = 0;
while (v + Kp/fs*1.S5*wtbxbfXxy*y*x(2*%y/3-hh+anc[j-1])
- (sigh+sigs)*(anc[j-1]-hh)*(anc[j-1]-hh)*s/2 - u < 0)
{ y=19 + 0.05;
if (gwt >= hh) u = 0.0936*bf*Kp/fs*y*y*(2*%y/3-hh+anc[j-1]);
else u =20; }
if ((gwt > hh - y) && (gwt < hh) ) { y = 0;
while (v + Kp/fs*l.S5*%wtb*bfxy*y*(2*y/3-hh+anc[j-1]) -
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(sigh+sigs)*(anc[j-1}-hh)*(anc{j-1]-hh)*s/2 - 0.0936%bf*
Kp/fs*pow((y-hh+gwt),2)*(y-hh+anc[j-1]-(y+gwt-hh)/3) < 0)
=y + 0.05; }

I 2R 2222223 233333222222 Rt i 2 a2t i i 8 2 i oo s 2 S

b4
//
/] * WT_C_CB FUNCTION

// * Calculate average unit weight and cohesion for cut.
//

//

* Also calculate average cohesion for base soils.
232238535 5222222 83222223 0882383233888 83 3553 3802200288222 23 24

void wt_c_cb(void) {

Ka = 1;

v=0; y=0;

for (k = 0; hh < soil[k+1][0]; ++k)

{ if (k >= (nums-1)) break;

v = 8s0il[k][1] * (soil[k][0] - soil[k+1][0]) + v;

y = soil[k][2] * (soil[k]([(0] - soil[k+1]{[0]) + y; }
v = v + soil[k][1] * (soil[k][0] - hh);

y =y + soil[k][2] * (soil{k][0] - hh);

if (str_anal == 1) u = 0;

else { if ((gwt > hh) && (j < 2)) u = 0.0624*(gwt-hh);

else u = 0; }

wt = (v + u) / (telev - hh);

ca =y / (telev - hh);

int ij, jk; // Calculate the average cohesion over 20 ft.
ij = jk = nums-1;

while (so0il[jk][0] < hh-20) --jk;

while (soil[i3j][(0] < hh) --i7j;

if (ij == jk) cb = so0il[ij][2];

else { y = 0; v = hh;

while (ij < jk) {

v = v - soil[ij+1][0];

y = v * soillij][2] + y;

v = soil[++ij][0]; }

cb = (y + (20 - hh + s0il[ij][0]) * soil[i3j][2]) / 20; } }

12 2222822222222 2222322222222 3222322222222 2223322223322 223220

] *

/] * STRIP FUNCTION

/ * Transform strip load to an equivalent surcharge load and
] *
] *

add to the surcharge load.
KRR AR R KRR EIRKERRR KRR R RREARRRARRRRRRRRRRRARA KRR Rk R

NN

void strip(void) {

double 01 = atan(qgs(2]/(telev-hh));

double 02 = atan((qs{l1]+gs{2])/(telev-hh));
qe = 2*qs(0]/(pi*Ka)*(02-01) + q; }
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T S T 2 2 2 £ 3 22222 R 2T 2222222322231 1IT T

/1 *

/] * ANCHOR FUNCTION

// * Perform analysis for wale section modulus, and bonded and
/] *
/1 *

unbonded length for tieback anchor.
*************************************************************

void anchor(void) {

clrscr();

cout << "\n\tEnter the spacing of the anchors. -- ";
cin >> 4d;

cout << "\n\n\tEnter the angle of the anchors. -- ";
cin >> ang;

cout << "\n\n\tSelect soil type:"

<< "\n\t Type Soil Description SPT N Value"

<< "\n\n't 1 Fine to medium sand 12 - 30"
<< "\n\t 2 Medium to coarse sand 20 - 45"
<< "\n\t 3 Sandy Gravel > 45"
<< "\n\n\t 4 Medium Clay 4 - 8"
<< "\n\t 5 Medium Stiff Clay 9 - 11"
<< "\n\t 6 Stiff Clay 12 - 15"
<< "\n\t 7 Stiff to Very Stiff Clay 16 - 20"
<< "\n\t 8 Very Stiff Clay 21 - 30"
<< "\n\t 9 Very Stiff to Hard Clay > 30"

<< "\n\t":
while ((type = atoi(gets(cc))) <= 0 |} type >= 10)
{ cout << "\n\t" << cc << " is an incorrect response.\a";

cout << "\n\tReenter soil type. -- ";

for (i = 0; i < numa; ++i) /* Cal. Wale Section Modulus */
{ v=20;

for (3 = 0; j < numa; ++3) { if (v < R[i][3]) v = R{i][3]; }
swlii] = v*d*d/ (l4.4 * 8);

P(i] = v *d / (s * cos(ang*pi/180)); // Ccal. Anchor Length
switch (type) (

case 1: L[i] = pow(1l0,((P[i]+68.9)/147)); break;

case 2: L[i] = pow(1l0,((P[i]+74.5)/182.4)); break;

case 3: L[i] = pow(10,((P[i]+144.2)/298.2)); break;

case 4: L[{i] = P[i]/3.14; break;

case 5: L[i] = P[i])/4.71; break;

case 6: L([i] = P[i]/6.28; break;

case 7: L[i] = P[1i]/7.85; break;

case 8: L[i)] = P[i]/9.42; break;

case 9: L[i] = P[i]/11.0; break; }

/* Calculate Unbonded Length */

ul{i] = ((anc[i]-belev)/sin((45 + ang + fa/2)*pi/180)) * sin((45
- fa/2)*pi/180); }

clrscer();

cout <« "\n\t OUTPUT FROM WALE AND ANCHOR ANALYSIS\n"
<< "\n\nSpacing of the anchors is " << d << " feet." <<
"\nThe anchors are set at an angle of " << ang << " degrees."
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<< "\nThe anchors are set in ";
switch (type) {

case 1: cout << "fine to medium sand."; break;
case 2: cout << "medium to coarse sand."; break;
case 3: cout << "sandy gravel."; break;
case 4: cout << "medium clay."; break;
case 5: cout << "medium stiff clay."; break;
case 6: cout << "stiff clay."; break;
case 7: cout << "stiff to very stiff clay."; break;
case 8: cout << "very stiff clay."; break;
case 9: cout << "very stiff to hard clay."; break; }
printf£("\n\n ANCHOR SECTION MODULUS ANCHOR
ANCHOR UNBONDED") ;
printf( "\n ROW OF WALE (in~3) CAPACITY (kips)
LENGTH (ft) LENGTH (ft)");
for (i = 1; i <= numa; ++i) {
printf("\n %2d %4.1f %4.0f
%4.1f %4.1f", i, sw{i-1], pP[i-1], L[i-1],
ul(i-1]1); }

