








CHAPTER 1

INTRODUCTION

1

The body of work called variously Earth Retention, or Shoring, or Geo Support,
or Sheeting has historical roots. Earth Retention, as we know it today, has been
the amalgamation of construction technologies, equipment innovations and engi-
neering analyses borrowed from many other disciplines. The real coalescing of
these roots into a distinct discipline did not occur until well into the latter part of
the 20th century, but now represents literally billions of dollars of work annually
in the United States alone. 

Earth Retention systems are created by a contractor drilling, driving and exca-
vating, and an engineer investigating, analyzing, predicting, measuring and con-
firming. The innovations of the past have come together in the 20th century to form
a critical mass which has evolved into the shoring industry as we know it today.

PILING AND PILE DRIVING 

We may never know how those first timber piles, found in Swiss lakes, which
supported stilt type houses from the period of 3000 BC were installed, but we
assume that in some manner they were driven into the ground. Pile driving was
born. We do know, however, that the Greeks were driving piles in 1000 BC and
that later the Romans also performed pile driving. The driving of timber piles
continued through the ages. Just when piles were first used for their lateral capac-
ity as a retaining wall is open to conjecture. It may have been for fortifications
where parallel lines of vertical timber piles were installed and fill was placed
between them to create breastworks. 
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Advancements in shoring occurred when the timber piles used as retaining
walls were replaced by squared timbers with tongue and groove joints for tighter
fit. Later, several timbers were ganged together to form Wakefield sheeting. This
form of tight sheeting survived until the early 20th century, when the patenting
of steel sheet piling rendered timber sheeting obsolete. Steel sheet piling wasn’t
really put into extensive use until after World War I. 

Piling was driven with drop hammers up until the introduction of air and
steam hammers in 1845 in this country. The driving of steel sections appears to
have begun around 1880, about the same time as the introduction of the shoring
system called the “Berlin Method,” named for the city of its origin. This was the
origination of soldier pile and lagging. Soldier piles were primarily installed by
impact driving in the U.S. until well into the 1950s. The first drilled soldier piles
in Toronto were not installed until the early 1960s.

While the use of the vibro hammer was pioneered by the Russians in the 1920s,
it really didn’t reach the U.S. market until the 1950s. Originally, “vibros” were  chain
driven, electric devices. These were modified and redesigned in the U.S. in 1969
with the revolutionary introduction of the hydraulic vibratory hammers which are in
use today. Most sheet piling is currently driven this way. In a parallel development,
the sonic hammer or bodine hammer was introduced in the early 1960s. While show-
ing great promise, the sonic hammer never gathered widespread support and so
remains one of those good ideas which never fulfilled its advance billing.

The diesel piledriving hammer, invented in Germany in the late 1930s, came
into use in the U.S. in the 1950s. It, together with the vibro hammer, largely
replaced air and steam hammers for driving soldier piles. 

DRILLING

A Chinese building code of 1103 AD records the use of excavated shafts as a
form of foundation and it is generally accepted that all civilizations have exca-
vated holes as a way of forming foundations. Hand excavated pneumatic caissons
were first used in France in 1839, and in the U.S. in 1852 for the excavation of
bridge piers. The first recorded use of the pneumatic caisson for a building in the
U.S. was 1893 in New York City. In a parallel development, a formalized process
of foundation production was instigated in the 1880s called the Gow Caisson or
Chicago Caisson. This was a hand-dug hole, large enough for a man to enter,
which was shored as excavation progressed. Instead of excavating to water and
calling it a well as man had done since the dawn of time, pit miners sank shafts
to a good bearing layer and called it a caisson.

Just when this hand excavation method was first used for underpinning is
open to question, but there is recorded evidence of underpinning including tem-
porary shoring of a retaining wall in France in the 1690s. With the onset of exten-
sive building construction, which included significant substructures, in the urban
cities of America in the 1880s, it can’t have been long afterward that underpin-
ning was required and the hand-dug underpinning pit was born.
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The mechanical drilling of shafts began in Texas in the 1920s when horse-dri-
ven augered shafts were installed to overcome expansive soils which bedevilled
the local builders. The early 1930s brought the first power-driven auger rigs and
the drilled shaft industry took off. When the first soldier pile was installed by
drilled methods in lieu of driving is open to argument, but by the late 1950s sol-
dier piling, by the drilled and placed method, was becoming popular.

SOILS INVESTIGATION

The first recorded Standard Penetration Test (SPT), which of course was not stan-
dard at the time, was performed in a wash bored test shaft in 1902. By 1914, it
had become standardized and is one of the many in situ tests which engineers
now use to evaluate the soils in which excavations are made. A variety of cones,
penetrometers, pressuremeters, and piezometers in use today all provide the input
values for the analysis used for design of shoring.

ANALYSIS AND DESIGN

At the risk of leaving out significant parties, the shoring engineer can look back
over a few seminal points in history to identify the basis of the design methods
we use today. In 1770s Coulomb produced his theories on design for retaining
walls and many are still in use. By 1857, Rankine had developed Earth Pressure
Theory based on active and passive pressures. Some of his diagrams are still used
to design cantilever and single level of bracing shoring. 

It has been noted that by 1906 a Mr. J.C. Meems was writing about earth
pressures in trenches and, although his work has largely been disregarded, it
indicates that the profession was looking for ways to rationally design excava-
tion support systems.

In 1943, Dr. Karl Terzaghi wrote papers on Wedge Theory and, as a result of
work with strut loads on deep cuts in the Chicago Subway, he and Dr. Ralph Peck
developed the diagrams that are used today for multi level bracing systems. With
the advent of reinforced earth (1950s) and soil nailing (1970s), different methods
of analysis were developed and engineers now often use Limit Equilibrium meth-
ods to solve their earth retention problems.

MEASUREMENT

The first recorded installation of steel struts in a shored excavation was 1926.
Prior to that time, timber strutting had been used. It is a credit to the thoughtful-
ness of those early engineers, that those struts on the first job were instrumented
with strain gauges. 
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Movement of excavations, which originally were measured against fixed
baselines with levels and transits are, with the invention in the U.S. of the slope
indicator casings in 1958, being monitored with much more accuracy. Global
Positioning (GPS) methods, which really found their way into construction in the
1990s, have eased the problems involving measurement which used to require
careful maintenance of fixed monitoring points.

SLURRY 

The use of slurries to maintain stability in an otherwise unstable hole was born in
the petroleum industry in 1914 when it was found that deep holes could be stabi-
lized with slurries of natural material. The use of bentonite was originated by the
oil well drilling industry 1929 and adapted for use in the drilled shaft industry in
the 1950s. This technique, together with the driving of casing, made common-
place by the vibro hammer, has massively influenced the expansion of drilling in
materials otherwise considered to be inappropriate for shaft excavation. 

The first slurry trench cutoff walls for ground water control were installed in
the U.S. in 1948 and the first structural slurry walls were constructed in Italy in
1950.  Structural slurry walls did not appear in the U.S. until 1962. The
hydrofraise excavation methods were derived in Europe in 1960 and the method
arrived in U.S. in 1970. 

TIEBACKS

While anchorages were recorded in Europe in 1874 and tiedowns made up of dri-
ven piles and screw piles are recorded in this country as early as 1902, the first
drilled, post tensioned tiebacks were actually installed in Algeria in 1934. Drilled
anchor technology for permanent anchors did not reach Europe until the 1950s
and the U.S. until the 1960s, although there is some record of the use of driven
beam tiebacks in the 1950s in the U.S.

Prior to this time, lateral earth pressures in deep cuts were restrained with
either struts or rakers. In fact, until the end of World War II, most internal brac-
ing utilized timber. 

The first tensioned mechanical screw anchors were installed in U.S. in 1963,
and drilled and belled anchors were installed in Toronto in 1965. In the
early1960s, Europeans began investigating the development of frictional capac-
ity in soil anchors and by the end of that decade regrouting techniques for anchors
were being used in Europe.

Driven casing methods, for the purpose of installing anchors, were first intro-
duced in 1970 in Europe and soon thereafter in the U.S. Today, the majority of
anchors are installed with some form of what is now called duplex drilling which
involves advancing a casing simultaneously with the drill bit.
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With this onslaught of drilled anchors came specifications and consensus doc-
uments. The Post Tensioning Institute (PTI) issued its first recommendations for
soil and rock anchors in 1976 and in 1991 the International Association of Foun-
dation Drilling (ADSC) recognized the work of anchored earth retention as being
within the scope of its responsibilities.

DEWATERING 

During the 1890s, the work of installing deep foundations for major buildings in
waterbearing sands in New York was being performed by Pneumatic Caisson
methods.  In this method, hand excavation was carried out under air pressure
within an enclosed box. This is not to say that these were the first sunken cais-
sons. Sunken masonry caissons are recorded as early as 1204 AD in Egypt. The
first evidence of an excavation where an attempt was made at keeping the exca-
vation dry, which we would now call the cofferdam method, was recorded in
1753 in France. In 1768 an unwatering project was attempted utilizing an under-
shot waterwheel to develop pumping power. The first real attempts at deep
dewatering were not made in the U.S. until 1927, and the technique really did-
n’t become commonplace until after World War II when a tremendous building
boom enveloped the country.

SECANT WALLS 

The first use of secant walls is recorded in the 1920s in Europe but it was not until
1950 in the U.S. when continuous pile walls, as they were called, were installed.
The 1970s brought forth the introduction, in Japan, of soil/cement mixing tech-
nology. Methods were devised to perform mixing to considerable depths. This
method, now referred to as the Deep Mixed Method (DMM), was first introduced
into the U.S. in the early 1980s, but it wasn’t until 1986 that a large commercial
application was performed. DMM is now commonly used to create deep secant
pile walls for earth retention purposes. This technology has a number of uses as
a ground improvement tool which bodes well for its continued use. Soil mixing
relies on a knowledge of rheology gained from the grouting industry to assist in
its many applications.

SOIL NAILING

Although the Romans appeared to be exercising a form of soil nailing when they
drove timber piles for slope stability improvement, soil nailing as we know it was
first introduced in France in 1972 and in U.S. the in 1976.
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MICROPILES

Micropiling was first developed in Italy in the early 1950s where it was used as
a method to repair war damage. The first North American application of micropil-
ing came in Canada in 1971 and micropiles were installed followed soon there-
after in the U.S. in 1973.

COMPUTERS

Not only has the proliferation of computers in the 1980s and 1990s changed the
face of data logging when measuring earth retention performance, every engineer
and contractor has one on his/her desk. The tool to deal quickly with the tiresome
iterative solutions so inherent in moment calculations, or to optimize strut con-
figurations, or to solve limit equilibrium problems is at the engineer’s finger tips
today. Engineering calculations are far less burdensome than even 25 years ago.

THE INDUSTRY

With the onset of the building boom in the 1880s in the U.S. came the formation
of specialized foundation companies which performed subgrade works. Because
the solutions of the time involved a more integrated relationship between tem-
porary works and the completed structure, these companies performed all the
foundation work. It would have been impossible to separate the work of exca-
vating a pneumatic caisson from the subsequent construction of the footing or
wall within the caisson. With this specialization came the creation in the early
1900s of specialty engineering firms who performed soils investigations and
foundation designs.

As the shoring industry developed, the shoring schemes became less inte-
grated with permanent construction. In North America, the work of soldier pile
and lagging was initially performed by general contractors who utilized the ser-
vices of structural engineers for design and piling contractors as subcontractors
for the installation of the driven soldier piles. However, by 1960 the practice of
shoring had advanced to the point where engineers with specialized skills in earth
retention design could support themselves on a steady diet of this type of work.
At the same time, specialty contractors staffed with civil engineers had taken over
the construction of complete shoring systems and were offering those systems on
a design-build basis.

As one can readily see, the pieces of the puzzle that go together to form the
knowledge and skill base of the shoring engineer and contractor come from
many roots.  Some are home grown, while many have been taken from foreign
lands and different industries. The 21st century is bringing added technological
change in the form of methods designed to reduce the amount of open cut nec-
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essary to construct today’s infrastructure. These methods include microtun-
nelling, New Austrian Tunnelling Methods (NATM), trenchless technology and
directional drilling. In spite of this, there can be no question that the amount of
earth retention work will continue to expand. Newer innovations and additions
will continue to change and refine the part of earth retention in underground con-
struction, but the earth retention industry will remain a dynamic industry peo-
pled by innovators. 
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CHAPTER 2

TYPES OF EXCAVATIONS

9

While the ultimate purpose of the excavation does not define the shoring which
may be required to protect it, the type of shoring used often defines the type of
excavation which may be undertaken. The life cycle of an excavation has a large
input into the decision as to which method is used. Excavations which will only
be open for a very short period of time are often shored with very different meth-
ods than might be used for longer periods of time. In fact the length of time that
an excavation is open may determine if it is shored at all. 

Excavations are shored for a variety of reasons. They may be shored to limit
the amount of overexcavation required when sloping the sides of the cut. They
may be shored to protect the personnel who enter and work within the excava-
tion. Shoring may be placed to protect adjacent property such as buildings, utili-
ties or property for which no easement is available. Shoring also may be installed
to minimize the excavation and therefore maximize the usable property around
the excavation. In doing so, close access for hoisting into the excavation and stor-
age of materials slated to be used in the excavation can be enhanced. 

2.1 TRENCHES 

Trenches are long narrow excavations, usually deeper than their width, which are
intended to be open for a brief period of time. Trench excavations are often made
for the installation of utilities (see Figure 2.1), but may also be used to install
water cutoff barriers or drainage elements.
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Utilities such as telephone, gas or electricity which do not rely on a hydraulic
gradient are usually quite shallow and the grade of these utilities will often fol-
low the surface profile of the adjacent ground. Shoring requirements for these
utilities are usually restricted to vault structures where valving or connections are
made. The depth of the trench is often shallow enough (see Chapter 16; OSHA
Regulations) to permit personnel access without shoring. Connections, which
need to be made to discrete pieces of pipe or cable, are often made prior to low-
ering the line into the trench, thereby eliminating the risk associated with placing
personnel in the trench. 

Sewers are usually installed in trenches but, contrary to the trenches used for
the previously mentioned utilities, these tend to be quite deep. Sewers generally
are based on gravity flow principles and this tends to drive the sewer ever deeper
into the ground. Sewer construction is made up of distinct pieces of pipe which
must be spliced or coupled, generally by personnel in the trench. In an urban
environment, the opportunity to lay back the side walls of the trench is usually
restricted and as a result, some form of shoring is usually required. Chapter 16 of
this book—OSHA Regulations 29 CFR 1926 Subpart P—Excavations, details
requirements for excavations not supervised by an engineer. Appendix B of these
regulations details sloping requirements for trench sidewalls. 

Water lines are pressurized systems and as such do not need to follow gradi-
ents the way gravity lines do. They tend, however, to be deeper than electric and
gas in order to provide protection against freeze/thaw problems and disruption or
damage from later adjacent excavation. Similar to sewer lines, water lines are
usually spliced in the excavation and shoring must be provided to protect per-
sonnel (see Figure 2.2).

EARTH RETENTION SYSTEMS10

FIGURE 2.1 Typical trench section.
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Trenches are often excavated in waterbearing materials. These soils may flow
and cause disturbance to adjacent property if excavation continues without deal-
ing with the water. When dewatering is not possible or not economic, the method
of trench shoring must prevent the uncontrolled flow of soils into the excavation.
Subsequent chapters will deal with water cutoff and dewatering methods. 

TYPES OF EXCAVATIONS 11

FIGURE 2.2 Shored trench with strutted bracing. (Courtesy of KLB Construction, Inc. Mukilteo, WA)
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What separates trenching from other forms of excavation is the length of time
that the excavation must remain open. While trenches can be very long (up to sev-
eral miles), there is rarely any need to maintain the entire length of the trench in
an open state at any one time. In fact, only a very short piece of trench must
remain open at any given time. In cases where the purpose of the trench is to hold
a rigid pipe, the length of trench required at any given time would be that length
required to prepare the trench bottom with pipe bedding and place one length of
pipe together with the distance required to splice that piece of pipe to its prede-
cessor (see Figure 2.3).

In cases where the trench is for the placement of flexible elements such as
cable or flexible pipe, splicing can be done above ground and the trench length is
limited to that distance required to accommodate the curvature of the utility
together with a suitable length to handle any encasement such as concrete which
may be required. 

Trenches tend to be shallow when compared to other types of excavation. In
practice, other methods of installation of utilities such as Tunneling or Trenchless
Technologies become more cost effective when the depth proposed is greater
than about 40 feet (12 m). 

Because the length of trench required at any given time is very small com-
pared to its overall length, shoring systems which emphasize easy reuse, speed of
installation and adaptability to a variety of soil conditions are the most appropri-
ate. These include sheet piling (Chapter 3.1), trench boxes, (Chapter 3.2), and dri-
ven soldier pile and “road” plate systems (Chapter 3.5 and 5.1.3). Valving
stations or vaults for connections are often shored utilizing timber shoring (Chap-
ter 3.3) or lightweight shoring (Chapter 3.4) 

A specialized form of trenching for the installation of water cutoff barriers is
made stable by the introduction of slurry (either mineral or polymer) into the
excavation. The viscosity of the slurry and lateral pressure exerted by its weight
aid in holding the trench open. This type of trenching has been known to reach
depths of 80 feet (24 m). 

2.2 FOUNDATIONS 

Excavations to remove soil for the purpose of installing foundations for structures,
buildings or retaining walls are often similar in nature. Soils are removed in order
to uncover soil or rock of suitable bearing capacity and to permit placement of
those portions of the construction which are designed to be placed below ground
level. These excavations are often referred to as mass and structural excavations.

When dealing with the construction of buildings, mass excavation refers to
the excavation required to remove soil down to the underside of the lowest base-
ment slab level including soil removed to permit under-slab granular placement.
Structural excavation is that excavation required to further deepen the site locally
as required for individual footings. 

EARTH RETENTION SYSTEMS12

TYPES OF EXCAVATIONS

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



TYPES OF EXCAVATIONS 13

FIGURE 2.3 Placing pipe inside trench box. (Courtesy of Efficiency Production, Inc. Mason, MI)
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In the case of bridge abutments and piers or retaining walls, structure exca-
vation usually refers to the excavation of soils which are found within the limits
of the finished structure plus a small allowance for formwork. All other excava-
tion, such as over-excavation in lieu of shoring, to access the structure excavation
is called mass excavation. 

Foundation excavations, when complete, must be relatively dry and expose
undisturbed soils or rock of sufficient bearing capacity to meet the design require-
ments of the structural engineer. Once this is done, the excavation must remain
in this stable condition until reinforcing steel and concrete are placed for the foot-
ings and any walls which may be required to bring the structure to grade. Figures
2.4 and 2.5 outline examples of shoring used to maintain building excavations in
an open state. 

It is this extended time requirement which separates foundation excavation
from trenching and often forms the basis for the decision to shore the excavation.
Shoring in these circumstances may be called upon to:

• Protect adjacent utilities and property 

• Permit continued access to roadways or property immediately adjacent to the
excavation

• Protect personnel within the excavation

• Provide a water barrier 

• Prevent basal heave 

The situations most likely to be covered by these criteria include 

• Buildings and their footings 

• Bridge abutments footings and piers footings or pile caps 

• Retaining walls 

• Pump stations 

• Storage tanks 

• Substructures for other civil engineering projects such as waste water treat-
ment plants, tunnel portals etc. 

The types of shoring most often found on these projects include sheet piling
(Chapter 3.1), soldier pile and lagging (Chapter 3.5), soil nailing (Chapter 3.6),
secant pile walls (Chapter 3.7), and underpinning (Chapter 3.11). If the com-
pleted facility is to include the shoring as an integral part of its structure (see
Chapter 6 for further discussion), cylinder pile walls (Chapter 3.8), slurry walls
(Chapter 3.9), and micropile walls (Chapter 3.10) might also be used. 

EARTH RETENTION SYSTEMS14
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2.3 CUT AND COVER 

Excavations which are described in this section look a lot like trenches with a few
important distinctions. These excavations are usually long and narrow and con-
tain structures which, when completed, are entirely buried below grade. The
important distinction is that the excavation must remain open for a considerable
period of time in order to construct the structures to be contained within them.
Projects such as subways, depressed rail and road beds, and very deep utility
excavations not installed by tunneling methods are prime candidates for cut and
cover construction (see Figures 2.6 through 2.8). 

Cut and cover refers to the process of opening the excavation, placing the
structure within the excavated space, and then covering the structure with soil
again. The shoring, if required, is generally sheet piling (Chapter 3.1), soldier pile
and lagging (Chapter 3.5), soil nailing (Chapter 3.6), or secant walls (Chapter
3.7). Often a cut and cover shored excavation will include temporary decking
which rests on the top of the shoring. This decking then permits traffic to use the
space overhead while the structure is being constructed below. 

2.4. COVER AND CUT 

This specialized technique used for shallow tunnels is not practiced nearly as
often as cut and cover but has been shown to be effective in situations where the
top of the completed structure is too close to the ground surface to permit tun-
neling. When it is not possible to disrupt traffic for a period of time long enough
to construct by cut and cover methods, cover and cut is a viable option. As shown
in Figure 2.9:

1. Step 1. Detour the traffic into one half of the right of way while the main
vertical elements of the shoring (usually soldier piles or secant piles) are
installed. The roof of the intended structure is then cast on grade, bearing
directly on top of the piles. 

2. Step 2. Traffic is diverted onto the top of the just completed roof structure
and the remaining piles and roof structure are constructed in the same man-
ner as step 1. 

3. Step 3. Once the entire roof structure is complete, traffic can be returned to
its original configuration. Excavation of the tunnel is then commenced
from one or both ends of the tunnel using the already completed roof as
protection.

4. Step 4. Complete the construction of the tunnel.

A completed cover and cut tunnel is shown in Figure 2.10.
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FIGURE 2.9 Typical cover and cut sequence diagram.
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FIGURE 2.10 Completed cover and cut, Renton, WA. (Courtesy of Condon-Johnson & Associates,
Inc. Seattle, WA)
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CHAPTER 3

TYPES OF SHORING
SYSTEMS

23

Shoring systems are not standardized within North America or even within a sin-
gle state of the United States. They are customized installations with the varia-
tions depending on local experience, local conditions, availability and cost of
materials and the amount of shoring which is performed in a given area. Con-
tractors and engineers, in areas which have large amounts of shoring, tend to
develop highly specialized solutions to the particular problems. In areas that have
little or no shoring history, the shoring systems tend to be quite textbook in their
design and installation. 

This chapter will attempt to outline some of the more common techniques used
for shoring. It is acknowledged that this chapter cannot possibly cover all the tech-
niques and variations used in North America but will attempt to provide an under-
standing of shoring systems such that variations, when seen, will not be confusing.

3.1 SHEET PILING 

The use of driven sheet piling dates back prior to the development of techniques
which permitted the rolling of steel into sheets (see Figure 3.1). Steel sheet piling
was patented in the U.S.A. in the 1890s and came into production in the early
1900s. Prior to the introduction of steel sheet piling, when a contractor had to
install a shoring system which would retain not only soil pressures, but also
water, he might nail three planks together in a staggered fashion (see Figure 3.2)
to construct a type of tongue and groove timber sheet which could be driven to
excluded running soils. This was called Wakefield Sheeting. Now, with the
advent of specialized steel rolling techniques, almost all sheet piling is made from

Source: EARTH RETENTION SYSTEMS
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FIGURE 3.2 Timber sheet piling 

FIGURE 3.1 Sheet pile bulkhead, Everett, WA. (Courtesy of ADSC-The International Association
of Foundation Drilling, Dallas, TX)
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rolled steel. Some plastic sheeting is being produced for shallow waterfront
applications or cutoff barriers but this discussion will limit itself to the types of
steel sheet piling.

3.1.1 Sheet Shapes 

Sheets can be purchased in a variety of shapes. The most common is a Z shape.
These sheets tend to be 1⁄4 to 1⁄2 inches (6-12 mm) thick and develop their moment
capacity from the depth of the Z. The offset formed by the Z of the sheets is usu-
ally 8 to 12 inches (200-300 mm) deep. See Figure 3.3 for typical Z sheet.

In applications where the horizontal stresses are not as high, the sheet of
choice will often be a U section. This sheet tends to be wider than the Z section,
so fewer joints are required. It is not as deep, however, in its offset so moment
capacity is compromised. See Figure 3.4 for a typical U sheet. 

Flat sheets (Figure 3.5) are also available but their use in earth retention is
severely limited. They have virtually no moment resistance and are used almost
exclusively in cellular cofferdams where the sheet is primarily in tension (see
Figure 3.6).
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FIGURE 3.3 Sheet pile section—Z sheet. (Courtesy of Skyline Steel, Inc. Gig Harbor, WA)
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In cases where lateral loads cause extremely high moments in the sheet pile
wall, H sheets have been used (see Figures 3.7 and 3.8). These sheets are quite
expensive and their use is not common.

3.1.2 Joints 

Sheet piles interlock in a number of ways in an attempt to limit the inflow of
water and the passage of soil particles through the barrier. Sheets which are hot
rolled (rolled directly from billets of steel into their final configuration) have spe-
cific joints which are formed during the rolling process. See Figure 3.9 for typi-
cal hot rolled joints. Sheets which are cold rolled (rolled into sheet pile shapes
from coils of already rolled and finished steel) have a joint similar to Figure 3.10.
The cold rolled joint tends not to be as water tight as those found in hot rolled
sheets. Cold rolled sheets are usually not used where high water heads might
cause excessive infiltration through the joints. These sheets, however, are cheaper
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FIGURE 3.4 Sheet pile section—U sheet. (Courtesy of Skyline Steel, Inc. Gig Harbor, WA)
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than hot rolled and are used often for temporary earth retention when the poten-
tial for water infiltration is low or non-existent.

3.1.3 Uses

Sheet Piling is designed for use in retaining open water situations such as cofferdams
in rivers and waterfront retaining walls. It is also extensively used for retaining soils
which are below the water table and would flow if excavated. Additionally, sheet pil-
ing is very useful in cases of very soft clays which exhibit little or no shear strength
or arching potential (Chapter 8.8). Sheet Piling is also used to overcome problems
of basal heave (Chapter 9.5) either by embedding the sheet into a stiff, impervious
layer, or by installing it deep enough that the flow path around it is sufficient to pre-
vent base instability caused by the upward flow of water.

Sheet piling is also used in cases where small temporary walls are required
for structural excavations such as isolated footings. It is often favored for this use
as it can be driven quickly and recovered after its use. 

TYPES OF SHORING SYSTEMS 27

FIGURE 3.5 Sheet pile section—flat sheet. (Courtesy of Skyline Steel, Inc. Gig Harbor, WA)
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FIGURE 3.8 H pile sheet used for pier construction. (Courtesy of Skyline Steel, Inc. Gig Harbor, WA)
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3.2 TRENCH BOXES 

Trench Boxes are steel fabrications which are introduced into the trench and
dragged along with the excavation. The box configuration is such that it protects
personnel in the trench and the work under construction from damage or injury
which might be caused by the collapse of the trench sidewalls. Trench boxes are
designed to brace the two parallel walls of the trench against each other. The
walls of the box are constructed from sheet steel, usually doubled, with a
diaphragm between the two sheets to provide structural rigidity. 
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FIGURE 3.9 Typical joints for hot rolled sheet piling. (Courtesy of Skyline Steel, Inc. Gig Harbor, WA)
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The parallel walls of the box are braced apart by adjustable pipe struts. The
adjustment permits the use of the box in trenches of different widths. The box is
open at both ends. The rear opening permits movement of the box along the
trench while allowing passage of the completed pipe utility out the back of the
box. The front of the box is open to permit dragging the box forward through
unstable ground. 

The top of the box is open to permit introduction of pipe bedding or new por-
tions of pipe into the trench. The bottom of the box is open to permit placement
of trench bedding directly on the excavated soil. 

Trench boxes must not only be wide enough to permit the introduction of the
required utility pipe or conduit, together with the specified sidewall backfill
cover, but also wide enough to permit passage of the excavator bucket into the
box to clean the base of the trench. Trench boxes are dragged forward by the
excavator digging the trench. The excavator hooks its bucket behind the leading
pipe strut and pulls the box towards itself. 

Trench boxes usually extend from the base of the excavation to the original
ground, although it is possible to over-excavate the top of the trench in a sloped
fashion down to the top of the box (see Figure 3.11).

Boxes come in a variety of lengths and heights. They are usually fabricated
by a manufacturer, although some are built by contractors for specific job require-
ments. Typical size ranges are 24 feet (7.3 m) long by 8-10 feet (2.4-3.0 m) high.
Figures 3.12 and 3.13 show typical trench boxes in use today. Trench Boxes can
be ganged together to create a box which will protect deeper trenches. Depths of
up to 35 feet (11 m) have been shored using this method (see Figure 3.14). 

3.3 TIMBERED SHORING 

Timbered shoring is probably one of the first methods of shoring ever used. While
it becomes quite cumbersome with depth and increased width, it can be a very eco-
nomical solution for shallow excavations (less than 15 feet (4.5 m)) where the
excavation sidewalls are parallel and less than about 12 feet (3.7 m) apart.

The system relies on soil stability to permit the excavation of the pit. The soil
must exhibit sufficient standup time to allow placement of bracing sets and vertical
timber lagging. A typical timbered excavation would have a bracing frame made of
6 x 6 (150 by 150 mm) or 8 x 8 (200 by 200 mm) timber sitting directly on the bot-
tom of the excavation. Another bracing set would be suspended somewhere close
to the original ground elevation excavation. Vertical 2 or 3 inch (50-75 mm) tim-
bers are placed side by side around the perimeter of the bracing sets.

This shoring system can only be used in cases where the proposed structure
within the excavation does not need to be constructed of cast-in-place concrete
placed directly against the timber shoring. Timber shoring is always intended to be
removed. A typical timber shoring arrangement is shown in section in Figure 3.15
while a photo of a timbered excavation site is shown in Figure 3.16. Figure 3.17
shows bracing and sheeting details.
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FIGURE 3.11 Sloped cut over trench box in sewer excavation. (Courtesy of KLB Construction, Inc.
Mukilteo, WA)
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FIGURE 3.12 Typical trench box—Note box being moved by backhoe. (Courtesy of Efficiency
Production, Inc. Mason, MI)
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FIGURE 3.13 Typical trench box—Note placement of precast sections. (Courtesy of Efficiency
Production, Inc. Mason, MI)
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FIGURE 3.14 Stacked boxes. (Courtesy of Efficiency Production, Inc. Mason, MI)
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This shoring method is light. Each of its component parts can be lifted by
hand. Even the bracing sets, when put together, can be easily lifted with the exca-
vator performing the excavation work and the vertical timber can be set by hand.
Timber shoring is ideal for:

• Repairs to utilities

• Construction of utility vaults

• Cable splicing

• Later connections of side sewers

Typical timber bracing solutions are included in OSHA regulations 29 CFR
1926 Subpart P, attached in Chapter 16 of this book. These typical solutions
allow a contractor to shore an excavation to a depth not to exceed 20 feet (6.1 m)
without the supervision of an engineer. This, together with the availability of
lumber, ensures that the emergency repairs so often found in the above list can be
implemented as soon as a work crew can be brought to the site. 

3.4 LIGHTWEIGHT SHORING

Aluminum prefabricated trench shoring is used in applications similar to timber
shoring. It is designed to be light and flexible in application. The prefab walls are

EARTH RETENTION SYSTEMS38

FIGURE 3.15 Typical trench shoring utilizing timber shoring.
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constructed of two sheets of aluminum sandwiched over styrofoam for structural
rigidity. It is braced by its corner connections or by telescoping pipe struts which
can be varied in length to meet job requirements. The pipe struts may or may not
be hydraulically adjustable. It is advertised for use to depths of 25 feet (7.6 m).
Manufacturer’s literature on this shoring solution is shown in Figures 3.18 and 3.19.

3.4.1 Speed Shores 

A simple form of shoring for shallow trenches consists of plywood sheets placed
against opposing vertical cut faces. The plywood sheets are held apart by hydraulic
jacks which are placed horizontally between the sheets. These jacks may be
installed one at a time or can be paired up into frames for easy installation (see Fig-
ure 3.20).

3.4.2 Shields. Trenching in urban environments brings on its own complications.
Often a trench which would seem to lend itself to a trench box cannot be shored
in this manner because of a myriad of other utilities crossing the proposed trench.
In these situations, utility contractors will often utilize a shield similar to that
indicated in Figure 3.21.
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FIGURE 3.18 Typical aluminum trench shoring systems. (Courtesy of
Efficiency Production, Inc. Mason, MI)
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FIGURE 3.18 (continued) Typical aluminum trench shoring systems. (Courtesy of Efficiency Pro-
duction, Inc. Mason, MI)
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The shield consists of series of vertical posts which are maintained in relation
to each other by a template at the ground surface. Between the posts, which are
strutted apart, trench sidewall protection can be lowered. If an existing utility
interferes with a particular panel of the sidewall protection, that portion of the
protection can be held above the interfering utility and the portion of the trench
wall below the utility can be shored utilizing other means such as timber lagging
(Chapter 5). 
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FIGURE 3.21 Shield system—segments jumped ahead rather than dragged. (Courtesy of NES
Trench Shoring. Houston, TX)
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The shield system consists of a number of panels (usually three) in place at
any one time. As work is completed in the first panel, the trench is backfilled and
that panel removed and reattached at the end of the third panel to permit further
construction of the utility. 

3.5 SOLDIER PILE AND LAGGING 

Soldier pile and lagging is probably the most common shoring solution for urban
construction. Soldier piles are vertical steel elements which define the perimeter
of the excavation. Spaced at 6-10 feet (1.8-3.0 m) on center, they stand at atten-
tion like soldiers, hence their name. The spaces between the soldier piles are
filled with lagging (see Chapter 5). Figure 3.22 details a typical soldier pile and
lagging arrangement while Figure 3.23 is a photo of a completed soldier pile and
lagging project. Soldier piles can be driven, drilled and concreted, churn drilled,
or wet set in soil cement.
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FIGURE 3.22 Typical section—soldier pile and lagging.
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3.5.1 Types of Soldier Piling 

3.5.1.1 Driven Soldier Piling. When driven, soldier piles are usually H sections
although some wide flanged sections are used when the driving stresses are light.
Driven piling sometimes wanders and designers should ensure, when designing
driven shoring where one sided concrete forming systems are anticipated, that
driving tolerances are acceptable. Figure 3.24 is an example of driven soldier piling.

3.5.1.2 Drilled and Concreted Soldier Piling. The drilled and concreted soldier
piling methods consist of drilling a hole of sufficient diameter to permit the
introduction of a steel wide flange section with sufficient added space to overcome
any variations from vertical (plumb) in the drilled hole. Once the hole is drilled, a
steel wide flange section is introduced into the hole and hung to achieve
verticality. The toe of the soldier pile (that portion of the pile which will always
be below the base of the excavation) is backfilled either with structural concrete
or with a lean sand grout such as CDF (Controlled Density Fill). The drilled shaft
above the toe is usually backfilled with lean sand grout although applications for
the use of fine gravel or sand as a backfill do exist. Typical soldier piles used in
this application are 8 to 24 inch (200-610 mm) wide flange sections. Tables of
typical soldier pile sections may be found in Chapter 18.2 and 18.3. Some soldier
piles are fabricated from doubled channels or doubled wide flange sections (Figure
3.25). These doubled piles are discussed further under tieback connections in
Chapter 4.4.

3.5.1.3 Churn Drilled Soldier Piles. In very difficult drilling conditions, such as
wet bouldery gravels, soldier piles have been installed by churn drilling using 12
to 24 inch (305-610 mm) diameter pipe piles and then attaching the lagging to the
pipes with welded clips (see Chapter 5). Churn drilling is used primarily in the
well drilling industry. The process consists of taking a pipe and working a
chopping bit inside the pipe. By adding water to the existing materials, and
introducing slurrying agents as necessary, it is possible to pulverize the soils and
rocks into a liquid mixture. The pipe is then tapped down into the mixture and the
procedure is repeated until the pipe is advanced to its required depth. While the use
of pipe is not particularly efficient from a bending moment capacity point of view,
this can be a very effective way of placing soldier piles in a hostile environment. 

3.5.1.4 Wet Set Soldier Piles. In recent years, soil cement mixing processes such
as the Geojet or Soil Mixed Wall methods have been introduced in North America.
Together these processes are referred to as Deep Mixed Method (DMM). The
DMM consists of introducing a mixing wand into the soil which mixes the existing
soils with cement and water to form soil cement. In the Geojet system, the mixing
is by a combination of mechanical cutting and high pressure (2000 psi (13.8 Mpa))
grouting, while in the soil mixed wall method the mixing is by mechanical cutting
and low pressure (150 psi (1 MPa)) grouting. After mixing a column of material,
a soldier pile is introduced into the wet mixture and secured in place until cement
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hydration begins. The soldier pile can usually be set into the wet soil cement under
its own self-weight, but can be advanced, if necessary, with a small vibrator. The
wet set method has been demonstrated to be a much faster process than
conventional drilling and concreting. Piles set by this method have also been
successfully extracted and reused, offering further economies.

3.5.2 Uses 

Soldier pile and lagging is used in soils which exhibit sufficient arching potential
to permit lagging (see Chapter 5). The soils must be above the static ground water
table or have been dewatered. While soldier pile and lagging can tolerate seepage
and leakage from seams, it is not designed to be used below the water table. In
view of the fact that the lagging only extends to the base of the excavation, soldier
pile and lagging is not applicable in soils which might exhibit basal instability (see
Chapter 9.5).

In relatively stiff soils that have underlying slip failure planes, soldier piles
can be designed to penetrate to sufficient depth to intersect and strengthen these
slip planes.

3.6 SOIL NAILING 

Soil nailing is a process that has been practiced in one form or another since
Roman times. Very simply put, soil nailing consists of reinforcing the earth until
a block of soil is created which is of sufficient size and strength to resist the over-
turning, sliding, and wracking forces applied to it by the lateral earth pressures.
Figure 3.26 details a typical soil nail shoring wall. In principle, soil nailing is very
similar to Mechanically Stabilized Earth (MSE), which is in use on many of our
highway projects today providing retaining walls in fill situations. 

