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FOREWORD

This is one of three report~ on the design of permanent ground
anchors, written by the following internationally prominent ground
anchor contractors:

Soletanche & Rodio, Inc.
Nicholson Construction Company
Stump/Vibroflotation

These reports are being used by the Federal Highway Administration
in developing a design manual for highway engineers.

The design methods described herein were originally developed by
the authors and company staffs for the sole use of each company.
We are grateful to the company officials for sharing their design
methods with us.

Copies of this report are being distributed by FHWA transmittal
memorandum. Additional copies may be obtained from the National
Technical Information Service, 5285 Port Royal Road Springfield,
Virginia 22161.

Richard E. Hay, ector
Office of Engine ring

and Highway Operations
Research and Development

Federal Highway Administration

NOTICE

This document is disseminated under the sponsorship of the Department of
Transportation in the interest of information exchange. The United States
Government assumes no liability for its contents or use thereof.

The contents of this report reflect the views of the contractor, who is
responsible for the facts and the accuracy of the data presented herein. The
contents do not necessarily reflect the official policy of the Depart~~nt of
Transportation.

This report doe5 not constitt.:te a stc.:ldard, specification or reg;,Jlation.

The -United States GovernmE. .... ~: de",:; n;;t endorse products or manufacturers.
Tr~demarks or rnanufact~!'ef')' nc,m"~5 aJ1pear herein only because they are
~onsidered essential to the object c f this document.
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PREFACE

The introduction and development of ground anchors as a civil
engineering technique has proven to be one of the most imp~tant

innovations for many years in the construction indu~try. Over
the las t twen ty-f i ve years sign i f ican t advances have been fi1ade
in both the theory and practice of anchor construction so that
they no longer are regarded as temporary contract expedients but
fi1uch more as topls of the design engineer, no more the method of
last resort but a fundamental technique to be considered at the
time of design. Permanent installations are now commonplace and
are to be found incorporated into such major structures as dams
and similarly cr"itical situations. Specific uses are far too
numerous to mention here and the potential for new applications
is truly enormous. Suffice it to say that any problem involving
tying up, tying down, tying back or generally anchoring in place
is one that can be considered with the use of the new technology
in mind.

But its use requires a basic understanding of the theoretical
and practical considerations governing anchor installation and
beha v ior. 'I'hi s report presents a rev iew of the type of infor
mation considered necessary to design permanent anchor systems
and the way in wh icll tha t in forma t ion is used by eng inee rs and
specialist contractors to determine anchor configuration and
capacity.

It must be emphasized that assessment of anchor load carrying
capacity is still .in many cases affected by matters of engineer
ing .judgement and construction experience. This is reflected in
the empirical formulae that are often used in the calculations.
However, these have-been tried and tested in the field and have,
to a large extent, been proven to be conservative. They are
changed or modified in the light of new experience or proof but
generally serve well. As such they are quoted herein and form
the basis of changing an art into much more of a science.
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APPLICABLE SI UNIT CONVERSIONS

English

LENGTH:
1 in.
1 ft.

PERMEABILITY:

1 f t/ sec

FORCE:
1 Ib f =
1 kip f
1 ton f

PRESSURE:
1 psf
1 psi
1 psi

UNIT WEIGHT (1) ,!:-/ :
1 pcf

SI

0.0254 m
0.3048 m

30.48 em/sec

4.448 N
4.448 kN
8.896 kN

47.88 Pall
6894.76 Pa
0.006894 N/mm2

0.157 kN/m3

}) Pa = N/m2

~/In this report, the term density is used interchangeably with
unit weight.
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CHAPTER I - BASIC CONCEPTS

ItJTRODUCTIOtJ

As ground an~hors can be constructed at any angle and in a
wide variety of soils and rocks they are used for a multiplicity
of purposes. One of the ir maJor uses is in the support of
retaining walls and this stUdy has been made with this parti
cular usage in mind, al though the basic concepts apply to all
anchors.

Temporary anchors are not reviewed. However, the data
required for the safe deslgn of temporary works is similar to
that necessary for permanent lnstallatlons.

The simple v iew of a ground anchor is that 1 t connects a
man-made structure to a natural structure, i.e. a rock or soil
mass. For this to be done successfully the nature and competence
of the natural structure must be established. The basic require
ments for accomplishing this are set out in this chapter
together wi th the means whereby the data obtained from the
ground investigations are used to estimate anchor capacity.
Also discussed are tendon design, drilling and installation
techniques, stressing and testing procedures and long term per
formance and monitoring.

GENERAL REQUIREMENTS

A permanent ground anchor system may be required as:

1. An integral part of the design concept of a
project.

2. A means of resolving d problem
ground investigation carrled out
tion of project deslgn.

revealed by a
after finaliza-

3. A remedial or improvement measure to an existing
structure.

The information on ground conditions that is available at
the time of a feas ib iIi ty study wi 11 largely depend upon the
initial requirement. For instance there could well be much more
data available for consideration on a project in Category 3
above as opposed to Category 1.