if ((type >=1) && (type <= 3))

cout << "\n\nNOTE: Tieback capacity is based on pressure
injected anchors using an" <<'"\n effective grout pressure
in excess of 150 psi with a diameter” <<"\n between 4 to
6 inches and depth of overburden greater than 13 feet.";

else

cout << "\n\nNOTE: Tieback capacity is based on post-grouted
anchors using an effective”" <<"\n grout pressure in
excess of 150 psi with a diameter of six inches.”:

for (i = 0; i < numa; ++i) { if (ul[i] < 15) (

cout << "\n\nNOTE: FHWA/RD-82/047 recommends a minimum unbonded
length of 15 feet."; break; } }

bp = 3;

cout << "\n\n\nPress the enter key to return to the main menu.

getS(cc); }

// S22 R22 2222222223222 2323232222322 22222

/] * SAVE FUNCTION

// * Save the results from the various analysis functions.
]] KEKEEIKKKKKKRKRKRIAKKKKIKKKRRRKRKKKRKRRRRRRRRRRRRRRRRRRRRR AR KR

void save(void) {

FILE *xp;

clrscer();

cout < "\n\tEnter filename to save the data. -- ";

gets(filename);

while ((xp=fopen(filename,"r")) != NULL) {

cout << "\n\tThe file already exits, do you want to overwrite it?
(Y/N) -- \a";
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gets(cc);

c = toupper(cc[0]);

switch (¢) {

case 'Y': break;

case 'N': clrscr():

cout << "\n\tReenter the filename. -- ";
gets(filename); break;

default i

cout << "\n\t" << cc << " is an incorrect response, try again.
- \au'.

gets(cc);

¢ = toupper(cc[0]): }

if (¢ == 'Y') { ¢ = "x'; break; } }

xp = fopen(filename, "w+");
fprintf (xp, "\n\n");
fprintf (xp, "\t
KRAKKARIKIRIRAKIRIKKAKKKAKRKRKRK KKK KRKRKRRRRKKAKIRR \ ") ;
fprintf (xp, "\t
*

* \nll) ;
fprintf (xp, "\t
* Design of Soldier Pile and Lagging * \n");
fprintf (xp, "\t
* In Accordance with NAVFAC DM-7 * \n");
fprintf (xp, "\t
* * \n");

fprintf (xp, "\t
% % K dk ok K K J de de kK Kk gk K e K de g Kk dk do kK K gk de ok K Ak gk Kk gk de ok Ak ok k& de ok dk ek k ok ok \n") ;
fprintf (xp, "\n\n\tI. WA LL PROPERTTIESsS\n");
fprintf (xp, "\n\tl. Engineer: %s", engineer);

fprintf (xp, "\n\t2. Project: %s", project);

fprintf (xp, "\n\t3. Date: %s'", date);

fprintf (xp, "\n\t4. The elevation of the top of the excavation
is %4.2f feet.", telev);

fprintf (xp, "\n\t5. The elevation of the bottom of the
excavation is %4.2f feet.", belev);

fprintf (xp, "\n\t6. The number of anchors is %d.", numa);

if (numa) {

fprintf (xp, "\n\t The anchors are located as follows:\n");
fprintf (xp, "\t\tAnchor\tElevation (feet)\n");
j=0;

for (i = 0; i < numa; ++i) {fprintf(xp, "\t\t %24\t
%5.2£\n", ++j, anc[i]): } } '
fprintf (xp, "\n\t7. The spacing of the soldier piles is %3.2f
feet.”, s8);
fprintf (xp, "\n\n\n\tII. S O I L PROPERTTIES");
fprintf (xp, "\n\n\t8. The elevation >f the water table is %6.2f
feet.", gwt);
fprintf (xp, "\n\t9. The soil properties are as follow:\n");
fprintf (xp, "\n\t Soil Type Elev Unit Wt
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Friction Angle");
fprintf (xp, "\n\t
or Cohesion"); j = 0;:
for (i = 0; i < nums; ++i) {

fprintf (xp, "\n\t "),

if (soil_type == 1) fprintf (xp, "sand");

else fprintf (xp, "clay"):

fprintf (xp, " %$7.2f %1.4¢f $5.2f",
soil[j]1[0], soil[j][1], soil[j][2]);

j++: }

fprintf (xp, "\n\n\tl10. The slope of the ground behind the wall
is %2.2f degrees.", b);

fprintf (xp, "\n\tll. The surcharge load is %3.3f ksf.", q);
fprintf (xp, "\n\tl2. The strip load is %7.2f ksf, %4.2f feet
wide,", gs[0], gs(1]):

fprintf (xp, "\n\t and located %5.1f feet from the wall.",
gqs2]1);

fprintf (xp, "\n\n\n\tIII. WALL ANALYSTIS RESUL
T s").

fprintf (xp, "\n\n\tl3. Estimated width of the soldier pile is
%$3.2f feet.", bf);

fprintf (xp, "\n\tl4. Pactor of safety for passive resistance is
$3.1£.", £s);

fprintf (xp, "\n\tl5. The wall was excavated %3.1f feet below
the proposed anchor location.”, w);

fprintf (xp, "\n\n\tlé6é. STAGE ZERO MAXIMUM SECTION
EMBEDMENT REACTION(S)"):;

fprintf (xp, "\n\t SHEAR MOMENT MODULUS

DEPTH" ) ;

fprintf (xp, "\n\t (ft) (k-£ft) (in"3) (ft)
(kips)"):

fprintf (xp, "\n\t ------------------"occe -

fprintf (xp, "\n\t = 1  %6.1f %6.2f  %6.2f %6.1f

. 0 -""1 Z[O], M[O], S[O]I D[O]);