Soil nailing merely extends this analysis to cut situations. In a typical soil nail
designed wall, the soil is excavated in lifts and then near horizontal inclusions are
placed into the soil at regular intervals to increase the shear strength of the soil
and make it act as a block (see Figure 3.27). The reason that the inclusions are
sub horizontal instead of horizontal is that some slight declination is necessary in
order to keep the grout which is placed in the drilled hole, from pouring right
back out. To complete the soil nailing process, the nailed face is covered with a
shotcrete fascia. The process is repeated until the base of the excavation is
reached. Figures 3.28 through 3.30 are photos of soil nail projects.
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3.6.1 Uses and Limitations 

Soil nailing is applicable in stiff soils such as overconsolidated clays, dense silts,
medium to dense sands and gravels which show significant stand up time (see the
discussion of standup time in Chapter 5), and cemented tills. It is not recom-
mended in caving soils, nor softer cohesive soils. In order to improve the standup
capability of the soil, nails are often drilled through a stabilizing berm prior to
final cutting for shotcreting (see Figures 3.31 and 3.32). Soil nailing cannot
address basal instability, but has been used very successfully to reinforce shallow
slide planes (Chapter 6.5). When compared to soldier pile and lagging, soil nail-
ing is almost always more economical.
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FIGURE 3.26 Typical section—soil nailing.
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FIGURE 3.27 Soil nail sequence. (Courtesy of Golder Associates, Inc. Redmond, WA)
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FIGURE 3.28 Soil nail wall under construction, Pocatello, ID. (Courtesy of Condon-Johnson &
Associates, Inc. Seattle, WA)
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FIGURE 3.31 Drilling sequence through a berm—schematic. (Courtesy of Golder Associates, Inc.
Redmond, WA)
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3.7 SECANT PILES 

Secant piles are drilled shafts which are interlocked (see Figure 3.33) to form a
continuous wall. The wall is constructed by drilling alternate shafts and then back
stepping to drill the intervening shafts in order to interlock the two adjacent
shafts. Figure 3.34 demonstrates the type of interlock which can be obtained.
Every second shaft is reinforced, usually with a wide flanged steel section or
alternatively with a reinforcing steel cage. The reinforced shafts are called “pri-
maries” or “king” piles. The intervening piles are not reinforced and are called
“intermediates” or “secondaries.”

The drilling sequence usually calls for the intermediates to be drilled first.
This is done so that the reinforcing of the primary piles will not be compromised
by subsequent drilling. The concrete used for the secondary piles is lean concrete.
Lean concrete is used so it will remain soft enough for the drilling and interlock-
ing of the primaries. The primaries are drilled after the secondaries have gained
sufficient strength to permit the adjacent drilling. The primary piles can be poured
with either lean concrete or structural if the reinforcing is by wide flanged beam.
If the reinforcement of the primary is with a reinforcing steel cage, the primary
will always be poured with structural concrete. In cases where the secant wall is
formed by DMM, the primaries are always reinforced with wide flanged beams.
Figures 3.35 through 3.37 are examples of completed secant pile walls.

When the purpose of the secant wall is to retain water or saturated soils, the
lean concrete mix should have a compressive strength of about 500 psi (3.5 MPa).
If the wall is retaining unsaturated soils and is not required to retain water, a
strength of about 150 psi (1 MPa) may be allowed. Figure 3.37 is a photo of a
secant wall built utilizing lean mix of approximately150 psi (1 MPa). Note that
the contractor was able to shave the face of the secants in order to present a flat-
ter surface to form and pour concrete against. 

In the case of water bearing soils, the secondary piles are extended to the
same depth as the primary piles in order to create a cutoff wall (see Figure 3.38).
If the application of the wall is for shoring soils where water movement is not a
problem, then the secondary piles are normally terminated about one foot below
the level of the base of the excavation (see Figure 3.39).
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FIGURE 3.33 Secant wall plan—schematic.
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FIGURE 3.37 Secant wall of lean mix shaved to present flat face for subsequent cast-in place con-
crete wall, Toronto, Ont. (Courtesy of Deep Foundations Contractors. Thornhill, Ont.)
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3.7.1 Uses 

Secant walls may be used in any of the situations which are suitable for sheet pil-
ing except retaining open water. According to the ASCE GSP # 74, Guidelines of
Engineering Practice for Braced and Tied-Back Excavations, secant walls are
suitable as a water cutoff to a depth of about 40 feet (12.2 m). Beyond this depth,
problems are encountered in maintaining shaft interlock because of drilling tol-
erances. Some of these problems can be overcome by tightening up the spacing
of the secant piles and increasing the overlap.
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FIGURE 3.38 Secant wall designed to cutoff water flow below the excavated depth.
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FIGURE 3.39 Secant wall designed for earth retention where no water cutoff is necessary.

When compared to soldier pile and lagging walls, secant walls have been
found to be particularly effective in situations where minor loss of soil during
lagging operations might be detrimental to adjacent footings or sensitive utilities. 

Because secant piles can be reinforced with wide flanged sections, they often
can be designed with greater moment resistance than sheet piles. This, coupled
with the fact that they are drilled and not driven, gives the advantage to secant
walls in situations where vibrations might be detrimental, where walls must be
installed very close to adjacent buildings or where a more rigid cutoff is required
to ensure basal stability (Chapter 9.5).
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3.7.2  Tangent Piles 

Looking very similar to secant pile walls, tangent pile walls are constructed with
the edges of the drilled shafts (their tangents) just touching each other (see Figure
3.40). This type of wall will not function as a water barrier, but is quite efficient
in those situations where the primary reason for choosing an alternative to soldier
pile and lagging is to ensure that soil loss during excavation does not occur.

3.8 CYLINDER PILE WALLS 

Cylinder pile walls are really cantilevered tangent piles, “super sized.” These walls
are used primarily in highway side hill cut situations in order to ensure that slid-
ing of the undercut hillside does not occur. Cylinder piles are drilled in diameters
of 6-10 feet (1.8-3.0 m) and reinforced either with heavy, specially fabricated
girder sections, or heavy reinforcing cages (see Figure 3.41).

The toe of the cylinder pile is designed to restrain not only the active pressures
from the excavated face, but also to intercept and strengthen any slide planes
which may affect the hillside stability (Figure 3.42).

Once the cylinder piles are installed, the excavation can be performed. A cap
beam and fascia wall is attached to the exposed portion of the wall (see Figure
3.43). This solution has been used to cantilever walls on highways of up to 25
feet (8 m) in height.
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FIGURE 3.40 Tangent pile wall for slide prevention, Seattle, WA. (Courtesy of Condon-
Johnson & Associates, Inc. Seattle, WA)
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FIGURE 3.41 Typical plan and section of cylinder pile wall, Auburn, WA. (Courtesy of Washing-
ton State Department of Transportation)
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3.9 SLURRY WALLS 

Slurry Walls are cast-in-place concrete walls (see Figure 3.44) constructed prior
to the excavation of the site. These walls almost always serve the dual purpose of
shoring the site during excavation and acting as the permanent wall once the
structure is complete (see Chapter 6.2). 

Slurry walls are constructed by excavating primary and secondary slots or
trenches (Figure 3.45) of approximately 20-30 feet (6.1-9.1 m) in length to the
ultimate depth desired. The trench is stabilized with the introduction of mineral
or polymer slurry. The trench is usually excavated with specially developed dig-
ging buckets or clams. Extremely difficult conditions, including rock and nested
boulders, may be excavated using specially designed tools with rotating cutter
heads called “hydrofraizes.”
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FIGURE 3.44 Typical section—slurry wall.
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In order to guide the digging tools into the trench, guide walls (Figure 3.46)
are first constructed of cast-in-place concrete. Once the trench is dug to depth, a
reinforcing steel cage is lowered into the trench and concrete is tremied into the
slurry to cast the wall. As the concrete displaces the slurry, the slurry is pumped
off into tanks or into adjacent trench excavations. 

In order to pour a wall with a regular end configuration, end stops are
placed in the primary slots after completion of excavation and prior to intro-
duction of the reinforcing steel. Originally end stops were made of heavy steel
pipe. Recent developments have utilized fabricated sections which can intro-
duce waterstop elements into the joints (Figure 3.47). Concrete is tremied
against the end stops and the end stops are pulled after the concrete has taken
its initial set. The resultant shape at the end of the primary panel forms a female
joint (Figure 3.45) for the secondary panel to be poured into, which creates a
waterproof joint.

Figure 3.48 is a photo of a finished slurry wall. Where aesthetic finishes are
desired, a cast-in-place or precast fascia will be used to cover the exposed face.

3.9.1 Uses 

Slurry Walls are used in situations which are similar to those of secant walls.
They are recommended as a waterproof solution to depths of 100 feet (30.5 m)
by the ASCE GSP # 74 and have been used to depths of 400 feet (122 m) as dam
cutoff walls. In view of the length of trench open at one time, slurry walls are not
recommended adjacent to shallow spread footings. Because slurry walls are quite
costly, permanent wall construction utilizing slurry wall techniques is usually
restricted to waterbearing soils which are very difficult to drill.
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FIGURE 3.45 Typical slurry wall indicating excavation sequence.
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3.10 MICROPILE WALLS 

When engineers are faced with construction of a permanent retaining wall which
is too high to cantilever and not blessed with sufficient right of way for either soil
nailing or tiebacks, micropiles can be used to support the wall. Micropiles are
small diameter, high capacity, drilled piles that derive their capacity through pres-
sure grouting techniques. 

Micropiles are installed in an A frame type of arrangement (see Figure 3.49).
Utilizing duplex drilling methods, one line of micropiles is battered and the other
installed vertical (see Figure 3.50). The piles are tied together in a cap which
forms a moment connection (see Figure 3.51).
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FIGURE 3.46 Poured guide walls frame and excavated slurry wall panel—end stop in
place. (Courtesy of Hans Leffer GmbH. Saarbrucken, Germany)
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The wall is excavated in stages. Studs are welded to the face of the vertical
micropiles and reinforcing steel for wall fascia construction placed (see Figure
3.52). Shotcrete is then applied to complete the retaining wall (see Figure 3.53).
The shotcrete can be installed as the exposed face by finishing it, but in this case
a cast-in-place fascia was added to incorporate a textured finish. 

3.11 UNDERPINNING 

Underpinning, when used in concert with shoring, is performed to support adja-
cent structures while excavation is carried out directly beside the building foot-
ings. If the adjacent structure has a footing perched at a depth which is shallower
than the proposed excavation, the excavation could compromise the bearing
capacity of the adjacent footing unless specialized treatment of that footing is
undertaken. This treatment is called underpinning, and can be performed by a
variety of methods.
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FIGURE 3.47 Close up of end stop with water stop in place. (Courtesy of Hans Leffer GmbH. Saar-
brucken, Germany)
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FIGURE 3.52 Fascia construction attaching shotcrete wall to micropiles with studded connection,
Portland, OR. (Courtesy of Golder Associates, Inc. Redmond, WA)
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3.11.1 Panel Underpinning 

Underpinning depths of less than 10 feet (3.0 m) can be handled by panel under-
pinning. In this method, panels are excavated, and formed, and concrete is
poured to extend the footing of the shallow foundation to the base of the new
excavation. The poured panel is stopped 2 inches (50 mm) below the footing
being underpinned and the resultant gap is dry packed with cement grout to
ensure tight contact. Panels are excavated in an alternating fashion so that at all
times the footing is being supported. Panels can be excavated before (see Figure
3.54) or after mass excavation (see Figure 3.55).

This method requires that the soil being excavated exhibit good standup time.
This is an absolute requirement so that the sides of the panel can be true and that
ground is not lost from under the slab on grade behind the footing being under-
pinned. A completed panel underpinning scheme is shown in Figure 3.56.

3.11.2 Underpinning Pits 

Underpinning piers can be constructed under adjacent building footings by dig-
ging pits. These pits are shored as they are excavated, in a fashion similar to hand
excavated caissons. Once a pit excavation is completed, it is filled with structural
concrete and the gap between the top of the pit pour and the underside of the foot-
ing is filled with dry packed grout. 
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FIGURE 3.54 Typical panel underpinning—constructed prior to mass excavation. Note the
sequence of the panel construction.
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When the pit piers are in place, excavation can proceed. Lagging boards are
placed between the adjacent underpinning piers to ensure that ground is not lost
from under the building floor slab (see Figure 3.57). 

Soil conditions necessary for satisfactory completion of this type of under-
pinning are dry or dewatered soils suitable for pit excavation where pit shoring
can be installed at least one foot (300 mm) at a time without ground loss.

3.11.3 Slant Piles (Figure 3.58) 

Slant pile underpinning consists of drilled soldier piles which are excavated under
the adjacent footing by drilling a shaft adjacent to the footing and angling the
shaft so that its base will be directly below the footing being underpinned (see
Figure 3.59). A soldier pile is then installed vertically in the shaft. Some hand
excavation or reaming is required to advance the shaft under the footing to per-
mit placement of the soldier pile in its vertical position beneath the footing.

The load of the footing is transferred to the soldier pile through a welded plate
on the top of the pile which is dry packed to the underside of the footing (see Fig-
ure 3.60). Once the pile is drypacked, the excavation adjacent to the underpinned
footing may commence with lagging and tiebacks being installed as required (see
Figure 3.61).
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FIGURE 3.55 Typical panel underpinning—constructed after mass excavation.
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FIGURE 3.58 Soldier pile underpinning utilizing slant drilling techniques—typical section. (Cour-
tesy of CT Engineering, Seattle, WA)
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Slant pile underpinning has been successfully installed to depths of 80 (24 m)
feet, but must be drilled in materials which can stand without casing (see Figure
3.62). It simply is not possible to case a shaft drilled under an adjacent footing. If
necessary, dewatering must be undertaken to ensure that hole instability does not
cause loss of ground under the adjacent building.

3.11.4 Soldier Piles with Corbels 

In situations where it is not necessary to locate the underpinning directly under
the adjacent building, or not possible because of casing requirements, it is possi-
ble to drill or drive a soldier pile adjacent to the footing and underpin the struc-
ture by attaching a corbel to the pile and dry packing it under the footing (see
Figure 3.63).
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FIGURE 3.59 Drilling slant pile underpinning, Seattle, WA. (Courtesy of Condon-Johnson &
Associates, Inc. Seattle, WA)
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FIGURE 3.62 An 80 foot underpinning by slant pile techniques, Seattle, WA. (Courtesy of City
Transfer, Inc. Kent, WA)
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FIGURE 3.63 Typical corbel underpinning detail. (Courtesy CT Engineering, Inc., Seattle, WA)

An alternate to this method can be constructed utilizing micropiles (see Fig-
ure 3.64). On this particular project, micropiles were installed and then capped
with concrete pile caps attached to the adjacent building footing with epoxy dow-
els. The excavation was then progressed utilizing soil nailing. The completed
underpinning scheme is shown in Figure 3.65.

3.11.5 Jacked Piles 

Underpinning can be effected with the use of jacked piles. Pipe piles (open or
closed ended) or H piles can be jacked into location below the footing intended
to be underpinned. In the case of a wall footing, a small pit is excavated below

TYPES OF SHORING SYSTEMS
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the footing. By jacking against the dead weight of the structure being under-
pinned, the piles are advanced to the required depth (see Figure 3.66). Piles are
spliced by welding or by the use of manufactured pile splicers.

Once the pile is jacked to the desired depth, an attachment is made between
the pile and footing and the jack load is removed. In this way the load is trans-
ferred from the footing to the pile without permitting settlement. Care must be
taken when advancing the pile that the jacking loads do not exceed the dead
weight of the structure. If this occurs, uplift forces will be exerted on the struc-
ture with possible damage resulting. 

The engineer designing a jacked piling system must ensure that the capacity
of the pile is developed entirely below the anticipated depth for the proposed
excavation. For this reason, the capacity of the pile cannot be inferred directly
from jack loads as the friction in the excavation zone must be discounted. 

Because pile friction in the excavation zone must be discounted and the jack-
ing forces kept below the dead load of the structure, it is often necessary to uti-
lize pile groups to provide sufficient capacity. Group effects must also be
calculated when designing this type of underpinning. 

EARTH RETENTION SYSTEMS92
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FIGURE 3.66 Jacked underpinning piles, Kitchener, Ont. (Courtesy of Deep Foundations Con-
tractors. Thornhill, Ont.)
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CHAPTER 4

LATERAL SUPPORT

95

In any situation involving a retaining wall or shoring structure, lateral loads exist.
The applied loads may be the result of earth pressures, seismic loads, surcharge
loads, or hydrostatic pressures. But, whatever their source, they are constantly
trying to push the wall over and must be restrained. The restraint can be devel-
oped from inside the excavation or outside. Commonly used methods are few in
number but many in their variations.

Rakers are sloping compression units that derive their capacity inside the exca-
vation (see Figure 4.1). They are attached to the wall and braced against either the
structure being constructed, or a footing specifically cast for the purpose of resist-
ing the raker forces. Since rakers are sloping elements, they impart not only a lat-
eral force to the wall to counteract the applied load, but also an uplift force. This
uplift force is counteracted by friction, either above the base of the excavation or
below the excavation if the wall has a toe element (that portion of the wall which
extends below the base of the excavation). 

Struts are another bracing type which function from within the excavation.
Struts are horizontal compression units which attach to the wall normal to the
imposed lateral load (see Figure 4.2). Struts are braced against either an existing
structure or another portion of the shoring system. Because the strut is applying
a horizontal force at right angles to the wall, uplift loads are not a concern.

Deadman anchors are tension elements which restrain the applied load from
outside the excavation (see Figure 4.3). The deadman tendon attaches to a buried
anchorage and applies a horizontal restraining force.
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FIGURE 4.1 Typical section—soldier pile and raker construction. 

Tiebacks are tension units similar to deadman anchors except that the tieback
is constructed with a slight downward slope (see Figure 4.4). Attached at right
angles to the wall in the horizontal plane, tiebacks derive their capacity from fric-
tion between the tieback and the soil or rock in which it is embedded. Since
tiebacks are installed at a downward dipping angle, they also impart a downward
force to the wall which must be counteracted either by friction behind the wall
facing, or through a combination of friction and end bearing in the toe of the
principal wall element.

LATERAL SUPPORT
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Soil nailing restrains the applied lateral pressures by the mobilization of grav-
ity forces (see Figure 4.5). The process creates a soil mass that is sufficiently rigid
and will act as a unit to resist the lateral loads applied to it. The weight of the
block when taken as a moment about the leading edge of block (Pt 0) resists over-
turning. The base of the block is of sufficient area that it will resist sliding
through friction on the base. Because of its reinforcement, the block of soil has
sufficient shear strength to resist wracking. While this method derives its capac-
ity from outside the excavation, it is the only method presented which does not
have toe elements.
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FIGURE 4.2 Typical section—soldier pile and strut construction.
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Cantilever shoring derives its capacity to resist lateral loads through embed-
ment. The toe element of the wall is embedded to a sufficient depth that a point
of rotation occurs. Forces on either side of this point of rotation form a moment
couple which resists overturning (see Figure 4.6). 

A number of structural variations exist to effectively utilize these restraint
methods but these six methods are evident in any number of combinations in
order to create capacity to resist lateral load. Development of loads and forces
will be dealt with in Chapters 9 and 11.
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FIGURE 4.3 Typical section—soldier pile and deadman construction.

LATERAL SUPPORT

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



4.1 RAKERS

Rakers are compression members which almost always are steel although, in
some shallow excavations, timber rakers are used. Designed as columns against
buckling, square wide flange beams or pipes are most often utilized (see Figure
4.7). Rakers, which are installed in footings designed exclusively for that pur-
pose, are usually installed at 45 degrees to the horizontal.
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FIGURE 4.4 Typical section—soldier pile and tieback construction.
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In order to install the raker, it is necessary to dig to the base of the excava-
tion. To do this and still retain the wall in its installed position, not all the exca-
vation can be performed. Figure 4.7 details a raker with its berm which must
remain in place until the raker is installed. This berm must provide the passive
resistance required to allow the wall to function in cantilever. In spite of this
berm, movements of the wall into the excavation will occur. The amount of
movement is inversely proportional to the size of berm used to restrain the wall.

If the raker is braced against a portion of the structure being constructed, the
angle of declination of the raker is usually on the order of 35 degrees. This allows
the contractor to construct the base slab of the structure and use some room to
form the slab edge without impinging on the berm. Rakers are either welded to
the wall (Figure 4.8) or fitted into weldments. Beams are cut to fit the element
wall (soldier pile, sheet pile, or waler). If pipe rakers are used, (see Figure 4.9) a
plate is usually installed in the end of the pipe to be attached to the wall in the
line of the axis of the pipe. This plate is welded into the pipe and then cut to fit
the wall element for welding to the wall (see Figure 4.10).

EARTH RETENTION SYSTEMS100

FIGURE 4.5 Block of soil analyzed for stability in soil nailing application.
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FIGURE 4.6 Typical section—cantilever soldier pile construction.
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Raker footings are usually unreinforced mass concrete which are narrow and
deep. They can also be constructed as drilled shafts with a steel element cast in
them to allow attachment of the raker. Figure 4.11 exhibits drilled raker footings.
Preloading of rakers is often undertaken in order to restrict the movement of walls
being braced by rakers. Large movements often occur to walls while the rakers
are being installed, some of which can be recovered by jacking. The preloading
of rakers is performed by jacking and welding which is labor intensive and adds
significant cost to the shoring system. Once the raker is installed, and preloaded
if specified, the berm can be removed.

EARTH RETENTION SYSTEMS102

FIGURE 4.7 Typical raker section, Toronto, Ont. (Courtesy of Isherwood Associates. Oakville,
Ont.)
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Rakers must remain in place to provide lateral support to the wall until such
time as the structure being constructed within the excavation can accept that load.
Because of this, rakers must be left in place while construction progresses and the
structure must be built around the raker. This involves blocking out formwork to
permit passage of the rakers through floors and walls. Once the structure is com-
plete, the rakers are cut out, often in pieces, and the area left is patched.

4.1.1 Rakers and Walers

Because rakers interfere with formwork and can be difficult to excavate around,
walers are often integrated with rakers in order to minimize the number of rakers
installed. Walers (also called wales) are wide flange steel beams which are
attached horizontally to the wall. The walers are designed as bending elements and
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FIGURE 4.8 Typical raker direct connection to wall, Toronto, Ont. (Courtesy of Isherwood Asso-
ciates. Oakville, Ont.)
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FIGURE 4.9 Pipe raker, Seattle, WA. (Courtesy of Condon-Johnson & Associates, Inc. Seattle, WA)
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distribute the horizontal forces from the raker to the wall. Walers can be attached
directly to the wall (see Figures 4.12, 4.13). This is the simplest and most eco-
nomic attachment method. It is used in cases where the waler will not interfere
with the structure being built. Often waler systems are designed to be located just
above a floor level so that once the floor is poured, the waler can be removed.

When walers are directly in contact with the wall, the wall/waler connection,
when not complicated by rakers or struts, is in simple axial compression. As such,
it is not necessary to weld this connection. Often the gap between the waler and
wall is filled with wooden or steel wedges.

If it is not possible to locate the waler so that it does not interfere with the pro-
posed structure, the waler can be installed inside the structure. The waler is
attached to the wall by the use of stubs (see Figures 4.14 and 4.15). The structure
can then be constructed by boxing out around the stubs and the waler removed
from inside the structure at the appropriate time.

LATERAL SUPPORT 107

FIGURE 4.12 Typical section—waler mounted directly to wall.
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4.1.1.1 Raker to Waler. If the waler is attached directly to the wall, the raker can
be attached to the outer flange of the waler. Because of the direction of the load
applied, the waler will have a tendency to roll upwards. This is overcome with the
use of a roll chock (see Figures 4.16 through 4.18).

4.1.1.2 Raker to Waler and Pile. If the waler is attached directly to the wall, the
raker can be attached to the inner flange of the waler and pile simultaneously (see
Figures 4.19, 4.20). This method relieves the designer of the necessity to deal
with the torsional loading of the waler.
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FIGURE 4.14 Typical connection detail—waler to wall by the use of stubs to offset waler from
wall to permit wall construction. (Courtesy of Isherwood Associates. Oakville, Ont.)
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4.1.1.3 Raker to Waler then Pile. If the waler is set out on stubs, the raker can
be attached directly to the wall and the waler attached to the raker by use of a
lookout or supporting stub (see Figures 4.21 and 4.22.) The lookout forms a
convenient erection template. Once the rakers are installed and the lookouts
attached to them, the waler can be laid out on the lookouts and manipulated by
hand for final fit-up. A plate attachment is then welded to the waler and pile in
the axis of the web of the raker. This type of connection is not nearly as simple
if the raker is a pipe section and so is not often used with pipe rakers.
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FIGURE 4.19 Typical connection of raker to waler and wall simultaneously.
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FIGURE 4.20 Raker to waler and wall, Toronto, Ont. Note that raker contacts waler and wall
simultaneously. (Courtesy of Isherwood Associates. Oakville, Ont.)
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4.2 STRUTS

Struts are usually associated with trench excavation where the depth or length of
time required for the trench to be open requires substantial shoring. These types
of excavations are called cut and cover. Some shoring walls may be strutted
against existing structures, but the vast majority of struts are braced against the
opposite side of the excavation. Since the walls of the cut and cover are parallel,
the struts can be installed as axial compression elements with little or no design
eccentricity. These struts can be attached to the piles by welding or can be
wedged. If wedging is used, a careful analysis of the types of end treatments must
be made. Since excavation must be carried out under the struts, and hoisting must
pass through the struts, accidental striking of a strut cannot be permitted to dis-
lodge the strut.

Lightly loaded struts can be of timber or telescoping pipe. More substantial
struts are usually wide flange column sections. As the strut loads increase, and the
width of the trench expands, large diameter pipes (24”-36” (610-915 mm)) are
used. In some cases, a row of supports must be installed in the center of the trench
to support the struts and limit their unsupported length. In an extreme case, the
author worked on a project which was 50 feet (15.2 m) deep and 150 feet (46 m)
wide. The excavation was braced with only one row of struts which were very
heavy trusses constructed from wide flange beams. 

As previously mentioned, because struts must permit excavation under them
and hoisting through them, it is normal to find walers spanning the length of the
wall. The wales are periodically braced across the trench by strutting. This
arrangement minimizes the number of struts crossing the trench.

4.2.1 Struts and Walers

4.2.1.1 Strut Under Waler. In this configuration, struts are installed across the
trench at predetermined intervals from soldier pile to soldier pile or sheet pile to
sheet pile. Walers are then laid over the struts and attached as indicated in Figures
4.23 and 4.24. The struts form a template for the walers. The waler can then be
blocked or wedged to restrain the remainder of the wall in the same manner as
discussed in Section 4.1.1.

4.2.1.2 Strut to Waler. In this arrangement, struts are attached directly to the
waler and transmit their force through the waler web. This detail calls for very true
alignment of the strut to the waler web. Regardless of the accuracy of the
alignment, the wale will have a tendency to roll either up or down and this must
be restrained. See Figure 4.25 for a drawing of a welded wale strut connection with
anti-roll chock. Figures 4.26 and 4.27 are photos of the same type of connection.
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FIGURE 4.23 Typical connection detail when strut is mounted under waler. (Courtesy of Isher-
wood Associates. Oakville, Ont.)
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FIGURE 4.25 Typical connection detail when strut is mounted against waler. Note the roll chock. 
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The strut to waler connection lends itself to the assembly of bracing sets (see
Figure 4.28). The sets consist of parallel walers with welded struts forming brac-
ing rectangles. These rectangles are lowered into the trench between parallel rows
of sheet piling or soldier piles. In fact, the frames can be laid on the ground first
and used as a driving template for the sheet piles. The frames are manufactured
slightly narrower than the planned trench width. Once the brace is set in place, it
is wedged tightly against the shoring walls and suspended on chains to prevent it
from slipping. Excavation can then progress. When the utility installation is com-
plete, the trench is backfilled. Once the backfill reaches the height of the bracing
set, the wedges are knocked free and the bracing rectangle removed for reuse.

An economic form of attachment of waler to strut is found in Figure 4.29. In
this case the strut is installed in the trench between parallel walers. The strut is
designed to be slightly (say 3 inches (75 mm)) shorter than the length required
and the gap is filled with grout. This also permits the easy removal of the strut
when it is no longer required. 

4.3 CORNER BRACES

Where shoring walls face inwards at 90 degrees to each other and intersect form-
ing a corner, an opportunity is presented for corner bracing. Corner braces pro-
vide lateral restraint to each wall in a manner similar to struts with one important
difference. Corner braces also impart a horizontal lateral force to the wall which
must be dealt with.

Corner braces can be quite small when used to brace areas of the wall close
to a corner. Figure 4.30 details corner braces of less than 20 feet (6.1 m) in length
which are welded directly to the soldier pile. Because the corner braces impart a
lateral force into the wall, the force must be translated down the wall to dissipate
the load through wall/soil friction or to the next corner where it can be resisted by
the corner. In this instance, the waler is actually a square tube section mounted
within the flange of the soldier piles (Figure 4.31).

In cases where it is necessary to locate the waler at a distance from the wall
to permit wall forming, care must be taken to deal with all forces being exerted.
Lateral loads being carried through the waler cannot be dissipated along the
wall through the stubs (see Figure 4.15) and must be handled with specific
structural details.

Corner braces can also be located directly below the waler or directly to the
waler. The waler under brace method allows the use of the corner brace as a tem-
plate for the waler placement. Figures 4.23 and 4.25 detail connections between
strut and waler which also work for corner braces.

Because corner braces are compression members, they are usually steel col-
umn sections when the unsupported length is short (see Figure 4.32). Where the
corner bracing is being used as the primary method of bracing a cut, the length of
the corner braces may be quite long. In cases such as this, pipe sections (see Fig-
ure 4.33) are used for corner bracing with intermediate supports as necessary.
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FIGURE 4.29 Strut mounted against waler with grouted connection, Colma, CA. (Courtesy of Con-
don-Johnson & Associates, Inc. Oakland, CA)
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Where a shored excavation is performed to permit the construction of a build-
ing, corner braces ideally are designed to be just above a floor slab. The corner
brace should be high enough above the slab to permit slab finishing below the
brace, but close enough to the slab elevation to permit cutting of the corner brace
as soon as the slab reaches strength. This removal transfers the brace load to the
floor slab and permits further construction to progress without brace interference. 

4.4 TIEBACKS

To this point, the chapter has dealt with methods of handling lateral loads by
bracing within the excavation. Excavations may be supported from without the
excavation by the use of tiebacks. Tieback anchors, or anchors as they are com-
monly called, secure the wall to a soil or rock mass which is behind that portion
of the soil adjacent to the wall which is at risk of moving. See Chapter 11.4 for a
discussion of the active zone. 

Many methods of anchoring are available. The most commonly used methods
in shored excavations are drilled and grouted anchors. However, a method, which
began in the utility sector for anchoring guys and poles, involves the use of
mechanical anchors. Mechanical anchor usage has spread and now they are used
in lightly loaded shoring situations. Driven pipe piles have been used as tieback
anchors and cases are reported of the use of driven H piles.

Anchors are almost always installed at an angle below the horizontal. This is
for a number of reasons. In drilled and grouted applications, grout will run out of
a horizontal hole. In driven applications, driving is much easier if it is at least at
some angle of declination. In most cases, soils tend to be more competent with
depth. The desire to economically use the stronger soils for anchoring is a com-
pelling reason to install tiebacks at a downward angle.

With the exception of specific situations involving restricted right-of-way or
easements, or conflicting utilities, soil anchors are usually installed at angles of
between 15 and 30 degree declination to the horizontal. Rock anchors tend to be
steeper in an attempt to get to rock as quickly as possible. Declination angles up
to 45 degrees are common. The steepness of the angle becomes a detriment to the
shoring scheme as the tieback imparts more vertical force which must be dealt
with by other components of the wall. 

4.4.1 Mechanical Anchors

Mechanical anchors take many forms. Two commonly used commercial anchors
are helical anchors and the manta ray anchors. Helical anchors are a series of steel
helical plates welded at intervals to a steel rod. The anchor is rotated into the soil
with the helices literally screwing themselves into the ground. Once in place, the
anchor provides pull out capacity by passive resistance (see Chapter 8.5).
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Manta ray anchors are plates which are attached to a rod. The plate is
advanced into the ground by impact driving. Once the plate is advanced to the
depth desired, the rod is tensioned which causes the plate to rotate to a position
at right angles to the rod. In this configuration, the plate provides pull out capac-
ity through passive resistance.

An excellent reference for mechanical anchors is the ADSC Mechanical
Anchor Product Data manual referenced in the Bibliography of this text.

4.4.2 Drilled and Grouted Anchors

Single Stage Anchors. Drilled and grouted anchors develop their pullout capa-
city in an entirely different fashion than mechanical anchors. These anchors
mobilize the shear strength of the soil or rock by friction along their length.
Figure 4.34 details various portions of an anchor. The anchor has an anchor head
which attaches to the wall in order to prevent the wall from overturning. The
anchor passes through an area called a “no-load zone” which is the soil which is
probably subject to movement (see Chapter 11.4) and then develops its capacity
in an area called the “bond zone” or “anchor zone.” The anchor outlined in Figure
4.34 is what we call a single stage anchor. The top of the bond zone for all strands
is the bottom of the no-load zone so that all of the strands begin developing their
capacity at the same depth in the drilled hole. North American tiebacks are almost
always single stage anchors.

Multistage Anchors. Drilled and grouted anchors develop their capacity by
mobilizing the shear strength of the soil. Some movement is necessary in order to
mobilize this shear capacity. Because the bar or strand used for anchors elongates
as it is stressed, the entire load of the anchor is first brought to bear at the top of
the bond zone. As the anchor elongates, the bond stresses are shed down the bond
length so that the bond stresses are distributed over the length of the bond zone.
This can require significant movements in the top of the bond zone in order for
the stress to be uniformly distributed.

In anchors where the load is extremely high, or where the soils that the anchor
is engaging are soft, the calculated anchor length can be quite long. If the entire
load is placed at the top of the bond zone, the amount of movement necessary to
distribute the bond stresses along the entire bond length may be so great that the
soils at the top of the bond zone will fail. This phenomena can then transfer the
total load further down the anchor, overloading the next segment of soil, and in a
repeat of the previous occurrence, a progressive failure may occur. At a mini-
mum, the soil/anchor bond will often be reduced to residual strength levels and
optimal bond performance is not possible.

In order to overcome this problem, strand anchors can be constructed as mul-
tistage anchors (see Figures 4.35 and 4.36). With the top of the bond zone of each
strand in a different place the onset of bond stresses are more evenly distributed
throughout the bond zone and the soils are not overstressed in any one location.
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FIGURE 4.34 Simple corrosion pro-
tection-nomenclature. (Courtesy of Con-
Tech Systems Ltd. Delta, BC)
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These types of anchors are more common in Europe, but have been used in
the U.S.A. One of the difficulties with this type of anchor is that each strand has
a different elongation in order to achieve equal stress. Stressing must be done
with multiple jacks (see Figure 4.37). This complicates the stressing operation
and significantly adds to the stressing time.

4.4.2.1 Materials. A discussion of anchor components is most easily carried out
if the subject of temporary anchors is addressed first with variations required to
make an anchor permanent carried out later. 

Temporary Anchors. Drilled and grouted anchors are constructed using either
high strength steel bars (Figures 4.38 and 4.39) or post tensioning strands
(Figures 4.40 and 4.41). The bars (Fs = 150ksi (1035 MPa)) are rolled with an
upset thread which permits coupling and also develops bond in a manner
similar to reinforcing steel bars. Bars are commercially available in diameters
from 5/8 inch (16 mm) to 31⁄2 inches (88 mm) to provide a range of capacities.
Strand anchors are constructed of high strength post tensioning strands of either
0.5 or 0.6 inch (12 or 15 mm) diameter. The strand has an ultimate capacity of
270 ksi (1860 MPa) and different capacities are achieved by varying the
number of strands used.
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FIGURE 4.35 Schematic of multiple stage anchor. (Courtesy of SBMA, LLC. Venetia, PA)
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Tieback anchors are positioned in the drilled hole with the use of spacers so
that the grout which completes the installation will completely surround the
anchor tendon. The one exception to this statement occurs when anchors are
installed utilizing hollow stemmed auger techniques. No spacers are used in this
application. The assembly of bar or strand together with spacers, sheathing and
grout tubes is called the anchor tendon and this element is placed in the hole as
one unit.

Bar anchors are attached to the wall through a plate and nut arrangement indi-
cated in Figure 4.42. The nut is threaded so as to secure the rod to the plate.
Strand anchors are attached to the wall through an anchor head and wedge
arrangement. The wedges are compressed together by sliding deeper into ever
decreasing strand holes machined into the anchor head.
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FIGURE 4.37 Stressing arrangement for multiple stage anchor. (Courtesy of SBMA, LLC. Vene-
tia, PA)
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FIGURE 4.38 Bar anchors with spacers. (Courtesy of Dywidag Systems, Inc. Kent, WA)

FIGURE 4.39 Bar anchors. Note the upset thread. (Courtesy of Con-Tech Systems Ltd. Delta, BC)
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Strand or bar anchors are protected by a sheathing to prevent capacity being
derived in the “no-load zone.” This sheathing is a smooth wall polyvinyl chloride
(PVC) pipe just slightly larger in ID than the OD of the bar so that the bar can
slide inside the pipe. In the case of a strand anchor, the sheathing can take the
form of either individual strand sheathing or one sheath which encompasses all
the strands. Sheathing, which covers each strand individually, is polypropylene
or high density polyethylene (HDPE) encapsulating a layer of grease which per-
mits the strand to slide inside the sheathing (see Figure 4.43). Alternatively all
bare strands may be encapsulated inside one PVC sheath.

The bond zone portion of the anchor is that portion of the anchor that comes
in direct contact with the anchor grout and bonds through friction to the grout. In
the case of bar anchors, a bare bar will develop bond strength through the ridges
rolled onto the bar in the same fashion as a reinforcing bar bonds to concrete.
Strand anchors develop their bond to the grout by friction along the length of the
strand and the individual strands are spread to maximize this bond (see Figures
4.44 and 4.45).
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FIGURE 4.40 Single seven wire strand. (Courtesy of Con-Tech Systems Ltd. Delta, BC)
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FIGURE 4.42 Anchor head details for bar anchors. (Courtesy of Williams Form Engineering Corp.
Portland, OR)
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FIGURE 4.43 Greased and sheathed strand. (Courtesy of Con-Tech Systems Ltd. Delta, BC)

FIGURE 4.44 Bare strand with strand organizers. (Courtesy of ADSC-The International Associa-
tion of Foundation, Drilling. Dallas, TX)
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Permanent Anchors. In order to provide the corrosion protection required for
permanent anchors, it is necessary to encapsulate the entire anchor. A complete
discussion of corrosion protection of anchors is contained in PTI Manual for Soil
and Rock Anchors (see Bibliography for reference).

Figure 4.46 details a permanent bar anchor. Note that the entire anchor is
encapsulated in grout within a ribbed sheath. The ribbing of HDPE or PVC pro-
vides roughness so that the anchor can develop bond capacity with the grout on
the outside of the sheath (see Figure 4.47). Note that a sheath of smooth plastic
is used to prevent bond development within the no-load zone. Figure 4.48 is a
photo of a bar anchor encapsulated in grout and sheathing.