-1-



VJh lIe there may be adequa te da ta to ind ica te 1J0 th the
feaslbillty and advantages of a permanent anchor system, there
may well be insufflcient detailed information to permit safe and
economlC design and construction. The geometry of· a ground
anchor and its mode of operation requlres in particular a
de ta lIed knowl edge of ground cond it ions local to the anchor
"bond" or "f ix ed" leng th. (See Figure s 1 & 2 for nomencl a ture
related to anchors).

SITE EXPLORATION

Ground investigations are most satisfactorily undertaken in
a number of stages which can broadly be categorized as:

1. Ini-tial desk and field study.

2. Main field and l~boratory investigation.

3. Investigation during construction.

The data available at the time of considering ground anchor
feasibility will dictate the stage at which the investigation
process outlined above will be commenced.

Similarly the work involved in any one stage will depend
upon the nature of the overall project. For instance, the
des igns for a :s lmple rock bolt system may Vlell be based pr i n
cipally _ upon visual field observa tions and mapping, \Jhereas,
those for a maJor Letaining structure could require extensive
field and laboratory investigations carri~d out._in phases. The
data obtained from one phase is used to determine the scope and
extent of the work in the next phase. The aim of the investi
ga t ion is to ascerta in, by the mos t economic means, cond i tions
within a block ofgro~nd that is influenced by or influences the
installation of ground anchors.

Initially, office studies of geologic or soil survey maps
should be undertaken to determine the general rock and soil
conditions that would be expected to be encountered. If the
office responsible for conducting the site exploration is
familiar with the site or has had prior experience with other
projects in the area, it may be possible to obtain very de
tailed rock and soil information before any site visit is made.
In any case, as much local information as possible should be
obta i ned f rOJil sources such as townsh ip eng ineers and pub1 ic
utilities.

Ini tial field reconnaissance \</i11 enable the designer to
observe surface wa teL runoff pa t terns, seepage, and vegeta tion
characteristics of the site. This is helpful in assessing
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Figure 1. COMPONENTS IN GROUND.ANCHORS
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Figure 2. FIXED ANCHOR TYPES
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drainage requirements to compensate for water pressure on the
retaining wall. During the initial site inspection, surface
geolog ical fea tures, incl ud ing rock outcrops, cuts and excava
tion, can be inspected to obtain a preliminary concept of sub
sur face cond it ions. Al so, surround ing env 1 ronmen tal cond i t ions
can be evaluated to determine if a potentially aggressive envi
ronment exists, and what effect it might have on the ground
anchors and reta in ing wall. Poss ible sol u t ions to potential
corrosion problems can begin to be developed. Another impor
tant feature that can be checked during the lnitial field study
is the possible occurrance and locatlon of landslides or crustal
d i splacemen ts wh lch would increase wall loads, and af fect wa 11
toe elevations and anchor lengths.

Site access conditions for work forces and equipment can
also be observed along with any existing adJacent structures and
facilities, to check for possible interferences, which may cause
problems during construction.

Where anchors have to be installed under adJacent struc
tures or buildings it is vital, at this stage, to accurately
determine the extent, nature and situation of any foundations,
services, basements and sub-structures to those buildings.
Also, where those existing buildings are not under common
ownership with the new project, legal permission should be
obtained prior to commencing the installation of anchors.
Withholding of such permission is sufficient in itself to make a
ground anchor system unfeasible.

Desk studies should include an investigation of the known
plans or intentions for developing areas. For example, pile
dr i v ing for a new bu i ld i ng adj acent to the proj ect site could
result in changes in soil structure in the anchor bond zone due
to vibration, liquifaction, or loosening of the soil. Also a
pile could be driven rlght through an anchor tendon thus
destroying it completely. Similarly future tunnelling or shaft
sinking work could also have a profound effect upon the in-situ
soil properties through alteration of watertable and disturbance
due to construction activities.

After the initial field reconnaissance, a topographic sur
vey should be performed to obtain necessary geometric parameters
for design of the wall at typical cross sections. Then a test
boring program to determine subsurface conditions at typical
cross sections can be started.

The number and locations of borings are usually determined
by the engineer based on available information obtained from
prev ious experience wi th the area, and, on observa tions made
during the initial field reconnaissance. ThL'S, for example, on
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a site for which little previous lnformation is available,
pr imary boreholes should be sunk to Iden ti fy geolog ical
sequences and those strata WhICh are of par titular interest from
the point of view of overall stability of the design of the
retaining wall and anchors~ These primary holes should be
Ibca ted at the site· ex tremi tIes so that so i1 prof i les can be
in te rpola ted between boreholes, r;ath!?r than. ass umed from bore
holes si tuated in the center of the site. The depth of these
bores should be such to ensure that known geolog ical forli1ations
at:"e proved and that no underlying stt:"atUTI'I exists which will
affect overall desIgn and stability.