J = H

for (i = 2; i <= numa + 1; ++i) {

fprintf (xp, "\n\t %d %6.1f %6.2f %6.2f $6.1f

Rl = %6.2f£", i, z{i-1], M[i-1], s{i-1], D[i-1], R[O0][3]));

for (k = 2; k <= numa; ++k) {

if (R[k-11(3]1) (

fprintf (xp, "\n\t\t\t\t\t\t\t R%d = ", k);

fprintf (xp, "%6.2f", R{k-11(3j]1); } }

++3; }

fprintf(xp, "\n\n NOTE: Stage 1 moment based on Kiewit criteria
is %6.1f kip-ft.", Mk[0]); )

if (numa > 0) { :

fprintf(xp, "\n Stage 2 moment based on Kiewit criteria
is %6.1f kip-ft", Mk([1l]);
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fprintf(xp, "\n and reaction force is %6.1f kips.",Rk);}
if (numa > 1)

fprintf (xp, "\n\n NOTE: Minimum depth of embedment based on
maximum moment is %3.1f feet.”", Dmin);

if ((pP[numa] < 6) i} (Dmin < 6)) {

fprintf (xp, "\n\n NOTE: NYCTA recommends minimum penetration
depth of six feet."); }

if ((soil_type == 2) && (str_anal == 1))

fprintf (xp, "\n\n NOTE: A total stress analysis approach was
used.");

if ((soil_type == 2) && (str_anal == 2))

fprintf (xp, "\n\n NOTE: An effective stress analysis approach
was used.");

if (bp > 2) {

fprintf (xp, "\n\n\n\tIV. A NCHOR A ND WALE R ES
ULTS");

fprintf (xp, "\n\n\tl7. Spacing of the anchors is %3.1f feet.",
d);

fprintf (xp, "\n\tl8. The anchors are set at an angle of %3.1f
degrees.", ang);

fprintf (xp, "\n\tl9. The anchors are set in ");

switch (type) {

case 1: fprintf (xp, "fine to medium sand."); break;

case 2: fprintf (xp, "medium to coarse sand."); break;
case 3: fprintf (xp, "sandy gravel."); break;

case 4: fprintf (xp, "medium clay.'); break:

case 5: fprintf (xp, "medium stiff clay."); break;

case 6: fprintf (xp, "stiff clay."); break;

case 7: fprintf (xp, "stiff to very stiff clay."); break;
case 8: fprintf (xp, "very stiff clay."); break;

case 9: fprintf (xp, "very stiff to hard clay."); break; }

fprintf (xp, "\n\t20.\n");

fprintf (xp, "\n ANCHOR SECTION MODULUS ANCHOR

ANCHOR UNBONDED") ; '

fprintf (xp, "\n ROW OF WALE (in"3) CAPACITY (kips)

LENGTH (ft) LENGTH (ft)");

fprintf (xp, "\n ~—----mcmmmem e e e

---------------------------- ");

for (i = 1; i <= numa; ++i) {

fprintf (xp, "\n %2d %4.1f %4.0f
%4.1f %4.1£", i, swli-1]}, P[i-1], L[i-1],

ul{i-11); }

if ((type >=1) && (type <= 3)) {

fprintf (xp, "\n\n NOTE: Tieback capacity is based on pressure
injected anchors using an"); '

fprintf (xp, "\n effective grout pressure in excess of
150 psi with a diameter");
fprintf (xp, "\n between 4 to 6 inches and depth of

overburden greater than 13 feet."); }
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else

fprinté (xp, "\n\n NOTE: Tieback capacity is based on post
-grouted anchors using an effective");

fprintf (xp, "\n grout pressure in excess of 150 psi
with a diameter of six inches."); }

for (i = 0; i < numa; ++i) { if (ul[i] < 15) {

fprintf (xp, "\n\n NOTE: FHWA/RD-82/047 recommends a minimum
unbonded length of 15 feet."); break; } } }

fprintf (xp, "\n\n\t\t\tE N D OF ANALYSTIS");

fprintf (xp, "\n\n");

fclose(xp):

cout << "\n\tData saved, press the enter key to return to the
main menu. "; gets(cc);

J] KREKEKEKKEKEKKKKKKKKKKK KKK KKK KKk kkhkkkkkk ok kAR KKk KKk kk kR Kk

/] * END OF PROGRAM
// KKK KRA KKK R KRR KRR AR AR KRR KRR Ak kK hkhkkhkkkdkhkkkkkk
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APPENDIX C

CALCULATIONS AND EQUATIONS

101




ANDS :

Ka= TaN"(4%-2/2)

cos? (@ -9)

— LEveL BAK i

Ka. =

For. SLOPED RACKE:

P - FocTio ANGLE

Cos* B oy (B +5) it fsw(wsﬂ);w?a;-/é)/w(e +o) cov(6 ',9)7]{

Lo WHERE

£ - SLOPE oF BackeILL

O - INCLINATION of WAL S — FRICTMON ANGLE BETWEEN PILE ¢ Soil

Sseving D= 0Q° aND 9=22/2 B Ka caN BeE REDUED TO

_ Cost@

CoV(2d/3) [\ + | s (s¥/2) s (§ B/ o (19/3)cov 8 1?

FalLRe Sweesce = 45+ 272 A
e
le—L
Kp= TANT(45 + g/2) y .Pz
A 4549
THEQEFOCJE )
K;%
Ja= Ks¥Z & Pa-= Ka.YH?'/Z PoﬁKach.
Tp= Kerz PASSIVE R&\STANCE  ATs on %5 *S
Tbg _
3bgw | by K‘t
STAGE T: ] ¢

ZeRO SHEAR.: SN= B= Ka i H¥/2%S +Kag HixS + Kay(sH )by Z

SOWE For *.

- (?:Kp/&s -KabY 2 by Ez/ 2

Mix Mowam , $ M3 = Kad Hi72#S(W/3+32) +K19H\*5(H|h+%)

+ Keab (BH +&) bt Z72—(3Keks -K8b)du be 23/,

102




STa@e [L: 72 or More ANCHCRS. LN
Cw= 0.65 Ka¥Hs3 ha.4—> '
' i L]
ASSumg YRz —> ! !
Re actioN Foeces— PINNED — </ :
2 Sh v ) 0—4—1
IMpg, = R\“(A'L"AO —(ﬂ-*-l(a T)’)SAZ/Z =g ) VES AT A
< BASE .
R = '—é(ﬁa—KaQ\T)AZEJ/Z(AL-AQ KerlZ

Smury, Re = [S (01,+ Kaﬁ)H}l/z - Rt(H';‘A\)] /(HS -Ad)
QR

RA.. = [5’ (ﬁ*’K;‘()Afﬂ/z - A'Z/ Ry (A}-H_A;r)] /(A/H -AA.)

