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Disclaimer

Although it is intended that the material herein is accurate and represents good design
practices, it is possible—and even likely—that errors may occur. These are my views, my code
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“Of all things, but proverbially so in mechanics,
the supreme excellence is simplicity”

James Watt (1736 — 1819)
Inventor of the steam engine
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PREFACE TO THE EIGHTH EDITION

Successive editions of this manual become necessary because building codes change — seismic design
requirements for example — and 1 get suggestions for topics to be added or expanded I also learn from
conversations with users of Retain Pro who offer suggestions, point out errors and often enlighten me.

This Eighth Edition is updated and expanded throughout. New topics were added, some corrections
made, all design examples updated and new ones added. New topics include soldier pile shoring and
multi-wythe large block (and gabion) gravity walls, and there is a design example for each.

This Eighth Edition is a continuation of a series that began with a relatively modest manual, first
published in 1996. Thesec manuals are intended as a companion to Retain Pro software to refresh and
update the practicing engineer on the basic principles and procedures used to design a variety of retaining
walls.

This book is not an in-depth treatment of the design of retaining structures. Retaining structures are far
too complex a subject to treat in a single small volume. There are dozens of references and foundation
engineering texts and countless technical papers available for review, however, finding what you need is
time consuming; hence this compendium. My challenge was to decide what to put in and what to leave
out of a manual. My goal was to put in the most helpful things a designer needs to know to design most
types of retaining walls. Surely there will be omissions and probably some errors, but my hope is that you
will find this book helpful in your practice.

A reference bibliography is included in Appendix H for those wishing more detailed information. And, of
course, there is always the Internet.

1 express my appreciation to the many of you who have offered valuable suggestions, corrected crrors,
read portions of the draft, and faxed informative articles and excerpts from technical papers. We’ve had

some interesting discussions, from which hopefully we all benefit.

[ hope this new edition will be helpful in your practice, and as always your comments and suggestions
will be most welcome.

Hugh Brooks, P.E., S.E.
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1. WHY THIS BOOK?

The User

This book is primarily for the practicing engineer who has become a bit rusty on the complex subject of
retaining wall design. It is a review of basic principles and building code requirements. It is also for the
student, assuming he or she has already acquired a basic knowledge of statics, soil mechanics, and the
design of simple masonry and concrete structures. It will also be helpful to plan checkers (barring
arguable code interpretations).

Why It Was Written

During my many years of providing technical support for Retain Pro, it became increasingly apparent that
many engineers infrequently design retaining walls and nced some brushing-up, particularly code
requirements; the design of retaining walls is not an every-day design task. Over half of the technical
support questions 1 receive are about basic concepts and code requirements, rather than about use of the
program. I also discovered that there apparently does not exist a single reference book specifically
addressing retaining wall design. Although there is very considerable amount of information availablc, it
is widely scattered in numerous textbooks and technical papers on soil mechanics, foundation
engineering, concrete design, masonry design, and all sorts of related topics. However a single volume on
retaining wall design for the professional practitioner could not be found. Hence, I attempted to condense,
simplify, and compile information from many sources, including my own experience, into this book.
Hopefully, it will ease your comfort level to design retaining walls and give you a good overview of the
process. Those that desire to dig deeper for particular topics there is a comprehensive bibliography in
Appendix H of this manual.

Scope of This Book

This book treats most types of retaining walls: conventional cantilevered, restrained (basement), gravity,
and segmental retaining walls, both gravity and with geogrids. Other topics include sheet pile walls, tilt-
up retaining walls, soldier piles, gabion walls, counterfort walls, pilaster walls and pile/pier foundations.

Feedback

Y our comments, corrections, and suggestions will be welcome. You can email me at
hbrooks@retainpro.com.
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2. ABOUT RETAINING WALLS: TERMINOLOGY

Evolution of Retaining Structures

In the year one-million BC, or thereabouts, an anonymous man, or woman, laid a row of stones atop
another row to keep soil from sliding into their camp. Thus was constructed an early retaining wall, and
we've been keeping soil in place ever since...... with increasingly better methods and understanding.

The early engincers in ancient cultures of Egypt, Greece, Rome, and the Mayans, were masters at
invention and experimentation, learning primarily through intuition and trial-and-error what worked and
what didn't We marvel at their achievements. Even the most casual observer looks in wonder at the
magnificent structures they created and have stood for thousands of ycars — including countless retaining
walls. With great skill they cut, shaped, and set stone with such precision that the joints were paper thin.
Reinforced concrete would not be developed for thousands of years, but they used what they had, and
learned how to do it better with each succeeding structure. The Great Wall of China, for example,
transverse bamboo poles were used to tie the walls together — a forerunner of today’s “mechanically
stabilized earth”. These early engineers also discovered that by battering a wall so that it leaned slightly
backward the lateral pressure was relieved and the height could be extended — an intuitive understanding
of the soil wedge theory. Any student of ancient construction methods is awed by their ingenuity and
accomplishments.

Major advances in understanding how retaining walls work and how soil generatcs forces appeared in the
18" and 19" centuries with the work of French engineer Charles Coulomb 1776, and who is better
remembered for his work on electricity, and later by William Rankine in 1857. Today, their equations are
familiar to every civil engineer. A significant body of work was the introduction of soil mechanics as a
science through the pioneering work of Karl Terrzaghi in the 1920s.

Indeed, soil mechanics and the design of retaining structures has advanced dramatically in recent decadces
giving us new design concepts, and a better understanding of soil behavior, and hopefully safer and more
economical designs.

A Definition:

A retaining wall is any constructed wall that holds back soil, a liquid or other materials, where there is
an abrupt change in elevation.

The Precision Ilusion

Let’s not fool oursclves. Even though the science of soil mechanics is well developed and reasonably
well understood, it is still not an exact science and remains both an art as well as a science. Soil is a
mixture of earth materials and although its characteristics can be closely detined its actual in situ behavior
will not precisely fit theory. For example: the straight line we assume for the angle of rupture 1s actually
somewhat concave; and, the “equivalent fluid pressure” of soil 1s not truly triangular. We make
simplifying assumptions to make our designs manageable. As the adage goes: engineering is an exact
science based upon assumptions. Our calculations are the best we can do with assumptions we make and
the results are never fully accurate. That’s why we use factors of safety. So keep precision in mind when
calculating beyond the first decimal point.
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Types of Retaining Structures

There are many types of retaining structures for soil and other materials, but listed below are the
types of retaining walls used today. Most of these will be discussed in later chapters.

Cantilevered retaining walls

These are the most common type of retaining walls. Cantilevered walls are classified as
“yielding” because they are free to rotate without any lateral restraint. Cantilevered retaining
walls are generally of masonry or concrete, or both, but can also take other forms as will be
described.

Types of cantilevered retaining walls include:
Masonry or concrete walls

Masonry stems are usually either 8” or 12 concrete block masonry units, partially or solid
grouted, and reinforced. Higher walls require 12” blocks and are often stepped back to 8”
thick as the retained height diminishes.

The stems of a concrete wall must be formed, and can be tapered for economy, usually with
the taper on the inside (earth side) to present a vertical exposed face.

Hybrid walls, with both concrete and masonry, can also be constructed using formed concrete
at the base, where higher strength is required, then changing to masonry higher up the wall.

A variation for masonry cantilever walls uses spaced vertical pilasters (usually of squarc
masonry units) and with infilled walls of lesser thickness, usually 6" masonry. The pilasters
cantilever up from the footing and are usually spaced from four to eight feet on center. These
walls are usually used where lower walls are needed - under about six feet high.

Counterfort retaining walls

Counterfort cantilevered retaining walls incorporates wing walls projecting from the heel into
the stem. The stem between counterforts is thinner and spans horizontally between the
counterfort (wing) walls. The counterforts act as cantilevered elements and are structurally
efficient because the counterforts are tapered down to a wider (deeper) base where moments
are higher. The high cost of forming the counterforts and infill stem walls make such walls
usually not practical for walls less than about 16 feet high. See Figure 2-1.
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Figure 2-1 Counterfort Retaining Wall
Buttress retaining walls

These are similar to counterfort walls, but the wings project from the outside face of the wall.
Such walls are generally used in those cases where property line limitations on the interior
face provide limited space for the heel of a traditional cantilvered retaining wall.

Gravity retaining walls

This type of wall depends upon dead load mass of the wall for stability rather than
cantilevering from a foundation.

Stacked and mortar-bonded stone, rubble, or rock walls

These are usually relegated to landscaping features and retaining less than about four feet
high. Engincering for these walls is limited, or none at all, and rules-of-thumb prevail (such
as a retained height not more than two or three times the base width). Higher walls nced
engineering to evaluate global stability, overturning, sliding, and to verify that little or no
flexural tension exists within the wall because these are generally unreinforced.

Gabion or crib walls

A Gabion wall is a type of gravity wall whereby stones or rubble are placed within wire
fabric baskets. Crib walls are a variation of the gabion method whereby bins are filled with
stone or rubble. Another variation is to stack a grillage of timbers and fill the interior with
earth or rubble. Precast concrete crib walls have also been used.

Wood retaining walls

These are commonly used for low height retaining walls. Wood retaining walls usually
consist of laterally spaced wood posts embedded into the soil, or set in concrete. Horizontal
planks span between the upward cantilevering posts. Pressure treated wood 1s used, but even
with treatment deterioration is a disadvantage, and wood walls are generally limited to low
walls because height is limited by size and strength of the posts. Railroad ties are also
commonly used for both posts and lagging.
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Tilt-up concrete retaining walls

Tilt-up concrete walls have been successfully used for retaining walls, either cantilevered or
restrained at the top. These site-cast panels are set on concrete pads at panel ends, with the
reinforcing projecting out from the bottom. The footing is then placed under the wall to
complete the construction. Tilt-up walls are economical for higher walls, but need panel
casting space.

Segmental retaining walls (SRWs)

There arec many manufacturers offering various systems of stacked segmental concrete units,
steel bins, or other devices that retain soil by stacking components. Most are patented systems
that are typically battered (sloped backward) to reduce lateral soil pressure, thus requiring a
minimal foundation. Footings, reinforcing, or mortar are not used. Stability of SRW gravity
walls depends solely upon the resisting moment exceeding the soil pressure overturning
moment. To attain greater heights — up to 40 feet and more — SRW’s utilize mechanically
stabilized earth (MSE), also called reinforced earth, whereby geosynthetic fabric layers are
placed in successive layers of the backfill to achieve an integral soil mass that decreascs
overturning and horizontal sliding. A variety of facing block configurations and surface
textures are available from many manufacturers.

Bridge abutments

These support the end of a bridge and retain the earth embankment lcading to the bridge.
Bridge abutments usually have angled wing walls of descending height to accommodate the
side slope of the embankment. Abutments are designed as cantilever walls, with girder
bearing support free to slide. If the girder provides lateral support, this must be accounted for
in the design. Design requirements for bridge structures are usually governed by AASHTO
and state Departments of Transportation (DOTs).

Sheet pile and bulkhead walls

These are generally waterfront structures such as at docks and wharves, but steel sheet piling
is also used for temporary shoring on construction sites. Steel sheet units or concrete panels
are driven into the soil to provide lateral support below the base of the excavation or the
dredge line. Sheet pile walls cantilever upward to retain earth are usually restrained at the top
by either a slab or ticbacks.

Restrained (Non-yielding) Retaining Walls

Also called “basement walls” (for residential and light commercial conditions) or “tie-back”
walls. These walls are distinguished by having lateral support at the top, thereby with less or
no dependence upon fixity at the foundation. Technically, they are classified as “non-
yielding” walls because the walls cannot move laterally at the top, as opposed to cantilevered
(yielding) walls. Such walls are usually designed as “pin connected” both at the top and
bottom. The carth pressurce creates a positive moment in the wall, which requires reinforcing
on the front of the wall, that is, the side opposite the retained soil. This is the reverse of a
cantilevered wall.
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Footings for these walls are usually designed for vertical loads only—mnot for overturning--
however, it is often desirable to design a basement wall as a retaining wall too, because
backfill can then be safely placed without having to brace the wall, or waiting until the latcral
restraint at the top, such as a floor, is in place. Note that conventional wood floors framed
into the top of a basement wall do not provide a sufficient stiffness to allow for the restrained
case. In some cases it may be cost effective to fix the base of the wall to the footing to reduce
both the bending in the wall and restraining force required at the top support.

Anchored (ticback) walls

This method is used for highcr walls. Restraint is achieved by drilling anchors into the zone
of earth behind the wall beyond the theoretical failure plane in the backfill. The anchors can
be placed at several ticrs for higher walls, and can be post-tensioned rods grouted into drilled
holes, or non-tensioned rods grouted into drilled holes. The latter are also known as soil nails.

Cantilevered Retaining Wall Terminology

Cantilevered retaining walls have unique descriptive terminology as illustrated below:

PR THLADE e o

SLOPED 8ACKFIL:L,

- 1
- Y bis =
STEM v i i s s ik TR i
B 25 s . i
-t = H
FRUSCIFP AL v e v oo e § J L5 33 i
RENE QRCING B3 j
_— ___"Z'gg—".,
< s {
, AN
;‘Ev;;fﬁhvgnﬁ/ [T N . 1
HRIMICAGE  REF s Y 4
THORIZONTALY T BAekEL S
- X e
8 F i
" o
i
3
P4 e e BATTER 53]
-
>
B ¢
- !
i
b H
i
I
T
: b DRWELS f
i - i
; s % . {
i T i - !
£i . £ i | ST Y i
by _— Cola H
by " . ! T BARS y " ;
F - “ ( T o e o e
! “ - . : - -
= : L S al *T e I - :
g 8 . Y . “ h % — ~ WE YWY
i = . +
T r -
; !_“""'_'_ '''''' T FOGTING KEY
i
e EQOTNG wADTYe

Figure 2-2. Retaining Wall Terminology
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What The Terms Mean:
Backfill: The soil placed behind the wall.

Backfill slope: Often the backfill slopes upward from the back face of the wall. The slope is
usually expressed as a ratio of horizontal to vertical (¢.g. 2:1).

Batter: The slope of the face of the stem from a vertical plane, usually on the inside (carth) face.

Dowels: Reinforcing steel placed in the footing and bent up into the stem a distance at least equal
to the required development length.

Footing (or foundation): That part of the structure below the stem that supports and transmits
vertical and horizontal forces into the soil below.

Grade: The surface of the soil or paving; can refer to either side of the wall.

Toe: That portion of footing which extends in front of the front face of the stem (away from the
retained earth).

Heel: That portion of the footing extending behind the wall (under the soil).

Footing key: A deepened section of the footing for greater sliding resistance.

Keyway: A horizontal slot located at the base of the stem for greater shear resistance.,

Principal reinforcing: Reinforcing used to resist bending in the stem.

Horizontal temperature/shrinkage reinforcing: Longitudinal horizontal reinforcing usually
placed in both faces of the stems and used primarily to control cracking from shrinkage or

temperature changes.

Retained height: The height of the earth to be retained, generally measured upward from the top
of the footing.

Stem: The vertical wall cantilevering above the foundation.
Surcharge: Any load placed in or on top of the retained soil, either in front or behind the wall.

Weep holes: Holes provided at the base of the stem for drainage. Weep holes usually have gravel
or crushed rock behind the openings to act as a sieve and prevent clogging. Poor drainage of
weep holes is the result of weep holes becoming clogged with weeds, thereby increasing the
lateral pressure against the wall. Unless properly designed and maintained, weep holes
seldom “weep”.
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3. DESIGN PROCEDURE OVERVIEW

The four primary concerns relating to the design of nearly any retaining wall are:

Bowom

That it has an acceptable Factor of Safety with respect to overturning.
That the allowable soil bearing pressures are not exceeded.
That it has an acceptable Factor of Safety with respect to sliding.

That the stresses within the components (stem and footing) are within code allowable limits
to adequately resist imposed vertical and lateral loads.

And, it is equally important that it is constructed according to the design.

Step-by-Step Design of a Cantilevered Retaining Wall

The design usually follows this order:

1.

8.
9.

Establish all design criteria based upon applicable building codes. (See checklist that
follows).

Compute all applied loads, soil pressures, seismic, wind, axial, surcharges, impact, or any
others.

Design the stem. This is usually an iterative procedure. Start at the bottom of the stem where
moments and shears are maximum. Then, for economy, check several feet up the stem (such
as at the top of the development length of the dowels projecting from the footing) to
determine if the bar size can be reduced or alternate bars dropped. Check dowel embedment
depth into the footing assuming a 90° bend (hooked bar).

Compute overturning moments, calculated about the front (toe) edge of the footing.

Compute resisting moments based upon an assumed footing width, and again calculated
about the front edge of the footing.

Based upon (4) and (5) calculate the eccentricity of the total vertical load. Is it within or
outside the middle-third of the footing width?

Calculate the soil pressure at toe and heel. Since contact between the footing at the heel and
the soil below cannot resist tension, the eccentricity of a triangular resultant soil pressure will
shift outside the middle-third of the footing width. Preferably keep the resultant within the
middle third.

Design footing for moments and shears. Select reinforcing,

Check sliding. A key or adjusting the footing depth may be required.

10. Check and review. Have all report requirements been met?

Step-By-Step Design of a Restrained Retaining Wall

Similar to the above with some additional steps (italicized):

1.

Establish all design criteria based upon applicable building codes. (See checklist that
follows).
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2. Compute all applied loads (at-rest carth pressures, seismic, wind, axial, surcharges, impact, or
any others. Select “height” to lateral restraint.

AWE]

Design the stem. If the stem is assumed pinned at the base, the maximum moment will be a
positive moment near mid-height—design stem material, thickness, and reinforcing for this
location. Usually the sume material (concrete or masonry) and thickness will be used for the
Jull height. If the stem is fixed at the footing, determine shear and moment at base and design
this location. If the stem is fixed at the base, check dowel embedment depth into the footing
assuming a 90° bend (hooked bar).

4. Using statics. Determine reaction at top support and at base. If a floor slab is present at the
top of the footing, check its adequacy for this lateral force (sliding).

5. Design the footing. If the stem is assumed fixed at base check the soil pressure and design for
moments and shears and select reinforcing. If the stem is assumed pinned at the footing
interface, try to center the footing under the wall to prevent eccentricity. If there is
eccentricity check reinforcing at stem-footing interface to resist the moment because of
eccentricity and if adequate the soil pressure will be uniform.

6. Check sliding. If a restraining floor slab is not present, a key or adjusting the footing may be
required.

10.  Check and review. Have all report requirements been met?
Establish the Design Criteria

The following information will be needed before starting your design. The values shown in
parenthesis are only given to illustrate those frequently used.

Retained height(s)
Depth of soil in front of wall
* Depth of footing required below grade
* Allowable soil pressure (1,000 psf to 3,000 psf)
* Passive pressure (150 to 350 pcf)
* Active earth pressure (30 pefto 55 pef)
* Coeffictent of friction (.25 to .40)
Backfill slope (don’t exceed about 1.5:1 unless OK with geotech)
Wind, if applicable
Axial loads on stem
Surcharge loads
* Seismic criteria if applicable
* Soil density (110 to 120 pcf)
f'. (2,000 psi to 4,000 psi)
f, (60,000 psi)
f, (24,000 psi)
i (1,500 psi)
f; (145 psito 178 psi (strength design)

* These values are usually given in the report.
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Design Criteria Checklist

After you have established all your criteria, the following checklist indicates additional items to
check before starting your design:

¢  What building codes are applicable?

o Do have the correct retained height for all of my wall conditions?

¢ Is there a property line condition I need to know about?

e Is there a fence on top of the wall, or does the wall extend above the retained height?
(exposure to wind)

¢ How deep must the bottom of my footing be?

s How will I assure that the backfill will be drained?

e  Will there be any axial loads on top of the wall? If so, the eccentricity?

e  What about surcharges behind the wall, such as parking, trucks, etc.

e  What is the slope of the backfill? Level?

s [s there a water table I need to consider?

e Is a seismic design required?

e Are there any adjacent footing loads affecting my design?

o If the wall extends above higher grade, and is a parking area, is there an impact bumper load?

e Should the stem be concrete or masonry, or a combination of the two?

e How high is the gradc on the toe side, above the top of the footing?

e s there a slab in front to restrain sliding?

e s there lateral restraint at the top of the wall (if so, it’s not truly a cantilevered wall and
requires a different design)?

e Dolhavea investigation or other substantiation for soil propertics: active pressure, passive
pressure, allowable bearing pressure, sliding coefficient, soil density, and other items I need
to consider?

e Also consider whether a cantilevered retaining wall is the right solution. If the height of the
wall is over about 16 feet, perhaps a tichack wall would be more economical (caution: be sure
your client has the right to install tiebacks. If the wall is on a property line, there 1s obviously
a problem). Perhaps a buttressed or counterfort wall would be better for high walls, or using
precast panels, or tilt-up?

¢ Lastly, determine how many conditions for which you will need a design. Perhaps the same
retained height has several different backfill slopes, say, from level to 2:1. Here you need to
use a little judgment in determining the number of cases. Usually you don’t design for less
than two-foot height increments, unless there are different surcharges or other conditions. To
design for one-foot height increments is not only tedious, but doesn’t save that much material
cost. On the other hand, if the retained height along the length of a wall varies from, say, zero
feet to 12 feet, vou would not want to specify the 12-foot design throughout. In this case, you
would probably design for 12, 10", 8', 6' and 4. You rarely “design” a wall less than 4 fect
high, just use a little judgment—unless there is a steep backfill slope or large surcharges, in
which case it should be designed.

When you have gathered all this information, you’re ready to start.
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Basic Design Principals for Cantilevered Walls

A cantilevered retaining wall must, for stability. resist both overturning and sliding, and material
stresses, including allowable soil bearing, must be within acceptable values.

To resist forces tending to overturn the wall (primarily the lateral earth pressure against the back
of the wall), the wall must have sufficient weight, including the soil above the footing, such that
the resisting moments are greater than the overturning moments. The safety factor for overturning
should be at least 1.5.

To resist sliding, the weight of the wall plus the weight of the soil above the footing plus vertical
loads on the wall and any permanent surcharges multiplied by the coefficient of friction, plus the
passive pressure in front of the wall, must be sufficient to resist the lateral force pushing on the
wall. The recommenced safety factor against shiding i1s 1.5. (Note: For cohesive soil, the
coefficient of friction is replaced by a reduced value of the unit cohesive bond between the
footing and soil in psf.)

The stem must be designed to resist both the bending caused by earth pressures, including the
effect of surcharges placed behind the wall, seismic if applicable, wind if applicable, and any
axial (vertical) loads imposed on the wall. The maximum bending and shear stresses in a
cantilevered wall will, of course, be at the bottom.

Each of these subjects will be discussed later.

Figure 3-1 is a free-body force diagram illustrating forces on the wall sce.

Pt

R =(D+@+@+@+®+ pv

Ph=Pp+Pf Ph=cosgPa

Figure 3-1. Free-Body of Cantilevered Retaining Wall
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4, SOIL MECHANICS SIMPLIFIED

A Soil Primer

Most of us remember very little from our Soil Mechanics 101 course taken in college. We rely on
the expertise of those of our peers who went on to become engineers. It’s a complex subject for
which most of us have neither the time nor inclination to master, so we employ consultants.

Here are a few basic concepts about soil:

Most soil is the result of the decomposition of rock, and is classified according to the mix of the
grain size of the particles making up the mass.

The most generally used classification by patticle size is the Uniform System for Classification of
Soil (USCS), and 1s reproduced in Appendix A. The distribution of grain size in a soil sample is
determined by a grain size analysis. In a sieve test a sample is passed through successively
smaller sieves, and the amount by weight retained on each sicve is noted as a percent of the total.
With this information the engineer can classify the soil per the USCS chart. Sieve sizes use a
numbering system where the number indicates the number of spaces per inch. For example, a #4
sieve has four spaces per inch, or ¥4 each, and a #200 sicve has 200 openings per inch, and so
forth.

Some common designations of soil are:

Boulders > 127

Cobbles > 37 127

Gravel > #4 sieve < 37

Sand > #200 sieve < #4 sieve
Silt < #200 sieve (0.074 mm)
Clay < 0.005 to 0.002 mm

There are other classifications systems, such as the AASHTO system, but the USCS classification
system is most often referred to in the foundation investigation reports you will read.

Soil is further classified as being cohesive, non-cohesive, or somewhere in between.

Cohesive soil derives its strength from the cohesive bond between particles, as represented by
fine-grained silts and clays.

Non-cohesive, or granular, soil derives its strength from inter-particle friction between grains.
Sand and gravel are examples of non-cohesive soil. Non-cohesive soil is the type usually assumed
for analysis of lateral pressures against a retaining wall.

Expansive soil consists of clay that changes in volume with changes in water content. Such
swelling can cause considerable pressurc on retaining structures, for this reason clay backfill
should be avoided, and if the site contains expansive soil, the engineer will recommend measures
to minimize its effect, mainly by removal and replacement with suitable material. It is important
that water not be allowed to penetrate expansive soil — if 1t 1s kept dry it won’t swell.
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The depth of penetration is a term used in colder climates in the northern US, whereby upper
portions of the ground may freeze seasonally or permanently, with depths ranging from a few
inches to 8 fect or more. To prevent the added pressure of swelling because of freezing and
thawing, foundations should be placed below the frost line. The engineer and applicable building
codes will address this local concern. In areas where the ground is permanently frozen to a great
depth, such as Alaska, local expertise and experience will apply.

The strength of the soil is usually thought of as its bearing capacity, that is, compression capacity.
However, the bearing capacity of the soil is actually a function of shearing stresses between the
particles. The shearing strength of the soil is the controlling factor for determining its bearing
capacity. The shear between particles can be either frictional resistance (sliding friction between
particles) or in the case of clayey soil, its cohesion. Sandy soil requires confinements to develop
shear strength, as for example a lack of confinement is illustrated when you step on sand at the
beach you notice that the sand displaces sideways under your feet.

When soil samples (cores retrieved from drilling) are taken to the laboratory for testing, the
engineer will determine the bearing capacity of the particular soil by determining its frictional
resistance. He will also test to determine density (weight) of the soil, coefficient of friction, soil
modulus, and other properties applicable to the design of the structure.

The coefficient of friction within a soil mass cannot be measured as easily as, say between two
solid surfaces. A soil sample 1s confined in two opposing boxes, separated by a virtual slip plane.
While a principal force P is applied perpendicular to the plane, a shear force, F, is applied
laterally. The point of slip is noted, and successive tests are recorded for increasing normal
stresses. This data 1s used to determine the coefficient of friction, which is F/P. The
corresponding angle, called the angle of internal firiction, ®, is therefore the tan™ (F/P).

This is an oversimplified explanation. Any soil mechanics text will cover this topic thoroughly.
The basic formula for shear resistance developed along a plane of rupture is:
s=c+ptan @

s = total shear resistance (stress); p = normal stress; ¢ = resistance duc to cohesion usually
expressed in psf; and @ = angle of internal friction.

The Soil Wedge Theory for Retaining Walls
How much pressure does the retained earth impose on a retaining wall?

One of the early investigations of this problem was reported in a 1729 publication by French
engineer Bernard Belidor. He started with a simple premise: If a wall retaining soil was suddenly
removed, the soil behind it would slide down, slipping along a plane he assumed was 45°. He
reasoned, and solved by simple statics, that if the planc was without friction, the horizontal force
against the wall would be equal to the weight of the “wedge” of soil. He then assumed a 0.3
friction factor along the slope plane, which then halved the lateral force; the lateral pressure was
about one-half the weight of the soil wedge.
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French engineer Charles Coulomb further developing this theory in the 1770’s, (also famous for
his work with electricity — Coulomb’s Law — and other scicntific achicvements). He solved the
problem of differing lateral pressures for varying assumed slip planes, by use of differential
calculus to identify the range of rupture planes to determine the minimum horizontal thrust. His
solution is the well-known Coulomb formula used today (see page 26). This formula also
accounted for varying backfill slopes, batter of the wall, and friction between the soil wedge and
the face of the retaining wall.

To keep this soil wedge in place, the three forces shown in the free-body diagram in Figure 4-1
must be in equilibrium. The three forces are the weight of the wedge, which 1s 1ts area times the
soil density, and which acts vertically downward; the reaction against the wall surface, which 1s
assumed to have a direction inclined at the wall friction angle; and the reaction against the soil
behind the wedge. The latter force, or reaction, has two components, one normal to its plane, and
one parallel to the plane, which is the coefficient of internal friction times the normal force,

w SoilWedge

W Bssmmed
| f Plane of
: Bupture

F
Figure 4-1. Free-Body of Soil Wedge
Later, Scottish engineer William Rankine simplified the Coulomb formula. In the 1850s he
presented the equally well known Rankine Formula that neglects wall friction and is more
conservative than the Coulomb method (see page 26). His formula takes into account the effect of
a backfill slope, but assumes the back face of the stem is vertical, and that there is zero friction at
the soil-stem interface, and the resultant acts against the wall parallel to the backfill slope.

Explanation of Design Terms:

Some commonly used terms, particularly as they apply to retaining walls, are defined in the
following;

The rupture (or failure) plane

This is the line along which the soil wedge 1s assumed to slip. It is actually concave, but a
straight line is assumed for mathematical simplicity.

The angle this plane makes with the horizontal is theoretically: o =45° + ¢/2. For cohesion
less soil this is roughly equivalent to a slope of one horizontal to two vertical (1:2).
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Angle of internal friction: This is the most important value for determining lateral pressure
and bearing capacity of granular (non-cobesive) soil. It is a measure of the shearing
resistance of the soil because of intergranular friction, obtained from one of several
laboratory tests, such as the Direct Shear Test. Angles of internal friction range from 32-35°
for well graded sand, 27-32° for silty sand, less for sandy silt, and further diminishes for clay
because of the lack of coarse particles. The angle of internal friction (usually designated @) is
used in both the Rankine and Coulomb formulas to determine lateral earth pressure.

Active soil pressure

This is the unit pressure, expressed in pounds per square foot per foot of depth (pcf), imposed
upon the wall by the wedge of soil behind the wall. It is mobilized at the moment the wall
begins to tilt (or slide) and the wedge begins to slide down along its angle of rupture. It is
assumed to obey Pascal’s law, that is, to increase linearly with depth, forming a triangular
pressure gradient behind the wall. Its value increases with increasing backfill slope, because
the volume of the wedge of soil increases (see Figure 4-2). This pressure is the coefficient of
active pressure (K,) multiplied by the soil density. K, for a level backfill is generally close to
0.30. The engineer generally gives this value. Multiplying a soil density of 110 pcf by a K,
value of 0.27 would, for example, result in the oft-used lateral pressure of 30 pef. Also sce
ASCE 7-05, Table 5-1, for Design Lateral Soil Loads, which specifies a minimum of 35 pcf
for sandy soil and up to 80 pct for clayey soil.

The active pressure is usually given to you by the engineer as an equivalent fluid pressure
(EFP), or can be computed from the Rankine or Coulomb formulas if the soil angle of
internal friction and, if applicable, the wall friction angle, are given. It is assumed to be a
triangular distribution with zero at the ground surface and a maximum pressure at the bottom
of the stem (for stem design) or bottom of footing (for overturning design). The pressure
diagram will be trapezoidal if a surcharge is applied.

To use the Rankine Formula, you need to know the angle of internal friction, and the slope of
the backfill. This will give you the coefficient of active pressure, K, which when multiplied
by the soil density gives the active pressure in pounds per square foot per foot of depth (pcf).

As discussed later, a surcharge load over the backfill is considered an additional depth of soil,
thereby resulting in a trapezoidal lateral pressure.

The line of action of the resultant for the Rankine formula is assumed to act at an inclination
of B, the angle of the backfill slope. (Note that for the Coulomb method, which is not
generally recommended to be used for cantilevered walls, the resultant acts at an angle, from
the horizontal, of the friction angle at the soil-wall interface, 8, usually assumed to be 1/2® to
2/3®, plus an angle equal to the batter angle of the back face of the stem, measured from the
vertical.
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Figure 4-2 shows backfill volume and surcharge volume and not active pressure.
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Figure 4-2. Increased Wedge Volume with Sloped Backfill

With a sloped backfill the active pressure on the heel side will increase becausc of the added
height of the soil wedge. The backfill slope angle, B, is in the Rankine formula to reflect this
increase. This effect is illustrated in Figure 4-2,

Commonly used design values (Rankine) for sloping backfills, assuming a soil wet density of
110 pcf, an angle of internal friction of 34° and “rounding”, are:

Level: 31 pctf
5:1 Slope: 33 pef
4:1 Slope: 34 pef
3:1 Slope: 36 pcf
2:1 Slope: 45 pef
1'4: 1 Slope: 77 pct

The slope angle cannot exceed the angle of internal friction.

These values are guides only and determination should be made by a engineer, particularly
for slopes steeper than 2:1.

Passive soil pressure: This is the resistance of soil to being pushed against by a rigid surface.
It is obtained by multiplying the soil density by the coefficient of passive pressure, K.
Passive pressures are usually in the range from 250 - 350 pcf. The engineer generally gives
this value. The Rankine formula for Kp is the reciprocal of Ka (K, = 1/K,). Passive pressurc
provides resistance to sliding by opposing the active earth pressure, or other applicd external
forces directed into the retained earth by surcharge loads on the backfill.
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Passive pressure applied to retaining walls does not cause overturning; it is the resistance to
the net driving lateral forces, expressed by:
(Heel active force) — (toe active force) — (soil/earth friction resistance)

= (passive resistance required)

Passive pressure is discussed further in Soif Bearing and Stability.

“At rest” soil pressure: This lateral pressure, designated K,,, applies to non-yielding walls
which are laterally supported and restrained from movement at the top and bottom, such as
so-called “basement walls”. This will be discussed further in the section Restrained (non-
vielding) Walls. The at-rest condition also occurs when the backfill is highly compacted.

Angle of repose: This is the angle, measured from the horizontal, that a pile of dry, granular,
soil will form when loosely poured on a flat surface; for sand, it is about 34°,

Soil density: Weight of soil is usually assumed to be 110 to 120 pcf, depending upon
gradation, water content and degree of compaction. Saturated soil has a higher density,
because of the added weight of water filling the voids between particles. Soil below the water
table is described as being submerged and the weight is the estimated weight minus the unit
weight of water.

Backfill slope: The slope of the backfill behind the wall cannot exceed the angle of internal
friction for cohesionless soil. A general rule is to limit this slope to 1.5:1 (which corresponds
to an angle of internal friction of 34°).

Equivalent fluid pressure (EFP): The equivalent “hydrostatic” soil lateral pressure (i.e.,
obeying Pascal’s Law), EFP values are the product of K,*V or K,* Y.

Cocfficient of friction: This is the frictional resistance at the contact surface between the
bottom of footing and the soil. It is a function of the roughness of the bottom of the footing,
but it cannot excel ®. Its value is usually between 0.25 and 0.40, with the latter commonly
used. It is used to compute resistance to sliding by multiplying the total vertical force by the
coefficient of friction. This, together with passive pressure resistance at the toe (toe & key),
prevents the wall from sliding. Note that for cohesive soil, such as clay, the resisting force is
the adhesion between the footing and soil, rather than the frictional resistance. This cohesive
force is given in pounds per square foot of contact area, and 1s generally around 100 psf. Do
not use the full value of cohesion for adhesion on other than very soft to soft clay, or else
adhesion approximately equals cohesion times a reduction factor.

Soil modulus. Also known as the coefficient of sub grade reaction, designated “k”, it is an
indicator of the compressibility of a soil. It is often used to estimate the tilt of a cantilevered
retaining wall. Its units are Ibs. per cubic inch (lbs/in’) and its value varies depending upon
the size of the footing. Load tests to determine its valuc are done on a onc-foot square loaded
plate, and the value thus obtained must be adjusted for the width of the footing in accordance
with the following often used formula:

B+1Y .
k=k, ( B j k, = value obtained by plate test; B = footing width.
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The value k can vary from a low of less than 100 lbs/in’ for loose sand to over 1000 Ibs/ in’
for clay. Its valuc is should be provided by the engineer.

The Pickle Jar Test

I’ve done this and it’s an interesting and informative way to learn about soil. Also, use it to give
an approximate classification of your site soil. You need a tall slender pickle jar with clear glass
and a capacity of at least two cups (16 0z.), but a similar jar will do. Scoop up a sample of soil to
fill the jar about half full, preferably mostly sand with some silt and a little clay, but any soil will
do. Pour water into the jar until the water reaches the soil surface. Now you have saturated soil,

no change in volume, and you can visualize the voids. You were probably able to add a volume of
water equal to about Y of the volume of sample soil. You will likely notice a slight slump of the
soil because of consolidation.

Now pour in more water, screw the lid on tight, and shake vigorously for 30 scconds to mix the
soil and water. Let the jar stand for 30 minutes. Watch how the soil settles and stratifies. You’ll
notice fairly clear lines of stratification: gravel to sand on the bottom, overlain with silt and
probably a thin layer of clay on top, and maybe some floating organic debris. You can now
classify your soil sample fairly well by comparing it with the Uniform System for Classification
of Soil (see Appendix A).

Now remove the lid and push a table knife to the bottom. Wiggle it side-to-side and watch the
pressure bulge. Then slowly withdraw it and notice the friction resistance. Fold a paper towel
over the top and turn the jar upside down to drain the water. Watch the soil cling to the sides
(adhesion). Let it dry for a few days (don’t use the microwave!) then shake it up and pour 1t out.
The slope of the soil is the angle of repose.

Play some more, it’s a learning experience!
The Investigation

Most agencies require a soil report prepared by a geotechnical engineer to establish permissible
soil design parameters and identify other geotechnical concerns for your project.

Here is a list of information that may be included in a report:

Soil classification

Allowable soil bearing value

Adjustments in soil bearing for width and depth of footings.
Passive soil pressure

Active soil pressure for various backfill slopes.

Coefficient of friction (concrete to soil).

At-rest active pressure for restrained (non-yielding) walls.
Prescnce of ground water

Liquefaction potential.

Slope stability analysis

Seismicity (peak ground acceleration, proximity to faults, etc.)
Presence of fill and site preparation requircments.

Any other precautions the designer should be aware of.
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Engineering is a specialty authority beyond the civil license and subject to state licensing laws
similar to other professional disciplines.
Soil Bearing Values

Generally, allowable soil bearing pressures range from 1,000 psf to 4,000 psf. Additional
increases are permitted for increased width and/or depth of a footing beyond the minimum values
specified by the engineer. When applicable, these values can be increased by one-third when
wind or seismic forces are present.

Although we leave the computation of allowable bearing value to the engineer, for those
interested in the process, you can refer to Bowles, Foundation Analysis and Design, 5" Edition,
Chapter 4, and other texts.

Alternatively, subject to acceptance by the local building official, you could use the presumptive
values presented in the IBC *09 Table 1806.2. This table lists allowable bearing values for soil
classified by the Uniform System for Classification of Soil in Appendix A.

When is a Soil and Foundation Investigation Required?
The local building official may have the authority to waive an investigation report if the soil is

reasonably well known or a report was prepared for a nearby site. However, the requirements for
when a report is required are specified in IBC "09, Section 1803.
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5. BUILDING CODES AND RETAINING WALLS

What Building Code(s) Apply To My Project?

Always check with the building official having jurisdiction to learn what code(s) they are using
and if any local amendments apply to your project.

The following codes are most often adopted or cited.
International Building Code (IBC)

This is now the dominant code adopted by most jurisdictions, some with Jocal modifications
(California Building Code, for example). The IBC was a culmination of cfforts to merge the
“model codes” (Uniform Building Code, Southern Building Code, and Standard Building Code)
into one national building code. The IBC is compiled and published by the International Code
Council (ICC), County Club Hills, Illinois. The series of International Building Codes (e.g.
plumbing, electrical, etc.) are collectively referred to as the “I-Codes”. The IBC Website 1s
www,icesafe.org, The current edition is 2009.

IBC 2009 references or modifies other standard codes, principally ASCE 7-05 Minimum Design
Loads for Buildings and Other Structures. Seismic design requirements for retaining walls per
IBC are discussed in Chapter 7 of this book.

Uniform Building Code (UBC), '97

This now defunct code, the last in a series first published in 1927 by the International Conference
of Building Olfficials, was the dominant code in the Western states until replaced by the
International Building Code.

California Building Code (CBC) '07

This California code was first published in 2001 to replace the *97 Uniform Building Code. It is
an adaptation of the IBC with minor modifications and is essentially the samc as the IBC

There are not any specific seismic design requirements for retaining walls, with the exception of
state-owned or leased public schools and essential service facilities, for which retaining walls
over 12 feet require seismic design (see 1611A.6 of CBC’07). Also refer to Earthquake (Seismic)
Design, Chapter 7.

NFPA 5000: Building Construction and Safety Code (National Fire Prevention Association)
NFPA 5000 has been promoted in some states. It addresses construction protection and
occupancy features necessary to minimize danger to life and property. Their current edition 1s
NFPA 5000 Building Construction and Safety Code, 2009 Edition. The NFPA web address 1s

www.nfpa.org.

This code references ACI 318, ASCE 7, and ACI 530 for structural design issues.

Basics of Retaining Wall Design Page 23



Referenced Codes

IBC 2009, CBC ’07, and other regional codes often refer to the following standards for structural
1Ssues:

Minimum Design Loads for Buildings and Other Structures, ASCE 7-03
Published by ASCE. Reston, VA. This often referenced code covers loads and seismic
design.

Building Code Requirements for Reinforced Concrete (ACI 318-08), American Concrete
Institute (ACI), Detroit, MI. The standard for concrete design.

Building Code Requirements for Masonry Structures (ACI 530.1-08)
Also known as MSJC, this masonry code is published jointly by ACI, SEI, and
The Masonry Society.

National Earthquake Hazard Reduction Program (NEHRP), 2003, developed by the
Building Seismic Safety Council for FEMA (Federal Emergency Management
Agency). This is not a code, per se, but referenced by IBC and NFPA as
guidelines for seismic design. The 2003 Edition NEHRP Recommended
Provisions for Seismic Regulations for new Buildings and Other Structures,
contains often referenced information on seismic design of retaining walls,
particularly information in the Commentary. This is discussed in Chapter 7 of
this book.

Annual Book of ASTM Standards. This is the standard of reference on materials and
processes cited in all codes and specifications. It’s 70+ volumes covers over
11,000 specifications. Published by ASTM Intcrnational, West Conshocken, PA.

WWW. ASIm. org.
Depending upon the jurisdiction, the following may also apply:

AASHTO LRFD Bridge and Highway Design Specifications, 4" Edition, 2007, American
Association of State Highway and Transportation Officials (AASHTO),
Washington, D.C. www.aashto.org.

Naval Facilities Engineering Command (NAVFAC). Foundations and Earth Structures,
NAVFAC Design Manual 7.02, That design manual contains information on
many aspects of retaining structures. Refer to www.navfacnavy.mil for more
information.

U.S. Army Corps of Engineers Design Manuals. Comprehensive design procedures,
standards, and sample calculations: The web address is: www.usace.army.mil.
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6. FORCES AND LOADS ON RETAINING WALLS

Determination of Loads and Forces

The design of retaining walls may include any or all of the following (each will be discussed
later):

¢ Lateral earth pressurc

e Surcharge loads

e Axial loads

e Adjacent footing loads

e  Wind on projecting stem

* Impact forces

*Seismic earth pressure
*Seismic wall self-weight forces
*Discussed in Chapter 7

L 4

Lateral Earth Pressures

The purpose of a retaining wall is to retain soil; hence the lateral pressure of the soil against the
wall is a primary design concern. Most lateral pressure theories are based upon the sliding soil
wedge theory. This, in simple terms, assumes that if the wall was suddenly removed, a triangular
wedge of soil would slide down along a rupture plane, and it is this wedge of soil that the wall
must retain.

The soil wedge theory
The development of the soil wedge theory for cantilevered retaining walls was discussed in

Section 4. There are the two basic equations for computing lateral earth pressures: The Coulomb
formula and the Rankine formula.

f,;.,'w SOIL WEDGE
H R R
P et
PRACy
PLANE
' OF RUPTURE

Figure 6-1. Free-Body of Lateral Forces
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The Coulomb Formula

The Coulomb Formula, where K, is the coefficient of active pressure, and which takes into
account backfill slope, friction angle at wall face, angle of rupture plane, and angle of intcrnal
friction, 1s:

sin (a + ¢)

sin? o sin (o - &) {1+\/sin (¢ +38)sin (¢ - )

Ka =

2

sin (o — ) sin (o + B)
K, (horiz.) = cosd K,

P = Angle of backfill slope

¢ = Angle of internal friction of the soil

a = Wall slope angle from horizontal (90° for vertical face)
& = Angle of friction between soil and wall

(usually assumed to be 2/3¢ to 1/2/¢)
Figure 6-2. The Coulomb Formula

If backfill 1s level, the soil-side wall face is vertical, and if zero friction is assumed between the
soil and wall, then the Coulomb formula reduces to the familiar Rankine formula:

K.=(l—-sin®)/ (1 +sin ¢)
The Rankine Formula

In the 1850s, Scottish engineer William Rankine further developed the Coulomb approach (along
with many other scientific accomplishments) and introduced what is probably the most
commonly used formula for lateral soil pressure. The Rankine equation is a simplified version of
the Coulomb formula and does not take into account wall batter or friction at the wall-soil
interface. As such, it is a conservative approach to the design of retaining walls. An example of
its use will be described later for both the Coulomb and Rankine formulas. The lateral pressure
factor Ka will be the same for the case of a level backfill and zero wall friction.