A pipe of steel or plastic is attached to the back of the base plate. This pipe,
called a trumpet, protects the anchor from corrosive elements as it transitions
from the ribbed sheath to the anchor head. The trumpet is either filled with grout,
foam, or grease, after stressing to provide complete protection. A cap filled with
corrosion inhibitor is placed over the lock off nut to protect the anchor head. In
the case of permanent strand anchors, the anchor zone (bond length) consists of
bare strand covered with a corrugated PVC or HDPE sheathing. The sheathing is
filled with grout. The no-load zone consists of individual strands greased and
sheathed in a smooth PVC casing. The strand bundle is then placed inside a
smooth wall PVC or Polyethylene casing which covers the no-load zone portion
of the tendon. This casing is filled with grout to provide corrosion protection. 

Similar to a bar anchor, a trumpet protects the strand anchor as it transitions
from its PVC casing protection to the anchor head. Figure 4.49 details a corrosion
protected strand anchor. Figures 4.50 and 4.51 display epoxy coated anchors that
are an alternative used for corrosive environments.
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FIGURE 4.45 Strands spread with spacers—schematic. (Courtesy of Dywidag
Systems, Inc. Kent, WA)
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FIGURE 4.49 (continued) Typical
permanent strand anchor. (Courtesy of
Con-Tech Systems Ltd. Delta, BC)
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4.4.2.2 Installation. Drilled and grouted anchors can be installed in a number of
ways. The equipment used is outlined in Chapter 13. The holes may be drilled
utilizing auger rigs or continuous flight augers. Holes drilled utilizing this method
range in size from 8 to 30 inch (200-760 mm) diameter. The anchor tendon is
usually placed prior to grouting, although some instances have been noted of
higher bond capacity being developed by installing the tendon after grouting
(called “wet setting”). Grout is poured into dry holes or tremied into wet holes.

Anchors can be installed by hollow stemmed continuous flight augers in a
method called auger casting. An anchor tendon is placed inside the auger and the
auger drilled into the ground. Once the auger reaches design depth, grout is
forced down the hollow stem of the auger and the auger is withdrawn leaving the
grout and tendon in place. These augers range in size from 8 to 18 inch (200-460
mm) diameter.

Anchors can also be installed by rotary techniques utilizing air or water as a
flushing medium. This method utilizes drag bits, rotary bits with top hole per-
cussion hammers, or down hole hammers to drill the hole. Once the hole is com-
pleted, the drill string is withdrawn and a tendon set and grouted in place. Hole
sizes are in the range of 4-10 inches (100-250 mm) in diameter.

Duplex drilling techniques are commonly used in tieback drilling. In this
method a hole is advanced by rotary techniques. The hole is protected by a cas-
ing which is advanced simultaneously with the drill bit. Hole sizes are in the
range of 5-8 inches (125-200 mm). Once hole depth is reached, the drill string
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FIGURE 4.51 Typical epoxy coated strand anchor details. (Courtesy of Dywidag Sys-
tems, Inc. Kent, WA)
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and bit are withdrawn but the casing remains. The tendon is then placed in the
hole and grouting begins. As grouting continues, the casing is withdrawn.

4.4.2.3 Grouting. Grouting is usually performed with neat cement grouts. Bagged
or bulk cement is mixed with water on site at a rate of 5-6 gallons (19-23 L) per
sack of cement. This grout is then pumped down the drilled hole through 1 inch
(25 mm) diameter lines.

Commercially purchased and delivered grouts can be used provided that pres-
sure grouting is not required. The use of sand grouts is typically seen in auger and
continuous flight auger tiebacks. These grouts usually are mixed at a ratio of 9
sacks (385 kg) of cement per cubic yard (0.765 m) with sand aggregate. No
coarse aggregate is used as it does not pump well in the 2 inch (50 mm) diame-
ter lines commonly used.

Grouting under pressure has been found to significantly increase the bond
strength between the grout and soil. Two grouting methods are commonly used:
pressure grouting and secondary grouting.

Pressure grouting is performed in a cased hole and consists of pumping grout
under pressures of up to 150 psi (1 MPa). The grout can be pumped under pres-
sure because it is pumped through a cap that is attached to the top of the casing.
Once pressure is attained, the cap is removed and one casing length (usually two
meters) is removed. The process is repeated until the bond zone of the tieback is
pressure grouted.

Secondary grouting is performed after the hole has been initially grouted (pri-
mary grouting) and the grout has taken its initial set. The anchor tendon is made
up with a secondary grout line which leads to a series of grout valves. This grout
line has a return line to the surface. The primary grout is introduced to the hole
by gravity methods. Once the grout has set (usually 24 hours), water is pumped
through the secondary grout lines. With the return line sealed, pressure is applied
to open the grout valves and fracture the initial grout (this method is also called
fracture grouting). Pressures as high as 800-1000 psi (5.5-6.9 MPa) may be re-
quired to open the grout valves. Once the grout valves are open, grout is pumped
through the valves to form high pressure grout balls which significantly increase
the anchor capacity.

If pressure cannot be held at satisfactory levels during secondary grouting, it
may be necessary to terminate grouting and perform the operation again after this
round of grouting has set. In order to do this, the return line is opened and water
is pumped down the secondary grout line and out the return line to flush any grout
out of the grout pipes. Secondary grouting is then repeated until satisfactory pres-
sure can be maintained.

4.4.2.4 Stressing. All anchors are stressed as part of a quality control program (see
Chapter 14). Anchors are tested either for verification, ensuring that the design
assumptions and techniques are correct; performance, ensuring that design methods
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continue to be appropriate for conditions found in the field; or proof, ensuring that
specified techniques are being adhered to and capacities are being achieved.

4.4.2.5 Attachment Techniques. Anchors are attached to shoring walls in a num-
ber of methods. In the case of soldier piles or secant piles, anchors can be attached
directly to the pile. Figures 4.52 through 4.58 detail several techniques used.
Where the flange is cut to permit passage of the tieback close to the pile web, a
cover plate is placed opposite the tieback to replace the lost pile flange and restore
section. This technique can produce torsion in the soldier pile as an eccentricity
exists between the anchor and the pile web. Tight tolerance control must be
adhered to. Alternatively the torsion can be dissipated by placing a waler between
the piles (see Figures 4.59 and 4.60) or by strapping the pile under torsion to the
adjacent pile (see Figures 4.61 and 4.62). The direct connection cannot be used for
driven soldier piles unless the connection is fabricated after driving.

LATERAL SUPPORT 151

FIGURE 4.52 Typical detail—direct connection of tieback to pile. (Courtesy of CT Engineering
Inc. Seattle, WA)
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FIGURE 4.56 Note web stiffeners for direct soldier pile to tieback connection, Bellevue, WA.
(Courtesy of Condon-Johnson & Associates, Inc. Seattle, WA)
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Soldier piles fabricated from two wide flanged sections or two channels have
been constructed which permit the placement of tiebacks through the center of
the section. This arrangement detailed in Figures 4.63 through 4.65 completely
eliminates problems with torsion. These piles cannot be driven and must be
placed in drilled holes. Fabricated double piles are much more expensive than
single pile sections.

Walers can be constructed to span from soldier pile to soldier pile. These
walers can receive either one tieback in the center of the span between piles or
two tiebacks, one beside each soldier pile. These walers can be constructed from
H-Pile sections, with a cutout in the center to permit passage of the tieback (Fig-
ures 4.66 and 4.67), back to back channels (Figures 4.68 and 4.69), back to back
wide flange beams (Figure 4.70) or square tubing (Figure 4.71). Walers of this
type of construction are always mounted normal to the tieback tendon and must
be mounted on some form of wedge to bring about this alignment.
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FIGURE 4.62 Strapping used to relieve torsion in soldier pile from anchor load, Seattle, WA. Set-
back lagging causes lack of lateral support of front flange of pile encouraging torsional problems.
(Courtesy of Condon-Johnson & Associates, Inc. Seattle, WA)
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FIGURE 4.66 Typical section—H beam waler.

FIGURE 4.67 Beam waler between soldier piles, Bradford, PA. 
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FIGURE 4.70 Double beam waler, Toronto, Ont. (Courtesy of Deep Foundations Contractors.
Thornhill, Ont.)
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Walers can also be constructed as cast-in-place concrete beams attached to
the soldier piles (see Figure 4.72).

Tiebacks are most often attached to sheet pile walls utilizing channel wales.
Slurry wall tiebacks are usually attached directly through the wall with reinforced
blockouts either poured in the wall section or precast as separate blocks. 

4.5 DEADMEN ANCHORS

When anchoring is possible at a very shallow level which will adequately provide
overturning resistance to a shoring wall, deadman anchors should be considered.
These anchors are similar to tieback anchors except that in order to develop their
capacity they are attached to some form of buried anchorage which will resist
movement through mobilization of passive pressures.

Deadman anchors are installed as horizontal anchors. The tendons can be bar or
strand and they can be treated for corrosion exposure in a manner similar to drilled
and grouted anchors (see PTI Manual for Soil and Rock Anchors—reference in Bib-
liography).

The anchorage, called a deadman, can take various forms. It may be a wall of
short driven sheet piles. It may also be a buried precast concrete anchorage, or it
could be a continuous cast-in-place concrete beam.

If the anchored wall is comprised of soldier piles, the attachment of a dead-
man anchor can be by direct attachment as detailed in Section 4.4.2.5. Soldier pile
walls and sheet pile walls can also utilize walers similar to those detailed in Sec-
tion 4.4.2.5. Most often used is the double channel connection. If the channel is
applied to the outside of the shoring wall with the anchor tendon passing through
the wall, the connection of waler to pile is in compression and the connection is
very simple. If the waler is attached to the backface of the shoring wall (see Fig-
ure 4.73) the attachment will be in tension and a weldment or bolted arrangement
must be designed to deal with these loads. The waler-behind-wall connection
yields a much cleaner face for the shoring wall.

Figure 4.74 details a variation of deadman anchoring. This pier utilizes ten-
dons which connect to the wall on the other side of the pier. In effect, each wall
acts as a deadman for the other. Figure 4.75 details a concrete deadman which
will be buried in the subsequent fill to provide anchorage.

Not all deadman anchorages are installed in a mass excavation as indicated in
Figures 4.73 through 4.75. A deadman can be installed in a trench dug parallel to
the shoring wall at the proper distance behind the wall. The tendons are then
brought through to the deadman for connection either by cutting small cross
trenches or by horizontal drilling. 
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4.6 CANTILEVER SHORING

Soldier pile, secant pile, cylinder pile, sheet pile, and slurry walls can all be
designed within limits to stand without any component of lateral restraint other
than their own embedment (Figure 4.6). Chapter 11.1 will deal with design meth-
ods to effect this result. Figure 4.76 details a cantilever pile and Figure 4.77
details a typical soldier pile and lagging cantilever wall.
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FIGURE 4.76 Typical cantilever soldier pile and lagging. (Courtesy Washington State Department
of Transportation)
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4.7 SOIL NAILS

Until now, this chapter has dealt with lateral earth pressure by restraining the face
of the shoring wall. The soil nailing technique reinforces a soil mass and strength-
ens it so that the soil will act as a block. This is done by the installation of regu-
lar inclusions called soil nails.

Although totally different in their operation, soil nails look, for all intents and
purposes, like soil anchors. In most applications, a soil nail consists of a rein-
forcing steel bar ranging from # 7 to #10 (#22-#32) in size and grading from
either regular rebar grades (60 or 75 ksi (415-520 MPa)) to high strength (150 ksi
(1035 MPa)) centered in a hole of 6 to 8 inch (150-200 mm) in diameter which
is filled with high strength grout (see Figure 4.78). Nails may also be comprised
of hollow steel rods. These rods act as sacrificial drill steels, and are drilled into

EARTH RETENTION SYSTEMS176

FIGURE 4.76 (continued) Typical cantilever soldier pile and lagging. (Courtesy Washington State
Department of Transportation)
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the ground and grouted using the center hole as a grout channel (see Figure 4.79).
Some work has been done with split sets (see Figure 4.80), driven nails or nails
fired under air pressure, but by far the majority of nails in North America are
installed by drilling and grouting.

The majority of soil nails are installed utilizing gravity grouting techniques
Some recent work, in softer soils, has incorporated secondary grouting techniques
also described in Section 4.4.2.3. 

Once the nails in a particular lift are installed, a fascia of shotcrete is applied
to cover the exposed soil face. This fascia is attached to the nails by plates which
are captured on the ends of the nails with nuts (see Figures 4.81 and 4.82). In
cases where the soil nail is deemed to be permanent, it is attached to the com-
pleted structure by way of a studded plate (see Figures 4.83 and 4.84).
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FIGURE 4.77 Cantilever soldier pile retaining wall, Shoreline, WA. (Courtesy of Condon-Johnson &
Associates, Inc. Seattle, WA)

LATERAL SUPPORT

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



EARTH RETENTION SYSTEMS178

FIGURE 4.78 Epoxy coated permanent nails with spacers. (Courtesy of Golder Associates Inc.
Redmond, WA)
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Permanent soil nails are usually protected from corrosion by epoxy coating
the nail. See FHWA Manual For Design and Construction Monitoring of Soil
Nailed Walls (reference in Bibliography). In some cases, part or all of the nail
may be encapsulated in grout and ribbed PVC sheathing similar to permanent soil
anchors (Section 4.4.2.1).

4.7.1 Strut Nails

The shotcrete fascia can sometimes place a very heavy load on the ends of the nails
which must act in cantilever to support the weight. This occurs most often in situ-
ations where shotcrete is being installed in a permanent application as described in
Chapter 6.2. Thicknesses of shotcrete up to 24 inches (610 mm) have been used in
heavy retaining wall cases. When the shotcrete is too heavy for the nails to carry in
cantilever (usually greater than 10 inches (250 mm) in thickness in the first one or
two lifts), the engineer can overcome this problem by adding strut nails. These short
nails (usually 10 feet (3.0 m) in length) are very steeply inclined (70 degrees to the
horizontal). Acting as short micropiles, they carry the load of the shotcrete in com-
pression until sufficient lifts of shotcrete are in place to mobilize wall friction.
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CHAPTER 5

FACING
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Most of the systems discussed in Chapter 3 have fascia elements that are integral
with the primary vertical elements. Sheet piling presents full face coverage. Secant
piles and tangent piles cover the entire excavated face with the concrete placed in
the excavated shaft. Slurry walls present a complete face of tremied concrete and
Trench Boxes incorporate the facing panels as an integral part of the box.

Three systems have separate fascia systems. These are soldier pile and lagging,
soil nailing, and micropile walls. Underpinning in Chapter 3 is often actually an
adaptation of soldier pile and lagging and so will not be dealt with separately. In
soldier pile, and lagging and micropile walls, the fascia is called lagging while the
fascia of soil nailed systems is a thin shell placed by shotcrete methods.

5.1 LAGGING

The word lagging, as it is used it in the earth retention industry, has nothing to do
with the facing on a hoisting drum, nor the habit of falling behind. Lagging, in
this context, describes the material used to span the gap between soldier piles.
While it is usually wood, and placed by hand, it does not necessarily have to be
so. It can be of concrete or steel. The span between soldier piles is normally in
the range of 6-10 feet (1.8-3.0 m). Soldier pile and lagging systems are designed
as free draining systems, so that any water which encounters a lagged wall is
expected to seep through the wall. Timber lagging is therefore ideal as it permits
flow between the planks and is manageable as a manual load.

Source: EARTH RETENTION SYSTEMS
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Lagging can only be installed in materials that demonstrate some stand up
capability. In other words, a face of soil must be exposed for some period of
time in order to install the lagging boards. During this time, the face must
remain stable. Lagging is usually installed in lifts of approximately four to five
feet (1.2-1.5 m). The planks in each lift are installed from the bottom up. Once
a lift is complete, the lift is secured to the piling by wedging or nailing to pre-
vent it from slipping during further excavation. The next lift is then excavated
and the process repeated.

Lagging can be utilized in either temporary or permanent applications. Tem-
porary applications usually are for periods of less than one year and occur when
soldier pile and lagging is used as temporary excavation support for construction
of buildings, utilities or civil engineering installations. Permanent applications
occur when lagging is the final exposed fascia for retaining walls constructed uti-
lizing soldier piles. 

Lagging can be either tucked between the flanges (see Figures 5.1 and  5.2)
or mounted on the face of the soldier piles (see Figures 5.3 and 5.4). On occasions
where it is not possible to place the soldier pile in a location that will permit
placement of the lagging behind the front flange, the lagging can be blocked back
behind the front flange of the pile with either timber blocking or welded angle
clips (see Figure 5.5). Lagging can even be placed behind the back flange of the
soldier pile.

5.1.1 Material

5.1.1.1 Timber. Timber, the most commonly used lagging material, can be a
variety of species. On the West Coast, lagging is usually Douglas fir or Hem-fir.
On the East Coast, and in the South, mixed hardwood is used. Timber lagging is
usually 3, 4 or 6 inches (75, 100 or 150 mm) thick and is generally full dimen-
sion thickness. In other words, unlike dressed lumber where nobody knows the
real dimension of a 2 x 4, but everyone knows that it isn’t 2 inches by 4 inches,
4 inch (100 mm) timber lagging is actually 4 inches (100 mm) thick. Lagging
planks are usually supplied in widths of 8 to 12 inches (200-300 mm). The
thicker the plank, the narrower the width in order to keep the weight of the plank
manageable for lifting.

Some lagging is sold which is cut slightly less than the advertised dimension.
These planks are sometimes referred to as “scants” and the amount of undersiz-
ing appears to be equal to the saw thickness. While there is nothing wrong with
lumber which is slightly less than advertised dimension, the effect of the under-
sizing should be considered when specifying the lagging (Chapter 11.8).

Timber lagging can be impregnated with treatments such as CCA (chromi-
nated copper arsenate) for Hem-fir, ACZA (ammoniacal copper zinc arsenate,
called Chemonite) for Douglas fir, or pentachlorophenol for both. Mixed hard-
woods can be treated with creosote. When its use is permanent, it almost always
is treated. Some municipalities require that temporary lagging be treated, but
these are in the minority.
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With the exception of steel “road” plates which are discussed later, timber
lagging provides the greatest flexibility when dealing with standup time. Standup
time is a measure of the amount of time that an exposed soil face will stand prior
to the onset of raveling. In cohesive soils it is almost never a problem, but it must
be considered in cohesionless soils. Sands and gravels which have a significant
silt fraction, or have some form of cementing in their structure usually do not
experience standup time problems. Those sands and gravels which do not have
cementing or are not sufficiently silty may still have good stand up time charac-
teristics because of apparent cohesion (Chapter 8.2.1). The evaluation of the
potential for a soil face to stand, especially when apparent cohesion is being
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FIGURE 5.3 Lagging mounted on face of soldier pile with threaded rod and clip attachment—
schematic. (Courtesy of KPFF Consulting Engineers. Seattle, WA)
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relied upon, is very much an exercise in observation of actual test pits or the
application of previous experience. Planks are cut to fit utilizing chain saws. The
standup time required to cut and clean the face and place the planks can, if nec-
essary, be reduced to something in the neighborhood of one-half hour.

5.1.1.2 Concrete. Shotcrete and precast lagging are two concrete applications
used. Precast lagging is only used in permanent applications. Precast lagging
(Figure 5.6) can be visually very appealing, and patterns can be cast into the
lagging to increase its aesthetics. While precast lagging certainly solves the
problem of long term deterioration which might affect treated lagging, it requires
very tight tolerances when installing soldier piles. Precast lagging cannot be cut to
fit as readily as timber for placement between the soldier pile flanges and jobsite
timing usually requires that lagging be cast prior to soldier pile installation.

On the other hand, shotcrete is used in both temporary and permanent appli-
cations. Temporary shotcrete, usually in thicknesses of 4-5 inches (100-125 mm),
is reinforced with mesh. Permanent lagging is somewhat thicker and reinforced
with reinforcing steel. Drainage, which occurs in timber or precast lagging
through the plank joints, is provided by placing drain fabric on the excavated soil
face prior to the placement of the shotcrete. Frequent drain holes through the
shotcrete allow water to be relieved from the drain fabric.

Shotcrete lagging (see Figure. 5.7) can be placed behind the front flange of
the pile or attached to the face of the pile by the use of studs welded to the sol-
dier pile (see Figure 5.8). Shotcrete placed as a facing on micropile walls will
always be attached by use of studs. Patterning of shotcrete is not as simple as it
is with precast lagging and certainly the contouring of shotcrete can add signifi-
cantly to its cost. See Chapter 5.2 for a discussion of shotcrete as a fascia.

Standup time becomes more important when dealing with concrete lagging.
It is virtually impossible to install precast lagging in multiple lifts. The soil must
stand while excavated to the full depth of the cut to permit placement of the lag-
ging from the bottom up. Alternatively, it may be necessary to place timber lag-
ging behind the back flange of the soldier piles during excavation to provide
stability. Once the base of the excavation is attained, the precast lagging can be
spaced between the soldier pile flanges. 

Standup time is similarly important in the case of shotcrete. By the time the
soil face is cut and trimmed, drainage fabric placed, reinforcing mesh hung and
shotcrete applied, a minimum of four (4) hours has elapsed.

5.1.1.3 Steel. While not nearly as common as timber, steel has been used as a
lagging substance. Metal decking has been used in places where it was felt that
the long-term deterioration of lagging might be detrimental to adjacent building
footings (see Figure 5.9). The decking is placed between soldier piles and grout
is pumped behind it to fill voids.
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In cases where the soils consist of loose to medium dense sands without cob-
bles or boulders, contractors have driven steel “road” plates between the soldier
piles (see Figure 5.10). This system has the advantage of providing shoring pro-
tection without exposing the soil face to standup tme issues. The sheets are dri-
ven utilizing a vibro hammer and extracted for reuse. Provided obstructions are
not encountered, it is a very economic way to install lagging to depths of up to 20
feet (6.1 m). The soldier pile must be placed very accurately for both plumb and
location in order for the system to work satisfactorily.

5.1.1.4 Plastic. A proprietary lagging is produced called Dura-Lagg. It is made
up of hollow planks made from reclaimed plastic which are very easy to move
about in tight quarters and difficult access projects. Reinforcing rods can be
added just prior to placing of the plank and the plank cavity is filled with cement
grout after installation of the plank (see Figure 5.11).

5.2 SHOTCRETE FASCIA

Shotcrete fascias on soil nail systems carry out two responsibilities. Firstly, they
provide weather protection so that slaking and drying do not rob the face of its
ability to stand. Secondly, they handle any loads which are exerted at the face.
Theoretically, the fascia of a soil nailed system experiences no lateral load. Expe-
rience and many field measurements indicate that some load is evident at the face.
The load on the shotcrete fascia approaches 30 percent of that which you might
predict by using Rankine or Apparent Earth Pressure analyses. That load is suffi-
cient that it must be taken seriously when designing a shotcrete fascia.

Shotcrete fascias for temporary soil nailing are generally 4 inches thick and
reinforced with a light mesh similar to that used for slab-on-grade construction.
A 4 x 4 (100 x 100 mm), W2.9 x W2.9 mesh is usually adequate to permit the
shotcrete to span between nails. In addition, the shotcrete must deal with the con-
centration of load around the nails. This is done with the use of waler bars, tic-
tac-toe bars and plates. 

Waler bars are horizontal reinforcing steel bars that form a sort of light hori-
zontal beam through the shotcrete. Usually waler bars consist of 2 x 4’s (#13)
running horizontally across each row of nails (see Figure 5.12).

Tic-Tac-Toe bars are reinforcing steel bars which spread the shear stresses in
the shotcrete. They usually consist of 2 x 4’s (#13) x 3 feet (915 mm) each way
under the nail plate (see Figures 5.13 and 5.14).

Drainage strips made of dimpled plastic and filter fabric (see Figure. 5.15) are
installed vertically at 6 feet cc (1.83 m) and cross linked between shotcrete lifts
to provide drainage behind the shotcrete fascia. Drain strips are normally 12-16
inches (300-450 mm) wide. Drain strips can be seen in Figures 5.12 and 5.14.
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EARTH RETENTION SYSTEMS204

FIGURE 5.13 Typical tic-tac-toe reinforcing
for soil nails.

FIGURE 5.14 Tic-tac-toe reinforcing prior to shotcrete application, Los Angeles, CA. (Courtesy
of Dywidag Systems, Inc. Kent, WA)
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Each nail has a plate which concentrates the wall loading onto the nail. Typ-
ical plates are 8 inches x 8 inches x 1⁄2 inch (200 x 200 x 12 mm) and are captured
by a nut sitting in a coned washer. 

Permanent exposed shotcrete fascias must conform to the design parameters
of permanent basement walls. As a result, permanent walls are 8 inches (200 mm)
or thicker and have at least one mat of reinforcing steel included (see Figure
5.16). In view of this steel inclusion, the requirement for waler bars and tic-tac-
toe bars is eliminated. In order to handle the build up of stresses at the nail head
which eventually occurs in permanent wall/permanent nail situations, the nail
plates are studded and embedded in the permanent wall.

5.2.1 Vertical Elements

Soil nail systems which feature shotcrete fascias (about 95 percent of the appli-
cations) rely very heavily on the excavation of a stable face against which to
shoot the shotcrete. In cases where the soil standup time is marginal or where
sloughing is exacerbated by the exposure time of the cut face, the installation can
be improved with the use of vertical elements. These elements, used to increase
facial stability, are drilled vertical holes of 6 inch diameter (150 mm). The holes
are installed and grouted at 18 to 36 inch centers (450mm-900mm) and reinforced
nominally with a single #4 (#13) rebar. These holes are drilled to the base of the
suspect material in order to create added arching and hold the cut face. (See Fig-
ures 5.17 and 5.18)

Vertical elements are also used to allow the upper row of soil nails to be
depressed so that they can pass under near-surface utilities. Drilled holes, rein-
forced with pipe or small wide flanged sections, are used to create a larger can-
tilever than might normally be seen with conventional shotcrete applications (see
Figures 5.19 and 5.20).

Finishes

Shotcrete is applied by the wet process. It is blown on under air pressure and
stacked in layers from the bottom of a lift up (see Figure 5.21). Temporary shot-
crete is placed and may or may not be struck off with a screed. As such, it has a
very rough texture.

Permanent shotcrete walls can be finished and brought to a very clean surface.
They are screeded flat and then finished with a wood float (see Figure 5.22). The
surface approaches that of a cast-in-place wall for flatness and it has a slightly
sanded texture. When desired, a textured finish can be applied to the shotcrete by
imprinting. False joint lines or other relief features can also be trowelled into the
finished face to give it a cast-in-place appearance (see Figure 5.23).
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EARTH RETENTION SYSTEMS208

FIGURE 5.17 Vertical elements for face stability, Vancouver, WA. (Courtesy of Drill Tech Drilling
and Shoring Inc. Antioch, CA)
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EARTH RETENTION SYSTEMS210

FIGURE 5.19 Eight inch (200 mm) diameter vertical elements to incease cantilever, Seattle, WA.
(Courtesy of Golder Associates Inc. Redmond, WA)
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FIGURE 5.20 Vertical elements at 6 foot (1.83 m) centers cantilever the upper portion of this per-
manent wall and permit placement of the first lift of soil nails at 7 feet (2.13 m) below grade. Seattle,
WA. (Courtesy of Golder Associates Inc. Redmond, WA)
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EARTH RETENTION SYSTEMS214

FIGURE 5.23 Shotcrete wall with detailed finish, Agura Hills, CA. (Courtesy of Condon-Johnson &
Associates, Inc. Los Angeles, CA)

Shotcrete is applied in layers and often concrete of different batches will cure
with a different color. This color variation must be expected and if color varia-
tion is deemed to be a visual problem, it can be overcome with a spray-applied
solid body stain.

If visual appearance is paramount, shotcrete can be tooled to take on a natural
rock look. The finished face can then be stained with various stains to complete
the effect (see Figure 5.24).

5.3 Excavation and Backfill

Excavation adjacent to lagged or shotcrete shoring systems should always be
performed by backhoe or tracked excavator. These machines cut a soil face by
cutting and pulling away from the soil mass leaving a relatively undisturbed face.
Usually the mass excavation of the site is made without cutting for the lagging.
The mass can be cut with loaders, scrapers or backhoes. In the vicinity of any
lagging, a berm is left which is later removed just prior to the lagging operation
(see Figure 5.25). Depending on the stability of the cut soils, the final face of a
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soil nail and shotcrete application can be cut either prior to or after installation of
the soil nails. The final trimming of the soil face for lagging should be done in a
fashion such that there is little or no gap left between the lagging plank and the
soil face. Loaders excavate by pushing and lifting. This action tends to disturb
materials in front of the excavation face as well as disturbing lagging or shotcrete
placed in previous lifts.

While it may be possible to excavate a shored excavation in 10-12 foot (3.0-
3.6 m) lifts matching the tieback or raker elevations, lagging cuts must be per-
formed in lifts that can be safely exposed. In general, lifts of 4-5 feet (1.2-1.5 m)
are preferred. It is still possible to mass excavate a 10-12 foot (3.0-3.6 m) cut
while coordinating with the lagging operation. A cut of 4-5 feet (1.2-1.5 m) for
lagging is made and then a berm is cut down to the base of the mass excavation
lift desired (see Figure 5.26). A working surface sufficient to install the lagging
must be left. Once the lagging lift is installed, the berm is removed and the lag-
ging continued down to meet the mass excavation. 

It is very important that any gap between the lagging and the soil face be
filled. The material used can often be in situ cohesionless (sandy) materials. The
practice of pumping CDF (controlled density fill) behind the lagging should not
be instituted as a general solution as it creates areas which cannot drain and there-
fore may develop water build up. Solutions which require overexcavation of the
soil face to permit placement of drainage fabric and free draining gravel are
sometimes specified. These designs are not constructible in situations which
require placement of lagging in multiple lifts as the backfill material falls out
when the subsequent lifts are exposed.
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FIGURE 5.26 Typical excavation section indicating lagging berm.
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CHAPTER 6

SHORING USES

219

When selecting the type of shoring for a particular project, it is important that a
rational appraisal of its ultimate usage be made. The design intent can have a
great influence on the type of shoring chosen and can affect even the engineering
method and factors of safety used in its design. Once a shoring method is chosen,
it is sometimes difficult to change to another system. Some systems, if selected,
might be adaptable to a change of usage while others simply cannot be revised.
A change in use might result in the abandonment of the initial shoring in order to
construct a system compatible with the revised intent. The following are the types
of uses and their constraints.

6.1 TEMPORARY

Temporary shoring systems are just that—temporary. This is not to say that they
are flimsy or unsafe, but they are designed with the understanding that they will
be in place and load bearing for a finite period of time. The period envisioned
may be as short as a number of hours in the case of trench boxes (see Chapter 3.2)
or as long as two years for deep building excavations. The PTI Manual for Soil
and Rock Anchors specifies that any exposure longer than 24 months should be
considered permanent, at least in terms of corrosion protection for the anchor
components of the wall system. Exposures to particularly aggressive soil condi-
tions may require corrosion protection for even shorter periods of time. See the
bibliography in this text for references on the PTI Manual. Some typical tempo-
rary shoring systems are shown in Figures 6.1 through 6.3.

Source: EARTH RETENTION SYSTEMS
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Aside from trench boxes previously mentioned, the types of shoring consid-
ered to be temporary are sheet piling (Chapter 3.1), timber shoring (Chapter 3.3),
lightweight shoring (Chapter 3.4), soldier pile and lagging (Chapter 3.5), soil
nailing (Chapter 3.6) and secant walls (Chapter 3.7)

Shoring applications, such as trench shoring or the shoring of an excavation
for the installation of a tank, or larger excavations for building basements, are
included in this category. Similarly, excavations for bridge abutment construction
or retaining wall construction are appropriately considered temporary.

Temporary excavation support is usually designed based on active soil para-
meters. (Ka; see Chapter 8.4). The exception to this statement is the case where
adjacent buildings or utilities are so sensitive that the types of movements gener-
ally experienced in allowing the retained soils to develop an active state of stress
would permit too much settlement. In these cases, at-rest analyses (Ko; see Chap-
ter 8.6) are used.

It is not customary to design temporary excavation support for seismic load-
ing. This is not to say that the designer takes a cavalier approach and is betting
that a seismic event will not occur. Experience has shown that temporary exca-
vation support methods tend to be flexible enough that moderate seismic events
do little or no damage to these systems. These observations have been gathered
from Loma Prieta in 1989—7.1 on the Richter Scale, Northridge in 1994—6.7 on
the Richter Scale, and Nisqually 2001—6.8 on the Richter Scale.

Temporary shoring systems are designed to provide no long-term support for
either the soil mass or the structure constructed adjacent to them. In some cases, such
as sheet piling, soldier pile and lagging, soil nailing and secant walls, some or all of
the system may be left in place and abandoned. Regardless of whether it is taken out
or left in place, the shoring system is, by definition, assumed to have no structural
value once the permanent structure is in place and the excavation backfilled.

6.2 PERMANENT

In cases where the engineer has decided to permanently retain the earth with a
shoring system, long-term design principles are used. The types of systems suit-
able for permanent applications include sheet piling (Chapter 3.1), soldier pile
and lagging (Chapter 3.5), soil nailing (Chapter 3.6), secant walls (Chapter 3.7),
cylinder walls (Chapter 3.8), slurry walls (Section 3.9), micropiles (Chapter
3.10), and underpinning (Chapter 3.11). Many conventional retaining wall situa-
tions can be economically dealt with using shoring methods outlined in Chapter
3 (see Figure 6.4). These methods can also be utilized to repair existing failed
retaining walls (see Figure 6.5).

Permanent installations are almost always designed using at-rest principles
(Ko; see Chapter 8.6). This is because a number of events conspire to increase
loading on permanent earth retaining structures, such as freeze/thaw cycles,
wet/dry cycles, deterioration of drainage systems, strain softening, and creep (see
discussion in Chapter 14).
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FIGURE 6.4 Permanent soldier pile and lagging with fascia treatment in lieu of conventional cast-
in-place retaining wall. (Courtesy of Schnabel Foundation Co., Inc. Houston, TX)
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Permanent installations should always be designed with proper accommoda-
tion for seismic occurrences. Samples of permanent walls are shown in Figures
6.6 through 6.8.

Corrosion protection must be addressed in permanent installations. See rec-
ommendations of the PTI Manual for Soil and Rock Anchors. Adequate drainage
must also be addressed to prevent unwanted hydrostatic buildups or leakage.

There can be a number of reasons to use one of these earth retaining struc-
tures as a permanent system. In side hill cuts, they can be a very economic form
of permanent retaining wall. In some building construction cases, it is convenient
to take lateral loads out of an earth cut and not force the building frame to handle
these loads. This is particularly apropos in cases where building basements are set
in side hill cuts with the retained earth being much higher on one side of the
building than the other (see Figure 6.9).
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FIGURE 6.5 Repair of failed cast-in-place retaining wall utilizing tiebacks-schematic. (Courtesy of
Schnabel Foundation Co., Inc. Houston, TX)
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FIGURE 6.9 Use of permanent tiebacks to deal with unbalanced sidehill cut forces. (Courtesy of
Schnabel Foundation Co., Inc. Houston, TX)
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6.3 TEMPORARY/PERMANENT—THE HYBRID
APPLICATIONS

In recent years there has been an increased use of hybrid applications of tempo-
rary and permanent shoring. These applications require attention to detail. The
temporary portions of the work can be designed as such, while the permanent
must be designed to permanent standards. This can sometimes be quite confusing
to analyse because it is possible to have construction loads (the temporary appli-
cation) that are higher than permanent loads. 

6.3.1 Temporary Soldier Pile and Lagging with Permanent Tiebacks

In cases where the permanent structure requires tiebacks, it is sometimes possible
to design the temporary shoring to utilize the permanent tiebacks for lateral support.
Temporary soldier piles and lagging are constructed together with the permanent
tiebacks (see Figure 6.10). When the permanent structure is constructed inside the
shored excavation, it is attached to the tiebacks through load transfer devices such
as studded plates. In these cases, the external walls, which are connected to the
tiebacks, will be subjected to the entire lateral earth pressure but the internal build-
ing diaphragm is spared the lateral load.

6.3.2 Permanent Soldier Piles with Temporary Shoring System.

In cases where the soldier piles are to be used to provide vertical stiffening of the
permanent wall system, it is possible to design the soldier piles to perform both
the task of temporary earth support and then marry the piles to the permanent
structure to stiffen the walls. This can be done by placing studs on the soldier
piles which are then included in the concrete wall pour. 

6.3.3 Soil Nailing—Temporary Nails, Permanent Fascia

The shotcrete fascia of a soil nail system can be designed to be the permanent wall
of a finished structure. If the permanent structure is designed to support the lateral
load of the soil through its flooring system, then the soil nails are designed as tem-
porary. Of course, the design of the permanent basement wall with its code con-
cerns for cover and steel minimums is much different than that of a temporary soil
nail wall (Chapter 4.7). In these cases, the resultant wall is much thicker (8 inch
(200 mm) minimum) than a temporary fascia (4 inch (100 mm) nominal), (see Fig-
ure 6.11). There is additional discussion of this in Chapter 6.4.
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6.3.4 Soil Nailing—Permanent Nails, Temporary Fascia

In a slightly different case than permanent tiebacks, it is possible to design a build-
ing substructure such that the basement walls are spared most of the load imposed
by lateral earth pressures, while the internal diaphragm of the building does not
experience any loading from the soils. In this case, the soil nailing is designed as
a permanent application and connections are detailed to attach the soil nails to the
permanent walls. The shotcrete fascia which forms the facing during excavation
and provides protection against sloughing is designed as a temporary wall.

6.4 TOP-DOWN FASCIA CONSTRUCTION

The use of this term should not be confused with a system practiced more often
in Europe where the permanent building substructure is constructed as a whole
from the ground down. On some European jobs, floors and walls are cast as the
excavation progresses and the excavation is performed by digging below the cast
in place concrete and removing the soil through the completed structure. Top
down fascia construction is the process by which the permanent fascia wall of
either a soldier pile system or a soil nail system is built as the excavation pro-
gresses. Examples of top down fascia systems are shown in Figures 6.12 through
6.16. These installations are almost always done by shotcrete methods. There are
several advantages and some disadvantages to these systems which should be
seriously considered prior to deciding to adopt this method.

6.4.1 Advantages

• By eliminating temporary lagging in soldier pile and lagging or temporary
shotcrete fascia in soil nailing, significant cost savings can be achieved.