These prel iminary investigatIons. can ;then be followed by
further borings and/or in-situ tests to obtain more detaIled
information. The number of test loca tions wi 11 depend on the
results of the prelimina~y investIgations. Gla~ial drift mater
ials will require more attention than a "veIl-known competent
geolog ical forma t ion. However, as has al ready been s ta ted,
minor structural changes in soils can have a substantial effect
upon gt:"ound anchor performance so it is recommended that bore
holes or te s t locations be at a max imum spac ing of 60 feet
(20m) •

Generally, for a re ta ining wall, three bar i ngs per typical
cross section are desirable at the following locations as shown
on Figure 3:

1. On a line behind the wall at a distanceequiva
lent to half to full wall height.

2. On the 1 ine of the probable anchor bond zone.
(NOTE: 'l'he boring locations mentioned in Item 1
and 2 may be coincidental.) From this information
anchor design will be accomplished as well as wall
design.

3. As close to wall center line as possible in order
to determine soil parameters and strengths on and
under wall pOSItion.

4. From 1/4 to 3/4 of
wall. This gives
earth pressures,
ground heave.

the wall height in front of the
information on expected passive
potential slip planes and/or

Additional test borings should be taken where sloping
gro und or pass ibl e landsl ide areas ex i st. Al so, where long
anchors may be required, a number of test sites should be
loca ted to invest ig a te dr ill ing cond i tions above bond zones.
The optimum drilling technique can be chosen from the results.

-6-
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The depth of the borings are determined by the general
geology, but where bedrock is encountered typically they are
taken to top of rock with a mInimum core penetration of 10 feet
(3m). This is to ensure distinction between boulders and bed
rock. The core sample s vii 11 give information on grout/rock
bond. Beh i nd the wall, bor ings should be at least as high as
the wall if a soldier beam and lagging wall system is used, and
deeper if sheet piling is used.

Samples should be taken by standard tube penetrometer,
Shelby tube, or NX rock coring to obtain material for identi
fication and testIng, and for determining rock quality by R~Q.D.

index. Field tests can be performed using the standard tube
penetrometer to carry out standard penetration tests to
establ ish soil densi ty and consistency. Great care must be
exercised to see that the S.P.T. tests are conducted strictly
according .to specification If meaningful results are to be
obtained. Field vane or Dutch cone tests in cohesive soils will
give undrained shear strength values. Dutch cone tests in
cohesionless material give estimates of relative density.

To facilitate anchor design it is virtually essential that
an indication of in-situ permeabIlity be obtained from the bore
holes in the bond zones of the so i 1 or rock. In so il th is
provides data that is used to assess groutability of the mater
ial and thus size and pullout resistance of the fixed anchor.

In rock the results indicate rock quality and thus the need
for a con sol id a t ion grout ing to Improve the stab il i ty 0 f the
rock mass and also to prevent infiltration or percolation of
ground water into the anchor bond zone. Shutting off such
moving water is a primary corrosion protection method as it
prevents potentially aggressive or corrosive elements coming
into contact with the anchor tendon. Permeability is determined
by falling head or water pressure testing directly in the anchor
borehole or as ses sed from the so 11 part icle size dis tr ibu t ion
curves using the Hazen formula.

Site water levels need to be carefully monitored as they are
essential to the calculation of horizontal pressures on a
retaining wall.

SOIL PROPERTIES

The properties of a soIl that must be determined in order
to compute anchor capacity are:

1. Unit weight in natural conditions

-8-



2. Ang Ie of in ternal fr ic t ion

3. Cohesion

4. Particle size (in non-cohesive and
mixed soils)

5 . De n sityin- sit u

6. Permeability

7. Liquid and plast ic 1 iml ts

8. Unconfined compressIve strength of
cohesive soils.

(c)

(D, mm)

(y)

(k, em/sec)

(LL, PL)

(qu' ton/s.f.)

For design of retaining walls the above values are used wIth
the addition of information on water table levels, superimposed
loads and construction sequences.

It is common practice for soils information to be presented
to the designer based on samples obtained by split spoon samples
together with the blow counts recorded durIng the driving of the
sampler (S. P.T: results). While these are valuable data ~~hich

can be used to give approximate relationship between penetration
resistance and relative density, unconfined compression
strength, angle of friction and unit weights, they are often
found to be greatly in error. This is often due to the penetra
tion test not being conducted according to specification. For
instance there is less fa tique on the dr iller if two or even
three turns of the pull rope are rapped around the drive pulley
of the drill rig during the test. This results in higher
fr ic tional resi stance to free fa 11 of the dr 1 ve we igh t and thus
a lligher blow count. This in turn indicates a stronger material
than actually exists. Another common violation is when a resis
tance rna ter i al is encoun tered and the dr i ve hammer is dropped
more than the specified distance in order to speed up the test.
This results in a lesser number of blows being recorded for the
soil being investigated. The condition of the sampler shoe also
affects results.