The Rankine Formula for active pressure:

K, = cosp cosp —yfcos” B cos® ¢
COSB+'\/COSZ chos2 o

K, = (horiz.) = cosp K,

B = Angle of backfill slope
¢ = Angle of internal friction

If the backfill is level the Rankine equation can be written as: K, = tan? {45 - %} or = 1— S%ni
+ 8in
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Example: Assume: ¢ = 34°, B =26.6° (2:1 slope)

cos 26.6 — \/cos2 26.6 —cos® 34

Then K, = c0s 26.6

cos 26.6 + \/cos2 26.6 — cos’ 34

=0.41 K, horiz. = 41 x cos 26.6 =0.37
and corresponding horizontal equivalent fluid weight of the soil = 0.37 x say 110 pcf = 40 pcf for
a horizontal backfill

Figure 6-3. The Rankine Formula

Note that in the Rankine analysis the active pressure force is assumed to be applied at onc-third the
retained soil height and inclined at the angle of, and parallel to, the backfill slope.

IBC 09 and ASCE 7-05 have identical tables of minimum lateral pressures, condensed below:

Lateral Pressures
Backfill Material uscs (pound per square foot per foot of depth)
Classification
Active pressure At-rest pressure
Well-graded, clean'gravels; GW 30 60
gravel-sand mixes
Poorly graded clean
gravels; gravel-sand mixes GP 30 60
Silty gravels, poorly graded
gravel-sand mixes GM 40 60
Clayey gravels, poorly
graded gravel-and-clay GC 45 60
mixes
Well-graded, Clean_sands; SW 30 60
gravelly sand mixes
Poorly graded clean sands;
sand-gravel mixes SP 30 60
Silty sands, poor_ly graded SM 45 60
sand-silt mixes
Sand-silt clay mix with
plastic fines SM-SC 45 100
Clayey sands, poorly .
graded sand-clay mixes SC 60 100
Inorganic SI|.tS and clayey ML 45 100
silts
Mixture of inorganic silt and ML-CL 60 100
clay
Inorganic clays of low to
medium plasticity CL 60 100
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Figure 6-4 — Lateral Soil Pressures (Condensed from IBC '06 and ASCE 7-05)
Surcharge Loads

A surcharge 1s any additional vertical load applied to the soil above the top of the wall. It can be
live load from a parking lot or highway, paving or an adjacent footing, See Figure 6-5 (Active
Pressure from a Uniform Surcharge Load against Wall) to illustrate this effect.
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¥ = SOIL DENSITY
P1 = KaWH
P2 = Ka¥H?*(1,/2)

Figure 6-5. Active Pressure from a Uniform Surcharge Load against Wall
Highway surcharges

The usual added surcharge when highway traffic is close to a retaining wall is to add two feet of
carth. This is equivalent to a uniform surcharge of 240 psf (assuming a soil density of 120 pcf). A
250 psf surcharge is commonly used for highway loading. The lateral pressure will have minimal
cffect if the load is located more than the retained height away from the wall.

If H-20 truck loading could occur close to the wall (closest wheel within about one-half the height
distant from wall) then a Boussinesq analysis can be done.
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Backfill compaction surcharge

Backfill is often placed by a front end loader dumping sand or gravel behind the wall. The
backfill should be placed in layers of about one foot, compacted by repeated by back-and-forth
runs of the compactor or loader, coming within inches of the wall. Compaction testing may be
required. A typical loader will weigh about 30,000 lbs, and have a footprint under each track of
about 30 square feet if the loader is track-mounted. This results in short-time construction loads
of about 1000 psf, far in excess of most surcharge design loads. Grading contractors are aware of
this and often report tilting of the wall during these operations, and sometimes assign a worker to
monitor plumb of the wall during these operations. Backfill compaction can produce a K,
condition, especially if the wall is restrained. It is the contractor’s responsibility to place backfill
s0 as to not damage or overstress a wall.

Adjacent footing surcharges

If there is an adjacent footing that overlays the area of the soil wedge this surcharge will exert
lateral pressure against the wall, and must be considered.

A rule-of-thumb is that an adjacent footing will have little effect on lateral pressure against the
stem if it is further than the height (base of stem to base of applied adjacent load) away from the
wall face — at a slope ratio of 1:1.

Adjacent footing loads arc classified as either “line” or “strip” loads” which are uniform loads
parallel to the wall, or “point loads™, such as square or rectangular footings.

The Boussinesq equation, though computationally very laborious is often used to calculate the
influence of adjacent loads on a wall is shown in Figure 6-6. Based upon the theory of elasticity,
it results in a curved pressure diagram as illustrated in Figure 6-7.

The Boussinesq equation follows:

s

o P 3’z 1-2p
"' oo RS R(R+z)

7

Where terms are defined below and in Figure 6-5 for a point load:

o . = Lateral Pressure, psf
P = Point load, Ibs.
r = Horizontal distance from point of application on wall to plumb under P

7 = Depth, ft.
R = Diagonal distance from P to point of application
2 2
=Nr" +z

1 = Poisson’s ratio

NOTE: If a “line load”, multiply the computed lateral pressure from the above equation by
27 = 6.28 (derived from the Boussinesq equation).

The resultant force acts about 0.60h above the bottom. Also, note that the Boussinesq formula
is sensitive to the assumed Poisson’s ratio (u) for the soil. This value for sand and sandy-clay
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ranges from about 0.2 to 0.5. The Bowles text is an excellent reference on the use of the
Boussinesq equations.
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Figure 6-6. Boussinesq Equation

Figure 6-6: (Boussinesq Equation Pressure Diagram) shows a plot of the resulting pressure
curve.

Figure 6-7. Boussinesq Equation Pressure Diagram
This is a very time consuming computation because it requires a calculation for each increment of
wall height. The computations are further compounded if it is other than a point load, because it
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then requires a separate computation for each square foot under the footing, or in the case of a
line load or strip load (the latter is a line load but several increments wider, such as a wide footing
parallel to the wall), numerous computations must be made for the cumulative pressure affects
against a vertical unit length of wall.

Terzaghi and Peck proposc a simple method for computing the lateral load and point of
application from a line load (e.g. continuous footing) behind the wall.

The line load P, acting at a distance x from the wall, exerts a resulting force R acting against the
wall at a distance y below load P, where y = x (tan 40°).

R = C; P, where C, is a lateral pressure coefficient depending upon the type of soil (paraphrased
from Terzaghi, page 364): 0.26 for clean sand and gravel; 0.30 for coarse grained soil with some
silt; 0.39 for fine silty sand and some clay; 1.00 clay and silty clay. For simplicity, the above
Figure 6-7 uses C; = 0.30.

However, neither of these computations provides the distribution of lateral wall pressure against
the wall. A simplified solution may be to assume a uniform load against the wall equal to the
adjacent footing load divided by the height from footing to bottom of adjacent footing. This
would yield overly conservative moments and shears near the top of the wall, and un-
conservative shear and moment at the base.

Some engineers merely assume the bearing pressure under the adjacent footing projects
downward at a 1.5:1 slope (Terzaghi proposed an equilateral triangle), and computes the adjusted
surcharge at the level where the projection intersects the wall. See Figure 6-8. This may be an
underestimation because it does not give the pressure bulge near the top as shown by the
Boussinesq equation.

Bssumead
Bistribution
15 {4

Figure 6-8. Simplified Lateral Pressure from Line Load

This trecatment of adjacent footing loads is brief; a more in-depth treatment is not within the scope
of this book. For further reading consult the texts in the bibliography, Appendix F. NAVFAC
and AASHTO also have frequently referenced charts for determining lateral pressures from line
and point loads.
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Wind Load on Projecting Stems

When an exposed wall extends above grade, it is subject to wind pressure which creates an
additional overturning force. The customary formula for wind pressure is F = .0026 v* , where F
1s in psf and v is wind velocity in mph.

Using IBC 2006, reference is made to ASCE 7-05 for wind design (with some exceptions

generally not applicable to “fences” — see IBC Section 1609). Equation 6-25 of ASCE 7-05 gives
the following simplified formula:

F=q, G C;, where F is design wind pressure in psf, G 1s gust factor which can be taken

as 0.85, C; can generally be taken as 1.2, and q, is the velocity pressure at mid-height and
can be computed by Equation 6-15:

g = 0.00256 K, K, K4 V21, which terms can be determined from Section 6.5.10. V is
wind velocity in mph,

For example, considering Exposure “C”, 80 mph wind, and ignoring the Importance
Factor “T”, this results in “F” = about 12 psf.

If wind overturning and stem moments are significant stress components, the IBC code permits a
one-third stress increase for short-term loading if ASD combinations of 1605.3.2 are used.
Except for freestanding walls the one-third increase is generally not applicable. For Strength
Design the IBC load factor for wind is 1.6 when using strength design method.

Other codes and conditions may apply when wind is a consideration.

Water Table Conditions

If a portion of the retained height is below a water table, the active pressure of the saturated soil
will increase below that level. This additional pressure for the saturated soil is equal to the
pressure of water, plus the submerged weight of the soil (its saturated weight - 62.4), plus the
surcharge of the soil above the water table. The submerged weight of a soil can be approximated
as 5/8 x its dry unit weight. This pressure diagram is shown in Figure 6-9. Water Table Force

Calculations.
f 100psf
Assume: K,=027 i ?Sb
y =110 pef G 2 =N

Surcharge - 100 psf
Water = 62.4 pcf

Sat. 6.0° —Water
Soil Table

.}r —_—

Forces:

0.27 x 100 psf=27 psf. i I [

027x 110x 6'=178.2 Jop
0.27 (110-62.4) x 7.5= 96.4 |
62.4x 7.5 =468 | i
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Summary for overturning:

1

i M
27x 13.5 = 365" 6.75' 2,464"
1782x 6/2 = 535" 9.5 5,079%
1782x75 = 1337 378 5,012*
964 x 7.5/2 = 362" 2.5 904"
468 x 7.5/2 = 1755 2.5 4,388"
4354" 17,847°

Ht. to point of application = 17,847 / 4,354 =4.10'
Figure 6-9. Water Table Force Calculations
Detention ponds / flood walls

When retaining liquids the procedure is similar to an earth retaining wall except that the
equivalent fluid pressure is 62.4 pct (or that of the liquid). If the liquid can scep under the footing,
then the pressure above and below the heel equalize and only the buoyant-adjusted dead weight
of the heel can be used to resist overturning.

Hydrostatic pressures

If the water table is above the foundation the soil density below must be adjusted for buoyancy
(saturated weight minus water weight). Weight of saturated soil 1s about 10% - 13% grater than
dry weight. The footing weight should be reduced (concrete weight less water weight) to account
for its buoyancy.

Cascading walls

Occasionally walls will be stacked one behind another, piggyback style, or cascading, as sketched
in Figure 6-10.

This requires very careful design for the lower walls, because not only is there a surcharge from
the wall above, but a horizontal thrust as well. Two possible solutions are suggested:

Alternate #1 shown on Figure 6-10, would be to sketch a fail-safe slope that would model the
event if both walls were considered one mass exerting pressure on the lower wall.

Another possible solution, Alternate #2, suggested by a engineer, is to apply the vertical load P,
of the lower wall as a line-load surcharge force P, located “x” from the wall, use the Boussinesq
cquation to obtain a cut force on the wall, then apply its horizontal thrust P, as an assumed
uniform load against the stem of the lower wall.

Cascading wall conditions come up frequently and a good reference for design is not known to
the author (it would make a good PhD thesis!).

For this condition, be careful, consider the horizontal thrust of the upper walls, and be
conservative! advice is recommended and the nature of the underlying soil may require a global
stability analysis (most consultants have software to perform this).
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ALTERNATE #1:
Assume

Equilvalent

backfill

surcharge 7

.....g—. ..|=|'__

IR

ALTERNATE :
Assume P #2"
unifornly
distributed
over Y and

P29 apply Py as
- 4 adjacent
| footing
T Assumed
rupture line,

say 1.5:1
If X > Y probably little effect on lower wall

Figure 6-10. Cascading Walls
Vertical Loads
Vertical loads provide stability by resisting overturning.
Vertical loads include:
Axial loads on the stem

These loads are applied directly to the stem, such as from a beam rcaction, ledger, or bridge
member. Any vertical load imposed upon the stem of a cantilever design retaining wall must not
provide lateral support, otherwise the wall does not perform as a cantilevered retaining wall, If
one side of a building, for example, rests on top of a wall—it could be reactions from a floor or
roof—the abutting diaphragm should not restrain rotation of the wall. If restraint does occur, the
wall should be designed as a "basement wall," whereby the restraint at the top results in a positive
bending moment in the stem. Sometimes a wall is designed for both conditions, such as when it is
designed as a retaining wall so that backfill can be safely placed before the restraint is provided,
then designed as a basement wall for the condition after the restraint is in place.

Axial live loads on the stem will increase soil bearing pressure and resisting moments, therefore
need to assessed separately from axial dead load for most critical condition.

Vertical point loads on walls, such as from girder reactions, are assumed to spread downward at a
slope of two vertical one horizontal. This spreading of the load results in relatively low
compressive stresses at the base of the stem. For example, a 24 kip load atop a 12" concrete wall
on a two-foot wide bearing, and assuming 14 ft high, would result in an axial stress (in addition to
wall weight) of just 125 psi. Bearing stresses directly under a beam or girder reaction must be
checked.

Basics of Retaining Wall Design Page 34



Also, consider the eccentricity with respect to the stem centerline because it will affect both stem
design and stability. But remember that live load acting at a negative eccentricity (toward the
backfill) could produce unconservative results.

Axial loads are usually from a connecting floor or roof, and rarely would exceed about 2,000
Ibs/ft. and typically much less. This results in relatively low axial stress in the stem. For example,
for a 12" masonry wall this added compressive stress for 2,000 lbs/ft would be [2000/ (11.5 x
12)] = 14.5 psi. Caution should be used if for some rcason a very high axial load was applhied
because it could change the bending characteristic of the footing. For example a very high heel
soil pressure because of a high axial load could reverse the bending from negative to positive,
simulating a spread footing design.

Weight of soil

This includes the soil over both the heel and toe. This is assumed to be a straight-up-and-down
column of earth (although in actuality this is probably an unlikely assumption).

Weight of structure

This includes the weight of the stem and footing.

Stem and footing weight

These loads add to soil bearing pressure and contribute to overturning and sliding stability.
Vertical component of active pressure

The vertical component of active pressure force is another vertical load., If the backfill is sloped
as illustrated in Figure 6-1, then the line of action of the resultant earth pressure, P,, is inclined
from the horizontal. When using the Rankine formula, this inclination is assumed to be the same
angle (parallel to) the backfill slope. In the Coulomb method, P is inclined at the wall friction
angle at the soil-stem interface. These inclined forces resolve into a horizontal and vertical
component. The latter is assumed to act at the plane of the back of the wall footing heel for a
cantilever wall. This vertical component could be used for added resistance to sliding, reduced
soil pressure, and increase the overturning resistance. Most textbooks advisc that it be used only
for overturning resistance; it is conservative to ignore the stabilitizing influence of this force.

Impact Loading

If the wall extends above grade and a parking area is adjacent, you may want to design for impact
from a car bumper. ASCE 7-05 specifies 6,000 lbs. applied at a height of 18” above grade. Guard
rails require 50 plf applied to the top, or a single concentrated lateral load of 200 lbs. A short-term
stress increase of 1.33, or more for impact, would seem appropriate for these conditions.

When considering the effect of impact, the stem should be checked at incremental descending
points as the impact force spreads over a greater stem length. Assume the impact load spreads out
at one horizontal to two vertical. This is equivalent to spreading its effect over a length of wall
equal to the distance from point of application down to the plane being checked.
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7. EARTHQUAKE (SEISMIC) DESIGN

Seismic Design Overview

Texts that address seismic design of retaining walls (e.g. Bowles, Kramer) acknowledge that
seismic design of retaining walls is a highly complex 1ssue, compounded by the assumptions that
must be made to allow an indeterminable problem to become solvable using concepts of statistics
and differential calculus. The determination of both static and seismic (dynamic) pressure on
retaining walls is still an emerging science. The selection of an “effective” site acceration for usc
1s somewhat arbitrary, though becoming codified. reports usually give only the peak ground
acceleration applicable to the location and leave the application of this information to the
designer.

Some argue the necessity of seismic design of retaining walls, considering compensating safety
factors (e.g. 1.5 or higher for overturning) and lack of seismic damagc incidents to retaining walls
(waterfront structures subject to liquefaction excepted). It is also argued that because retaining
walls are often at a distance from structures that would be affected by such failures and thus are
not a life-safety issue. However, these arguments appear moot considering the mandatory
language of IBC and ASCE 7.

The seismic requirements of IBC 2006, and IBC 2009, Section 1613.1, refers to ASCE 7-05
which in Section 9.14.7.2.1 reads as follows:

‘... This section applies to all earth retaining walls. The applied seismic forces shall be
determined in accordance with Section 9.7.5.1 [ This section states that “... the owner
shall submit to the authority having jurisdiction a written report that includes an
evaluation of the items in Section 9.7.4.1 and the lateral pressures on basement and
retaining walls due to earthquake motions”. Section 9.7.4. identifies items to be included
in the report to be submitted ", when required by the authority having jurisdiction’]

This clearly requires a seismic analysis of “earth retaining structurcs”, based upon the
recommendations of the report, but implies some discretionary latitude by the “authority having
jurisdiction”,

However, IBC *06, 1802.2.7 or IBC*09, 1803.5.12, requires “A determination of lateral pressures
on basement and retaining walls due to earthquake motions”, but exempts this requirement if a
peak ground acceleration of Spg/ 2.5 is used for design. This is the kj, acceration used in the M-O
equation (See following) and presented in NEHRP, Part 2, Commentary, 7.5.1.

The now defunct Uniform Building Code (UBC ’97) and its successor California Building Code
(CBC *07) do not appear to specifically require seismic design of “earth retaining structures”™ with
the exception of state-owned or leased public schools and essential faculties, which require a
seismic design if the retaining wall is more than 12 feet high.

Designer should check applicable local and State codes that may have specific seismic design
requirements for retaining walls. They often vary with jurisdiction.
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The Mononobe-Okabe equations

Of the many investigations of dynamic forces on retaining walls, one of the most important and
influential is an ASCE paper titled Design of Earth Retaining Structures for Dvnamic Loads, by
Seed and Whitman, the results from which were presented at a 1970 Cornell University
conference. In this paper they cite the pioneering studies by Mononobe (1929) and Okabe (1926),
widely referenced today. Another contribution was a subsequent ASCE paper by Robert Whitman
titled, Seismic Design and Behavior of Gravity Retaining Walls, 1990. They considered this
lateral force to be an inverted triangular wedge of soil behind the wall. Seed-Whitman proposed a
simplified formula, based upon the Mononobe-Okabe theory, for the combined static and seismic
factor, which they termed K, to be applied to this wedge acting against the wall. This was an
adaptation of the Coulomb formula to calculate the total (seismic and static) pressure and
introduced the variable 0, which is defined as the angle whose tangent is the ground acceleration
(0 =tan™ ky).

This equation is presented in Figure 7-1.

Kag = active carth pressure coefficient, static + seismic
.2 ,

sin“ (a+8—¢")

- 4 , 2
cosf' sin? asin (@ + 6'+ &) {H\/ Sin (¢+ﬂ5)sm (gz_ﬁ—e—/})
sin (@ + & + ") sin (@ ~ B)

Where 6 = tan”' k,, o = wall slope to horiz. (90° for a vertical face), ¢ = angle of internal friction,
B = backfill slope, and 6 = wall friction angle.
The horizontal component is Kax cos 8.

For a vertical wall face and & assumed to be ¢ this becomes:

2 t
sin? (90 + 6 — ¢)

cosé sin” (90+6’+% 14 ’ sin 1.5¢¢ sin (¢-_g_/3)
sin (90 + A + ) sin (90 + )

Kag= 2

The total force (active and earthquake), Pap = % (v) Kap H® where y = soil density and H =
retained height.

Figure 7-1. Mononobe-Okabe Equation

When the acceleration is zero, k, = 0, Kap becomes the familiar Coulomb K, formula.
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The passive earth pressure cocfficient, Kpy is:
sin” (a0 — 0+ ¢")

. . v 2
cos®'sin” asin (ax+ 6+ 5) {I'F\/ 'sm (§+0)sin (¢_9+ﬂ)
sin{a@ + 0+ 8")sin(a - f)

Koz =

Note: The passive pressure coefficient decreases under seismic conditions.

Kag has two components (seismic and static). The seismic component (Kag - K,) is assumed to
be an inverted, near-triangular, trapezoidal pressure diagram with the resultant force (maximum at
the ground surface) acting at a height of 0.6 H. For stem design, H is the height from top of
footing to rctained height; for overturning and sliding, H is the height to the back face of the
footing, along a virtual vertical plane extending from the bottom of the footing to its intersection
with the backfill grade.

The K, component is the familiar triangular distribution acting at H/ 3.

The height to the combined resultant can be obtained by the formula:

P, (H/3) + (P,; ~P,) 0.6H

y =
PAE

The direction of force application, per the Coulomb formula, is assumed to be inclined at an anglc
(from horizontal) equal to the friction angle at the back face of the wall, §, which is often

assumed to be % . Therefore, the horizontal components can be assumed to be

PAH horiz. — €08 (%j PAE-

A simple approach to the design for seismic is suggested by the overlapping force triangles,
which tend to combine into a uniform load over the height of the wall, if the height of the
resultant is at 0.5H.

2
KAE;/H
2H

seismic force. This simplification, 1s particularly helpful for checking stem moments and shears at
various heights when y = H/ 2,

Therefore, w = =0.5 Kar v H, where w is the equivalent uniform lateral static plus

Seed and Whitman (1982) suggest an approximation of K, = K4 + 0.75 k.. If, for example, k, is
0.30 and K4 = 0.27, then K, approximate would be 0.495. This would suggest an 83% increase
over static K,. However, the stem moments and overturning are greatly increased because 0.75 k;,
act at an assumed height of 0.60H. Some engineers use this method to give an added uniform
seismic force over the full retained height with resultant acting at 0.6H. Such a requirement,
therefore, might read “for seismic design add a uniform lateral force = 20 H* with the resultant
applied at 0.6H”. Note that the inverted “triangle " is actually trapezoidal because of 0.6H,
however, calculation error resulting from assuming a triangular distribution is not significant.
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Seed and Whitman’s paper suggests that few building codes (at that time) required seismic
provisions for retaining walls, and concluded that the factors of safety for static design, which are
generally around 1.5, are adequate to protect the wall for short term seismic forces, because such
forces would merely reduce the safety factor to an acceptable value greater than 1.0.

/ APag

HoE ’%——T

% PA  BH

n: r—‘C? l
-

L 33H

Figure 7-2. Application of Seed Whitman Method

An arguable issue is whether to include the inertial force of the wall combined with seismic earth
pressure both NAVFAC and U.S. Army Corp of Engineers appears to require this concurrent
force. It seems excessively conservative. If designing for these agencies check their
requirements,

Seismic forces are factored forces, generally 1.0, and for ASD these forces can be reduced by 0.7
to convert for design for overturning, sliding and soil bearing. Additionally, the factor of safety
may be 1.1 when seismic is included. Sec IBC 2009, 1807.2.3.

Determining k,

k;, is the horizontal ground acceleration used in the Mononobe-Okabe (M-O) equation to compute
lateral seismic earth pressures against retaining walls. This is a design value and not necessarily
the most severe acceleration that could occur at the site. Unless an arbitrarily reduced value of ki,
is used, one-third to one-half the peak ground acceleration is often used (sec Kramer and others).

The starting point is to determine the peak acceleration applicable to your design. Assuming your
code is IBC 2009, or ASCE 7-05, which have identical charts, select from the contours the
Maximum Considered Earthquake (MCE) ground motion for 0.2 second, spectral response
acceleration at 5% of critical damping, with a 2% probability of exceedence in 50 years. Note that
retaining walls are “short period”, hence the 0.2 second selection.

There is an easier way. Go to http://carthquake usgs.gov/research/hazmaps/design/index.php
(Java required). This is a U.S. Geological Survey address. Just enter your zip code. (A latitude-
longitude web.) For example, Newport Beach, California (high seismic area!), zip code 92660,

G4 239

gives 185.6 percent “g”, or 1.856, and a peak ground acccleration (PGA) of 84.75%g.

Here is an cxample procedure for obtaining a design k;, using the USGS Hazard Maps:
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From charts, S; = 1.856
(All terms defined in referenced codes)

Sms = F. S

F, = 1.0 (This is a function of soil characteristics and value of S;. See Tablc 1613.5.3 in IBC 06).
Sms = 1.0 x 1.856 = 1.856
Sps =2/3 Sys = 0.667 x 1.856 = 1.24

Per NEHRP, Part 2, Commentary, 7.5.1: See also IBC "09, 11.8.3

k, = S_ZSIS)— =040 x 1.24 = 0.50

Simplified Seismic Force Application

The NEHRP 2003 Part 2 —Commentary, 7.5.1, states Seed and Whitman’s proposed simpler
approximation:

AK g ~ (3/4) ky 5 AP g ~ (1/2)yH(3/4)k, ~ (3/8)k,yH?

ki, is the peak ground acceleration modified per Provisions Sec. 7.5.1:
where ky = Sps/ 2.5

Base moments, using this simplification, are therefore:

Magtase = Pa (H/3) + (AP45) (0.6 H)
=y’ (0.17K, + 0.225 k)

An observation from this is that the base moments from static and dynamic (seismic) are equal
when k, ~ 0.75 K4

Vertical Distribution of Seismic Force on Stem

Here is a simplified method for assuming a uniformly applied force to the stem:

By Definition: PAE = PA + APAE
2
APy = Y I; (75 k) = 375 k, yH’
K yH 2
PA — AYZ

Total force on stem: Py + APap = 5K, yl—l2 + 375k, yH2

If resultant acts at 0.5 H, the approximate uniform lateral pressure on a stem is:

SK,v H2+ 375K,y H?
H

= (5K, + 375 ky) (yH)
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For design example, assuming K, =0.35, k, = .34,y =120
Fp = 36H Ibs/ ft lateral pressure

Note that this simplified formula is not valid if there is a sloped backfill which would
significantly increase seismic forces.

Seismic for Stem Self-weight

This is an arguable issue: whether to include the seismic force duc to self-weight of the wall
acting simultaneously with the lateral seismic to carth pressure force. It does not appear to be
defined in the codes. AASHTO, however, in 5.5.4 states: .. seismic design forces should
account for wall inertia forces in addition to the equivalent static force, where a wall supports a
bridge structure...”. But section 5.6.4, referring to flexible cantilever walls, states that “Forces
resulting from wall inertia effects may be ignored in estimating the seismic lateral earth
pressure”.

Judgment indicates that seismic self-weight should be applied simultaneously with seismic due to
earth pressure.

Using ASCE 7-05, Section 15.6.2 (Rigid Nonbuilding Structures):

Fp in equation 15.4-5, for cantilevered wall and assuming Ip = 1.0,

Reduces to: Fp =0.30 Sps W,

Per above design example where Sps = 0.85,:
Fp = 030x0.85x1.0Wp=0.26W,

Alternatively per ASCE 7-05, 13.3.1:

This method for F,, applies if there is a lateral support at top.

0.4a,5,.1, h
Fp = ——LIl1+22 W,
R h
P r
a, = 1.0, Rp=2.5, k}ll—x:Oatbottomandl.Oattop.

r
F, minimum is 0.30 S4. I, W,

F, for design is average between top and bottom
For example design, Sgs =0.85, I, = 1.0

Fp = [[(04x0.85x1.0x 1.0x3)/2.5] +(0.30 x 0.8 x 1.0)]] 0.50W, = 0.33W,
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Seismic Force on Non-Yiclding (Restrained) Walls
Several texts (e.g. Kramer) propose the following formula (slightly revised):
AP =17k, B, acting at a resultant height of about 0.6H

Where AP, 1s the total added lateral force due to seismic, v is the unit weight of soil, and H is
the retained height.

The resultant acting at 0.6H gives a slightly trapezoidal force diagram, however, for ease of calculation a
uniform load can be assumed with less than 2% unconservative error.

It should be noted that there are so few incidents of earthquake damage to such walls that many experts
agree that seismic design of restrained (e.g. “basement”) walls may not be necessary, particularly given an
adequate factor of safety for the service level design.
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8. DESIGNING THE CANTILEVER WALL STEM

Basics of Stem Design

First, here are two very rough rules of thumb for assuming stem thickness: If a concrete stem, try
one inch in thickness for each foot of retained height, but not less than eight inches. If masonry
stem, 8" is usually adequate for walls about six feet high, and 12" for walls to 12 feet. Less height
for walls with sloped backfills.

The controlling design condition for reinforcement occurs at the bottom of the stem (top of
footing), where the maximum stem moment occurs. However, it is not economical to usc the
same steel design higher up the wall where the moment is less (unless the wall is very low).
Usually, after the base of the stem is designed, another design is performed several feet higher,
usually at the top of the dowels projecting from the footing. At this point alternate bars can be
dropped, or sizes reduced, for economy. If the wall is very high, you may want three or four cut-
off levels and perhaps a change in stem thickness or material. The diagram in Figure 8-1
illustrates this concept.
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Figure 8-1. Reinforcing Placement in Stem

A handy rule to remember is that for a triangular equivalent fluid pressure behind the stem, the
moment diminishes to one-half of that at the base at 0.20H above the base. For example, for a
10 foot retained beight, the moment is one half its maximum at two feet above the base.
Therefore, for nearly all cases, the moment is one-half or less at the tops of the dowels.

Often the stem projects above the retained height to provide a fence barrier, or a wood fence may
be added to the top of the stem. In such cases, the wind load on that portion above the carth
should be considered in the design, as it contributes to overturning. If the stem is essentially a
yard wall, with very little earth retention, then remember that the wind can blow from either
direction, which will require the wall and footing to be checked for both conditions.
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If there is a concentrated vertical or lateral load, such as impact, assume that a point load spreads
downward, along the length of the wall, at about two vertical to one horizontal. In other words,
the overturning force at the base of the stem is spread over a distance equal to the height from the
base to point of impact.

Dowels from Footing into the Stem

The reinforcing at the bottom of the stem will consist of footing bars bent up into the stem as
dowel bars. Unless the wall is relatively low, say four or five feet, it is not economical to extend
the dowel bars to the top of the wall, because the moment in the stem diminishes rapidly with
height (as stated carlier is halved at about 1/5" the height). Vertical bars must only extend up to
where they are no longer required, at which point either alternate bars can be dropped, or spliced
(lapped) with lesser size bars.

Bars must extend up into the stem a distance equal to the development length of the bar, or the
required lap distance for the continuing bars, whichever is greater, provided however, that they
extend at least 12 bar diameters beyond where they are no longer needed for moment
requirements. The lap length required for the continuing bars nearly always governs.

The required development length and lap lengths for both masonry and concrete are shown in the
Table below. Hooked bar embedments into the footing are also shown. Note the footnote
assumptions below the Table.

Lap Splice Lengths'” and Hooked Bar Embedments (inches)

Bar Size Masonry? fflﬂ =1500 psi Concrete ©
Grade 60 Grade 40 | 2000 psi | 3000 psi 4000 psi
#4 L 24 20 34.9 28.5 247
H 9.4 7.7 6.7
#5 L 30 25 43.6 35.6 30.8
H@ 11.8 9.6 8.3
#6 L 36 30 52.3 42.7 37.1
H 14.1 11.5 10.0
#7 L 42 35 76.3 62.3 54.0
H® 16.5 13.4 11.6
#8 L 48 40 87.2 74.2 61.6
H 18.8 15.4 13.3

(1) Min. lap for spliced bars, inches, assumes f, = 60 ksi

(2) 40 bar diameters for f, = 40 ksi and 48 diameters for f, = 60 ksi (48 diameters shown)

(3) Min. lap is development length x 1.3, assuming Class B splice. Cannot be reduced for stress leve!
(4) Assumes standard hook and not reduced by ratio As (required) / Aq (provided)

Note that IBC '06, 2107.5, modifies ACI 530-05, Section 2.1.10.7.1.1 which has the effect of deleting
the following onerous development length equation (2-9) in ACI-530-05:

(5) “L"=lap length; “H” = hook bar embedment.
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Development length in masonry is given in MSJC 2008 as:
2 .
~ 013 db _/y Y

Y = 1.0 for #3,4,5 bars, 1.4 for #0, 7, and 1.5 for #8
K = Masonry cover but not less than 5 d,

This requirement results in much longer lap lengths and has met with considerable
objection. IBC 2009 modified this requirement (only for ASD) to: Iy = 0.002 d, f, but
not less than 127,

For Grade 60 reinforcing this equation requires 48 bar diameters.

Horizontal Temperature / Shrinkage Reinforcing

Horizontal reinforcing is necessary to control cracks from temperaturc changes and shrinkage.
The table below shows minimum requirements for both concrete and masonry (CMU). There may
be conditions (climate, aesthetics, better crack control) where you may want additional

reinforcing.
Horizontal Temperature/Shrinkage Reinforcement
for Concrete and Masonry Walls
Typical Horizontal Rebar Spacing
for .0007 A, Masonry and .002 A, for concrete
Mat’l Thick #3 #4 #5 #6 #7
Congrete 6 9 17 18 18 —
Concretc 7 8 14 18 | 18 —
Concrete 8 7 12 18 | 18 —
Concrete | 9 6 | 11 | 17 18 —
‘Concrete 10 5.5 10 15 18 —
Conoreic® > T IR R e E—
| Concretc* 4 | 8 14 18 18 ]
Concretc* 16 7 12 18 I8 I
~ CMU 6 24 48 48 48 1 —
CMU g 16 32 | 48 48 —
- CMU 10 16 24 32 48 | —
CMU 12 12 24 32 48 ]
[ CMU 16 8 | 16 24 | 40 | 48 ]

The ACI requirement for reinforcing in both faces of concrete walls over 10 inches thick is
waived for retaining walls in contact with earth.

Key at Stem-Footing Interface
Another use of the term “key” is a longitudinal slot formed into the top of the footing and into
which the bottom of the stem fits. This slot can be the full width of the stem, or just the middle
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Design

half. The purpose is intended to offer more shear resistance at the interface plane. We often
compute the shear stresses at the base of the stem as if it was monolithic, rather than a “cold
joint.” By providing a keyway, all or part of the shear can be resisted by compression against the
side of the keyway, if its depth 1s sufficient to resist the shear force.

However, another way of resisting shear at this interface is to consider “shear friction” across the
joint. Shear friction theory considers the reinforcing steel that crosses the joint as clamping the
joint together such that sliding of the joint cannot occur unless the cocfficient of friction is
overcome, or the reinforcing yields to allow slippage. This requires a certain amount of tension in
the reinforcing must be used for this clamping force, which is in addition to tension requirements
for bending design. Let’s investigate this for an assumed condition:

Vy = _3800 32.9 psi
12x 9 .63
Vallow = d)z f(‘; \
$=0.75 #7@16” —f—flle— Stem

=.75x2 42000 =67.1>329 OK

But also check shear friction Vu=3800# FOOtmg

available: ;
; ; ; ;/

v, = A, f, p < assume = 0.60 coef. of

friction 9.63” t

= % x 60,000 x 0.60 = 16,240" > 12"

3,800"

.. OK if only consider shear friction

In this case, concrete shear is adequate, but it can be seen that shear friction offers considerable
resistance if necessary.

Alternatively, you could use shear values for embedded bolts — in this case 7/8" “bolts™ at 16" o.c.
=3350#/1.33 = 2519 plf — assuming 2000 psi concrete or grout.

of Masonry Stems

Masonry is designed using two methods: Allowable Stress Design (ASD) and Strength Design
(SD). Both are code-permitted options

Using ASD, loads are factored by 1.0, except earthquake forces are already factored, therefore to
convert seismic forces to ASD divide by 1.4, Allowable flexural stress is: f,,=0.33 F,..

Strength Design, also known as LFRD (Load Resistance Factor Design), is the design procedure
similar to Strength Design for concrete. Use load factors per ASCE 7-05. Strength-reduction
factor, @, = 0.90 for flexure and 0.80 for shear and splices. f\, is typically 1500 psi and £, for
Grade 60 reinforcing is 60,000 psi. Refer to MSJC Chapter 3 for SD requirements.
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In Appendix B you will find a summary of masonry design formulas and allowable stresses.

An excellent reference for masonry design is James Amrhein’s Reinforced Masonry Engineering
Handbook, 4" Edition, published by the Masonry Institute of America, Los Angeles. Somewhat
outdated code wisc, but good information. Another good reference is Masonry Designer's Guide,
4th Edition by the Masonry Society (www.masonrysociety.org).

Masonry stem thickness is nominal block thickness’: 6", 8", 10", 12, and rarely, 14" or 16". With
six-inch walls the reinforcing must be placed in its center, but on thicker walls the bars can either
be centered or next to the inside face (the face adjacent to the earth!). Shear and moment
calculations arc based upon the “effective depth d” of the moment.

See Table | below for “d” dimensions for various masonry stem thicknesses. These are industry
standards, and assume about 2" from the face of wall to the centerline of the bar.

When the stem thickness is reduced higher up the wall, the step should be made on the inside
(earth side) so that the outside of the wall is a flush vertical surface. When stepping the wall,
consideration must be given to providing sufficient lap development length for the reinforcing
extending into the section below.

Table 1 — Typical “d” Distances for Masonry Stems

Bar “d” Distances for Masonry Stems
Position 6" wall | 8" wall | 10" wall | 12" wall | 16" wall
Bars in center 2.8 38 4.8 5.8 —
Bars at edge — 5.25 7.25 9.0 13.0

Concrete masonry units (CMU) are designated cither lightweight, medium weight (most
common) or heavy weight, and are either solid grouted, or grouted only for cells containing
reinforcing are grouted. Remember that for masonry stems the vertical bars must be spaced on
eight-inch modules to accommodate the block cells. Although only cells containing reinforcing
nced be grouted, it is usual to solid grout the wall. The wall weights for these combinations are
shown in the Table below:

Table 2 — Weights of Masonry Walls

Concrete Masonry Units

Lightweight Medium Weight Normal Weight
103 pef 115 pef 135 pcf

Wall Thickness 6" | 8" 10" : 12" . 6" 8" :10™ ;12" 6" , 8" . 10" : 12"

Solid Grouted L 52 75 193 118 : 58 . 78 98 124 - 63 : 84 104 133
16" o.c. : 41 60 69 88 47 63 80 04 52 166 86 103

. 24" o.¢c. | 37 55 61 79 43 138 72 85 46 | 61 78 94
Vertical
Cored 32"o0c. 136 52 157 74 42 55 ;68 80 47 58 174 89
Grouted at

40" 0.c. | 35 50 55 71 41 53 66 77 46 56 ;72 86

48" 0.¢c. 1 34 49 53 69 : 40 ¢ 45 64 75 45 55 70 83
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To relieve water pressure, “weep joints” should be provided at the lowest course at the outside
grade. This can be done by omitting the head joint (side joint between blocks) at every other
block, or 32" on center. Specify gravel behind so the joints won’t clog.

Minimum reinforcing in masonry stems

The ACI Code, MSIC 2008 requires that the sum of the vertical and horizontal reinforcing ratios
be at least 0.002 and that the least in either dircction be 0.0007. Spacing should not exceed 48
inches. As the principle reinforcing is always vertical, it should be at least 0.0013 times the gross
cross-sectional area, and at least 0.0007 horizontally. In the latter case, #5 bars at 48" on center or
#4 bars at 32" would suffice for an 8" wall. Accordingly, vertical reinforcing for an 8" wall would
be a minimum of #5 at 32" or #4 at 16". See Table on page 44.

Maximum reinforcing in masonry stems

When using Allowable Stress Design also there is not a maximum, however, it is generally not
practical to exceed #8 bars at 8" on center.

Dowel bars into masonry stems

Footing bars bent up into a masonary wall must extend at least the development length of the bar.
Per MSJC this is 0.0015 d, Fy, which, for F, = 24,000 psi equals 36 bar diameters. Although
arguable, this length cannot be reduced by the ratio of actual stress in the bar to its allowable
stress.

Stress increases for Allowable Stress Design (ASD)

Using the Alternate Basic Load Combination per IBC 09, Section 1605.3.2 a one-third stress is
permitted when wind or seismic is combined. This combination also allows a reduction for
seismic by 0.7 to convert to ASD.

Concrete Stem Design

Concrete stems should be at least eight inches thick to allow space to place the reinforcing within
the forms. The maximum spacing of reinforcing in a concrete wall, both vertical and horizontal is
18" per ACI, but not more than threc times the wall thickness.

Strength Design is commonly used for concrete stem and footing design, where all applied loads
are factored per ACl requirements: 1.2 for dead load, and 1.6 for earth pressure, wind, and live
load. Use 1.4 for fluid pressure (or any well-defined density). Earthquake forces are already
tactored, therefore the seismic load factor is 1.0. Always check with most recent and applicable
code!

For a summary of concrete design formulas see Appendix B.
Concrete ultimate compressive strength is usually specified as /' = 2,000 or 2,500 psi. For f.' =

3,000 psi or greater. Nearly all reinforcing is now specified as ASTM A 615-90, Grade 60 (f, =
60,000 psi).
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Horizontal temperature reinforcing is required to be at least .002 x the gross cross sectional area
of the wall (i.e. the total horizontal reinforcing should be at least equal to .002 times the wall
width times its total height). If the wall is over ten inches thick temperature reinforcing 1s
required in each face unless in contact with soil (basement walls). But remember that more
horizontal reinforcing decreases visibility of cracks.

Minimum reinforcing in concrete stems

The minimum amount of reinforcing required to ensure a ductile failure is:

200 _
min = e (= .0033 for £, = 60,000 psi)

For example for an 8" wall with d = 5.5", #5 bars at 17" o.c. would be required.

But, if the provided reinforcing is more than one-third greater than required by design, the above
minimum can be waived.

Maximum reinforcing in concrete stems
The maximum amount of reinforcing to ensure a ductile failure is 0.75 x p (rho) balanced:

Max = 0.75p (= 0.019 for £, = 3,000 psi and f, = 60,000 ps1)
Where p is the ratio As/bd

For an 8" wall, d = 5.5, this would be #5 bars at 3" o.c.
Determining areas of reinforcing required

A handy formula for determining area of reinforcing, using strength design method, for a given
M, is given below (taken from the CRSI Handbook):

17f,bd 1 [2.89(fcbd)”  6.8fbM,
Ag=—"- ' 2
2f}’ 2 (fy ) (D(fy )

(b and d in inches, f, and f, is ksi, and M, in inch-kips)

For f.= 3,000 psi, and f, - 60,000 psi, this formula becomes:

A, =051d—+26d% - 0189 M,

Reinforcing cover

The cover distance from reinforcing to face of concrete, must be at least 2" when exposed to earth
or weather for #6 bars and larger, and 14" for #5 and smaller. When concrete is placed against
earth, such as at the bottom of the footing, or if the wall is placed directly against earth without
forming, the minimum cover is 3", however, this is rarely the case.
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Development length of reinforcing

The development length formula is given in Appendix B (Summary of Design Formulas). Note
that development length can be reduced by the stress level in the reinforcing. Development length
per sc will rarely apply (except for footing heel and toe bar development extensions) but is used
to determine lapped bar splice lengths. See Table on page 44.

Laps and splices

Where bars are spliced (lapped) the splices arc classified as cither Class A, or B. The required lap
lengths for each are, respectively, ¢4 and 1.3 ¢,4. To qualify as a Class A splice, less than one-half
the bars are spliced and A, provided must be twice A, required. If more than half the bars are
spliced, and A, required is more than one-half A, provided, it is a Class B splice, requiring 1.3 4.
The usual case for retaining wall stems is Class B splices. Note that reduction in lap length for
stress level is not permitted per ACI "08, 12.15.1.

See Appendix D for development and lap lengths.

Extension of dowels above footing

For low walls, the dowels from the footing need only extend upward for the development strength
of the bars, plus 12 bar diameters. However, in nearly all cascs the dowels are stopped a certain
distance above the footing, where they are lapped with continuing bars of lesser size and/or
increased spacing (because of a reduced moment higher up the wall). In these cases it is the lap
length, not the development length, that must be met. Lap lengths (discussed above) cannot be
reduced by level of stress.

Special inspection requirements for concrete and masonry

Inspection requirements for concrete are in IBC 2009, Table 1704.4.

Inspection requirements for masonry are in IBC 2009, Table 1704.4.5.1 and 1704.5.3.

Note that UBC *97 required a somewhat more stringent Special Inspection if full stresscs were

used, and this requirement was waived if half-stresses were used. With the demisc of UBC this
1ssuc 1s now moot.
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9. SOIL BEARING AND STABILITY — CANTILEVERED WALLS

Tabulate Overturning and Resisting Moments

The easiest way to check stability, sliding, and soil pressure, is to set up a table showing each
force and load element, together with the its moment arm measured from the lower front (toe)
edge of the footing. With this, you can view an overturning/ resisting summary and check your
computations. An example of such a table is shown on Design Examplc #1 in Chapter 24.