ZERO SHEAR,8V=0= R, K7 — /UT\+7Ka)S-E

w7 =R+ R o, g
IR

Z= g.K..;/(TH 9Ks)3

Maw MoMENT , Mz = Ry (- A\) + o (2-A2) - (i +Kaq)52™7/2
0. W= gtz‘/a-Am - (14 Kaq)s 2%/2

Ms ﬁ .
DePTH oF E£MeeDMENT, D Yl X4
TM;=0=Ms 4’3;(?/{'3(65 B\ (/3 +1H3*A}\ | ~s
—(Oh+ 963) 8 (us-A; ‘
3 Hs Ad’) /7_, T; x 3b
Sol\E AR D.
103




DEPIK OF EMBEDMENT: IMo=@

TMG= Fa (/3 +D) xS + Py (/2 D) ws pKau (6 )b 0%

— (B¥elss -Kau) br b 03/ = &
Sowe Fowe D

sAae IL: | smuy

FPAINT OF Zipe NET (zce _v EMBedoep Pile AND AsSumg

HINGED AY THar FoiNT (ZER, msnian ).

ZFPy=0= RaxSt+ PyeS + Ko byx(irrHo¥) X - (3ofhs Kbyt X727

Sowve Foz. Y. ~
eactioN Foece t mj—+
Ri =L Paes (He/s #X) £ Pyes(idz/2 ¢ X) o
KDt (F +H2B) W2 - (3Ke/4s —Kon)x w2
bs Xb)(s/éj / (HL‘A\ & )(\ Ieby  Leb

by

xS

Ht-b_;

ZERO <UesR., 2V = 0= R - Py - Pq - Kay( g+ Wl )2+ (ke -Joa) by 1o 2-/2

Sowe FPir Z.

M. MOMEJT, $M== Ri(Hi- A L) + (ke Ko byt /6 - fa(hef3 +3)
—Pi(Ho/2 +) - Kob(q+tht) b 22

Depth oF cuBEDMENT : M. e

S

T Mu= Mg +(3kp-Kalby 3 224 (Ha-Ai+ 10/3) :
:

~ Kl +h 1) ho-ATrS/2 — _—]

¥ag) RAY TAl

:
0\ bo

KaS¥(H2-A)3/3— Kab (q +Ht)x
D(D/2 +Hu-Abs = 2

Sove Fire D.

_M=xz2

M
eoneed <s=cTioN MUDMS, S = /0’3 T 08¢36

S=. M/2.4 (1v3), wHere M ny KFT.

104




CLAYS:

HelaHT oOF TeNsSiod ZEONE,
e = (Zc‘ﬂ)/ ¥
WHERE 2L ><1
ELSE Ze =0.

Qa= ¥Z-2C+9 -

dp = ¥&+12C
NET Passive KesisTweeE Below BoTTom

OF CuT: %l*/

DM -7 uniwem Besicncg oF 2.C % 3bg ,
WITH FACToR. ov Sarery (fs) AL
dp' = 6Cby /s

s = (Qt gH -2c)* bt
NEGLEX Sow. ResisunE (B2)

NET PP = op'= %l = (6C/fs +2¢ -q- HR)* bt

IF bclfst2c <9+ Hp > SOW Wi NoT SuPPorRT THE WAaLL.

STaGE T : Nester Tolsioh Zowg 12
IF z2e Y A\ — 0 =9 \
£ 2x { Al — Oa=3H+q-2¢ ' WHq-2e

Pe

ZERD SHEAR., V =0= Gax(H, -2&)/2 ¥S —ppz
2= Ta*(Hi-20S/2pp

105




: s
l |

Max  MoMewr, TNz I Tas(U-T8)/2 =S #( H':‘ v2) - pp % 2Y2
DcPTH OF EMBEDMENT; D
TMp=0= G (Hi-Lal¥s/2 #(*5%¢0) ~ ppr DY/2

SOLVE FEor D

§-1¢
IF Z& O = N0 TENZow ZoVe FT
ZERD SugaRo, V=0 =(q-2OH S+ suTs/2 - ppe by
2 = [(q-H 3+ ﬁH“S/?_]/PP [—‘;,
MM MOMENT, LMz = (4-2e M3 (Hyz +3) ¢ PP

YHE/2¥S(H\/2+2) - pp 272

DeP™ of EMBEDMENT, TMWMup=0

S‘(y«ZC)H, ‘%‘-+D)+ SHZ/2*S (H\/34D) - PP v/2 =¢

SOLVE FoR D

N
STa6E TL:  Ze70 Ber Z¢ < (o7 samom -
NET Zero Freces ON EMBebpeb PILE, TF,=0
S(YHL t+9-2¢)(Ho-2e)/2 ~pP* X =0
X = s(3H2+q-28)( Ha-14)/2pP "

Reacriod Force , Ry— TM

5 (YHe+q-2e)(He-2e)/2 # ( e LX) -ppaxY2 - R (He-Al+X) = §

PONT OF ZERO SHeAw.
LN =0 = Slath tq —ZC)(HL—ZQ/Z_ “ppxE — Ry

Z =[s(sHzt q-Lc.V“'L"Lt)/Z— - R]]/PP

106




‘ i
! .

'

H*.;'_t N q:)

|

‘ Max. Momelt, TML = S(¥Hz +9 -2c)(H-Ee)/1 ¥(
| —pp % T/2 —Ri*(Hi-Al+2Z)
i
i

DerU oF EMBEDMENT {”L n
S TMa =B Ms*’PP*D* Dzt He-AD) -
, Se (-2 r AN Ha-aP/2 - R
25%x¥(m-A)76 . IE
. COVE FOR D -
|

e < P

NET ZERO Foeces, ZFy=3(3h7/2)+S(q-1M - pprx-2.
X = L SsHY2 +5(4-2<)H]/ pp
ReAcTioN \foaca TM=0.

Rl = [ sodi/2fuys+x) + $(q-20 M (Wav x) - PPX"/'&]/(HL‘A\-*)Q

V1 of lers SHEAR , ZV =0
Z=[csHE /2 +3 ([4-2€)He - R\1/pp

MAX . MOMENT, Mz = seiifz » (W3 +2)t S(q-2c)Hu(H/r + )
— pp¥ 22 - Ri(Hz -Al+ 2)

DU of EMBEDMENT, SAMeE AL Ze70 Foe.
STAse IT.