• By constructing the permanent wall as the excavation progresses, it is possi-
ble to save considerable time in the construction schedule. When the excava-
tion is complete, the external basement walls are already constructed,
removing that operation from the critical path on the schedule.

6.4.2 Disadvantages

• Placing the wall in shotcrete lifts necessitates more reinforcing steel splices.

• Drainage and waterproofing are far more difficult to perfect in a top down
installation and it is virtually impossible to install a wall that does not have
the potential to leak, or at least effervesce. 

• The weight of a permanent wall (which may be as thick as 24 inches (610
mm) depending on the particular application) may be too heavy for the soil
nail system to carry during construction without the addition of strut nails
(Chapter 4.7). This added cost must be considered.
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• The integration of the various trades involved in excavation, reinforcing steel
placement, waterproofing application, shotcreting, and concrete finishing is
very difficult, especially on a small site. Continuity of work for all concerned
is very difficult to achieve.

6.5 Slide Control—Repair

Some shoring systems are very applicable to prevent, control or repair damages
from land sliding. These systems include sheet piling (see Chapter 3.1), soldier
pile and lagging (Chapter 3.5), soil nailing (Chapter 3.6), secant walls (Chapter
3.7), cylinder walls (Chapter 3.8), and slurry walls (Chapter 3.9).
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FIGURE 6.13 Top down construction—excavation schematic.
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The design of a shoring system in a sliding situation is handled just like a per-
manent wall (Section 6.2) with the following additions. Often a slide plane will
pass below the level of the base of the downhill excavation. In this case, the ver-
tical element (be it a sheet pile or a soldier pile) must be designed to intercept and
strengthen the slide plane so as not to endanger the wall in the manner discussed
in Section 10.5. A typical slide repair project is shown in Figures 6.17 and 6.18.

In addition, it is often desirable to provide debris flow constraint capabilities
to the retention wall. This is done by increasing the height of the wall some dis-
tance above the height of the up-hill finished grade. A typical debris wall is shown
in Figures 6.19 through 6.22. In order to do this, the wall must be designed to han-
dle not only the potential load of debris retained by the “catchment” wall, but also
the dynamic forces involved in downhill movement of the debris being caught. 

Soil nailing can be used as a dowelling process to enhance the shear strength
of in situ soils to prevent sliding. Figure 6.23 is a photo of a soil nail project
designed to strengthen the excavated slope on a dam abutment.
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FIGURE 6.19 Debris wall drawing. (Courtesy of Shannon & Wilson, Inc. Seattle, WA)
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FIGURE 6.20 Debris wall drawing. (Courtesy of Shannon & Wilson, Inc. Seattle, WA)
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CHAPTER 7

INVESTIGATIONS

249

A number of investigations must be undertaken prior to the design and construc-
tion of an excavation. These include the drilling of soil borings and developing of
Geotechnical Reports, the performing of Pre-Construction Surveys of adjacent
properties and utilities, and the analyzing of the location of those utilities to verify
potential interferences.

7.1 GEOTECHNICAL REPORTS 

Prior to the design and installation of any underground improvement, an analysis
of subgrade materials and conditions must be performed. This is usually done by
drilling test borings and performing lab and field tests to characterize the subsur-
face conditions and ascertain various parameters of the soils. While borings are
not always necessary, some form of subsurface investigation must be performed.
The reliance on shallow test pits should only be undertaken when local knowl-
edge of the area can supplement and confirm the findings of the test pits. 

Soil borings are taken to develop an understanding of strength parameters of
the soils and ground water conditions and document any incidence of contami-
nation which may be evident. Borings can be undertaken in a number of ways to
produce meaningful information. This chapter will not delve into the many and
varied methods of drilling soil borings, but will concentrate on the useful data
which should be available from those borings. 

A geotechnical report which is helpful to both the designer and constructor of
a shored excavation will include the following materials:
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• A listing of all soils encountered, described in accordance with a well recog-
nized soil classification system such as the Uniform Soil Classification Sys-
tem. All soils encountered should be carefully logged so as to present an
accurate cross section of the soils encountered at the boring location. 

• A description of any water levels encountered in the boring, both at the time
of drilling and some time later when static levels can be determined. 

• A discussion of the applicability of the boring results to known geologic
mapping of the area. 

• A description of any evidence of hazardous or contaminated materials noted
in the borings. 

• A full disclosure of any in-hole testing which was undertaken together with
the test results such as standard penetration tests (SPT), cone penetration tests
(CPT), shear vanes, and slugging tests. If samples were retrieved, the loca-
tion where they can be viewed should be indicated. 

• An accurate plan indicating boring locations referenced to property lines,
building lines, or easily identified monuments. Elevation of the top of all bor-
ings should be referenced to an easily identified datum, preferably geodetic. 

• A discussion of the relevant parameters of the soils investigated. This discussion
should include parameters such as c, � unit weight (�), moisture content, grain
size analysis and incidence of boulders and cobbles. In rock, such parameters as
Rock Quality Designation (RQD), compressive strength, and the incidence of
fissuring should be provided. If available, strike and dip data is also helpful.

• A discussion of the water levels. Is the water indicated perched, or is it repre-
sentative of the true water table? If dewatering is indicated, what is the antic-
ipated hydraulic conductivity? 

• Although it is preferred that the Geotechnical Report give c and � values, if
they are not available, a discussion of suggested apparent earth pressures or
earth pressure coefficients is necessary.

It is recognized that this information is probably not all reported in the pre-
liminary Geotechnical Report, but it must be determined prior to the design and
installation of a safe shored excavation. 

7.2 PRE-CONSTRUCTION SURVEYS 

Pre-construction surveys are carried out just as the phrase says—prior to con-
struction. Some of the information gleaned from these surveys is necessary for
design of the shoring system, while the remainder is an important log of the pre-
existing condition of the adjacent property. These surveys are done for the dual
purpose of protecting the owner, engineer and contractor on a project against lia-
bility for pre-existing conditions, as well as determining the type of shoring
required to ensure that no damage occurs to the adjacent property from the
planned excavation procedures. 
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Required pre-design information regarding adjacent properties includes:

• Description of the size, shape and type of construction of any adjacent facili-
ties such as buildings, roads, retaining walls and utilities. Report on any as-
built documentation of these adjacent facilities 

• Accurate location and depth of adjacent building basements and footings,
together with an estimate of the location and depth of buried utilities. 

• An estimate of the loads on adjacent building footings together with a disclo-
sure of the competence of the structure. 

• A clear definition of any easements, fire lanes, or building exits adjacent to
the proposed excavation.

Pre-Construction information which should be collected prior to starting con-
struction includes:

• Crack surveys including pictures, or videos to record pre-existing conditions.
Figures 7.1 through 7.5 are typical pre-construction photos which define the
existing condition of the adjacent properties 

• Detailed water level and water quality sampling of wells in the vicinity. 

• Traffic surveys if excavation is likely to affect neighboring businesses.

7.3 UTILITY LOCATES 

Although normally considered to be part of the pre-construction survey, this issue
has been given its own segment due to the importance of due diligence in this
matter. While overhead utilities can be seen and are often moved prior to con-
struction, buried utilities, which are far greater in number, must be located prior
to construction. Not only does the striking and subsequent disruption of service
represent a significant potential liability to the project participants, it can be also
be a considerable safety hazard to the personnel directly involved. 

While utility locates are attempted by the engineer prior to the design of the
shoring, this locate information should never be relied upon. The construction
team (owner, general contractor, and specialty contractor) should undertake a
utility location survey prior to construction. This survey should include:

• A review of all available as-built drawings 

• Utility marking by a coordinated utility marking service. See Figure 7.6 for a
typical marking by a one-call locating agency. 

• Utility locates by each individual utility 

• Opening of manholes and vaults to measure the depth and location of inverts
of adjacent utilities 

• Pot holing as necessary to locate utilities.
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As you will notice, each of the steps becomes increasing more difficult and
invasive for the project team. However, the team should continue to fulfill each
of these steps until such time as the utilities are located with a high degree of cer-
tainty.

Aside from the disruption to the utility caused by their breakage, utility dam-
age can have a very detrimental effect to the project. Drilling into gas or electric
lines can risk fatal injuries for any nearby personnel. Drilling and grouting oper-
ations that damage and subsequently fill sewers or waterlines can be very expen-
sive to fix. Damage to any adjacent utility can cause severe disruption to the
project schedule while the utility is repaired. 

Successful excavation can only be performed when a complete understanding
of the soils and adjacent facilities exists. Only by performing the above-men-
tioned tests in a diligent and thorough manner can the project team assure them-
selves that they have achieved this understanding.
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CHAPTER 8

ENGINEERING PROPERTIES
OF RETAINED SOILS

259

In order to perform a shoring design, it is necessary to use several engineering
parameters and understand some basic concepts. Some of the parameters are
measured, some developed and others are derived. Together they form the input
data for the empirical and analytical methods used to design the shoring systems
used today. The empirical design methods are based on the systematic collection
and analysis of data obtained over many years on earth retention systems such as
braced and tied-back soldier pile walls. For other systems, like soil nailed walls,
analytical methods are used. Both these approaches accurately and effectively
predict lateral earth pressures. 

Because of layering of dissimilar soils, not all earth retention systems lend
themselves to analytical methods. Lateral earth pressures can also be influenced
by the types of restraint used. This is called soil-structure interaction and further
confounds the solution of earth retention problems by the use of first principles.
The inputs necessary for these design methods include the following.

8.1 ANGLE OF INTERNAL FRICTION 

The angle of internal friction defines the increase in shear strength of a soil with
increasing confining pressure. It is calculated by plotting a series of triaxial tests
as Mohr Circles on a plot of principle stress vs. shear strength. This plot is called
a Mohr circle diagram (see Figure 8.1). The asymptote of several Mohr circles
is called the Mohr-Coulomb envelope. The angle of internal friction is the slope

Source: EARTH RETENTION SYSTEMS
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of the Mohr-Coulomb envelope and is defined in degrees from the horizontal. It
is most pronounced in cohesionless soils (sands and gravels) and approaches
zero in soft cohesive soils such as soft clay. The angle of internal friction can be
also be determined by cone penetration tests, or laboratory tests completed on
undisturbed samples taken in the field. The angle of internal friction, phi, (φ) can
be estimated from standard penetration tests. A table of this correlation is shown
as Table 8.1.
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FIGURE 8.1 Mohr circle diagram.

TABLE 8.1 SPT vs. phi. 
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8.2 COHESION 

Cohesion is a property exhibited in fine-grained soils (clays and silts), which is the
result of atomic attractive forces between soil particles. These forces allow the
material to exhibit shear strength, even when no confining pressure is available.
Cohesion is the intercept of the Mohr-Coulomb envelope with the shear strength
axis where the principle stress equals zero. Figure 8.1 illustrates a typical Mohr
Coulomb envelope of a cohesive soil. In soft clays where � is negligible, the cohe-
sion approaches the measured shear strength of the in situ soils. In cases where tri-
axial tests are not available, the cohesion can be developed using cone penetration
tests. It can also be approximated by using one half of the unconfined compressive
strength (UU) as derived from pocket penetrometer tests. Cohesion, c, is a strength
parameter and is expressed in units of pressure.

8.2.1 Apparent Cohesion 

Some cohesionless soils will exhibit characteristics of cohesive soils in that they
will stand vertically when cut. The reason these sands and gravels can do so is
because of their moisture content. Some cohesionless soils, with moisture con-
tents that are dry of saturation, will have their particles bound together by capil-
lary attractive forces. These forces in the water molecules hold wetted soil
particles together to form a weak cohesion. The phenomenon is called apparent
cohesion. Apparent cohesion can also be the result of particle cementation caused
by mineralogy or thixotropic action. Thixotropic action is the result of previous
high stress history. 

In the earth retention field, apparent cohesion will permit a vertical face of an
excavated cohesionless soil to stand for at least a short period of time. This occur-
rence is called stand-up time and its existence is absolutely critical for lagging
and soil nailing. In cases where the apparent cohesion is the result of capillary
action, apparent cohesion may disappear with time as the exposed soil dries.
Because of its lack of permanence, this apparent cohesion is not a property which
is relied on for any calculation of soil strength. 

In cases where the apparent cohesion is the result of mineralogy or thixotropic
action, it is quantified by the methods detailed for defining cohesion (Chapter 8.2).

8.3 UNIT WEIGHT OF SOIL.

The wet weight (soil and entrained moisture) of a specific volume of soil is
known as its unit weight. It is commonly referred to as γs or γ (gamma) and is
expressed as weight per unit volume. 
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8.4 ACTIVE PRESSURE 

The theory of earth pressure, as advanced by Rankine, defined a wedge of soil
which would move if not restrained. The Rankine wedge is outlined in Figure 8.2.
It is most easily demonstrated in the case where cohesion is equal to zero and we
deal with the angle of internal friction only. Rankine held that, when a face was
cut in soil, a wedge defined by an angle measured from the vertical axis equal to
450-φ/2 from the toe of the excavation would be caused by gravity to try to move
downward and outward. This gravitational force would be counteracted by the
shear stresses acting on the line AB which defines the back of the wedge (the
active wedge). The unbalanced force or resultant of these two forces is a function
of the weight of the soil. 

The function is known as the coefficient of active earth pressure and is des-
ignated as Ka. It is derived as 

Ka = tan2(45- φ/2) (8.1)
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FIGURE 8.2 Rankine diagram-active pressure.
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8.5 PASSIVE EARTH PRESSURE 

Rankine held that if a force were externally applied to a face of soil in an attempt
to force it back into itself, the force at equilibrium would be the sum of the grav-
itational load of the failure wedge plus the summation of the shear stress on the
wedge plane defined as CD (see Figure 8.3). The angle defining the failure wedge
is defined as 450+ φ/2 from the vertical axis. The force required to move this
wedge of soil is a function of the weight of the soil.

The function is known as the coefficient of passive earth pressure and is des-
ignated as Kp. It is derived as

Kp = tan2(45+φ/2) (8.2) 

8.6 AT-REST PRESSURE 

To hold an excavated face of soil in place without the use of the shear strength of
the soil is known as the at-rest condition. The at-rest pressure is a function of the
weight of the soil. The factor defining that function is known as the coefficient of
at-rest earth pressure and is designated as K0. It is approximated as 

K0 = 1-sin φ (8.3)
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FIGURE 8.3 Rankine diagram-passive pressure.
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8.7 HYDROSTATIC PRESSURE 

Hydrostatic pressure is the force that is exerted on a shoring system by water that
is retained behind the shoring system. As water is known to weigh 62.4 pcf 
(1 T/m3) and defined by the symbol γw, the pressure acting at any point on a
shoring system which impounds water behind it is equal to the depth of the water
X 62.4 pcf (1 T/m3 ). This impoundment will also have the effect of reducing the
unit weight of soil to the buoyant weight ( γ )

γ’ = γs - γw (8.4)

8.8 ARCHING 

Arching is that phenomenon in a soil which permits it to transfer load to points
of rigidity similar to the way in which an arch bridge shifts its weight to its piers
and abutments (see Figure 8.4). This phenomenon allows even cohesionless soils
to stand temporarily between points of rigidity when unsupported, and sometimes
allows the designer to reduce the design stresses acting on parts of the shoring
system. Arching acts not only in the horizontal plane of the shoring wall, but also
in the vertical (see Figure 8.5). It is most evident in cohesionless soils (sands and
gravels) and approaches zero in soft, fine grained soils (clays). 
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FIGURE 8.4 Horizontal arching—note that the uniformly distributed load is redistributed and
reduced in the center of the span where deflection is greatest.
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FIGURE 8.5 Vertical arching. As deflection occurs between points of stiffness,
load is reduced in mid span and increased at nodes of stiffness.
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These few concepts, when understood, will permit an engineer to comprehend
the commonly used calculations used in the design of walls and to reconcile the
forces acting on those walls. Chapters 9 and 11 will develop the use of these con-
cepts in the design methods used for shoring.
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CHAPTER 9

FORCES ON WALLS

267

Over the years, theorists have used many methods to analyze retaining walls and
their effect on the adjacent soil mass, or to analyze the soil mass and its effect on
the retaining wall. Today, almost all wall designs are based on one of three meth-
ods of analysis. These are:

• Earth pressure theory advanced by Coulomb and Rankine

• Apparent earth pressure advanced by Terzaghi and Peck

• Limit equilibrium developed from analysis work on the stability of earth slopes

Currently, many designers work seamlessly between these three theories,
changing from one to another in mid-analysis almost without acknowledgement.
As a result, a body of work exists to design walls which is largely based on expe-
rience and relies on successful previous case histories.

Other than to acquaint the reader with some of the differences in the various
methods, no attempt will be made here to rigorously explain their intricacies. The
bibliography of this text offers reading which can provide the reader with added
information on these design methods.

Many designers have experienced difficulties with walls they have designed
because they have simply focused on the wall as a lateral load resisting element.
For the designer to focus only on the lateral loading indicated in these various
design methods without examining the entire loading regime which may exist in
a wall can lead to problems if not outright failures.

In order to design a shored wall, all the forces acting on the wall must be
understood. Generally, the designer is primarily concerned with horizontal forces
acting to topple the wall into the excavation. At times however, vertical loads on
shoring must be considered. Also of great importance in soft soils (primarily
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cohesive) is the tendency for the base of the excavation to heave or exhibit insta-
bility. This tendency will greatly influence the design of a wall and must be con-
sidered in order to accurately understand the loads acting on the wall.

This chapter will outline the forces used to design shored walls of excava-
tions. The lateral earth pressures are generally approximated by various diagrams
which have been developed from years of observation and measurement. While
the models used have been shown to be effective at predicting the lateral loads,
in most cases they are empirical and are not based on any rigorous analysis from
first principles.

The variability of soil stratigraphy, an imperfect understanding of the rela-
tionship between movement of the soil mass and the strength of its constituent
soil layers, and the complexity of soil/structure interaction as it relates to the built
facility has rendered attempts to create rigorous models of earth pressure and
deformation difficult and implementation of such models virtually impossible. 

The diagrams shown in this chapter represent those which are generally
accepted for use today. Other diagrams or theories of earth pressure do exist and
by their exclusion the author does not intend that they should be disregarded. This
chapter will merely provide an understanding of how most of the shoring in use
today is designed. 

9.1 CANTILEVER SHORING

Cantilever shoring is most often created by using sheet piles (Chapter 3.1), sol-
dier pile and lagging (Chapter 3.5), secant piles (Chapter 3.7), cylinder piles
(Chapter 3.8), or slurry walls (Chapter 3.9). Cantilever shoring is the one case
where it has been found that the Rankine model (see Chapter 8.4 and 8.5) of
earth pressure theory will reasonably accurately predict forces on a wall. In can-
tilever shored situations, a wall accepts a horizontal force against it and resists
the force by the rigidity of its embedment into the soils beneath the excavation.
The embedded portion of the wall will develop a point of rotation, and passive
forces will act on both sides of this point. This is called a moment couple (see
Figure 9.1). The couple is the result of passive pressures acting on opposite sides
of the wall embedment.

In cohesionless soils, the horizontal pressure acting on the walls and attempt-
ing to overturn them is directly proportional to the overburden pressure acting at
that depth plus any surcharges which may be imposed on the ground surface (see
Chapter 9.6). This vertical pressure is modified by a factor, Ka, (see Chapter 8.4)
to define the horizontal pressure. 

As you can see by the pressure diagram (Figure 9.2) the pressure is triangu-
lar. The figure is representative of the behavior of a granular soil where Ka is a
function of internal friction angle � as discussed in Chapter 8.1 and 8.4. In Fig-
ure 9.3, a rectangular addition represents the surcharge loading of a generalized
Uniformly Distributed Load (UDL) at the ground surface. Chapter 9.6 will dis-
cuss other types of surcharge loading and their effect on lateral pressures.
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The basic equation which defines lateral earth pressure at any point on the
wall can be shown to be

P = Ka (�H + q) (9.1)

where
P is the pressure at any point
Ka is the coefficient of active earth pressure
� is the unit weight of the soil being retained (in the case of soil 

below the static water table it is defined as �’).
H is the height of earth retained at the point of calculation
q is the vertical component of the surcharge load at the depth considered

Although the earth pressure is triangular, in the case of cohesive soils the
pressure diagram in its theoretical development is laterally shifted so that the
upper portion of the diagram actually indicates a negative lateral pressure (see
Figure 9.4). When you think about this it actually makes sense. A soil mass that
has cohesion will stand vertically for some height. In this height, the pressure dia-
gram indicates that no lateral restraint is necessary.
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FIGURE 9.1 Cantilever force diagram.
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In cohesive soils, the lateral earth pressure from the soil mass is defined as

P = �H � 2c (9.2)

where

P is the pressure at any point
� is the unit weight of the soil being retained 
H is the height of earth retained at the point of calculation
c is cohesion (see Chapter 8.2)

Although we acknowledge that the effect of cohesion in clayey soil indicates
that there is no horizontal force in the upper levels of the cut, the reality of the
performance of such a cut is that, over time, soils will dry and probably slake.
This creates a dangerous situation for anyone below such a cut so that, if the cut
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FIGURE 9.2 Active pressure in cohesion-
less materials—triangular. 
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FIGURE 9.3 Active pressure in cohesionless materials—
triangular plus surcharge.

FIGURE 9.4 Active pressure in cohesive
materials—triangular.
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is higher than about four feet, the full face of the cut really must be shored. To
design a cantilever wall in a cohesive soil, designers will rearrange the earth pres-
sure diagram so that it begins with an intercept at zero at the ground surface and
ends up at depth with the equivalent total load as indicated by Equation 9.2. This
creates a kind of artificial coefficient of lateral earth pressure which can then be
used to calculate the pressure at any point on the wall and permit the inclusion of
lateral pressure due to surcharge.

Example 9.1 indicates a calculation method used to achieve an apparent lat-
eral pressure coefficient in a cohesive soil. 

EXAMPLE 9.1 CALCULATE EFFECTIVE Ka FOR SOFT CLAY

If c = 300 psf
H = 15 feet
� = 120 pcf

P at point zero is equal to 120 (0) – (2) 300 = -600 psf
At Point 15, P is equal to 120 (15) – (2) 300 = 1200 psf
Total Load Pt = (1200 + (-600))•15/2 = 4500 plf
Set P at 0 equal to zero
Coefficient of active pressure can be calculated as follows

Pt = 1⁄2 (Ka�H2)
Ka = 2 Pt/�H2 = 2•4500/120•225 = 0.33

Having developed this coefficient, it is now possible to design the cantilever
wall in clays using Equation 9.1.

If a surcharge loading is applied at the top of the wall, it will be reflected as
a horizontal pressure on the wall in the same manner as Figure 9.3.

In addition, if the wall is designed to retain water behind it, such as a sheet
pile wall, slurry wall, or secant wall, without the use of relief drains, a further load
which represents the hydraulic head must be added (see Figure 9.5). This pres-
sure is, of course, triangular beginning at the design height of the external water
table and accumulating at the rate of 62.4 psf (3 kPa) per foot (0.3 m) of depth.

The effect of the inclusion of water pressure will affect the earth pressure as
the buoyant weight of soil is now used for all soils below the water table. The unit
weight of soil is described in Chapter 8.3 and 8.7 together with the effect of buoy-
ancy. The effect of earth pressure, water pressure and a UDL surcharge can be
seen in Figure 9.6.

There is disagreement in the design profession as to whether the active pres-
sure on the wall extends into the toe of the wall. There can be no question that
the pressure occurring from unbalanced water head (cases where dewatering
inside the excavation does not affect the external water table) extends to the toe
of the sheet pile or secant wall. However, some designers will also extend the
active earth pressure down the outside of the wall for the width of the soldier pile
to the base of the embedment (see Figure 9.7) while others do not. The stiffer the
soils, the less the inclusion or exclusion of this pressure appears to affect the
final design.
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Below the excavation, passive pressure develops on the excavation side of the
wall because the wall is attempting to move into the excavation. Figure 9.8 shows
the development of passive resistance. In cohesionless soils, the passive pressure
can be calculated as a function of the depth of embedment. Chapter 8.5 outlines
the development of passive pressure coefficient Kp. The actual calculation of pas-
sive pressure when applied to discrete wall elements, such as soldier pile toes, is
discussed in Chapter 11.1.2.

The passive pressure (Pp) at any point in cohesionless soils is defined as

Pp = Kp�d (9.3) 

Where d is defined as the depth of embedment
In c, � materials the passive pressure is defined as 

Pp = Kp�d + 2c (9.4)

The passive pressure on the back side of the embedment (below the point of
rotation) in a cantilevered pile toe is defined the same way. However, the depth
used to calculate the pressure is the depth from the top of the wall instead of from
the base of the excavation.

Some designers will ignore the effect of passive pressure in the first two feet
below the excavation. This is because minor over-excavation or disturbance of
material at the base of the wall may weaken the passive resistance of the soils. 
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FIGURE 9.5 Active pressure with the effect of
a water head.
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In situations where the shoring is retaining slide materials, it is entirely pos-
sible that the passive pressure envelope necessary for wall stability may need to
be depressed well below the base of the excavation. Certainly the passive pres-
sure should not be assumed to be mobilized above any recognized slip plane. 
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FIGURE 9.6 Active pressure with water head and surcharge.
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FIGURE 9.7 Active pressure extended to base of wall. (Courtesy of Golder Associates, Inc. Red-
mond, WA)

FIGURE 9.8 Passive pressure—cohesionless
materials.
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9.2 MULTIPLE LEVELS OF SUPPORT

Experience has shown us that earth pressure theory does not accurately predict
loading experienced by multi strutted (or tied-back) shoring systems. Here, the
general practice has been to use apparent earth pressure as the method to define
loads when designing.

Apparent earth pressure derives principally from work done by Terzaghi and
Peck and others on multi-strutted subway excavations. What came from this body
of work was the development of a series of envelopes that predict the strut loads
inherent in a shoring system. These envelopes are empirical and not rigorous in
their derivation. 

9.2.1 Sand

A rectangular pressure diagram is used (see Figure 9.9) where the pressure at any
point on the wall above the base of the excavation is defined as

P = 0.65 Ka (�H + q) (9.5)
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FIGURE 9.9 Apparent earth pressure–sand.
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9.2.2 Soft to Medium Clays

A rectangular pressure diagram with a triangular top as shown in Figure 9.10 is
used in cases where stability factor N is greater than 6.

N = �H/c (9.6)

In these cases

Ka = 1-4/N (9.7)

If the excavation is underlain by a deep deposit of soft or sensitive clay,

Ka = 1-1.6/N (9.8)

The pressure at any point below 0.25 H is defined as

P = Ka (�H + q) (9.9)

9.2.3 Stiff Clays

In stiff clays, or c, � materials, the diagram usually used is Figure 9.11.
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FIGURE 9.10 Apparent earth pressure–soft to
medium clay.
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The active pressure in the middle 50 percent of the diagram is defined as 

P = 0.8 Ka (�H+q) (9.10)

where 0.2 < 0.8Ka < 0.4

Some authors depict the stiff clay diagram to show the point of maximum
loading occurring 0.2H below the ground surface instead of 0.25H and continu-
ing to within 0.2 H of the base of the excavation.

In cases where N is less than 4, 0.8 Ka will approximate the lower bound,
while if N is between 4 and 6, 0.8 Ka will be 0.4.

In shored systems which have support from struts or tiebacks, the toe of the
wall does not necessarily have a point of rotation, and as a result, no passive pres-
sure moment couple, as outlined in the cantilever case, is developed. The hori-
zontal earth pressures in the multi strut case are carried by the struts and the
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FIGURE 9.11 Apparent earth pressure–stiff clay.
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embedded portion of the wall. The embedded portion of the wall simply devel-
ops its lateral load carrying capacity with one passive pressure envelope. This
passive resistance is best analyzed using Equations 9.3 or 9.4. This is only one of
the many apparent inconsistencies in our design approach. Note that the lateral
load on the wall (the active load) is being analyzed using apparent earth pressure
while the passive pressure is from earth pressure theory. 

It can be shown that for a soil mass to truly develop an active state it must
undergo deflections in excess of 0.003H where ‘H’ is the depth of the cut. In con-
trast, while we would like to believe that at-rest pressure designs (see Chapter
8.6) can restrain movements to nil, in reality the types of movements for at-rest
designs tend to be in the range of 0.001H. What Terzaghi and Peck seemed to
have found was that when you had a braced excavation of considerable depth, the
movements at the top were restrained by the strutting to something less than that
which would permit fully active state development. As a result, the apparent earth
pressure envelopes are dealing with a soil mass which is part way between at-rest
and active and, not surprisingly we find, exhibit movements in the range of
0.001H-0.003H. Again, this makes sense. The total retained force in a rectangu-
lar apparent earth pressure sand diagram is about 1.3 times that of the total force
from a triangular earth pressure theory diagram. The restraining forces are
greater, so the deflection is less.

9.3 SINGLE STRUT OR TIEBACK

There is no agreement on what diagram to use for the single level of support.
Some designers will use the triangular as indicated in the cantilever case (earth
pressure theory). Others will use the sand diagram for multi levels. Still others
will use the soft clay shaped diagram (truncated trapezoid) with Ka developed in
accordance with Equation 8.1. The last two from apparent earth pressure. 

Bulkheads and shoring where facilities are not sensitive to small movements,
are usually designed with triangular pressure diagrams. Where large surcharges
exist, or sensitive utilities or structures are involved, designers will usually use
some form of apparent earth pressure diagram.

The triangular shaped diagram will increase the load on the embedded por-
tion of the wall and will encourage a deeper placement of the strut or tieback.
This will induce more lateral movement in the shoring system prior to anchor
placement. The truncated trapezoid will increase the load on the tieback, and
encourage the designer to place the tieback higher which reduces movement and
results in less design load on the embedded portion of the wall. Most movement
in a shored wall will occur during the excavation for, and installation of, the
tiebacks. The higher the tieback, the less the excavation, and therefore the less the
deflection. While, the use of high jacking forces in tieback stressing can some-
times recover deflections in a shored wall, it is much easier to prevent deforma-
tions by not allowing them to occur in the first place.
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9.4 SOIL NAILING

Although the previous methods of analysis have emphasized the wall as a load
bearing structure with external loads impressed on the wall, soil nail walls, like
Mechanically Stabilized Earth Walls (MSE) are really examples of artificially
strengthening the soils immediately behind the wall, such that the soil mass
retains itself. Using limit equilibrium analysis, the internal forces (normal and
shear) are considered within the altered (reinforced) soil mass affected by the
adjacent excavation. 

In limit equilibrium analysis, the soil mass analyzed is defined by the ground
surface, the wall face and a failure plane. The mass is cut into small slices and
forces are reconciled within each slice and across the failure plane (see Figure
9.12). This is why Limit Equilibrium is often called the “Method of Slices.” It has
been accepted that the failure plane will be a curved surface, often approximated
as a circular, parabolic or log spiral surface (see Figure 9.13). Various failure
planes are tried to determine the critical failure plane. Designs performed using
Limit Equilibrium Analysis tend to exhibit movements in the same range as
apparent earth pressure (0.001H-0.003H).

Limit equilibrium analysis is sometime used as a check for global stability in
tied-back excavations where constraints on the length of tiebacks force designers
to utilize unconventional no-load zones.

9.5 BASE STABILITY

When designing a shored excavation, the designer must ensure that the excava-
tion will be stable when completed and not suffer from base heave. Base heave is
the phenomenon which occurs when the overburden pressure of the soil and sur-
charge outside the wall overcomes the bearing capacity of the soils within the
excavation. The soils then fail and flow under the wall and up into the excavation
(see Figure 9.14).

Base heave must be considered in soft or medium clays, or in water bearing
loose sands and silts where dewatering inside the excavation will cause unbal-
anced hydrostatic pressures. In soft or medium clays the factor of safety (FS)
against basal heave can be calculated as follows:

Step 1 Determine bearing capacity factor Nc from chart (Figure 9.15)

Step 2

F.S = Nc• c/(�H + q) (9.11)

where ‘c’ is the shear strength of soil below the base of the cut.
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FIGURE 9.13 Slip planes with soil nails. (Courtesy of Golder Associates, Inc. Redmond, WA)

FIGURE 9.14 Basal heave. 
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If the factor of safety is less than 1.5, in order to safely complete the excava-
tion, it may be necessary to extend the shoring wall below the excavation in order
to lengthen the failure path. Many designers believe the factor of safety cannot be
increased by the use of a flexible retaining system such as sheet piling, and that
it may require a more rigid wall such as a slurry wall or a secant wall in order to
improve the performance of the excavation.

If dewatering of a shored excavation in cohesionless soils is carried out and
the shoring does not extend to a layer of soil which will cut off the flow of water
from outside the excavation, the designer must ensure that basal instability will
not occur because of flow of water under the wall and upward toward the base of
the excavation. This eventuality can be analyzed by developing a flow net to ana-
lyze the stability of the base of the excavation.
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FIGURE 9.15 Bearing capacity factors for bottom stability analysis. 
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9.6 SURCHARGE

Surcharge loading can occur in a number of ways. Construction machinery or
materials may be staged adjacent to the excavation (see Figure 9.16). Adjacent
structures will impose surcharges through their footing loads. Traffic adjacent to
an excavation will impose surcharge loads. If shoring is designed such that the
excavation slopes upward above the top of the shoring, either naturally or as a
result of cutting operations, the slope certainly will surcharge the wall and must
be considered.

9.6.1 Construction Material and Equipment 

Designers often will use a surcharge of 200 psf (10 kPa) as a uniformly distrib-
uted load (UDL) for design purposes, or sometimes 2 feet (610 mm) of soil (about
240 psf (11.5 kPa)). This would appear satisfactory in most cases. If we assume
that a vertical load will distribute itself by spreading at a rate of 1:1 (for every
foot below the point of loading the zone of influence increases by one foot in each
direction), a line of ready mix concrete trucks fully loaded, parked end to end 4
feet (1.2 m) from the edge of the excavation will exert of vertical surcharge load
of 160 psf (7.7 kPa) at a depth of 4 feet (1.2 m) from the ground surface. At this
point the surcharge load contacts the wall. As you can see, 200 psf (10 kPa) will
cover most cases.

The designer should, however, ensure that the contractor is aware of the 200
psf (10 kPa) limit in the design. If heavy cranes are adjacent to the excavation or
extreme stockpiling of materials are anticipated, then this figure should be ad-
justed. Similarly, if wheel loads are anticipated closer than 4 feet (1.2 m) from the
shored face, the surcharge should probably be analyzed as a point load rather than
a UDL.

9.6.2 Traffic Loading

Since traffic loading would almost never be greater than fully loaded ready mix
trucks end to end (see Chapter 9.6.1) it can be assumed that 200 psf (10 kPa)
would be satisfactory for most traffic loading. The exception is rail traffic which
should be analyzed using railway loadings which have been codified in methods
such as Cooper E-80.

9.6.3 Adjacent Structure Loading

Adjacent structures should be analyzed to determine their footing loading. The
amassing of this information is discussed in detail in Chapter 7. The effect of the
footing loading can then be determined by a Boussinesq analysis to determine the
vertical and horizontal component of the footing loading on the adjacent shoring.
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9.6.4 Backslopes (Cut or Natural)

Two methods exist to analyze the effect of backslopes on shored excavations.
Coulomb analysis has been developed which will alter Ka for the effect of the
backslope. It can be shown that, when reduced for vertical wall inclination and
zero backfill

(9.12)

(9.13)

where
� = angle of internal friction

and
� is the angle of the slope behind the wall (see Figure 9.17)

r = 1+
sin sin -

sin 90 +

φ φ β
β

( )
( )
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2

K sin
r

= +( )90 Φ
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FIGURE 9.17 Backslope behind shoring. 
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When viewing this messy formula, it is not surprising that designers have
found other ways of dealing with backslopes above retaining walls.

As an alternative, designers will model the slope behind a shored wall as
exerting a surcharge on the wall equal to a function of height of the backslope. In
Figure 9.18 the designer placed a surcharge equal to 50 percent of the height of
the backslope to approximate the effect of the backslope on the shoring. The fig-
ure 50 percent should not be taken as gospel and the designer should take into
account the slope angle to determine the amount of surcharge to assume. One way
of doing this is to calculate the total weight of soil surcharge which would fall
within a line drawn at an angle of 45º ��/2  upward from the base of the exca-
vation (the active zone or Rankine wedge) (see Figure 9.19). This weight is then
distributed over the distance behind the wall defined by the edge of the wall and
the point of intersection of the Rankine wedge with the level of the top of the wall
as a UDL at the top of the wall. 
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FIGURE 9.18 Calculating surcharge effect of slope above shoring wall. (Courtesy of CT Engi-
neering, Seattle, WA)
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FIGURE 9.19 Surcharge calculation—alternative method.
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EXAMPLE 9.2 CALCULATE EQUIVALENT SURCHARGE AS A RESULT OF BACKSLOPE.

Backslope height = 8 feet
Backslope angle = 1.5/1
Wall height = 20 feet
Unit weight of soil = 120 pcf
� = 30 degrees

The active zone, defined by a line drawn upward from the base of the exca-
vation at 45º � �/2 contacts the ground surface 14 feet back of wall.

Weight of soil within this wedge (see Figure 9.19):

8•(2 + 10)/2•120 = 5760 lb.

Surcharge to be applied over 10 feet (intersection point of Rankine Wedge
with top of wall plane behind wall)

Surcharge is 5760/10 = 576 psf
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CHAPTER 10

FAILURE MODES OF
SHORING

291

In order to understand the design of shoring systems, it is necessary to have a
clear understanding of the types of failures which can occur to a shoring wall.
These failures include 

• Structural failure of some component of the shoring 

• Geotechnical failure of some soil component in contact with the shoring 

• Facial instability 

• Basal instability 

• Global instability 

10.1 STRUCTURAL FAILURE 

Structural failure of a shoring system occurs when some portion of the built sys-
tem is not sufficiently strong to withstand the imposed loads. The overload could
be the result of an inaccurate estimate of the imposed load, or may be caused by
a geotechnical failure which then overloads a structural portion of the wall. 

A failure in cantilever (see Figure 10.1) will occur when the cantilever por-
tion of the structure (above the tieback, strut or raker level), is not sufficient to
withstand the imposed loads and fails either in bending or in shear. This type of
failure could also occur prior to the installation of the first row of tiebacks if the
cantilever capacity of the piling is exceeded.

Source: EARTH RETENTION SYSTEMS
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Failure in midspan of the wall piling between tieback or strut levels will occur
if bending capacity is exceeded (see Figure 10.2). 