Proportioning Pointers

Here are a few points and guidclines to help you proportion the footing:

e The width of the footing for most conditions will be approximately 2/3 of the retained height.

e It is usually most advantageous to have more of the footing width on the heel side of the
stem. This will put more soil weight on the heel to improve sliding and overturning existence.

e If therc is a property line on the heel side, try to get at least some heel width for the additional
soil weight. Otherwise, you will have a sliding problem requiring a key.

e If you need a key for sliding resistance, try to keep its depth less than about one-fourth the
retained height, and not over about two fect.

e If there is a property line on the toc side, the footing may need to be wider because soil
pressures are usually greater at the toe.

Overturning Moments

Overturning moments are horizontally applied forces multiplied by the moment arm from the
bottom of the footing to their point of application. The primary force causing overturning is the
lateral earth pressure against the wall. Because it is a triangular load, its point of applications will
be 1/3 the retained height above the bottom of the footing. If the backfill is sloped, the height
used to compute over-turning is at the plane of the back of the footing (i.e., where this plane
intersects the ground surface). Lateral pressure due to surcharges is a uniform load applied to the
back of the wall, therefore its point of application 1s ' the height and the moment arm is from
that point down to the bottom of the footing.

Wind pressurc on the stem projecting above the soil or on a fence sitting atop the wall can also
cause overturning. Wind pressures are computed in accordance with the applicable building code,
and gencrally range from 12 to 30 psf as was discussed earlier.

Seismic may also contribute to overturning. This was discussed in Section 7.

Overturning moments arc illustrated in Figure 9-1.
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Figure 9-1. Overturning Moments for a Cantilevered Retaining Wall
Resisting Moments

By convention, resisting moments are the sum of all vertical loads about the front edge (toe) of
the footing. These forces include the stem weight, footing weight, the weight of the soil behind
the wall and over the footing, a surcharge if applicable and any axial applied to the top of the
wall.

The total resisting moment is the summation of these loads multiplied by the moment arm of each
measured from the front edge of the footing. Overturning moments can be visualized as shown on

Design Example #1, and on Figure 9-2.

The generally accepted factor of safety against overturning is 1.5 to 2.0, although some agencics
require more. When seismic is included, a factor of 1.1 is permitted by IBC 2009.

e s e s — — i . et

3 <<Moment arms from toe

Figure 9-2. Resisting Moments
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Vertical Component of Active Pressure From a Sloped Backfill

In the case of a sloped backfill, there is also a vertical component of the lateral pressure resultant,
which is assumed to act on a vertical plane at the back of the footing. This vertical component
acts to resist overturning. When the wall starts to rotate there will be a frictional resistance along
that plane tending to anchor the heel of the wall. This vertical component is also assumed to resist
sliding, by adding additional weight to the footing. See Figure 9-3 (Vertical Component of
Active Pressure). See also Figure 6-1.

Figure 9-3. Vertical Component of Active Pressure

There is, however, controversy over whether to use this vertical component for soil pressurc
calculations because its use significantly reduces soil bearing pressurcs. Most texts recommend
using the vertical component only to resist overturning — not sliding or to reduce soil bearing.
However, this decision is left to the engineer.

If the backfill is level, the Coulomb formula, which assumes the line of action is the friction angle
against the stem face, results in a vertical component equal to
P(sin &). Typically, this results in a vertical component of about 30% of the horizontal pressure.

Determining Soil Bearing Pressure

To determine overturning and resisting moments, eccentricities and soil pressures, you need to
tabulate these values as illustrated on Design Example #1.

After you have assumed a footing width, taking into account property line or other conditions that
may restrict the heel or toe distances, you can determine the soil pressure by determining the
eccentricity of the total vertical load with respect to the centerline of the footing width. This is
done as follows: First determine how far from the edge of the toe the resultant acts. This is simply
the total overturning moment, minus the resisting moment, divided by the total vertical load. In
other words:

.. —-M .
resting overturning
W

X =

W = Total vertical load
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Then the eccentricity is the difference between this distance and half the footing width.
fig width —
=————X
2

<

The eccentricity must be less than one-sixth of the footing width (that is, within the middle third)
for the footing to be in theoretical contact with the soil for its full width. If this is the case, the soil
pressures at toe and heel can be computed as shown in the following formula:

6We

d2

W ="Total vertical load

d = Width of footing

e = Eccentricity

Soil pressure = —\3,— +

If the resultant is outside the middle third, because soil cannot sustain “tension” between the soil
and footing, the triangular pressure diagram shifts to the left and becomes triangular and the
resultant moves outside the middle-third. If this condition is allowed, then:

A

Soil Pressure. = ———
0.75d -1.5¢

The allowable soil bearing value is usually dictated by the engineer, and usually varies from
1000 psf for poorer soil (or without a substantiating soil investigation) to 4000 psf for dense soit.

Meyerhof Method

An alternate method for determining soil bearing is to assume a rectangular, rather than
trapezoidal, pressure distribution under the footing. In this method, often referred to as the
Meyerhof Method, assumes a uniform stress block on the toe side. It is similar to Strength Design
for concrete. The uniform soil pressure is the total vertical load divided by an assumed width of d
— 2e, where d is the footing width, and e is the eccentricity of the total vertical load with respect
to the footing centerline. This results in somewhat less toe bending (and easier to compute toe
moments and shears!). This method is used, and discussed, in the Segmental Retaining Wall
chapter.

Overturning Stability

The generally accepted safety factor against overturning of the wall is 1.5. Some engineers and
agencies require 2.0. With seismic, 1.1 is used.

This factor is the ratio of the total resisting moment to the total overturning moment, or:

FS _ resisting

overturning
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Sliding Resistance

The sum of all the horizontal forces pushing against the wall must be resisted to prevent a sliding
failure. The net driving force causing a wall to slide is the active pressure on the heel side, less
active pressure on the toe side. The latter pressure derives from the depth of soil in front of the
wall. However, the depth of soil above the toe is usually neglected in the determination of sliding
resistance. (Justification: If the depth of soil on the toe side was the same depth as on the heel
side, the net driving force would be zero).

The customary minimum safety factor against sliding is 1.5, with some agencies requiring more.
Sliding is resisted by two components:

Friction resistance: This is the resistance of the total vertical weight multiplied by the coefficient
of friction between the hase of the footing and the supporting soil. The coefficient of friction is
usually determined by the engineer, and varies from about 0.25 to up to 0.45. Tests have shown
that actual friction coefficients are closer to 0.70.

Passive pressure: Passive pressure is the resistance of the soil at the toe to lateral movement
from the active force at the heel section. It is the reverse of active pressure. The wedge of soil in
front of the wall must be pushed upward and out of the way for failure to occur. The Rankine or
Coulomb formula can be used to compute the passive pressure if the angle of internal friction is
know. More commonly, the engineer provides this value. It generally ranges from about 200 pcf
to about 350 pcf. It is considered a triangular distribution, zero at the ground surface in front of
the wall and maximum at the bottom of the footing or bottom of a key if applicable However,
because the soil above the footing, and in front of the toe, is usually loosely placed, its passive
pressure 1s usually neglected, resulting in a trapezoidal passive pressure distribution.

Another theory, suggested by Amrein, increases the passive resistance when a key is added by
assuming an increased depth for computing passive resistance. It assumes an additional depth
below the footing equal to the average soil bearing pressure divided by the soil density, resulting
in considerably greater resistance.

Both frictional resistance and passive pressure can be combined to provide resistance, however,
reports often limit the percentage of each which can be used in combination (e.g., 100% friction;
50% passive).

Cohesion resistance: With cohesive (silt and clay) soil, friction resistance is not applicable, and
the cohesion (adhesion) between the bottom of the footing and soil provides lateral resistance. If
this is applicable, the report will give its value, usually around 100 psf of contact surface.

Footing Keys: If the frictional resistance to sliding plus the passive pressure resistance is not
sufficient to give a 1.5 safety factor against sliding, a key can be used or the thickness of the
footing increased. A key is a deepening of a near-central part of the footing, usually accomplished
by trenching, so that an additional depth of footing is available to further resist sliding by
increasing the passive resistance. With a key, the triangular passive pressure distribution extends
to the bottom of the key, thereby significantly increasing the passive resistance. Keys usually vary
from 12 to 18 inches wide and from 12 to 36 inches or more in depth. See also the above
discussion of the Amrein method.
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Here’s a concern regarding using a very deep key, say a depth greater than half the footing width.
[s there then a “paddle-wheel” eftect whereby the passive pressure against the key adds to the

overturning moment? It’s been discussed, and may be valid.

Bending stresses in the key because of passive pressure must be investigated. If the ratio of depth

of a key to its width is less than about two, reinforcing is usually not required; the flexural

strength of the cross section is sufficient. To compute the flexural stresses in the key, see the

example below, Figure R.

Assume K, = 2.0

Allow. passive =2.0 x 120 r 1.5 x 240 x = 360
= 240 pef Usually § - Stem
M, = (1200 - 480) x 2'x I \ Neglect i
| i R Ty
; 480"2,\-(3“}—2080” @ G
2 3 -— r
5 1’—6" Fig.
-2
S = M =288 T e "(‘
° ’ 2'—0" Key
M, = 1.6 x 2080 x 12 = 39,936" | Y |
fi=— =139=5¢\/f: _3%0 147
288 5 x 240 = 1200

=5x.55=+2000 =122 psi 1200 + 360 + 360 = 480
Note that passive force req'd
= total active heel side - passive force toe side

- coef. of friction x total vert.load.

240 x5° 243 x1.5°
2 2

In above example, total available passive = = 2730

Figure 9-4. Checking Stress in Key

Deflection (Tilt) of Walls

A cantilevered wall must rotate slightly at the top to mobilize the soil wedge assumed in the
design (some texts say .005 times wall height). The horizontal movement at the top is the sum of
the deflection of the stem and the rotation of the base of the footing because of soil pressure
compression at the toe. By knowing the toe soil pressure and the k value (modulus of subgrade
reaction—equivalent to modulus of elasticity), the settlement of the toe can be computed, and by

geometry, the horizontal movement at the top of the wall. The soil modulus can vary from

200,000 pci to 2,000,000 pei, depending upon soil conditions. This value must be provided by

engineer. Tilt (lateral deflection) at top can be given by the formula A, = A,y H/'W where A, is
the compression of the soil based upon stress and soil modulus, H is the overall height, and W is
the width of the footing. The deflection of the stem can also be computed by conventional means
(using effective moment of inertia of the stem section). The front face of the wall can be battered
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for appearance. A rule of thumb might be a batter of 1/200" the height of the wall (e.g. 5/8" for a
10 foot wall).

Global Stability

Global Stability is a term similar “slope stability”, whereby an entire soil mass under and
encapsulating one or two tiered retaining walls slips in a rotational pattern because of poor shear
resistance of a lower layer of soil. With this type of failure the walls remain in tact but the soil
mass slips and rotates as a bowl shaped mass.

Slope stability analysis is similar to global stability but the latter includes super imposed “loads”
on the slope plane. Slope stability analysis is a vast subject and numerous methods of analysis
are in text books.
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Figure 9-5

One method of analyzing global stability is illustrated in Figure 9-5. This is a trial and error
method to determine the most critical slip surface (circular) plane which 1s a function the shear
value of the soil. An arbitrary center of rotation is assumed (70" above) and the rotational force
caused by the weight of the components within the soil mass are evaluated by taking their
weights x distance from 0, designated + or - in the illustration by summing the moments causing
the mass to rotate and comparing this force with the unit resisting shear along the curved lower
boundary a factor safety can be determined.

The engineer will determine whether this is an issue based upon analysis of the underlining soils
where the proposed retaining walls will be constructed. If there is a potential for global stability
failure they will recommend remedial measures such as deepening the footings or otherwise
repositioning or reconfiguring the walls.
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10. FOOTING DESIGN

Basics of Footing Design

Use the Strength Design (SD) Method to design retaining wall footings. Strength design requires
the soil pressure to be factored to compute shears and moments. See the Design Examples for
procedure. Both the toe and the heel of the footing are subjected to bending and shear forces. The
critical section for bending for both toe and heel is at the face of the concrete stem, or in the case
of masonry stems the toe moment critical section is at one-quarter of the stem thickness in from
the face. These moments are the sum of the upward acting moments from the soil pressure and
the downward moment of the weight of soil and footing. Note that by statics the toe or heel
moment cannot exceed the stem moment so the latter may control. The critical section for

maximum shear, at the toe is at the ““d” distance out from the face of the wall, and for the heel it is
at the face of the wall.

Footing design based upon strength design requires factoring the upward soil pressure attributable
to earth pressure by 1.6, and pressure attributable to the weight of earth or other dead loads be
factored by 1.2. Some engineers believe all soil pressure should be factored by 1.6.

Embedment of Stem Reinforcing Into Footing

It 1s important to extend the stem reinforcing into the footing. That is, the dowels are considered
hooked bars and the embedment required is determined by the following formulas (see ACI 318-

08, 12.5):
0.02d bfy Agrequired
Iy = (0.7

fe A ¢ provided

or Sdb or 6"

where db = bar diameter
1, = required hooked bar embedment
Whether or not the embedment depth can be reduced by the stress level in the reinforcing depends

upon the interpretation of ACI 318-08, Section 12.5.3 (d) which states that excess reinforcement
can be credited except where “...anchorage or development is not specifically required...”

Required dimensions and radii of hooked bars are shown on Figure 10-1 (Hooked Bar Bend

Requirements).
| W
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Figure 10-1. Hooked Bar Bend Requirements
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If there is a key directly under the stem wall, the vertical stem reinforcing may extend down into
the key at least the development length. This will serve the dual purpose of providing key
reinforcing, if it is required.

Toc Reinforcing

Reinforcing for the toe generally consists of the dowel bars bending outward toward the toe. If
the toe distance is large, over four or five feet, alternate bars may be dropped as the moment
decreases toward the toe, but be sure to provide sufficient bending reinforcement at the face of
the stem plus development length. Where there is not a toe, such as a property line condition, the
stem reinforcing dowels bend back toward the heel.

As stated above, for concrete stems, the critical section for moment 1s at the face of the stem, and
for masonry stems it is one-fourth of the stem thickness

in from the face. In either case, concrete or masonry stems, shear 1s computed from a distance
“d” from the face of the stem.

The allowable shear stress is 0.55 (£)'"”.

Check the development length beyond the face of the stem for the toe bars, because the “hooked
bar” development length may not be adequate. This required development length will be
significantly less than that required for stem bars into the footing, because the “d” distance in the
footing is greater than in the stem. See Figure 11-2 below.

§ —e———— Stem

Max. Also check
Moment Heel Bar
| development
Jf 3 beyond Stem
| =~ Face

| _J “_\
-+

TEUTRCTRL T
Hooked Bar — \——Footing

Embedment —]
(Adequate?) | Dev. Length

Required?

Figure 10-2. Development of Toe Reinforcing
Heel Reinforcing

These bars at the top of the footing resist bending in the heel. The maximum moment occurs, as
stated above, at the face of the stem for concrete, and one-fourth the stem thickness in for
masonry stems. Shear is computed from the face for both concrete and masonry. These bars must
extend a sufficient development length past the face of the stem. These bars are typically
positioned 2 inches clear below the top of the footing.

Minimum Feoting Thickness
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The minimum footing thickness is the sum of the required hooked bar embedment length, plus
cover of the reinforcing at the bottom.

Minimum Cover for Footing Reinforcing

The required concrete cover over reinforcing bars at the bottom of the footing is three inches. At
the top of the footing it is two inches.

Adequacy of flexural strength

[f the toe or heel distance is small, less than the footing thickness, reinforcing may not be
required. In this case, the flexural strength of the concrete may be adequate to resist the moments.
When computing flexural stresses in unreinforced concrete the footing thickness used to calculate
the section modulus must be reduced by two inches (A;1 22.4.8) to allow for possible cracks.

The allowable flexural stress for plain concrete (Strength Design) is:

fr = 5¢\/§

where ¢ =0.60

See ACI08,9.3.5and 22.5.1.

Although reinforcing may not be theoretically required, its omission is at the discretion of the
engineer considering the conditions. Usually, it is wise to provide a “minimum’ amount of
reinforcing.

Horizontal Temperature and Shrinkage Reinforcing

Stem horizontal temperature and shrinkage reinforcing was discussed in the section on Designing
the Stem. There is not a similar code requirement for footings, however, a minimum area ratio of
(.0012 is suggested. Given a 15" thick footing and 3” cover, this would require a #5 bar for each

18" of footing length. A minimum of two horizontal bars (longitudinal) should be provided.

p=031/[(15-3) 18] = 0.0014 > 0.0012
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11 PIER AND PILE FOUNDATIONS

Piles, Piers, and Caissons

Each of these foundations performs essentially the same function: to penetrate soil to a depth
sufficient to achieve greater load bearing capacity than would be provided by a spread footing,.
This is achieved either by end bearing or frictional resistance along the lateral area of the shaft, or
both.

PILES accomplish this by either driven (steel, concrete, or timber) to either bear on hard strata or
develop sufficient skin-friction through the depth of penetration. Concrete piles are usually the
choice for retaining walls and abutments, and are either driven precast concrete, or cast-in-place
in drilled bores.

CAISSONS is a term often used interchangeably with Piers. Caissons are usually large diameter
piers, but can have narrow shafts with a flared (bell) bottom for greater bearing area. Neither type
is often used for retaining walls.

PIERS is a term used to describe a relatively short cast-in-place concrete shaft foundation. Some
codes define a pier (as opposed to a pile or caisson) as having a depth-to-diameter ratio less than
12. Their supporting capacity is achieved by a combination of lateral surface friction and end
bearing. If a masonry retaining wall has spaced pilasters, the pilasters can be cantilevered up from
an embedded pier (Pilaster Masonry Wall, Chapter 18).

When to Use Piles or Piers?

The recommendation to use piles or piers to support a retaining wall will usually come from the
engineer. Conditions which would suggest using piles include poor or compressible underlying
soil, the need for greater lateral (sliding) resistance, space limitations when a conventional footing
may be too large, or other site-specific concerns. Single-row drilled cast-in-place piers, aligned
under a retaining wall, are probably more commonly used. Single rows of piers are relatively easy
to install, penetrate to better soil, and resist both the vertical and lateral loads imposed by the wall
above. With higher walls a double row of staggered piers is common practice. The staggering
provides for greater overturning resistance using small diameter piers. Small implies
conventional diameters < 24”, as opposed to large diameter piers that might be needed for
overturning or high retaining walls.

Design Criteria

Design criteria for piers and piles is usually provided by the engineer because IBC '09 Section
1803.5.5 requires a foundation investigation for deep foundations “unless sufficient data upon
which to base the design and installation is available”. This mnvestigation generally includes:
recommended type of piles or piers suitable for the site; allowable capacity curves for the various
alternates, including lateral design criteria; minimum pile spacing; driving and installation
requirements; testing requirements; and related recommendations; and, site-specific precautions.

To aid the engineer, the designer should provide the total vertical load imposed by the retaining
wall (weight of stem, footing, soil, surcharges, and any additional axial loads) and the total base
shear (sliding force imposed by the retaining wall). Using the recommendations of the foundation
investigation report the designer can then select the proper size and penetration of the pier or pile,
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and provide the appropriate specifications, referencing the foundation investigation report. It is
important that the owner retain the engineer to observe the aspects of the installation for
conformance with the recommendations of the report.

Pile Design
The design requirements for piles are covered in IBC '09 Sections 1808 through 1812,

Sliding stability is an essential consideration for any retaining wall. To resist a lateral force piles
may be either battered such that they resist the axial component of the lateral force, or the lateral
force can be resisted by bending in vertically aligned piles. In the latter case, the report should
provide criteria for designing or checking the piles for bending, such as the depth to contra
flexure (maximum moment), passive pressure that can be included, and what lateral deflection
under seismic conditions will be tolerable.

Consider possible site clearance problems and consult the installing subcontractor for suitability
of your design when using battered piles. Generally, a batter exceeding 4:1 should be avoided.
Combining lateral pile bending with battered pile resistance is not recommended — use one or the
other.

Where multiple piles are used the code requires interconnected lateral restraint at their tops.
However, for retaining walls this is achieved by the footing, which also serves as the pile cap.

Pile Design Example:
For this example assume the same vertical load and horizontal force as Design Example #1:

Use two rows of piles, space 4 ft. apart, centered under footing, and, say, 8 ft. on center
longitudinally.

Reduce footing width to 7 ft. and increase thickness to 24", therefore footing weight about the
same.

Viase =4,253#  Puen. =8,034# e (eccentricity from C.L. ftg.) = 1.54 ft.

Convert to 8 ft tributary length: Vy,=34,024# P=72.232#

Vert. load per pile = P = v + Z—Mzd
n Sd
n = number of piles (= 2), d = distance from c.g. of piles to specific pile (= 2).

M=134,024x 1.54=>52,397 ‘#

_ 72,272+52,397x2
5+

" P

=62,335# max.

V to each pile = 34,024 /2=17,012 #
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Determine moment, pile size, and reinforcing for bending per criteria in geotechnical report.

Determine required length (penetration) of pile for 62,335 # per curves in geotechnical report.
If impractical to resist by bending, use one battered pile on outer row,
V =33,584 #

Assume batter = 1:3
. Axial load into pile from shear = 34,024 x (3* + 1)) = 35,864 #
Total axial load in pile = 35,864 + 62,335 = 98,199 #

Determine total penetration required for this total axial load. If loads or moments are excessive,
reduce pile spacing or use an additional longitudinal row.

Pier Foundations

These are most commonly drilled bores, aligned in a single row under the footing (which serves
as a pile cap), and cast-in-place concrete after the reinforcing is placed. The consultant may
recommend piers where upper soil is weak, or where space is not available for conventional
foundations. Piers are usually spaced from six to twelve feet on center and diameters vary from a
minimum required 24" to 36” or more. Spacing and diameter depend upon design requirements
for sustaining both vertical and lateral loads.

Wil
Frcenirgily
Emdedment
Hiar CL Daesive

(ORI ‘Mth
~ unrestronined
e e

e

Figure 12-1

The report will give recommendations and design values for end bearing values, skin friction if
allowed, and permissible lateral (passive) bearing values. The engineer may allow an increased

lateral area for passive resistance, such as 1.5 times the pier diameter. Creep is another factor the
investigation may require, which is input as an added lateral force over a given depth of the pier.
See discussion under Soldier Pile Walls, Chapter 21.

Basics of Retaining Wall Design Page 63



Specific design requirements are covered in IBC '09, Section 1810.
For a design example see Design Example 12, Chapter 24.

An important design consideration is the depth required such that passive pressures are not
exceeded. The embedment depth will vary depending upon whether the pier is laterally restrained
at the top or unrestrained. The depth required is a function of the pier diameter, allowable passive
pressures, and the applied moment and lateral shear.

For the condition where there is not any lateral restraint at the ground surface (such as a slab), the
formula per (BC’09, 1807.3.2.1) is:

d = 05A[1 +[1 +(4.360/A)]"

A = 234P/S\b

b = Diameter of round footing or diagonal dimension of square footing.

d = Depth of embedment required, but not over 12 feet for use in the computation of S.
h = Distance in feet from ground surface to applied load

P = Applied lateral force

S, = Allowable lateral passive pressure per IBC '09, 1807.3.2, based upon a depth of one-
third the depth of embedment, in psf. This value is usually given in the report.

Where a moment, M, and shear V, are applied, such as from a retaining wall with a
triangular lateral load, it could be assumed that P could be substituted for V, and h, could be
equivalent to M/V, in the above formula.

The solution of this equation requires iteration to determine “d”, that is, assume a value for
“d”, compute S, and solve the equation for “d” iterate until dasoumed = deatcutatea » USUally three
cycles. It is important to note that this equation is an equilibrium statement, that is F /S = 1.
Usual practice is to increase “d” by 15 to 20%, or to apply a factor of safety to the lateral
pressure or to the passive pressure provided by the engineer. Also, note that “b” ¢an be
increased by a factor up to 2 to get the “effective diameter” consult the engineer.

If there is lateral restraint at the ground surface, the formula per IBC 1807.3.2.2:

d = [425M,/S;b)]"”
M, = Applied moment at ground surface
S; = Same as S, above, except the allowable lateral passive pressure per IBC '09 Table

1806.2. This solution also requires iteration for “d”.

When the diameter and depth have been determined, the next design task is to design the pier for
lateral bending. An alternative to a rigorous analysis for point of contra flexure (maximum
moment and zero shear), fixity is often assumed to be one-third the depth of the pier below the
ground surface. However, finite-element/spring analysis, observation tests, and practice have
commonly reduced this to one-sixth the depth. With this determination the maximum design
moment is obtained.
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Calculating the moment capacity of a round column with bars in a spiral reinforcing configuration
is highly complex, because not only are the bars at varying “d” distances, but also the depth of the
traditional Whitney stress block changes with the depth of the circular segment. Help for this

difficulty came from an ASCE Transactions paper published in 1942 by Charles Whitney. In 1t he
devised an equivalent rectangular section, thus vastly simplifying the calculations and reportedly
with close agreement with a rigorous analysis.

In the Whitney approximation method, assume an equivalent rectangular section with total depth
equal to 0.80 times the diameter of the circular column. The width is assumed to be equal to the
gross circular column area divided by 0.8 times the diameter. The reinforcing 1s assumed to be
one-half on each face, with the separating distance equal to 2/3 the diameter of the circular
configuration. If compression-side reinforcing is neglected, (conservative and easier
computation), then the “d” distance for design is assumed to be 0.67 times the circular diameter.
This is illustrated in Figure 12-2.

Design Example using Whitney approximation method to determine M,

Assume 307 diameter; 8 - #8 bars; f, = 60,000; £, = 3000 psi;, clearance = 37, ® = 0.90
Gross area of circular column = 7 30° / 4 = 707 sq. in.

Whitney equivalent rectangular width = 707 / (0.80 x 30) = 29.5”

LY

A=Al Dbars P Cover Sz
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Figure 12-2 — Whitney Approximation Method
Whitney equivalent “d” = 2/3 (30”) = 20”

Use ACI equations;

Asfy
R857.b

a = =(8x% x0.79 x 60,000) / (0.85 x 3000 x 29.57") = 2.52”

DM, = 0.90 Asfy(d—g) =090 x8x ' x0.79 x 60,000 [ 20 - (2.52/2)] = 3198 in-kips

Compare this allowable moment with applied moment, assuming applied moment is increased by point of
fixity being 1/6 depth of pier below footing cap (assuming no lateral restraint at surface, if applicable).

Allow shear, DV, = 0.55x 2 x (f.)"" x A, = 0.55 x 2 x (3000)"? x 707 sq in = 42.6 kips

Basics of Retaining Wall Design Page 65



Axial stress can generally be ignored because it usually is less than 10% of the allowable axial stress. For
example, an 8,000 psf end bearing pressure results in only 56 psi, versus an allowable of 0.25 x 3000 =
750 psi. But check if considered significant.

Between piers the footing will be subjected to torsion. Shear is generally not a problem considering the
typical footing width (for lateral force) and wall above for vertical shear. Refer to, ACI 318-08, Section
11.5.1 that allows a “threshold torsion” value below which no torsion reinforcing is not required. This
equation 1s;

® ()" ( Ach ¢/ Py ) where A, 1s the footing area and P, is its perimeter.
If this is exceeded, additional torsion reinforcing is required per ACI 11.6.
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12 COUNTERFORT RETAINING WALLS

Description

A “counterfort” wall should not be confused with a “buttressed” wall. The two are different. A counterfort
wall has a stiffening element on the inside of the wall, within the retained earth. A buttress wall has its
stiffening element on the outside exposed side of the wall. The decision to use either a buttress or
counterfort depends up site restraints, such as property line locations, and aesthetics.

Proportioning

The spacing between counterforts for economical design should not exceed the height of the wall, and is
often one-half to two-thirds the wall height. The width of the footing will usually be about two-thirds the
wall height, or larger for surcharges or sloped backfill.

Design Overview

The design of a counterfort wall can be somewhat complex because the number of components which
must be designed differently than for a conventional cantilevered wall. The steps in the design of a
reinforced concrete counterfort wall are as follows (each step will be discussed later):

1. After establishing the retained height, select a spacing for the counterforts, usually one-half to
three-quarters of the retained height. Determine the footing width required and soil bearing at
both the toe and heel because you will need these dimensions to establish the counterfort
dimensions, and for stability calculations design as if the wall is a continuous cantilevered wall.
You can add an estimated weight of the counterforts prorated as a uniform longitudinal axial load.

Design the wall as described below as a two-way slab, fixed at the base.
Design the toe as a cantilever from the wall.

Design the heel as a longitudinal beam between counterforts.

Design the counterfort. It will be a tapered tension member.

A

Check the final design for stability, overturning, sliding, and soil pressures.

Designing the wall

The wall is a two-way slab, fixed at the bottom to the footing, and supported (fixed) at each end where it
crosses the counterforts. An assumption for vertical moment must be made based on the magnitude of the
negative cantilever moment from the footing. One text (Foundation Engineering Handbook,
Winterkorn/Fang, 1975) suggests (modified): -M =0.03 K, y I’ which is roughly equivalent to the fixed-
end moment with a triangular loading with fixed bottom and laterally supported at top. Therefore, an
approximation could be made to design the cantilevered base as 1/6 the moment of a pure full-height
cantilever. It is suggested that this negative moment reinforcing (placed on the earth side, of course) be
extended up to about one-quarter of the height of the wall, then drop or delete alternate bars.

See Appendix J for tables showing moments and reactions for two-way slabs with varying end
conditions. These were prepared for the Water Resources Division of the Bureau of Reclamation.
Included are tables (they may be difficult to read) for various end conditions, span ratios, and other
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variables. Using these would give more accurate values; however, the simplified procedures described
herein should be adequate for most cases.

There will be some continuity across counterforts, therefore it is suggested the horizontal reinforcing be
placed in the center of the wall. Designing such horizontal reinforcing for a lateral pressure at one-half the
wall height would seem prudent. Theoretically, the pressure reduces nearer the top, but it is probably
practical to use the same horizontal reinforcing full height. Use your judgment to detail the reinforcing
because the need for negative vertical reinforcing diminishes near the counterforts, as does horizontal
reinforcing near the wall bottom,

Designing the counterfort (or buttress)

The counterforts are generally tapered, flaring from the top — or slightly below the top of the wall for
aesthetics — to near or at the edge of the footing heel. The heel dimension will be determined by stability
calculations of the counterfort (overturning, soil pressure, and sliding). Counterforts are usually 12 inches
thick. The counterfort can be considered to be a vertical tapered beam with tension on the earth side. Its
applied lateral load from the retained soil will be a triangular distribution based upon the tributary area
between the counterforts. The base moment and shear can be determined, and because the counterfort
tapers, the moment and shear lessen higher up the counterfort, hence less reinforcing will be needed.
Perhaps check the design at the top of the dowels then use that reinforcing thereon. Dowels from the
footing should extend into the counterfort about three feet, therefore at that height the moment should be
re-calculated and a lesser amount of reinforcing provided that would continue to the top.

When the moment (M,) and “d” (effective depth) distance have been determined, the following CRSI
equation can be used to determine reinforcing required:

_17bd 1 [2.8%fcbd)’ 6.8fbMy,
a2y (g F olt,

Y
(b and d in inches, f, and {,, is ksi, and M, in inch-kips)

For f.= 3,000 psi, and f, - 60,000 psi, this formula becomes:

A, =0.51d—426d% — 0189 M,

Designing the heel

The heel can be designed as a longitudinal beam spanning between counterforts, with the appropriate
uniform load being the net difference between the downward weight of the soil and concrete in the heel,
and the upward soil pressure. This beam can be designed as a continuous beam (w L/ 12) with top
reinforcing between counterforts and bottom reinforcing under counterforts. If the moment is not large it
may be prudent to place all reinforcing at mid-depth of the heel.

Designing the toe

The toe is designed as a cantilever from the wall, similar to a conventional non-counterfort wall, and the
dowels in the stem bend outward toward the edge of the toe.
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Stability

Overturning and sliding calculations assume the wall and counterforts act as an integral unit, as if it is a
conventional continuous cantilever wall. Include the weight of the counterforts. The overturning and
resisting moments are then computed to determine safety factors and soil bearing pressures.

See Figure 12-1
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Figure 12-1 - Force Components

Alternatively, a counterfort wall may be constructed of masonry, as shown below:
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Figure 12-2 - CMU Counterfort Wall
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13. CANTILEVERED TILT-UP WALLS

Description

Tilt-up concrete construction is a growing segment of the concrete industry and now accounts for over
50% of all low-rise commercial buildings and about 90% of industrial and warehouse buildings. Tilt-up
yard walls, trash area enclosures, dock walls, and retaining walls are now commonplace and the use of
this technique can be advantageous for retaining walls in general. This method is particularly
advantageous for long walls.

The primary advantage of the use of tilt-up concrete is speed of construction and the elimination of
expensive formwork necessary for cast-in-place walls. However, because a crane is necessary for
erection, and because a casting bed is required, provision must be made for stacking panels on the site.
Connections must also be made for joints between panels.

Construction sequence

After preparing a 3” — 4” thick concrete casting slab (later wasted), edge forms are set, a bondbreaker is
sprayed on the bed to prevent bonding of the wet concrete to the bed, reinforcing is placed, and the
concrete for the wall is placed. To save casting area, panels can be stacked on top of each other, separated
by a bond breaker, up to five or six high as desired.

Unique to using tilt-up panels, a trench for the foundation is first excavated and the panels set on
temporary concrete setting blocks and the panel is temporarily braced. Dowels project from the bottom of
the panels into the footing excavation to provide a moment connection when concrete is placed.
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Figure 13-1 — Tilt-Up Freestanding Panel
Design procedure

Design of the wall and foundation are the same as a cast-in-place wall. Just remember when detailing the
individual panels to show the dowels projecting the proper distance out of the bottom of the each panel.
The temporary setting blocks at each end of a panel, remain in place and integral with the footing as
shown in Figure 13-1. Check the soil bearing pressure under the setting pads for the panel weight — it’s
usually reasonable to allow double the allowable bearing pressure for short-term bearing.
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A low-slump concrete mix should be specified for the footing to ensure minimum vertical shrinkage
which could leave a gap under the wall. Depending on the application, it might be prudent to leave a one
inch gap under the panel (cast the concrete short of the wall) for dry-packing a few days after the
foundation has been placed.

Free-standing walls

Tilt-up can also be advantageous for free-standing walls provided the length of walls justifies the use of a
crane for erection. The vertical reinforcing is best placed in the center of the panel of free-standing walls
because these walls are subjected to walls subjected to wind and seismic forces which can occur from
either direction.

Foundation design
Design the foundation width, depth, and reinforcing as for a conventional cantilevered wall.
Erecting the panels

This type of wall is relatively low (as opposed to tilt-up panels for a building) so that the panels can be
“end picked”, meaning inserts are cast into the top edge of the walls, near each end, to which the lifting
cables are attached. The crane then lifts (tilts) the panel free from the casting surface and, with the panel
hanging plumb, caries it to its final position and lowers it onto the setting pads. Design for lifting stresses
and inserts is usually done by a lifting hardware provider. They will check for tensile stress in the panel
when it first lifts free (when it is a simple-span beam with bottom resting on casting slab and top
supported by lifting hardware). If these concerns are understood, the design for lifting can also be done by
the design engineer.

Resources

A Chapter standard reference for tilt-up design and construction is The Tilt-Up Design & Construction
Manual, published by the Tilt-Up Concrete Association (TCA). Their web site is www tilt-up.org.
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14. GRAVITY WALLS

Overview

Gravity walls depend upon bulk weight for stability, as opposed to a cantilevered retaining wall
fixed to a foundation. Some of the many types of gravity retaining walls were described in
Chapter 2. Most gravity retaining walls are relatively low, such as used in landscaping, and do
not require engineering per se — the design is intuitive to the astute builder.

Note that retaining walls not over four feet from bottom of footing to retained height, and if
without a surcharge, do not require a building permit per IBC "09, 105.2(4).

Gabion walls, crib walls, and large-block gravity walls are discussed in Chapter 15.

The design of the more common types of gravity walls composed of rubble, stones, and mass
concrete 1s discussed in this chapter.

Design procedure

The design of a gravity retaining wall of concrete or bonded (mortar/grout) stone involves six
basic steps:

1. Calculate the dead weight of the wall, including all components and any superimposed
surcharge or axial load, plus tributary earth weight over the base.

2. Based upon (1) compute the resisting moment about the front edge of the base.

3. Determine the lateral soil pressure and its line of action. The Coulomb Formula (see Chapter
4) should be used because it includes backfill slope, batter of the wall, and the soil friction
angle at the wall interface. If the backfill is sloped, you can use a vertical component of the
active pressure, which is assumed to act vertically at the back edge of the wall footing. The
line of action for the resultant lateral force is assumed to be the wall friction angle plus the
inclination angle of the wall batter. Alternatively use the Rankine formula with the force
diagram in Figure 14-1(a).

4. Check stability by computing overturning moment, resisting moment (per above), and
determine factor of safety (1.5 minimum).

5. Check sliding. Coefficient of friction is generally 0.25 to 0.40. If soil is clay, cohesion would
control.

6. Verify that little or no flexural tension exists in the wall. Check at several locations by
calculating the section modulus of the wall and lateral moment at each selected height.
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Figure 14-1. Force Diagram for Concrete Gravity Wall

For concrete gravity walls some reinforcing is advisable for crack control. ACI requires
0.002 A o5 minimum horizontal reinforcing for walls.

For example calculations for a gravity retaining wall see Design Example 9, Chapter 24.
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15. GABION AND MULTI-WYTHE LARGE- BLOCK WALLS

Descriptions

Gabion walls consist of steel wire baskets filled with rock and stacked as units to form gravity retaining
walls. Similar wire basket walls have been used since ancient times and the word “gabion” does not refer
to an inventor but rather to Italian and Latin words meaning “cage”. Today, they are manufactured,
generally, in three foot by three foot by three foot steel wire panel sides which at the job site are unfolded
to form the cages. They are filled with rock, tied together, and assembled into the retaining walls. Since
mesh openings are generally 3 inches square the rock infill should be 3 inch to 8 inch clean hard stone. 1f
the infill is well graded it increases density (weight). Perpendicular to the plane of the wall the wythes
can be 1, 2, 3 or more units deep and can be stacked in successive courses to a height usually not more
than about 15 feet.

Similar in concept, precast large concrete blocks, which are commercially available from a number of
vendors and concrete plants, can be laid one or more blocks deep (wythes) and stacked to retain soil to 12
feet or more. They can be laid with the front exposed side flush or with successive blocks stepped back.

For aesthetics, if the front face is flush, it is usually tilted into the soil 6°.

Design Methodology

Since the units are wired together and due to their mass they are considered one cohesive mass for design
purposes. They are designed or analyzed in the same manner as gravity walls. Resisting moments are
taken about the front lower corner of the first row and overturning moments are applied to the back face

using the Coulomb method for calculating K, For forces acting on a Gabion wall see Figure 15-1.

Density of the Gabion units is usually taken as 120 pef because soil and vegetation can penetrate the rock
intercises and weight can be affected by gradation of the infill.
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Figure 15-1. Forces Acting on Gabion Wall

Lateral pressures are computed by the Coulomb method shown in Figure 15-2 below.
A safety factor of 1.5 for overturning is considered adequate.
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Sliding resistance is the ratio of total weight of the wall divided by the total lateral thrust. This value
should be at least 1.5.

sin? (o + )

sinzasin(a_g){ﬂ\}sm (¢ +8) sin (¢ —B) i

sin (o — 8) sin (o + p)

Ka =

B = Angle of backfill slope

¢ = Angle of internal friction

o = 90° + (tilt angle) — (soil-wall interface angle as shown in Figure 16-1).

& = Angle of friction between soil and wall (usually assumed to be 2/3¢ to 1/2/9)

Figure 15-2. Coulomb equation

When the Coulumb equation is used to compute lateral pressure, the o angle to insert is 90° + (positive tilt
angle) — (assumed soil/wall interface angle per figure 15-1).

The total lateral force, Pa= K, * ¥ * H?, where H is the vertical retained height adjusted for inclination if
applicable. Hence the horizontal component of P, is cos [(8 + (soil-wall interface angle, depending upon
back face inclination)] .
Overturning moment resistance is simply the weight of each course multiplied by the distance from the
front reference point edge to its center of gravity on a per foot of wall basis. Successive stack courses are
added and accumulated to obtain a tota] overturning resisting moment.
Foundation Pressures
Gabion walls generally do not have a concrete footing but rather are set on a firm level base, often gravel.
To compute soil bearing value from knowing the resisting moment and overturning moment the following
equation can used for determining eccentricity from the center of the mass. This eccentricity should be
within the middle third of the base width.
From this the soil bearing value is (assuming resultant within the middle third):

e=W/2-(M-M,)/V
e — Eccentricity; W = Base width; M, = Resisting moment; M, = Overturning moment; V = Vert. load
Resultant is within the middle third of the footing if e < W/6, then the soil bearing pressure is:

Soil Bearing = V/ W + 6*V*e / W’

If resultant is outside the middle third, and since there can be not tension at footing soil interface, the soil
bearing becomes:

Soil Bearing =V / (0.75%W — 1.5%¢)
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Sliding

Sliding on the base must also be checked. Shiding safety factor (usually 1.5 or 2.0) =V * p / P (horiz),
where p is the coefficient of friction at the base-soil interface, usually the range of 0.25 to 0.45.

Seismic Design

Seismic design — 1f applicable — is similar to the discussion for segmental walls in the next chapter.
Gabion Walls Using Mechanically Stabilized Earth

Although gabion and large block walls can be stacked to accommodate considerable retained heights,
conditions may warrant increasing their capability by using horizontal layers of geogrids, or similar mats,
embedded between block layers and extending back into the soil to achieve an integral soil mass.
Termed mechanically stabilized earth (MSE), this concept and the design procedures are discussed in the
next chapter on segmental walls.

References

Few textbooks discuss gabion walls. The best source of information is from vendor literature. For
example: http://www.gabions.net/technical.html.

Note that although this section deals with “Gabion” walls the same methodology may be used for
precast concrete blocks stacked in ncarly any configuration.
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16. SEGMENTAL RETAINING WALLS (SRWs)

Description

Segmental retaining walls (SRWs), composed of dry-stacked masonry blocks are effective and economical
and have gained wide acceptance. These are seen everywhere: leaning against hillsides alongside highways,
behind shopping centers, providing tiered grade changes for residential developments, and other applications.
Reportedly, 200 million square feet are constructed annually.

Advantages include relatively fast construction; a footing is not needed (just a gravel setting pad) and the
units are dry-stacked without mortar, reinforcing, or grouting. The designer has a choice of block sizes,
textures, and configurations, from a variety of vendors. Retained heights of 40 feet or more can be achieved
(using geogrids) far exceeding economical limits of conventional masonry or concrete retaining walls. These
do, however, have these limitations. For example, if a segmental retaining wall requires geogrids for stability,
this requires an available space behind the wall of approximately 70% of the wall height within which to
place the geogrid layers. If space is unavailable, a segmental wall is not an option.

Segmental walls are of two types: pure gravity walls, where stability depends solely upon the resisting
moment of the stacked blocks to exceed the overturning moment of the lateral soil pressure. This stability
problem limits the height to four or five feet, although some vendors offer larger blocks enabling greater
retained heights.

For higher walls, the more common type of segmental walls use layers of geogrids placed in the backfill for
soil reinforcement as the wall is constructed. This results in a mass of reinforced soil (also termed
Mechanically Stabilized Earth, MSE) which can be used en masse to improve resistance to overturning and
sliding. To be effective, each layer must be properly connected to the block facing by engaging the geogrid
within block joints, and extending behind the wall and beyond the failure plane a distance sufficient for
anchorage. The vertical separation between geogrid layers is usually two- to three blocks, but varies with
design requirements. The length of the reinforced zone is usually a minimum of 60% to 70% of the wall
height.

For many engineers, designing segmental retaining walls is a niche market. Their design can be quite
complex, particularly for higher walls using geogrids. Consultation with a selected block vendor is
recommended and many offer design software.

Segmental Blocks

Segmental Blocks are concrete blocks with compressive strength of 3,000 psi or greater, and, in the US, they
are manufactured per proprietary designs at licensed local plants. The blocks come in many choices of
texture, color, sizes, and configurations. The blocks vary in size, with the most commonly used blocks being
8-inch high with depths varying from 10” to 24”. The block width for the most commonly used blocks is 18
inches. Blocks with dimensions smaller than these are available for non-engineered landscape applications
for retaining heights of 3’ or less. All of these blocks weigh between 30 and 110 lbs each. So called “big
blocks” are also available from some vendors, weighing two tons or more and placed by small cranes.

The blocks are designed to allow construction of walls with vertical batter -- angle of the wall face to the
vertical -- to as much as over 15 degrees from vertical. To control batter most segmental blocks have offset
lips or other means, such as pins between units, to control the offsets as successive blocks are placed. The
angle of offset from vertical is termed batter.
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Angle of wall batter = tan”' [(offset per block) / (block height)]

Most blocks have interior voids which can be infilled with backfill material. Weight per square foot of wall
surface is often assumed to be based upon 130 pef for both block weight and infill.

All vendors have web sites for more information and technical data. Best source: a Google search for
“segmental retaining walls”.

Figure 16-1 - Segmental Block Examples
GRAVITY WALL DESIGN

For stability, segmental gravity walls depend only on their resisting moment exceeding the overturning
moment by a factor of safety of at least. 1.5.
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Figure 16-2 — Forces on Gravity SRW Walls

This limits the height of gravity walls to about 4-5-feet, depending upon the batter of the wall and depth of
block used.