107




STAGE 111 :

Stasiury Numeer N = THY

CASE A: (£ Ns 44— Th=lo¥z  wieze 2402
—

= 0-2cH WHE2E H/3 &4 2= < 3/4
= .66 (H &) whizRe £ 3H/4

CAsE B: IF Ns7L — In=1Kag Z WHERE 24 H/4
Th= KaYd WHERE Z > H/4
Kaz | =4mC/sH  wHEre M= I.

IF NoD4 Bur Ns £6 — KKE LARAcR F TWO STRESSES.

ReacTioN Foece .

= ES*E- Tn*Ag Y +359 AALJ'I /2 = R4 “(Ajr - A A'-/)]/( Ajw -A; )

LocATION 5 1
0F_ANCHOZ. STRESS case A . 7
AL <H/4  1qaX = Los(Aing 2

< AL<3a = 00STH(Adnr - Y4) + 0. LoH(Ai = T
AL 7 3u/4 =0 0SR (A -%)w.uH‘(dm- ") + L

0.-40( Aiv ~01SH Y (n-s Ain)

STRESS Chse B

PP
MWA 5 ZAK = 2Kax ALy /3
Ai v W4 = KaYHYR * (40 ~HE) + KawtwA L * (A4 - ¥4)/2.
Z2ERDO SHeEAR . Zfy=0
USE A:
V =52i— S (0.0500% +0- $8H(2 ~ﬁ/4)) SqQR=F WHEKE Z& M4
O,
V <2Ri-S#(025TH? +¥(H-0'8Lw(Z -0.75H)) - S¥q & =0
whEreE Ev’%

108




i

BECO SHEARZ — CASE A+
V=g, -S[Kkav Btk TH (2 -Wa)] ~Seqz <o

MAX . MOME!\}-r S Mz = Muag
CASE A—» & S 3Iv/4.,
SMe=3Rik (=- AL - S ¥’<( 25/7_ - sk [o0srHt ¢ 2-06) + 0. LR (2 - H’/f”
&> 3H/4

IMz= TR« (Z-Al)— S 272 = Sclocsube(a-hg) ro-20H(2-w/z) +
0-44(2-01SH*(H-2%/2) ]

f

CASE B

TUe = s (Z-A) - 84 /L —S* ks x(z- He)+HarH 2 (24 ]

DEPTH _CF  ENBe DMENT

PP= (6c /£s +1c -9 Yoy xD ¥ (D/2+H -A)) NEGLECT Sou PRESSYRE
BELDW <UT.
CASE A |, Ay <3H/4:
IMa; = Mo + pp—3e Lo 4¥H (075U -4;5) + 0- 0StH* (SWe-Ax )] = 2

AJ 7 3H/A4 -
ZMaj = Mg+ Pp -3 [o 8% (H-Aéf)g/3 T =g

CAasc B
T Maj=Ms+pPp- S+[KaoHx (H-A)?42 =9
SOLWE PR D

109




/QEJ/ it Cetema

STase T & T ONWY.

Suee T |
ASsime [FwveEr BetmeEN Z2-3 FT WL w
BELow Borro ot Cur & "Tg H
NeaLecy soi— Resistmce BeLow ]

BsTronA OF EXCAVATION » I
ASsomg pavep Z°3
Eelow BTM v Ut
A : (use 7 FT)

Me = Ka SE{H%(H/Z.%-Z) + arH‘L/'L(l'l/’!ﬁ‘?'ﬂ

CLAYS -
F Ze<® > My = SaHT2 (H/3+2) +s(qe-T)h (W2 +2)
IF Ze >0 —> My, = C(gH +qe -2ckH-2e)(z % (H-2d/2 + 2)

oraGe I

MaX. MOMENT , Mmex = w L%/ *§

WHeds W is 7ue Adettbe feessote on The Pon)
EEtow 13E ANEHoR—., ANP

D 15 THE Laveth RBeTWEEN The AneHor
AMD THE Porrem oF 1HE cur

SAD: ; ﬂg
MV_1..=S*[ Aet YA+ (H—ADK/L]*

( H-a)*/9

110




1

Kiewr Criterias (onmivueb)
CLAYS
1 Zo <0 ->Mey= oxlqe 2ct b+ T(HAL] (H-ADTD

F f= 705 Ze Ao
Mez = 6*[@(@ -2 +xH) * (4 ‘;,f;)/(Z_‘-(H -/(:))]*(H»A:)l/g

IF Eez0f ZL<A —
Meo= S *[(qe 20+ 341 + ¥ (p-af) ¢ (H-AD Y/

ReUrioN Foe 1S Aicusmeds By Assomld
FIWED CONNECTIONS AT TI6* dNetwk (eocdTio

AND BoTrom oF TUE Cur.
)\ [
SANDS: w{m,
2= KaSe[ Al + AT 1”

KBf—' Ka S ,(-[(HA AI)’?’L* (19 ’U/AI) + (H -4 )3#\5/6]/(“ ’AO >
z&s ZA-#— e

CLAYS
If Ze <O— Rie= Se[(qe-2)Al+ TAF L + (14-1c+u|)(H-A|)/z_ —+

¥ (H-aD>/6 |
If Ze30 & Ze 74 >
Re= Se[(qe —zu-?sH)*{H-th}/AJ/(H‘A') |
\f Ze70 & ZelA —

K= g [(72 -Zc + Unl)( A|‘Et)/’b- + (qe -2¢+ XA')(H'A‘)/L
t+ Y H-8)/6]

111

i
.
|
i




STRIP LoaDsS

CONWEET STEIP loap Fhessure TO
UNIFoEMN FPRESSURE.

P= 2qxh/m % (0. -8)
g Br = Tan ' (arb/W)  (espuwms)
B = Tan™ (b/l—-,) (esp1a Ps)

73 o P/h

" Qe = 29/T * (&<- 6).

112
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* *
* Design of Soldier Pile and Lagging *
* In Accordance with NAVFAC DM-7 *
* *
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WALL PROPERTTIES

Engineer: D'Amanda

Project: Sand Example #1

Date: 21 September 1991

The elevation of the top of the excavation is
250.00 feet.

The elevation of the bottom of the excavation is
215.00 feet.

The number of anchors is 3.

The anchors are located as follows:

Anchor Elevation (feet)
1l 245.00
2 235.00
3 225.00

The spacing of the soldier piles is 4.00 feet.