A structural failure could also occur if the connection between the wall and
the tieback fails. A similar failure would occur if a strut or raker failed in buck-
ling, or if a waler failed in bending. A failure of this type will overload the piling
in bending or overload other tiebacks, struts or wall embedments. In the case of
discrete piling elements such as soldier piles or secant piles. The failure of one
tieback could can result in a zipper type of failure where loads are thrown onto
tiebacks above or below the failed tieback, causing overload and subsequent fail-
ure. In walered systems the overload may be transferred laterally to adjacent
tiebacks causing failure either in the waler or the adjacent tiebacks. 

Failure of a tieback tendon from excessive tension will also result in over-
loading adjacent tiebacks or cause the bending resistance of the wall piling to be
exceeded. The resultant failure would be similar to a failure of a tieback connec-
tion (see Figure 10.3). 
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FIGURE 10.1 Structural failure—pile cantilever.

FAILURE MODES OF SHORING

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



Structural failures usually result in catastrophic wall displacements, which
often bring about unacceptable movements in the adjacent soil mass and damage
to any facilities which are located within the affected soil mass. 

10.2 GEOTECHNICAL FAILURES 

Geotechnical failures occur when the soil strength is not sufficient to resist the
imposed loads applied by the constructed portions of the wall. Geotechnical fail-
ures usually end up redistributing imposed loads to other portions of the wall often
with catastrophic results. Some types of geotechnical failure are discussed below.

Walls or wall elements may fail by sinking, when the downward component
of the tieback load or other imposed vertical loads is greater than the pile bearing
capacity in friction and end bearing . This sinking will allow the pile to rotate for-
ward as the tieback becomes detensioned, causing movement of the retained soil
mass and subsequent damage to adjacent structures (see Figure 10.4). 
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FIGURE 10.2 Structural failure—pile midspan.
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Walls or wall elements may move vertically upward if the friction on the wall
is insufficient to withstand the uplift caused by inclined struts or rakers. This
upward movement will allow rotation of the pile which permits movement of the
soil mass. Unlike the downward movement of piling under tieback loading which
can be self limiting, once uplift movement begins, it will accelerate unless
stopped immediately (see Figure 10.5). 

Failure of the tieback bond, permitting slippage of the tieback, will result in
overloading of adjacent tiebacks and/or bending failure in the wall elements. The
result will be similar to that discussed when tieback connections fail. 

If soil nails have inadequate bond, an under-reinforced soil mass will ensue
which will manifest itself in a wracking (Figure 4.5) of the soil mass and a pro-
gressive type of failure. 
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FIGURE 10.3 Tieback failure—bond failure. Note if the tendon or tendon/pile connection fails the
movement will be similar although the bond zone will not displace as in a geotechnical failure.
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Bearing capacity failure of raker footings will result in the inward rotation of
the wall piling. This again will permit excessive movement of the soil mass and
subsequent damage to adjacent facilities (see Figure 10.6). In addition, if walers
are involved in the system, load will be shed through the waler to adjacent rakers
with possibly catastrophic effects 

A passive resistance failure at the base of the shoring wall will permit rota-
tion of the wall inward at the toe. This movement can permit excessive soil mass
movement causing damage or may result in overloading of the wall piling in
bending and subsequent structural failure (see Figure 10.7).
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FIGURE 10.4 Settlement of pile toe. Note that this permits rotation of the pile forward.
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FIGURE 10.5 Pile toe uplift. Failure in tension allowing pile to rotate up and out.
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10.3 FACIAL INSTABILITY 

Facial instability occurs when soils in direct contact with lagging systems, or soil
nailed systems, do not exhibit sufficient stand up time to prevent sloughing. If
sloughing occurs at the exposed face of a cut being prepared for lagging or shot-
crete, it can affect the lagging or shotcrete already installed above the base of the
excavation. Once sloughing occurs below the wall fascia (lagging or shotcrete),
it has a tendency to progress upwards until it reaches the ground surface in a
process known as “chimneying.”

Facial instability causes a loss of frictional contact between the soil mass and
the wall. In soldier pile and lagging systems, this loss of friction will place added
load on structural elements of the wall and could cause geotechnical failure of the
pile toes. Loss of friction behind a lagging system will direct all vertical loads to
the soldier pile toes. Loss of friction behind a soil nail fascia will force the nails
to carry the wall fascia weight as a cantilever load. This may result in a structural
failure of the nail and a subsequent dropping of the wall fascia. 

Both results will cause significant movement of the soil mass behind the wall
with subsequent damage to adjacent facilities. Even if geotechnical or structural
failures do not occur, the loss of soil can eventually create settlements which risk
damage to adjacent sensitive installations. 

10.4 BASAL INSTABILITY 

Basal instability is the tendency of the base of the excavation to heave or boil
when excavated. Boiling occurs when the water level is higher outside the exca-
vation than inside the excavation and a flow of water is possible. This water flow
will disturb the soil and cause a loss of contact between soil particles. In extreme
cases, it is evidenced by a bubbling of the base of the excavation (hence the term
boiling). This boiling of the basal soils of the excavation disrupts the bearing
capacity and passive resistance of the soil and tends to worsen with time as the
water flow creates piping channels to permit its flow in ever increasing amounts
(see Figure 10.8).

Basal instability does not necessarily require water flow to occur. If the dif-
ference in overburden pressures between the inside and outside of the excavation
is sufficient to overcome the shear strength of the affected soils, the soils will
flow from the outside of the excavation under the wall and up inside the excava-
tion. This phenomenon will destabilize the wall, disrupt the soil mass outside the
excavation with accompanying damage to adjacent facilities and diminish the
bearing capacity of the basal soils within the excavation (see Figure 10.9).
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FIGURE 10.8 Boiling.

FIGURE 10.9 Basal heave.
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10.5 GLOBAL INSTABILITY 

In cases of variations in strength of materials, or the incidence of slide planes, or
abnormal geometry, the embedment of tiebacks behind the active zone conven-
tionally known as the Rankine Wedge (see Chapter 8.4) may not be sufficient to
ensure that a global failure does not occur. Figure 10.10 is indicative of the type
of failure which may occur if the entire soil mass is subject to movement. This
failure is catastrophic and results in a great deal of damage to adjacent facilities
as well as the wall itself. A global failure is commonly depicted as a circular type
of failure but also may occur if a shallow slip plane is activated causing a large
slab to move.
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CHAPTER 11

DESIGN METHODS

303

The actual design of a shoring wall is usually done with the use of computer soft-
ware developed to specifically perform the calculations. These calculations are
particularly suited to solution by computer as they tend to be iterative in nature.
It is, however, important to understand the basis of the calculations so that checks
can be made to assure that computer solutions are credible. 

This chapter will not provide actual design examples. Many examples are
detailed in Chapter 17 as well as the reference texts outlined in the Bibliography.
This chapter will, however, detail design methods which might be followed to
design the various components of a shoring system. 

11.1 CANTILEVER 

11.1.1 Cantilever—Continuous Wall 

By continuous wall, we mean a wall in which the section is continuous through-
out, such as a sheet pile wall, slurry wall, or secant wall with intermediate piling
at the same depth as the primary piles (see Figure 3.38). The design of such a wall
might be performed in the following manner:

Source: EARTH RETENTION SYSTEMS
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Step 1. Define parameters of wall and soil

• Height of wall: H 

• Soil parameters: c, �

• Surcharge: UDL, Boussinesq 

• Unit weight of soil: �

• Water table on either side of wall 

Step 2. Develop Ka, Kp, q 

Step 3. Select a pressure diagram (see Figure 11.1). Develop the pressure dia-
gram based on a unit length of wall (1 foot length).

• See active pressure formulas Equations 9.1, 9.5, 9.9, and 9.10 for P.

• See passive pressure formulas Equations 9.3, 9.4 for R2. In cases where a
hydrostatic head exists on either side of the wall (even if it is not equal),
deduct one from the other so that only the difference is used.

• Assume that the lower passive pressure, outlined as R3 extends to a depth of
three feet below the bottom of R2 (Point A). Center R3 at 2 feet below bot-
tom of R2 (Point A).

Step 4. Calculate the capacity of the embedment for a given depth ‘d’ assuming
a Factor of Safety (FS) of 1.5

Ru = Kp �d2/2 + 2cd (11.1) 

(use �’ if below the water table)
Where Ru is the ultimate capacity and R2 is the design capacity after applica-

tion of FS.

R2 = (Kp �d2/2 +2cd)/1.5 (11.2) 

Note: Geotechnical reports will often give a value of passive resistance in terms
of equivalent fluid pressure. In other words, the figure stated is equal to Kp�H
and is quoted as xH pcf. The designer must check as geotechnical engineers will
often include a factor of safety of 1.5 in this figure. It is important to clarify this
matter as it will affect not only the depth calculation but also the section modu-
lus (see Step 6). Figure 11.2 outlines typical earth pressure recommendations
from a geotechnical report.

Step 5. Balance moments about R3. This will involve taking various depths of ‘d’
and balancing moments from Pt and R2. Establish a depth ‘d’ of R2. Embedment
will then be ‘d’ plus 3 feet for R3.
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Step 6. Check R3. Set the Passive Pressure on back side of pile to 2c at the base
of R2 (Point A) Maximum Passive Pressure at Point A plus 3 feet is 

Pp = (Kp � d) + 2c (11.3) 

In this case ‘d’ is equal to the depth from top of wall. 

R3 = 3 ((Kp� d2/2) + 2c) (11.4)

And assuming a F S of 1.5

R3 allowable = Kp� d2 + 4c (11.5) 

Step 7. Find the point of zero shear. This will equate to the point of maximum
moment.
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FIGURE 11.1 Cantilever pressure diagram.
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FIGURE 11.2 Typical Geotechnical recommendations for shoring design. (Courtesy of CT
Engineering, Seattle, WA)
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Note: Use Ru without factor of safety. All steel sections will, by code, have a fac-
tor of safety of approximately 1.5 to 2 depending on the code used. If R2 is used,
a duplication of factors of safety will occur. 

Step 8. Calculate the maximum moment and select the appropriate steel section.
Check basal stability (see Chapter 9.5). If the factor of safety is less than 1.5,
serious consideration should be given to excluding the use of sheet piling for this
application unless soil improvements are anticipated, such as jet grouting or deep
mixing which will improve the basal stability of the excavation. Deepen the
embedment of the wall as necessary to ensure basal stability.

11.1.2 Cantilever—Discontinuous Wall 

Discontinuous walls include soldier pile and lagging walls, tangent pile walls, and
secant pile walls where the embedment is not constant as indicated in Figure 3.39.

Steps 1 and 2. Same as continuous wall.

Step 3. Develop the active pressure diagram based on loads on one bay (the
distance from one pile to the next) of shoring. Example, if soldier piles are at ‘b’
foot centers the active pressure at h will be as follows in cohesionless soils 

P @h = b • Ka(� h + q) (11.6) 

where b is equal to the bay spacing and h is the depth at the point of calculation.

Develop the passive pressure diagram based on loads on one single soldier pile.
It was demonstrated by Broms in 1964 in a series of papers about laterally loaded
piles that piles would develop passive pressure on a width of up to three times their
width. When this principle is applied to soldier piles, if the soldier pile is placed in
a 2 foot (610 mm) diameter drilled hole, the effective passive pressure would be
over a width of up to 6 feet (1.8 m). Some designers will use 2x or 2.5x. The width
used should never be greater than the bay width (b) of the soldier piles.

Pp@ d = 3 • B • ((Kp� d) + 2c) (11.7) 

where 3 is the multiplier suggested by Broms.

B is the diameter of the drilled hole in which the pile is placed. In the case of
driven soldier piles, use the width of flange of soldier pile. 

Note: If the designer concludes that the active pressure must be carried into the
toe of the soldier pile (see Chapter 9.1), then the active pressure is applied to the
back of the soldier pile in the embedment zone on a width of 1x the diameter of
the soldier pile embedment only.
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Steps 4 through 8. The same as continuous wall analysis. If a basal stability
check indicates that the factor of safety is less than 1.5, the use of discontinuous
walls should not be considered for this application unless the base of the
excavation is to be improved by some method such as jet grouting or deep mixing
to improve its resistance to basal heave. 

11.2 MULTIPLE TIEBACKS (OR STRUTS) 

In the case of multiple levels of support, the question is always, “How do we opti-
mize the system?” Is the optimum system the one which has the lightest piles, or
does it have the fewest struts or tiebacks? The answer is, “it depends.” It depends
upon the cost of strutting or tiebacks, and it depends upon the cost of soldier piles.
It depends upon whether the local authority insists on destressing or removal of
tieback tendons and does this destressing affect the forming system for the con-
crete work inside the shoring? However, the most economical system usually
involves the lightest vertical members (soldier piles or sheet piles) with tiebacks
in the range of 100 Kips to 200 Kips (45-90 T). To accomplish this, a system in
which the bending moments in all aspects of the design are balanced is necessary. 

11.2.1 Design of Multiple Level of Support

Step 1. Define the wall and soil parameters per Chapter 11.1.

Step 2. Determine values Ka, Kp and q.

Step 3. Develop the active pressure diagram (see Figure 11.3). Select the approp-
riate diagram from Chapter 9.2. Assume a depth of toe and corresponding passive
pressure diagram. Use a continuous embedment or discontinuous embedment
model as appropriate (see Chapters 11.1.1 and 11.1.2).

Step 4. Calculate the load on each level of support by splitting the distance
between supports. Check moment balance by taking moments about the upper
strut (R1). Rebalance support loads to achieve moment equilibrium. 

Step 5. Find the horizontal load on the pile toe and check the initial assumptions.
Change toe depth assumption if necessary. 

Step 6. Calculate moments at each support. Plot the moment at each support on
moment diagrams such as Figure 11.4.

Step 7. Calculate the simply supported moment (m = wl2/8) between each
support. Where ‘w’ is the active pressure from Equations 9.1, 9.5, 9.9, or 9.10.
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Add this moment to moment diagram (see Figure 11.4). This should create a
system of positive moments at each support with a negative moment between the
supports. An optimized system will have positive moments of the same size as
the negative moments.

Note: In order to balance the moments, it may be necessary to increase or de-
crease the spacing between supports. 
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FIGURE 11.3 Multi-strut pressure dia-
gram—first guess on tieback loads is based on
splitting the distance equally between struts to
calculate the contributory load. Note R5 is the
pile toe.
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Step 8. Calculate the bending moments prior to each support installation.
Assume two feet (610 mm) of overexcavation in each case. 

Note: Depth H for solving the equations in Step 7 when checking these intermedi-
ate steps is only the depth of excavation at the time of checking, not the entire depth.

Step 9. Rebalance again to achieve similar moments in each cantilever, midspan,
over strut, and pre-strut case.

Note: Some designers will use a lower F S for intermediate step checks as the
duration of each step is quite short. 
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FIGURE 11.4 Bending moment diagram. A well balanced design will have equal positive and neg-
ative moments.
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Step 10. Check the vertical component of the tieback load together with any
imposed vertical loads. Distribute in accordance with the method selected from
Chapter 11.6. Check the toe depth to ensure sufficient capacity. 

Step 11. Multiply any moment derived from earth pressure by 0.8.

Note: This is called a moment reduction factor which is referenced in Peck, Han-
son & Thorburn, FHWA Manual Vol II, and Terzaghi & Peck and represents the
apparent earth pressure attempt to recognize the arching of the soils induced by
the flexure of the system between support locations. This moment reduction
should not be extended to moments resulting from hydrostatic loads (e.g., water
behind sheet piling), because water does not arch.

Select the vertical member (soldier pile, slurry wall section, sheet pile) based
on the reduced bending moment together with vertical imposed load. Use beam
column analysis if vertical loads are significant. 

11.2.2 Alternative Toe Design Method 

Peck, Hanson & Thorburn noted that “a point of contraflexure” occurs very close
to the base of the excavation in the vertical member. Some designers have inter-
preted this to mean that a point of zero moment occurs at or near the base of the
excavation. To model this, they will place a hinge at the base of the excavation
(see Figure 11.5). This hinge has two effects. It will change the moment distrib-
ution slightly in the vertical member and it makes the analysis much easier as it
removes one degree of indeterminacy. 

Because of the hinge, the location of the toe resistance is known and so it is
possible to calculate strut loads by balancing moments without having to con-
stantly recalculate the effect of the toe. Once the strut loads are known (and there-
fore the toe resistance), the toe depth can be calculated with one calculation rather
than a series of iterations. 

11.3 SINGLE STRUT OR TIEBACK 

The analysis of a single strut is a simple operation. What is more difficult is
deciding what to optimize. Depending on which diagram you choose for the
active pressure, a design approach which optimizes bending moment in the ver-
tical element may encourage far more movement than can be tolerated by the
adjacent facilities (see discussion in Chapter 9.3). The following approach is for
moment optimization and therefore economy of steel, but the designer must bal-
ance this against acceptable movements when making selections.

Step 1. Define wall parameters per Chapter 11.1.

Step 2. Determine Ka, Kp, q.
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Step 3. Develop active pressure diagram (see Figure 11.6). At this point the
designer must choose from the options presented in Chapter 9.3. Assume depth
of toe and corresponding passive pressure diagram. Choose a continuous or
discontinuous embedment model (Chapters 11.1.1 and 11.1.2) based on the type
of wall being considered.

Step 4. Sum moments about the strut or tieback (R1) and check the adequacy of
the toe assumptions. Recalculate if necessary.

Step 5. Calculate the strut load by deducting R2 from Pt (total Load). 
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FIGURE 11.5 Some designers use a hinge at
base of excavation for analysis. This eases the
calculation of toe capacity and bending moment.
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Step 6. Calculate the maximum bending moment by finding the point of zero
shear. Ensure that the maximum moment in this case is below the strut level. 

Step 7. Calculate maximum moment in the vertical element prior to installation
of strut (assume two feet of excavation below strut). Use the method indicated in
Chapter 11.1. 

Step 8. Adjust the strut location to bring these two calculations into equilibrium. 

Note: Lifting the strut will decrease the moment in the pre-strut case and increase
the moment in the strutted case. Lowering the strut will have the opposite effect. 

Step 9. Modify the maximum moment for the selection of the vertical member
by 0.8. (see discussion in Chapter 11.2.1, Step 11). This analysis method can also
be simplified by the method of assuming a hinge at the base of the excavation as
discussed in Chapter 11.2.2. 
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FIGURE 11.6 Single tieback/strut pressure diagram.
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11.4 DEADMAN ANCHORAGE 

To design a deadman, the designer must be concerned about the depth of burial of
the deadman and its distance behind the wall. In order to maximize the capacity of
a deadman, the burial must be at a sufficient distance behind the wall to allow the
deadman to develop its full passive resistance without conflicting with the active
zone behind the wall (see Figure 11.7). Note that the active zone, or no load zone
as it is referred to when designing tiebacks, follows the Rankine line of 45°� �/2
sloping upward from the base of the excavation, but is laterally shifted by some
function of H. In Figure 11.7 this line intersects the ground surface at point A.

Some geotechnical designers will use H/3 while others favor H/4 or H/5.
Probably the most commonly used is H/5. While some practitioners feel that this
is an attempt to ensure that no load is dispersed within the “no-load zone,” with
the offset provding an added safety factor, it should be noted that the limits
defined by this envelope are similar to the curved failure plane predicted by limit
equilibrium analysis (see Chapter 9.4). 

When a load is applied to a deadman, the anchorage resists through the devel-
opment of a passive pressure wedge. As discussed in Chapter 8.5, this wedge can
be defined by a line from the base of the anchorage sloping upwards at an angle
of 45° + �/2, and in Figure 11.7, intersects the ground surface at point B. It is
important that point B always be placed outside the active zone. In other words,
Point B should always be behind Point A. 

EARTH RETENTION SYSTEMS314

FIGURE 11.7 Deadman arrangement. Note that the passive pressure wedge of the anchorage is out-
side the active zone behind the wall. 
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The capacity of the anchorage is defined in terms of passive pressure princi-
ples, and as an example, the unit capacity of the anchorage in a cohesionless
material is 

P = Kp� d2/2 (11.8) 

where ‘d’ is the depth of burial of the anchorage.

If the anchorage is to be continuous, then the anchorage must be designed to
span in bending between the points of connection with the anchors. If the anchor-
age is to be a discrete block for each anchor, then the capacity of the anchorage
may be influenced by some of Brom’s thinking in that the width of the anchor-
age used for design should be increased in a manner similar to that used for Sol-
dier piles in 11.1.2, Step 3. 

No specific factor is recommended here, as each case will be affected by the
depth of burial and the width of the anchorage proposed. The anchorage must be
designed in cantilever bending about its point of attachment.

11.5 TIEBACKS 

Tiebacks, whether they are anchored in soil (soil anchors) or rock (rock anchors)
are designed so that they develop their capacity in friction along some portion of
their length. While past practice at times relied on belled ends of drilled anchors
and/or anchor plates to develop a passive cone of resistance, current thinking holds
that most anchors will develop a frictional load along a defined length.

The capacity of an anchor must be developed behind the “no-load zone” dis-
cussed in Chapter 11.4 in order to assure that a global type of failure (pile and
anchor move together) does not occur (see Figure 11.8). Given the load derived
from the analysis of the vertical elements (Chapters 11.2 and 11.3) the tieback
can be designed. 

While the no-load zone discussed heretofore has been defined in terms of �
and H, it should be noted that in cases of unstable hillsides or ancient slides, the
no-load zone may need to be defined by geotechnical evaluation to ensure that
anchorage does not occur in unstable materials. These situations will override the
simplified no-load zones exhibited here. In fact, the author has participated in
projects where the no-load zone for a 30 foot (9.1 m) high wall was as long as
180 feet (55 m).

Step 1. Determine the horizontal load on the tieback.

Step 2. Determine the angle of declination desired. At times this is influenced by
the depth of utilities or other underground facilities which may be in the vicinity.
Current thinking usually requires that the tieback pass over a utility by five feet
(1.5 m) or under by three feet (0.9 m) in order to assure missing it. Tieback angles
are also influenced by the desire of the designer to anchor in a specific strata and
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therefore tiebacks may be inclined at steeper angles to reach that strata faster. The
selection of the angle of declination may simply be based on the desire of
designer to pass through a job specific no-load zone as economically as possible. 

Step 3. Calculate the anchor load from the horizontal strut load by modifying it
for the angle of declination. In order to maintain good grout retention, the angle
of declination is usually a minimum of 15 degrees. 

Step 4. Based on known unit capacities of anchors in similar soils, design the
length and diameter of the bond zone (that portion of the anchor which will
provide the frictional resistance to the applied stress). A chart of typical values
for various materials is appended in Chapter 18.4. 

Note: There is considerable evidence that anchor capacity is not linear with
diameter and length as this discussion would imply. However, the method out-
lined is a good first attempt and most anchors are designed in this manner. For
specific situations involving very long anchors or problems with adjacent rights-
of-way for anchor placement, more sophisticated methods may be necessary. 

EARTH RETENTION SYSTEMS316

FIGURE 11.8 Active zone (no load zone). (Courtesy of Golder Associates, Inc., Redmond, WA)
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Step 5. Select the tendon size based on the maximum load which the anchor may
carry. This load will be a function of the design load of the anchor but may be
adjusted to account for the testing of the anchors (see the discussion in Chapter 14).

11.6 TOE CAPACITY (VERTICAL) OF SOLDIER PILES 

There is no common understanding about the function of soldier pile toes when
it comes to the tieback loads. Some believe that the vertical component of the
tieback load is transmitted directly to the pile toe and therefore must be
designed. Others believe that the vertical component of the tieback load is dis-
sipated very quickly through friction to the lagging boards and the soil mass.
Still others believe that the vertical load is dissipated, but only through the
direct contact between the pile (in the case of driven soldier piles) or pile
encasement (in the case of drilled piles) with the soil mass. There can be no
question that vertical loading of pile toes and subsequent settlement of soldier
piles from tieback vertical forces has occurred in cases where steeply sloping
tiebacks were coupled with lagging which was not in tight contact with the soil
mass behind it.

If the designer elects to design his soldier pile and lagging system such that
all or most of the vertical component of the tiebacks is resisted by the toe, then it
is necessary to sum the vertical loads and design the soldier pile toe as a drilled
shaft. This may require the use of structural concrete and a deepening of the pile
toe to provide adequate resistance. A similar analysis must be done for soldier
piles retained by rakers (Chapter 11.7). A significant uplift load from the raker
may require the design of the soldier pile toe as a tension drilled shaft. 

11.7 RAKER FOOTINGS 

Raker footings can be subdivided into two types: those footings which occur by
bracing the raker against some portion of the new structure being constructed, and
those footings which are constructed expressly for providing bearing capacity for
the rakers. 

Rakers which bear on some portion of the new structure are usually braced
against the base slab of the structure. Given the raker load and the angle of place-
ment of the raker, the horizontal and vertical forces being applied to the slab can
be analyzed. In most cases, the mass of the slab is such that no specific adapta-
tions must be made to the slab other than to define the method of attachment of
the base of the raker to the slab. 

Rakers which are designed to have their own footings are usually placed on
footings which are excavated as deep narrow slots. Some rakers are attached to
drilled shaft foundations (see Figure 4.11) or groups of driven piles, but most are
founded on poured concrete footings (see Figure 11.9).

DESIGN METHODS 317

DESIGN METHODS

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



The reasons for making the footings deep and narrow are many. Deeper and
narrower means that there is less chance that the footing will interfere with the
myriad of other installations in the base of the excavation such as building foot-
ings, sump pits, plumbing lines, etc. By making the footing deep, it is easier to
mobilize significant passive pressure to resist the lateral load of the footing (Fig-
ure 11.10). In addition, deep narrow footings can be conveniently developed by
pouring concrete against neat earth excavations without any forming. The foot-
ing is often only the width of the backhoe bucket. 

EARTH RETENTION SYSTEMS318

FIGURE 11.9 Typical raker footing.

FIGURE 11.10 Raker load is restrained by inclined footing.
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Using design methods outlined in Peck, Hanson & Thorburn for calculating
the capacity of inclined footings, the size of the raker footing can be developed.
In cohesive soils, the unit bearing capacity of the footing is defined as

q = cNcq (11.9)

where q is the ultimate bearing strength 
c is cohesion 
Ncq is the bearing capacity factor (see Figure 11.11) 

In cohesionless soils the ultimate bearing capacity of the footing is defined as

q = 1⁄2 B� N� q (11.10)

where B is the inclined length of the footing bearing surface 
� is the unit weight of soil 
N� q is the bearing capacity factor (see Figure 11.11)

An alternative design method used to resist the lateral load placed on raker
footings in softer soils involves the development of the capacity of the footing
through adhesion between the sidewalls of the deep narrow concrete footing.
Very large frictional areas exist which can carry significant load (Area ABC on
Figure 11.9). 

11.8 LAGGING 

A large body of opinion holds that timber lagging should not be designed. This
thought comes from observations that most lagging will simply deflect to the
point where the retained soils will arch between the soldier piles and relieve the
pressure on the lagging. Once a point of equilibrium is reached, it is argued, that
deflection will stop. 

Excavations of depths to 60 feet (18 m) with lagging thickness of 3 inches (75
mm) and spans of 10 feet (3 m) have performed well. Excavations to 110 feet
(33.5 m) with 4 inch (100 mm) lagging and 9 foot (2.7 m) bays have similarly
performed satisfactorily. 

The designer should be cautioned that this principle does not hold in soft
clays where arching is minimal or nonexistent. It should also be pointed out that
in these types of materials, timber lagging, soldier pile and lagging is often not
recommended at all. 

That being said, there is a great desire on the part of many plan checkers to
have some rational mathematical method of designing timber lagging. Goldberg
Zoino in their report to the FHWA in 1976 (listed in the Bibliography) produced
a chart of suggested lagging thicknesses which is accepted by some as sufficient
for design purposes (see Table 11.1).
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FIGURE 11.11 Raker footing design charts from Peck,
Hanson & Thorburn.
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For those who continue to insist on a mathematical method, two loading dia-
grams are included as Figure 11.12 which are sometimes used. ‘w’ is the unit soil
pressure from apparent earth pressure or earth pressure theory diagrams. The
rationale behind these lagging diagrams is a follows. The unit pressure predicted
by the active pressure diagram should be modified to account for the incidence of
arching in the soils. No actual research is known to have been performed to cre-
ate these pressure diagrams, but no failures of lagging boards are recorded by
their use either. 

11.9 SOIL NAILING 

Soil nailing is always subject to some form of computer analysis. The following
is a sample of the type of analysis which several of the recognized programs
might follow.

EARTH RETENTION SYSTEMS322

FIGURE 11.12 Lagging-pressure diagrams.
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Step 1. Determine the soil and dimensional parameters c, �, � , q, and H. 

Step 2. Determine the density of nails required to achieve continuity of the soil
mass. This is usually assumed to be a 6 foot x 6 foot (1.8 x 1.8 m) pattern. 

Step 3. Select a number of failure surfaces as trials (see Figure 11.13).

Step 4. For each failure surface, divide the soil mass into slices. Using the method
of slices, determine the added force required to bring each slice into equilibrium.

Step 5. Determine the length of nail required for pullout resistance to provide the
added normal force to create equilibrium. Use field experience or table in Chapter
18.4 to determine the length. Use the critical failure surface for each nail to
determine the design load.

Note: The critical plane is not necessarily the same surface for each nail. 

Step 6. Given the location of the critical slip surface for each nail, derive the length
of nail by adding the length of embedment found in Step 5 (see Figure 11.14).
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FIGURE 11.13 Method of slices. (Courtesy Golder Associates, Inc., Redmond, WA)
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Step 7. Given the critical load in each nail, run trial slip surfaces between the
critical surface and the wall face to derive the load distribution in nail. Dissipate
the load from each slip surface through the adhesion assumed for the nail. This
method will expose the amount of load which will ultimately be retained at the
excavation face. 

Note: Some designers have found that this step can be eliminated by assuming the
fascia load is 30 percent of the nail design load. 

Step 8. Design the nail head anchorage. 

Step 9. Check the global stability of the system by applying an apparent earth
pressure to the back of the resultant reinforced block (see Figure 4.5).
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FIGURE 11.14 Nail pressure distribution. (Courtesy Golder Associates, Inc., Redmond, WA)
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CHAPTER 12

GROUND WATER CONTROL

325

Probably no single issue causes as much disruption to an excavation project as
does the presence of water. It can destabilize bearing surfaces, cause havoc with
cut slopes, restrict the contractors choices when it comes to shoring, and cost time
and money in efforts to deal with it. 

Even when handled effectively, it is the primary cause of site access prob-
lems. The mud that is inevitable can turn one’s neighbors into one’s enemies, and
can disrupt even the most meticulous of schedules. When not dealt with properly,
it can have disastrous effects on all parties to the contract (see Figure 12.1).

When dealing with water problems on site, one must be prepared to deal with
surface water, perched water, water tabled within the depth of the excavation as
well as water pressures and aquifers below the depth of the excavation. In order
to do so, a clear understanding of the types of water conditions to be encountered
is necessary. This information must be combined with an evaluation of the poten-
tial effects of climatic events and seasonal variations. Only when this clear and
rational picture of the issues is in place is it possible to properly design a water
control plan which is essential to the successful excavation project. 

Source: EARTH RETENTION SYSTEMS
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12.1 UNWATERING 

Unwatering is the term used to describe the process whereby water is removed
from an excavation after it has entered the excavation. Many people confuse this
procedure with dewatering, which it is not. Dewatering is the process used to pre-
vent water from entering the excavation by actively pumping. 

Unwatering may be the removal of water from inside a sheet pile cofferdam
which is performed after the seal is placed in the base of the excavation. If the
excavation is quite shallow (less than15 feet (4.6 m)), the pumping is usually per-
formed with vacuum pumps. Deeper excavations are handled with submersible
pumps or trash pumps. If the water is relatively clean, it may be possible to return
it to creeks, rivers or lakes either directly or by way of local storm sewers. How-
ever, water which is removed from an excavation usually carries an excessive silt
load and must be treated before being returned to open water. This process may
be as simple as broadcasting it over a large vegetated area and permitting the
water to return to the ground water table through permeation. 

If this is not possible, the water may need to be pumped to a settling basin
which is formed by using either large tanks or lined pits dug for that purpose.
Here the waterborne silts are allowed to settle and the clear water is decanted over
a weir. In extreme cases, it maybe necessary to add a flocculant to encourage sed-
imentation or use desanding plants such as cyclones to remove solids. If the water
contains specific pollutants it may need to be treated with either chemicals for
precipitation or filtered to render it suitable for disposal. 

Unwatering may also involve the removal of water which slowly accumulates
in the low spots of an excavation and needs to be constantly removed. The source
of this water could be rainfall, or perched water tables which drain into the exca-
vation. This water is usually not of sufficient quantity to require dewatering and
so is collected on site by a series of ditches which are constructed around critical
elements of the work and drain towards one or several sumps for pumping and
disposal (see Figures 12.2 and 12.3). 

The question must be asked: “When should we dewater and when should we
unwater?” The question is not only one of “what is possible” but also one of eco-
nomics and schedule. If the water can be handled effectively by unwatering, the
cost of the operation itself will almost always be cheaper than dewatering. How-
ever, the decision to unwater in lieu of dewatering can have far-reaching cost
effects on shoring and excavation methods. The following are the types of trade-
offs that might need to be made:

• Unwatering may require the use of flatter side slopes for the excavation.

• Unwatering may restrict the types of shoring which can be used, i.e., it may
require sheet piling instead of soldier pile and lagging or soil nailing.

• Unwatered sites will almost always be wetter and muddier and therefore
more difficult to excavate than dewatered sites. 

GROUND WATER CONTROL 327

GROUND WATER CONTROL

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



328

F
IG

U
R

E
 1

2.
2

U
nw

at
er

in
g 

tr
en

ch
es

, L
as

 V
eg

as
, N

V
. (

C
ou

rt
es

y 
of

 G
ol

de
r 

A
ss

oc
ia

te
s 

In
c.

 R
ed

m
on

d,
 W

A
)

GROUND WATER CONTROL

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



329

F
IG

U
R

E
 1

2.
3

D
ew

at
er

in
g 

Su
m

p,
 S

ea
ttl

e,
 W

A
. (

C
ou

rt
es

y 
of

 M
al

co
lm

 D
ri

ll
in

g 
C

o.
, I

nc
. K

en
t, 

W
A

)

GROUND WATER CONTROL

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



In order to reduce the cost of unwatering, it is obvious that one should reduce
the quantity of water pumped. This can be done in a variety of ways:

• Use localized sheeting or shoring when deep sumps or other localized exca-
vations are required. 

• Use water diverting methods as outlined in Chapter 12.3 to minimize the
entry of water from outside the site.

• Consider the use of cutoff walls to minimize the water flow into the site from
specifically identified water sources. 

12.2 DEWATERING 

Dewatering is the construction activity which is performed to remove ground
water from a site prior to its entry into the excavation. Dewatering may be per-
formed by drawing down the water table outside the site and maintaining this
depressed groundwater level until the construction activities such as concrete
work and grading, which must be performed below the ground water table have
been completed. This type of general dewatering should only be performed when
a thorough investigation of the possibilities of damage to adjacent property has
been completed. General dewatering of this sort can affect neighboring wells,
create settlement of adjacent properties, and reverse the natural flow of ground
water which may cause the dispersion of pollutants already in the groundwater to
areas which would not otherwise have been affected. 

Dewatering that is carried on only within the boundaries of the construction
site must be restricted by some form of barrier wall which will permit the ground
water table outside the site to remain unaffected. These barrier walls could be
sheet piling, secant walls, slurry walls, or could be slurry trenches filled with
soil/bentonite, or soil/cement/bentonite mixtures. Once a barrier of this type is in
place, the amount of water being pumped is quite reduced. 

Dewatering can be performed by deep wells, wellpoint systems, or horizon-
tal drains. Deep wells are almost always cheaper than wellpoints and are used
when the native soils exhibit permeabilities which permit the creation of a broad
drawdown curve. Wells are placed at 100 to 150 foot (30-45 m) centers and
pumping from the wells is by high capacity submersible pumps. Wells maybe
from 10 inches to 30 inches (250-760 mm) in diameter and have a screen and fil-
ter pack placed around them which permits the pumping of water without draw-
ing in excessive sands and silts that might foul the pumping operation. This type
of well performs best in sands and gravels down to permeabilities of 1.0 x 10-3

cm/sec. Large areas can be dewatered with a few wells (see Figure 12.4).
Alternatively, wellpoint systems can be installed. Wellpoints are small diam-

eter wells which are either installed by drilling, driving, or jetting. The wells,
which are screened over a discrete length near the base of the point are installed
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FIGURE 12.4 Small sheeted excavation being dewatered by one deep well, Kent, WA.
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at 2-8 foot (0.6-2.4 m) centers around the perimeter of the site requiring dewa-
tering. The wells are attached to a central discharge line called a header. If the
depth to be dewatered is less than about 15 feet (4.6 m), the wellpoints can be
operated by vacuum and are called, quite logically, vacuum wellpoints. A vac-
uum is drawn on the header which then sucks the water out of the wellpoints. If
depths of greater than 15 feet (4.6 m) are required, the use of vacuum wellpoints
will necessitate the installation of another row of wellpoints approximately 15
feet (4.6 m) below the first in order to effect drawdown. This usually means that
a sloped excavation profile is required although Figure 12.5 details a multi-level
vacuum dewatering system which was installed through the face of a vertical soil
nailed wall. 

If dewatering is required to depths of greater than 15 feet (4.6 m), then the
dewatering contractor may turn to eductor wellpoints. These wellpoints are also
called ejectors. Each wellpoint operates by having a small quantity of water
forced down the wellpoint under very high pressure. The return flow, traveling
at lower pressure is able to lift ground water from the base of the wellpoint which
has entered through its screen. The return flow is captured again in a header and
directed to a disposal system similar to those discussed in Chapter 12.1 

Wellpoints are effective in silts with permeabilities of around 1.0 x 10-5

cm/sec. Soils such as sandy silt, glacial silts and silty fine sands which fall in that
intermediate range of permeabilities of 10-3 to 10-5 cm/sec may be dewatered by
either method. It becomes a balancing act of reduced efficiency of deep wells or
added costs of wellpoints. 

Horizontal drains (Figure 12.6) are particularly effective when dealing with
water which is flowing toward the excavation on top of a well defined strata.
They are often used when a slide plane is being lubricated with ground water and
the overall stability of the slide mass can be improved by lowering the water
table on the slide plane. These drains are installed by drilling horizontally into
the face of the excavation and placing a slotted pipe protected by a filter fabric.
Water is collected inside the excavation, piped to a pump location and disposed
of. Horizontal drains of up to 700 feet (215 m) in length have been used to dewa-
ter and stabilize slide planes.