The design procedure follows these steps:
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Select the block vendor tor texture, size, and configuration desired. This is often dependent upon proximity
to distributors.

Determine the retained height required and embedment depth below grade. Embedment depth is usually one
block course or one foot. Wall height is considered the full retaining height, including the embedment.
Determine surcharges if applicable, backfill slope if applicable, and if seismic design is required (see below
for seismic design).

Check “hinge height”, which is the height to which blocks can be stacked, with offsets, before tipping over.
The equation for this is:

Hinge height = (block depth) / {(tan (batter angle)]
Don’t” stack higher than this or the wall will overturmn!

Determine soil properties: density and phi angles for both internal (backfill soil) and external (in-situ, or
natural) soil. Backfill should be a well-graded granular soil, for which the phi angle is about 34°, Ideally it
would be USCS Group GW (well-graded gravels, gravel-sand mixtures, little or no fines, per Unified Soil
Classification System — see Appendix A).

Check Lateral Soil Pressures

Calculate coefficient of active pressure, K, (horizontal component!). Use the Coulomb equation because it
accounts for the friction angle at soil-wall interface and the batter angle. The friction angle is usually
assumed to be 2/3 phi (backfill soil). The batter angle is determined by the block-to-block offsets and is equal
to tan”' [(offset per block) / (block height)].

The Coulomb Equation
sin? (o + ¢)

Ks =
sin® a sin (0(—6){1-0—\/8"1 (¢ +8)sin (¢ - ) ‘

sin (o — &) sin (o + B)
K, (horiz.) = cosd K,
B = Angle of backfill slope
¢ = Angle of internal friction
a = Wall slope angle from horizontal (90° + batter angle from vertical)

8 = Angle of friction between soil and wall
(usually assumed to be 2/3¢ to 1/2/¢)

Check Inter-Block Shear

The shear at any depth “z” = K (horiz) [y 72050+ (D+L)z]

where v = backfill soil density and D and/or L. = Dead load or Live load.
The maximum interface shear will be at the lowest joint. The shear resistance will be the weight of block
above which compresses this joint (“N” value) inserted into the vendor’s tested shear resistance equation.
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Check Sliding

The total sliding force is the shear at the base of the wall. This is the resistance offered by the coefficient of
friction between lowest block and the gravel setting pad, or the friction between the setting pad and in-situ
soil below. This is generally given by the formula R = N tan @, where R 1s the resistance available, N is the
weight above, and @, is the friction angle of the base (in-situ) soil — often assumed to be 40°. The safety
factor against sliding should be at least 1.5.

Check overturning

Overturning moment at any depth “z” = K (horiz) [y 2’ 0.17 + (D + L) 2% 0.5].
The resisting moment = 0.5 N (t + H * tan ®), where N = weight of block stack,
H = height of wall, t = depth of blocks, ®w = wall batter angle.

If more than one wythe, adjust accordingly.
The overturning ratio (resisting moment / overturning moment) should be at least 2.0 per NCMA.
Check soil bearing pressure

For SRW walls the Meyerhof Method is used to determine bearing pressure. This assumes a rectangular
pressure distribution under the footing, as opposed to a triangular distribution. The total vertical force is
assumed to be distributed uniformly over an effective base width. The effective base width is less than the
full width by a distance equal to twice the eccentricity of the imposed load on the full footing width (casily
verified with a diagram).

e = [(base width) / 2] — [[(resisting moment) — (overturning moment)] / (total vertical load)].
B, = effective bearing width = B — 2e, where B is the total bearing width.
Soil bearing capacity

Ultimate soil baring capacity can be calculated using the classical Terzahi equation:

Quuimare =7 d Ny + 0.5 v B N, (an additional term to include cohesion is omitted because cohesion is
usually assumed zero)

v = density of underlying (in-situ) soil

d = depth of embedment of bottom block, ft.

B. = effective bearing width, ft. (see above for methodology)
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N, and N, are non-dimensional coefficients per table below for usual range of soil friction angles. For
their equations refer to Bowles’ Foundation Design & Analysis, Fifth Edition, page 220. This
reference also gives similar equations by Meyerhof and Hanson.

¢i Nq Ny

31 20.63 | 26.0
32 232 30.2
33 26.1 352
34 294 41.1
35 33.3 48.0
36 37.8 56.3

Seismic design -- Gravity Walls

Seismic design for segmental gravity walls would rarely be required because of the relatively low height and
exemption from most codes. Depending upon the location and local building codes, seismic design may not
be required, generally for walls up to 6” height, and in some cases up to 12’ height.

However, if seismic is required, two components must be considered: seismic force from earth pressure and
seismic force from wall inertia. The former is computed using the modified Coulomb formula below, and the

latter uses the k;, factor applied to the wall mass.

K ap = active earth pressure coefficient, static + seismic
-2 '
sin” (¢ +68-4¢")

. — , 2
cosé' sin? esin (a + 0'+ 8) {1+\/ ‘sm (¢+f5) sin (qlﬁug_}[)’)
sin (@ + & + 6"} sin (a - fF)

Where 8 = tan” K, 0. = wall slope to horiz. (90° for a vertical face), ¢ = angle of internal friction, B
= backfill slope, and & = wall friction angle.

The horizontal component i1s K5 cos 8.

Added seismic force = (Kag — K)) Yy H* 0.5 + (Kap — K)DH +k, w H
The latter term is the inertial weight of the wall.

D = dead load surcharge if applicable; H = height of wall; w = weight of wall psf.
The seismic component is usually designated as AK p (= Kap — Ka)

For additional overturning due to seismic the earth component is assumed to act at 0.6 H and the
dead load and wall inertial forces at H / 2.
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The value of k; 1s usually assumed to not exceed 0.15, however, NCMA states kj, should be one-half the peak
ground acceleration (PGA). In high seismic areas this results in a seismic force for which most gravity walls
could not resist. For example, in my area, Newport Beach, CA, the PGA is about 0.58, which equates to a k;,
0f 0.29! See Design Example #12 which shows the effect of using just k;, = 0.05!

If seismic forces are included, the safety factor for sliding and overturning can be reduced to 1.1.
GEOGRID WALL DESIGN

The soil retaining height of a segmental wall can be increased by placing successive layers of woven
synthetic sheets (geogrids) in the backfill as it is being placed, and anchoring each layer into the facing block.
This results in a composite mass of “reinforced earth” behind the wall (also called Mechanically Stabilized
Earth, MSE) which acts in enmasse to resist overturning and sliding. This enables segmental walls to reach
retaining heights of forty feet or more.

Forces acting on a segmental wall with geogrids is shown in Figure 16-3. BUT NOTE THAT THE 3*"
EDITION OF NCMA’s DESIGN MANUAL ALLOWS A RECTANGULAR SEISMIC FORCE DIAGRAM
RATHER THAN TRAPEZOIDAL AS SHOW ON THE FIGURE.
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Figure 16-3 — SRW with Geogrids
Construction sequence

Construction begins with an excavation behind the wall extending a distance determined by design, but
usually a minimum of 60% of the height of the wall. A gravel or crushed stone leveling pad is used as a base
for the masonry units. This base 1s usually six inches thick and extends a minimum of six inches beyond the
inner and outer faces of the blocks. Backfill material should be well graded sand-gravel mix (preferable types
GW or SW) compacted to 90% as it is being placed in layers. Care must be taken that the geogrids are not
damaged and properly engage the joint between facing blocks, and are of the proper length for embedment
beyond the wedge rupture plane.

About Geogrids

Geogrids is the term for the sheet material placed in layers within the backfill. Geogrids are produced by a
number of manufactures, each offering a choice of several materials and tensile strengths. The specified
geogrid is delivered to the job site in rolls, generally twelve feet wide, and are cut to lengths required by
design. Most have bi-axial strength, with the higher strength along the rolled axis (perpendicular to the
spool). The geogrid is then cut to the design lengths.
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Each manufacturer offers several choices of their geogrids, each with a different strength. Test procedures in
accordance with ASTM or Geosynthetic Research Institute (GRI) procedures establish the ultimate tensile
strength for each type of geogrid. The long-term design strength (LTDS) is derived from the ultimate tensile
strength value and includes safety factors for long-term degradation, allowance for damage during
construction, material imperfections, and other strength-affecting factors. A further safety factor is applied
for design, generally 1.5. Therefore a Long Term Allowable Design Strength (LTADS) would be LTDS / 1.5.

To be effective in creating the enmasse soil, the geogrid must be anchored at each end: into the in-situ soil
beyond the backfill failure plane (described below) and anchorage into the facing block joint to resist the
tension in the geogrid. To accomplish this, the geogrids are laid in the joint between blocks. Pullout
resistance is both by the coefficient of friction at the joint plus whatever engagement means is used. The
latter can be by pins through the geogrid interstices, folding over a lip in the block, or other means
proprietary to each block vendor. To establish connection values each block type must be tested for each
anticipated geogrid. A typical connection value might be displayed as:

Peak Connection Strength = 425 +~ 0.27 N, with a maximum of 1900 Ibs.

Where 4235 is the value (pounds) of the proprietary geogrid engagement to the block; 0.27 is the tangent of
the block-geogrid-block friction angle; and N is the weight of the overlying blocks. The generally accepted
factor of safety for connections is 1.5.

Another connection value is Serviceability Connection Strength. This is a tested value for failure when the
geogrid is pulled to an elongation of %”. Because this is a failure condition no further safety factor is needed.

The peak connection strength and %" serviceability connection strengths are available from the block
vendors web site or literature. It is also available from www.icc-es.org which makes available evaluation
reports from the various vendors (ICC Evaluation Service, Inc., Legacy Reports).

The factor of safety for peak connection strength 1s generally 1.5, and factors included should be possible
damage during installation, material degradation, creep of the textile, manufacturer, and ratio of ultimate
tension capacity and design tension.

Gather design criteria

After determining the site requirements such as retained heights along the length of the wall, plan view
alignment (curves?) and contouring that may require a sloped backfill, you will need characteristics of the
natural (in-situ) soil both behind and below the reinforced zone. This will be the density of the soil and its
angle of internal friction (phi value). This information will be provided by the consultant, and will include
other recommendations, such as the need for a global stability check it underlying soil are questionable. Also
needed is the density and phi value for the backfill material. Backfill material should be well drained
sand/gravel mix, preferably Group GW on the Unified Soil Classification System (see Appendix A).

Determine retained heights, soil properties (densities and friction angles for both in situ (“external”) and
backfill (“internal’”) material, loads (surcharges and/or seismic design), and site space available.

NOTE: If slope conditions exist above or below the wall, consult the project geotechnical engineer to
determine whether a global stability analysis is required, and if additional geogrids are needed to satisfy

global stability requirements.

Select masonry units

Basics of Retaining Wall Design Page 83



Select the block vendor for texture, size, and configuration desired. This is often dependent upon proximity
to distributors.

“Internal” and “External” forces

The term Internal Forces describes the lateral earth pressure within the soil-reinforced zone. This pressure
applies force against the wall and creates the tension on the geogrids to maintain the integrity of the soil

mass.

External Forces describe the lateral earth pressure acting outside and against the reinforced soil zone.
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Determine lateral soil pressures

Both internal and external forces must be considered because the properties of the two soil likely will be
different (density and friction angle), therefore the K, factor needs to be computed for each soil. The
Coulomb equation is generally used for both.

The Coulomb Equation is shown below, and note that because the resultant is assumed to act at an angle &
from the horizontal, the horizontal component must be computed. The vertical component is generally
ignored.

sin® (a + ¢)

sin? a sin (o - &) {1 v \/?.i” (¢ +5) s.in (¢-P) T
sin (o — 8) sin (o + B)

K, (horiz.) = cosd K,

K, =

B = Angle of backfill slope

¢ = Angle of internal friction of either backfill or in-situ soil.

o = Wall slope angle from horizontal (90° + batter angle from vertical)

4 = Angle of friction between soil and wall

(usually assumed to be 2/3¢ to 1/2/¢) but for the external force applied to the reinforced zone & is
assumed equal to ©.

Select geogrid

The geogrid manufacturer and type is selected based upon the tension resistance required. This is based upon
the depth of the geogrid and the vertical tributary area between geogrid layers. The lowest geogrid is usually
placed in the first block joint about the base, then every second or third joint, but generally not exceeding two
feet apart. Spacing between layers may vary with design requirements, but to simplify instructions to the
contractor equal spacing is often used.

When a trial spacing is selected, the internal earth pressure to each geogrid is calculated. This is the force
which must be anchored both to the block facing and embedded into the backfill soil a sufficient distance
beyond the failure plane.

As described above, the anchorage to the wall is composed of both friction and mechanical devices or other
means to further secure the geogrids to the block. This information is available from ICC Evaluation reports
or directly from the geogrid vendor.

Check required geogrid length for embedment beyond the failure plane. This 1s calculated from frictional
resistance along the geogrid, based upon the weight of overlying soil, the nature of the geogrid surface, and
awareness that it has two surfaces on which to develop pull-out resistance.

Tension in each layer of geogrid, T,, increases with its depth in the backfill, and can be computed by the
equation below:

Tu = I<uihz As

where K, = horiz component of K, based upon K, of internal (backfill) soil; & = soil density; z = depth of
soil above layer, and s = tributary height to the layer.

s = [(height to layer above) — (height to layer below)] / 2
(Note: an exception is the tributary height above the uppermost layer and below the lowest layer)
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This value, T, would be the horizontal tension on the geotextile or geogrid per longitudinal foot of wall, and
from this value the geogrid type (LTADS) is selected.

Determine geogrid embedment

To anchor the outer ends of the geogrid it must extend beyond the soil wedge failure plane a distance
adequate to resist pullout. The resistance to pullout is provided by the friction between the soil and geogrid
(both top and bottom surfaces used), the weight of the overlying soil, and the friction angle of the soil.
Additionally, a reduction intereaction coefficient, C;, is used which is dependent upon the particular geogrid
and the surrounding soil. The C; value usually varies from about 0.70 to 0.90.

The equation for the required embedment beyond the rupture line, neglecting DL, LL, and additional soil in a
backfill slope, is:

_ Fs Kuhi S
° 2tan¢, C,
F, = Factor of safety (1.5 minimum)
K.y = Coefficient of active pressure (horizontal component, internal soil).
S = Tributary height between next higher and lower geogrids.
®; = Friction angle of internal soil
Ci = Soil/geogrid interaction coefficient

Note that the above equation is independent of the overlay depth z because this factor cancels out in the
equilibrium equation:

Ta:Kaihzy\‘ S:2Leq{Ztan (I)i

To include dead load, live load (not recommended) and additional soil over the backfill slope, use the
complete equation:
F. T

—_ S a4

: 1
2 tan ¢, CiHDer z+tanB( —Htanmjﬂ
tan o

The overall length of one geogrid as required is L, + L., where L, is the length within the soil wedge plus the
wall thickness, and L. is the embedment anchorage length beyond the failure plane. NCMA recommends
extending an additional one foot; AASHTO an additional three feet.

D = dead load surcharge

Note that this base width is only the minimum for geogrid embedment and additional width may be required
for overturning and sliding resistance as discussed below.

Determine depth of reinforced soil (total base width)

The base width is defined as the depth of the reinforced soil (to the end of the geogrids) plus the wall
thickness. Although this is initially estimated from 60% to 80% of the wall height, it must be checked.

The criterion is the failure plane angle which extends upward from the base of the wall and defines the limit
beyond which the geogrid must extend for proper embedment.

This angle, measured from horizontal, can either be the Rankine failure angle (45° + ®/2) or the more
commonly used Coulomb failure plane angle, recommended by NCMA. This angle is:
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,| —tan (¢—B)+\/tan @-pB) [tan (d—B)+cot (d)foo)][l + tan (& —oo) cot (d)+oo)]
1+ tan (6 — o) [tan (¢ — B) + cot (¢ + )]

a=¢+tan

a = Coulomb failure plane angle measured from horizontal.
@ = angle if internal friction of the internal (backfill) soil)
3 = backfill slope, if applicable

o = friction angle at wall-soil interface (usually 2/3®)

= wall batter measured from horizontal.

The Coulomb line is steeper than the Rankine for most cases; hence it requires a lesser embedment length.

For a given failure angle ¢, the distance from outside face of wall to failure line intercept, L,, for any height
hy 1s:

h .
L,= —2— -hytanw+t t=wall thickness
tan o

The quickest way to check the minimum required base width for geogrid embedment is to check the
uppermost layer of L, . L. then add the front batter of the wall to height h, which is h, * tan o.

To determine the available embedment depth for any height h,:
h

L. (available)=B —t - —
tan o

When a base width is determined based upon required geogrid embedments, it may not be great enough for
the reinforced soil block to resist overturning, which will be checked below.

Check overturning

When considering overturning for an MSE wall the entire reinforced soil zone is considered one mass,
therefore the overturning force is the lateral pressure against the end of the reinforced zone — the extremity of
the base width. For overturning calculations this is assumed to be a vertical plane (even if the reinforced mass
1s considered trapezoidal). If there is a sloping backfill, the pressure is against the full height of the vertical
plane — from base to intercept with the finished grade.

The Coulomb equation is used, with the density and phi values being those of the in-situ soil, and interface
friction angle, §, is assumed equal to @.

If a surcharge is present it is to be included -- both dead load and live load (but not live load if seismic is
included (see Seismic Design below).

For overturning, the earth pressure is assumed to act at one-third the total height of the vertical plane, and
surcharges at one-half the total height.

Therefore, the total overturning moment is:

OTM =K, (horiz) * vy * @ * H* * 1/6 + K (horiz) * (DL + LL) * H* * 1%
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To calculate resisting moment the weights used are the reinforced soil zone, weight of soil in sloping backfill
if applicable, weight of the wall facing blocks, and surcharges if applicable.

Resisting moments are taken about the outer edge of the base of the wall. If the wall is battered, this will
increase the moment-arm distances.

Therefore, the total resisting moment, RM, is:

RM = w*H*(0.5t + 0.5 tan o * H) + (B — t)y*H[0.5(B — t) + 0.5H tan ] + (B - t)(D + L) [0.5(B - 1)
+0.5H tan o] + 0.5y(B —t)" tan B

w = weight of wall, psf; v = density of backfill soil; ® = friction angle of backfill soil; B = total base
width; t = wall thickness; B = backfill slope;

o = wall batter angle from vertical; H = height of wall, ft;

D and L = dead load and live load.
The stability ratio (factor of safety) is: RM / OTM, which should be 1.5 or greater per NCMA.
Check sliding at lowest geogrid layer
Compute lateral force same as above with z = (H —h,) h, = height to lowest layer

Resistance is provided by both soil friction at lowest layer plus block-joint-geogrid interface value which is
obtained from equation provided by block vendor, taking the form (1500 + 0.28N), in pounds, where N =
weight of wall above, or:

Resistance = W, tan @, + (XXXX + 0.XX N)
Check sliding at base
For overturning/resisting, use the same driving force as above for overturning:

Sliding force = K (horiz) [y * @, * HZ*0.5+ (DL) * H, ]

Note that H; is the total height at the back of the reinforced zone from base to intercept with the sloped
backfill surface. Therefore, H, = H + (B - t) tan . Sliding resistance is provided by friction between weight
of reinforced soil mass plus the weight of the wall.

Wlowl = Wwall + Wem‘th =wH + Y [(B - t)H + OS(B - t)z tan B
Friction Resistance = W, tan @, C;

Sliding Safety Factor = Friction Resistance / Sliding Force
Check soil bearing pressure

For SRW walls the Meyerhof Method is used to determine bearing pressure. This assumes a rectangular
pressure distribution under the footing, as opposed to a triangular distribution. The total vertical force is
distributed uniformly over an effective base width. The effective base width is less than the full width by a
distance equal to twice the eccentricity of the imposed load on the full footing width (easily verified with a
diagram).

Basics of Retaining Wall Design Page 88



e = [(resisting moment) — (overturning moment)] / (total vertical load)
B, = effective bearing width = B — 2e, where B is the total bearing width.

Bearing pressure = Wy, / Be
Soil bearing capacity
Ultimate bearing capacity is calculated using the classical Terzaghi equation:

Quitimae =77 d Ny = 0.5 vy B, N, (an additional term to include cohesion is omitted because cohesion is
usually assumed zero)

y = density of underlying (in-situ) soil
d = depth of embedment of bottom block, ft.

B. = effective bearing width, ft. (see above for methodology)

N, and N, are non-dimensional coefficients per table below. For these equations refer to Bowles’
Foundation Design & Analysis, Fifth Edition, page 220.

i Nqg Ny

31 20.63 | 26.0
32 23.2 302
33 26.1 352
34 294 41.1
35 33.3 48.0
36 37.8 56.3

Minimum safety facor for soil bearing per NCMA is 2.0
Seismic design — MSE Walls

If seismic design is required for your locale or applicable code, the first step in the design is to determine the
seismic acceleration factor, k;, which is a function of the Peak Ground Acceleration (PGA) for the side. The

PGA can be determined from seismic hazard maps in IBC or from ASCE-7 *05. This can also be obtained by
entering the zip code at http://earthquake.usgs.gov/research/hazmaps/design/index.php.

Enter the five digit site zip code and select short term structure (0.2 sec) and 2% probability of exceedance in
50 years.

NCMA recommends k;, = A / 2 for internal stability (Wall and reinforced zone) and
Ki = (A — 1.45) A for external stability (acting on reinforced zone). A = Peak Ground Acceleration.
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In areas of high seismicity, however, the above can yield improbably high design accelerations. For example,
for PGA = 0.40, k;, = 0.42 or external stability, results in unreasonably high seismic forces. Consequently, in
these areas it is common practice among engineers to use a maximum value of k;, = 0.15 based upon slope
stability analogy. Furthermore, NCMA states that “/r practice, the final choice of k; in any calculation may
be based upon local experience, and/or prescribed by local building official or other regulations.”

For insertion into the Mononobe-Okabe (Modified Coulomb) equation for K; you must convert k, to an
angle 6: 0=tan k;

If seismic 1s required, three components must be considered for overturning and sliding stability:

1. Seismic tnertial force from wall, F,.
The wall internal force is: k, w H, where w = unit weight of wall in psf, and H = height of wall. This
force acts at one-half the wall h

2. Seismic inertial force from earth pressure within the reinforced zone, F,.
For this inertial force a depth of reinforced zone need not exceed one-half the height of the wall.
Therefore F2 = kv [(0.5H —t) H + 0.5 (0.5H — t)" tan B]

3. Seismic force acting on the back of the reinforced zone, I';.
This component is applied to a vertical plane at the back face of the reinforced zone, using a height

increased by sloped backfill if applicable. The force may be reduced 50%.

For this force use the Mononobe-Okabe (modified Coulomb) equation below. The value, Kag is for
both static and seismic, therefore you will need to deduct K, (static) to determine the increased force
because of seismic, designated AK yy

K = active earth pressure coefficient, static + seismic
.2
sin” (a+6—¢")

Sin (41 8)sin (p—6-5) |
in(a+6+8)sin(a+f)

cos#'sin’ asin (o + 8'+ 5) {l +J
S
Where 6 = tan” K, o = wall slope clockwise from horizontal, (90° for a vertical face), ¢ = angle of

internal friction, B = backfill slope, and & = wal] friction angle.

The horizontal component is K ap cos 6= Kagn
For this case o = 90° and & = Peyermal

Thus: F3=(Kap— K yH? 0.5+ (Kpar - K)DH+k, wH,

v = density of soil, back fill or in-situ depending upon case. D = Dead load surcharge. Note that the
value H for this force is the wall height + added height because of sloped backfill, hence:

H,=H+ (B -t)tan

These three seismic components must be added to static sliding and to increase overturning moment.
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Increase in sliding force =F, + F> + F,
Increased overturning = F; (H/2) + F» (H + 0.5H tan B) 0.5 + F; 0.6 H,

If seismic forces are included, the safety factor for sliding and overturning can be reduced to 1.1.
Added seismic tension to a layer is calculated by:

Ky [(hy -h) /2] w+ AKagg [(h- - h) /2] [0.8 - 0.6 ([(h, - h.) / H]
where h. and h_ are heights of next higher and next lower layers.

Before starting with a seismic design for a SRW always check with the building department or agency having
jurisdiction to verify applicability and any specific requirements.

Building codes & standards
Neither IBC "09, or CBC °07 directly address segmental retaining walls.

The current standard design references, both published by the national Concrete Masonry Association
(NCMA — www.ncma.org), are:

Design Manual for Segmental Retaining Walls,3rd. Edition (NCMA)
Segmental Retaining Walls — Seismic Design Manual, 1* Edition (NCMA)

Acceptance Criteria for Segmental Retaining Walls published by ICC Evaluation Services can be obtained
from www.icc-es.org.

Major SRW vendors also offer design handbooks plus other resources, most downloadable in pdf from their
web sites.

Also see: Bowles’ Foundation Analysis & Design, 5", Edition, Chapter 12.

Getting help

In addition to the references above, all major SRW block vendors have web sites and ofter technical support
for their products. Some offer free software. Two major vendors are Keystone Retaining Wall Systems and
Allan Block. Others can be found through a Google search for “segmental retaining walls”.

NCMA offers software for SRW design. Thetr web site is www.ncma.org,

Retain Pro Software (latest version Retain Pro 9) also includes the design of segmental retaining walls, both
gravity and with geogrids. For information: www.retainpro.com.
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17. SWIMMING POOL WALL DESIGN

Swimming pools are constructed in a wide variety of shapes, sizes, curvatures and designed to fit a specific
terrain and soil conditions. One thing nearly all have in common is shotcrete or Gunite walls and bottoms
sprayed over a shaped excavation, and encasing the reinforcing. Plaster or tile is used to provide a smooth,
aesthetic finish.

The terms “shotcrete” and “Gunite” are used interchangeably, but the former refers to wet-mix spraying
whereby the material 1s mixed 1n a hopper before exiting the nozzle, whereby the latter is a “dry-mix” where
the material reaches the nozzle dry where water is injected. Shot Crete (we’ll use the generic term) sticks to
the earth and self compacts because of the velocity of application, thereby permitting it to be used against
vertical surfaces. Shot Crete is covered in [BC, Section 1910.

Designing the walls of a pool 1s unique because not only does the wall usually curve as it descends, but the
strength of the cantilevered wall must resist the greater of earth pressure acting inward with the pool empty,
or the water pressure outward if the exterior grade is lower or of poor soil. The design task is made further
tedious because of the number of cross sections which must be checked (shallow end, deep end, and
intermediate points).

The typical controlling condition is when the pool is empty and earth pressure from the outside governs the
design. However, the condition is often reversed, such as for “infinity pools” or architectural features where
the outside grade is substantially lower, or slopes downward lessening its lateral support value. There also
may be lateral support from of a surrounding deck at or near the top of the wall. All these conditions must be
considered and the wall designed for the most critical combination of conditions that may occur. Lateral
loading from a surcharge or increased soil pressures because of expansive soil must also be considered.

Design of swimming pools is a specialty for some engineers and they have developed software (usually
spreadsheets) to make the task less tedious.

The walls and bottom are generally at least 4” thick, generally 57 for floors, and may be more depending
upon design requirements. Typically, #3 bars are used because of the relative ease in bending and securing to
curved surfaces. Number 4 bars can also be used, but #5 bars are difficult to bend and place. Shot Crete
strength is typically 2500 psi minimum, and a low slump suitable for pumping and spraying. Minimum
reinforcing for flexural members is 200/ £,, = 0.0033 for Grade 60 reinforcing. Thus, for a 4" wall the
minimum would be #3 at 9", however, the typical pattern is 12" on center each way. Under slab drainage is
recommended on sites with expansive soil and special reinforcement and/or thickened slab required for sites
with expansive soil from uplift along the bottom of the shallow end.

The classic method of designing swimming pool walls has been to draw to scale (or CAD generated) a cross
section at each location to be investigated. Then divide the wall into vertical segment, usually 12" high. You
can then determine the bending moment and shear at the bottom of each segment by constructing a table
(spreadsheet) showing the active pressure from either earth or water acting at the bottom of each segment,
and the additive (or deductive) moment due to the vertical weight of the segments above acting at their
eccentricity from a reference point. This is illustrated in Figure 17-1. This is a tedious process but yields
accurate results for design. Reinforcing is usually placed in the center of the wall, but for thicker walls it may
be to either side of center as required.
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The equation for moments at the bottom of any wall segment then becomes:
M, = (K, v h’) /6 + (K, wh) /2~ (W e, + Waer....) - (624 H/) 6

Where M, = moment at depth y; K, = Rankine or Coulomb active pressure coefficient; h, = earth height
above reference height; v = soil density, pcf, w = surcharge in pst; W, = weight of segment (50# for one foot
high at 4” thick); e, = eccentricity of segment x from reference point; and H, = height of water above
reference point. This calculation is performed for each cross section and the critical condition (earth or water
pressure controlling) determined. This is best done by a spreadsheet. See Figure 17-1.

Before attempting a pool design you may want to check for an engineer specializing in this type of work (for
example www.poolengineering.com) — it may be cost effective.
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Figure 17-1 Analysis of swimming pool wall
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18. PILASTER MASONRY WALLS

Description

As shown in Figure 18-1, retaining walls with spaced pilasters and masonry filler walls can be economical
for low retaining or freestanding walls. The filler walls, usually 6" or 8" masonry, span horizontally between
pilasters and the pilasters cantilever up from the footing.

T C 0 FOUNDATION CR
CABT-H-PLACE PIERS

Figure 18-1 Pilaster Masonry Wall

Filler Wall Design

The filler wall spans horizontally between pilasters and those walls usually control the spacing of the
pilasters. Freestanding walls are designed for wind and, 1f applicable, a seismic force. Reinforcing is placed
in the center of the wall because lateral loads can be from either direction.

If the filler wall retains earth, the lower courses will of course be subjected to higher earth pressures and this
controls the thickness of the filler wall. In that case, the reinforcing should be on the outside face between
pilaster supports. However, to take advantage of continuity, it may be more economical to place the
reinforcing at the center and design for the controlling positive (mid-span) or negative (at pilasters) moments,
generally use w (L)*/ 12. Reduce reinforcing higher up the wall as moment decreases. The first step would be
to determine the lateral pressure at the base of the wall, then select a wall thickness and reinforcing to span
between pilasters.

A minimum amount of horizontal and vertical reinforcing should be used. The combined total area should be
,0002bd, with not less than .0007 in either direction. Vertical reinforcing is often #4 bars at 32" o.c. or 48"
0.c.
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Pilaster Design

Pilasters are usually 16" by 16" masonry units, or smaller for lower walls and usually spaced 6” to 8" apart.
Use conventional procedures for the design. Lateral load reaction to the pilasters will be triangular or
trapezoidal if retaining earth, and uniform for wind-only or seismic loads. Reinforcing usually consists of
four bars and lateral ties.

Alternatively, use only the interior block core and specify high-strength concrete (3,000 psi or greater). This
results in nearly the same moment capacity as the full CMU pilaster block using the same reinforcing.

Footing Design

Only a nominal footing 1s needed under a filler wall. Pilaster footings can be either conventional rectangular
spread footings, or cast-in-place piers in drilled holes.

If pilasters are cantilevered from an embedded pier, if not constrained at the surface, the point of contra
flexure for moment is below the ground surface. This is often assumed to be one-third the embedment depth.

Some engineers and tests suggest a more realistic point of contra flexure is 1/5 to 1/6 below ground surface.

For the design of C.1.P. drilled piers see Chapter 11 — Pier and Pile Foundations.
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19. RESTRAINED (NON-YIELDING) WALLS

Description

Retaining walls are broadly defined as either yielding or non-yielding. The former refers to cantilevered
walls, which are free to rotate, thereby allowing a lateral displacement at the top which activates the soil
wedge concept, upon which both Rankine and Coulomb theories are based.

Non-yielding walls are restrained at the top to prevent movement and therefore generate a reaction at the top
and reduce moments in the wall. A typical restrained, non-yielding, wall 1s the so called “basement wall”.
The designer must assess whether the wall really is “restrained” at the top against lateral movement. Wood
diaphragms may not be sufficient.

Tie-Back, also called Anchored Walls, are another example of restrained non-yielding walls. These walls use
drilled and grouted anchors placed into the backfill slope to provide lateral restraint, the design for what can
become complex if there are multiple levels of anchors.

Dual Wall Function

Often it is desirable to prepare two designs for the same wall. For example a basement wall may be backfilled
before an effective lateral restraint is in place at the top. It can first be designed as a conventional cantilever
wall for an assumed depth of backfill, and perhaps lessening the factors of safety because of a temporary
condition. This would require a larger footing for overturning and larger moment at the stem base. Then a
second design for the final condition when the top restraint is in place and backfill completed. Hence you’ve
covered both conditions.

Note that if the bottom of a basement wall is fixed at the footing, and assuming a triangular earth pressure
against the wall, the base moment will be about one-half the pin-pin positive moment, and the positive
moment if fixed at the bottom will reduce to about one-quarter the pin-pin positive moment condition.

“At Rest” Active Soil Pressure

For a wall restrained at the top against lateral movement the soil wedge will then not mobilize and the lateral
soil pressure is somewhat higher. This is termed the “at rest” pressure, (designated K.,) and is applicable to a
wall rigidly restrained at the top, such as a basement wall (but light framing with a flexible diaphragm may
be inadequate “restraint” and the active soil wedge may be activated). The at-rest soil pressure is: K, =1 —
sin @, where @ is the angle of internal friction. For example, if ¢ = 34°, K, = 0.44, as opposed to K, = 0.28
(assuming level backfill). For sloping backfill a suggested formula is

K, = (1 —sin )/ (1 +sin f3).

Given a well-drained granular soil, a typical value for K, = 0.50. For a saturated sandy soil the density could
be 125 pcf giving a lateral pressure of 0.5 (125 — 62.5) + 62.4 = 93.7 pef. Clayey soil can be higher. Some
agencies require K, = 1.0, giving 110 pcf for a soil density of 110 pcf. ASCE 7-05 specifies a minimum of 60
pcf for “relatively rigid” walls, and states that basement walls not more than 8 feet below grade and with light
roof framing (flexible) are not considered “rigid”. You are advised to get design values from the engineer
and check applicable code requirements.
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An alternate to the triangular lateral pressure distribution, some geotechnical engineers specify a uniform
pressure (also applicable for open cut excavations) as shown in Figure 19-1. Not that the clipped top and
bottom corners can be ignored — a full-height uniform load will give only slightly more conservative wall
moments. This uniform pressure, for sandy soil, is often defined as: 0.65 y H tan’ (45 — ®/2). Given a level
backfill this corresponds to 0.65 y H K, This method results in about 25% higher wall moment than an
equivalent triangular pressure using the same K,.
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Figure 19-1 — Trapezoidal Soil Pressure

Seismic Force on Non-Yielding (Restrained) Walls
Several texts (e.g. Kramer) propose the following formula (slightly revised):
APy =7 ky H, acting at a resultant height of about 0.6H

Where AP, is the added lateral seismic force, v is the unit weight of soil, and H is the retained
height.

The resultant acting at 0.6H gives a slightly trapezoidal force diagram, however, for ease of calculation a
uniform load can be assumed with less than 2% unconservative error.

it should be noted that there are so few incidents of earthquake damage to such walls that many experts agree
that seismic design of restrained (e.g. “basement”) walls may not be necessary, particularly given an adequate
factor of safety for the service level design.
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20. SHEET PILE WALLS

Description

Sheet piles are driven into the ground to retain earth while excavation is done on the opposite side. This can
also be permanent retaining structures alongside waterways (bulkheads and quay walls). Most sheet piles are
steel, configured in an interlocking Z-shape to increase bending capacity and stresses during driving. Pre-
stressed concrete panels are also used for sheet piling.

Sheet piles derive lateral support from embedment into the soil below the base grade, and can either
cantilever up from that level, or be laterally restrained near the top by tie-backs in which case a horizontal
member must be provided spanning between tiebacks.

Design Procedure

The design considerations for sheet piling involve the following:

L.

The embedment into the base soil must be adequate to resist the total lateral thrust. If a
footing is planned rather than pile penetration below the base-level, the footing must be
designed to provide passive resistance,

The bending capacity of the sheet pile material must be checked at the point of maximum
moment. The point of contra flexure (zero shear and maximum moment) is usually about
one-third down the embedded depth (although some texts state the actual point of contra
flexure is closer to 1/6 the embedment depth), thus increasing the design moment.
Manufactured sheet piles are designed to resist the driving impact during pile driving.

Tie-backs, if used, must extend beyond the line of rupture and a sufficient distance beyond
that to mobilize adequate pressure resistance of the anchoring device. Using tiebacks will
reduce pile size and depth of embedment.

The design of sheet piling is based upon the soil design parameters recommended by the
engineer. Input from the sheet pile vendor (most have handbooks and some have software to
assist) and involving an experienced sub-contractor are essential.

Waterfront structures must consider impact from docking ships. (Incidentally, in marine work, the
outboard bottom soil level, below the water line, is referred to as the “dredge line™.)

A generalized force diagram of a sheet pile wall is shown in Figure 20-1. Note that by statics the
horizontal active pressures and passive resistance must balance. The maximum moment will occur at
the point of zero shear (usually about one-third down from the dredge-line, but considerable evidence
that 1/6 is adequate) which can be determined by statics. Determining “d” and “D” shown in the
illustration can be determined by statics and is an iterative (trial and error) process.
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Figure 20-1 Cantilevered Sheet Pile Force Diagram — Sandy Soil

References

The design of sheet pile walls is complex and references should be consulted. One good reference is
Das’ Principles of Foundation Engineering, 5" Edition, Chapter 9. Another: Rayapakse Pile Design
and Construction Guide, 2003. Teng’s Foundation Design, Chapter 12, is very good with tables and
examples. Contractors specializing in sheet pile installation are the best source for economical design
and site-appropriate recommendations and vendors of sheet piling have essential design data.. A
Google search for “sheet pile design” will yield valuable sources.
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21. SOLDIER BEAM WALLS
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Figure 21-1
Description

Soldier beam retaining walls are used to temporarily retain soil, such as at a construction site. This concept is
illustrated in Figure 21-1. Steel HP (wide flange) beams are driven into the soil a sufficient embedment
depth to resist by passive pressure the moment imposed by the retained soil. The soldier beams (also called
soldier piles) are usually spaced from six to eight feet apart and can also be dropped into pre-drilled holes and
encased in lean concrete. Soldier beams are usually cantilevered, but if space is available, and for retained
heights over about 15 feet, tiebacks can be used to reduce the beam size and depth of embedment.

As excavation then proceeds on the down-grade side wood lagging is placed horizontally to support the
retained soil. Lagging is supported at their ends by the beam outer flanges.

Design procedures

Consult with the engineer for design criteria. This information will include nature of the soil, phi angle, soil
density, active and passive allowable pressures, arching factors to use, and any other site-specific
recommendations. It is advisable to also consult with the contractor to verify moist economical beam
selection and any other concerns he or she may have.

There are numerous design methodologies used and most foundation engineering textbooks propose various
design approaches. This text selected a relatively simple procedure which is often used.

This procedure assumes non-cohesive (sandy) soil. If the soil is clay a different passive resistance diagram
will apply and the engineer should be consulted. It should be noted that although clay is usunally assumed to
have a zero phi angle, it actually can vary in a range from 6° to 12° or more.

Whether to use tiebacks is another decision to be made. The following procedure assumes a cantilevered
system in sandy soil.
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A basic design requires six steps:

1. Determine the driving forces, that is, forces imposed by any construction surcharges and the active soil
pressure tributary to each pile beam. For this use the Rankine equation to calculate K. Several designs
may be done to optimize the beam spacing based upon lagging selection, embedment depths, and beam
sizes.

2. Referring to Figure 21-1, after P, and P,, have been calculated, the depth of embedment must be
determined. This will be a function of the allowable passive pressures and arching factor allowed to
increase the effective flange width, or hole diameter if pre-drilling is used. The arching factor, f, can be
taken as 0.08 * phi, but should not exceed about 2.5. This means that the effective pressure width in
front of a 30” diameter drilled and concrete filled beam encasement, with a phi of 32° would be 0.08 * 32
=2.56, but use 2.5. Thus the effective passive pressure would be a width of 2.0*%2.5 = 5.00 feet which
will considerably reduce embedment depth and moment applied to the beam.
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Figure 21-1 Forces on cantilevered soldier beam in Sandy Soil
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For determining the embedment depth to zero shear (where beam bending is maximum), designated “d”,

the following equation can be used:
d= Pr xSFx2,
pxDIAXA

Where P, is equal to and counteracting to P,, + P,; SF is the safety factor applied to allowable passive
pressure; A is the arching factor multiplier; Dia is the hole diameter or flange width, whichever
applicable; and p is the allowable passive pressure in pcf.

3. The maximum beam moment is then determined by summing moments above the point of zero shear.
However, mathematically the result is equivalent to:

Mpae = P (0.50H + 0.67d) + P, (0.33H + 0.67d)

4. The maximum moment is resisted by a passive pressure couple consisting of F, * 0.67D. Therefore the
required depth D can be determined from the following equation:

D= (max. moment)x SF
(p=DIAx Axdx025)0.67

The required depth of embedment 1s then (d + D). As a rule-of-thumb for sandy soils this is usually in
the range of 1.3 Hto 1.5 H.

5. After the maximum moment has been computed, convert it to LRFD (Load Resistance Factor Design) by
multiplying by the usually applicable load factor of 1.6. Then select several beam options from AISC
13% edition, LRFD, Steel Design Handbook. When several beam selections are made it is recommended
that you talk with the contractor for his opinion on which is most economical or available.

6. Select the lagging. Treated lumber should be used, and a conservative fiber stress 1s 900 psi. Calculate
the lateral pressure at various depths, H,,(to determine changing lagging thicknesses) which is K, * 7 *
H,. When the simple span moment is calculated it is acceptable to multiply by 0.8 because of arching
action of the soil between pile beams. It is also customary to limit the active pressure to 40 psf. Lagging
is either 3” or 4” by 12” treated wood. These ends should bear against the beam flange a minimum of 37,
Allow about 17 between each lagging for drainage

Using ticbacks

If the retained height is over about 15 feet, and space is available, tiebacks can be considered. This use will
also reduce embedment depth and beam size.

Usually ticbacks are steel rods inserted into 3” drilled holes into the backfill a sufficient distance beyond the
failure planc to provide anchorage after grouting. They are inclined downward at an angle of 15° to improve
withdrawal resistance and to facilitate grouting. Their outside ends arc welded to the steel beams.

A simplified force diagram is shown in Figure 21-3
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The depth of embedment, E, must be sufficient to oppose the applied lateral forces P, and Py,.

Determining d is an iterative processive to achieve active and passive pressure balance. The maximum
bending moment in the beam can then be determined by statics.

An alternate tieback can be anchored beyond the failure plane as shown in Figure 21-4.
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Figure 21-4 — Tie-back Anchorage
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22.  WHY RETAINING WALLS FAIL & COST EFFECTIVE FIXES

The above photo is a rare occurrence. In this case there was no permit, no engineer, minimal reinforcing
ungrouted cells, and other oversights.

“Failure” of a retaining wall does not necessarily mean total collapse, as shown above, but rather signs of
impending instability and likelihood of a collapse. Total collapses are relatively rare. In a total collapse the
wall overturns, slides, topples, or otherwise causes a massive letting loose of the retained earth with resulting
damage above and below the wall. Such walls cannot be saved — the remedy is rebuilding. The engineer
who provided this photo was retained to investigate the deficiencies causing the collapse and design a new
wall.

Fortunately, retaining walls are quite forgiving, nearly always displaying telltale signs of trouble and alerting
an observer to call for professional evaluation before a collapse. After an evaluation, and determination of
the causes, most walls can be saved.

The most common sign of distress is excessive deflection of the wall - tilting out of plumb — caused by a
structural overstress and/or a foundation problem. Some structural deflection is to be expected and a rule-of-
thumb is 1/16™ inch for each foot of height, which is equivalent to one-half inch out-of-plumb for an cight
foot high wall. More than that is suspect. It’s easy to check with a plumb bob.

Here are twelve things that can go wrong and signal distress:

1. Reinforcing not in the right position. If the stem shows sign of trouble (excessive deflection and/or
cracking) the size, depth, and spacing of the reinforcing should be verified. Testing laboratories have the
devices (usually a magnetic field measuring Pachometer) which can locate reinforcing and depth with
rcasonable accuracy, up to about 4 inches depth. For exact verification you can first locate the reinforcing
then chip out to determine its cxact depth and bar size. More elaborate devices arc also available if needed —
check with your testing laboratory, they’ll come to you jobsite. Unbelievably, cases have occurred where the
reinforcing was placed on the wrong side of the wall, either through a detailing error, or contractor error.
When the actual reinforcing size, location, and spacing are determined, and perhaps a core taken to verify
strength of stcm material, a design can be worked backwards to determine actual design capacity and thereby
guide remedial measures.
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2. Saturated backfill. Retaining walls are generally designed assuming a well drained granular backfill. If
surface drainage is allowed to penetrate and accumulate in the backfill, the pressure against the wall can
double. Ponding of water behind the wall not only indicates poor grading, but clayey soil impeding the
downward seepage of water. The surface of the backfill should be graded to direct water away from the wall,
or by the use of drainage channels adjacent to the wall to intercept surface water and divert it to disposal.
Often surface water problems are attributable to a misdirected or poorly timed irrigation system. Poor
backfill material, such as containing clay, can swell and increase wall pressure. One contractor always uses
crushed rock for backfill; it’s less expensive than pea gravel, and the elimination of tamping compaction of
granular soil offsets the cost of crushed rock versus the use of materials that require compaction, and assures
good drainage. Don’t compact backfill by flooding.