SOIL PROPERTTIES

The elevation of the water table is 0.00 feet.
The soil properties are as follow:

Soil Type Elev Unit Wt Friction Angle
or Cohesion
sand 250.00 0.1100 30.00

The slope of the ground behind the wall is 0.00
degrees,

The surcharge load is 0.500 ksf.

The strip load is 5.00 ksf, 20.00 feet long,
and located 50.0 feet from the wall.

WALL ANALYSIS RESULTS
Estimated width of the soldier pile is 1.00 feet.

Factor of safety for passive resistance is 1.0.

The wall was excavated 1.0 feet below the proposed
anchor location.
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16. STAGE ZERO MAXIMUM SECTION EMBEDMENT REACTION(S)
SHEAR MOMENT MODULUS DEPTH

(ft) (k-£ft) (in"3) (ft) (kips)

1l 11.0 57.53 23.97 9.5 -—-
2 22.9 59.63 24.84 5.8 R1 = 31.24
3 20.5 71.43 29.76 5.4 R1 = 53.13
R2 = 43.68
4 30.0 73.45 30.60 5.7 Rl = 66.10
R2 = 51.41
R3 = 658.76

NOTE: Stage 1 moment based on Kiewit criteria is 43.5
kip-£ft.
Stage 2 moment based on Kiewit criteria is 44.2
kip-ft and reaction force is 27.2 kips.

NOTE: Minimum depth of embedment based on maximum
moment is 5.7 feet.

NOTE: NYCTA recommends minimum penetration depth of
six feet.

IV. ANCHOR AND WALE RESULTS
17. Spacing of the anchors is 8.0 feet.

18. The anchors are set at an angle of 5.0 degrees.

19. The anchors are set in medium to coarse sand.
20.

ANCHOR SECTION MODULUS ANCHOR ANCHOR UNBONDED

ROW OF WALE CAPACITY LENGTH LENGTH
(in"3) (kips) (ft) (ft)
1l 73.4 133 13.7 16.6
2 57.1 103 9.4 11.0
3 65.3 118 11.4 5.5

NOTE: Tieback capacity is based on pressure injected
anchors using an effective grout pressure in
excess of 150 psi with a diameter between 4 to 6
inches and depth of overburden greater than 13
feet.

NOTE: FHWA/RD-82/047 recommends a minimum unbonded
length of 15 feet. '

END OF ANALYSTIS
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* *
* Design of Soldier Pile and Lagging *
* In Accordance with NAVFAC DM-7 *
* *
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WALL PROPERTTITES

Engineer: D'Amanda

Project: Sand Example #2

Date: 21 September 1991

The elevation of the top of the excavation is
10.00 feet.

The elevation of the bottom of the excavation is
-10.00 feet.

The number of anchors is 2.

The anchors are located as follows:

Anchor Elevation (feet)
1 5.00
2 -5.00

The spacing of the soldier piles is 4.00 feet.

SOIL PROPERTTIES

The elevation of the water table is 0.00 feet.
The soil properties are as follow:

Soil Type Elev Unit Wt Friction Angle
. or Cohesion
sand 10.00 0.1100 30.00
sand 3.00 0.1150 35.00
sand -4.00 0.1180 38.00

The slope of the ground behind the wall is 12.50
degrees.

The surcharge load is 0.000 ksf.

The strip load is 0.00 ksf, 0.00 feet long,
and located 0.0 feet from the wall,

WALL ANALYSTIS R E'S‘U LTS
Estimated width of the soldier pile is 1.00 feet.

Factor of safety for passive resistance is 1.0.

The wall was excavated 1.0 feet below the proposed
anchor location.
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16. STAGE ZERO MAXIMUM SECTION EMBEDMENT REACTION(S)
SHEAR MOMENT MODULUS DEPTH

(ft) (k-ft) (in"3) (ft) (kips)

1 10.9 32.85 13.69 9.7 ---
2 23.6 43.25 18.02 6.6 R1 = 23.56
3 17.5 12.32 5.14 3.8 Rl = 44.37
R2 = 24.65

NOTE: Stage 1 moment based on Kiewit criteria is 25.2
kip-ft.
Stage 2 moment based on Kiewit criteria is 44.3
kip-ft and reaction force is 18.9 kips.

NOTE: Minimum depth of embedment based on maximum
moment is 1.7 feet.

NOTE: NYCTA recommends minimum penetration depth of
six feet.

IV. ANCHOR AND WALE RESULTS
17. Spacing of the anchors is 9.0 feet.

18. The anchors are set at an angle of 10.0 degrees.

19. The anchors are set in fine to medium sand.
20. .

ANCHOR SECTION MODULUS ANCHOR ANCHOR UNBONDED

ROW OF WALE CAPACITY LENGTH LENGTH
(in"3) (kips) (ft) (ft)

1 27.7 45 6.0 7.4

2 15.4 25 4.4 2.5

NOTE: Tieback capacity is based on pressure injected
anchors using an effective grout pressure in
excess of 150 psi with a diameter between 4 to 6
inches and depth of overburden greater than 13
feet.

NOTE: FHWA/RD-82/047 recommends a minimum unbonded
length of 15 feet.

END OF ANALYSTIS

128




Assume. Fs=1 & b= |
SV=0=Fr+ Kap(YH)bgy T — Koy FS ~Kal) 8 bs #ZHh-

+ Kp/Fs-Kew)¥w bE (2-1)/2

=6.?>\ + 10 %6 )ele2 —(G-13) 1 \* )22 +

(§-¥z)(0-0624Y 2 1) /2.