12.3 DIVERSION TECHNIQUES 

In order to prevent the unwanted entry of surface water into the construction site
with its attendant problems, contractors will often erect curbs or low check dams
around the site or across locations of possible ground water entry. These can sim-
ply be raised concrete curbs or can take the form of eyebrow ditches (see Figure
12.7). These diversion structures direct water to a system of sumps for disposal
of water to prevent its accumulation on site. 
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For water that cannot be diverted from a site such as rainwater, it is often a
good idea to minimize its effects on cut slopes or penetration behind shoring sys-
tems. Water, when permitted to course down cut slopes, will destabilize the
slopes by cutting erosion channels. If water is permitted to run behind the fascia
of soil nail or lagging walls, it can cause instability of the entire system by scour-
ing material from behind the wall and leaving voids. 

The tops of all slopes adjacent excavations should have diversion curbing
placed to prevent water from flowing down the slope. The top of the slope should
be graded away from the site to further discourage the flow of water onto the site.
The slopes, when subject to possible storm water deterioration, should be weather
protected with either tarping or visqueen covering (see Figure 12.8). This cover
should begin at the top of the slope and extend down to the top of the shoring and
either form a lined ditch for collection of water or continue over the top of the
shoring so the water is delivered into the excavation over the wall, not through
the wall. It can then be collected on site for disposal through a series of sumps
and ditches. 

The consequences of permitting uncontrolled water flow on unprotected
slopes is shown in Figure 12.9. Many contractors have found that the mainte-
nance cost required to keep a tarped system in place is more expensive than the
expense of protecting the slope with a thin layer of shotcrete (see Figure 12.10). 

12.4 DRAINS AND COLLECTION 

Despite the best laid plans, water will inevitably end up behind the shoring sys-
tem. With systems which are not designed to withstand hydrostatic heads, this is
of concern. These include soldier pile and lagging systems and soil nail systems.
Soldier pile and lagging will usually dissipate any buildup of water pressure by
leaking through the gaps in the lagging planks. This is perfectly acceptable as
long as the flow of water does not bring fines with it. If it does, the loss of soil
will eventually cause chimneying. If ground water flows in a specific lens of soil
are found to be excessive, contractors will often stuff straw, or excelsior, behind
the lagging to act as a filter to prevent the flow of soils. 

Some designers will detail filter fabric and pea gravel filters behind lagging.
These designs, while looking good on paper, are not constructible. The amount
of over-excavation required to install these systems causes great disturbance
behind the lagging. Subsequent lifts of lagging undermine this disturbed material
and it inevitably falls out. 

Once the lagging is complete, drainage fabric is often attached to the lagging.
This fabric is then trapped between the lagging and the subsequent poured con-
crete wall and allows the downward flow of water from the wall to a footing
drain. Once the water reaches the base of the wall in the drain fabric, it is piped
through the wall and into a collection system for disposal.
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With soil nailing, it is important that water does not build up behind the fas-
cia. The fascia of soil nailing is shotcrete and is impermeable. In order to assure
that water which gathers behind the fascia is dissipated, contractors install drain
strips behind the shotcrete at approximately 6 foot (1.8 m) centers to move water
to the base of the wall. The drain strips are installed in 6 foot (1.8 m) lifts which
correspond to the shotcrete lifts. Each lift is cross communicated (see Figure
12.11) so that if a drain becomes blocked, the water will have an alternative flow
path. Once the water reaches the bottom of the wall, it is piped through the shot-
crete (Figure 12.12) with a gravity drain and pipe and collected in the building
collection system (see Figure 12.13).
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CHAPTER 13

INSTALLATION EQUIPMENT
AND TECHNIQUES

345

The shoring industry is rife with inventors who develop equipment to deal with
special situations, and it simply would not be possible to show all of the equip-
ment involved. However, the following chapter will attempt to outline some of
the equipment used for the installation and prosecution of shoring. 

13.1 SHEET PILING 

Sheet piling is driven by either vibratory or impact hammers. In some cases, the
sheet is installed to refusal with a vibratory hammer and then finished off with an
impact hammer. Vibratory hammers (Figure 13.1) are usually hung from conven-
tional crawler cranes. Alternatively, sheeting is driven by vibratory methods with
a sheeting driver which mounts a vibrating head on a fixed lead (Figure 13.2). This
configuration permits crowd or pull down to be exerted together with vibration.
Sheet piles can also be driven by lead mounted diesel or air hammers. 

13.2. DRILLED PILES—DRILL AND PLACE 

Included in this category are soldier piles, secant piles, cylinder piles and tangent
piles. These piles are installed by drilling a hole and placing a steel section within
the hole and then backfilling the hole with structural and/or lean mix concrete.
Holes can be drilled with truck mounted drill rigs (Figure 13.3), crane mounted
drill rigs (Figure 13.4), or crawler mounted drill rigs (Figures 13.5 and 13.6). 

Source: EARTH RETENTION SYSTEMS
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FIGURE 13.1 APE vibratory hammer used for pile driving—free suspended. (Courtesy of Condon-
Johnson & Associates, Inc. Seattle, WA)
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FIGURE 13.2 ABI vibratory hammer used for pile driving—lead mounted. (Courtesy of ABI Inc.
Benecia, CA)
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FIGURE 13.5 Texoma crawler mounted drilling machine. (Courtesy of Condon-Johnson & Asso-
ciates, Inc. Seattle, WA)
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Truck mounted rigs are extremely mobile and keep mobilization costs to a
minimum. Truck mounts also have a good crowd system (down pressure applied
to the Kelly bar). These rigs require excellent site conditions to permit movement
and are being used less and less for the installation of soldier piles. 

Crane mounted drill rigs are probably the most costly type of drill to mobilize
to a site and require a great deal of skill in their use to accurately drill soldier pile
holes. The distance from the driller’s seat to the hole location places a special
load on the driller when locating the hole. Crane mounts do have a large swing
radius, which allows them to cast drill spoil over a wide area. These rigs tend not
to become dirt-bound as quickly as other types of drill rigs. The rotary table is
much higher than conventional drill rigs, and therefore they are very good for
working with long casings when drilling conditions dictate that the casing must
be advanced into the ground as drilling progresses. 

Although they are available, most crane mounts do not have crowd systems
and so are somewhat limited when drilling very hard formations. When drilling
large diameter holes, such as cylinder piles, these rigs have a distinct advantage. 

Crawler mounted drill rigs (Figures 13.5 through 13.8) are the most common
form of drill rig used for pile drilling. The crawler mounting relieves the con-
tractor of the excessive site development preparations necessary with truck rigs
and yet they have good crowd systems, and are relatively cheap to move from site
to site. 

Configurations favored by American manufacturers of drill rigs (Figures 13.5
and 13.7) consist of a platform which houses the engine, transmission and some
winches and pumps. The derrick, which can be lowered for shipping, rises from
one end of the platform and the operator sits facing the platform and looks down
on the hole he/she is drilling. Most drill rigs of this type feature the operator
seated in an open air venue, although cabs for weather protection can be mounted
(Figure 13.7). The rotary table is fixed at the base of the drill derrick. This type
of drill rig is extremely accurate when drilling for plumbness as the distance from
the tip of the mast to the rotary table is maximized which emphasizes verticality.
The fixity of the rotary table however does limit the height of casing or tool that
can be placed under the table. 

The European form of this drill rig (Figure 13.6) consists of a crawler
machine not unlike a trackhoe with a lead attached to the face of the machine. The
lead can be lowered for shipping. The operator sits in an enclosed cab and must
observe the hole from some distance behind the lead. The rotary table on these
rigs is moveable and slides up and down the lead to permit the table to be raised
to clear casing, handle long tools or to twist long casing (see Figure 13.8).

13.2.1 Drilled Piles—Low Head Room 

Conventional drill rigs have derrick heights in the range of 60 to 100 feet (18-30
m) above ground. Their drill depths are from 40 to 160 feet (12-49 m). This is
accomplished by nesting the Kelly bars (the drill steel which transmits the torque
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of the drill platform to the drill head or auger) inside each other, so that the bars
telescope out for added depth. 

By nesting up to six elements together, manufacturers have developed rigs
which can drill to depths of up to 90 feet (27 m) with mast heights of 27 feet (8.2
m) or less. Figures 13.9 and 13.10 are two such rigs. The rigs are mounted to
trackhoes. As seen in Figure 13.9, the rig has now found favor in areas where
added reach is needed. 

INSTALLATION EQUIPMENT AND TECHNIQUES 353

FIGURE 13.7 Watson crawler mounted drilling machine. Note the operator cab. (Courtesy of Wat-
son, Inc. Ft. Worth, TX)
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FIGURE 13.8 Soil-Mec crawler mounted drilling machine. Note the variable elevation of rotary
table. (Courtesy of Champion Equipment Co. Paramount, CA)
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13.3. DRILLED PILES—WET SET 

Piles may be placed in holes which are already prepared with soil cement or con-
crete. Auger cast rigs, such as the crane suspended model (Figure 13.11) or the lead
mounted model (Figure 13.12), drill with a continuous flight auger and place con-
crete through the hollow stem of the auger. A soldier pile can then be wet set in the
concrete, either by gravity, or by lightly vibrating the beam into the wet concrete.

Piles may also be installed into wet soil/cement. Figure 13.13 shows a Geo-
jet rig mixing in-situ soils with cement. This process is known as the Deep Mixed
Method (DMM). Figure 13.14 shows the mixing head which mixes high pressure
cement grout while the rotation of the head mechanically breaks the soil’s for-
mation. Once the soil/cement column is prepared, the pile is lowered into the
mixture, again either by gravity or vibration. Figure 13.15 shows the entire Geo-
jet setup with the cement storage and grout mixing equipment. 

13.4. PILES—DRIVEN 

Soldier piles are also installed by driven methods. Vibro hammers similar to
sheeting drivers (Figures 13.1 and 13.2), lead mounted diesel hammers (Figure
13.16), or drop hammers are used. 
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FIGURE 13.10 Watson Excu-Dril–low overhead drill. (Courtesy of Watson, Inc. Ft. Worth, TX)
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FIGURE 13.13 Geojet soil mixing machine. (Courtesy of Condon-
Johnson & Associates, Inc. Oakland, CA)
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FIGURE 13.15 Geojet Rig with grouting equipment and cement storage. (Courtesy of Condon-
Johnson & Associates, Inc. Seattle, WA)
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13.5 TIEBACKS 

Tiebacks may be drilled with any number of rigs (Figures 13.17 through 13.23).
Auger cast tiebacks can be drilled with leads mounted on trackhoe frames (Fig-
ure 13.17) or crawler crane suspended (Figure 13.18). These rigs can also handle
uncased auger or air rotary systems. 

Conventional pile drilling rigs can be used for tieback drilling in situations
where augers can progress tieback holes in ground suitable for excavation with-
out casing (Figure 13.19). 

Duplex drilling (the insertion of casing simultaneously with the drill rod) can
be performed with rigs shown in Figure 13.20 or 13.21. The casing is usually
placed in the chuck manually in 2 M lengths. In order to use longer lengths of cas-
ing, rigs have recently been introduced that have a carousel which will mechani-
cally place the casing in the chuck (See Figure 13.21). At the time of publication
it was still not clear which system is fastest.

In order to access difficult locations and even drill back under themselves, a
duplex rig can have its drill mast dismounted and loaded onto either a trackhoe
boom (Figure 13.22) or suspended on a crane platform (Figure 13.23).

13.6. TIEBACK GROUTING 

Tieback grout is usually neat cement/water grout. In some instances, however, it
consists of ready mix sand/cement grout and is placed by a conventional trailer
mounted concrete pump (see Figure 13.24).

When mixing and pumping neat cement grouts, the contractor may use pad-
dle mixers (Figure 13.25) or colloidal mixers (Figure 13.26). The hydration of
cement is much more complete when using colloidal mixers and they seem to be
gaining popularity. These two grout plants are usually fed with bagged cement. 

When high volume grouting is necessary, contractors will often switch to
hopper-fed plants which work with bulk cement (Figure 13.27). Mixing in these
plants involves colloidal methods. 

High pressure pumping for secondary grouting applications is performed by
pumps which can either be mounted separately (Figure 13.28) or in tandem with
colloidal or paddle mixers. 
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FIGURE 13.19 Watson conventional auger rig drilling tiebacks. (Courtesy of Watson, Inc. Ft.
Worth, TX)
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FIGURE 13.22 Trackhoe mounted Klemm dual rotary tieback drill. (Courtesy of Condon-
Johnson & Associates, Inc. Seattle, WA)
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FIGURE 13.23 Crane suspended Klemm dual rotary tieback drill. (Courtesy of Condon-Johnson &
Associates, Inc. Los Angeles, CA)

INSTALLATION EQUIPMENT AND TECHNIQUES

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



371

F
IG

U
R

E
 1

3.
24

Sc
hw

in
g 

tr
ai

le
r 

m
ou

nt
ed

 c
on

cr
et

e 
pu

m
p.

 (
C

ou
rt

es
y 

of
 C

on
do

n-
Jo

hn
so

n 
&

 A
ss

oc
ia

te
s,

 I
nc

.
Se

at
tl

e,
 W

A
)

INSTALLATION EQUIPMENT AND TECHNIQUES

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



372

F
IG

U
R

E
 1

3.
25

C
he

m
gr

ou
t 

pa
dd

le
 m

ix
er

 g
ro

ut
 p

la
nt

. 
(C

ou
rt

es
y 

of
 C

on
do

n-
Jo

hn
so

n 
&

 A
ss

oc
ia

te
s,

 I
nc

.
Se

at
tl

e,
 W

A
)

INSTALLATION EQUIPMENT AND TECHNIQUES

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



373

F
IG

U
R

E
 1

3.
26

C
he

m
gr

ou
t c

ol
lo

id
al

 m
ix

er
 g

ro
ut

 p
la

nt
. (

C
ou

rt
es

y 
of

 C
on

do
n-

Jo
hn

so
n 

&
 A

ss
oc

ia
te

s,
 I

nc
.

Se
at

tl
e,

 W
A

)

INSTALLATION EQUIPMENT AND TECHNIQUES

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



374

F
IG

U
R

E
 1

3.
27

H
an

ey
 g

ro
ut

 p
la

nt
—

co
llo

id
al

 m
ix

er
 f

or
 h

ig
h 

vo
lu

m
es

. 
N

ot
e 

th
e 

ce
m

en
t 

ho
pp

er
 f

ee
di

ng
 t

he
m

ix
in

g 
po

ts
. (

C
ou

rt
es

y 
of

 C
on

do
n-

Jo
hn

so
n 

&
 A

ss
oc

ia
te

s,
 I

nc
. O

ak
la

nd
, C

A
)

INSTALLATION EQUIPMENT AND TECHNIQUES

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



375

F
IG

U
R

E
 1

3.
28

H
i 

pr
es

su
re

 g
ro

ut
 p

la
nt

 f
or

 s
ec

on
da

ry
 g

ro
ut

in
g.

 (
C

ou
rt

es
y 

of
 C

on
do

n-
Jo

hn
so

n 
&

 A
ss

oc
ia

te
s,

In
c.

 S
ea

tt
le

, W
A

)

INSTALLATION EQUIPMENT AND TECHNIQUES

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



13.7 SLURRY WALLS 

Slurry walls are generally excavated by bucket under slurry head (Figure 13.29).
When extreme depths are necessary, or when digging is extremely tough,
hydrofraise (Figure 13.30) are utilized which house cutter heads to pulverize the
soil and rock into cuttings fine enough to be lifted to the ground surface with air
lift principles (Figure 13.31). 

13.8. SERVICE CRANES 

Pile handling as well as service work required for stressing and material movement
is often handled by crawler mounted conventional service cranes (Figure 13.32)
Alternatively, rubber tired hydraulic cranes are used (Figure 13.33). In order to deal
with difficult site conditions, contractors are now finding applications for crawler
mounted hydraulic cranes such as that displayed in Figure 13.34. 

13.9 EXCAVATION 

The whole purpose of installing shoring is so that the soils and rock within the
proposed excavation can be removed safely. A variety of equipment is used.
Excavations are usually made with trackhoes of capacity from 3⁄4 to 2 CY (0. 57-
1.53 M3). Figure 13.35 shows two smaller types of these machines. Loaders can
be used on large sites (Figure 13.36) but should not be used for lagging excava-
tion (See discussion in Chapter 5).

Excavated materials are loaded into dump trucks which can be tandem axle
trucks (Figure 13.37), tractor trailer arrangements (Figure 13.38), or truck and
pup combinations (Figure 13.39). 

13.10 CONVEYORS 

When excavation depths get to the point where it is not effective to put trucks into
the excavation, conveyor systems are used. Figure 13.40 is a picture of a belt sys-
tem which is mounted on the soil nailed wall of a 75 foot (23 m) deep excavation.
Figure 13.41 is a picture of an elevating system which utilizes buckets instead of
belts. This system permits operation at steeper angles than belt conveyors.

Figure 13.42 details a belt conveyor system which gains height by mounting
to series of pile bents. Both belt and bucket conveyor systems are fed through a
loading hopper detailed in Figure 13.43.
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FIGURE 13.29 Soil-Mec slurry wall digging bucket. (Courtesy of Champion Equipment Co. Para-
mount, CA)
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EARTH RETENTION SYSTEMS390

FIGURE 13.42 Pile supported conveyor system for moving and loading excavated materials.
(Courtesy of City Transfer Inc. Kent, WA)
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CHAPTER 14

LOAD TESTING OF ANCHORS

393

Anchored earth retention is probably one of the most tightly tested and con-
firmed systems available in geotechnical engineering. After the geotechnical
engineer has characterized the soils and the designer has selected and designed
the shoring system, the anchoring is subjected to an intense battery of tests. The
design assumptions for the anchor length and installation method are tested
through a series of verification tests. Once the design assumptions are con-
firmed, the actual installation of the anchors is rigorously tested. Through a sys-
tem of performance tests, confirmation is obtained that the agreed assumptions
are still in force. Then, regular proof tests are performed on the remainder of the
anchors to ensure that quality is being maintained. In the end, every anchor on
the project should have been tested in one fashion or another (Figure 14.1).

14.1 VERIFICATION TESTS 

In order to begin soil or rock anchor design, an initial assumption of capacity must
be made. This assumption is then tested through a process called verification test-
ing which is used to test the soil/grout interface. The verification test is not used to
test the grout/ tendon interface because it is well understood and not subject to job
specific differences. Similarly, the verification does not test the tendon strength.
Extensive regular material testing by manufacturers of anchor tendons and their
components is performed prior to the sale of the tendons. Verification anchors are
usually installed as sacrificial anchors prior to the start of construction. These
anchors are ideally loaded to failure. By failing the anchors, the engineer has an

Source: EARTH RETENTION SYSTEMS
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accurate understanding of the ultimate capacity of the grout/soil interface. In
order to do so, it is important that the test tendon itself be designed so that it is
strong enough not to fail before the soil/grout interface. 

Verification tests are usually installed and stressed against some form of gril-
lage placed on the ground (see Figure 14.2). The movements of the anchor are
recorded by measuring deflections of the anchor head with an independent mea-
suring frame. Note that Figure 14.3 has a system of dial gauges set up on a tri-
pod. Dial gauges are capable of measuring movements in increments of 0.001
inch (0.025 mm). It is important that the dial gauge measuring system be set up
independently of the jacking frame (soldier piles or grillage) since any attachment
of the gauges to the jacking system will result in the measurement of not only the
anchor movement but also the settlement of the jacking frame. 

Anchor stressing is performed utilizing hydraulic rams. Hydraulic pressure,
read on a gauge, is used to calculate the total load being applied. The gauge and
ram must be calibrated by a licensed testing facility so that an accurate chart of
readings vs. actual ram forces is created. Figure 14.4 is a sample of one such cal-
ibration chart. 

A testing program should be designed with the expectation that the anchor will
demonstrate a capacity of at least two times (2x) the design load. The test load is usu-
ally applied in increments of 25 percent of the proposed design load. An initial load
of approximately 10 percent of the design load is applied to the anchor which allows
the anchor and jack to align themselves and work any slack out of the grillage. Once
the alignment load is in place, measurements of all further loads and movements are
recorded. A typical loading cycle for verification testing is listed herein. Some agen-
cies specify that loading is cycled on and off in the following manner.

AL (Alignment Load)

0.25 DL (Design Load)

AL

0.25 DL

0.50 DL

AL

0.25 DL

0.50 DL

0.75 DL

1.0 DL

AL

0.25 DL

0.50 DL

0.75 DL

1.0 DL

(continued on page 399)
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EARTH RETENTION SYSTEMS398

FIGURE 14.4 Jack calibration chart. (Courtesy of Condon–Johnson & Associates, Inc. Seattle, WA)
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(continued from page 395)

1.25 DL

1.50 DL

1.75 DL

2.00 DL

unload

while others will merely load incrementally as follows:

AL

0.25 DL

0.50 DL

0.75 DL

1.00 DL

1.25 DL

1.50 DL

1.75 DL

2.00 DL

unload

For a typical stress test record form (see Figure 14.5). At each load increment the
load can be held for a period of about one minute to ensure that movements in the
anchor have ceased prior to moving on to the next load increment. Other specifiers
may demand a 10 minute load hold at each increment. In order to assure that the load
is being maintained at a constant level, verification testing usually includes a load cell
(see Figure 14.6). The load cell is also a calibrated instrument which should be con-
firmed by an approved testing laboratory in a manner similar to the ram and gauge.

The primary purpose of a load cell in a verification testing program is to iden-
tify changes to the applied load during the load hold period. These changes may
not be evident by reading the ram gauge only since there may be some internal
ram friction that masks the changes in applied load. 

Huge arguments can occur when inspectors attempt to correlate load cell
readings with ram gauge readings. It is very difficult to maintain the entire sys-
tem in absolute agreement, so the following protocol is usually exercised. The
initial load in any increment is established by using the ram gauge. An immedi-
ate reading of the load cell is taken. Any change in the load cell during the test-
ing of a particular increment of load should be corrected by adjusting the ram
pressure to keep the load cell constant. So, the load increments are set using the
ram gauge, and constancy is maintained using the load cell. 

In some cases, when the anchor reaches the design load (1.00 DL), a creep
test is run. Others will run their creep tests at test load (2.00 DL). This test is an
extended hold to monitor the load holding capacity of the anchor. With tempo-
rary anchors, the creep test is usually about 60 minutes provided that satisfactory

LOAD TESTING OF ANCHORS 399
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results are obtained. With permanent anchors some tests may extend for five
hours or even 24 hours in some cases. Measurements of deflection should be
taken at the following intervals: 1, 2, 3, 4, 5, 6, 10, 15, 20, 25, 30, 45, 60 minutes
and if specified 75, 90, 100, 120, 150, 180, 210, 240, 270, 300 minutes. In order
to assure that any movement in an anchor is decreasing and will become negligi-
ble over time, the movements during a creep test are plotted against time. To
assure this standard, the anchor movements must be held to under 0.08 (2 mm)
inches per log cycle and be decreasing. This means that the total movement of the
anchor under sustained load might be 0.08 inches (2 mm) in the first 10 minutes,
and less than 0.08 inches (2 mm) in the next 100 minutes. Using this philosophy

EARTH RETENTION SYSTEMS400

FIGURE 14.5 Tieback stressing record form. (Courtesy Golder Associates Inc. Redmond, WA)
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you can see that the next 0.08 inches (2 mm) would not occur in less than 1,000
minutes, and so on. Very quickly the anchor stops moving. Creep testing is of
greater importance in cohesive soils (Plasticity Index of greater than 20) where
the soil mass is subject to consolidation changes as the anchor load is applied. By
checking that the movement is decreasing over time, the designer is assured that
a slow creeping failure will not occur. 

As the loads are being applied and the movements being measured, they are
plotted to develop an understanding of the performance of the anchor. As dis-
cussed in Chapter 4.4, the anchor consists of a no load zone where no load is to
be shed to the surrounding soil, and an anchor zone where the entire load is to be
focused.  Because steel deforms uniformly with stress, it is possible for the load
test inspector to compare the theoretical movement of the anchor in the no-load
zone with the measured movement of the anchor. The theoretical elongation of
the tendon no-load zone can be calculated by the use of the following equation.

LOAD TESTING OF ANCHORS 401

FIGURE 14.6 Jack setup with load cell. (Courtesy of ADSC-The International Association of Foun-
dation. Drilling Dallas, TX)
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(14.1)

where

� is the elongation at load P (inches) 
P is the total load on the anchor (Kips)
L is the length of the no-load zone (inches)
A is the area of steel of the tendon (square inches)
E is the Young’s modulus of steel (30,000 KSI) 

If the movement of the anchor is less than the theoretical elongation of the no
load zone, it is evidence that the no-load zone is not functioning properly and that
load is being lost in the no-load zone. This means that the anchor zone is not
being subjected to its intended test.  When elongation of an anchor is less than 80
percent of the theoretical elongation of the no-load portion of the anchor, the
anchor is usually rejected. 

If the verification tests indicate that the anchor did not fail at 200 percent of
design load and that its creep performance is satisfactory, then the construction
of the shoring system can progress without changes to the shoring design. If the
test is taken to failure (at either less than or greater than 200 percent DL), then
the anchor design can be changed so that the anchor adhesion values at design
load will represent 50 percent of the failure values. 

Once a successful verification test program has been performed, the con-
struction procedures used for the production anchors must duplicate the verifica-
tion test. The drilling and grouting equipment should not change in type, the
grouting procedures should duplicate those used in the test, and the anchor grout
mixes should not be changed. The only change which would not affect the valid-
ity of the verification test would be an alteration to the amount of steel provided
in the anchor tendon. Verification anchors are usually built with added steel to
allow for increased stressing. Anchors should never be tested to capacities greater
than 80 percent of Guaranteed Ultimate Test Strength (GUTS). All personnel
involved in a testing program should ensure that this concept is maintained. The
amount of force contained in a stressing test can be extremely dangerous if sud-
denly released by the breaking of the anchor tendon. 

Verification testing of soil nails is carried out in much the same fashion as soil
anchors. Soil nail verification tests usually do not have a significant no-load zone
(probably 3-10 feet (0.9-3.0 M)) and the no-load zone in a soil nail is left totally
vacant.  Because of this, the necessity to check the elongations of soil nails dur-
ing verification testing is not as important as with anchors. 

14.2 PERFORMANCE TESTS 

Performance tests are carried out on a representative number of anchors or nails
during production. Five percent of anchors are often tested. Performance tests
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involve loading to 1.33 times design load (sometimes 1.5 times). A typical per-
formance test might be:

AL (Alignment Load)

0.25 DL (Design Load)

AL

0.25 DL

0.50 DL

AL

0.25 DL

0.50 DL

0.75 DL

AL

0.25 DL

0.50 DL

0.75 DL 

1.00 DL hold for creep test

1.25 DL

1.33 DL

1.00 DL lock off (Note: no lock off for soil nails)

Other variations of performance tests may involve running the load up in
increments without cycling. Still other test procedures may involve creep testing
at the highest test load (1.33 DL or 1.5 DL) instead of 1.00 DL. 

A performance test can be performed on any production soil or rock anchor
which is selected by the inspector. Because soil nails are designed to hold the
maximum load in the middle of the nail (see Figures 11.13 and 11.14), it is nec-
essary for the inspector to designate the soil nail to be performance tested prior
to installation. This will permit the contractor to install a no-load zone of suffi-
cient length that the nail is not overstressed, while still testing the anchor adhe-
sion to limits sufficient for satisfaction of the performance test criteria. As with
verification tests, the maximum test load must never be taken above 80 percent
GUTS.

The test load at 1.00 DL (or maximum load if so specified) is held for ten
minutes. Deflection measurements should be made at the following intervals: 1,
2, 3, 4, 5, 6, 10 minutes. Creep criteria used for judging performance tests should
be as follows. If the creep in the first 10 minutes is less than 0.04 inches (1 mm),
then the anchor is deemed to have passed the creep test. If the elongation is
greater than 0.04 inches (1 mm), the load is be held for an additional 50 minutes
and the movement readings recorded at 20, 30, 40, 50 and 60 minutes. If the creep
rate in the period 6 minutes to 60 minutes does not exceed 0.08 inches (2 mm)
and is decreasing, the anchor is considered to be acceptable.
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Measurements are plotted on a log-scale. By plotting the elongation vs. load,
the inspector can ensure that the no-load zone is functioning. See the discussion
of elongation in Chapter 14.1. Performance tests do not always utilize load cells.
This seems to be left to the discretion of the individual specifier. 

14.3 PROOF TESTS 

Proof tests are performed on all anchors not otherwise tested. Soil nails are not
proof tested. A typical test procedure is as follows:

AL

0.25 DL

0.50 DL

0.75 DL

1.00 DL

1.25 DL

1.33 DL 10 minute hold

1.00 DL lock off

Measurements are taken similar to those for verification tests. Plotting of all
measurements is the same as used for verification tests. Creep tests use the same
acceptance criteria as performance tests and the elongation of the no-load zone is
checked for conformance with design expectations in the same manner as verifi-
cation and performance tests. Load cells are not used for proof tests.

It is not necessary to lock off tiebacks at 100 percent of their design load. In
fact, in the past it was quite common to lock in something less than the full design
load. However, recently the norm seems to be for engineers to specify 1.00 DL
as the lock off load. 

14.4 PLOTS 

Figure 14.7 is a plot of creep versus log time used to determine creep acceptabil-
ity of anchors. As discussed earlier (Chapter 14.1), in order for the anchor to be
acceptable at the proposed load, creep must be less than 0.08 inches (2mm) per
log cycle and decreasing.

Figure 14.8 is a plot of load versus elongation used to check ultimate capac-
ity of the anchor as well as the length of the no-load zone of the anchor. The ulti-
mate anchor capacity is reached when the load remains constant or decreases as
the elongation increase. You will note that the test log has two pre-plotted lines.
The A line is the calculated elongation of the no-load zone only (use Equation
14.1).  Chapter 14.1 discussed the rejection of anchors which elongate less than
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80 percent of that theoretical length. The first line shown in the plot is called 0.8A
and is, in fact, 80 percent of the theoretical elongation of the no load zone.  If the
test curve does not end up right of the 0.8A line, then a problem is occurring in
the no-load zone and the anchor should be rejected. The second line called out on
Figure 14.8 is the B line. It is the theoretical elongation which would occur if the
total load were applied to the no-load zone plus 50 percent of the anchor zone. If
the test curve moves right of the B Line, then considerable movement is occur-
ring in the anchor zone. While it is possible that this could occur in an acceptable
anchor, this result should be reviewed by the geotechnical engineer prior to
acceptance of the anchor.

LOAD TESTING OF ANCHORS 405

FIGURE 14.7 Creep testing—elongation versus log-time plot.
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FIGURE 14.8 Tieback load versus elongation plot. (Courtesy Golder Associates Inc. Redmond,
WA)
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CHAPTER 15

MONITORING

407

An often overlooked part of any shored excavation is the monitoring of move-
ments and forces in the shoring system during excavation. Without a systematic
method of monitoring loads and movements, the contract team is without any
early warning system to deal with unexpected occurrences. 

Since the design of any shoring system is an exercise in estimation and pre-
diction, it is extremely important to verify the pre-construction assumptions. The
soils are modeled as best we can, but any modeling is necessarily a simplifica-
tion. No design method currently in use can accurately predict ground move-
ments. The only deflection calculation methods used are based on experience and
comparison of similar cases. 

If a carefully planned system of excavation monitoring is undertaken, move-
ments which are observed can be analysed for conformity with the design intent.
These movements are often quite slow in their accumulation and changes to the
excavation sequence or structural modifications can be undertaken which will
limit movements prior to the onset of serious damage to adjacent facilities. 

Movement of adjacent facilities as well as the shoring system can be moni-
tored by surveying techniques. Movement of the shoring system can also be mea-
sured very accurately by a system known as slope indicator readings. Forces in
structural members can be determined by strain gauge measurements and can be
back calculated from measurements of pile movements. 

Source: EARTH RETENTION SYSTEMS

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



15.1 SLOPE INDICATOR MEASUREMENTS 

Invented in 1958 by Shannon & Wilson of Seattle, WA, the slope indicator sys-
tem utilizes extremely precise gyroscopic measuring devices to determine the
verticality of the instrument in which they are housed (see Figure 15.1). Prior to
excavation, a slope indicator casing is installed either in a pre-drilled hole, or
attached to the piling used for shoring. The casing has several tracks inscribed
into its interior which act as a guide for the slope indicator. The casing is installed
to a depth which should be below any ground movement.

The slope indicator is lowered into the casing and measurements of vertical-
ity of the instrument are made at regular intervals. A plot of the shape of the cas-
ing can then be made from these readings (see Figures 15.2 and 15.3). Readings
are taken at regular intervals during the excavation and the variations in the shape
of the casing are indicative of any movements which may be occurring in the
retained soil mass. Because the bottom of the casing is assumed not to move, it
is possible to use the tip of the casing as a reference point and plot the changing
shape of the casing as horizontal movements to an accuracy in thousandths of
inches (0.025mm). 

It is possible to monitor shoring movements and verify that the stressing of
tiebacks or the preloading of struts is having the desired effect. Readings are
taken every week during periods of little or no excavation, and as often as every
day, during periods of excavation and stressing. If movements are noted which
are of concern, readings should be taken at daily intervals until resolution of the
concern occurs. 

Slope indicators should always be read in concert with a series of pile survey
readings to compare the readings and confirm the assumptions being made in the
plotting of the slope indicator readings. By comparing the top of the pile location
from survey data with its predicted position from the slope indicator readings, it
is possible to confirm that the bottom of the casing has not moved. Figure 15.2
details a series of slope indicator readings showing the movements caused by
excavation with the level of excavation indicated on each day of reading. Figure
15.3 details movements on successive readings over a period of 22 days. In this
case, the information is not provided to conclude whether the movements are the
result of excavation. 

Slope indicator readings are usually not undertaken in excavations which do
not have sensitive facilities adjacent to them. Slope indicator measurement meth-
ods are most often seen on deep excavations of greater than 35 feet (10.7 m). 

15.2 PILE MOVEMENTS 

Probably the easiest monitoring measurements taken for a shored excavation are
performed with survey instruments. A baseline is established along the face of a
shored wall and monuments are placed on the wall. In the case of soldier pile and
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FIGURE 15.1 Slope indicator equipment. (Courtesy of Isherwood Associates. Oakville, Ont.)

MONITORING

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



EARTH RETENTION SYSTEMS410

FIGURE 15.2 Slope indicator readouts from soil nailed excavation. (Courtesy of Golder Associates
Inc. Redmond, WA)
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FIGURE 15.3 Slope indicator readouts from soldier pile and lagging shored excavation.
(Courtesy of Isherwood Associates. Oakville, Ont.)
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lagging each pile is monitored. In the case of sheet piling or slurry walls, monu-
ments are established at regular intervals (5-10 feet (1.5-3.0 m)). It is important
that the survey baseline is tied to monuments which are well outside the zone of
any possible ground movement and is reconciled through a series of global posi-
tioning checks. Prior to excavation, a set of readings must be taken to establish
the location of each monument or pile prior to any potential ground movement. 

Regular readings are taken during excavation and stressing operations to
identify any movements that may be occurring. These readings should be taken
with the same regularity as the previously outlined slope indicator readings. 

Readings can be undertaken with a survey transit. Welded flat bar can be
placed at each measurement location with premounted scales attached to each
(Figure 15.4). It is then possible for measurements to be taken by one man. If pre-
mounted scales are not used, it is necessary for someone to hold a scale at each
pile so that the instrument man can take the reading. It is important that the exact
location of the measurement point be marked on the pile in order that continuity
of measurements is maintained. 

When performed with diligence, readings to an accuracy of 1⁄32 inch (1 mm)
are possible. Readings should be reported as a series of contours (see Figure
15.5). Although the location of the piles will not be precisely in a straight line due
to installation tolerances, the contours should be zeroed to indicate net movement
along the wall. 

15.3 ADJACENT STRUCTURE MONITORING 

Any structure thought to be within the limits of any anticipated ground move-
ments should be monitored. Benchmarks should be established on these struc-
tures to monitor vertical settlement. Any cracks in the adjacent structures which
are evident from the pre-construction survey (see Chapter 7.2) should be covered
with crack telltales (see Figure 15.6). 

Observations of these telltales should be undertaken on a daily basis if any
activity is ongoing in the excavation, or if any movements are reported in the
shoring monitoring system. If no movements are evident in the monitoring sys-
tem, and excavation has ceased, observations should be made at least weekly
until the excavation is backfilled. 

15.4 STRAIN GAUGES 

Forces which are developed in rakers, walers, or struts can be monitored by the
placement of strain gauges on the elements. Because these elements are almost
always steel and the stress strain relationship for steel is well known, any strain
which is measured in a steel member can be converted into a stress. The stress can
then be compared to predicted stresses from the design calculations. If variations
are found which are of concern, changes can be made to alleviate the problem.
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FIGURE 15.4 Scales mounted on welded flatbar for easy reading of pile deflection. Installation on
secant pile wall, Toronto, Ont. (Courtesy of Isherwood Associates. Oakville, Ont.)
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FIGURE 15.4 (continued) Installation on soldier pile wall, Toronto, Ont. (Courtesy of Isherwood
Associates. Oakville, Ont.)
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Vibrating wire strain gauges are produced by a number of geotechnical instru-
ment companies. These strain gauges are epoxied or welded to the structural
member and strain at the same rate as the member. An electrical current is passed
through the strain gauge and variations in its resistance are transcribed into strain
measurements (see Figure 15.7). 

This method is most often installed on struts in deep excavations such as sub-
way cuts. Measurements should be taken daily during any period of excavation
and continued if any unwarranted buildup of stresses is noted. Measurement in
the range of 1/10,000 inch (0.0025 mm) are possible which can then be converted
into steel stresses which are accurate to within 100 psi (0.7 MPa). 

Strain gauge measurements should be compared to pile movement measure-
ments in order to confirm the veracity of both systems. Monitoring readings
should be transcribed into a regular report and distributed to the owner, general
contractor, design engineer, and specialty subcontractor responsible for the shor-
ing within 24 hours.

MONITORING 415

FIGURE 15.5 Typical pile movement plot from survey data.
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CHAPTER 16

OSHA REGULATIONS
(STANDARDS—29CFR)

419

This chapter consists of the OSHA (Occupational Safety and Health Administration)
Regulations 29 CFR (Code of Federal Regulations) 1926 subpart P—Excavation.
These standards apply to construction, and in the absence of any overriding author-
ity are the rules by which contractors must abide.

These rules are only applicable in the USA, and then only in the absence of
individual state authority which may apply. A number of provinces in Canada
have their own regulations, as do some states in the USA. WISHA (State of
Washington, OROSHA (State of Oregon) and CalOSHA (State of California) are
examples of regulatory codes which may take precedence over the Federal regu-
lations. In general, state regulations in matters of construction safety will take
precedence if they are more stringent than federal regulations.