3. Weep holes that don’t weep. The only thing that comes out of most weep holes is weeds — not water. This
becomes clogged when there is no filtering, such as a line of gravel or crushed rock placed along the base to
provide a channel for water to drain to weep holes, or to be conducted by an embedded perforated pipe.
Commercial filtering fabric is available. Weep holes in masonry are usually made by omitting mortar at the
side joints of cvery other block (32 inches on center). For concrete walls, 3” diameter pipe sleeves are often
used, spaced 4’ — 6” on center, or as deemed appropriate by the designer. Specifying proper drainage
measures (backfill material, surface water control, and base-of-wall drainage) is an important specification

task for the EOR (Engincer of Record).

4. Design error because of misinformation Design errors as the cause of failures are relatively rare when
prepared by an experienced designer. However, sometimes the designer is given insufficient or erroneous
information. For example, “Design the wall to retain eight feet”, but later examination of the grading plans,
or as-built conditions, shows the wall retaining nine feet, an additional foot, thereby increasing the basc
moment on the stem by nearly fifty-percent.

5. Calculation errors. An experienced designer can quickly spot a calculation error because it obviously
“doesn’t look right”. New engineers usually lack this experience and in such cases don’t let the design leave
the office without a check. A 15-minute review could save costly fixes and damage client relations. And
don’t assume a plan checker will find errors.

6. Unanticipated loads. Again, this is a client-to-designer information problem. Good communication is
essential. Is there a surcharge the designer didn’t know about? A steeper backfill slope? A beam
connection? Wind load? A foundation investigation or memo that wasn’t transmitted?

7. Mistakes in using software If software is used as a design aid, it is essential that the designer correctly
inputs data and understands the capabilities and limitations of the particular program (Retain Pro advises its
users to be licensed civil or structural engineers, or at least have the cxpertise to design a relatively complex
retaining wall by hand calculations). If in doubt of a result, do a quick hand calculation.

8. Detailing errors. The contractor must have clear instructions. Details not conforming to the design, or
doubtful of interpretation, must be avoided. Perhaps the biggest source of problems 1s with reinforcing
placement. 1recall onc case where the designer actually detailed the rebar on the wrong side of the wall! In
another case vagueness of details led to dowels from the footing extending only 6” into the stem, rather than
the mtended 247, because of confusing dimensions. Easy-to-rcad drawings and careful checking by the
designer can eliminate these problems.

9. Foundation problems. When a investigation is provided, there will be guidelines for design (allowable
soil bearing, friction factors, seismic if applicable) and any caveats based upon site conditions, such as
liquefaction potential or recompaction of the underlying soil. Implementation of such recommendations
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should provide a trouble-free foundation. However, often such an investigation is not provided, calling for
special care by the designer. Without such a report the soil bearing is limited by code, usually to 1,500 psf,
and the coefficient of sliding friction to 0.25, and allowable passive pressure of 150 pcf. Regardless of using
more conservative values, the designer should be aware of any adverse conditions, such as fill material,
compressible soil, water table, or other factors that could cause excessive settlement — or reduce sliding
resistance.

10. Inadeguate specifications and notes. If you use “boiler plate” notes or specifications, edit these carcfully
and use a checklist. It’s embarrassing to have notes or paragraphs that obviously apply to another project.
Here’s a note that should keep you out of trouble and avoid problems: “If a discrepancy arises between the
drawings and field conditions, or where a detail is doubtful of interprctation or an unanticipated field
condition is encountered, the engineer shall be immediately contacted for procedure to be followed. Such
instructions shall be confirmed in writing and distributed to all atfected parties”. And another good one:
“Wherever there is a conflict between details and specifications, or between details, or where doubtful of
interpretation, the most restrictive shall govern as determined by the Engineer of Record.”

11. Shoddy construction. This could be anything from a homeowner having built a wall from a “how to”
book, to an inexperienced or unscrupulous contractor building without plans or not following these —
inadequate grouting or mortar or improperly placed reinforcing. Retaining walls are quite forgiving and poor
construction may not appear as distress for years, or never. I once built a vacation home with a five foot
masonry retaining wall intended to be restrained at the top by the floor slab placed on the backfill. 1
instructed the contractor not to place any fill until the wall was properly braced since therc was only a 14 inch
wide footing. I went to the site a week later and to my amazement he had placed the backfill the full five feet
— no floor slab yet — and the wall was perfectly plumb! Another case of practice defying theory —but don’t
count on it! I had not followed my own rule — and advice to others -- to always, when possible, have a pre-
construction meeting between the designer and contractor to be sure all conditions and requirements arc
understood, and jointly review the plans.

12. Age. If aretaining wall has been in place twenty years and shows no sign of distress, the chances are it
will remain so for another twenty years, or fifty years. The adage “if it ain’t broke, don’t fix it” may be
prudent advice. However, the caveat is that this precludes any change affecting the wall, such as new
surcharges or a change in drainage above the wall. If in a seismic area the chances are it has already
successfully withstood several earthquakes, but if the seismic risk i1s high and its failure could impact another
structure, a seismic evaluation would be appropriate

And twelve fixes that could save a wall:

Note that each of the fixes listed below have been successfully used, but it is assumed that the wall is not in
such distress that none are viable solutions.

1. Correct surface drainage problems. You can’t economically replace the backfill or get to the base-of-wall
drainage system, but you can re-grade at the surface so water does not collect behind the wall. Perhaps a
small concrete diversion culvert. Often just shutting off an over active irrigation system will mitigate the
problem. Additional weep holes can also be cored through the wall, although perhaps visually objectionable.

2. Reduce the retained height. If the soil pressure needs to be reduced, investigate whether re-grading of the
surface can reduce the height of carth retained. Sometimes a change in landscaping, or a depressed drainage
culvert at the back of the wall may reduce the height to an acceptable Ievel based upon the as-built
capabilities.
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3. Use tie-backs. If the stem is severely overstressed, an option is to use tie-backs extending back beyond
the failure plane. Drill holes through the wall and install conventional ticbacks (also called soil nailing). A
downside of this is the appearance of the tie-back anchors on the exposed face of the wall. Or perhaps a tie-
back at the surface can be used, with a concrete anchor block, or an added slab-on-grade. Using tie-backs
requires re-analyzing the wall moments and shears because of the changed restraints.

4. Extend the footing. You can extend the toe of the footing and thereby substantially reduce the soil bearing
pressure. Determine how much you need to extend the footing, then excavate to the bottom of the footing
(add decper for a key if necessary) and place concrete. To transfer shear and moment at the interface, drill
holes in the existing footing and epoxy dowels to resist the calculated pullout. It may be prudent to maintain
lateral stability by excavating in front of the toe in longitudinal increments, say twenty feet, or less.

5. Remove and replace backfill material. This may be the only solution if saturated backfill is the problem
and cannot be controlled at the surface. Use crushed rock backfill, and be sure the base-of-wall drainage is
functional.

6. Rcinforce the front of the wall. This can be done by forming or pneumatically placing concrete to thicken
the base, and tapering to a height where the added strength is no longer needed. This is on the compression
side so the only design concern (other than how much thickness to add) is shear transfer at the interface,
which can be accomplished by drilled dowel pins. This assumes, of course, that the existing footing will still
be adequate.

7. Add a key. If there is a sliding problem you could add a deepened key in front of the existing footing.
This will incrcase passive resistance and may be all you need. See #4 above for incremental excavating
during this process.

8. Usc cantilevered soldier beams. Drill holes on the heel side of the footing and embed a vertical beam,
tied to the wall to transfer load to the beam. Space the beams at a distance the wall will span horizontally.
The footing heel will determine how close to the wall the soldier beams (piles?) can be placed.

9. Get a building permit. Quite often there is no apparent distress in a wall, but an observant building
inspector discovers that a permit had not been issued. This usually happens when a new building or addition
is being constructed on the property. If plans for the wall are found it requires only substantiating
calculations with an engineers signature. If it can’t be justified, then one of the procedures above are needed
to remedy an overstress. If no plans are found it’s necessary to determine how the wall was built. This
means probing and perhaps testing to determine location and spacing of reinforcing, toe and heel dimensions
of the footing, and perhaps core tests of the wall material. The task then is one of working backward to find
the capacity of the wall and hence its adequacy. Lesson: Always get a permit; it could save a future expense.

10. Push it back to plumb. Not recommended, but has been successfully done in some cases if the wall is
only out of plumb an inch or two, and not all backfill has been placed, and depending upon its height, and in
conjunction with the above fixes, the wall can be pushed back to near-plumb. The wall may have been
bumped to cause this, or tractor compacting too close to the wall. This is an arguable procedure but has been
done successfully with no after effects. Use this with extreme caution! You may want to remove some
backfill first.

11. “Tear down that wall”. If it’s in bad shape, and none of the above make sense, it can be less costly to
tear it down and rebuild. Especially valid if new conditions exist, such as need for a higher wall or a
preference for a different wall material. See Casc D below,
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12. An exotic solution? We engineers pride ourselves on innovation. There may be a unique site condition
that suggests a cost-effective fix. And you could come up with an ingenious method of saving a wall from
reconstruction, and be a hero to a very happy client!

Some actual cases
Here are a few examples (edited) of problems that have occurred:

Case A. A wall was observed to lean excessively and it was found that the reinforcing protruding
from the foundation was on the wrong side of the wall. Solution: Add tie-backs.

Case B. A wall was observed to lean excessively. Investigation revealed the wall had been designed
to retain 12 feet of earth, with an extension of the wall another four feet above grade for screening.
The owner and his landscaper arbitrarily added two additional feet of earth, thereby increasing the
moment at the base of the stem by 60%! Solution: Add tie-backs.

Case C. Again the sign of a problem was leaning of the wall. Investigation discovered the contractor
had misinterpreted the plans and halved the number of dowels projecting from the footing. Solution:
Gunite added wall thickness at the base, bonded to the existing wall.
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23. CONSTRUCTION TOPICS AND CAVEATS

Horizontal Control Joints

Horizontal joints are intended for crack contro] and are largely a matter of judgment. Shrinkage in a
wall cannot be eliminated. As the adage goes, concrete shrinks and ice cream melts. But we can
attempt to control where the cracks form by forming crack control joints and by increasing the
horizontal reinforcing. With a little more than minimum reinforcing there are few reports of problems
when control joints are 100 feet or more for masonry, and somewhat less for concrete. The more
horizontal reinforcing, the less likely cracks will be obvious, and the further apart joints may be
spaced. In the case of a concrete wall, a ratio of 0.002A g, 15 suggested; for masonry 0.0013A g4 18
suggested (#3 bars at 32" o.c. for an 8" CMU wall).

Vertical joints for both concrete and masonry should be “cold joints”, allowing for movement, but it
1s suggested that some horizontal dowels extend into the adjacent wall to assure out-of-plane
alignment, Usually one end of horizontal dowels are wrapped, sleeved, or greased to prevent
bonding.

Drainage

Lateral earth pressure theories are based upon drained soil. Saturated soil can substantially increase
pressures. Therefore it is important to have weep holes at the base of the wall for any percolating
water to escape. In concrete walls drain holes are 3" to 4" in diameter to facilitate cleaning and
spaced five or six feet on center. Gravel should be placed along the base for any water to freely flow,
otherwise the only thing coming out of a weep hole will be inside grass,

“Weep holes” in masonry walls can be provided by lcaving the head joints open at alternate blocks
(no mortar in end joints at 32" on center).

In lieu of weep holes, or for basement type walls, horizontally placed perforated plastic pipe should
be laid along the base of the heel adjacent to the stem, slopped to an outlet, and encased in a generous
amount of coarse gravel. It is also recommended to lay a filter fabric over the gravel to keep out soil
fines.

The most important drainage control is to keep water off the top slope as much as possible. This can
be done by slope control, paved swales, paving, or other means. Preventing water from entering the
backfill is critical important because it changes the soil characteristics and increases lateral pressures.

Backfill

Backfill material should be sandy non-cohesive material. Clayey soil are to be avoided because clay
swells when wet, causing additional lateral pressure. An excellent practice is to fill the soil wedge
with gravel.

Compaction
Compact the gravel behind the wall with care. You don’t want scttlement to occur later. Place the

gravel in layers about one foot thick and start compacting at the face of the wall and work away from
the wall. Gravel is best compacted with a vibrating plate compactor.
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Inspections

If a consultant was employed, he or she will verify that the footings arc excavated into the
anticipated soil and indicate any corrections deemed necessary. They can also approve the backfill
material.

Placement of reinforcing dowels projecting from the footing into the wall are critical to the design,
and the Engineer-of-Record (EOR), or a deputy inspector, should verify that the dowels were
properly placed. Several retaining wall failures were attributable to the dowels being on the wrong
face of the wall!

Other inspections may be required by the building official, or by the EOR.
The Investigation

8The report for a project will nearly always have recommendations for site preparation (e.g. if fill is
present or there is a liquefaction problem) in addition to design criteria information. This
investigation report is usually a part of the contract documents and should be caretully reviewed and
observed.

Forensic Investigations

If a problem is evident, or suspected, an independent engineer may be retained to investigate the
problem. This will involve a review of the design, particularly to determinc if the site conditions
match the design criteria (e.g. a wall designed to retain eight feet, and actually retaining ten fect). The
plans will be reviewed for clarity and conformance with the design intent and applicable building
codcs. The wall will be measured, deflection checked, and testing done to determine positioning of
reinforcing and material strengths. Cores arc often taken to determine both concrete strength and
grout penetration into cells. The report reviewed and perhaps more soil samples recommended.

When the cause of the problem is discovered, the most economical solution acceptable to the owner
should be determined. This can be contentious, particularly if opposing parties ofter different
solutions. Hopefully the issues can be resolved equitably and with civility without resort to litigation.,
At an impasse, mediation can be a very effective and less costly (i.e. attorney fees) resolution of a
dispute.
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24. RETAINING WALL DESIGN EXAMPLES

Description of Design Examples:

These fourteen designs illustrate a variety of design conditions for retaining walls. They are worked by
hand - the way you are accustomed to design retaining walls. You may use a different format, and your
methodology may be a little ditferent, but the results should be nearly the same. They are intended to
show accepted design procedures. They are based on IBC *06 (*09 is similar), ACI 318-08, MSJC 05,
and NCMA-SRW,

Following each of the examples is a report printout for the same problem using Retain Pro 9. This
allows you to compare results, which should closely agree, given round-offs and shortcuts in hand
calculations which most of us do for expediency.

Example #1 - Retaining wall with sloped backfill, and stem of both concrete and masonry. The problem is
designed so a key is necessary.

Example #2 - A wall with an adjacent footing, and wind on a projecting stem.

Example #3 - This problem illustrates a heel-side surcharge, and an axial load consisting of both dead and
live load, and an eccentricity.

Example #4 - This wall has a fence (zero weight and with wind load) on top of the retaining wall, and a
property line condition,

Example #5 - This is a freestanding wall with seismic force due to self-weight applied, and only minor earth
retaining. It is set on a property line. Remember that for free-standing walls designed for scismic or wind,
these loads can act in each direction, and if the controlling direction is not obvious, you may need to check

the reversed too.

Example #6 - This illustrates a concrete stem with the inside face tapered (battered) and with a seismic force
due to earth pressure.

Example #7 - Masonry "basement” wall restrained laterally near the top.
Example #8 - Concrete "basement” wall restrained laterally near the top..
Example #9 - A rubble gravity wall design.

Example #10 — A segmental wall (MSE) with geogrids

Example #11 — A segmental gravity wall -- no geogrids.

Example #12 — A pier foundations option for Example #1.

Example #13 — Solder beam design — cantilevered

Example #14 — Gabion Wall (or multi-wythe large blocks)
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DESIGN EXAMPLE 1 Page 1 of 11

Design Data

Code: IBC '06
Soil slope = 2:1
Soil density = 110 pef
Equiv. fluid press. = 45 pef
Active pressure toe side = 30 pcf
Passive press. = 389 pcf
u=0.40
F. = 24,000 psi

* f =1500psi

f, = 2500 psi
f, = 60,000 psi
Allow. soil pressure: 3000 psf

Angle of internal friction = 34°

Check by Rankine formula
— o - -1 — o
forg=34° p=tan’ (}4)=26.6
K. (slope) = 0.406 Pressurc = 406 x 110 =45 pef
K, (level) = 0.28 Pressure = .28 x 110 =30 pcf
K, (level = tan’ [45 + —(zzj =354 Pressure = 3.54 x 110 = 389 pcf

IBC '06 Load Factors for Strength Design (Concrete)

DL = 12
LL = 16
H =16
W = 1.6
E =10
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DESIGN EXAMPLE 1 Page 2 of 11

Check Stem at Base
(Design Ht. = 0.00%)

2 f.
M= X107 10 6 = 11999
2 3
Uset=12", d=9.6"
17 £ bd 289(F bd)® 68 [ bM
Asoequ)::——xﬁ;—- -1 £ - € ¥ —0.29sq.in. (per CRSI¢q.)
21y 2 2 Py,
v Ty
85 7.
Poal= fC x 85 —8"2999— = 0018
fy 87,000 + £,

200
Pmax = - 75 Pral. = 0.0106 ppoin. = f— = .0033 (or at least 1.33 A, required.)
Ly

Try#6at 16 A= (1)743 =033 > 0.31 OK for strength
But p= 044 _ 0.0029 < .0033 N.G.
16 x 9.6
Try #7 at 16" p= 00 _ .0039 > .0033 As= L0 45sq.in. OK
16 x9.6 1.33
. - _A9x60000 o
85x2500x12

OM, = .9 x .45 x 60,000 (96-—389jx12-=-1&367%

Vv, = [45X10—-BOXI] 1.6=3576#
2
3576 ;
vo = =L Z 310 vgw=0 /e =75>31.0 OK
12 x 96 oo ™0 2 e
T
75
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DESIGN EXAMPLE 1 Page 3 of 11

Check embedment into footing:

*  For hooked bar (ACI 12.5) =

0021y d, 07 = 02x60000x0875x0.7

\//_C" x U \/2_5@

= 147" or 8a’b or 6"

* IfACI318°08, 12.5.3.4 is deemed applicable, reduce embedment by (A req'd) / (A,
provided).

Min. footing thickness required = 14.7 + 3 = 17.7 in. Use 20"

Development length into stem

3F, a,b’/ldb
(,’d = - [See ACI 1223, equation 12 -1]
{
’ C+Kﬂ’
40 fct
dy
+ Ky
Ry | (205 44%0) 505y 25 max.
a’b 875
Ly :3x60,000x1x1x1x.875:31.51_”‘

d 40 x50 x 2.5

Note: If lapped with continuing reinf. of same size, splice length (assuming Class B

splice) = 1.3 x 31.5=41"

Check Masonry Stem - Allowable Stress Design

Switch to 12" masonry at 3'-4" high which is approx. top of dowels.

fom = 1500 psi F, - 24,000 £y =33 x 1500 = 500 psi
: . E,
E. = 900 fr, E. = 1,350,000 psi E, =29,000,000n = =% 215
n
45x 6.67* 667 ,
M@ +3.33 (= H of 6.67) = = #287 _opos#

2
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DESIGN EXAMPLE 1 Page 4 of 11

Try #5 at 16" at edgc

31
16 x9

= .0022

31
A=—=1023 =
- 133 g

np=21.5x.0022 =.0473 %g =8.33 j=0.91 «From Amreim, Table E-9

1, b’ 25 9? .
_ b ZSOOxl x9 xi=4862#

2
Af 833 12

. 1 .
M,=f, A, jd = 24,000 x .23 x 91 x 9 x == 3767" « governs

My,

OK for # 5 @ 32 @ edge (overly conservative and could be reduced for final design)

!
oo v=—100 o2 <104/, =387 OK
12:91x9

Lap length into concrete below (AC112.2.3) =

000 x1 . 625
fd3X6O 00x1x1x08x0.6 L1332 234"
40x50x25

g 45 6672

Lap length into masonry above = .002 d,f;
=.002 x .625 x 24,000 = 30.0”

Check Stem at + 5.33'

Reduce to 8" masonry, grout reinf. cells only
7o =1500  F,=24,000 Fy=1500x 33 =500 psi

d=5.25" n=21.5
Depth @ + 5.33' = 10.00 - 5.33 = 4.67'

45 x 467° . 467
. ;

Use #5 at 32" at edge

215 x .
np = 215 x 31 = 04
32 x 5.25

M = - 7637
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DESIGN EXAMPLE 1

Page 5 of 11

2/ gen i
/,g.ﬁ 8.87 j =0.92

2 2
_500x12x3525 xi:1553#
887 12

M,

M,=24,000 x Sl Xx.92x525x% —l—:
2,67 12

OK because 1109 > 763

_ 45 6.67°

% — 4907

490

V= = 85psi
12x91x525

Vaow = 38.7psi ) 85  OK
Lap embedment below

=.002 dy x 24,000

.002 x .625 x 24,000 = 30"

1 121’# <« governs
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DESIGN EXAMPLE 1 Page 6 of 11

Stability Check

Jtem Wt. (Ibs.)  *arm (ft.) +M (ft.-Ibs.) -M (ft.-bs.)
8" CMU 78 x 4.67 364 2.33 849
12" CMU 124 x 2.0 248 2.50 620
12" cone. 150 x 3.33 500 2.50 1250
earth 4.5x 10x 110 4,950 5.25 25,988
earth .33x4.67x 110 170 2.83 481
earth 4.5x2.25x 110x %4 557 6.00 3.341
earth 2.0x 1.0x 110 220 1.0 220
footing 7.5 x 1.67 x 150 1,875 3.75 7,031
key I x1x150 150 2.5 375
P, = 1392 20,229
45 x (100 +167 +225 )2 ’
5 =4360
P,=%x4210 2,105 7.5 15,788
11,139 55,943 20,229
w/o P, 9,034 40,155

- RM — OTM 40,155 - 20,229

x = = 221 * About front edge of footing
W 9034
e = 7—25 -221=154"=18.5"
. 1 75 . . .
Middle — = ? =125<154 . outside middle third
3
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75 x 75 - 15 x 154

OTM ratio = ;3’155 =1.99

184

Check OTM Using P,

RM = 40,155+ 15,788 = 55,943 *

OTM 20,158 *

W = 9034+ 2105 11,139

OTM ratio = 25,943 =278

DESIGN EXAMPLE 1 Page 7 of 11
When resultant outside middle third;
:— FOOTING
A
P
|
e -
W D
Soil pressure = S
T5D —1.5¢
* Soil P = 2034 =2725<30001bs./sg. ft. OK
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DESIGN EXAMPLE 1 Page 8 of 11

Check Sliding

Total lateral =

45 x 13922 30 x 2672

#
=4253 o
> 3 | iy 1.0
_ . P 1 1.67
Friction resistance = 9034 x 0.40 = 3614 4
Passive resistance: Neglect 1.0

389x 2.67=1039
389 x 3.67 = 1428

Total passive = 1428 x 3.67x 14 -389x 1x ) =
3614+ 2426

Factor of safety = —— =142~ 1.50
4253
Consider OK
Check Kcy
v, = ———1428;1039 x 1x 1.6 =1974"
v =21 64 < 2p4fs =581
12(12-2)
T =065
(deduct 2" from footing thickness for plain concrete) [ACI22.4.8)
— 1 1.0 12
M, = |:1039x1x2 L (428 - 1039)10 2 x } 1.6=12,464"
2 2
2
g =12A2-2) _ ,
6
£ = 122’384 — 623 psi < Spyf. =5 x 055 x 50 = 1375 OK

No reinf. req’d.
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DESIGN EXAMPLE 1 Page 9 of 11

{Note: By statics, heel moment cannot exceed applied
stem moment)

*AS:

L7 fobd % 289/, bd)* 68/, My
’ 2 2
21y 15 v/

*[from C.R.S.I. Handbook, M, in inch-kips]
é = 090
L Aci1053

- 200
A, = 0.154 Sq'l% or—f——-x12x17.5=.57 or 1.33x0.154=0.20
B o . })

Select #6 at 16 to match stem dowels (A,=.33>.20 OK)
Embedment length beyond stem face (using stress ratio reduction)

_ 3x60xl.0x1.0x0.8x0.75x 80 x 154
40x50x25 ' 44/133

= 101" {12" min.

Use 12" embedment beyond stem face.

Check Heel
Neglect upward soil pressure
W, = 4950 ) Wz
W, =557 Used=20.0-25=175in. y W1l W‘;
W;=45x1.67x150=1127" _f_‘ _,_u,t >
W, = (P, not used) cdiicclioies *,WS ,:
M,=4950x225x12+557x30x12+1127x225x 4.50°
1.2
=18,413"
Mugiem = 11,992%‘ < governs
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DESIGN EXAMPLE 1

Page 10 of 11

_ 3x221220 5500 22283 psf
3x221

But because stem moment governs

,
v, = 1292 12 5gq7%
452" 16

Ve = 3997/(12x17.5)=19.0 psi <75 OK

V, = 4950x1.2+557x1.2+1127x 1.2 +(w/oP,)=7901#
7961 , ! .
vy = m=37.9p51< 204/ fo =2x.75x~2500 =75 psi OK
2x17.
Check Toe

Apply total factored vertical load
(w/0 p,) at same cccentricity as
service loads:

=9034 x 1.2=10,841"
Factored soil pressure Section 2.00"— Q _

for V ﬁ\ﬁ
9034 x1.2 R . 0%2_ 1.38
= x 3270psf=@ P, 1 |
I5x75-15x154 Y
16.5" P J |

Soil Pressure @ P (for shear) - — &7 4

3x221- 62 '

- 2XSLT 0T 3970 = 2964 psf Section 1V
3x221 for M :

Soil Pressure @ P; (Max. M) = i P, Py Ps
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DESIGN EXAMPLE 1 Page 11 of 11

3270x2 2284 x 2

MT = 67x2 x33x2 =5905"

5

M (1‘67x150+1x110)x27x1.2=865'#

Myesn = 5905 - 865 = 5040"

Amin = & x 12x16.5=.66sq. in.
7y
A, required (per C.R.S.I formula) = .07 sq. in.

A, to override A; min = 1.38 x .07 = 0.09 sq. in.
But also As min=0.0018 x 12 x 16.5=0.36 <« Governs

Use #7 @ 16" (A = % =0.45>036) OK

Shear negligible by inspection because only acts on 0.62 ft.
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DESIGN EXAMPLE 2

Page 1 of 8

Design Data
Building Codc: IBC '06
Soil bearing = 2000 pst
Soil density = 110 pcf

Passive = 300 pcf
n =040

fr = 1,500 psi
£, =24,000 psi
f, =60,000 psi
f(; = 2,000 psi

Check Stem at +8.00'

Eq. fluid pressure = 30 pcf

Poisson's Ratio (for Bousinesq) = 0.50

5 —0"

Wind=15 psf
,/:1 5004 /ft.
4:_6”

1

1=

]

[

-
lll
1

Lk

160"

| 10=0"

1'-6"
o

M =15x6 {9+2} L 30027 2

2 2 3
= 490"
f = 1500 psi f, =.33x 1500 = 500 psi
d=3.75 (for 6" CMU)

E. =900 x fy, = 1,350,000 psi

E, =29,000,000 n =215
490 x 12

A T o0 rim3a 0ass ot Uil
Assume T A, = 20 _ 075 ok

267
N O

1'-6"
—_—— 3-F

C +8'-0"
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DESIGN EXAMPLE 2 Page 2 of 8

] .
M, = 24,000x1.33x.075x.92x3.75xE=690w governs
.1 1 y
My = 500x12x3.75°X — x — = 761"
924 12
2
Vo= gx15+ 202 s

150 '
= 2362 Vaew= yfe x133=59
12x 92 x 375 ! fe

Rebar embedment below = .002 x .50 x 24,000 = 24~

Check Stem @ + 3.3%

Change to 12" CMU, d = 9.0"

Myia = 6'x15psfx [g— + 6.67) = 870"
30x 6672 667
2 3
Mbousinesq (fI'Om program) = 1107
3461 "

Total lateral = 6' x 15 + 30—"26i +505 =1262"

(from program) )
3461 x 12

A, = = 021 Use #5 @ 16 @ ed
" 724000 x 9 x 90 @16 @edge

(Disallow -%— wind stress

increase at this level)

215 x 31 _ 31
np = =2 20 046 y =84 - 0.91 A= =23
P 16 x 9 kj ! C133
1 .
M, :.23x24,000x.91x9><E =3767" > 3461 OK
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DESIGN EXAMPLE 2 Page 3 of 8

M, = 200xD2x9 1 g
8.4 12
30 x 6.67°
Vv = 6x15+——x—7—+504=1261#
1261 '
v o= — 00 128 <yfy, =387 OK
12 x 91 x9 Jm

Embedment length = .002 x .625 x 24,000 = 30"

Check Stem (@) Base

Use 12" CMU
' 6 "
Myg = 6'x 15 psf{—z— + 10} = 1170
30 x 1071
M, = ox10 10 = 5000
2 3
Mupousivesq.  (from program) = 3245
9415 "
frq = 1500 psi.
9415 x 12
f, = 500psi n=215  d=90 A, = al = 0.58
24000 x 90 x 9
T Assume
Try #8 @ 8"
A= 07 _ 1.18 sq. in./ft.
0.67
215 x 0.79 5 .
mp = ==X 036 / = 4883 = .83
P 8 x 9 ki .
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DESIGN EXAMPLE 2 Page 4 of 8

M, = 133 x 24,00102;\- 83 x 90 _ 1o coony

M= 20 x12x9 1 2199~09415
488 12

Stress Ratio = gﬂi =1.33
8299

13% overstressed —optional redesign)
p

N 30 x10°

\Y 6'x 15 + 737 =2327"

Bousinesq T

2327 K
=21.6 <+ fy =387 OK
12 x 9 m

Development length of dowels

L =.002x24000x1.0x1.5=72.0in.

Choose not to reduce by stress ratio. Assume continuing bars will be smaller
diameter, therefore, 1.3 multiplier for splice lap not required.

0.02 x fydy x 07

’

Embedment for hooked bar into footing =

f,

C

_ 02 x 60,000 x 1.0 x 07
447

=18.8"

Min. ftg. Thickness = 18.8 + 3.0 =21.5"

Use 22" thick
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DESIGN EXAMPLE 2 Page5of 8
Stability
Try footing 5'-6" x 1'-10" thick
Item Wt arm +M M
8" stem 8'x 78 psf 624 3.33 2078
12" stem 8'x 124 psf 992 3.50 3472
Soil @ heel 1.5x 110 x 10' 1650 4.75 7838
Soil @toe3x1x110 330 1.50 495
Soil behind stem .33 x 110x 2 74 3.83 283
Footing 5.5 x 1.83 x 150 1510 2.75 4152
Key 225 3.50 788
Adj. Footing 167 4.75 795
OTM Wind=6'x 15 14.83 1335
OTM soil = Efliiglfifi 1183/ 8278
OTM adj. footing 830# 5.7 4731
55724 2.83; 19,899  14,344"

S _ 19889 14344
5572

5.5

¢ :—w1.00:1.75>5;:.92
2 6

outside middle third — designer may prefer redesign for within middle third.

. 5572
Soilp=
I5x55-15x175
OTM ratio = 19899
14,344

=3715 psf { 4000

OK

= 139 = 150 (consider OK?)
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DESIGN EXAMPLE 2

Page 6 of 8

Check Sliding

Lateral force of adj

footing
}
2
Total lateral = 15x 6' + M + 830
=3019 Ibs.
Less friction resistance
=5572x .40=2229
Less passive
_ 300 x 4337 B 300 x 1I° 2662
2
Sliding ratio = 2222 + 2062 _ 65
3020
Check Key
300 x 4337 300 x 2.83°
Force = -

2 2
Effective width = 12" - 2" = 10"

1.6 x 1611 1
= — =239 « 2 = 85
12 x 9 oy e

1 "
M, (approx.) = i

= 16117

1611 x - X 1.6 =23,198"

» (. Negleg{“%

p—1.0

d—i— 1.83

p—-r1.5

OK
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DESIGN EXAMPLE 2 Page 7 of 8

g = 2 x(2-2) 200
6 3.000
23,198 !
ff = . =116 < 5 o= 137
i 200 ey fe 38 \]
OK ) I
No reinforcing required 16.5
Check Toe - o
Total vert. factored load ! E:‘.*O F25
otal vert. factored loa P
=5572x 1.2 =6686" ,
Factored soil pressure (l/
6686 .
= =4370 psf @ P
75 x 55 — 15 x 173 pst @ / Ps %

P P1
02 ~ 30 — 25
p, — > x102~-30 x 4370 = 0.0
3 x 102
02 — 30 + 154
p, = 2X102 730 IS anh = 2085 psf
3 x 102
M = 4370x325x ) x 67x325 = 15394 "

Mo = [ (1.83x150+1x110)x3x (% + .25) ] x1.2=2422"

Mdesigﬂ = 15,394 - 2,422 = 12,972'#
A, {(Per CRSI formula — See Example #1) =0.17

or 399— 10 x 10.5 =0.35 sq. in./ft.
Ty

Use 1.33x0.17=0.23

-

Use dowel bars = #8 @ 8" A 7 =1.18 OK
4370 + 2285
Ve = ——Z——Z—x(3v1.54)—(1.83x150+1x110)(3-.1.54)1.2
= 4996#
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DESIGN EXAMPLE 2 Page 8 of 8
v, =296 _ 505
12 x 185
Vallow = 2 X .85 /2500 = 85 OK ?’
Check Heel
tWo| 44.83
Ignore upward soil pressure
b
W, = 992x12= 1190 * 1.5
+624x1.2= 749
+74x1.2= 89
+167x1.2= 200
W* = 183x15x150x1.2= 494
2722 *
M, = 3163 x 123 =2372"
Effective thickness of footing =20 -2 = 18"
" 2
g = 12 x 187 648
6
2372 x12 S
f, = ————— =439 <5 . =137 OK
648 PV
No reinforcement required
V, = 2722 #
2722 g
Vy = e — =113 < 2 =67 0K
12 x 20 /e
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DESIGN EXAMPLE 3 Page 1 of 6

Design Data Py =200p0 7
w =300pif 17 200psf
Code: IBC '06 P A N
=

T
Eq. Fluid Press = 30 pcf | l
Soil Bearing = 3000 psf
Soil Density = 110 pef g 5'-C

b 8" Concrete

Passive = 300 pcf R £

Surcharge / Axial as shown 1:; | l
fe = 2500 psi L _

f, = 60,000 psi

Neglect soil over toe for passive

Stem (@ Base ( = +0.0)

3 2
3059 92 16+200x2% x 2 w164 (200x 124300 x16) = = 9,787
3 1o~ 2 12

d=8—2*%5—:5.63”

The general solution for A, (per CRSI)

L7 fobd 1 [289(f bd)® 68 f; bMy
27y 2y A bfy’

For b (unit stem width) = 12", f, =60ksi:  this reduces to:

A

Il

L= 0.17f, d- \[ 029 (/o d)® ~ 0063f, M, [M,in in-kips]

= 17x25x5.63-4.029 (25x563)> — 0063 x25x9.787 x12

= 0.42sq. in/ft.
A, (Per above CRSI) =0.42 sq. in./ft.

200
Pmin = —7— = 0033
7y
or 1.33x042=0.56 (See AC110.5.3)
Use #6 @ 9" A= A4 59 = 44 0087 .0033
@ = — = . = — = 003
75 P 9 x 5603
__ M6
85 x 25x 9
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DESIGN EXAMPLE 3 Page 2 of 6

M, =.59 x 60,000 (5.63 - %} x 90 x -l% =13,115">9787 OK

oT

Stress ratio = o787 = 0.746

Check Stem Shear
2
v, =209 16+ 200 x 22 x 9rx 1.6 =2729"
2 110
Vo = 2729_ :404 pSl
12 x 563

Valow = 924 for = 75 x 24/2500 =75 psi OK

Check embedment into footing

02xf, dyx07

For hooked bar =

Je
or 8d, or 6"
_ 0.02x60,000 x .75x0.7
50
Choose to reduce by stress level per ACI 12.5.3.4

embedment = 12.6 x .746 = 9.40"

=12.6"

Footing thickness required
= 04"+ 3"clear=12.4"
use 14" thick (d=14-3-.50=10.5"

arbitrary T
Lap length above footing
0.024 x 0.75 x 60,000
fd, = 0o x 0.746 = 16.1"
V2500

Assume Class B splice w/continuing. #6 bars above, then lap = 16.1 x 1.3 = 20.94".
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DESIGN EXAMPLE 3 Page 3 of 6

Check Stem @ + 1.5 Above Footing

2 2
M, = 305757 T3 1642002« T3 16402000124 300 x16) —
2 3 110 12
= 6250"
A, =0.257 [CRSI formula] Use #6 @ 18" A, = % = 0293 >0.257
M. @+ 15 a= X060 g6
= 85 x 25 x 18

M, = 2 x 60000 x(5.63 - %"ij ¥ 9x = = 6976% >6250 OK

024 x 75 x 60,000

42500

Lap length over dowels = x 1.3 =28.1" (assuming Class B

splice)

Extend ftg. dowels 30" high.

Check Shear

v, = -3-9-3‘-2-3 x 16 + 200-1-31—06 x 75 x 16 = 20057

= ﬂ(i:?_9.7 <75 psi
12 x 5.63
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DESIGN EXAMPLE 3 Page 4 of 6
Stability Check
Item Wt arm ™ -M
Stem % x150x 9 900  x .67 = 600
Earth5x 110x 9 4950 x 35 = 17325
Surcharge 5 x 200 1000 x 3.5 = 3500
Axial DL 200 * M, = 17
Axial LL w0 XYM, = 25
Footing 6 x 1.17 x 150 1053 «x 3.0 = 3159
2 1017 _
OTM earth = 30x 10177 S - 5259
2 3
Surcharge = 200 x 30 x1017 1017 = 2821
110 2
8403 24,626 8080
w/o axial LI = 8103
X (from front edge of footing) = 24,626 ~ 8030 =197
8403
6 bl " : 1 6 :
e = 5" 1.97=1.03'=12.36" Middle —3~:~6—=1.00 ft.=12.01n.
Slightly outside middle third
Soil p= 8403 =2829 psf
I5x6-15x103
OTM ratio (wio axial LL) = 24020225 _ 5,
8080
NOTE: If surcharge is live load it should be excluded from overturning and sliding
resistance and lateral pressure reduced accordingly.
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DESIGN EXAMPLE 3 PageSof 6

A, min required = .0033 x 12 x 11.5=0.455sq. in. or 1.33 x .164 = 0.219

Use #5 ¢ 9" to match stem dowels.

031 0.41>0.219
75

s

Check Sliding
2
Total lateral = w—-—+ 200 xﬂ x 1017 = 2106
2 110
Passive resistance —
2 2 Neglect
300x2.17 300x1 !
= - = 556 Ibs. ,
2 2 o——1.0
Friction resistance (w/o axial LL) T
= 8103 x 0.40 = 3241" i
.y 556 + 3241
Sliding factor of safety = —————— =180 . ;
g y 2106 1.00 ;,1 5.0 ¥
OK=>1.5 i
am—
Check Heel
Factored total vert. load =8403 x1.2+300x 1.6 = P
10,204" !
.98
) . 10,
Soil p (using e =1.02") = 204 3x1.88=5.94"},.06
5 x 6 — 15 x 102 6.00
= 3456 psf
Soillp @ P, = ﬂi x 3456 = 2874 psf
594
57 :
Mo = (1.17x150x 12+ 110x9x 1.2+200 x 1.2) x 7 =20,483"
M1 = 2874 Zr 494 . 494 _ 11,680"
Mesign = 20,483 — 11,689 = 8794"
. 200
A, (w/d=11.5")=0.164 sq. in. Prin = f_ =.0033
Ly
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DESIGN EXAMPLE 3 Page 6 of 6

Check Shear (@ Heel

V,@ faceof stem=(1.17x 150 x1.2+ 110x9x12+200x 1) x 5

8593"

8593
12 x 115

=62.2psi< 2047, =75 OK

Extension of top bar from stem face

_ 0,02 x 0625 x 60,000 x 0.7

/2500

=10.5
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DESIGN EXAMPLE 3

Report Printout

Hugh Brooks, PE, 5

Retain Pro Softwars

PO Eox 826 Corona cdei Mar, GA 82625
hirooicafdratainpro. o

9459-7271-409%

Tie £4-3
Job# Dsgnr:
Deseaplion...

Page:
Date:  JUL 12,2009

This Wall in Fllg: ci\p

2

fitas\rp2007Y ples. b

Alotain Pro 9 € 1989 - 2009 Vor: $.006 8056
Registration #: RP-11101 § RES.00
Licensod to; [The sompany name goes bers}

Cantilevered Retaining Wall Design

Gode: IBC 2006

Criteria § |Scil Bata
i Hoigh Yoo Alow S0 Bﬂa_ring = 3,000.0 psf
S: “T':"d R oot Ecuivalant Fiuid Prassurs Wsthad
il height above sol = . Reet Active Pressure = 30,0 pa¥h
Siopes Behind Walt - 0901 Tae Active Prassura = 30.0 psiht
Heignt of Soil over Toe = 12.90 i Passive Fressure = 300.0 psiit
Water hoight over hoeel  * A0 1 Sail Densily, Heel = 10,00 pd
Soit Density, Toe 110,00 pof
Footing|jSall Friction = 0.400
Vertical component of active Soil haight 10 ignore _ . L
lateral soil pressure aptions: for passive pressure = 12004 i
MOT USED for Soit Pressure. @ B
NOT ISED for Sliding Resistancs | 1
WNOT USED for Owarturning Resistance. —
: Thumbnail
! Burcharge Loads l ! Lateral Load Applied to Stem j‘l ! Adjacent Footing Load
Surchargs Over Hee: = 200.0 psf Lateral Load = GO Adgacent Footng l.ead = 9.0 1bs
Used Te Resigd Skling & Dvertuming . Height to Tap = LY Footirg Width i 000
Surcharge Qver Toe = 0.0 psf .. Height to Epfltom = 0.00f Eccenticity = ulin
NOT Used for Slding & Crvestit Wind on Stem = 0.0 pat Wiat to Fig Gt Dist = 0.00 &
§ Axial Load Applied to Stem Footing Type ) Line Loa¢
[ Base Above/Below Sail a0
foxal Dead Load 200015 a1 Back of Wal ao
Axial Live Lo 300, : § : -
Sorial Lom Eccenificity = T0in Poisson’s Ratio £.000
[Design Summary ]} Stem Construction | )
Woll Stability Ratios Oesige Keight Above Fig  fis 1.50 a6a
Qvertuming = 304 0K Vall Materal Abave *Ht" = Comaele Concrele
Siding = 181 0K Trickness = 8.00 260
Redar Sive = % B % 8
Total Bearang Load = 8,427 Ibs Rebar Spacing = 18.00 S.00
L fesultant ecc. = 1274 in Rehar Placed al = Edpe Edge
< N . Design Dat» S -
Sail Prmum-g; Tos = 2,906 psf OK folFE + falFa - a.Ba7 7S
5‘2’;“";‘;“ Qe = ng ;Z:rf K Total Force @ Section b= 20045 27055
wa = B X &y
Bail Pressure Lass Than Allowadig Momert,.. Actoa: frd - 6‘24?'5 '9'773'5
ACi Factored @ Toe = 4,528 psf Moment .. Allwsbl  fl#= 69651  13.0224
At Factared g Hes! = 0 psf Shear.... Actual pel= =7 401
Focting Shear @ Toe = 0.0 psi OK Sh::af‘....mhwnbee psi= 7?,0 .0
Footing Shear @ Heel = 62,7 psi OK Wall Weight pei= 190.0 we.e
Allowible - 75.0 pui Rebar Depth T’ in= 583 564
Sliding Galcs (Vertical Componert NOT Used) LAP SPLIGE IFABOVE  in® 2548 21.0%
Latowa! Slicing Frrcs o 2 105.0 tos LAP SPLICE IE BELOW  in= 2818
loss 100% Passive Forea = - 554.7 1bs HOOK EMBED INTG FTGin = 7.56
Iess. 100% Friction Fores = - 3.250.6fs Mazorry Data e
Addet Force Req'd = 2.0ms OK ¥s psi=
LJort5:t Stabilgy = 0.C lbs OK Sold Grouting =
Load Factors .o .
Burlcing Cade 1BG 2006 Modular fatio W =
Dead Loas 1.260 Shert Termn Factor =
Live Lead 1 800 Equiv. Solid Thick. =
Eattt, H 1.600 Mascnry Binck Type = Medium Welght
Wind, W 4 800 Mascrwy Desigr Mel 7 ASD
Sesmmic, F 1.000 Congtets Baty ~ - o e -
re psi= 25000 25000
Fy pyiv B0000.0C €0,000.0
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DESIGN EXAMPLE 3 Report Printout

Hugh Brooks, PE, SE Tte : EX-3 Page:
Retain Pro Sofeware Job # - Osgrr: Date: 3L 12,2009
PO Box 826 Corona gol Mar, CA 92625 DEscnoTsr...
hbrovks#retainpro.com
y21-A08% This Wall In File: c:\program fiiesirp200Nessmples_ps
Retoin Pro 9 & 196S « 2009 Ver: 3.00 5056 B - -
Ragistration #: RP-11101 % RP3.00 Cantilevered Retaining Wall Design Cade: IBC 2006
Li to: fThe pany rame goes hora]
{ Footing Dimensions & Strengths ] __Footing Design Resuits 1
Toe Widgth a 0.33 & Toe Hesl
Heal Width = ___bEE Factored Prassure = 3528 0 psf
Total Footng Width = 5.39 My Upward = 168 O I
Fpating Thickness = 1400 in M’ Downward = 19 ﬁ(‘: =¥
Ky Wiith _ 0.c0 in M Design = T S.775 R
¥ _ g Aclual 1-Vvay Shear = .00 62,16 pai
Key Doath = 0.60 in Abow 1-Way Shear = 7500  75.00 psi
Key Distance fror Toe = aLoR Toe Reinforciag = #3@ 18.000n
o= 2 500081 Fy =  &0.000 psi Heak Relrtarcing ® ¥ 56 18.900n
Footing Concrate Densily = 150.00 pof ey Reinforciag = None Spasd
Win. As % = eoms Other Accepiable Sizes & Spacings

Cavar @ Top 2.50 g Btm= 300in Tos: Notreqd, Mis < S * F
Hee! #4@ 9.50 in, ¥5Q) 14.75 in_#64D 2075 in, ¥7( 28.25 in, ¥88) 37.00 in, #9@ 47
Key: No key defined

! Surnmary of Overturning & Resisting Forces & Momenis [
- OVERTURNING...... . RESISTING....,
Force Clstance Woement Faorce Dlstance  Moment
Itesm s ft hind S S e

Hesl Active Pressure = 1.550.4 339 52542 Soil Quer Heel = 4.943.4 17.268.9
Sureharge ovar Hool 554.5 5.C6 28189 Slopes S0l Over Hee' =

Tee Active Pressure = Swrcharge Over Heel = 298.7 245 34887
Surchage Over Toe = Adjacent Footing Load =

Adiacert Footing Load = Axial Cead Luad on Stem= 2600 .08 18.0

Addes Laterpl Load = ™ Al Lve Lond on Stem = 300.0 0.08 24.0

Load @ Ster Above Soit = Foi! Qver Toe = 383 Q.17 8.0
Surcharge Ovar Toe =

Stem Weight(s) 8000 068 597.0
S S Earth @ Stem Transitions =

Totat = A%050 OFM. = 8.073.1 Faotng Weight = 10483 3.00 31395
Fesizting/Overturning Ratic = e Key Weight =
Vertical Loads used for Soil Pressure = H4256 ibs e, Companant =

Total = 48,1285 bs RM.= 2e 516
* Aodal {ve load NOT inciuded in tolad disph of used for ring
s buts for so p fouation.