= 631 + 0222 — o4 2" + 0.27 Q=) =p

(0.9 &\

Max. MornadT ; Muex= T2

Z=49ft + h=

Erta= Pgx( 3 + 2)+ Koo (V) bpe 22— (3¢0FFs i) Thy 276

+ (3KeFs —GL) % by (2-)¥6

129

I l 1' -
PG ' oc-
SaD EXAMPLE 2 e e
l [0 ~~ - = Ts®
$Ar4D. s
l Sioed BacrFlu— 5 —> 3'_=“'~¢:r # - o5
¥=Spcy 373G~ o
Koo L2 F -5 —> i
. Con(‘fvﬂ/:,)ﬁf@{:mnswﬁ"- PPN
Vor(2pp) Con 4 —0
|| o “
SHSE Z: o=
l de= Il0pcE = O.l16 ke
ﬁc = 30° oy
l fg=0-luo£c}@#;:3o’ 4 —EL‘L'K__ g 3
' Ka= 0.354
' K2 Tad* (45« d1) = 3 Kay= /3
I PT of Zerp SHEAR.: Kag HES
R=KaBHYL %S =525 1X6)72 ¢
. = 6.3 Krg - CatH =
l KeTD&+Zby




il |

ZMz= 5.3\ (5/3 + 4-‘3) + V2 1x6) % 43Y7 - (zes-a)(AD)x 4376
+ (253 -r2)0-0624 (4.9 -1)7¢
Maay = 32.83 . & N
Q= Mua [2.4= 13.063 (N3 N\
EMBEPMENT DEPTH: ZMy=9.
SMp =63\ (2+ DI+ (1% 6) =DV = (3- RI(ID) DYt (3- f5Jo-%24) - I)7 -§

=z &.31(14D) + 011D ~ 015303 + 0.09p-1)° =B

D= 9.6 FH M
STaGe IL: , 4,;,
Ywe = [7xC-\ +7T%0-115 + 2x0-18]/\6 5 >
= 0-\132 ke Ség;’“ﬂ-'
Pus = 33.2° Ce = R
Tp=O-\18 £ gp= Zp°
Ka.= 03978 Q-
Kp= 4.204 £ Kaz=0-73% *s
DETERMNE PT WHEBRE NET 3“7 by

VoCES 68 EmBEDDED PILE
L ASSvm& tHiN &

= KashY72 »S = 0-078% 1\31x 1672 X9
= 40-14x

(SEo/fs- Kan) be(f-U) = pp = (Sx4.209 - 0-239)%) ¢(0-118 -.0624)
pPp= 0 688 k/frr
TFy= Pa+ KayBHX —pp* XY 2
= 4014 +0.23%3% 011324 6 x — 0. 6BR X5
= 40.4+ 0-933 X —0.344 K% ——> X = [].5 FT

130

|




|

ReactioN  Foece ( assumE Amrep 47 X, &
ZeER© Mo.v\e,\)"r\.

M= Paxlh[3+a) + Ko, oHX%- pp x3/6 ~Ri(11+X)= 2
= 40.14(16/3 + I.5) + 0. 4331972~ 0.62¢(11:5) s - p\ (n+11.5)= P

= 530 - LSRR\ \ro — R =22%.S5 [<|PS\(

ZERO SHEeEAR
sv=o= P+ KavTHZ - PPeT2 - RI= ¢

=40-144 0433 2-0.3442=-2355=0
2 |6.64 +04332-0-3442% _, 2=7-6(+H6-23~6\

MAX MoMenT

ZMz = Pg*(h/‘s+E\ + Kavgh 2% "PFZ}/é - K (|{+£)
=40 M(16/z+7.6) + 0433 (1.6)2 - O-628(7.6)76 - 23.55(114+7.6)

MMAX:“‘%-%O K'H\ S‘ Mnu/ZA = |3.25 lrls\l
eMBeMet Deprdl M
(‘\ Ad:G

ZMa = Mudk + Pp*D/2 %(2o3 ¢ 1) ,
—Kas Al iz~ as 1 x(RepS
~Ka,sh 0 (Drz+0)pp=p

=43.8+ 03440 (20/3 )= 0307850\ 132 S* 11/2 £ 3
= 0.3078 (0-132) V13 (/)3 - 0-239(0 13NN (16 DY(D/2+11) = &

= -1%0.2 i—O.‘Q‘\\AAD"'(LW?,-r\\) ~ 04330 (Df2+11)
D=6-6HA

131




BN Ew OGS S SN S an SN N BT AN M Gn aD an an o Em | e

STAGE T :
. 7¥0- + T 0-0S+46%0-118 —

e 20 _ |
= 01114 \g,c_(, > —‘j

Pavs = 34.15° f

Zb=|18k.c.-(' Z¢L:36° -5 ':

Ka= 0-1%3 /0 I

Ke= 4.204

%u_: 0-65 Ka 25“%: O.ése(gw‘iS\(os[“‘)(/z_O)*%

= 594 keF

A,
e’ﬂé LL A)-

Reavion Foecoeg

Ri= R*AZ /2 (m-A) = 399 %15%/2()5-5)
Ri=44.33 &N
Re.z [Gsh/2 - By (n-a)] /(h-Ax)

= [3.94 *20"1.— 44.33% (20 ~5\]//’2.o—/5)
Rz= 246/ N
2l SHesr.

SV=o =Rl +R~-agr»%
z =(44 .33 +Z4.(>l)/3~34 —> 2= H-Sf\
MA\( Mouan' Z™M 3 |
SMa= R (2-A) + By (z-a2)— g3 242
=44.33(17.5-5) + 24.6((17.5-15) - 3.94 11575
Mumax = 234 k4N
S= Muw/2.4 = 504 W\ 132




EMBEPMENT  [ZgPTH

ZHan = My + SkofesttbDY2 (204+5) - T(5)72 =
= 12394 ¥ 4.204 « 00DV (2D(2+9) “3%4 (35
= =369 4 C.33DV(P(213)=&

= 3-75FT N

DM —»vusg M= 43.8

SMa 2 -5.45 + 03506 b+ (104 +5)= P
Dh:; Iﬂé FT\‘

CANTILEVER. AMLKIS (NoT WNewdoeD i ProdM)

cTisE]
”ﬂ:‘: SKas L /e = 9% 0.354«01lox /6

= 2.2 k- FT\
STAGE

p= KBS0 «(x5-52%x+42°)(1-02  v=4

H

0-3078 % 0"'31’*%o;e(55.—g(;6)45 . 4*/6‘)/(:6-5)3
P=150T7k\
Mux= S¥332¥%6 — P(2-X)
= 9x0.307gx 01132 162/ — 15-07 (16-5)
Mw.= 4B.30K
Wiewrr ANALYS:S

<1< !
=2Z5.7 k-FTY\

133




SHUag Z
M= Kas(H-4) ¢« 72 (HfA,)/g
= 03078 %x9( 11" *CLUL_3L('6+'5)/9
Men = 44.277 K £\

R = KazSAY2 ¢ [was(H-aVA (bA) + (H-AF (s 35/6]//’/"‘/)-
= 6.2073%0-1\37-% 9 (5)7'/2_ -+
[0-2078%9( 1)Y/2. (+132¢5) + (13)(0.3073)(0-1132) 3/{%, 5