The reader is cautioned to investigate all applicable regulations before utiliz-
ing the federal OSHA regulations which follow.

Source: EARTH RETENTION SYSTEMS
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SCOPE, APPLICATION, AND DEFINITIONS
APPLICABLE TO THIS SUBPART 1926.650

(a)

Scope and application. This subpart applies to all open excavations made in the
earth’s surface. Excavations are defined to include trenches.

(b)

Definitions applicable to this subpart.

Accepted engineering practices means those requirements which are compat-
ible with standards of practice required by a registered professional engineer.

Aluminum Hydraulic Shoring means a pre-engineered shoring system com-
prised of aluminum hydraulic cylinders (crossbraces) used in conjunction
with vertical rails (uprights) or horizontal rails (wales). Such system is
designed specifically to support the sidewalls of an excavation and prevent
cave-ins.

Bell-bottom pier hole means a type of shaft or footing excavation, the bottom
of which is made larger than the cross section above to form a belled shape.

Benching (Benching system) means a method of protecting employees from
cave-ins by excavating the sides of an excavation to form one or a series of
horizontal levels or steps, usually with vertical or near-vertical surfaces
between levels.

Cave-in means the separation of a mass of soil or rock material from the side
of an excavation, or the loss of soil from under a trench shield or support
system, and its sudden movement into the excavation, either by falling or
sliding, in sufficient quantity so that it could entrap, bury, or other wise
injure and immobilize a person.

Competent person means one who is capable of identifying existing and pre-
dictable hazards in the surroundings, or working conditions which are unsan-
itary, hazardous, or dangerous to employees, and who has authorization to
take prompt corrective measures to eliminate them.

Cross braces mean the horizontal members of a shoring system installed per-
pendicular to the sides of the excavation, the ends of which bear against
either uprights or wales.

Excavation means any man-made cut, cavity, trench, or depression in an
earth surface, formed by earth removal.

Faces or sides means the vertical or inclined earth surfaces formed as a
result of excavation work.

Failure means the breakage, displacement, or permanent deformation of a
structural member or connection so as to reduce its structural integrity and
its supportive capabilities.
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Hazardous atmosphere means an atmosphere which by reason of being
explosive, flammable, poisonous, corrosive, oxidizing, irritating, oxygen
deficient, toxic, or otherwise harmful, may cause death, illness, or injury.

Kickout means the accidental release or failure of a cross brace.

Protective system means a method of protecting employees from cave-ins,
from material that could fall or roll from an excavation face or into an exca-
vation, or from the collapse of adjacent structures. Protective systems
include support systems, sloping and benching systems, shield systems, and
other systems that provide the necessary protection.

Ramp means an inclined walking or working surface that is used to gain
access to one point from another, and is constructed from earth or from
structural materials such as steel or wood.

Registered Professional Engineer means a person who is registered as a pro-
fessional engineer in the state where the work is to be performed. However,
a professional engineer, registered in any state is deemed to be a registered
professional engineer within the meaning of this standard when approving
designs for manufactured protective systems or tabulated data to be used in
interstate commerce.

Sheeting means the members of a shoring system that retain the earth in
position and in turn are supported by other members of the shoring system.

Shield (Shield system) means a structure that is able to withstand the forces
imposed on it by a cave-in and thereby protect employees within the structure.
Shields can be permanent structures or can be designed to be portable and
moved along as work progresses. Additionally, shields can be either premanu-
factured or job-built in accordance with 1926.652(c)(3) or (c)(4). Shields used
in trenches are usually referred to as trench boxes or trench shields.

Shoring (Shoring system) means a structure such as a metal hydraulic,
mechanical or timber shoring system that supports the sides of an excavation
and which is designed to prevent cave-ins.

Sides. See Faces.

Sloping (Sloping system) means a method of protecting employees from
cave-ins by excavating to form sides of an excavation that are inclined away
from the excavation so as to prevent cave-ins. The angle of incline required
to prevent a cave-in varies with differences in such factors as the soil type,
environmental conditions of exposure, and application of surcharge loads.

Stable rock means natural solid mineral material that can be excavated with
vertical sides and will remain intact while exposed. Unstable rock is consid-
ered to be stable when the rock material on the side or sides of the excavation
is secured against caving-in or movement by rock bolts or by another protec-
tive system that has been designed by a registered professional engineer.

Structural ramp means a ramp built of steel or wood, usually used for vehi-
cle access. Ramps made of soil or rock are not considered structural ramps.
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Support system means a structure such as underpinning, bracing, or shoring,
which provides support to an adjacent structure, underground installation, or
the sides of an excavation.

Tabulated data means tables and charts approved by a registered profes-
sional engineer and used to design and construct a protective system.

Trench (Trench excavation) means a narrow excavation (in relation to its
length) made below the surface of the ground. In general, the depth is greater
than the width, but the width of a trench (measured at the bottom) is not greater
than 15 feet (4.6 m). If forms or other structures are installed or constructed in
an excavation so as to reduce the dimension measured from the forms or struc-
ture to the side of the excavation to 15 feet (4.6 m) or less (measured at the bot-
tom of the excavation), the excavation is also considered to be a trench.

Trench box. See Shield.

Trench shield. See Shield.

Uprights means the vertical members of a trench shoring system placed in
contact with the earth and usually positioned so that individual members do
not contact each other. Uprights placed so that individual members are
closely spaced, in contact with or interconnected to each other, are often
called sheeting.

Wales means horizontal members of a shoring system placed parallel to the
excavation face whose sides bear against the vertical members of the shoring
system or earth.

SPECIFIC EXCAVATION REQUIREMENTS—
1926.651

(a)

Surface encumbrances. All surface encumbrances that are located so as to create
a hazard to employees shall be removed or supported, as necessary, to safeguard
employees.

(b)

Underground installations.

(b)(1)

The estimated location of utility installations, such as sewer, telephone, fuel, elec-
tric, water lines, or any other underground installations that reasonably may be
expected to be encountered during excavation work, shall be determined prior to
opening an excavation.
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(b)(2)

Utility companies or owners shall be contacted within established or customary
local response times, advised of the proposed work, and asked to establish the
location of the utility underground installations prior to the start of actual exca-
vation. When utility companies or owners cannot respond to a request to locate
underground utility installations within 24 hours (unless a longer period is
required by state or local law), or cannot establish the exact location of these
installations,the employer may proceed, provided the employer does so with cau-
tion, and provided detection equipment or other acceptable means to locate util-
ity installations are used.

(b)(3)

When excavation operations approach the estimated location of underground
installations, the exact location of the installations shall be determined by safe
and acceptable means.

(b)(4)

While the excavation is open, underground installations shall be protected, sup-
ported or removed as necessary to safeguard employees.

(c)

Access and egress.

(c)(1)

Structural ramps.

(c)(1)(i)

Structural ramps that are used solely by employees as a means of access or egress
from excavations shall be designed by a competent person. Structural ramps used
for access or egress of equipment shall be designed by a competent person qual-
ified in structural design, and shall be constructed in accordance with the design.

(c)(1)(ii)

Ramps and runways constructed of two or more structural members shall have
the structural members connected together to prevent displacement.
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(c)(1)(iii)

Structural members used for ramps and runways shall be of uniform thickness.

(c)(1)(iv)

Cleats or other appropriate means used to connect runway structural members
shall be attached to the bottom of the runway or shall be attached in a manner to
prevent tripping.

(c)(1)(v)

Structural ramps used in lieu of steps shall be provided with cleats or other sur-
face treatments of the top surface to prevent slipping.

(c)(2)

Means of egress from trench excavations. A stairway, ladder, ramp or other safe
means of egress shall be located in trench excavations that are 4 feet (1.22 m) or
more in depth so as to require no more than 25 feet (7.62 m) of lateral travel for
employees.

(d)

Exposure to vehicular traffic. Employees exposed to public vehicular traffic shall
be provided with, and shall wear, warning vests or other suitable garments
marked with or made of reflectorized or high-visibility material.

(e)

Exposure to falling loads. No employee shall be permitted underneath loads han-
dled by lifting or digging equipment. Employees shall be required to stand away
from any vehicle being loaded or unloaded to avoid being struck by any spillage
or falling materials. Operators may remain in the cabs of vehicles being loaded
or unloaded when the vehicles are equipped, in accordance with
f1926.601(b)(6), to provide adequate protection for the operator during loading
and unloading operations.

(f)

Warning system for mobile equipment. When mobile equipment is operated adja-
cent to an excavation, or when such equipment is required to approach the edge
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of an excavation, and the operator does not have a clear and direct view of the
edge of the excavation, a warning system shall be utilized such as barricades,
hand or mechanical signals, or stop logs. If possible, the grade should be away
from the excavation.

(g)

Hazardous atmospheres.

(g)(1)

Testing and controls. In addition to the requirements set forth in subparts D and
E of this part (29 CFR 1926.50-1926.107) to prevent exposure to harmful levels
of atmospheric contaminants and to assure acceptable atmospheric conditions,
the following requirements shall apply:

(g)(1)(i)

Where oxygen deficiency (atmospheres containing less than 19.5 percent oxy-
gen) or a hazardous atmosphere exists or could reasonably be expected to exist,
such as in excavations in landfill areas or excavations in areas where hazardous
substances are stored nearby, the atmospheres in the excavation shall be tested
before employees enter excavations greater than 4 feet (1.22 m) fin depth.

(g)(1)(ii)

Adequate precautions shall be taken to prevent employee exposure to atmos-
pheres containing less than 19.5 percent oxygen and other hazardous atmos-
pheres. These precautions include providing proper respiratory protection or
ventilation in accordance with subparts D and E of this part respectively.

(g)(1)(iii)

Adequate precaution shall be taken such as providing ventilation, to prevent
employee exposure to an atmosphere containing a concentration of a flammable
gas in excess of 20 percent of the flower flammable limit of the gas.

(g)(1)(iv)

When controls are used that are intended to reduce the level of atmospheric con-
taminants to acceptable levels, testing shall be conducted as often as necessary to
ensure that the atmosphere remains safe.
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(g)(2)

Emergency rescue equipment.

(g)(2)(i)

Emergency rescue equipment, such as breathing apparatus, a safety harness and
line, or a basket stretcher, shall be readily available where hazardous atmospheric
conditions exist or may reasonably be expected to develop during work in an
excavation. This equipment shall be attended when in use.

(g)(2)(ii)

Employees entering bell-bottom pier holes, or other similar deep and confined
footing excavations, shall wear a harness with a lifeline securely attached to it.
The lifeline shall be separate from any line used to handle materials, and shall be
individually attended at all times while the employee wearing the lifeline is in the
excavation.

(h)

Protection from hazards associated with water accumulation.

(h)(1)

Employees shall not work in excavations in which there is accumulated water, or
in excavations in which water is accumulating, unless adequate precautions have
been taken to protect employees against the hazards posed by water accumula-
tion. The precautions necessary to protect employees adequately vary with each
situation, but could include special support or shield systems to protect from
cave-ins, water removal to control the level of accumulating water, or use of a
safety harness and lifeline.

(h)(2)

If water is controlled or prevented from accumulating by the use of water removal
equipment, the water removal equipment and operations shall be monitored by a
competent person to ensure proper operation.

(h)(3)

If excavation work interrupts the natural drainage of surface water (such as
streams), diversion ditches, dikes, or other suitable means shall be used to prevent
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surface water from entering the excavation and to provide adequate drainage of
the area adjacent to the excavation. Excavations subject to runoff from heavy
rains will require an inspection by a competent person and compliance with para-
graphs (h)(1) and (h)(2) of this section.

(i)

Stability of adjacent structures.

(i)(1)

Where the stability of adjoining buildings, walls, or other structures is endan-
gered by excavation operations, support systems such as shoring, bracing, or
underpinning shall be provided to ensure the stability of such structures for the
protection of employees.

(i)(2)

Excavation below the level of the base or footing of any foundation or retaining
wall that could be reasonably expected to pose a hazard to employees shall not be
permitted except when:

(i)(2)(i)

A support system, such as underpinning, is provided to ensure the safety of
employees and the stability of the structure; or

(i)(2)(ii)

The excavation is in stable rock; or

(i)(2)(iii)

A registered professional engineer has approved the determination that the struc-
ture is sufficiently removed from the excavation so as to be unaffected by the
excavation activity; or

(i)(2)(iv)

A registered professional engineer has approved the determination that such
excavation work will not pose a hazard to employees.
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(i)(3)

Sidewalks, pavements and appurtenant structure shall not be undermined unless
a support system or another method of protection is provided to protect employ-
ees from the possible collapse of such structures.

(j)

Protection of employees from loose rock or soil.

(j)(1)

Adequate protection shall be provided to protect employees from loose rock or
soil that could pose a hazard by falling or rolling from an excavation face. Such
protection shall consist of scaling to remove loose material; installation of pro-
tective barricades at intervals as necessary on the face to stop and contain falling
material; or other means that provide equivalent protection.

(j)(2)

Employees shall be protected from excavated or other materials or equipment that
could pose a hazard by falling or rolling into excavations. Protection shall be pro-
vided by placing and keeping such materials or equipment at least 2 feet (.61 m)
from the edge of excavations, or by the use of retaining devices that are sufficient
to prevent materials or equipment from falling or rolling into excavations, or by
a combination of both if necessary.

(k)

Inspections.

(k)(1)

Daily inspections of excavations, the adjacent areas, and protective systems shall
be made by a competent person for evidence of a situation that could result in
possible cave-ins, indications of failure of protective systems, hazardous atmos-
pheres, or other hazardous conditions. An inspection shall be conducted by the
competent person prior to the start of work and as needed throughout the shift.
Inspections shall also be made after every rainstorm or other hazard increasing
occurrence. These inspections are only required when employee exposure can be
reasonably anticipated.
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(k)(2)

Where the competent person finds evidence of a situation that could result in a pos-
sible cave-in, indications of failure of protective systems, hazardous atmospheres,
or other hazardous conditions, exposed employees shall be removed from the haz-
ardous area until the necessary precautions have been taken to ensure their safety.

(l)

Fall protection.

(l)(1)

Walkways shall be provided where employees or equipment are required or per-
mitted to cross over excavations. Guardrails which comply with 1926.502(b)
shall be provided where walkways are 6 feet (1.8 m) or more above lower levels.

REQUIREMENTS FOR PROTECTIVE
SYSTEMS—1926.652

a)

Protection of employees in excavations.

(a)(1)

Each employee in an excavation shall be protected from cave-ins by an adequate
protective system designed in accordance with paragraph (b) or (c) of this section
except when:

(a)(1)(i)

Excavations are made entirely in stable rock; or

(a)(1)(ii)

Excavations are less than 5 feet (1.52 m) in depth and examination of the ground
by a competent person provides no indication of a potential cave-in.
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(a)(2)

Protective systems shall have the capacity to resist without failure all loads that
are intended or could reasonably be expected to be applied or transmitted to the
system.

(b)

Design of sloping and benching systems. The slopes and configurations of slop-
ing and benching systems shall be selected and constructed by the employer or
his designee and shall be in accordance with the requirements of paragraph
(b)(1); or, in the alternative, paragraph (b)(2); or, in the alternative, paragraph
(b)(3); or, in the alternative, paragraph (b)(4), as follows:

(b)(1)

Option (1)—Allowable configurations and slopes.

(b)(1)(i)

Excavations shall be sloped at an angle not steeper than one and one-half hori-
zontal to one vertical (34 degrees measured from the horizontal), unless the
employer uses one of the other options listed below.

(b)(1)(ii)

Slopes specified in paragraph (b)(1)(i) of this section, shall be excavated to form
configurations that are in accordance with the slopes shown for Type C soil in
Appendix B to this subpart. 

(b)(2)

Option (2)—Determination of slopes and configurations using Appendices A and
B. Maximum allowable slopes, and allowable configurations for sloping and
benching systems, shall be determined in accordance with the conditions and
requirements set forth in appendices A and B to this subpart.

(b)(3)

Option (3)—Designs using other tabulated data.
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(b)(3)(i)

Designs of sloping or benching systems shall be selected from and in accordance
with tabulated data, such as tables and charts.

(b)(3)(ii)

The tabulated data shall be in written form and shall include all of the following:

(b)(3)(ii)(A)

Identification of the parameters that affect the selection of a sloping or benching
system drawn from such data;

(b)(3)(ii)(B)

Identification of the limits of use of the data, to include the magnitude and con-
figuration of slopes determined to be safe;

(b)(3)(ii)(C)

Explanatory information as may be necessary to aid the user in making a correct
selection of a protective system from the data.

(b)(3)(iii)

At least one copy of the tabulated data which identifies the registered professional
engineer who approved the data, shall be maintained at the jobsite during con-
struction of the protective system. After that time the data may be stored off the
jobsite, but a copy of the data shall be made available to the Secretary upon
request.

(b)(4)

Option (4)—Design by a registered professional engineer.

(b)(4)(i)

Sloping and benching systems not utilizing Option (1) or Option (2) or Option (3)
under paragraph (b) of this section shall be approved by a registered professional
engineer.
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(b)(4)(ii)

Designs shall be in written form and shall include at least the following:

(b)(4)(ii)(A)

The magnitude of the slopes that were determined to be safe for the particular
project;

(b)(4)(ii)(B)

The configurations that were determined to be safe for the particular project;

(b)(4)(ii)(C)

The identity of the registered professional engineer approving the design.

(b)(4)(iii)

At least one copy of the design shall be maintained at the jobsite while the slope
is being constructed. After that time the design need not be at the jobsite, but a
copy shall be made available to the Secretary upon request.

(c)

Design of support systems, shield systems, and other protective systems. Designs
of support systems , shield systems, and other protective systems shall be selected
and constructed by the employer or his designee and shall be in accordance with
the requirements of paragraph (c)(1); or, in the alternative, paragraph (c)(2); or, in
the alternative, paragraph (c)(3); or, i the alternative, paragraph (c)(4) as follows:

(c)(1)

Option (1)—Designs using appendices A, C and D. Designs for timber shoring in
trenches shall be determined in accordance with the conditions and requirements
set forth in appendices A and C to this subpart. Designs for aluminum hydraulic
shoring shall be in accordance with paragraph (c)(2) of this section, but if manu-
facturer’s tabulated data cannot be utilized, designs shall be in accordance with
appendix D.

(c)(2)

Option (2)—Designs Using Manufacturer’s Tabulated Data.
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(c)(2)(i)

Design of support systems, shield systems, or other protective systems that are
drawn from manufacturer’s tabulated data shall be in accordance with all speci-
fications, recommendations, and limitations issued or made by the manufacturer.

(c)(2)(ii)

Deviation from the specifications, recommendations, and limitations issued or
made by the manufacturer shall only be allowed after the manufacturer issues
specific written approval.

(c)(2)(iii)

Manufacturer’s specifications, recommendations, and limitations, and manufac-
turer’s approval to deviate from the specifications, recommendations, and limita-
tions shall be in written form at the jobsite during construction of the protective
system. After that time this data may be stored off the jobsite, but a copy shall be
made available to the Secretary upon request.

(c)(3)

Option (3)—Designs using other tabulated data.

(c)(3)(i)

Designs of support systems, shield systems, or other protective systems shall be
selected from and be in accordance with tabulated data, such as tables and charts.

(c)(3)(ii)

The tabulated data shall be in written form and include all of the following:

(c)(3)(ii)(A)

Identification of the parameters that affect the selection of a protective system
drawn from such data;

(c)(3)(ii)(B)

Identification of the limits of use of the data;
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(c)(3)(ii)(C)

Explanatory information as may be necessary to aid the user in making a correct
selection of a protective system from the data.

(c)(3)(iii)

At least one copy of the tabulated data, which identifies the registered profes-
sional engineer who approved the data, shall be maintained at the jobsite during
construction of the protective system. After that time the data may be stored off
the jobsite, but a copy of the data shall be made available to the Secretary upon
request.

(c)(4)

Option (4)—Design by a registered professional engineer.

(c)(4)(i)

Support systems, shield systems, and other protective systems not utilizing
Option 1, Option 2, or Option 3, above, shall be approved by a registered profes-
sional engineer.

(c)(4)(ii)

Designs shall be in written form and shall include the following:

(c)(4)(ii)(A)

A plan indicating the sizes, types, and configurations of the materials to be used
in the protective system; and

(c)(4)(ii)(B)

The identify of the registered professional engineer approving the design.

(c)(4)(iii)

At least one copy of the design shall be maintained at the jobsite during con-
struction of the protective system. After that time, the design may be stored off
the jobsite, but a copy of the design shall be made available to the Secretary
upon request.

EARTH RETENTION SYSTEMS434

OSHA REGULATIONS (STANDARDS—29CFR)

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



(d)

Materials and equipment.

(d)(1)

Materials and equipment used for protective systems shall be free from damage
or defects that might impair their proper function.

(d)(2)

Manufactured materials and equipment used for protective systems shall be used
and maintained in a manner that is consistent with the recommendations of the
manufacturer, and in a manner that will prevent employee exposure to hazards.

(d)(3)

When material or equipment that is used for protective systems is damaged, a
competent person shall examine the material or equipment and evaluate its suit-
ability for continued use. If the competent person cannot assure the material or
equipment is able to support the intended loads or is otherwise suitable for safe
use, then such material or equipment shall be removed from service, and shall be
evaluated and approved by a registered professional engineer before being
returned to service.

(e)

Installation and removal of support.

(e)(1)

General.

(e)(1)(i)

Members of support systems shall be securely connected together to prevent slid-
ing, falling, kickouts, or other predictable failure.

(e)(1)(ii)

Support systems shall be installed and removed in a manner that protects employ-
ees from cave-ins, structural collapses, or from being struck by members of the
support system.
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(e)(1)(iii)

Individual members of support systems shall not be subjected to loads exceeding
those which those members were designed to withstand.

(e)(1)(iv)

Before temporary removal of individual members begins, additional precautions
shall be taken to ensure the safety of employees, such as installing other structural
members to carry the loads imposed on the support system.

(e)(1)(v)

Removal shall begin at, and progress from, the bottom of the excavation. Members
shall be released slowly so as to note any indication of possible failure of the remain-
ing members of the structure or possible cave-in of the sides of the excavation.

(e)(1)(vi)

Backfilling shall progress together with the removal of support systems from
excavations.

(e)(2)

Additional requirements for support systems for trench excavations.

(e)(2)(i)

Excavation of material to a level no greater than 2 feet (.61 m) below the bottom
of the members of a support system shall be permitted, but only if the system is
designed to resist the forces calculated for the full depth of the trench, and there
are no indications while the trench is open of a possible loss of soil from behind
or below the bottom of the support system.

(e)(2)(ii)

Installation of a support system shall be closely coordinated with the excavation
of trenches.

(f)

Sloping and benching systems. Employees shall not be permitted to work on the
faces of sloped or benched excavations at levels above other employees except
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when employees at the lower levels are adequately protected from the hazard of
falling, rolling, or sliding material or equipment.

(g)

Shield systems

(g)(1)

General.

(g)(1)(i)

Shield systems shall not be subjected to loads exceeding those which the system
was designed to withstand.

(g)(1)(ii)

Shields shall be installed in a manner to restrict lateral or other hazardous move-
ment of the shield in the event of the application of sudden lateral loads.

(g)(1)(iii)

Employees shall be protected from the hazard of cave-ins when entering or exit-
ing the areas protected by shields.

(g)(1)(iv)

Employees shall not be allowed in shields when shields are being installed,
removed, or moved vertically.

(g)(2)

Additional requirement for shield systems used in trench excavations. Excava-
tions of earth material to a level not greater than 2 feet (.61 m) below the bottom
of a shield shall be permitted, but only if the shield is designed to resist the
forces calculated for the full depth of the trench, and there are no indications
while the trench is open of a possible loss of soil from behind or below the bot-
tom of the shield.
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AUTHORITY FOR 1926 SUBPART P—1926
SUBPART P

Authority: Sec. 107, Contract Worker Hours and Safety Standards Act (Con-
struction Safety Act)

(40 U.S.C. 333); Secs. 4, 6, 8, Occupational Safety and Health Act of 1970
(29 U.S.C. 653, 655,

657); Secretary of Labor’s Order No. 12-71 (36 FR 8754), 8-76 (41 FR
25059), 9-83 (48 FR

35736), or 1-90 (55 FR 9033), as applicable.

Section 1926.651 also issued under 29 CFR Part 1911.

Source: 54 FR 45959, Oct. 31, 1989, unless otherwise noted.

SOIL CLASSIFICATION—1926 SUBPART P
APP A

(a)

Scope and application

(a)(1)

Scope. This appendix describes a method of classifying soil and rock deposits
based on site and environmental conditions, and on the structure and composition
of the earth deposits. The appendix contains definitions, sets forth requirements,
and describes acceptable visual and manual tests for use in classifying soils.

(a)(2)

Application. This appendix applies when a sloping or benching system is
designed in accordance with the requirements set forth in 1926.652(b)(2) as a
method of protection for employees from cave-ins. This appendix also applies
when timber shoring for excavations is designed as a method of protection from
cave-ins in accordance with appendix C to subpart P of part 1926, and when alu-
minum hydraulic shoring is designed in accordance with appendix D. This
Appendix also applies if other protective systems are designed and selected for
use from data prepared in accordance with the requirements set forth in
1926.652(c), and the use of the data is predicated on the use of the soil classifi-
cation system set forth in this appendix.
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(b)

Definitions. The definitions and examples given below are based on, in whole or
in part, the following; American Society for Testing Materials (ASTM) Standards
D653-85 and D2488; The Unified Soils Classification System; The U.S. Depart-
ment of Agriculture (USDA) Textural Classification Scheme; and The National
Bureau of Standards Report BSS-121.

Cemented soil means a soil in which the particles are held together by a
chemical agent, such as calcium carbonate, such that a hand-size sample can-
not be crushed into powder or individual soil particles by finger pressure.

Cohesive soil means clay (fine grained soil), or soil with a high clay content,
which has cohesive strength. Cohesive soil does not crumble, can be exca-
vated with vertical sideslopes, and is plastic when moist. Cohesive soil is
hard to break up when dry, and exhibits significant cohesion when sub-
merged. Cohesive soils include clayey silt, sandy clay, silty clay, clay and
organic clay.

Dry soil means soil that does not exhibit visible signs of moisture content. 

Fissured means a soil material that has a tendency to break along definite
planes of fracture with little resistance, or a material that exhibits open
cracks, such as tension cracks, in an exposed surface.

Granular soil means gravel, sand, or silt (coarse grained soil) with little or
no clay content. Granular soil has no cohesive strength. Some moist granular
soils exhibit apparent cohesion. Granular soil cannot be molded when moist
and crumbles easily when dry.

Layered system means two or more distinctly different soil or rock types
arranged in layers.

Micaceous seams or weakened planes in rock or shale are considered layered.

Moist soil means a condition in which a soil looks and feels damp. Moist
cohesive soil can easily be shaped into a ball and rolled into small diameter
threads before crumbling. Moist granular soil that contains some cohesive
material will exhibit signs of cohesion between particles.

Plastic means a property of a soil which allows the soil to be deformed or
molded without cracking, or appreciable volume change.

Saturated soil means a soil in which the voids are filled with water. Satura-
tion does not require flow. Saturation, or near saturation, is necessary for the
proper use of instruments such as a pocket penetrometer or sheer vane.

Soil classification system means, for the purpose of this subpart, a method of
categorizing soil and rock deposits in a hierarchy of Stable Rock, Type A,
Type B, and Type C, in decreasing order of stability. The categories are
determined based on an analysis of the properties and performance charac-
teristics of the deposits and the characteristics of the deposits and the envi-
ronmental conditions of exposure.
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Stable rock means natural solid mineral matter that can be excavated with
vertical sides and remain intact while exposed.

Submerged soil means soil which is underwater or is free seeping. Type A
means cohesive soils with an unconfined, compressive strength of 1.5 ton
per square foot (tsf) (144 kPa) or greater. Examples of cohesive soils are:
clay, silty clay, sandy clay, clay loam and, in some cases, silty clay loam and
sandy clay loam. 

Cemented soils such as caliche and hardpan are also considered Type A. How-
ever, no soil is Type A if:

(i) The soil is fissured; or

(ii) The soil is subject to vibration from heavy traffic, pile driving, or similar
effects; or

(iii) The soil has been previously disturbed; or

(iv) The soil is part of a sloped, layered system where the layers dip into the
excavation on a slope of four horizontal to one vertical (4H:1V) or greater; or

(v) The material is subject to other factors that would require it to be classi-
fied as a less stable material.

Type B means:

(i) Cohesive soil with an unconfined compressive strength greater than 0.5
tsf (48 kPa) but less than 1.5 tsf (144 kPa); or

(ii) Granular cohesionless soils including: angular gravel (similar to crushed
rock), silt, silt loam, sandy loam and, in some cases, silty clay loam and
sandy clay loam.

(iii) Previously disturbed soils except those which would otherwise be
classed as Type C soil.

(iv) Soil that meets the unconfined compressive strength or cementation
requirements for Type A, but is fissured or subject to vibration; or

(v) Dry rock that is not stable; or

(vi) Material that is part of a sloped, layered system where the layers dip into
the excavation on a slope less steep than four horizontal to one vertical
(4H:1V), but only if the material would otherwise be classified as Type B.

Type C means:

(i) Cohesive soil with an unconfined compressive strength of 0.5 tsf (48 kPa)
or less; or

(ii) Granular soils including gravel, sand, and loamy sand; or

(iii) Submerged soil or soil from which water is freely seeping; or

(iv) Submerged rock that is not stable, or
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(v) Material in a sloped, layered system where the layers dip into the excava-
tion or a slope of four horizontal to one vertical (4H:1V) or steeper.

Unconfined compressive strength means the load per unit area at which a
soil will fail in compression. It can be determined by laboratory testing, or
estimated in the field using a pocket penetrometer, by thumb penetration
tests, and other methods.

Wet soil means soil that contains significantly more moisture than moist soil,
but in such a range of values that cohesive material will slump or begin to
flow when vibrated. Granular material that would exhibit cohesive properties
when moist will lose those cohesive properties when wet.

(c)

Requirements

(c)(1)

Classification of soil and rock deposits. Each soil and rock deposit shall be clas-
sified by a competent person as Stable Rock, Type A, Type B, or Type C in
accordance with the definitions set forth in paragraph (b) of this appendix.

(c)(2)

Basis of classification. The classification of the deposits shall be made based on
the results of at least one visual and at least one manual analysis. Such analyses
shall be conducted by a competent person using tests described in paragraph (d)
below, or in other recognized methods of soil classification and testing such as
those adopted by the American Society for Testing Materials, or the U.S. Depart-
ment of Agriculture textural classification system.

(c)(3)

Visual and manual analyses. The visual and manual analyses, such as those noted
as being acceptable in paragraph (d) of this appendix, shall be designed and con-
ducted to provide sufficient quantitative and qualitative information as may be
necessary to identify properly the properties, factors, and conditions affecting the
classification of the deposits.

(c)(4)

Layered systems. In a layered system, the system shall be classified in accordance
with its weakest layer. However, each layer may be classified individually where
a more stable layer lies under a less stable layer.
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(c)(5)

Reclassification. If, after classifying a deposit, the properties, factors, or condi-
tions affecting its classification change in any way, the changes shall be evalu-
ated by a competent person. The deposit shall be reclassified as necessary to
reflect the changed circumstances.

(d)

Acceptable visual and manual tests.

(d)(1)

Visual tests. Visual analysis is conducted to determine qualitative information
regarding the excavation site in general, the soil adjacent to the excavation, the
soil forming the sides of the open excavation, and the soil taken as samples from
excavated material.

(d)(1)(i)

Observe samples of soil that are excavated and soil in the sides of the excavation.
Estimate the range of particle sizes and the relative amounts of the particle sizes.
Soil that is primarily composed of fine-grained material material is cohesive mate-
rial. Soil composed primarily of coarse-grained sand or gravel is granular material.

(d)(1)(ii)

Observe soil as it is excavated. Soil that remains in clumps when excavated is
cohesive. Soil that breaks up easily and does not stay in clumps is granular.

(d)(1)(iii)

Observe the side of the opened excavation and the surface area adjacent to the
excavation. Crack-like openings such as tension cracks could indicate fissured
material. If chunks of soil spall off a vertical side, the soil could be fissured.
Small spalls are evidence of moving ground and are indications of potentially
hazardous situations.

(d)(1)(iv)

Observe the area adjacent to the excavation and the excavation itself for evidence
of existing utility and other underground structures, and to identify previously
disturbed soil.
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(d)(1)(v)

Observe the opened side of the excavation to identify layered systems. Examine
layered systems to identify if the layers slope toward the excavation. Estimate the
degree of slope of the layers.

(d)(1)(vi)

Observe the area adjacent to the excavation and the sides of the opened excava-
tion for evidence of surface water, water seeping from the sides of the excavation,
or the location of the level of the water table.

(d)(1)(vii)

Observe the area adjacent to the excavation and the area within the excavation for
sources of vibration that may affect the stability of the excavation face.

(d)(2)

Manual tests. Manual analysis of soil samples is conducted to determine quanti-
tative as well as qualitative properties of soil and to provide more information in
order to classify soil properly.

(d)(2)(i)

Plasticity. Mold a moist or wet sample of soil into a ball and attempt to roll it into
threads as thin as 1⁄8 inch in diameter. Cohesive material can be successfully rolled
into threads without crumbling. For example, if at least a two inch (50 mm) length
of 1⁄8 inch thread can be held on one end without tearing, the soil is cohesive.

(d)(2)(ii)

Dry strength. If the soil is dry and crumbles on its own or with moderate pressure
into individual grains or fine powder, it is granular (any combination of gravel,
sand, or silt). If the soil is dry and falls into clumps which break up into smaller
clumps, but the smaller clumps can only be broken up with difficulty, it may be
clay in any combination with gravel, sand or silt. If the dry soil breaks into
clumps which do not break up into small clumps and which can only be broken
with difficulty, and there is no visual indication the soil is fissured, the soil may
be considered unfissured.
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(d)(2)(iii)

Thumb penetration. The thumb penetration test can be used to estimate the
unconfined compressive strength of cohesive soils. (This test is based on the
thumb penetration test described in American Society for Testing and Materials
(ASTM) Standard designation D2488.)

“Standard Recommended Practice for Description of Soils (Visual—Manual
Procedure). Type A soils with an unconfined compressive strength of 1.5 tsf can
be readily indented by the thumb; however, they can be penetrated by the thumb
only with very great effort. Type C soils with an unconfined compressive strength
of 0.5 tsf can be easily penetrated several inches by the thumb, and can be molded
by light finger pressure. This test should be conducted on an undisturbed soil
sample, such as a large clump of spoil, as soon as practicable after excavation to
keep to a minimum the effects of exposure to drying influences. If the excavation
is later exposed to wetting influences (rain, flooding), the classification of the soil
must be changed accordingly.

(d)(2)(iv)

Other strength tests. Estimates of unconfined compressive strength of soils can
also be obtained by use of a pocket penetrometer or by using a hand-operated
shearvane.

(d)(2)(v)

Drying test. The basic purpose of the drying test is to differentiate between cohe-
sive material with fissures, unfissured cohesive material, and granular material.
The procedure for the drying test involves drying a sample of soil that is approx-
imately one inch thick (2.54 cm) and six inches (15.24 cm) in diameter until it is
thoroughly dry:

(d)(2)(v)(A)

If the sample develops cracks as it dries, significant fissures are indicated.

(d)(2)(v)(B)

Samples that dry without cracking are to be broken by hand. If considerable force
is necessary to break a sample, the soil has significant cohesive material content.
The soil can be classified as an unfissured cohesive material and the unconfined
compressive strength should be determined.
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(d)(2)(v)(C)

If a sample breaks easily by hand, it is either a fissured cohesive material or a
granular material. To distinguish between the two, pulverize the dried clumps of
the sample by hand or by stepping on them. If the clumps do not pulverize eas-
ily, the material is cohesive with fissures. If they pulverize easily into very small
fragments, the material is granular.

SLOPING AND BENCHING—1926 SUBPART P
APP B

(a)

Scope and application. This appendix contains specifications for sloping and
benching when used as methods of protecting employees working in excavations
from cave-ins. The requirements of this appendix apply when the design of slop-
ing and benching protective systems is to be performed in accordance with the
requirements set forth in 1926.652(b)(2).

(b)

Definitions.

Actual slope means the slope to which an excavation face is excavated.

Distress means that the soil is in a condition where a cave-in is imminent or
is likely to occur. Distress is evidenced by such phenomena as the develop-
ment of fissures in the face of or adjacent to an open excavation; the subsi-
dence of the edge of an excavation; the slumping of material from the face
or the bulging or heaving of material from the bottom of an excavation; the
spalling of material from the face of an excavation; and ravelling, i.e., small
amounts of material such as pebbles or little clumps of material suddenly
separating from the face of an excavation and trickling or rolling down into
the excavation.

Maximum allowable slope means the steepest incline of an excavation face
that is acceptable for the most favorable site conditions as protection against
cave-ins, and is expressed as the ratio of horizontal distance to vertical rise
(H:V).

Short term exposure means a period of time less than or equal to 24 hours
that an excavation is open.

(c)

Requirements.
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(c)(1)

Soil classification. Soil and rock deposits shall be classified in accordance with
appendix A to subpart P of part 1926.

(c)(2)

Maximum allowable slope. The maximum allowable slope for a soil or rock
deposit shall be determined from Table B-1 of this appendix.

(c)(3)

Actual slope.

(c)(3)(i)

The actual slope shall not be steeper than the maximum allowable slope.

(c)(3)(ii)

The actual slope shall be less steep than the maximum allowable slope, when
there are signs of distress. If that situation occurs, the slope shall be cut back to
an actual slope which is at least 1⁄2 horizontal to one vertical (1/2H:1V) less steep
than the maximum allowable slope.

(c)(3)(iii)

When surcharge loads from stored material or equipment, operating equipment,
or traffic are present, a competent person shall determine the degree to which the
actual slope must be reduced below the maximum allowable slope, and shall
assure that such reduction is achieved. Surcharge loads from adjacent structures
shall be evaluated in accordance with 1926.651(i).

(c)(4)

Configurations. Configurations of sloping and benching systems shall be in
accordance with Figure B-1.

B.1.1 Excavations Made in Type A Soil

1. All simple slope excavation 20 feet or less in depth shall have a maximum
allowable slope of 3/4:1.
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Exception: Simple slope excavations which are open 24 hours or less (short
term) and which are 12 feet or less in depth shall have a maximum allow-
able slope of 1/2:1.