DESIGNER NOTES:
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Check stem (@, base (Ht=0.0)
Use LRFD Design Mcthod

Mu=§'§5xéi— i

DESIGN EXAMPLE 4 Page 1 of 4
Design Data
Code: IBC '06
Equivalent fluid press. = 30 pef ;
Wind on fence -= 15 psf & —-— 15 psf
Soil bearing = 1500 psf —ee
Passive =350 pef -
. . K [
Soil density = 110 pef |/
i = 0.45 = Footing friction coefT. 3~8 : & Block
frm = 1500 O
Use LRFD method =g
f, =60,000 24"
fo =2500
fy = 60.000
Neglect soil over toe for passive
Check Fence
15 x 6° 1y _ .
M (@ base = — = 2707 (for design of fence connection to wall)

Lateral @ bott. of fence = 15 x 6 =90 plf

(Load factor wind and earth pressurc = 1.6)

.
i ox o4

‘l x 1.6 = 1520 ft-lbs.

e i
” i

g |

Use 8" block solid grouted
f, =1500x .33 =500 psi

d=5.25"

Try #5 @ 24 in. (A, = 0.31/2.0 = 0.155)
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DESIGN EXAMPLE 4

Page 2 of 4

0.155 x 60,000
0.80x1500x0.80x12

oM, = 0.90 x 0.155 x 60,000 [5.25 - (0.81/2)] x 1712 = 3379 ft-lbs.

Stress ratio = ;5—20 =0.45

379

Stem Shear

i ( ‘ 0 ow 4
Lateral @ base = { i5psfa & + . }}:1‘.6 = 528 105,
vy = 08 8.38 psi < v750 =274 OK
12 x 525

dun x 0.80 (4.0 — 1.75) 4 1500 = 69.7 psi

Embedment into ftg. w/ std. hook

02 x 60,000 x 0.62 . .
= o x0625x07 =10.5" Use 6" min.
42500
Min. ftg. Thickness = 10.5 +3.0=[3.5" Use 14"
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DESIGN EXAMPLE 4 Page 3 of 4
Stability
Item Wt arm M -M
Fence -0-
8" stem 4 x 78 psf 312 3.0 936
Earth overtoe  0.5x 110x 2.67 147 1.33 195
Footing 1.17x150x3.33 584 1.67 975
Wind OTM  15x 6 817 735
Soil OTM = EO_X;__]]_ 1.72 690
1043 2106 1425
X =M=0.66 ezﬁ-.66=1.0':12"
1043 2
. . 333 . . )
Middle third e = v = .55 .. outside middlc third
10
Soil p= 43 = 1043 psf
T5x 333 -15x 10
. ) 2106 . .

Overturning ratio = Ta2s x 1.48 (consider OK because of wind load)
Check Shding

Total lateral = 6'x 15 psf+ &x;_ll‘m =490 lbs.

Friction resistance = 1043 x .45 = 469 lbs.
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DESIGN EXAMPLE 4 Page 4 of 4

350 x 1.67° 350 x 5°

Passive resistance = 5 - 3 Critical for M 1>
Critical for V ——
— 444 1bs, ritieal Tor ‘s
8.5
Sliding ratio = ﬂt;;ﬂ ~1.86>15 OK -t AL- U
Check Toe 13""6{/-/7
Total factored vertical load = 1067 x 1.2 = 1280 Ibs. g, 1-4,8", &
. 1280 -4
Factored soil p = = 1280 psf
J5x333-15x1
1280 x 2
M, = —f% (333 - 67 - .50) = 2765 fi-Ibs.

Modb = (150x 1 +110x.5)2.67 x 1.33 x 1.2 = 874 fi-lbs.

Maesin = 2765 - 874 = 1891 fi-lbs.
Ve = 1280x2x % -(150x 1 +110x.5)2.67x 1.2 =623 1bs.
vy = _623 4.95 vyew =76 OK
12 x 10.5
Toe Reinforcing
M, = 874 ftlbs.
d = 14-3-5=1051n.
. 200
A required = .02 A,min= — = 0033
1y
Min. reinf. = .0033x12x10.5=.0416
or = 1.33x.042=.03
or = .0018x12x10.5=0.227
Select #5 @ 16 (to match stem dowel bars bent to toe)

A= 031 _ 0.23>0227 OK
1.33
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DESIGN EXAMPLE 4 Report Printout

Hugh Brooks, P, SE Title  EXA4 Page:
Refsin Pro Sofwars Joo# - 704 Dagm: Date: UL 12,2008
PO Box B2G Carona del Mar, CA 82625 Desgripuion...
retal npro.com
949-721-4039 This Wall in Elle: c:\program flesirp2007iex rp6
Ratain Pro 9 & 1988 - 2009 Ver: 9.00 BISE i . .
Registration 2 RE.44501 5 RPY 0% Cantilevered Retaining Wall Design Code: IBC 2008
Lisermed ta: (The company name poes heraf
e e e . _
. Geiteria J Soit Data
= ‘ Allow Soil Bearing = 1,500.0 psf
Haigh De 4 ’
Rataned Haight " _ 002 Eavivalont Fhad Prassurs: Mathad
Wail heightt sbove 30 = BOUR Hew! Active P e = 30.0 psfilt
Sicpe Behind Wall = 0001 Toe Active Prassyre = 0.0 pubft .
Heignt of Soll ower Tee * 5.00 in Pesgive Pressurs = 350.0 pst¥ht 1
Water height over heel = 5o Sl Donsily, Hes! = 110,00 pof :
Sodl Density, Toe 110,00 pot
FootingliSod Frction = 0450
\iartical cemponent of active Soil height to gnere ,
Iateral scil pressura gpIons: for passive pressure =  6.000n
NOTUSED far Soi Pressure.,
NOT USED for Sliding Resislance
NOT USED for Qvarturning Resisrance
Thumbnail
I'Surcharge Laads “l !'Lateral Load Applied to Stem . | Adjacent Footing Load
Surchange Over Heel  w 9.0 psf l.aterat Load = 0.0 2 Adjacenl Footivig Lodd =
Uzed To Resist Sliding & Owertuming ..Height 1o Top = Q.abft Fooling Width = 09001t
Surchame Over Toe = D.0psf ~ Height to Bedrarm = pooh Ecaertricity = 096 in
Used for Siding & Overtuming Wwind on Stem = 15.0 psf Wall to Fig CL Dist = Qan#
| Axial Load Applied 10 Stem i Footing Type _ Line Load
Bage ApoveBelow Soil n
Axial Desd Load = 0.0 fbs 2t Back of Wal = 2.0f
Axial Live Laad : 0.0 s Foisson's Ratio = 0.900

AxiatLoad Ecoenticity .oin

Design Summary [Stem Construction | TepStem _ 2nd e

Wafl Stability Ratios Deslgr Height Above Fig fi= 4008
O\'lettnrmng = 1.45 Raio < 1.9¢ Wall Matenal Above “HF' = Fence Masavry
Stiding = 1.86 OK Thickress. = 880

Rebar Sizg = # 5

Totai Bearing Load = 1,042 Ibs Rebar Spacing = 2460

.-Fesullant &cc. = 1216 in Rehar Plazed at = Fage
. Design Data

SodPressue @ Tos = 1057 psf OK PP -+ e = 064

3?:};:::;‘;" Gheel = g oK Total Force @ Seclion b= SO0 3263

Boil Pressure Less Than Allcwak i Moment. . Acluai fa = 2780 9464

ACtFacored @ Toe = 1,280 psf Momert.....Alloweble = 14778
AL Factored @ Heel = ¢ pet Shear.....Actual P = 5.1
Fosling Shexr @ Tos = 3.8 psi OK Shear....AOWALE = 7
Fonling Shear @ Heel = 0.0 pst OK Wall Weight pat e 78.0

Allowable - 75.2 psi Rebat Depth ‘of = 525

Sliding Calts (Vertical Component NGT Used) LAP SPLICE IF ABOVE  in = 4500

LAP SPLICE IF BELOW in=
Lataral Sliding Ferce = 490.4 bs P
less 100% Pagsme orce = - 2424 Ibs MHOC!V{ EMEED INTOFTGin= 5.75
i Eriti = . asonry Data —_—— —
less 100% Fnc:ron‘ Forea 46%.1 lbs tm P 1500
Added Foree Req'd ‘ = 0.0 bs OK Fy psim H02,060
Aor 4.8 1 Stapiity = 2.0 ibs O Sold Grouting = Yes
Load Factors . )
Builcing Cede 1BC 2006 Maduiar Rato 'n' = 21.48
Uead Load 1200
{ive Lead 1560 Equiv. Soiid Thick. o 7.€0
Earin, H 1 600 Masorry Black Twpe = Medium Weight
Wind, W 1860 Mascrry Design dathod = LRED
Selsmic, E Cancrete Data - e e
1.000 Pk pie
Fy psi =
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DESIGN EXAMPLE 4

Report Printout

Hugh Brooks, PE, SE Titie EX-4 Page: ...
R:;';m Pro Software Job ¥ | 04 Bisgnr: Date: AL 12,2009
PO Box 326 Corena del Mar, SA 92625 Desoriedion....

hbrouksERretatnpro.com

8497214009 This ¥Wall in File: e:\srogram filas\m2007\axamplos. s

Min As % = .0018
Tover @ Top 2.0 2 8Bm= 30G1n

Hstain Pro 5 © 1680 - 2008 Var: 3.00 3056 | e .
Regiswation £ RI-41101 & ) Cantilevered Reining Watll Design Cnde: IBC 2005
Licensed to: [Tho company namea goes hers!
Footing Dimensions & Strengths Footing Design Results 3}
% oo Widkh = 2867 Toe Heel
Heel Width K Q.67 Faclared Pressura = 1,280 O psf
Total Fooling YWidth = 333 MY Upwarg = ] O i
Fanting Thicknpss = 44.00 in Mu' : Downward = 0 11 A%
- ) M Design = 1,519 1 R
Roy din = o Adual 1-Way Shear = 264 0,02 psi
ey Degt - 00 in Afow 1-Voay Shear = 7500 7500 psi
Key Bistance from Tee = ot ToeRsinforcing = #5@ 16.0C 0
fu = 2,500 pst Fy = 50,000 pst Hee: Renforcing = MNore Specd
Footayy Conoreie Density = 150.00 pef Key Reinfarcing = Wone Specd

Other Acteplable Sizes & Spacings
“foe: Motreg'd Mu<$*Fr
Heel; Not reg’d. Mu <& * Fr
Key: No ey defined

Adiacent Footing Load
Arded Loteral Lozd

Hnow

Resisting/Overtumning Ratio
Vertical Loads used Tor Soil Prasaure =

tLoad & Sterm Above Soil = 8C.C 8.17 TEL Sail Ower Tos

Totat T Tata  oTm s Tazas Eooting Weigh!

Summary of Overturning & Resisting Forces & Moments 1
e OVERTHRNING..... . RESISTING.....
Farze Distance Momand Fatee Distance  Momant

L s R % . R r

Heet Active Pressune - 400.4 172 6896 Scil Ower Heel " 15 333 28
Surcharge over Hael = Shopes Sott Over Hee! =

Toa Active Prossure - Surcharge Ovar Heel =

Surchamge COver Toe Adjacent Footing Load =

Axial Dead Load on Stem=
* Axial Live Load on Stem

= 1453 133 1046
SBarcharge Over Toe =
Stem \Welght(e} = 3120 269 9339
Earth @ Steen Transitions =
= 5823 1.67 €70.3
= 1.48 Kay Weight =
0425 s Vet Component

. Totalz | 10425 s RMS O UEIEF
- Ive t0ad NOT included in ketal drsplaved, o used for overturnin
resistance, put is inclded for soi prg?sexr"g‘éaicwalbn. 3

DESIGNER NOTES.
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DESIGN EXAMPLE 5

Page 1 of 3

Freestanding Yard Wall

Design Data

6" CMU

Code: CBC 2007 (= IBC ’06)

Assume California so seismic governs over
wind.

Soil bearing = 2000 psf

Use 6" CMU solid grout

Equiv. fluid pressure = 30 pcf

Passive = 400 pcf

o =040
Fn = 1500 F. = 24.000
fc = 2000 fy = 60,000

Determine seismic force factor Fp/Wp
Per ASCE 7-05, 15.4.2 (Rigid nonbuilding

structures)

From Hazard Maps for short period assume S, = 1.10

Seismic Design Category D

F.=10

Sms—F.S,=1.0x1.10=1.10

Sps = 0.67 (1.10) = 0.73 (Eq. 16-38)

Equation (15.4.5), rewritten
F/W,=030Sps1=0.30x0.73x1.0=022 (Assume I=1.0)

Input F,/W, =022 x ﬁ =0.16 for masonry ASD and overturning

Convert to ASD T

One-third stress increase permitted per IBC '09, 1605.3.2
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DESIGN EXAMPLE 5 Page 2 of 3

Stem Desien, Masonry

-

M = (0.16 x 58 psf) % = 107 ft-lbs.

Use #4 e 48" @ center (d = 2.75")

A, = 2 = (5
4
215x 20 9 .
np = ==X 33 /.:9.57 =92
P 48 x 275 ki J
M, = 24000x133x.92x2.75x.05x liz =338">167 OK
2
M. = 1500 x 33 x12x2.75 133 x 1 _ 55
957 12
V. = 016x58x6=557lbs.
- 7 o 1.68 psi OK
12" x 2.75
v (Allow) =4 1500=38.7>1.69 OK
Check Stability
6 x1.337 1.33
Overturning = 6.0 x .16 x 58 [E + IJ + 30 le 33 X 3 = 234 fi- Ibs.
Resisting moment = 6'x S8 pstfx 25+ 110x 33x1.5x1.25+1.0x150x2.0x 1.0
= 455"
- 455 — 234
x = > =0.32
6 x 58+ 33 x 110 x 15 +20x 1 x 150
W = 702 lbs.
- 20/ - ‘ cd= 20/ =
¢ [ -032=0.68 middle third A 0.33

outside middle third
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DESIGN EXAMPLE 5 Page 3 of 3
Soil p= 702 = 1463 psf <3500 pst OK
75x20-15x.68
) . 455 L
Overturming ratio = 32 =194 OK w/seismic
Lateral force @ base of fig. = .16 x 58 x 6 + (30 x 1.33%)/2 =82.2 Ibs.
2 2
02 « .40+[400 x133% 400 2.33 ]
Sliding ratio = =17.45
82.2
Check Heel Reinforcing
Neglect upward soil p
157 .

My = (1.0x150+.33x110)7xl.2=252'
M, stem = 167x1.6=267ft-lbs. <« governs
d = 12-3-5=85"
Ajreqd = .04 %77 . (per CRSI equation)

200

Pmin = = 0033

Ty

oA min=.0033x12x85= .34 0or 1.33x.05=.067
20 .

Use #4 ¢ 48 (to match stem dowels) A= e =.05 <.067 Consider OK
Vy = (1.0x150x1.5+.33x110x1.5)1.2=335"
v - —2_-33<7 OK

12 x 85
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DESIGN EXAMPLE 5

Report Printout

Hiusgh Brooks, PE, SE
Retain Pro Software
FC Box 826 Corona def Mar, CA 92626

Hbraoks@ratatnnro.com
94T 214008

Title . EX-S Fage.
Job # Daghit Date:  JUL 24,2008
Description....

Thic Wail in File: ci\program flies\mp 260N examples. rpS

Retoie Fro 9€ 1389 - 2008 Ver: 200 8056

fegistration & RP-14101 5 #PE.00 Cantilevered Retaining Wail Design Code: CBC 2007
Licensad to: {The company name goes here]
{ Criteria 1 {Soil Data i
. L35 R Alpw Soii Baaring = 2000 G psf
R,em'm,d Hezght y : - Eguavaient Fluid Pressure Methad
vuaht beight abowe soil = 547 Heel Active Presst s = 30,0 pstit
Slope Behnd Wall = ao0i Toe Active Prassure = 36.0pstA
tieight of Scil over Toe 4.00 i Passive Fressure = 4A0C.O psR
Watar baight over heal = Coft Soil Rersity, Heel = 110.00 pef
Soil Dersity, Toe H10.00 pef
Footing]}Soil Friction = 0400
Vertical companent of active Scél height ta ignore. B . :
lateral 50 prassure options: for passive pressuTe = 400in L
NOTUSED for Seil Pressure. N
NUTUSED for Sliding Resistance. i
NOTUSED for Querturming Resistance. e
Thumbmnail

' Surcharge Loads

J | Lateral Load Applied to Stem

‘ Adjacent Footing Load

Syureharga Over Heal = o.aps tateral Load ‘. 0.0 %M Adjacent Fosting L.oag = @0 lbs
Usad To Resist Sliding & Qwertummam ...Height tc Top = 0.00R Footng Width = 000 ft
Surcharge Over Toe = [eXed v __.Heignt to Botlom = 000 Eccentrichy = [eEe HEa
v iized for Skding & Owerturning Wing on Stemn - 0.0 paf Wali i }_ﬁl.g CL Dist %= ] D00 ft
" Axial Load Applicd to Stem 1 Foatng Type ! Lins Load
Base Aboves/Below Soil 20
Axigl Dead Load = 0.6%s at Back of Wal = g
Axial Live Load = O.G Es N " . -
Asia| Load Eccentricity = ae i Paisson's Ratio 0.300
['Sféﬁ{We‘iéﬁt Seismic Load I P 1 Tréy, Waignt Multiplier = 0220g Added sslsreic base force 54.4 los
Degign éummary l Stem Construction TopStem
! 2 hankmh
Wali Stanility Ratios Design Height Above Fig  ft= 0.50
Dveraming = 1.99 QK Wil Waterial Abave "HY” = Magoary
Siding 7.50 UK Thickness = 6.00
Rabar Size = # 4
Total Beaving Lead = 702 bs Febar Spacing = 48.00
~resulian ace. = B4 in Retar Piacet al = Center
Pesign Datm - - -
Soil Pressure § Toe = 1,456 psi OK FfEB + fafFa = o.ag1
S‘l’:l‘mss:m Bres = “*"‘i ox TolgiForo: @ Section  Ibe= 543
pwg! = ] ps -
o1l Pressure Less Than Aliewatie Moment....Actual Rt = 1881
AGH Factared @ Toe = 1.748 psT Morment. .. Adtowable = 33?.1
ACEFactorsd 3 Heel = a pai s Actual psi= .6
1 =
Foufing Shear @ Tos = 0.9 psi OK & Aliowasle e 518
Footing Shear @ Heel = 2.9 psi OK Wall Weight - 5.0
Alinwabie = 57.% psi Rﬁbi[?*p}‘z o .o 278
Siiding Cales Verical Companent NGT Used) o e oo am
Loteral Sliding Farcs < 3.9 os HOOK EVMBED N0 BTG - o 9
less 100% Passwe Foree = - 333.3 s Masonry Data : ne 9
ar : 3 -
less 100% Friction Foree = .~ 28100hs Fn peiw 1500
Adced Force Req'd = 0.0 s OK Fs psi=  24.000
R85 01 Stadtity = 0.0 lbs QK Sofid Grouting = Yas
Lead Factorg - I
Building Dode GEG 2007 Medular Ratio 'n = 2148
tread oad 1.200 Shart Term Factor = 1333
Live Load 1.500 Equiv. Solid Thick. inx< 560
Eatth, H <600 Masanry 8iock Type = Mediurs Weight
Vg, WY 1 800 Aasonry Daaign Mathod  « ASD
Seizmic E 1.600 Concreto Dala - 2 e e - .
e pSi~
Fy paix
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DESIGN EXAMPLE 5

Report Printout

Hugh Srooks, PE, SE
Retain Pro Software

hbrookeratanpro.com
5987214088

PO Box 626 Corona del Mar, CA 52625

Te | EX-S Page
b # Dsgnr Date:  JUL 34,2009
Description. .

This Wall In Fila: c:\program files\rp2007exart ples rps

on ¥ RP-144011 5

bl —t
Reinin Pro 5 © 1989 - 2009 Ver: 400 5056

Cantilevered Retaining Wall Design

Licanssd to: [The company name goes hare]

Code: CBC 2007

Footing Dime

ions & Strengths J

J

[ Footing Design Results

Toa Widin = IR Toe Heoot
Hee) Width = 280 Factored Pressime = 1,748 0 paf
Tolal Footing WiitH = 260 My Upward = ] ¢
Fooling Thick = . My’ . Downward = o G frat
1:0 8 tcmsss 'izf" fd. Design = o ofa
ey Width = in Actual 1-Way Shear = 600 294 psi
Key Depth . = 0.00in Allow 1-Way Shear = 6.0 6708 psi
Koy Distance from Tee = .00 £ “fee Rentorcing = None Specd
o o= 2,000 psl Fy = 60,000 pst Heel Rginfaming w tone Spec:d
Foring Concrete Density = 150.00pet Key Reinforcing = Nene Spacd
KA. As % - €.0018 . —_— 4
Cover @ Top 200 @ Bwm= 300 In Dther Acceptable Sizes & Spacings

Toe: Mot reqd, Mu <S> Fr
Fiewi: Notreg'd, Mu <3~ Fr
Koy, Noaey defied

Summary of Ovenumlnﬂ & Res1st1ng Forces & Moments

OVERTURNING.....

..... REBISTING.....

Forca  Distance Mamaent Foree Distance  Someny
kem s ) 1t lbs # L&

Hoa] Actv = 6.8 0.44 11.8 Soil Gver Howsl = 545 1.2% £6 1
Surcharge over Heel w Sioped Soil Over Heat =
Tee Aclive Pressre = Suicrarge Over Heel =
Sureharae Over Tos = Adjacent Fooling Load =
Adjacent Footing Load = Axial Dead Load on Sigm =
Addod Lateral Loed = * Axisl Live Load on Stem &
Load & Stem Above Soil = Soll Ower Tor =
Surcharge Over Toe =

Seismic Stem Seif Wit = 4.4 100 2474 Stern Weighn(s) = 3454 625 87.0
s s e P Earth (& Stem Transitions =

Totad = e OTM = 229.2 Foolirg Weigh! = 0o +.00 000
Resisting/Ovarturnimg Ratio = 159 Koy Weighi E
Verfieal Losge gsad By Sall Prassura = TOER s Vert Componant =

Total » 7025 ks RMF 4551

* Axial five load NOT included in tolal depla 7 used for evertumi
remst-;n , Bt is inciudad for soi: pmss%myg’;lcuh; an, "9

DESIGNER NOTES:
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DESIGN EXAMPLE 6 Page 1 of 4

TAPERED CONCRETE STEM -

g
Include scismic effect ! l 3
Assume lateral support at top of footing 4 -1 !
N . /
Angle of internal friction R
\ /seismic
—9=34° 12°-0" | \\ ’
Wall friction angle SLAB7 |/ \ eTATIC
5= =17° : /3
= = 2 = l‘. i - I \
2 =04 B e e
Soil density = 110 pef -0 | | 50"
£ =3,000psi £, = 60,000 psi 1 12%

Backfill slope=3:1 == 184°
Wall friction angle assumed: 6 = 17°

Determine seismic factor, K,

Assume high-seismic California

From charts in IBC for "short period”, select S; = 1.274
Then Sy =F, S,

F,= 1.0 (This is a function of soil characteristics and value of S,. See Table 1615.1.2
in [BC).

SMS = 10 X 1274 = 1274
Sps = % Sms =0.667 x 1.274 = 0.85
Per FEMA/NEHRP (Commentary) 03, Section 5.3.1

K, = 225 = (.40 x 0.85=0.34
25

Use K, = 0.34 tan” 6 =0.34=18.8°
Determine static and seismic lateral pressures

Use Coulomb/Maonokobe-Okabe cquations
sin” (¢ +90)

sin(90-5|14 | Sn@+I)sin(g-f) 2
sin (90 —4d) sin (f +90)

KA=

_ sin” (34+90) 0398

Sin (90-17) |1+ s%n(34+17)s?n(34—18.4)
sin (90—17 )sin (184 +90)

K, (horizontal) =cos § K, =0.96 x .328 = 0.313
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DESIGN EXAMPLE 6 Page 2 of 4

sin’ (¢ +90-6)

Sn(g1ojsin(g—0-5 |
sin (906 @) sin (B +90)

Kae =

cosHsin(90¢95{l+\/

sin? (34 +90-188)
sin (34 +17 ) sin (34 —188 —18.4) }

cos 18.8 sin(90-188-17) |1+ [— -
sin (90 —17 —18.8)sin (184 + 90)

Because term under radical 1s zero
KAE =1.21
K i (horizontal) =cos 8 Kap =0.96x 1.21 = 1.16

Static lateral at base of stem = 0313 x 1210 X 12 x 1.6 =3966"

(116 - 313)110 x12°
2
Static + scismic lateral at base of stem = 3966 += 6732 = 10,698 *

Mai oo~ 0313 x110 x12° 12 e 15.865
' 2 3
Maeismic (@ stem base assuming point of application = 0.6H
6732 x 0.60 x 12 =48,470 "
Mu @ stem base = 15,865 + 48,470 = 64,335 "
Hecight to resultant of static and seismic forces

_ 15865498470 _ ¢ 61 f. = mid-height
10698

Check Base of Stem
Matic = 15,865 *
Mieismic = 48,470 x 1.0 = 48,470
Design factored moment = 15,865 + 48,470 = 64,335
Try 18" stem d=18.0-2.5=155"

Seismic portion of lateral = =6732"

A, required = 017 fod - \/ 029 (/Cd) 0063 /. M,

17x30x155- \/.029 (3 x155) - 0063 x3x64335 x12

$q.in.
1t

0.965
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DESIGN EXAMPLE 6 Page 3 of 4

Check for A, min. = .0033 x 12 x [5.5=0.61

Use #8 (@ 9" A= 10 _ 1.33 > 0.965
0.75

V, factored = 10,698"

#
- 10698 _ 57.5<.75x 2% /3000 =82.2 psi
12x155
(Note: This example does not include seismic due to stem self-weight. If desired, this can
be added as an "additional lateral load," using the appropriate seismic factor.)
Check stem at 4.0 ft. above fig. Retained ht. = 8.0 fi.
t=15.5" (by interpolation) d =say 13.0"
Use same procedure as base of stem
M,=19,010%

A,reqd. @ 4 high=0.17 x 3.0 x 13.0 - \/.029 (3x13)* —.0063x3x19x12

=0.0.32 241
.
. 0.61
Use #7@ 18" A= —— =041>032 OK

Stability and footing design:

Total ht. @ back ot heel =12.0 + 2.0+ (5./3) = 15.67'
(Assume slope starts aligned with stem at bottom).

Static lateral @ bott. of footing = 1] ”;x 1567 _ y2ou

Seismic lateral (@ bott. of footing = (116~ 0'31)21 10 x1567° x0.71=8150"

Total lateral = 4229 + 8150 = 12,379 * (Converted to ASD)

Try 6'-0" toe, 6'-6" heel (incl. stem) = 12'-6" total width

Overturning moment = (116-313)110 x1567° X.6x15.67x0.71 =76,310 ft-bs.

2
To convert to ASD. T

L 313x110x 1567°

=76,310 +22,067 = 98,377 ft-1bs.
2x3
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DESIGN EXAMPLE 6 Page 4 of 4

Resisting Moment

(Use vertical comp. to resist overturning but not to reduce soil pressure).

Resisting moment = (soil over heel) (arm) + (sloped soil over heel) (arm) + (stem
wt.) (arm) + (earth @ stem) (arm) + (ftg. wt.) (arm) + (vert. comp. @ back of heel)
(arm)

=(5x110x12)(10) +5.63 x 1.88 x .5x 110) (10.63) + (16 x 1.08 x 150) x (6.57)
+(12x.63 x.5x 110)(7.29) + (12.5 x 2.0 x 150) (6.25)

+4229 tan 17°) (12.5) = 131,543 ft-lbs. (Vert. comp. =.4229 tan 17° = 1293

Total vert. load=(5 x 110 x 12) +(5.63 x 1.88 x .5x 110) + (16 x 1.08 x 150)
+(12x .83 %.5x 110) +(12.5 x 2 x 150) + 1293" = 18,365"

131,543 _ 134
98,377

Overturning ratio =

Soil pressure: (Vert. Component not used)

131,543 - 98,377 - (1293 x12.5)
15,365-1293

=1.21 ft.

X =
Eccentricity = (12.5/2) - 1.21 = 5.04' = 60.5"
e for inside middle third = 12-% =2.08 .. Outside middle third

5365-12
Soil pressure = 15,36 %3 = 7753 psf
TJ5x125-15x5.04

0.4x(15365-1293)
12,379

However, not applicable since slab is present and to be designed to resist lateral.

Sliding S.F. = 0.45
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DESIGN EXAMPLE 6

Report Printout

Hugh Brooks, PE, BE
Raetain Pro Software
20 Bax B28 Corona del Mar, TA 92625

htrooks@ratainpro.com
940-7 21-4094

Ttle [ EX-4 Page
Joh# - T06 Dsgnr. Daje;  JEB. 24,20
Cascrgbon....

This Wail in Fite: c\program fleswp200Tlexamples. rps

Fetain PO 9 © 1985 - C0bE Ver: 5.00 8456
Regisiration 02 RP-E1101 § RPB.00

Tapered Stem Concrete Retaining Wall Design
Licersad to: {Tha company mame goes herg]

Code; CBC 20¢

[ Griteria I Soil Data R |
Retained Height = 12001 Allow Suil Bearing = 8.000.0 pst \ |
wall height abowe sait = A00f Coulomb oil Presars calculation 1y )»M/ !
Stope Behind Wat = 3001 Son Friction Angle . 340deg & !
Feignt of Soilover Tog = Q.00in Active Pressure:Ka*Sammas 34,5 Rt g
Pagsive Pressune l0™Gamma 3807 psfifi !
Soil Density = 11000 pcf ] ‘
wind on Stem = G0 psf Footing||Soi Friction = G400 1
o . N 1 i
Vettice| cornponent o active Soi he'gm.m'g"'"er " . : H
taleral s0i pressure options: fur passive pressure = 000 i
NOTUSED for Soil Pressure, B ;
NOTLUSED for Siding Resistance. H
USED for Overturning Resistance. !
Thumbmail j
[Surcharge Loads § | Lateral Load Applied to Stem ' !Adfacent Footing Load
Surcharge Over Heel = oo psd - - Adjacent Footing Load = [#% + J12Y
>»>Used To Resist Sliding & Overuming Lfﬁ?&?ﬂﬂqﬂp - 0%8 f{m Fﬁgﬂm Width "9 = 0.0t
Sureharge Dm Toe = 0 psf __smight ro Boltam = 000 & Eccantricny = 0.0Gin
Liaed for Shiding & Gverturning i Wall to Fig Ci. Qist = J00h
; Axial Load Applied to Stem [ Focting Type Lne Loat
Base AbovesBielow Soii
Adal Bead Load = G0 at Rack of Wall CoR
Axial Live Load = Coks
Axial Load Scoenlncily = L.0in Foisson's Retle = 0.300
| Farth Pressure Seismic L oad Kae for seisnuc earth pressure = 1,159 Addad sesmic base foroe 8.100.6 Ibs
Dasign Kh = 0320y Kal fur static parth press are L) RS Ve ot These armz harizontal components
Rifference; Kag - Ka = QB&5

Using Monanohe-Okabe / Seed-Whilman procadyie

| Stem Weight Seismic Load ' P! Wy, Waight Multiplier = 0000 g Added seismic base force G.0Ibs
. Design Sunwnary " | Tapared Cancrete Stem Design Data
Total Bearing Lome S 13,845 Ibs Thickness at TOP = §h0in Fy = o B
_Aesulart ecc. = 61.05 in Thickness at BOTTOM = 18.00i * 3,000 psi
Loil Pressure @ Toe = 7,988 puf OK  Rebar Cover ( rebar center to concrels face 2000
56 Pressure @ Hesl = ) mg pst OK @ Height 91 @ Height #2 £ Base of Wal
Ailpwabie = LS ﬁSf T e DR T . T e v IV
Yoil Fressure Less Thar Aliowabie ) N . . Stem Ok stem OK Stem CR
AC! Factored @ Yoe = 2313 psf Design Height Above Ftt = 8.ac# 4008 0.68 &
ACH Factored @ Heel = 0 psf i?’ 2'25‘ = # 5 # 8 # 8
. " s o d = 2961in 12.00mn 500 in
Footing Snear &y Tee = 57.2 psi UK ar pamng.; . B 1 ; ?
Fooling Shear @ Hes! = 47.8 psi OK o RTbar Ueplh. 'd ® 10,50 in 13.00in 15.50 in
Allgwabla = 82.2 psi eaign Data N
My Actual = 23785 it 18,9951 A# ©4,112.0 -9
Sliding Cales Sioh Resists Adl Sliding | Mn * Phi... Allowahie = 1422239+ 54,075.0 A+ 121800.0 f
Laterzl Sliding Ferca = 12491.4%s Steat Force @ thishelghl = 1,185.8 ibs 4.743.6 s 10,673.0 e
V... Actual = 9.31% psi 30.41 psi 57.38 psi
Vi1 * Phi... Allowshle L 8216 psi 82.16 psi 3218 psi
Rebar Lap Required = 2136 1n AR.05 in
\oad Factars Huokerd etinbadrnent inta fooling - 17.250n
Buildfing Code
{eud Load
1ive Load
Earth, H
ind, W
Sadsmhic, &
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DESIGN EXAMPLE 6 Report Printout

Tk o EXS Page:
Hugk Brooks, PE, 5t ok # | 708 tsgnr Date:  JUL 24,2008
Retaln Pra Software Descrintion
P( Bax 826 Garona del Mar, GA 92625 o
hrooke@setainpro.com
M4D-721-4088 This Wall in File; ¢i\program files\rp2007 wxampies.rms
TReRn BT 0% 1907 - 2503 Vor: .00 ED5a . .
Registration #: RP-11101 § res.it  Tapered Stem Goncrete Retaining Wall Design Code: CBC 2007
Licenaad ta: [Tha company nama goes harel
{Footing Strengths & Dimensions ; Fooling Design Resuits 1
Toe Width = 6.00 ft Toe Monf
Hael Widih s B50 Faclored Pressurs = 9313 0 psf
Total Footing Widt = 1250 MU' 1 Upward = 1] o R#
Footing Thicknaesa = 24.00in Mu' - Dowrward = (] 0 f-#
. P Muy: Desior = 64 64 -7
Koy W & £.00 in
Ke; g;g" = 300 in Actual 1-Way Shesr = 5722 47.84 psi
Key Distance from Tos = [+ 017 4 Allow 1-Way Shear = 82,18 B2 18 psi
fo 3,000 psi Fy = 63,000 psi ‘For Reinortil = £4 & 1200
Fagting Concrste Density = 150.G0 pot Feat Reln{aﬂ%gt » B G g 42 00 in
MiR. AS % = 00018 o Reinforcing. - .
Covet € Tup © 2.00in @ Biru= 3.00 & Kay Rainforing Nane Spacd
Othar Acceptable Sizes & Spacings
FoE: Notragy, Mu < S " Fr
Heel Not ea'd, Mu< S * Fr
Key' Nno kay cefnad
: Summary of Overturning 8-7Re'sis'tin9 Forces & Moments [ ]
..... CVERTURNING..... o RESISTIRG. ...
Force Distance Morsent Force Distance  Moment
Ttem . . ®s # R4 . los t %
Hewol Adive Pressurs = 4,390.7 [ h | 23,335.0 Soil Over Hes! = 8.800.0 12,00 66.00G.0
Toe Active Pressure = Slopd Solt Ovar Hesl = S80.1 1683 6,162.3
Surcharge hear Toe = Surcharge Jver Hael =
Adizcent Footing Loag = Adiacant Footing Loae =
Added Lateral Load = Axigl Dead Laad on Stem = .00
Lozd @ Stem Above Soil = Soit Over Tor =
Seiantic Load = 8.100.6 940 75,145.8 Surcharge Over Toe -
e R Ster Weight = 28000 &5 170778
Total =Tz aa14 oTM = 084818 Farth sbove Sloping Sterr . 4128 728 3.007.8
Fooling Wieigh = 37500 £.25 74375
Reoststing/Overturning Ratio = 1.33 Key Weight .
Vedioat Loads used for Sof Frassure = 13,9420 ibs Vo, Componen = 14,2080 12.50 16.200.3
Verfizat camponant of active pressire MOT usead for sol pressane Totai = 152365 bs RM= 131.886.7
DESIGNER NOTES: T )
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DESIGN EXAMPLE 7

Page 1 of 2

RESTRAINED CMU WALL
Design Data
Code: IBC '06
Soil bearing = 2000 psf
Soil density = 110 pcf
EFP = 30 psf/ft.
Passive - (not appl. because of floor slab)

fon = 1500 psi
f, =24,000 psi
£, =60,000 psi

fo = 2500 psi

w  =wind = 15 psf
P =144 plf DL

¢ =7.0in.

Assume 100% fixity at base

*Moments, Shear, and Reaction

M @ base = 7488 in. Ibs. = 624"

+M Max. = 2592 in. Ibs. = 216"
Check stem (@ base

M =7488 in. lbs. = 624 ft. lbs.

Engineering Library, Version 5.8.)

R = reaction @ top restraint = 160 Ibs.
M @ top restraint = 144 (7/ 12) + 15x (3.33)* /2 =167 7

#-g" -
L o
60" / 4 — 5148
O —

I
-
!

t

Q

Assume lateral restraint at top of footing to resist sliding

V at base = 683 Ibs.

@h =584 ft.

* (Obtained from Single Span Beam Analysis program in Enercalc's Structural

Try 8" CMU, #5 @ 32", d = 5.3", solid grouted, n = 21.5
f,:” = 1500 psi f, = 24,000 fi, = .33 x 1500 = 500 psi
_ 215x 31

Use #5 @ 32" o.c. @ edge n = 0.040
@3 @ede P 301505

2/ _ _

Aj 89 =092

M, = 500”;‘;5'25 xé = 1548 ft. Ibs. > 624 OK
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DESIGN EXAMPLE 7 Page 2 of 2

M. = 24.000 x L % 921525 x4 =1122" > 624
267 12
V=490 Ibs. v B0 o < v =387
12x525

Check (@ Max. Positive Moment

+M=2592 in. Ibs. = 216 ft. bs.
Use #5 (@ 32" o.c. @ center

p = 223030 056 % =780 =091
32x3.75 g

S00x12x3757 1 _ 901 g 1bs. > 216  OK
780 2

M; = 24,000 x 031 x091x3.75x L. 792 ft. lbs. > 216
267 12

M, =

Check Moment (@ Lateral Support
M =167'%
Use #5 @ 32" o.c. (@ center
OK per above analysis for positive mid-height moment.

Soil Bearing
0.02x60,000x 625x07 624

b
+2000 1122

=6.5"

Embedment of hooked bar in footing =

Min. ftg. thickness = 6.6 +3.0=9.6 in.
Try 3'-0" wide ftg. Centered under stem Use 127 thick > 9.6”

Total vertical load =13.33'x 78 pst+ 6'x 1.17x 110 +3.0x 1.0 x 150 + 144 (DL
only)

= 2406" M @ base = 624"
Distance from toc to centroid of soil pressure
_133¥x78x15+ 117 x6x110x242+ 3 x1'x 150 x L5+ 144 x 92 — 624
2406

3. .
= [.50 ft. e= -—2-9— - 1.50 = 0.0 ft. (in middle third)
2406 2406 x .00 x 6

Soil pressure = >

= 802 £ 0 = 802 psf max. (uniform)
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DESIGN EXAMPLE 7

Report Printout

Hugh Brooks, PE, SE
Retain Pro Soltware

hisrooxs{hretalnpro com
9497 21-409%

PO Box 826 Gorona tal Mar, CA 92625

Tie - EX7
Jeb ¥ : 767 Lagar:
Descriphan....

Thig Wall In Flla: o\program Resip2d0Nexamples.)

Page. _
Bato:  ALMS

Rotatl Pro 9 €0 1983 - 2008 Var: 2.00 086
Regisiration #: RP-11101 § RF$O0

Restrained Retaining Wall Design

Code: 1BC

Licerssad to: fThe commany same goes herel

e . I IScﬁI P ' o
Retained Height = 400 f Allow Soit Baaring = Z000.9 psf
Wal height above sell = 73R Equivalam Fluid Prossurs Mathod
Total Wil Helgm - 3.3 Heed Astvee Pressure = 300 psfR
Toe Active Praszume = 30,03 pstiy
_ . Passive RPressune = 250.0 ps#it
Top Sapport Haeight = 10.00 R
P PP C N Sai Densty = 131043 pef
'Sjulpg Bihslmil' VWal b 0.00: 1 Fonting(|Sod Friction = 0400
*elght of Scit over Tog = {4.0Gin Sod height 1 ignore
Watar boight over neel = CoR “or passve tresscre = 0.00
Wind o1 Stern = 16,0 psf H
Vedical comporen: of aclive
lateral saii prassure oplions
NOT USED for Solf Pressure,
NQOT USED fur Shding Resistisnca.

NOTUSED for Oueriurning Resistance.