Be,= [6-87 £\

ANCHOR S

2 nar = 4433«
Brmm = 24-6lk

SPAULG 0F ANTHoRS »d= D e
INCLIAJATION ANGLE — © = |0°

ANcHow. CapaCITY Foro Tor Row, /), = 44-33*(%>/O)'3’/O°

Uy = 450 £\ L smerna ot A foug

Ancuosa C,Aﬂng:f‘?‘\ pr- BTMm Row) U= 24-61 %CQ/,)/@«/D' e
U= 25.0eN

ng MEDIWVM SAND: L T /p @r+683)/m87
(254£9.
L= 10MSHOR W £, 0N et
Lars SISFT L2 43FFTN

sw(15-t2)
UNBoNDEP LeangTH: [y = (4-Ai)* Se(®14m+6)

Ly, = (20-5) ¢ SME5-3472) 1y v g5 4 341502 +10)
Lu = T7-4 FT\

134




L2 = (10-15) sy (45-24015/2) /S (45 + 34.15/2 +(0)
Lu,= 2.46 FY \c

Ware Section Mobuius:

Sw = Ru dzﬂf-‘!s

Low \:

Swe= 4423 x% 25/14.9.9
Sen= Z77 >
oo 2

Sva, = 24-61X 3¥/14.4 »9
Swe= /5.4 183 N

£pod.

135




($,} W N

II.

10.

11.
12.

I11I.

13.
14.
15,

' 2123332232233 33 3332222322222 22 2222422222822 222 2 ¢

* *
* Design of Soldier Pile and Lagging *
* In Accordance with NAVFAC DM-7 *
* *

I ZX2 2232222242222 222222 R 2222 2R 2222

WALL PROPERTTIES

Engineer: D'Amanda

Project: Clay Example #1

Date: 21 September 1991

The elevation of the top of the excavation is
100.00 feet.

The elevation of the bottom of the excavation is
60.00 feet.

The number of anchors is 3.

The anchors are located as follows:

Anchor Elevation (feet)
1 90.0u
2 80.00
3 70.00

The spacing of the soldier piles is 5.00 feet,

SOI1IL PROPERTTIES

The elevation of the water table is 0.00 feet.
The soil properties are as follow:

Soil Type Elev Unit Wt Friction Angle
or Cohesion
clay 100.00 0.1100 0.50
clay 85.00 0.1200 1.75

The slope of the ground behind the wall is 0
degrees.

The surcharge load is 0.750 ksf.

The strip load is 5.00 ksf, 10.00 feet long,
and located 50.0 feet from the wall.

WALL ANALYSTIS RE S.U LTS
Estimated width of the soldier pile is 1.00 feet.
Factor of safety for passive resistance is 1.0.

The wall was excavated 1.0 feet below the proposed
anchor location.
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16. STAGE ZERO MAXIMUM SECTION EMBEDMENT REACTION(S)
SHEAR MOMENT MODULUs DEPTH

(£t) (k-ft) (in"3) (ft) (kips)

1 13.6 119.25 49.69 7.5 ---
2 24.3 91.14 37.98 2.1 Rl1 = 44.13
3 25.1 150.38 62.66 2.2 Rl = 194.47
R2 = 80.75
4 34.7 123.01 51.25 2.1 R1 = 211.11
R2 = 103.15
R3 = 128.81

NOTE: Stage 1 moment based on Kiewit criteria is 137.1
kip-ft.
Stage 2 moment based on Kiewit criteria is 65.8
kip-ft anc reaction force is 29.1 kips.

NOTE: Minimum depth of embedment based on maximum
moment is 1.9 feet.

NOTE: .NYCTA recommends minimum penetration depth of
six feet.

NOTE: A total stress analysis approach was used.
Iv. ANCHOR AND WALE RESULTS
17. Spacing of the anchors is 5.0 feet.

18. The anchors are set at an angle of 7.5 degrees.

19. The anchors are set in stiff to very stiff clay.
20.

ANCHOR SECTION MODULUS ANCHOR ANCHOR UNBONDED

ROW OF WALE CAPACITY LENGTH LENGTH
(in”"3) (kips) (ft) (ft)
1 73.3 213 27.1 26.7
2 35.8 104 13.3 17.8
3 44.7 130 16.5 8.9

NOTE: Tieback capacity is based on post-grouted
anchors using an effective grout pressure in
excess of 150 psi with a diameter of six
inches.

NOTE: FHWA/RD-82/047 recommends a minimum unbonded
length of 15 feet.

END OF ANALYSTIS
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* Design of Soldier Pile and Lagging *
* In Accordance with NAVFAC DM-7 *
* *
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WALL PROPERTTIES

Engineer: D'Amanda

Project: Clay Example #2

Date: 21 September 1991

The elevation of the top of the excavation is
1637.00 feet.

The elevation of the bottom of the excavation is
1614.00 feet.

The number of anchors is 2.

The anchors are located as follows:

Anchor Elevation (feet)
1 1630.00
2 1620.00

The spacing of the soldier piles is 6.00 feet.

SOIL PROPERTTITES

The elevation of the water table is 1637.00 feet.
The soil properties are as follow:

Soil Type Elev Unit Wt Friction Angle
or Cohesion
clay 1637.0 0.0626 0.75

The slope of the ground behind the wall is 0
degrees.

The surcharge load is 0.000 ksf.

The strip load is 0.00 ksf, 0.00 feet long,
and located 0.0 feet from the wall.

WALL ANALYSTI s RESULTS
Estimated width of the soldier pile is 0.75 feet.

Factor of safety for passive resistance is 1.5.

The wall was excavated 1.0 feet below the proposed
anchor location.
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16. STAGE ZERO MAXIMUM SECTION EMBEDMENT REACTION(S)
SHEAR MOMENT MODULUS DEPTH

(£t) (k-ft) (in"3) (ft) (kips)

1 0.0 0.00 0.00 0.0 ---
2 23.5  5.39  2.24 5.1 Rl = 4.26
3 20.0 41.81 17.42 4.4 Rl = 65.60
R2 = 65.84

NOTE: Stage 1 moment based on Kiewit criteria is 0.0
kip-ft.
Stage 2 moment based on Kiewit criteria is 16.5
kip-ft and reaction force is 2.5 kips.

NOTE: Minimum depth of embedment based on maximum
moment is 4.4 feeot.

NOTE: NYCTA recommends minimum penetration depth of
six feet.

NOTE: A effective stress analysis approach was used.

END OF ANALYSTIS
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