2. All benched excavations 20 feet or less in depth shall have a maximum
allowable slope of 3⁄4 to 1 and maximum bench dimensions as follows:

3. All excavations 8 feet or less in depth which have unsupported vertically
sided lower portions shall have a maximum vertical side of 31⁄2 feet.
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Footnote(1) Numbers shown in parentheses next to maximum allowable slopes are angles expressed in degrees
from the horizontal. Angles have been rounded off.

Footnote(2) A short-term maximum allowable slope of 1/2H:1V (63 degrees) is allowed in excavations in Type A
soil that are 12 feed (3.67 m) or less in depth. Short-term maximum allowable slopes for excavations greater than
12 feet (3.67 m) in depth shall be 3/4H:1V (53 degrees).

Footnote(3) Sloping or benching for excavations greater than 20 feet deep shall be designed by a registered
professional engineer.

FIGURE B-1.1a Simple slope—general.

FIGURE B-1 Slope configurations.
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FIGURE B-1.1b Simple slope—short term.

FIGURE B-1.1c Simple bench.

FIGURE B-1.1d Multiple bench.
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FIGURE B-1.1e Unsupported vertically sided lower portion—maximum 8 feet in depth.

FIGURE B-1.1f Unsupported vertically sided lower portion—maximum 12 feet in depth.

FIGURE B-1.1g Supported or shielded vertically sided lower portion.
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All excavations more than 8 feet but not more than 12 feet in depth with
unsupported vertically sided lower portions shall have a maximum allow-
able slope of 1:1 and a maximum vertical side of 31⁄2 feet.

All excavations 20 feet or less in depth which have vertically sided lower
portions that are supported or shielded shall have a maximum allowable
slope of 3/4:1. The support or shield system must extend at least 18 inches
above the top of the vertical side.

4. All other simple slope, compound slope, and vertically sided lower portion
excavations shall be in accordance with the other options permitted under
1926.652(b).

B.1.2 Excavations Made in Type B Soil

1. All simple slope excavations 20 feet or less in depth shall have a maximum
allowable slope of 1:1.

2. All benched excavations 20 feet or less in depth shall have a maximum
allowable slope of 1:1 and maximum bench dimensions as follows:

3. All excavations 20 feet or less in depth which have vertically sided lower
portions shall be shielded or supported to a height at least 18 inches above
the top of the vertical side. All such excavations shall have a maximum
allowable slope of 1:1.

4. All other sloped excavations shall be in accordance with the other options
permitted in 1926.652(b).
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FIGURE B-1.2a Simple slope.
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FIGURE B-1.2b Single bench.

FIGURE B-1.2c Multiple bench.

FIGURE B-1.2d Vertically sided lower portion.
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B.1.3 Excavations Made in Type C Soil

1. All simple slope excavations 20 feet or less in depth shall have a maximum
allowable slope of 1 1/2:1.

2. All excavations 20 feet or less in depth which have vertically sided lower
portions shall be shielded or supported to a height at least 18 inches above
the top of the vertical side. All such excavations shall have a maximum
allowable slope of 1 1/2:1.

3. All other sloped excavations shall be in accordance with the other options
permitted in 1926.652(b).

B.1.4 Excavations Made in Layered Soils

1. All excavations 20 feet or less in depth made in layered soils shall have a
maximum allowable slope for each layer as set forth as follows.

2. All other sloped excavations shall be in accordance with the other options
permitted in 1926.652(b).

EARTH RETENTION SYSTEMS452

FIGURE B-1.3a Simple slope.

FIGURE B-1.3b Vertical sided lower portion.
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FIGURE B-1.4a B over A.

FIGURE B-1.4b C over A.

FIGURE B-1.4c C over B.
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FIGURE B-1.4d A over B.

FIGURE B-1.4e A over C.

FIGURE B-1.4f B over C.
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TIMBER SHORING FOR TRENCHES—1926
SUBPART P APP C

(a)

Scope. This appendix contains information that can be used when timber shoring
is provided as a method of protection from cave-ins in trenches that do not exceed
20 feet (6.1 m) in depth. This appendix must be used when design of timber
shoring protective systems is to be performed in accordance with 1926.652(c)(1).
Other timber shoring configurations; other systems of support such as hydraulic
and pneumatic systems; and other protective systems such as sloping, benching,
shielding, and freezing systems must be designed in accordance with the require-
ments set forth in 1926.652(b) and 1926.652(c).

(b)

Soil Classification. In order to use the data presented in this appendix, the soil
type or types in which the excavation is made must first be determined using the
soil classification method set forth in appendix A of subpart P of this part.

(c)

Presentation of Information. Information is presented in several forms as follows:

(c)(1)

Information is presented in tabular form in Tables C-1.1, C-1.2 and C-1.3, and
Tables C-2.1, C-2.2 and C-2.3 following paragraph (g) of the appendix. Each table
presents the minimum sizes of timber members to use in a shoring system, and
each table contains data only for the particular soil type in which the excavation
or portion of the excavation is made. The data are arranged to allow the user the
flexibility to select from among several acceptable configurations of members
based on varying the horizontal spacing of the crossbraces. Stable rock is exempt
from shoring requirements and therefore, no data are presented for this condition.

(c)(2)

Information concerning the basis of the tabular data and the limitations of the data
is presented in paragraph (d) of this appendix, and on the tables themselves.

(c)(3)

Information explaining the use of the tabular data is presented in paragraph (e) of
this appendix.
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(c)(4)

Information illustrating the use of the tabular data is presented in paragraph (f) of
this appendix.

(c)(5)

Miscellaneous notations regarding Tables C-1.1 through C-1.3 and Tables C-2.1
through C-2.3 are presented in paragraph (g) of this Appendix.

(d)

Basis and limitations of the data. 

(d)(1)

Dimensions of timber members. 

(d)(1)(i)

The sizes of the timber members listed in Tables C-1.1 through C-1.3 are taken
from the National Bureau of Standards (NBS) report, “Recommended Technical
Provisions for Construction Practice in Shoring and Sloping of Trenches and
Excavations.” In addition, where NBS did not recommend specific sizes of mem-
bers, member sizes are based on an analysis of the sizes required for use by exist-
ing codes and on empirical practice.

(d)(1)(ii)

The required dimensions of the members listed in Tables C-1.1 through C-1.3
refer to actual dimensions and not nominal dimensions of the timber. Employers
wanting to use nominal size shoring are directed to Tables C-2.1 through C-2.3,
or have this choice under 1926.652(c)(3), and are referred to The Corps of engi-
neers, The Bureau of Reclamation or data from other acceptable sources.

(d)(2)

Limitation of application.

(d)(2)(i)

it is not intended that the timber shoring specification apply to every situation that
may be experienced in the field. These data were developed to apply to the situ-
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ations that are most commonly experienced in current trenching practice. Shoring
systems for use in situations that are not covered by the data in this appendix must
be designed as specified in 1926.652(c).

(d)(2)(ii)

When any of the following conditions are present, the members specified in the
tables are not considered adequate. Either an alternate timber shoring system
must be designed or another type of protective system designed in accordance
with 1926.652.

(d)(2)(ii)(A)

When loads imposed by structures or by stored material adjacent to the trench
weigh in excess of the load imposed by a two-foot soil surcharge. The term “adja-
cent” as used here means the area within a horizontal distance from the edge of
the trench equal to the depth of the trench.

(d)(2)(ii)(B)

When vertical loads imposed on cross braces exceed a 240-pound gravity load
distributed on a one-foot section of the center of the crossbrace.

(d)(2)(ii)(C)

When surcharge loads are present from equipment weighing in excess of 20,000
pounds.

(d)(2)(ii)(D)

When only the lower portion of a trench is shored and the remaining portion of
the trench is sloped or benched unless: The sloped portion is sloped at an angle
less steep than three horizontal to one vertical; or the members are selected from
the tables for use at a depth which is determined from the top of the overall
trench, and not from the toe of the sloped portion.

(e)

Use of Tables. The members of the shoring system that are to be selected using
this information are the cross braces, the uprights, and the wales, where wales are
required. Minimum sizes of members are specified for use in different types of
soil. There are six tables of information, two for each soil type. The soil type must
first be determined in accordance with the soil classification system described in
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appendix A to subpart P of part 1926. Using the appropriate table, the selection
of the size and spacing of the members is then made. The selection is based on
the depth and width of the trench where the members are to be installed and, in
most instances, the selection is also based on the horizontal spacing of the cross-
braces. Instances where a choice of horizontal spacing of crossbracing is avail-
able, the horizontal spacing of the crossbraces must be chosen by the user before
the size of any member can be determined. When the soil type, the width and
depth of the trench, and the horizontal spacing of the crossbraces are known, the
size and vertical spacing of the crossbraces are known, the size and vertical spac-
ing of the crossbraces, the size and vertical spacing of the wales, and the size and
horizontal spacing of the uprights can be read from the appropriate table.

(f)

Examples to Illustrate the Use of Tables C-1.1 through C-1.3.

(f)(1) Example 1

A trench dug in Type A soil is 13 feet deep and five feet wide. From Table C-1.1,
for acceptable arrangements of timber can be used.

Arrangement #1

Space 4 x 4 crossbraces at six feet horizontally and four feet vertically.

Wales are not required.

Space 3 x 8 uprights at six feet horizontally. This arrangement is

commonly called skip shoring.

Arrangement #2

Space 4 x 6 crossbraces at eight feet horizontally and four feet

vertically.

Space 8 x 8 wales at four feet vertically.

Space 2 x 6 uprights at four feet horizontally.

Arrangement #3

Space 6 x 6 crossbraces at 10 feet horizontally and four feet vertically.

Space 8 x 10 wales at four feet vertically.

Space 2 x 6 uprights at five feet horizontally.

Arrangement #4

Space 6 x 6 crossbraces at 12 feet horizontally and four feet vertically.

EARTH RETENTION SYSTEMS458

OSHA REGULATIONS (STANDARDS—29CFR)

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



Space 10 x 10 wales at four feet vertically.

Space 3 x 8 uprights at six feet horizontally.

(f)(2) Example 2

A trench dug in Type B soil is 13 feet deep and five feet wide. From Table C-1.2
three acceptable arrangements of members are listed.

Arrangement #1

Space 6 x 6 crossbraces at six feet horizontally and five feet vertically.

Space 8 x 8 wales at five feet vertically.

Space 2 x 6 uprights at two feet horizontally.

Arrangement #2

Space 6 x 8 crossbraces at eight feet horizontally and five feet

vertically.

Space 10 x 10 wales at five feet vertically.

Space 2 x 6 uprights at two feet horizontally.

Arrangement #3

Space 8 x 8 crossbraces at 10 feet horizontally and five feet vertically.

Space 10 x 12 wales at five feet vertically.

Space 2 x 6 uprights at two feet vertically.

(f)(3) Example 3

A trench dug in Type C soil is 13 feet deep and five feet wide. From Table C-1.3
two acceptable arrangements of members can be used.

Arrangement #1

Space 8 x 8 crossbraces at six feet horizontally and five feet vertically.

Space 10 x 12 wales at five feet vertically.

Position 2 x 6 uprights as closely together as possible.

If water must be retained use special tongue and groove uprights to form
tight sheeting.

Arrangement #2

Space 8 x 10 crossbraces at eight feet horizontally and five feet vertically.
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Space 12 x 12 wales at five feet vertically.

Position 2 x 6 uprights in a close sheeting configuration unless water pressure
must be resisted. Tight sheeting must be used where water must be retained.

(f)(4) Example 4

A trench dug in Type C soil is 20 feet deep and 11 feet wide. The size and spac-
ing of members for the section of trench that is over 15 feet in depth is determined
using Table C-1.3. Only one arrangement of members is provided.

Space 8 x 10 crossbraces at six feet horizontally and five feet vertically.

Space 12 x 12 wales at five feet vertically.

Use 3 x 6 tight sheeting.

Use of Tables C-2.1 through C-2.3 would follow the same procedures.

(g)

Notes for all Tables.

1. Member sizes at spacings other than indicated are to be determined as
specified in 1926.652(c), “Design of Protective Systems.”

2. When conditions are saturated or submerged use Tight Sheeting. Tight
Sheeting refers to the use of specially-edged timber planks (e.g., tongue
and groove) at least three inches thick, steel sheet piling, or similar con-
struction that when driven or placed in position provide a tight wall to
resist the lateral pressure of water and to prevent the loss of backfill mater-
ial. Close Sheeting refers to the placement of planks side-by-side allowing
as little space as possible between them.

3. All spacing indicated is measured center to center.

4. Wales to be installed with greater dimension horizontal.

5. f the vertical distance from the center of the lowest crossbrace to the bot-
tom of the trench exceeds two and one-half feet, uprights shall be firmly
embedded or a mudsill shall be used. Where uprights are embedded, the
vertical distance from the center of the lowest crossbrace to the bottom of
the trench shall not exceed 36 inches. When mudsills are used, the vertical
distance shall not exceed 42 inches. Mudsills are wales that are installed at
the tow of the trench side.

6. Trench jacks may be used in lieu of or in combination with timber
crossbraces.

7. Placement of crossbraces. When the vertical spacing of crossbraces is four
feet, place the top crossbrace no more than two feet below the top of the
trench. When the vertical spacing of crossbraces is five feet, place the top
crossbrace no more than 2.5 feet below the top of the trench.

EARTH RETENTION SYSTEMS460

OSHA REGULATIONS (STANDARDS—29CFR)

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



OSHA REGULATIONS (STANDARDS—29CFR) 461

OSHA REGULATIONS (STANDARDS—29CFR)

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



EARTH RETENTION SYSTEMS462

OSHA REGULATIONS (STANDARDS—29CFR)

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



OSHA REGULATIONS (STANDARDS—29CFR) 463

OSHA REGULATIONS (STANDARDS—29CFR)

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



EARTH RETENTION SYSTEMS464

OSHA REGULATIONS (STANDARDS—29CFR)

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



OSHA REGULATIONS (STANDARDS—29CFR) 465

OSHA REGULATIONS (STANDARDS—29CFR)

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



EARTH RETENTION SYSTEMS466

OSHA REGULATIONS (STANDARDS—29CFR)

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



OSHA REGULATIONS (STANDARDS—29CFR) 467

OSHA REGULATIONS (STANDARDS—29CFR)

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



EARTH RETENTION SYSTEMS468

OSHA REGULATIONS (STANDARDS—29CFR)

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



OSHA REGULATIONS (STANDARDS—29CFR) 469

OSHA REGULATIONS (STANDARDS—29CFR)

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



EARTH RETENTION SYSTEMS470

OSHA REGULATIONS (STANDARDS—29CFR)

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



OSHA REGULATIONS (STANDARDS—29CFR) 471

OSHA REGULATIONS (STANDARDS—29CFR)

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



EARTH RETENTION SYSTEMS472

OSHA REGULATIONS (STANDARDS—29CFR)

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



ALUMINUM HYDRAULIC SHORING FOR
TRENCHES—1926 SUBPART P APP D

(a)

Scope. This appendix contains information that can be used when aluminum
hydraulic shoring is provided as a method of protection against cave-ins in
trenches that do not exceed 20 feet (6.1m) in depth. This appendix must be used
when design of the aluminum hydraulic protective system cannot be performed
in accordance with 1926.652(c)(2).

(b)

Soil Classification. In order to use data presented in this appendix, the soil type
or types in which the excavation is made must first be determined using the soil
classification method set forth in appendix A of subpart P of part 1926.

(c)

Presentation of Information. Information is presented in several forms as follows:

(c)(1)

Information is presented in tabular form in Tables D-1.1, D-1.2, D-1.3 and D-1.4.
Each table presents the maximum vertical and horizontal spacings that may be
used with various aluminum member sizes and various hydraulic cylinder sizes.
Each table contains data only for the particular soil type in which the excavation
or portion of the excavation is made. Tables D-1.1 and D-1.2 are for vertical
shores in Types A and B soil. Tables D-1.3 and D-1.4 are for horizontal waler
systems in Types B and C soil.

(c)(2)

Information concerning the basis of the tabular data and the limitations of the data
is presented in paragraph (d) of this appendix.

(c)(3)

Information explaining the use of the tabular data is presented in paragraph (e) of
this appendix.
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(c)(4)

Information illustrating the use of the tabular data is presented in paragraph (f) of
this appendix.

(c)(5)

Miscellaneous notations (Footnotes) regarding Table D-1.1 through D-1.4 are
presented in paragraph (g) of this appendix.

(c)(6)

Figures, illustrating typical installations of hydraulic shoring, are included just
prior to the Tables. The illustrations page is entitled “Aluminum Hydraulic
Shoring: Typical Installations.”

(d)

Basis and limitations of the data.

(d)(1)

Vertical shore rails and horizontal wales are those that meet the Section Modulus
requirements in the D-1 Tables. Aluminum material is 6061-T6 or material of
equivalent strength and properties.

(d)(2)

Hydraulic cylinders specifications.

(d)(2)(i)

Two-inch cylinders shall be a minimum 2-inch inside diameter with a minimum
safe working capacity of no less than 18,000 pounds axial compressive load at
maximum extension. Maximum extension is to include full range of cylinder
extensions as recommended by product manufacturer.

(d)(2)(ii)

3-inch cylinders shall be a minimum 3-inch inside diameter with a safe working
capacity of not less than 30,000 pounds axial compressive load at extensions as
recommended by product manufacturer.
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(d)(3)

Limitation of application.

(d)(3)(i)

It is not intended that the aluminum hydraulic specification apply to every situa-
tion that may be experienced in the field. These data were developed to apply to
the situations that are most commonly experienced in current trenching practice.
Shoring systems for use in situations that are not covered by the data in this
appendix must be otherwise designed as specified in 1926.652(c).

(d)(3)(ii)

When any of the following conditions are present, the members specified in the
Tables are not considered adequate. In this case, an alternative aluminum
hydraulic shoring system or other type of protective system must be designed in
accordance with 1926.652.

(d)(3)(ii)(A)

When vertical loads imposed on cross braces exceed a 100 Pound gravity load
distributed on a one foot section of the center of the hydraulic cylinder.

(d)(3)(ii)(B)

When surcharge loads are present from equipment weighing in excess of 20,000
pounds.

(d)(3)(ii)(C)

When only the lower portion of a trench is shored and the remaining portion of
the trench is sloped or benched unless: The sloped portion is sloped at an angle
less steep than three horizontal to one vertical; or the members are selected from
the tables for use at a depth which is determined from the top of the overall
trench, and not from the toe of the sloped portion.

(e)

Use of Tables D-1.1, D-1.2, D-1.3 and D-1.4. The members of the shoring sys-
tem that are to be selected using this information are the hydraulic cylinders, and
either the vertical shores or the horizontal wales. When a waler system is used the
vertical timber sheeting to be used is also selected from these tables. The Tables
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D-1.1 and D-1.2 for vertical shores are used in Type A and B soils that do not
require sheeting. Type B soils that may require sheeting, and Type C soils that
always require sheeting, are found in the horizontal wale Tables D-1.3 and D-1.4.
The soil type must first be determined in accordance with the soil classification
system described in appendix A to subpart P of part 1926. Using the appropriate
table, the selection of the size and spacing of the members is made. The selection
is based on the depth and width of the trench where the members are to be
installed. In these tables the vertical spacing is held constant at four feet on cen-
ter. The tables show the maximum horizontal spacing of cylinders allowed for
each size of wale in the waler system tables, and in the vertical shore tables, the
hydraulic cylinder horizontal spacing is the same as the vertical shore spacing.

(f)

Example to illustrate the use of the tables:

(f)(1) Example 1

A trench dug in Type A soil is 6 feet deep and 3 feet wide. From Table D-1.1:
Find vertical shores and 2 inch diameter cylinders spaced 8 feet on center (o.c.)
horizontally and 4 feet on center (o.c.) vertically. (See Figures 1 and 3 for typical
installations.)

(f)(2) Example 2

A trench is dug in Type B soil that does not require sheeting, 13 feet deep and 5
feet wide. From Table D-1.2: Find vertical shores and 2 inch diameter cylinders
spaced 6.5 feet o.c. horizontally and 4 feet o.c. vertically. (See Figures 1 and 3
for typical installations.)

(f)(3) Example 3

A trench is dug in Type B soil that does not require sheeting, but does experience
some minor raveling of the trench face. the trench is 16 feet deep and 9 feet wide.
From Table D-1.2: Find vertical shores and 2 inch diameter cylinder (with spe-
cial oversleeves as designated by Footnote #2) spaced 5.5 feet o.c. horizontally
and 4 feet o.c. vertically. Plywood (per Footnote (g)(7) to the D-1 Table) should
be used behind the shores. (See Figures 2 and 3 for typical installations.)

(f)(4) Example 4

A trench is dug in previously disturbed Type B soil, with characteristics of a Type
C soil, and will require sheeting. The trench is 18 feet deep, and 12 feet wide 8
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foot horizontal spacing between cylinders is desired for working space. From
Table D-1.3: Find horizontal wale with a section modulus of 14.0 spaced at 4 feet
o.c. vertically and 3 inch diameter cylinder spaced at 9 feet maximum o.c. hori-
zontally, 3 x 12 timber sheeting is required at close spacing vertically. (See Fig-
ure 4 for typical installation.)

(f)(5) Example 5

A trench is dug in Type C soil, 9 feet deep and 4 feet wide. Horizontal cylinder
spacing in excess of 6 feet is desired for working space. From Table D-1.4: Find
horizontal wale with a section modulus of 7.0 and 2 inch diameter cylinders
spaced at 6.5 feet o.c. horizontally. Or, find horizontal wale with a 14.0 section
modulus and 3 inch diameter cylinder spaced at 10 feet o.c. horizontally. Both
wales are spaced 4 feet o.c. vertically, 3 x 12 timber sheeting is required at close
spacing vertically. (See Figure 4 for typical installation.)

(g)

Footnotes, and general notes, for Tables D-1.1, D-1.2, D-1.3, and D-1.4.

(g)(1)

For applications other than those listed in the tables, refer to 1926.652(c)(2) for
use of manufacturer’s tabulated data. For trench depths in excess of 20 feet, refer
to 1926.652(c)(2) and 1926.652(c)(3).

(g)(2)

Two-inch diameter cylinders, at this width, shall have structural steel tube (3.5 x
3.5 x 0.1875) oversleeves, or structural oversleeves of manufacturer’s specifica-
tion, extending the full, collapsed length.

(g)(3)

Hydraulic cylinders capacities.

(g)(3)(i)

Two-inch cylinders shall be a minimum 2-inch inside diameter with a safe work-
ing capacity of not less than 18,000 pounds axial compressive load at maximum
extension. Maximum extension is to include full range of cylinder extensions as
recommended by product manufacturer.
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(g)(3)(ii)

Three-inch cylinders shall be a minimum 3-inch inside diameter with a safe work
capacity of not less than 30,000 pounds axial compressive load at maximum
extension. Maximum extension is to include full range of cylinder extensions as
recommended by product manufacturer.

(g)(4)

All spacing indicated is measured center to center.

(g)(5)

Vertical shoring rails shall have a minimum section modulus of 0.40 inch.

(g)(6)

When vertical shores are used, there must be a minimum of three shores spaced
equally, horizontally, in a group.

(g)(7)

Plywood shall be 1.125 inch thick softwood or 0.75 inch thick, 14 ply, arctic
white birch (Finland form). Please note that plywood is not intended as a struc-
tural member, but only for prevention of local raveling (sloughing of the trench
face) between shores.

(g)(8)

See appendix C for timber specifications.

(g)(9)

Wales are calculated for simple span conditions.

(g)(10)

See appendix D, item (d), for basis and limitations of the data.
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FIGURE D.1 Vertical aluminum hydraulic shoring (spot bracing).
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FIGURE D.2 Vertical aluminum hydraulic shoring (with plywood).

OSHA REGULATIONS (STANDARDS—29CFR)

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



OSHA REGULATIONS (STANDARDS—29CFR) 481

FIGURE D.3 Vertical aluminum hydraulic shoring (stacked).

OSHA REGULATIONS (STANDARDS—29CFR)

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



EARTH RETENTION SYSTEMS482

FIGURE D.4 Aluminum hydraulic shoring—Waler system (typical).
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FIGURE D.1.1 Aluminum hydraulic shoring vertical shores for soil type A.
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FIGURE D.1.2 Aluminum hydraulic shoring vertical shores for soil type B.
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FIGURE D.1.3 Aluminum hydraulic shoring waler systems for soil type B.
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FIGURE D.1.3 (continued) Aluminum hydraulic shoring waler systems shores for soil type B.
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FIGURE D.1.4 Aluminum hydraulic shoring waler systems for soil type C.
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FIGURE D.1.4 (continued) Aluminum hydraulic waler systems for soil type C.

OSHA REGULATIONS (STANDARDS—29CFR)

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



ALTERNATIVES FOR TIMBER SHORING—
1926 SUBPART P APPE

Standard Number: 1926SubpartPAppE 

Standard Title: Alternatives to Timber Shoring 

SubPart Number: P 

SubPart Title: Excavations 
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FIGURE E.1 Aluminum hydraulic shoring.
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FIGURE E.2 Pneumatic/hydraulic shoring.

FIGURE E.3 Trench jacks (screw jacks).
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SELECTION OF PROTECTIVE SYSTEMS—
1926 SUBPART P APP F

The following figures are a graphic summary of the requirements contained in
subpart P for excavations 20 feet or less in depth. Protective systems for use in
excavations more than 20 feet in depth must be designed by a registered profes-
sional engineer in accordance with 1926.652(b) and (c).
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FIGURE E.4 Trench shields.
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FIGURE F.1 Preliminary decisions.
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FIGURE F.2 Sloping options.
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FIGURE F.3 Shoring and shielding options.
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CHAPTER 17

COMPUTER DESIGN

495

This chapter discusses two sample computer programs which are used to design
shoring systems. The first program, called ct-Shoring, is used to design soldier pile
and lagging, sheet piling, and secant and cylinder pile walls, and utilizes analysis
methods from earth pressure theory and apparent earth pressure. The input data
required is discussed in the preceding chapters of this book.

The second program, called GoldNail, is used for soil nail designs and utilizes
limit equilibrium analysis. The input data required is also discussed in the previ-
ous chapters of this book. 

The user of these programs is cautioned that the use of computer solutions
without experience with these types of calculations should not be undertaken
unless the user is prepared to do manual check calculations to ensure that the
answers are rational. Methods of performing check calculations are briefly dis-
cussed in Chapter 11 of this book and are available in much more detail from list-
ings in the Bibliography. 

INTRODUCTION TO CIVILTECH’S 
SHORING SOFTWARE 

ct-SHORING Suite Plus is a design and analysis software for excavation support
systems, including braced cuts, raker support, trench box, cantilever walls, bulk-
head walls, sheet pile walls, soldier piles and lagging systems, tangent pile walls,
slurry walls, and any flexible walls. The program is flexible enough to handle any
complex ground conditions, sloped surfaces, surcharge loads, and water condi-
tions. Users have two choices to input data:
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1. Input soil parameters such as friction angle, unit weight, and water condition,

or

2. Input pressures such as active, passive, and hydraulic pressures. 

The program calculates the embedment and maximum moment of the pile and
automatically selects the sheet pile and soldier pile from a database. It then gives
properties and top deflection of selected piles. The program supports multi-tieback
systems and calculates the free length, bond length, and no-load zone of tieback
anchors.

The program presents diagrams of pressures, shear, moment, and deflection.
The calculations are based on Federal Highway Administration (FHWA) methods,
US Navy DM-7 (NAVFAC) manual, Caltrans Trenching & Shoring Manual, and
the Steel Sheet Design (USS) manual. ct-SHORING Suite Plus includes four pro-
grams, which are linked together: 

Epres determines the pressure diagram based on the soil and ground conditions.

Lpres determines the lateral pressures due to surcharge such as point, line,
strip, and area loads. 

Heave checks the overall stability of the shoring system in soft ground. 

Shoring performs the shoring wall calculation and analysis based on the
input pressures.

FEATURES

• Windows based, user-friendly interface

• Easy installation, easy to learn and easy to use

• Unlimited layered soils below and above dredge line

• Step-by-step manual with 25 examples

• Up to 20 levels of tieback or braces

• Diagrams of pressures, shear, moment, and deflection

• Selection of piles, determination of tieback length

• Deflection for the selected piles

• Optimized pile size selection from a database

• Input different spacing for each pressure

• Sloped ground surface

• Up to 20 types of surcharge

• Accommodates different water tables and seepage or non-seepage conditions
at pile tip

• High quality graphical reports that can be exported to other software
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REQUIREMENTS

• IBM PC-compatible 486 or better

• Minimum system memory of 640K

• Windows NT, 95, 98, ME, 2000, or XP

For information on ct-SHORING or to purchase a copy, please contact:

CivilTech Software

400 108th Avenue, Suite 400

Bellevue, WA 98004

Web: civiltech.com

Tel: (425) 453-6488

Fax: (425) 453-5848

Contact: James Su

Email: ctc@civiltech.com

GOLDNAIL

GoldNail version 3.11 is a 16-bit Windows-based soil nail design and analysis pro-
gram. Golder Associates initially developed GoldNail to meet internal demand for
a versatile, user-friendly design tool. At the encouragement of FHWA, Golder
Associates made GoldNail available for sale to the general public.

THEORY 

GoldNail is a slip surface limiting equilibrium model based on satisfying overall
limiting equilibrium (translational  and rotational) of individual free bodies de-
fined by circular slip surfaces. For each nail intersecting the slip surface, the sup-
port provided by that nail is defined by the  nail tension distribution that is
characterized by the factored soil-nail adhesion, the factored nail  strength, and
the factored nail head strength. Unknowns are:

• Magnitude of normal force N

• Distribution of normal stress (or force) along the slip surface N = N(1)

• Factor of safety relating the shear strength to the normal stress S = f(N) / FS 
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The solution proceeds iteratively:

• For an assumed normal stress distribution N = N(1), solve for the magnitude
of the normal force and the factor of safety on soil strength, using the two
equations of translational equilibrium.

• Check for moment equilibrium. If resisting moments equal disturbing
moments, solution is obtained.

• If moments do not balance, modify the normal stress distribution to increase
or decrease the resisting movement, as required, and repeat the process until
moment balance is achieved. 

The process can also be reversed to solve for a nail pattern (lengths and
capacities) if a soil strength factor of safety is specified i.e., total required nail
reinforcing force replaces the soil factor of safety as one of the unknowns. A  pat-
tern of nails (lengths and capacities) is then developed to provide the required nail
reinforcing force for each slip surface considered. 

ANALYSIS WITH NAILS/WITHOUT NAILS 

You can choose to analyze a soil-nailed wall (analysis with nails) or perform a
slope-stability analysis  (analysis without nails) with the option to consider fac-
ing pressure on the slope. For information on GoldNail or to purchase a copy,
please contact: 

Golder Associates Inc. 

18300 NE Union Hill Road 

Redmond, WA 98052 

Tel: (425) 883-0777 

Fax: (425) 882-5498 Attn: Joe Hachey 

Email: jhachey@golder.com
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CHAPTER 18

TABLES

499

This chapter consists of tables which are useful in the design and construction of
soldier pile and lagging walls, tiedback walls, or soil nailed walls. Applications
to secants walls, slurry walls, and cylinder walls are also appropriate.

Figure 18.1 is a table which indicates the dimensions, weights, and engineer-
ing properties of HP sections. HP sections are most frequently used in driven sol-
dier piles or single beam/tieback through waler applications. See references in
Chapters 3.5.1.1, 4.4.2.5, and 11.1-11.3.

Figure 18.2 is a table which indicates the dimensions, weights, and engineer-
ing properties of wide flange sections most often used in shoring applications.
Wide flange sections are most frequently used in drilled and placed soldier piles,
double beam/tieback through waler applications, rakers, and conventional walers.
See references in Chapters 3.5.1.2, 3.5.1.4, 4.4.2.5, and 11.1-11.3.

Figure 18.3 is a table which indicates the dimensions, weights and engineer-
ing properties of channel sections often used in shoring applications. Channels
are used in double channel soldier piles as well as double channel/tieback or
deadman through waler applications. See references in Chapters 3.5.1.2, 4.4.2.5,
and 11.1-11.4.

Figure 18.4 is a table which indicates the potential unit pullout capacity of
various soils. In the absence of specific site information, these tables are useful
to design tieback or soil nail lengths prior to site confirmation of the values used.
It must be emphasized that these values are only first approximations of capacity
and should only be used for purposes of obtaining initial estimates of the tieback
or soil nail lengths. See references in Chapters 3.6, 4.4, 4.7, 11.5, and 11.9.
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Figure 18.5 is a table which can be used to calculate the neat volume of grout
required for tieback, soil nail and micropile installation. See References in Chap-
ters 3.6, 3.10, 4.4, 4.7, 11.5, and 11.9

Figure 18.6 is a table which can be used to calculate the neat volume of con-
crete required for drilled pile installation. See References in Chapters 3.5, 3.7,
3.8, 3.11, 11.1-11.3, and 11.6.

Figure 18.7 consists of sample soil nail recording forms which can be used for
monitoring drilling and grouting of soil nails or tiebacks. See References in
Chapter 3.6, 4.4, 4.7, 11.5, and 11.9.

Figure 18.8 involves tables of allowable timber stresses for design of lagging.
See references in Chapter 3.5, 5.1, and 11.8.

Figure 18.9 is a set of mix designs for structural concrete for shotcrete (page
515), lean mix for soldier piles (page 516), Controlled Density Fill (CDF, page
517), tieback grout (page 518), and structural concrete for soldier pile toes
(page 519).
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FIGURE 18.1 H Piles. (Courtesy of Skyline Steel, Inc. Gig Harbor, WA)
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FIGURE 18.2 Wide flange tables. (Courtesy of Seaport Steel, Inc. Seattle, WA)
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FIGURE 18.2 (continued) Wide flange tables. (Courtesy of Seaport Steel, Inc. Seattle, WA)
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FIGURE 18.3 Channel tables. (Courtesy of Seaport Steel, Inc. Seattle, WA)
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FIGURE 18.4 Tieback adhesion. (Courtesy of ADSC-The International Association of Foundation
Drilling. Dallas, TX)

Position Paper by ADSC—The International Association of Foundation Drilling on 

Technical Aspects of Proposed AASHTO LRFD Specifications for Retaining Walls
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Surface Surface

Diameter Area Volume Diameter Area Volume
Inches Ft2/Ft Ft3/Ft mm M2/M M3/M

1 0.262 0.0055 25 0.079 0.00049

2 0.524 0.0218 50 0.157 0.00196

4 1.047 0.0873 100 0.314 0.00785

5 1.309 0.1364 126 0.396 0.01247

6 1.571 0.1964 152 0.478 0.01815

8 2.094 0.3491 203 0.638 0.03237

10 2.618 0.5454 254 0.798 0.05067

12 3.142 0.7854 305 0.958 0.0730

16 4.189 1.3963 406 1.275 0.12946

18 4.712 1.722 457 1.436 0.16403

Surface Surface

Diameter Area End Area Volume Diameter Area End Area Volume
Inches Ft2/Ft Ft2 yd3/ft mm M3/M M2 M3/M

12 3.142 0.785 0.0291 305 0.958 0.0731 0.0731

16 4.189 1.396 0.0517 406 1.275 0.1295 0.129

18 4.712 1.767 0.0655 457 1.436 0.1640 0.164

24 6.283 3.142 0.116 610 1.916 0.2922 0.292

28 7.330 4.276 0.158 711 2.234 0.3970 0.397

30 7.854 4.909 0.182 762 2.394 0.4560 0.456

36 9.425 7.069 0.262 915 2.875 0.6576 0.658

42 10.996 9.621 0.356 1066 3.349 0.8925 0.892

48 12.566 12.566 0.465 1220 3.833 1.1690 1.169

54 14.137 15.904 0.589 1373 4.313 1.4806 1.481

FIGURE 18.5 Grouting Volumes—Neat Quantities

FIGURE 18.6 Drilled Shaft Dimension—Neat Quantities
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FIGURE 18.7 Sample forms used for reporting tiebacks or soil nails. (Courtesy of Federal High-
way Administration. Washington, DC)
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FIGURE 18.7 (continued) Sample forms used for reporting tiebacks or soil nails. (Courtesy of Fed-
eral Highway Administration. Washington, DC)
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FIGURE 18.8 Timber design specifications. (Courtesy of American Forest and Paper Association.
Washington, DC)
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FIGURE 18.8 (continued) Timber design specifications. (Courtesy of American Forest and Paper
Association. Washington, DC)
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FIGURE 18.8 (continued) Timber design specifications. (Courtesy of American Forest and Paper
Association. Washington, DC)
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FIGURE 18.8 (continued) Timber design specifications. (Courtesy of American Forest and Paper
Association. Washington, DC)
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FIGURE 18.8 (continued) Timber design specifications. (Courtesy of American Forest and Paper
Association. Washington, DC)
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FIGURE 18.8 (continued) Timber design specifications. (Courtesy of American Forest and Paper
Association. Washington, DC)

TABLES

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



515515

F
IG

U
R

E
 1

8.
9

Sa
m

pl
e 

co
nc

re
te

 m
ix

 d
es

ig
ns

. (
C

ou
rt

es
y 

of
 S

to
ne

w
ay

 C
on

cr
et

e.
 R

en
to

n,
 W

A
)

TABLES

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



516

F
IG

U
R

E
 1

8.
9 

(c
on

ti
nu

ed
)

Sa
m

pl
e 

co
nc

re
te

 m
ix

 d
es

ig
ns

. (
C

ou
rt

es
y 

of
 S

to
ne

w
ay

 C
on

cr
et

e.
 R

en
to

n,
 W

A
)

TABLES

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



517

F
IG

U
R

E
 1

8.
9 

(c
on

ti
nu

ed
)

Sa
m

pl
e 

co
nc

re
te

 m
ix

 d
es

ig
ns

. (
C

ou
rt

es
y 

of
 S

to
ne

w
ay

 C
on

cr
et

e.
 R

en
to

n,
 W

A
)

TABLES

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



518

F
IG

U
R

E
 1

8.
9 

(c
on

ti
nu

ed
)

Sa
m

pl
e 

co
nc

re
te

 m
ix

 d
es

ig
ns

. (
C

ou
rt

es
y 

of
 S

to
ne

w
ay

 C
on

cr
et

e.
 R

en
to

n,
 W

A
)

TABLES

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



519

F
IG

U
R

E
 1

8.
9 

(c
on

ti
nu

ed
)

Sa
m

pl
e 

co
nc

re
te

 m
ix

 d
es

ig
ns

. (
C

ou
rt

es
y 

of
 S

to
ne

w
ay

 C
on

cr
et

e.
 R

en
to

n,
 W

A
)

TABLES

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.



TABLES

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.

Any use is subject to the Terms of Use as given at the website.