Fhumbnait

| Surcharge Loais Uniforrn |Latersl Load Aoplisd to Stem WI [Adjazent Faoting Lead
N W s ovtlnny  low z o jggmk Meemrcmoted - 0w
cr; . e Dot . Heignt to Tog = Goon Fooling Width Gilk
"uuﬁmfgesaomvem‘ ée()vnduming G e ...Helg#t to Bottor = 000 # Eccentricity [asien ]
L 3 ihoeoieb et S ) WalhHo Fig €L Dist = 040
i Axiaf Load Appdied to Stem ’ Footing Type Lwne Load
Axal Dpad Load = 144806 Bﬁ%ﬁﬁ%‘? Soi 644
Axial Live Loac s 0.0 los ° .
Axal Load Ecoanlicity = 7.8in Peisson’s Ratio 0.356
“Earth Pressure Seismic Load I Ky, Soi: Darsity Muipber = 0.200 g Added seismic per ardt gros. = o0 ps
[Stem Welght Seismic Load | ' Fof WO Walght Multiplier = 0,000 g Added seismic perunit ares = o0 o8
|_ Design Summary ’ Masnriry Stem Conshuction
Tc:;a;umoéoad = Zglg? Ibs Thicknass = 8.00:in fm = 1,500 psi Short Tam: Factor = 1.
. = U1 i Walt migm = 78 4z pst Fz = 24,000 psi Equiv. Sofid Thick, = TE
Bl B v @ Toe = 00 pst OK Stom is FIXED to hop_alfootiqg aRatly (Bs®m) = 2%
Boil Prossure @ Moot = 801 psf Ok DockType = Medium Weight
ARowabie = 2.000 paf Deasign Method = ASH Minax Ber
3 L, E tweon
Soit Pressure Less Than Alfowsbils Solid Grouted Top Support i 1
ACI Factored @ Toe = G0 pst © Top Suppo Top & Base @ﬁgsﬁ o
ACIFoctored @ Heel = 951 pt o Stem GK Sem DK Swm 0
Footing Shear @ Toe = 53 psi OK De;;bm i-.lta“tght Above Fte = 1000 8 415 f 4.00
Foodng Shear € Heel = 0.1 psi OX A e * * 5 # 5 # 5
Alonotie : 671 e Rebar Spacing = 32.00 8 32.0C i M
m{‘:ﬁ': at Top i 603 -m Rebar Placed at & Center Center Edige
- - Rebar Depth °d' = 375 in 375 in 5.25
Reactipn at Battom = £64.7 b Design Data PR
fIFB + faFa = 0.212 0273 0.557
Sliding Cales Siab Resists Al Sfiding | }
e S‘.-idﬁg Foree slsty Al S 533,715 Moment... Adua = 167.2 fi-# 56 R 52351
Maoment . Aflowabie = T82.8 ft¢ TRO.B ¥ 112144
Shear Force ¢ this height = 1103 ths 438,71
Shear.....Acuai = 2,17 pai £.81)
o :::ar .. Affowable = 38.73 ps) 38731
L ackers . S & Lap Reguired = 2508 in 2580
Buiicing Code ! i " o Bl n
e 2; \::::;% o 18612:;?:; Hooked smbedment into footirg (wé stress leve! raductinn) & 6.004r
Live Loud 1500 Cthar Acceptibla Sizes & Spacings.:
Eewth, H 1 600 ;w;_: j @18.00 i -Gr- Not e, M < 8 * Fr
;be'fnd, 1‘.:\[ 1,600 zc:ﬂu;gsg 1:‘;(30 ir -uf- Not regd, Mu < § ¢ Er
ismiz, E 1000 ¥ N key dofined ~Gi- NO Key defmad
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DESIGN EXAMPLE 7

Report Printout

Hugh Beooks, PE, 8L

Retain Pro Software

P00 Bax 828 Carona del Mar, CA 92625
hbrooksfretinpra.com

497214098

e o EX-T Page. .
Jor & - TOT Dsgnr: Date: AUG 82008
Dascription....

This Wall In Flie: cliprogram Rlestirp20iTexampies rps

S—
RO Pro 9 4 Y989 - Z00% ver: 9.00 8254
Regiateation #: RE.41101 & RPLQ0
L dtz: (The ty name gost herel

Restrained Retaining Wali Design

Code: IBC 2008

{ Faoting Strengths & Dimersions

[ | ?Fonting Design Results

Toe Witth = 137/ et B
sl Width ® ] Factored Pressare = 96
Tots) Footing Wict! = 330 M : Upwand = 0
Footing Thckness = 1200 In MU' Downwand = 0
Koy Width = 000 in Mu: Design = 84
Kesy Depth ES 0.06 in Actual 1-Way Shesr = 8.86
Koy Distares fror Toe = a.00 R Aliow 1-Way Shear = €7.08
fo = 200psi  Fy = 60,000 ps

Fopung Concrete Densty = 150.00 pof

Mt As % = 00018

Cover@Top = 200in @Btm= 300k

! Summary of Forces on Fooling : Slab RESISTS s'idin
Furees acting or Inoting for soil pressure

Load & Moment Summary For Footing : For Soil Pressure Cales

, stem is FIXED at footin
> Sliding Forces are nestrained Dy the adjacent shb

]

Mcmeml@. Tap of Footing Apphied from Ster

Surcharge Over Heot = bz #
Acjacent Footing Lose E o3 ft
Axia) Dead Load on Sterm = 144.0 thg 092 fi
Sak Over Toe = fos ft
Surcharge Over Toe = Ibe f
Stewm Weight = 1,033.7 lbs 1561
Soil Over tiea| = TST.aRs 24Z R
Foohng Weight 450.0 s 1.5¢
Total Wartical Forve 2,451.5s Ease Moment =

Boil Pressure Resulting Momarmt = 1. Tt-#

EEO ¥
A4
ay

132,548
a4

1%

1.563.1 4%
1,856.8 24
e75.0 4

36034

DESIGNER NOTES!
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DESIGN EXAMPLE 8 Page 1 of 2

RESTRAINED CONCRETE WALL

Code: IBC '06
Tie-back @ 16 ft. high 3

Use EFP = 40 pef 1=
Backfill slope = 3:1 M
Soil bearing = 3,000 psf ]

fo=3,000psi £, =60,000 psi wl F

Slab lateral restraint (@ base

Assume stem “pinned” at footing
Reactions: N

160" | =
405 20° 12" CONCRETE

W = 8,000 lbs.

8000 x (207 Jswe
6

R @ tie-back = —— =

=13333 Ibs, ; 1’0" !, L 2’0"

R ¢ base = [40 x (20 +1)* / 2] - 3333
= 5487 Ibs.

Moments:

Dist. to max mom where V = 0: =7.09' by
statics

Max. pos. moment = 15,250% x 1.6 = M, = 24 400"

Design (@) max. positive moment

M, = 24,400 Try 12" (d=10")

Agrequired = 17 x3x10 — \/.029 (3x10)* — 0063 x3x244x12
=0.57 sq. in./ft.

Use #7 @9" oc. A, = % =0.80>0.57

W

Design moment at support = 426" x 1.6 = 681
Use min. vert. reinf. (@ center throughout O.K.B.I.

Min. vert. reinf. = 2(%. =.0033 sq. in.
Y

#6 @ 18" o.c. @ center vert. A= '4%6 x18) < 0041 > ,0033

Total vert. load to ftg.
=20x 150+ .50x 20 x 110 =4100 lbs.
Try 2'-0" wide ftg. Assume "pin" connection wall to footing.
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DESIGN EXAMPLE 8 Page 2 of 2

Moments about front edge of fig.
=(20x 150) 1.0+ (.50 x 20 x 110) 1.75 + (2 x 150 x 1.0)
=5225"

Ecc. = [(5225/4400) - (2/2)] x 12= 2.25”

2.25

Mom. @ stem-ftg. interface due to ecc. = 4400 x = 825 ft. lbs.

Allow. Mom. @ stems — ftg. interface:

_ 31x60000
1.5x 0.85 x 3000 x 12

M, = 2 x 60,000 6—0'—40J xL = 5993 ft. 1bs.
1.5 2 12

Since base of stem allow. moment exceeds mom. due to ftg. eccentricity, soil pressurc is

uniform = 0 +1x 150 =2350 psf.

Note: If stem ftg. mom, < 825 ft. lbs., then:

4400 . 4400 x (2'2%2) x 6
x 22

Soil pressure =

=2200+ 1238
=962 psf @ toe
= 3438 psf (@ heel

Note: Check slab for this lateral force of 5487 lbs. — usually resisted by sliding friction.
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DESIGN EXAMPLE 8 Report Printout

Hugh Brooks, PE, SE Title ; EX-8 Page:
Retaln Pro Sohwam éeh#’ . T02 Dagern Pate: A0G 8,2009
PO Box 828 Corona dul Mar, CA 92625 Description....
hbrooksgdestainpro.com
#21-4009 This Wall in Fite: ¢ \program tHesirp2utrwramplos. rps
Rotain Pro § & 1509 - 2009 Ver: 9.0 $056 _ . )
Registration # RP-A110E S RPR.00 Restrained Retaining Wall Design Code: 18C 2066
Licensed {07 [The company name goes here]
Lrizaria I £5mgpm ’ T T o e
Petained Height = 20008 Allow S0l Pearing = 35000 pef
Wall hoighl above soif = 0.00R Equivalent Flurl P ressure Melhod
Tots! Wall Height = 20008 Heet Active Pressure = 40Qpsfy
Toe Attive Pressure = 300 pafit
i - Passive Pressass = 3390 psfi
Tap Suppent reight 16008 Soit Dorsity = 110.00 pof

Slops Behind Wil = 3001 FootingliSeil Friztior = D40

Height of Soif aver Toe = 9.00 i Soil he N ‘

: ioe E right to ignore i

Wates height over reei = soa for passwe pressute = 120000 i

¢

e

Wind on Stom = 1.0 psf ]
‘ertical component of active —_—d,
tatersi soil prassure eptions: p—

NOTUSED for Soil Prisssire. Thumbnail

NOTUSED fur Sliding Resiskance. S
NOTUSED for Ovmumam Rf:smame

‘ burahargc Loads i { Uriform Lateral Load Applied to Stem l Adjacernt Sooting Loand ’ l

urcharge Cwes 0.0 osl Lataral Load = DOk Adjacant Footing Lsad = G0 s
i 1:; :q;,m "éllﬁn{; 3 Qv;glm:ng T Hight to Tag - 0.00 1t Feoting Wiskh - 0.00 R
Suscharge rTee = P i 2 ik =
Use o Siking & Ovanturning - Height to Botor = ooon Secantricly . 0.90m
il bl — Wal to Fig CL Dhst = 000 f
“Axial Load Apphed to Stem * Faoting Type Ling Load
Base AneweRciow Soll
Axat Dead Load = 0.0 s ot B e = DOk
Axizi Live Load = 0.0ibs ) )
Soiat Load Bocenticity = GO Folgson's Ratie = G.300
Earth Pressyre Seismic Load ! ¥p Soil Density Mutipier = 0200 ¢ Added seisreic perunitarea = 8.0 psf
. Brem Weiglit Seismic Load "F‘p“ Wi Wanght Muliplisr = 000 ¢ Added seismicper unitarea = 24 pst
esign Summary . Concrete Stem Construction uml
Tolat Bearing Load = 4:4510 Ibs Frickness =  1Z99in Fy = 80400 pe!
- IesUltant eco, = 2.28 in Yall Weight = 1800 paf fc = 300D ps
S0il Pressure @ Toe - 2200 pat oK J1em is FREE to mitate at top of footing
Scil Pressure @ Heel = 2,200 pat OK
Atowble = 3,508 pef Mimax Botwoon
Soll Psestare Less Than Alkavabhe & Top Support Top & Base & Baze of Wall
AC! Factored @ Toe = 1,185 psf T o Y "
ACI Faclored g2 Heol = 4,125 psf Design Melght Above Flg = 16,00 & '3“3-0“ N
Footing Shear @ Top = 0.0 o3t OK e g ¢ pasah g g
Foolng Shear g Heel = 40 ot oK Rebar Sracing = 18000 900 16.00 i
Allowahie = S2.2 pel Rebar Placed at = Cenler Edgs Cantar "
Reaction at Top = 33333 e Rebar Depth '@ ) o 48 Bl
Reaction u Sottam = 54357 b Design Buta - o 0% 10EGR 600N
\ foFB + fajfFa = o127 0.741 G000
S'jggemrg gal:ﬂg lS:laa Resnstn All %ﬁﬂgg S ios Nu;u,Afﬁual A a BE2 7 fup 24 568.7 fi 0.0 frf
#An * Phi__Aliovwabie = 53010 ny 3B,168.5 AP 5,391.0 ft-%
Srear Force @ this height = 48218 bbs TA667 b5
Shear....Actual = 5556 psi 1370 psi
Shear.... Allowabie ] BR.15 pi 82,1k psi
Load Faclors - - o I Rebar Lap Required - 21.30 iy A7.381n
Buiid:ng Code B0 2006 flooked embedgment imo fosting = el in
liwat Load 1.200 Othar A Soes &
Live Lo 1 500 . e >
Estih, H 1803 T Mond Sipec'd Toe Nk o M < S
Wind, W 1 950 Hest Neng Spery -ot- Mot req'd, M < % © &
Sammic, 1000 Key: Mo ey defimed < No kay defined
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DESIGN EXAMPLE 8 Report Printout

This Watl in File: ci\program files wpZ007 xampies. rph

Hugh Brooks, PE, SE Te ; EX-8 Fage:

Retzin Pro Software Job# ;o 708 Degnr. Date; AUG & 2008
PO Bax 826 Corona del Mar, CA 32625 Descnption....

hbrooks@retainprocom

9487244089

Retaln Pro 2 G 198% - 2609 Vor: 9.00 2058

Cover @ Top = 200in @Btm= 300in

| Summary of Forces on Footing : Slab RESISTS ’siid'iE% stem is PINNED at footing

Registation ® RP-11101 8 RPS.0Y Restrained Retzining Wall Design Code: 1BC 2006
Licansed to: [fhe compamwy name gees hore}
{ Foating Strengths & Dimensions i t__Footing Design Results | |
Toe Width = 050 % T ool
Hae! Width = 150 Foctored Prgssure = 1155 4,135 psf
Tolal Focting Width = 208 WM Upwerd = 175 aBA fraH
Foating Thicknass = t2.00m M Dot = 23 354 1
ey Width = 0.56 In M Desig “ 153 130 ¥
Key Sapth = .00 In Actual 1-Way Shear = D.ao 2405 pst
ey Distapce from Toe = 0,00 f Aliow 1-Way Shear = B2.16 82,16 psi
o = 3,000psi Fy = 88,000 psi
Faoting Carcrete Donsity = 150.00 pof
M, As % - ©.0Mm8e

Forees acting on fooling soll pressure
Isking moments aboat front of Fasing to Tind eccentricity)

Surcharge Over Mes! = ibs # HM
Axial Deed Load or Stere = s f A#
Sall Over Toe = fos ft a8
Addjacent Foolng Load = ios 4 fet
Swrchaege Over Toe & ins ft -
Stam Weighit = 3,000.010s 1.00 ft 3,000 08
Soil Cuer Heal = 1,:00.0ipe 1.76 1t 1,025 oft-g
Fouating Weigt = 300,018 1.00 f 300.00-8
Total Vartica Force = 4,40D.0ins Moment = T 5225004

Net Mom. at Stem/Fty Intarface = 250 Bk

Allow, Mom. & StemiF4g intarface = 3,388.4 ft2

Atlow. Mam. Excoeds Applicd Mom.? Yes
Thersiore Unitciin Soi Pressure = 2.208.4 pef
DESIGNER NOTES: 7
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DESIGN EXAMPLE 9 Page 1 of 3

Gravity Wall:

Retained height = 6.0 ft. -0
Wt. of rubble masonry = 145 pet 1"-0"
Allow. comp. = 100 psi no tension > 10 psi -0
Allow. passive = 300 pef
Soil bearing = 2000 psf
Cohesion = 200 psf

Width of stem base = 30 in.

12 x 30°
S@bwe=——%——:1%omﬂ

Backfill slope = 2:1
Soil density = 110 pef

EFP =43 pef
3
Mae = 258 1548 41— Ibs.
X

Wt. of stem above base (rubble + earth over
back face)

=145(1x6+1x6x054+05x6%
0.5)+05x6.0x05x110

= 1688 ]bs.
1688 1548 x12
Stress (@) base: = +
12x30 1800
=469+ 10.32

Max. comp = 15.01 psi
Max. tension = 5.63 psi OK
43x6” x 0.5
v@base= —— =215 psi OK
@ 12230 P
Check @ 2'-0” height above base
Thickness =24 S=1152in’

3

43 x4
M @ 2 high= =2

X

— 459 fi — Ibs.

Wt.above 2'=145(1 x4+ .67x4x 05+
33 x4 x0.5)=870 lbs.
870 N 459x12
12x24 1152

=3.02+4.78
Max. comp. = 7.8 max. tension=1.76 OK

Stress (@ 2'=
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43(125+6.0+10)° 30x 2°

Dist. toe to soil pressure c.g.

13,208 — 3984
4115

=224 ft

Overturning M = =3984 ft - Ibs.
2x3 2x3
Overturning S. F. = 13,208 332>15 OK
3984

DESIGN EXAMPLE 9 Page 2 of 3
Resisting Moments:
W X M
Stem:
1x6x145 = 870 X 2.50 2,175  ft. lbs.
+1x6x0.5x145 = 435 X 1.67 726
+05x6x05x145 = 218 X 3.17 691
Soil:
1x1x110 = 110 X 0.50 55
+0.5x6x0.5x110 = 165 X 3.33 549
+2x6x110 = 1,320 X 4.50 5,940
+1.25x2.5x05x110=172 X 4.67 803
Footing:
1x55x150 = 825 X 2.75 _2.269
4,115 1bs. 3,208 ft.-lbs.

Basics of Retaining Wall Design
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DESIGN EXAMPLE 9 Page 3 of 3

€= >0 -2.24=0.50

2
within middle third

4115 6x4115x050
55 55°

Soil pressure =

x 748 + 408 = 1156 psf < 3500 OK
Check sliding:

43(125+60+10)° 30x2°

Net lateral force = 5 =1403 /bs.
Cohesion resistance = 5.5 x 200 = 1100 Ibs.

Passive resistance = 3-9%552—7 =600

Slidng S.F. = %3—199— =1.21 < 1.5 Consider key
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DESIGN EXAMPLE 9 Report Printout

- Tite ; EXB Page ..
Hugh #rooks. PE, 8E J;b % . 709 Dsgnn Date:  AUG §,2006
Retain Pro Softwave .
PO Box 828 Corosa dal Mar, CA 92525 Dascrptan..
hbrosks@rataloprn.com
9497214099 This Wall In Filo: coipregran fileswp200Nexamples.rps
Retam Pro 8 & 1865 - 2008 var: 3.00 GO i . .
Regiatration #: RP-11104 & RP4.00 Gravity Stem Retaining Wall Design Gode: 1IBC 2006
Licaraed ¢ [The campaty came goss hera)

I Criteria § iSoil Data [ "l
Retained beight = SA0R Allow Goil Beadng = 5.500.0 pst / !
Wali neight above soll » D00 A Eguivatent Fluid Fressure Msthed l -

Sinoe Behind Wat = 20011 el Adlive Pressure C 430 pshit ! g
Height of Sotl over Tos = 1200in Ffoe Active Pmssure = 30.C pstdt
Sail Density = 119.00 pcf Fassive Pressuare BO0.C palitt

Water height aver hee! = oL f

‘Wird on Stem = 0.0 psi Gobesion veliie = 2000 pst
Viertical componant of active Soit ieighl lo ignare - ooo
lateral soi pressure oplons far passive pressure = |

NQTUSED for S0l Prosaunt,

NQOT SED fer Bliding Resktsnce

NOTUSED for Qvertuming Resistance.

Thumbnail
Surcharge Loads ] (Laterai Load Applied to Stem ] |Adjacent Footing Load T I
-
Surcharga Gver He = 0.4 pst = 0.0 Adjacent Footing Lesd = 0.C Ibs
~ax=tsed To Rmst E‘m:lmg & Cwanurrxmg Lﬁfgl-_l{?gq,-op - .00 &ﬂﬂ Footing Width = GoCR

Surcharge Over Toe = 0.0 psif .Heigat to Betlor = DOOR Ecceniricky = .60 in

.. Jaed for Sliding & Cwartuming - Walktc Fig GL Dist = cone
{ Axial Load Applied to Stem 't Foofing Type Ling Load
’ Rase Ahove/Relow Soi

Al Dead Losd = 0L lbs 2t Back of Wall = oo
Axial Liver Load = 0.0 (b2
Axial Load Eccentricity = 0.Cm Poisgon's Rase = 0,350

| Design Summary § | Gravity Stem Analysis Data {Unreinforced material) |

Tolal Bearing Load = 4.124 Ibs Wall Materiz: Weighl = 14800 ocf

resuliat 2ce. = 614 in Fo Max Allow. Compression = 100.0 psi
Soil Fressure @ Tos  » 1,168 pst UK £oyny Ratter Distance = qzpomm P Max Alle. Tension = 00psi
S‘iilpr&:ﬁa @ Heel 3 gg; ::: ox Thickness @ Top of Stem = 12.00ip  Latermt Load Factor = 1.9

WAl = ¥ i = N
Seil Prassute Less Than Allewatie Back Banter Distance . 600"

ACHFactored @ Toe = 1.346 pst £ Height#1 @ Heigi 82 & Helght %3
ACI Factorsd & Hes! = 282 psf . T T e
Footing Shear & Toa = 8.8 po OK Height sbove Footing = 4081 2.06% 0.00 ft
Footing Shear & Heel = 8.4 pei OK Wali Thick. & Height = 18.00 in 24.00 in 3000 In

S‘_;;“Wsabl’zl = ‘137;: i;s'! i Section Modulus = BABOG inA3 1,162.00 in*3 1.800.00 "3
= < I
ity Cocs (Verteed Comporeont NOT Useds Moment @ Haight = 57.3 g 4587 4 1.543.0 i
x_a‘eragl Sikding Force 14029 Ibs Vertcal Load @ Heght = 3636 bs B70.0 bs 15225 Ibs
:e.s gasr:v? F;we = - . ng E ]‘Es Astual Uil Tensior " t6 psi 1.8 psi 8.1 pal
ess Cohesion Force & . 1,30C.C1bs Asiual Unit Goriprssion = 27 psi 7.8 psi 14.5 psi
Added Force Req'd = o s DK - P 2.7 p psi 5 psi
Lfor 1501 Stablity = 444 s OK Shear @ Section = BEC s 344.0 tbs 530 lbs
Load Fachors Aclual Unit Shear = L4 pei 1.2 psi 2.1 psi
Buliding Code B 2004
Daag Load 1,200
Live Load 1690
Eanh, H + 603
Wina_ nf 1.300
Seismic, & 1000
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DESIGN EXAMPLE 9

Report Printout

Hugh Brooks, PE, 8K Tde | EX-B

R:aiﬂ Pro Software Job# 30D Dsgne:
1) tiox 826 Corona dal Mar, CA 32625 Descriptan. ...

hbrooks@retal L GOAT

$49-721-4089

Page: . .
Date  AUS 8,200%

This Wall In Flie: e:iprogram filesirp 07 iexamples.pé

Ao P S & 1508 - 2608 var: 500 5056 - R R
Registration #: AP-11101 & RPE.00 Gravity Stem Retaining Wail Design
1 d to: [The L marnb goas here]

Coda: 18C 2006

Toe Wigth = 1.50 Toe _Henl
HeelWidth . Factored Pressurs 1,545 362 pef
Tatasl Footing Widt = 5.50 Mu' : Upward = o 0 e
Facting thickness = 200 Mu' : Downwad = o 0 ¥
Key ¥viotn = 0.00 n Mu. Design = 64 &4 foif
Key Depth - 0.00 in Actual 1-Way Shear = £.84 8.4% psi
Key Distanee from Toe = ooof Allow +-Way Shear = 67.08 657.08 pst
foc = 2,000 psi Fy = 50,000 psi . 15,08
g Goncroporsn = Sabotpr i I3I@GT
Mir, Az % = 08018 = - -
Cover @ Top = 200N & Buwn= 300in Key Reinforcing = None Spec'd
Diher A bie Sizes & Sp i
Toa Notmgd, My <STFr
Meel Mol req'd Mu < 8* Fr
Key. Nokey definad
Sumrmary of Overturning & Resisting Forces & Moments J
. JOVERTURNING ... e RESISTING. ...
Fores Distance Moment Faree Distance  Moment
s B o tbs & -
= 1.463.3 2,45 4,024.2 Saoil Over Hee! = 1,320.0 4.50 56400
Toe Addive Pressure = -80.0 a.67 -44.0 Sigped Sob Ovar Hee = s 267 8021
Suecharge Over Toe “ Sunchange Crver Heel =
Admcent Fooling head = Adipcent Footing Loa¢ =
Added Lateral Load = Axial Dead Load cn Stem= .00
Load @ Slerm Abovs Soll = Sol Ower Too - 1agy .54 557
Seismic Load = gM08 o €3 Surchargs Over Toe = '
Seigmic Stem SefWt = Swem Weight = 15735 236 175898
Total 14023 OTM. = 39842 Fanh ahove Sloping Sterr, 165.0 3.33 550.0
- Foofing Weight = a25.0 2.75 22658
Resisting/Crvortuming Rotio = 3.32 Kery Walght R " "
Vestical Loads used for Sof Pressure = 41235 dbs Vert. Component
Verical component of active prassure NOT vsed for seil pressum Total = bs RM= 182143
DESIGNER NOTES:
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DESIGN EXAMPLE 10 Page 1 of 8
Seemental Retaining Wall — Geogrids
Wall height = 12.0 ft.
Embedment = 1.0 ft. - = &
2000
Backfill slope = 4:1 — 14° sor— *Hi‘/,qﬁﬁf
Backfill soil: ¢, =33° =120 pef T H D ]
5=%¢=22° ST —
In situ soil: ¢; = 32° y =110 pef 12.00 ﬁ LL;E“:: —. Fﬁ?‘t“?‘b
§=¢;=32° H o B v
Use Coulomb method 7 1 /
_EQE i
DL = 50 psf LL = 100 psf T
Base width (trial) = 75% of 12 ft. say e T e
=10.00 ft.
Block selection: Keystone Compac
1" offsets, Height = 8.0 in.,
Depth =12.0 in.
Wt. = 120 psf.
Batter=7.1° a=90+7.1=97.1°
Active earth pregsure — backfill zone
K, = sin 2 fa + ¢i)
sin® o sin (o ~ ) {l + \} sin (9 +0)M ﬂ}
sin (@ — §) sin (a — p)
- sin 2 (97.1+33)
sin 297 lsin (97122 ) |14 |- S0 (33+22)sin(33-14.0) 2
' ‘ sin (971~ 22 Jsin (97.1~14.0)
=0.26
K, (horiz)=0.26 cos (22 - 7.1) = 0.25
Geogrid Placement:
Lowest layer at 1" block joint = +0.67 ft.
Space subsequent layers every 2™ block = 1.33 ft. o.c.
Page 173
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DESIGN EXAMPLE 10 Page 2 of 8

Tension to Bottom Laver:

T, = 0.25x120 (2'0_0) x (120-067) = 340

+ surcharge: 0.25 (50 + 100) x (2‘0 — Oj = 38
(Sloped backfill neglected) T, = 378 lbs.
Select Geogrid
Try Strata Systems Stratagrid SG200
Long-term design strength (LTDS) = 1613
SF. =15

1643
Allowable (LTADS) = —15——= 1085 > 378 @ bott. layer OK
Check Connection Strength
Equations: Peak connect =880+ 0.31 Nbut< 1624
%" Serviceability =519+ 0.14 N but < 767

N = (12.0-0.67) 120 = 1360 lbs.
Peak connect valuc = (889 h ?;x 1360) = 874 > 378 OK
v Serviceability = 0107 0'1‘3 x1360) _ s09.378 oK

Safety Factor =

Lesser of Peak, Service,or LTADS 709
Ty 378

=188>150 OK

Check Embedment Depth, L.

Bottom Layer:

T :
L, = U (H,, = overlay soil + surcharge)
2H,y tang; x C;

Assume C; = 0.90 H,, = (12.0-0.67) 120 (50 + 100) = 1510 Ibs.
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DESIGN EXAMPLE 10 Page 3 of 8

L. = 378 = 0.22 ft.
2 x 1510 x tan 33° x 090

Add 1.0 ft. per NCMA = 1.22 ft. <7.00 (AASHTO requires 3.0 ft. added = 3.22 ft.)

Tension to Laver #2:

if

T, = 0.25x120 [%J x (120-20) 399

= _50

333-067
+ surcharge: 0.25 (50 + 100) x (——%—;—OﬂJ

F4

(Sloped backfill neglected) T, = 449 1bs.

Check Connection Strength

Equations: Pcak connect =889+ 0.31 Nbut< 1624
%" Serviceability =519+ 0.14 N but < 767
N = (12.0-2.0) 120 = 1200 lbs.

(889 + 31 x1200)
L5

(519 +0.14 x1200)
1.0

= 841> 449 OK

Il

Peak connect valuc

= 687 > 449 OK

%" Serviceability

Tension to Top Layer:

x (120 -1133)

il

20

T, = 025x120 [MJ

20—
+ surcharge: 0.25 (50 + 100) x [-lfo—zl(—)g) = 38

(Sloped backfill neglected) T, = 58 lbs.

Check Geogrid

Strata Systems Stratagrid SG200
Long-term design strength (LTDS) = 1643
SF. =15

Allowable (LTADS) = 1_?5‘:3= 1095 >58 OK
D
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DESIGN EXAMPLE 10 Page 4 of 8

Check Connection Strength

Equations: Peak connect =889+ 0.31 Nbut< 1624
%" Serviceability =519+ 0.14 N but < 767
N = (12.0-11.33)120 = 801bs.
(889 + 31x80)

Peak connect value = = = 609 > 58 OK

%" Serviceability = 519+ 10'(1)4 780) _ 5305 58 0K

Check Embedment Depth, L,

L. = Tu (H,. = overlay soil + surcharge)

2HOV fan ¢l X Cl

Assume C; = 0.90 How = (12.0-11.33) 120+ (50 + 100) = 230.4 lbs.

L. = >3 = 0.22
2 x230x tan 33° x 0.90

Add 1.0 ft. per NCMA = 1.22 ft (AASHTO requires 3.0 ft. added = 3.22 ft.)
Check available embedment depth bascd on base = 10.0 ft.
Coulomb rupture angle = 52.1°

1133

L. avail.: (10.0-1.0)+1133tan7.1° -
tan 521

=1.59>122 OK

QOverturning Moments

NOTE: Earth pressure applied to back of reinforced zone, assuming Vertical Plane (90°)
effective ht. = 12.00 + 9.00 tan 14 = 14.25 ft.

K, [external (in-situ)]

d. = 32°

a = 90°

6 = $=32°
B = 14°

y =110
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8

Check Sliding at Base

Lateral force on reinforced soil = 3859 lbs.

Total vertical force = 16,965 lbs.

10,600

Sliding safety factor = =275 OK

Check Soil Pressure
Use Meyerhoff Method |

Sliding resistance = 16,965 tan ¢ . = 10,600 Ibs.

(B) Mp-Mor (10) 9284-19803

Eccentricity, e =
R 2 VT 2

16,965

Effective bearing length = (B) — 2e = (10) — 2 x 0.69 = 8.62 ft.

DESIGN EXAMPLE 10 Page 5 of
K. = 034
K. (horiz) = 0.29
Force Distance Moment
2
Earth pressure 029 x 110 x 1455 = 3239 % =475 15385 ft.-lbs.
14.25
Surcharge 0.29 (50 +100) x 14.25 = 620 - =71 4,418
Sliding Force Total = 3859 Ibs. 19,803 ft. Ibs.
Resisting Moments
Force Distance Moment
W, Wall 12x120= 1440 1.25 1,800
W, Earth 9x12x120= 12,960 5.5 71,280
W, Sloped 9x225x120x %= 1215 %‘- x9+249=85 10,328
W; Surcharge 9 x (50+ 100) = 1350 % +2.49 = 7.0 9.436
Total vert. force = 16,965 lbs. 92,844
ft. lbs.
Overturning safety factor ratio = 92’84;1 =4.68>2.0 OK

=5.0-431=069 /.
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DESIGN EXAMPLE 10 Page 6 of 8
v
Bearing pressure = _r _16965 _ 1968 pst
8.62 862
Allowable Bearing Pressure
Assume no cohesion (¢ = 0)
=vyDN, + 0.5y [Eff. Bearing length] N, v = in situ soil density = 110 pcf.
=110x1.0x 232+ .5x 110(8.62) 30.22 D = Depth of embedment
= 1.0 ft.
= 16,879 psf N, for 32° =232
N, for 32° = 30.22
Soil bearing ratio = 16379 _ 8.58 OK
1968
Values for Ny and N,
¢’i Nq Ny
31 20.63 | 26.0
32 232 30.2
33 26.1 35.2
34 294 41.1
35 333 48.0
36 37.8 56.3
Check for Added Scismic
Added seismic has three components:
Seismic force of self-weight of wall
Seismic force from reinforced zone
Seismic force acting on reinforced zone
ky = 0.15 0 = tan' 0.15=8.53°
Kaen = 0.55[a=97.1°, ¢, =33 6=22° 3= 14°]
KAH =0.25 AKAEH = KAI:H — KAI-I =55-.25=030
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Total added seismic overturning

DESIGN EXAMPLE 10 Page 7 of 8
Total seismic lateral force:
Wall: KixWxH=0.15x120x 12 = 216 lbs.
Reinf. Zone: Ky xH(SH-t)y,=0.15x12(5x12-1.0) 120 = 1080 lbs.
+ sloped soil =k, [(.5x 12— 1.0)" x v, x tan 8 x 0.5]
=.15[(.5x12-1.0)"x 120 x tan 14° x .5] = 56
* Exterior of zone: = 0.5 x AK gy [H+ (B-t) tan B x 0.5]2 x 0.5 7.
= 5x0.30[12+ (10~ 1) tan 14°F x0.5x 110 = 1675 1Ibs.
* Use 50% of scismic per NCMA
Total seismic = 3027 lbs.
** Total sliding force =0.5Kau[H+(B-1t) tanP]’ y. = seismic
=0.5x0.29 x [12 +(10-1) tan 14°]° x 110 + 3027 = 6266 Ibs.
*# K .y for back of reinf. zone based on = 90° and 6 = ¢. .. Kan = 029
+(DL +LL)=0.29 (50 + 100) x [12 + (10 — 1) tan 14°] = 620
Total sliding = 6266 + 620 = 6886 Ibs.
Sliding resistance = 10,660 Ibs.
Sliding ratio = 12868660 =155 OK
Added Seismic Overturning
Wall: OTM  =216x 123 = 1296
Reinf. Zone = 1080 x 12% = 6480
Exterior: =1675x [12 + (10 - 1) tanP] x 0.6 = 14,321
56 x [12 + (.5H tan 14° x 0.33)] = 700

22,797 ft. lbs.
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DESIGN EXAMPLE 10 Page 8 of 8

Total overturning = 22,799 + 19,803 = 42,782 ft. lbs.

92,852 _
42,782

Overturning ratio w/seismic =

Seismic Tension to Laver #1

hy —h hy —h H-h

2 0 2 0 0
ky, | =—— + AKary vi H 08-006
h[ > ]W ATH Y ( 5 ]{ [ |7 ﬂ

0.15 (2'020] 120+ 0.30 x 120 % 12 [2'02‘0} {0.8_0,6(12_0‘67le

il

12

119 lbs.

i

Pullout safety factor = 1064 _ 2.14

3784119

Secismic tension to top layer #9

0.15 (12;10) 120+ 030 x 120 x 12 [IZ;IOJ [0.8—0.6(%}}

P4

It

= 349 lbs.
540 .
Pullout S.F. = ——— =1.28 > 1.1 (for seismic) OK
58+349
= 58+ 349 +1.0=1.66 ft.
2x [(0.67 +s5ay 2.0) x 120+ (50 + 100)]tan 33°x0.90
. 1133
Available embedment = (10-1) + 11.33 tan 7.1° - ———— = 1.59
tan 52.1°

Consider OK w/seismic
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DESIGN EXAMPLE 10

Report Printout

Hugh Brooks, FE, SE
Retain Pro Software

hbhrocks@retalnpro.com
PA8-Y21-4089

PO Box 826 Carana del Mar. CA 32625

Title 1 EX-1€
Joh#
Descrintion. .

Fage:
Desgrer Date:  BEP 1,200¢

This Wall In Fila: c\program Thasitp200\axan plesaps

Retaln Fro 9 € 1989 - 2005 Ver: 300 IBHE
RPED  SHe

Feqisiration & RP-A1101 5 grmenial Retaining Walt Design with Geogrids Cede: NOMA
Licensad to: {The company nams goss here}
[Eetberia ¥ )
Wall height (retained heighi, i 1200
Backdli slope 4:1
BaekEl sngls 49
Embsament 1.0
[Eait data ¥
External Soil, ghiﬁe 32
External soif density {in situ), pcf 410
tnbornal Soil, Phi_i 23
ntemal 500l density pof 120
sl Soil Friction Angle s
K_atHora) 025
Thurabinail ‘
[ Stabitty |} | Seginental bielH data
Cuertganing ratio 474 Vendor saieclion Keystane Retaming Wali Gysiems
Slidingy walic 217 Wendor wab addess www. keystonawalls com
Quensming momeant, f-bs 19,584 Hlock salection type Compac
Resling rooment, fi-ibs 92,865 Black baight, BO0
Totzl lateralisliding farce, Ibs 3,822 Block degth. in 12.Q0
Shding Resistance, ft 10,598.87 ifisat per black, n §.00
Tatal vertical force, Ibs 16,852 Batter amgle 713
Hase fongth, f 000 Wall weight, pef 120.00
Ercentricty on Gage. fl 068 Hinge haight, # 8.00
Effective hase length. & B
Sl baanng pressure, pet 1.963.24. [Googrid material T iy
Allowsbie soll beating, psd 16,802.46 Sendor Setection Strats Systems, nc
Soil Hearing Radio 851 Vender web addrass W B ogRd. oo
. L Geogric ype Stratagrkt &G 200
[Loating 3 LTDS 164300
Dead [0ad, pst 53 Fawar ol safety 80
Live load, psf 190 LTADS 10533
Seismiz Design Kh 9.00 Paak contettion equation 839 -~ 03N
Peak connedlicr maximym 1624
Sesviceability connedtion equation 515 + B.14N
Wail Analysis Tabie: Serviceabifity connection maximure 787
F“ “Heihi above bas Connection T #imbac] Vet | & F. }
Ft In Pegk | Sew | Le N
17 B8 3 1.2t
40 542.3 ¥
8753 47 175
70B4 | &8 128
T41.5 1.2
7i46 123
L argy 1.29}
B0 7 i
8737
e |
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DESIGN EXAMPLE 10 Report Printout

roohs, FE, SE Tz . EX10 Fage. ...

::g:nsm Sn’m,:h Jon# Dasgnr Datg:  SEP 12008

PO Box B26 Corana del Mar, HA 32628 Dencrigtion....

hbrooks@retainpro com

48221 i This Wall in Fila: chprogram fileswp200 les.rpd
Retaln Pro B © 1680 - 7005 var; 6.00 3066 - X - A
Registration #: 204101 & 7eate  Segmental Retaining Wall Design with Geogrids Code: NCH¥A
Liconsed tor iThe company name goes hérs]

{Summany: Rexisting 7 Gvertirning ¥

Resisting Maments

Hern Fores, s Distanca, Morrent, s

Wall 1,440 128 1,800

Rainf. eerth 12.960 £.8C 71,280

Sioped 1,212 - R 10,336

Deadd fead 450 ol 3,156

five inad 800 To0 6300

Totat 16,962 92,366

Overturning Moments

rom - Force, Ios Distance, £ 7 Momenl. Rbs
Earth 3,211 4.7% 15,245
Surchamge, DL 204 72 1450
Surcherge. L1 407 T2 2.900
Selsmic, Vet 4] 0.03 4]
Seismic Reinf. a o.0% [+}
Smismic, Sioped soil 1] 0. Gy g
Saismic, Extarior a 0.60 0
Tota 3922 18,594
Overtuming Ratio o 474

ASSUMPTIONS ANG CRITERIA USED o i B ¥

Reterances used includs Dosge Manuw for Seemomaf Retaving Walls, 27 Edton, Bnd Sagrseats! Retaniny #aks— Seienic Lesgn Manes), ™ Editcn, both oy
NCRA

Blocks are i come ize aad unitamy oS (Dates) for htl wail Raight.

Cxriomb earth pppue feory Lsed for sErth 0PSTeS NG fadore plae angla

Rear to gactezinicat repont o7 backfil intterll, CrmpacTion, Ao oier CEsIgN Nate And FEcomMmendatons.

Cap fosks f used ang above i raieed Nepht 3wt &5 Segectsd in s dasle.

Gengad LTDS and connection walues for tiotk vendomm ontsasd from (00 Evaiaton Sesvion (55 Legacy Reporis) o ax provider by windors. Since fhess my
Chafige o be updsted, verification of values is ecommended.

Block gizes obtaived e yerdors' lilersture and may vary with iocaldy,

Geognd keyers o aquelly apacet verticaty, 3 sama lengitt, ard Lk horzeptally.

Avemge weight of tleck and cefl inflf assumed to pe 120 pof

. Ses vendzrweb it (bx: npLt screen) fer mam infomaation ane spacificatinns.

1. Design height is mitad 0 149 fes? or 24 Slooks, whithever 12 lesa. Comiac ventio: fn Pighar ceslgne or ot corditions,
G2, DelpTec cekim 8 par Stk Dedsin Mena tind above: Ao Sou Ao gyiTeismse Decsgm I Liser's Marca

3. Vendor spex &f project h whichg eer is moat reaticteg, 1 56 fallowsd tor constecton pracarures,
1. ALO nows 2 aate|s 107 Sber deainnge,

13, See Usors Manual Desion Exarpic #10 for muiiocoiogy and Sample vesifizaten caleulations

16, TNl design redponadhiity s with e proect Engineer-cHHacard.

BEN mosnn
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DESIGN EXAMPLE 10 Report Printout

H Brooks, SE T  ; EX10-wiseismic Paoar .
R:?;:n PO sm:i;m Job: & L Dsgnr, Cate.  BEP L2
PO Box 826 Comony dal Muav, G4 92626 Descriplion....

N OORAEIBtANPEC.COm

S45-T21-4099

This Wall in File: c:\orogram Flos\rpo07oaamplessps
Retnin Pro G 1968 - 2000 Ver: 9.00 895

Registeation #: RE-A1101 & reeos  Segmental Retaining Wall Design with Geogrids Code; NCh
1.k d 0: [The pany name goes hare)

|Criteria

Wal heght {retained heaght), 1t 12.00

Bacihll sinpe 21

Baskflt anghe 14.0

Embacment 1.0

ot data Y

External Soe. Phi_g a2

External soil density (in situ), po! 110

Intornal Soil, Pra_ i 1

Inteinal aoil density, nef 120 ‘

Wal Soit Faction Angle 2

K_alHoriz) 0.25

K_AE(Horz) 0.55 Thumbnail
| Srability Lk ‘Segmental Bock data

Cvertuming ralio 218 Vendor selection Keystane Retaning Wali Sysiems
Sliding ratio 154 Vandor web adidress Waw. teystonewals com
Querturning moment, fi-ths 42,585 Biock selaction tyoe Compac

Resisting moment, fi-ibs 97,565 Block halght. in 300

Tolal Isteralistiding force, Ibs 5,872 Block depth, in 1200

Siiding Resistance, ft 10,588.87 Offsat per block. in 1.00

Totat vortical force, s 15,962 Eattar angle Ty

Base tength, f 10.00 Wal weight, pst 120.00
Ezcentrioity én base, # 2.04 Hinge hoight, R 800

Effective base length, 583

Soif bearing pressure, pef 2 560 97 [Geogrid material’

Aliowatsie S bearing, psf 12,389 52 Vendor Salection Strats Systerns, Inc
Soi Bearing Ratio 433 Vandor wab addtess WL gBTarid, St
e e o et e Geogric type Stratagrid SG 200
Loading 2 LTDS 1843.00

Dand load, psf £ Factor of safety 150

Live Ioad, pst 100 LTADS 1085 .33

Saismic Design Kn B15 Peak connaction ecuation 889 + 031N

Pack connectian maximum 1624
Sarviceabilty comnection agquation  §18> . 14N

wall Anatysis Table: Semkgmilty connection maximum BT
BioEk | Layar | Height above base Tensien Connection | &mbec Verd | 8 F 1

Stgtic  Sefsmic! Peak | Serv Le N

S S : R R
LT | 35 54 elh2| 5302 :
T ) 5528
83| s 575.0 .
) (a7 4] 17
S
itz

"45-'.35
"*?ﬂg L0 1.28{ 1380} 1,

{240
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DESIGN EXAMPLE 10 Report Printout

tugh Srooks, PE, SE Titte : EX-T0-wiseismic  Page
Rean Pro Seftware Jobw | 710 Cogor: Cae  SEP T,2008
F’G Box 626 Corona dot Moy, CA 82825 Description....
rOOKSELTBIAI NPT COM
s Tzr-don This Wall In Fllg: c)\program files\rp2007ioxam phos.rps
Toetain Fro B0 190% - 7000 yar 5.00 8056
Registration w. 8P-11101 § * Rpo.00 Segmental Retaining Wall Design with Geogrids GCode: NCMA

Licensed to. [The company name gaes hérg]

o 1

| Summary: Resisting / Overtiening z

Resisting Moments

tarn Fores, ks ) Fomant, s
Wall ’ o 1,440 1,800
Reinf. parth 12,960 550 71280
Sloped 1,212 853 10,33
Dead ioad 4349 7.90 3.15C
Live iaad <00 700 6.300
Tatal 16,962 92,886
Ovartuming Moments

itemm Force. los Owtance, B Homent. s
Earth 3,211 475 15,245
Surcharga, DL 204 72 1,45Q
Surcharge. L1 407 7a2 2,600
Beismic. Wall 216 800 1,296
Setsmic, Reind. 1,080 500 6,480
Smismic, Sloped soil 58 1247 595
Seismic, Extarior 1,699 BE5 4,519
Tota 5872 42,586
Overturning Ratio IR

[ASSUMPTIORS AND CRITERE: USED o 1

1. zefemwa used facizte Dasigs Mamug! or Segmental Relsiniag Walls, 27 £din, and Segmental Retaining Wealis - Sefsmiz Design Manual, 7% Ed@an, buih by

2 Blopes pre pll same size and unfonn offseds (haiter] for £19 val: hesght,

3. Counom edth prossure theory used for sarth pressires orid falure sisne

4, Referls geotoshniconi ropan kor backiil materst. comsacion. and other dealgn deta and ecommendations.

3 o0 Diocks f uses B above the retained iy and AR neglecied in T Jeson

5, Googihy LTDS ang connuchon values for Black vandorns shidined kom ICC Buawaton Senios (5 Legacy Ropors) of Ba provided by verdrs, Since thase may
change or be updated. verifaatian of velues is recommetided.

T, Block gires ohvained L vengeny Ramtue and mEY VBIY with locadity.

£ Gacgid Byems 3rs aqual v epaced verbealy, all same ength and l3id hoczsniely,

€. Aveuge woight of Biock and cal indill assurmd 3 bt 1201 pr.

18, Ses ventior web s fom Inpul sorsen) o mom inormabon and specificdons

11 Demigh noigit i limitea 10 16 fael or 24 Blotis, whichewar is less. Conbazt vendor fer higher dasigns or special conditons,

12 Sesmcdnagn s pec Seisoric Camgn Manupl clod sbove. Alsa see MethudclopwSalsmis Design i1 (fser's MRnust,

13 Vendor specificalions of penject specifications, whichaver & most restrictive, 1o be oliowed for congmgtian preceduras,

14, Add wles 870 Jetels 1O proper Tranage.

15 5ee User's Maruaf Desin Example 16 (2 mathodology and sample veribcation cedoutations.

16, Fiooll design responsibdsty & with e priiect Shginserof-Redord.
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DESIGN EXAMPLE 11 Page 1 of 3

Segmental Gravity Wall Design

Criteria:

Retained height (trial) = 4.0 ft.

Slope: Level

Soil density, in situ — 110 pcf

Soil density, backfill — 120 pcf

Soil ¢, backfill 33°

Soil ¢, in-situ 34°

Soil/wall friction angle = %¢ backfill
=22°

Embedment = 1.0 ft.

Block Data:

Try Keystone, Standard

Height = 8.00 in.  Depth = 18.0"
Wt.=120x 1.5 180 psf

Offset: ¥ in. per block

Batter = tan' (0.5/8.0)=3.6°=w

A . bi ) L . . .
Hinge height = (20ckdept) 150 _ 130 _ .4 o401
tan @ tan 3.6° 063

Lateral Soil Pressure:

sin” (o + @)
— 2
sinfasin(a—:3)|1+ sin(p+0) sin(p— p)
sin (o —d) sin (o — f)
K, (horiz.) =K, cos (90 + 38 - &)
sin” (93.60 +33.0)

Ka =

=0.24

sin? 93.60 sin (93.60 —22.0)| 1 + [— :
sin (93.60 — 22.0 )sin (93.60 - 0)

K, (horiz.) = 0.24 cos (90 + 22.0 — 93.60) = 0.23

Total lateral force =&)C1220—)-C—i-— =221 lbs.

2
sin (33.0 + 22.0 ) sin (33.0—-0 }
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Stability:

Overturning moment = 221 x 4—30 =294 ft. lbs.

Total vertical force = 4.0 x 180 pcf = 720 Ibs.

Resisting moment = 720 K%J + [4—20 tan 3.6°H =630 ft. lbs.

Overturning ratio = % =2.14>1.50 OK

Check Sliding
Sliding force = 221 Ibs.
Resistanse = 720 (tan ¢ in situ) = 720 x tan 34° = 486 1bs.

. 486
Sliding safety factor = 31 =220>20 OK

Soil Bearing Pressure

Base width=1.0+05=15f.=B

0.28

o= B Resisting — Overturning | _ 15 630-294 _
2 Total Vert. 2 720

Effective bearing area = (B — 2e) = [(1.5 -2 x 0.28) +0.50] = 1.44 fi.

720
Bearing pressure = —— = 500 psf.
Ep 1.44 P

Allowable Bearing Capacity:

Eftective bearing arca = 1.44 ft.

Depth to bottom of 6 in. pad = 1.0+ 0.5 = 1.5 ft.

Ng=294 N,=41.1

Bearing capacity = yDN, + 0.5y (B —2,) N, (Ng and N, from Table in NCMA Handbook)
=110x15x294+05x 110x[(1.5-2x0.28) +0.5] 41.1
=8106 psf OK

Bearing safety factor = 8106 _ 16.2
500
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If Design for Seismic:

Assume k, = 0.05 (If greater, overturning would excecd resisting moment!)
K, (horiz.) = 0.23
sin’ (a+60 ¢

- — 2
cos 6 sin” a sin (o + 0 + ) {1+\[81‘n(¢+0)5m@—5—0)}
sin (o + 8 + ) sin (& — )

Kae =

0 =tan" (0.05)=2.9°

sin” (93.60 + 29 —33.0)

. - \ 2
c0s 2.9 sin? 93.60sin (93.60 + 2.9 +220) 1 + | - (330+220)sin (33000 -29)
$in (9360 + 2.9+ 22.0 ) sin (93.60 — 0.0

K sg(horiz.) = 0.32 cos (90 + 22.0 — 93.60) = 0.30
Kan=10.23

A KAEH =0.30-0.23=0.07
Added seismic = 0.07 (4 x 120 x % = 67 1bs. + 0.05 x 4.0 x 180 = 36 Ibs.
Total sliding =221 + 67 + 36 = 324 1bs.

Overturning moment =294 + 67 x 0.60 x 4 + 36 x 2 = 527 fi. lbs.
Overturning ratio = 830 1.2< 1.1
547

(Note: Safety factor when seismic included =0.75 x 1.5 = 1.1 per IBC '09)

This design example used a very low seismic factor for illustration. A higher seismic

factor would require a revised design.
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DESIGN EXAMPLE 11

Report Printout

Hugh Brooks, PE, SE

Rotain Pro Softwar

PO Bax 826 Corona dal Mar, CA 92628
bbrooks@retainpro.com

49-721-4090

Tl - EXA1 Pager .
Job# ;W Gsgrr DRate: AR 10,2008
Desaription....

This Wall in File: <:iprogram files w200 wsamtplos.rps

RN 576 4 & 19EC - 2003 Vo, 6.05 8058

Basics of Retaining Wall Design

Iatration ¥ REA01 8 RPO.08 Segmental Gravity Retaining Wall Design Code: NCMA
Reg g
Lisensed to: [The company name goes hore]
[ Criteria h B
Vial haight (reiared hasghly, it 440
BaciAll slope Lawat
Backfill anghe D&
Embedment 1.0
TEaTl data ¥
Extemzl Soil. Fhi_e 34
External scil gensity (In s}, pcf 10
Intesnal Soil, Phi_i 38
Irte:nal soil density, pot 12C
Vsl Saoll Frictian Angle 22
K_a{Horiz) 0.23
Thumbnai X
StabiFty — b Segmertal biock dats ) o Ty
Duerurmng satia 256 Vendor selaction Keysino Fetatning Wail Systems
Siiding rafio 222 venda: web aadrass W, RBYSIORewlis . com
(rearti;ming moment, -ty 291 Block selectior. type Slandard
Rasistig moment, fl-bs 630 Block baight, in 300
Toizt Interaiskding fores, ibs 219 Biock dapth, in 1800
Shding Resistanse, R 48565 Offset par block, in 0.50
Tutel vertfcal force, b 7H Batter angie 358
Bage length, A 1.5 Wall weight, pef 180.00
Ecoantricky on base, R 0.28 Hingo haighy, % 2400
Effective base fength, ft 1.44
Scllbegring pressure, psf 480,80
ABowable soif bewring, pst 8107.43
Soil Baaring Ratio 16,22
[Leading " u
Dead load psf 0
Live load, o7 o
Buismic Dasizn Kh .06
Wall Analysis Table:
Black |Height sbova base | Vel | Lateral | Shoar
g Pt | Des . N | Stalio| Seismio ¥erface
( £49.00
120 j o ;
U lZa T s
L8 a3l Teme| e
0 el ol ABO 182
e v e
Page 188



DESIGN EXAMPLE 11 Report Printout

Kugh Brooks, PE, SE Tie - X Page ..
chin Fro Software ot -0 Tagne: Date: WAAR 10,2008
PO Bug 826 Corang el Mar, CA 82625 Descrpton...

hbrooks@retainpm.com

}49-721-40%8

This Wail in File: ¢ iprogram flesiep200Teamoles.iph
Retaln Prs B % 4939 - 2009 Ver: 900 803

Regurstonk RRtits  Resde  Segmental Gravity Retaining Wall Desi NC
Lisensed to: {The comaaﬂynamgmhaw]g Y ! n Code: NCWA

[ASSUMPTIONS AND CRITERIA USED ’ ' 1

§ef-:-rences Voed ke Doy Manal o Segments Rataising Wale 2% Eafon, and Sagymsnial Retaining Wik~

[

CoA

Buocks are all sarme size and it ety fater} for il vl height

Couomt earth prassure thedy used for eant pressures anc fabiu plane ange.

Reles by getechrival renat for ek eatoral, eovncuaction, o tther desion data and recammencations,

Gap biocxs #used are aoove b relainad height 2nd neglected in B desigh.

Bloch sizos 2nEnes o veadoes' ileitme and iy vy wilh locality.

Averapeweight afblock ard el il assumed 103 420 et ‘

See vancor wehiles (o inpurt sevaen) for are ol sed specfizlons.

Gieaign baegil s fimie to 12 feo o 8 boochs, whichiwe: s lass, Contaed vendorfar highey tesigns or spacia; candif s,

' Selamic dosgn s per Sesumic Design Mangs| ctiedabove. Ao soe Welboolomweismi: ssignin User's Murya)
Vancor sociizatons or srciect spacifcaBions, whichever s more restricks, 1o be falowed 1 eapsmuetion il

. Add notes @10 detals o proper Fainage,

Sen User's Manyal Disign Esarmple #H1 e efhodoiogy and samzla verifostion caloudations,

Finat desipn responsialfty I with e profect Enpinser-of Racr

Selsmi Gucrr Maea), 17 Efioe bon oy

e - T gy

Bl Sl 2o
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DESIGN EXAMPLE 11

Report Printout

Hugh Brooks, PE, SE

Ratain Pro Softwars

PO Box 826 Corona cel #ar, CA 31628
hbroe! retsingro.com
$4D-129-4009

Puge:

Tt ; EXe1i-wiseismic e
Joh® - Uate:  SEP 12009

Dsgnr
Dascaplion, .

This Wall in Fite: c:\pregramn Seswrp2087) s

Retain Pro § © 1980 - 2009 Var: 9.0¢ 8656

Registration #: RP-11101 5 RET.00 Segmental Gravity Retaining Waill Design Code: NCMA
Licensad b fThe company nars goes here]
Critesfa ) ﬁ. T
Wialt haighl rstalsed height), | 4.00
Batkfidl siope Lavel
Backfii argie DG
Embedment 1.0
[Seil dat - ¥
Extarnsi Soi, Pri_e 3¢ I
Exiernal 3ol gensity (i snu), pof 10
Irtemsl Soil. PH_i 33
nternasl soif dersity, pe? 120
Wal Soll Friction Angik 22 S
¥_a{tonz) 023
K_AE(HarT) .31 Thumbnail
{ Stabsitity " |Seamenta] block data "
Ov!ﬁ turring rete 115 Wen dor selact o Keystone Relsnﬁ\.w;su Systems
Sliding ratio 147 Vendor wab address W, KBy Stonawalls. oot
Tverarning missment, f-ps 545 Block sefection tyge Stantard
Resistiag moment, P-be 830 Block height, in B.00
Total lateralstiding force, ibs am Block depth, in <800
3dirg Reosistance, 485 65 Orifset per binck, n Q.50
Totar vartical foroe, Ios V2 Eatter angle 348
Base iength, R 1.50 Wall weigit, psf 180.00
Ecxemricity on base. ft Q63 Hingn height, & 2400
Effective base length. it 073
Soll taadng presswre. pef 96149
Allowsbie soil dearing, psf £,500.25
Soif Bearing Rato 843
floaging Ty
Dead load, psé Q
Live toad, psf 0
Seisnrig Desigr Kh 3.05
Wall Analysis Table:
Eiock Haighl above base | Van P L T "'v"'§-ﬁ55r__i i
| Ft_in Dec N Satic [ Sammic Interface |
{84800 !
1.585':'01 “ii gt
T aERsan! T EEES
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DESIGN EXAMPLE 11 Report Printout

Hugh Brooks, PE, B8 Tle . EX-t1.w/seizmic Faga:
ﬂ:tgaln fro SMME.ﬂ,) Job# d Degar: Date:.  SEP 14,2000
PO Box 825 Corona del Mar, GA 52625 Bdescoption.. .

hbrocks@retainpro.conm

949-721-4058

This Wall in File: c:\progeam fieswp200Tesamples.rps
Retain Pro 8 & 1959 . 2005 Ver: 5,00 BOG6 _ o A
Regietration £: RP-41199 5 RP.00 Segmental Gravity Retaining Wall Design Code: NCMA
Licansad to: {The company neme goes heryg)

) ASSUMPTIONS AND CRITERIA USEDy CoTT Co
1.

]
Referonces usel nshils Destgn Alanuel for Segmeontal Retaining Wais, 39 Eiten, ot Segmentol Rataitng valls — Selsmc Desgn Marval. 12 Edtion, toih by
Blocks A ab imdne size ann uriorm oifse (Danar? for full wilf hedgrt.
Couldme sith pressirs thenty user for 23rth presd e ad failuny Ptz angle.
Rerfar ta peotechnial pport for backfil material, commacgon &G othér design dala and recom:encations.
Cayp blocks if xaoe s above T rtalned height and regleded in this demgn
BRXK 51786 obisiaee fren vendors lileratsie and TIFY vty Wb logaltty.
AuRrBE wegEI of hlock and celt infll assumed to te 126 pot,
Bee verdor web sites (o0 Inpyt sereen) for rom informaton and specficatons.
Deogn height is lanied £ 12 Fast o 12 tooks, whithsver i less. Cortest wanoar for Fightr desigrs, or speviat conations.
Seigmic drsign is per Sefsimic Sosign Manuel Sted above. Al w6 MetnduiogwSusmic Deskyo in 1eers Merys
Verdor il ¢ Project spadi hich B mosR iEethictive. o b fotkavedt for somstuciion prxcedures.
Adif nutes and dedalld sor prper drainage,
Sen User'y Maniral Desgn Example #11 tor methodoiogy dnd sample serificaion calculations
Fanal degign rospansitdity is with te projact Enginker-ol Recors,

SO EP S GR

e

e
o

P

£
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DESIGN EXAMPLE 12 Page 1 of 3

Cantilevered wall with pier foundation Code: IBC N

‘06

Use wall design Example #1

A
K
|
i

|
for forces imposed to pier f ‘

Revise footing/picr cap to 30” deep R

x 5.0 ft. wide T T
Try pier spacing = 6.0 ft.

Vertical load from wall
=5688x6.0=34,128 lbs.

Total lateral load at top of pier from wall

2 2
_ 45{100 +22.5+1.0) 60. 30x(2.§+1.0)

x 6.0 =23,502 lbs.

Assume no lateral support at top of pier

Pier 7, = 3000 psi £, = 60,000 psi

Soil bearing at pier tip = 6,000 psf

Use skin friction = 100 psf, neglect top 2.0 ft.
: . 1 .
Assume pier fixity at E pier depth

Allow passive for pier: 300 pcf.

Load factor for pier concrete design = 1.6

Assume added lateral load at pier top (creep effect) = 500 lbs.
Assume diameter effectiveness multiplier for passive = 1.0
Center the pier under footing/cap

Moment applied at top of pier (unfactored) = 18,238 x 6.0 = 109,428 ft-Ibs.

Basics of Retaining Wall Design
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DESIGN EXAMPLE 12 Page 2 of 3

Try 30” diameter pier spaced 6.0 ft. on center
Trial embedment depth (IBC *06 equation 18.1)

109,428

P=23,502 Equiv “h” =
23,502

=4.66

Embedment = 16.88 ft.
Use 18.0 ft. embedment
Total bearing capacity (neglect pier weight)

2
:.Ei_gélﬂ.X60004—25;<314x100(1&2)=41998#>34J2&

Dectermine cccentricity of vert. load on pier

Dist front edge ftg to vertical resultant
— =3.06 ft.

e:3£-304=@56ﬂ

“~

Pier M, = [23,502 (4.66 + 18/6) + 500 (18/6) — 34,128 x 0.56] 1.6 = 259,862 fi-lbs.
Check pier $M, per *Whitney Approximation Method

*ASCE transactions paper 1942 by Charles Whitney
Use 30” diameter with § - #8 bars, circular pattern

fé = 3000 psi, f,=60,000psi, ¢=0.90, clearance=3"

. 3.14 x 30° :
Gross area of circular column = — =707 sq. in.

Whitney equivalent rectangular width = 707 / (0.80 x 30) = 29.5 in.

Whitney equivalent “d” = % (30) =20 in.
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Per ACI equations:
As Iy :
a= — =(8x0.5x0.79 x 60,000) / (0.85 x 3000 x 29.5) = 2.52”
85 fob
oM, = 0.90 A.f, [d —%j =090 x 8 x 0.5 x .79 x 60,000)
]
{20 - {2—§2J . = 3198 in.-kips = 266,500 fi-1bs.
. Pier design OK
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DESIGN EXAMPLE 12

Report Printout

PO Tox B Corons et Mae, T8 92835
RPN el B0 1 KA
SRG-T -0

THe ;B2 oo e
- S ¥ Duye. WA Dute  FEB 42008
Emsgoripdian... .

Shin Wil in Fike: ci\program Metop el Reromplos. pd

RANR B0 b & T8 - B3 Wer: 000 WA
Roplaratcn: ¥ WP 14155 & PG

Limaeysid e T B COMGENY NS 14999 heee!

_ Cantilevered Retaining Wall Design Code: 182 2606

4

tataraf soil preaugrn options
MOTLIRED for Boik Brassan.
NOTFUSEL for Snrg Resksmig,

i{ﬂrftnria : ol Data ) | pf
il sl ¥ b Al Soi Beadng = 30020 pat a
r::m wagl v x i B bt Fldd) Brmssus fiedfeod £
" NI Al wl it el Active Pronaurm s 45 Dpetit
Shezze Beived Wag = SR Toe Artive PHESHre = 500 ; §
Ehmgrd of Soil ower Toa - 1200 in Pusaive Prassue = 309 Dopity : i
gl ke teor boge = 10k Sesit Denaity, kesl = P00t H " [
Dusl: Dhersty, Yor TR ot i
Fusing) ik Frickion = LAGY i
' . i
Wgetinn? aopaparem of B Fud nignt o e o i |
T it ove presmiee = 12 ; 5 i

P
; i

] — I

MATSES dor Cwermeming feommanse.
Thumbaail
| Burcharge Lowds | Lateral Load Applied to Stem } Adjacent Foating Load
T it Dhuor biaet & {0 pof . = ) gy @ e N 06} o
_L"?S.ﬂd Toz Resist Sliding & Cweridisg L’ﬁg:p’;iﬁm = ;;[3 : E"Yt Faoting Wit e S £ 05 it
50"%"-“9”5_?’?*’ Tog e D gst L Hmgh 19 Balken * L0 R Exvenricity = .50 in
| Ve Siiding & Cranbteing 0 g - T4 pat izl s Flgy 1. Dt - DA R
Axial Load Applied to Stegn | | Fagang Tene L Lawad
o o
o e PRy Hane Moealon Sol Do
Al ki Lot - 0.0 4t s Bt
A%l L.03d Edrlsisty = o Paisan's Rato R
| fragign Summary § rtrzction Top e 2nd s
Pige Foasdont b Desigh Moight Aave Fip = umggg %?d(i};ﬁ‘ ..xmﬂaébg
Wit eegtraired §1 o ek Materaal Ak Hr B Maehnry Asenny Condsss
Spacen = 500 # Thidknes = 3.00 12,06 P06
Dyt = R in Peow Jice K I # B ¥ 7
Fresr Hauariig = . =) FRahar Spancing - 22660 .00 TR
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Pafcied Lar wf pea tiag = HODT i Tatai Forze £ Sectivn  Ihs = L7 140 HEED
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Swin Biction = o0 et PG ... Al icepeibte: Rz 13741 SE204  apsena
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a - A2 4 Siwer. . Alowenie fBie a7 I8 ¥ ¥5.0
ol SHESE R el e rt= TRO 24,0 150,
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ki = BLIE pa LA TFLCE IF ABOWE e o 3 G0 4114
Vel etical Lond = MO e LAP SPUCE FBELOW W= 30.03 Ban
arting) gy L ot HOOH, EMEET NTOD £ dn = 1470
Bildnn: Sy MG Tt e . B . e
Factar o7 Safuty appiod fo moute: T i 1,580 1,500
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T Laod Btk Tom: Pactor b i 55 X<
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DESIGN EXAMPLE 12 Report Printout
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b rookadBrataingro com

E A This Well in File Lo Tsalap i uramilan. 1

Fednin Pro &8 1933 . Mibf W 300 #84 . . ] i
Bacgisration £: WP.1190% § AP0 Cantilevered Retaining Wall Design Gode: |BG 2005
i Sey: [ ¥ Pllihs (ks et

_ Foofing Desian &
Foatirg Towion, Tw = EY Bt fng
Footirg] dkow. Torsan, §01 T = &1B1B.78 fdbs
14 e, p T g T Boitang dovion.
: Summilryvm Dvetturning & R@akﬁing Porces: & Momants ']
< EFERTURNNG ... o o RESIBTNG,, .,
Pome Creskmmnay Wil Faroe Dimsrce  Momont
i k b [ # Helt
# ERT: Y 443 THASEH Lol Lo Mo = i ety 4.00 B 80§
Er i e kbeel = Singae] S0l Cwar ftes = kRL1Y:] B 4767
Toe Active Paxses - HaE 1oAY <2iAA Surcharga Owar Heel -
Jurchasge Orrar Toe - Adeavord Focting Loss  «
Agfacem Fostag Long = Aotieel Doz Cnatt an Siprm =
Ancnd Laterad Rosmt # * Ayl Leve Load on Stem +
Loged @ Stem Ak Boii= Bl Cower Yoo - pocint] 1,00 =086
Buraharmys Oried Tog -
Crierty Dimignbix) = 11118 ol 1] <l L
et s o Bl S Breom Fraws g o ke -] 2.3 485 3
Tokat = MEMIE OTHM s B0k rmr?mgm = 15750 28 ABHTS
Keoy Wiegght =

WK, Cirnponen R 3
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DESIGN EXAMPLE 13 Page 1 of 2

Design Data 108 2l
Laa10d
Soldier pile, cantilevered
Retained ht. = 10.0 ft. o
i

Backfill slope = 18.4° (3:1) "%\

Soil density = 110 pcf - ‘\4,

Soil friction, ¢ = 34° i |

15657 R

G194Surcharge = 100 psf \& ERE

. . L S .
Pile spacing = 8.0 ft. &
K, (horiz) =co=~ 18.4

Cos 18.4— Cos® —cos? 54 o e shear.
————=1(.31 "
Cog 1844w cos® «cos™ 3g n M
2 o R %\\
Kp =tan“{~i’ef5~é« - | =3.54 HAHRES L
Passive = 3.54 x 110 = 389 psf
» \\\
0.31 x 210 x 107 SR YEUURDUERN 11 § SN

P, = ” X80=136401s

Py

1

]‘ ]4 )
i *
i Loamy o i i
Fiia
Gt YT i

0.31x 100x 10 x 8.0 =2.480 lbs.
Safcty factor to apply to passive = 1.5

Drill hole diameter = 24”

Multiplier for passive wedge = 2.5

389x 0.67x2.0x2.5xd*
2

P,=Ps=P, = 13,6404 +2,480 = 16,120 Ibs. =

15, 128% 2

\f 28GyD.AETx TO v 2.5

Ho 2d - B
Mmux_PA:(gd}- E}JFPW(:%_ )

= 13,640 (3.33 +3.33) + 2480 (5 + 3.33) = 111,637 ft-1bs.
Factored moment for LRFD = 111,174 x 1.6 = 177,878 {t-1bs.
Per AISC 13" Edition, 2007, LRFD

Assume lateral support (designer to assess)

Basics of Retaining Wall Design

Page 197



DESIGN EXAMPLE 13

Page 2 of 2

Select W10 x 49
Cimn =227.000 ft-lbs. > 177,878 ft-1bs.

. z Mywan
Mimax = resisted by moment couple = F, g& D D = st

67 Fy

Mom. Resisting couple = (0.67D) {

ra ] 4a

Total embedment required = 4.99 + 10.12 = 15.1 {t.

Check Lagging at, say, 8 ft. depth

wit g s p31x 1101+ 021 x1000]8%
Assume M =——= = 1944 ft-1bs.
KRy 10
1 G447
Sreqid = W =259
£ o 115 % 35° : )
Used4x12 {S = = 33&:! Consider OK

X389 x 067 x 2.0 % 25 2 4.98 £ 0.5 ) = D* (1089)

Basics of Retaining Wall Design

Page 198



DESIGN EXAMPLE 13 Report Printout
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nhraakobratalnpros on
S45T-R1AT L This Winit i Eie- e:dprogroes fiopimp 260 iexamshns. (gl
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Pagiutotlme & FF1 1404 & RESG Soldier Pie Retaining Wall Design Gade: [BC 2006
Licergod ta: {The compane nams goed ]
By g o
W height festaieac baigi, @ 14t
Bark i slope 1540
Hod Senaily, pot TACOHC
Lol Pt angha. LY
Ka ‘hartrantm) Nzt
Rurphage. pot Lol
Aligwd, Farrsive 1
Ay & F. o Passhaeg 15
B Epaning, A ap i Thumlel v
DirThied {Hwrine, o 3 5]
Muthpler {6 Fasgivs Wedge 2%
Fgouaad Embedmert # 1323
Ervbantiron ik Uled, # 1605
Muznant it 28e Mg Polbk 111,735
Koo, Bhows, Eactared 1.6, LRED ek i <]
Sk Beam Sadertine Wil s
Lagaing Daph, # @80
Lagying Semerton $xtE

Saiected option 1o dritl hoke, et seldiar baara, s Socana baien i loeo concrele.
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DESIGN EXAMPLE 14 Page 1 of 3

Gabion Wall
Criteria | ————
Height of each course = 36"
Retained height = 12.0 ft.

Wall tilt from vert. = 6° {L.0
Surcharge = 0.0 psf

Density of cages (or blocks) = 120

pef
Offset Rel .
Density of backfill = 110 pcf B;e e_imnm 3. Bact
Backfill slope: Level e
aoaf““‘\-{
Soil friction angle = 33° a g

Soil/block friction angle assumed zero (Conservative)
Allow. soil bearing = 2500 psf

Coef. of inter-block course friction = 0.70

Coef. of friction at base/soil interface = 0.45

Use Coulomb equation for K, (horiz)
[e) ,l 4.5 o)
o angle for Coulomb = 90° - | tan 20 +6.0=754

K, = 0.41
K, (horiz.) = 0.41 [cos (20.6 + 6.0)] = 0.37

Check Course #4 (top)

Resisting moment = 3.0 x 4.5 x 120 x ﬂ;x cos 6° = 3625 ft.-lbs.

Lateral on course 4 =0.37 x 110 (12.0-9.0)’ x 0.5 x cos 6° = 182 Ibs.
OTM for #4 =182 x 3.0 x 33 = 182 ft. lbs.
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DESIGN EXAMPLE 14 Page 2 of 3

2
Stability S.F. = 3025 199 oK
182

Sliding resistance = 0.70 x 3.0 x 4.5 x 120 = 1134 lbs.

. 1134
S.F. for sliding = 134 6.2 0k
182

(Repeat this for courses 2 and 3)

Check Stability at Base Course

Distance from reference point to c.g. of courses:

#4 = (9tan 6°+%) cos 6° =317 fi.
6
#3 = (6 tan 6°+§-)cos 6° = 3.59 ft.

#2 = (3 tan 6° + %5—) cos 6°=4.02 fi.

Overall Resisting Moment

= 3.17(3x45x120)+3.59(3x6x120)
+4.02(3x7.5x%x120)x3.0x9.0x 120 =38,324 fi-lbs.

QOverturning Moment

1 ,
= (0.38x110x122 xO.Sx?zj cos® 6° = 11,918 ft-Ibs.

38324 —39

Stability S.F. =
11,918

Sliding Resistance

Total vertical load =4.5x3x 1204+6.0x3x120+7.5x3x 120
+9.0x3x120=9,720 lbs.
Resistance = 9,720 x 0.45 = 4374 |bs.

e 4374
Lateral force = (0.38 x 110 x 12 x 0.5) cos 6° = 2980 Ibs.Sliding S.F. = —— 1.47

2980
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DESIGN EXAMPLE 14

Page 3 of 3

Soil Bearing

Total vertical load = 9,720 1bs.

Dist. To ¢. g. vertical load

383411918

9720
e = 2-2.72=1.78
2

9720 . 9720 x1.78 x 6

Soil bearing = 52

= 2362 pst.
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DESIGN EXAMPLE 14

Report Printout
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Eachfil Sompe. Degrmas €0
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Cosf. of frincidnck Facliom el
Ha fhorg]: L3R
Covkamy Bisha Aaghy: [
Act. Soit Basring Pressee, pal 2378
Labd=rat Foraw, Eanh, by 2020
Labarat Fored, BurGhargs, b L]
Tedat Lotarad Forse Rt EJar]
R igdirns Mopaen, fi-ibs G5
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Craprirning Flatio: D2I
Sy Fatw R
e

THGET e
44
36032

la:u e

Soluren Tige Descriptions:

Tt Tt AN MATERAGG i SATEmHING SIORK and CRORDE Bued 10
Haiglt: Foasutad o bediaen of firk (Dane] oores,

Ofimat: wasurad frirm S adon bOmeos oomerss,

Langty; O iggss vyt blionks, iy ooy

M ACCISTlAInT R0 ffom acurses shive.

HeL: From ek Q@ Maics Seaisd th a5 ot ooure.

R Res iling wesness 8Y el satactng

Lamre Aseumutitec kteea) (000 edoth preisions 509 ALRage
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DESIGN EXAMPLE 14 Report Printout
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APPENDIX

Appendix A

UNIFIED SOIL CLASSIFICATION SYSTEM (USCS}

AGUP
MAJOR SUBDIVISIONS il TYPICAL DESCRIPTIONS
Veer WELL GRADED GRAVELS,
GRAVEL CLEAN . 351 GW | GRAVEL-SAND MIXTURES,
AND GRAVELS IR LITTLE OR NQ FINES,
GRAVELLY © [UTTLE OR b POORLY GRADED GHAVELS.
SOLS NO FINES) 4GP | OR GRAVELSAND MIXTURES,
ME% i LITTLE OF NO FINES,
SOLS e S haaes TS G | SILTY GRAVELS, GRAVELSAND.SILT
ERACTION WITHFINES  ELTIC MIXTURES.
SETANED (APPRECIABLE :
s, ANVCUNT OF ﬁ/’ | Go | CLAYEY GRAVELS, GRAVELSAND-CLAY
N FINES) : g MIXTURES,
WELL GRADED SANDS, GRAVELLY
SADlcizan sanos SW | 5aNDS, LITTLE OR NO FINES.
LITTLE OR
SANDY i;o FINES) POORLY SRADED SANDS O GRAVELLY
sons SP | saNDS. LITTLE GR NO FINES.
MORE THAN S0%{MORE THAN 50% | SANDS i
OF MATERIAL Loy WITHEINES ! SM | SLTY SANDE, SAND-SILT MIXTURES,
{5 LABGER FRACTION {APPRECIABLE ¥ ;;(
THAN NO. 200 [passing AMOUNTOF  frics
Z CLAYEY SANDS, SAND-CLAY MIXTLIRES.
loeveszE [anoeseve |wes  [easd SC =
IRORGANIC SILTS, SANDY SILTS, AND
ML | cLaveY SILTS OF Low PLASTICITY.
FNE WORGANIC GLAYS OF LOW T0 MED
) SKTS i
GRANED AND Uﬂ‘-“%‘f&” CL | PLASTICITY; GRAVELLY, SANDY OR SILTY
sOLS Clays  WESS so. CLAYS, [EAN CLAYS
CRGANIC SILTS AND CRBANIC SILTY
OL | ciaysoF Low sLasTIiTY.
NORGANIC SILTS, MCACEQUS OR
MH | DIATOMACEOUS FINE SANDY OR SLTY
SOUS. £LASTIC SILTS,
MORE THAN 50% NORGANS
OF MATERIAL 5iLYS LIQLSD LT § NIC CLAYS OF MIGH PLASTICITY.
1S SMALLER AN cne TER THAN 50 CH | rarcuars
THAN NG, 200 CLAYS
SIEVE SI7E 07 o | ORGANCCUTS AND SILTY CLAYS OF
j,: :'é; MEDIUM TO HIGH PLASTICITY
HIGHL Y ORGANIC SOILS PT | PEAT AND OTHER HIGHLY CRGANIC SOILS

NOTE: DUAL SYMBOLS ARE USED TO INDICATE SBORDERLUINE CLASSIFICATIONS

SOIL CLASSIFICATION CHART
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Appendix B - Summary of Design Formulas

CONCRETE (SD)
& = 00 for flexurs
= 75 tor shear
= 85 for plain concr flexureishear

p,__s = %5 jlﬂ ”‘: wg[ﬁﬁﬂg}}
- S 1 8T000- 4 1

3;}-'?35:;;3: = ?ﬁt@

"gf-m f.f
*}, o s

- s
E. = 29.000.000psi
E. = 57.000 .7,

. -

ra ’a
o R
= T
AL
.
g, F
At
%

a = —-
EELLE

The general solution for A; (per CRSH

68 7. B M

.
17 £B5d 1 2894, Bdr .
- ey )
2T Eh S g 1

Forb=12" 5 =060Ks thisreduces
to: ‘
A=

017 fid- -5;,3‘2? if 4
M. = ATl -2
M S eM- ]

E DO A x0T 4 oregdd
‘ T A- provided
Yt L W&

or Bd, org”

%‘fdb i#5 and smaller)

Fe R ane W R S
0028 4.7, A, rag d

S LA provided

k3
*Eu::ib (#T and larger)
03 z?’ [ A reg'd

qu‘ f.,, ¢‘i, p;”‘ *i?&fy;
Lap length Class B splice = 1 3 s

vy = 2. f 54
Flain concr tension = b ,‘g .
Piain concr shear = 2¢ ./ f,
MASOMRY (WSD)

0.5 1, (24,000 psi max. )
E. = 28.000000psi

7501,

- E. 0
T = = g
S E
Fe = 3314
v, = 1.0.7. (50 psimax)
4 /‘f
H = Shd
A

K = iy +2mp —np

o=y

Ry = F‘ﬁf’a‘sj’j

Wy = Iﬁ'}in .

1 = 002dyF, {(but not less than
127

MASONRY {(LRFD}

AL
A - o :jd‘

H
&
—}p -,
o

i

.
_}\-s

R

il
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Appendix C - Masonry Design Data

Rebar Position Depth for Masonry, Default Values.

" Thickness Rebar Depth (in) |
Center Edge
6" 2.75" 2.75"
| 8" 3.75" 5.25"
10" 4.75" 7.25"
12n 5.75" 92.0"
14" 6.75" 11.0"
16" 7.75" 13.0"
Masonry Equivalent Solid Thickness (inches)
Grout Spacin
Thickness (inches) 8" 16" 24" 32" 40" 48"
6 5.6 4.5 4.1 3.9 3.8 3.7
8 7.6 5.8 5.2 4.9 4.7 4.6
10 9.6 7.2 6.3 5.9 5.7 5.5
12 11.6 8.5 7.5 7.0 6.7 6.5
14 13.6 2.9 8.7 8.1 7.6 7.4
16 15.6 11.6 10.1 9.5 8.6 83
~ Wall Thickness | Concrete Masonry Units
Solid Grouted Lightweight Medium Weight Normal Weight
Wall 103 pcf 115 pcf 135 pef
6” 8" [ ‘lOH 12" 6" 8" lOll 12" 6” 8” 10" 12"
52 |75 93 | 118 |58 |78 | 98 | 124 | 63 | 84| 104 | 133
. 16"o.c. {41 [ 60| 69 | 88 [47 | 63| 80 | 94 [52 66| 86 | 103
Vertical : op .
Cored |24"o0c. |37 |55 6l 79 143 /58 72 | 85 |46 |6l | 78 94
Grouted | 39vgc 136 |52 57 | 74 |42 55| 68 | 80 |47 |58 | 74 89
at: - - R
40"o0.c. |35 |50 55| 71 |41 53|66 | 77 (46|56 | T2 86
48"o0.c. |34 |49 53 | 69 |40 45| 64 | 75 |45 55| 70 83
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Appendix D - Development and Lap Lengths

Lap Splice Lengths!” and Hooked Bar Embedments (inches)

1
Bar Size Masonry? fn=1500 psi Concrete
Grade 40 Grade 60 | 2000 psi { 3000 psi 4000 psi
#4 L 20 24 20.9 17.1 14.8
H@ 9.4 7.7 6.7
#5 L 25 30 26.2 21.4 18.5
H@ 11.8 9.6 8.3
#6 L 30 36 31.4 25.6 222
H® 14.1 11.5 10.0
#7 L 35 42 458 37.4 32.4
H® 16.5 13.4 11.6
#8 L 40 48 52.3 42.7 37.0
H 18.8 15.4 13.3

(1

(3

} Min. lap for spliced bars, in., assumes f, = 60 ksi, per AC| 316-05, Equation (12-1).
(2) 40 bar diameters for f, = 40 ksi and 48 diameters for f, = 60 ksi {BC '068-2107.5
) Min. lap is development length x 1.3, assuming Class B splice. Cannot be reduced for stress level

(4) Assumes standard hook and not reduced by ratio As (required) / As (provided)

Note that IBC 06, 2107.5, modifies ACI 530-05, Section 2.1.10.7.1.1 which has the effect of deleting the
following cnerous development length equation (2-9) in ACI-530-05:

v
K

2
_03d fyy
1
K~ Tm

= 1.0 for #3,4,5 bars, 1.4 for #6, 7, and 1.5 for #8
= Masonry cover but not less than 5 d,

This requirement resulted in much longer lap lengths and has met with considerable
objection.
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Appendix E - Sample Construction Notes

Brief specifications, or notes, should accompany any retaining wall design. A checklist for items to
include:

Reference to foundation investigation report recommendations (if applicable)
Excavating / grading requirements

Concrete strength

Masonry

Mortar

Grout

Reinforcing, including placement requirements

Soil bearing value and special requirements

Inspections

Drainage

And here are a few additional notes that will help solve problems and keep you out of trouble:

1.

Should a discrepancy arise between the drawings and field conditions, or where a detail is
doubtful of interpretation or an unanticipated ficld condition be encountered, the structural
engineer shall be called right away for procedure to be followed which shall be confirmed in
writing by the structural engineer with copies to all parties.

Wherever there is a conflict between details and specifications, or between details, or where
doubtful of interpretation, the most restrictive shall govern, as determined by the structural
engineer.

The contactor and cach subcontractor shall visit the site and consider field conditions affecting
the work depicted on the plans, and his submission of a bid indicates his acceptance of such
conditions.

The contractor shall assure that each subcontractor has copies of latest plan revisions and is kept
current with any change orders or directives affecting the subcontractors work.

And your experience will add more!
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Appendix F. - Conversion Factors

English — S.1. — Metric Conversions
Multiply by to get
inches 2.54 cm {(centimeters)
feet 0.305 m (meters)
centimeters 0.394 inches
centimeters 10 mm (millimeters)
meters 3.28 feet
psf 47.9 kPa (pascals)
psi 6.89 kPa (kilopascals)
pcf 16.0 kg/m” (kilograms per cubic meter)
pst/ft 0.157 kPa/m (kilopascals per meter)
in-lbs 0.113 Nm (newton meters)
ft-1bs 1.36 Nm (newton meters)
pounds 4.45 N (newtons)
kip 4.45 kN (Kilo Newtons)
Ibs per lin ft 1.49 kg/m (kilograms per meter)
inches 254 mm (millimeters)
milimeters 039 inches
Pascals 1.0 Nm" (newtons per square mcter)
Newtons/m” 1.0 Pa (pascals)

Common Equivalents
English S.I.
1,500 psi =10.34 mPa
2,000 psi =13.8 mPa
2,500,psi =17.24 mPa
3,000 psi =20.7 mPa

24,000 psi =165 mPa

60,000 psi =414 mPa
100 psf =4.788 mPa

1,000 psf =479 mPa
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Appendix G - Reinforcing Bar US/SI Conversions

Reinforcing Bar Conversions
(“soft” metric)

U.S. Bar No. Metric Bar No. Diameter in/mm Area in’/mm’
3 10 0.379/9.5 0.11/71
4 13 0.50/12.7 0.20/129
5 16 0.625/15.9 0.31/199
6 19 0.44/19.1 0.44/284
7 22 0.875/22.2 0.60/387
8 25 1.00/25.4 0.79/510
9 29 1.125/28.7 1.00/645
10 32 1.25/32.3 1.27/819
11 36 1.375/38.8 1.56/1006
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Appendix I: Notations & Symbols

A

AASHTO

ACI
AISC

ASCE

ASD
ASTM

CBC
cm

CMU

DL

E177

depth of equivalent rectangular
stress block for strength design.

American Association of State
Highway & Transportation
Officials

ground acceleration. (symbol
varies)

effective cross-sectional area of
reinforcement in a column or
flexural member, square inches.

American Concrete Institute.

American Concrete Masonary
Association.

American Society of Civil
Engineers.

Allowable Stress Design

American Society for Testing
and Materials.

width of rectangular member.

coefficient that determines the
distance to the neutral axisin a
beam in strength design.

California Building Code
centimeter
Concrete Masonry Unit.

depth of reinforcing from
compression edge.

dead load.

eccentricity measured from the
vertical axis of a section to the
resultant force.,

modulus of elasticity of
masonry in compression, psi.

modulus of elasticity of steel =
29,000,000 psi.

fa

Jo

A

actual axial compressive stress
due to axial load psi.

actual flexural stress in the
extreme fiber due to bending
moment, psi.

compressive stress in concrete
in flexure, psi.

specified compressive strength
of concrete, psi.

allowable compressive strength
of masonry, psi.

modulus of rupture, psi.

computed stress in
reinforcement due to design
loads, psi.

stress in compressive
reinforcement in flexural
members, psi.

yield strength of reinforcement,
psi.

flexural tensile stress in
masonry, psi.

actual shear stress, psi.

allowable axial compressive
stress, psi.

allowable flexural compressive
stress, psl.

International Building Code.
International Code Council

gross section moment of inertia,
- 4

in'.

moment of inertia of cracked
section, in”.

active earth pressure cueficient,
static

active earth pressure, static and
seismic.
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Kah

Kip

K,

ksi
kst
Kg
L

Ldb

L/zL/

LL

MIA
MSJC

coefficients for seismic lateral
earth pressure of backfill against
cantilever retaining wall.

1000 pounds.

kilonewtons.

At-rest earth pressure cuficient.
kilopascals

Kips per square inch

Kips per square foot

kilogram.

required development length of
the reinforcement.

basic development length,
inches.

hooked bar development length,
inches

live load.
Load Resistance Factor Desgin.
Masonery Institute of Amecrica

Masonary Standards Joint
Committee

the moment of the
compressive force in the
masonry about the centroid of
the tensile force in the
reinforcement.

nominal moment strength of a
masonry scction.

megapascals.

resisting moment.

the moment of the tensile force
in the reinforcement about the

centroid of the compressive
force in masonry.

NCMA

OT™
Pa
pef

psi
psf
RM

SF
SI

National Concrete Masonery
Association.

Overturning Moment.
Pascals.

pounds per square foot per foot
or pounds per cubic foot.

pounds per linear foot.
pounds per square inch.
pounds per square foot.
Resisting Moment
radius of gyration.

Safety Factor

International Systems of
Measurements as adopted by the
General Conference of Weights
and Measures.

Segmental Retaining Wall
shear stress, psi
factored shear stress, psi.

allowable shear stress for
masonry, psi.

total design shear force, Ibs.
factored shear force at section.
uniformly distributed load.
weight of wall or component.

In Coulomb equation, clockwise
angle from horiztonal to back
face of wall (90" if wall is
vertical).

angle of the backfill slope from
a horizontal level plane.

unit weight of soil, pef.

angle of the wall friction to a
horizontal level plane.

deflection of element.
coefficient of sliding friction.

angle of internal friction of soil
degrees.

NOTE: SOME SYMBOLS MAY HAVE DIFFERENT MEANINGS IN DIFFERENT CONTEXTS.
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Appendix J: Moments and Reactions for Rectangular Plates

These four pages arc adopted from a U.S. Department of the Interior, Bureau of Reclamation, Water
Resources publication: Enginecring Monograpoh No 27, prepared by W.T. Moody. Find it in a library
necar you at http://www.worldcat.org/oclc/56307609&referer=brief results.

A WATER RESOURCES TECHNICAL PUBLICATION
ENGINEERNG MONOGRAPH NO. 27

Moments and Reactions for
Rectangular Plates
UNITED STATES DEPARTMENT

OF THE INTERIOR
BUREAU OF RECLAMATION
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A WATER RESOURCES TECHMNICAL. PUBLICATION
Engineering Monograph No. 27

Moments and Reactions for
Rectangular Plates

By W.T. MOODY

Divislon of Dusiyp
Dawrar, Colosodo

United States Department of the Interior

BUREALl OF RECLAMATION
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