From this it can be seen that site testing should be very
care fully superv ised, pre fer ably under the d i rec t Ion of the
design engineer, and that the field tests should always be
augmented and confirmed by l~boratory tests.

-9-



An earth retaining wall ln equilibrlum res'ists horizontal
pressure. v'Jhile this pressure ft1ay be evaluated by the theory of
elasticity, it is more i;)ractical to use empirical coefficients
of active, passive and at-rest earth pressures. These coeffl
cients are calculated from soils data and, as they are directly
related to soil unit weight, apparent cohesion (c) and angle of
shearing resistance (internal fr-iction, ,0). These values must
be obtained.

Angle of "internal friction, (.0'), may be determined
approximately from S.P.T. results, but should be confirmed by
laboratory shear box tests for cohesionless free-draining
materials. Plotted values for shear stress against applied com
pressive stress Hill glve a stralght line passing through the
graph intercept and it is the angle formed between this line and
the base line that represents.0'. See Figure 4.

For fine grained materials the shear strength depends
mainly on the "cohesion" between the grains and does not vary
with compressive load. So for coheSlve materials (clays) where
,0 = 0 the shear stress graph would be as shown in Fig ure 5.
In an unconfined test, "c" would be taken as half the lnaximufil
compressive stress.

Howe~er, most soils are made up of a combination of fric
tional and cohesive materials and where a sample is stressed to
failure and the results plotted, the line connecting the values
obtained wlll not pass through the graph origin bui will inter
cept the shear st ress ax is at a val ue equal to the apparent
cohesion (c). See Figure 6.

It is usual for soil samples (except sands and gravels) to
be tested undrained in a tri-axial compression tester as this
enables an examination of soil stability to be made without
knowledge of pore wa ter press ure be ing requ ired. Al so as the
effect, of wall and anchor construction and stressing on the soil
structure is relatively qUlck, the "quick" undrained test most
nearly represents actual site conditions. The mlnimum factor of
safety thus occurs in the short term undrained cond 1 tion when
strength is lowest. With time, excess pore water pressure
induced by stress is dissipated and the SOlI str~cture stiffens
and gains strength.

Note that if the plot in Figure 6 passes through the orlgin
of the graph, then the cohesive material belng tested will be
normally consolldated and be of low bearing value for anchors at
normal foundations.

-10-
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TABLE I Approximate relatlonship between penetration
reslstance and relatlve density, angle of in
ternal friction and unit wei~ht of soils.

GRANULAR MATERIALS

Very Very
Compactness Loose Loose IvIed i urn Dense Dense

Relative Density <15% 15-35% 35-65% 65-85% ' 85-100%

Standard Penetra-
tion Resistance
N = Blows/Foot 0-4 4-10 10-30 30-50 > 50

~, Degrees
Approximately <28 28-30 30-36 36-44 > 41

Unit Weight PCF
Moist <95 95-125, 110-:-130 110-140 >130

Submerged <60 55-65 60-70 65-85 > 75

TABLE II Approximate relationship oetween penetration
resistance and unconflned compressive strength
and unit weight of sOlIs.

COHESIVE MATERIALS

Very
Consistency Soft Soft Medium Stiff

Very
Stiff Hard

Unconfined < .25 .25-.50 .50-1.00 1.00-2.,00 2.00-4.00 >4.00
Compressive
Strength

(TSF)

Standard
Penetration
Resistance 0-2
N=Blows/Foot

2-4 4-8 8-16 16-32 > 32

Unit Weight
PCF <100 100-120 110-130
(Saturated)

120-140 130-145 >140

NOTE: pc f = O. 157 kN1m 3
tsf = 95.76 kPa
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Where soils of high plasticity or compressibility are
encountered and are to be retained, theIr long-term
consolidatIon charateristics should be determined. From this
information, it can be established whether there will be a loss
of anchor stress due to a dimensional change in the retaIned
soil mass. Thus the stress level below which the anchor will be
stable can be dec ided, tha t is, where consol ida tion or creep
will not occur.

Particle size distrIbution is of great significance in the
design of anchors as the soil can be described according to the
shape of the distribution curve, permeability and thus grout
ability can be assessed, and an indication of friction angle can
be obtained. See Particle Size Distribution Graph, Fig. 7.

The
size of
(010) is
the soil.

effective particle size of a soil is govet::'ned by the
the smallest 10% fraction of the soil. This size
related to permeability and thus to permeability of

Soil permeability can be assessed from the particle size
distribution curve. This is done by taking the square of the
10% fraction particle size (010) and assuming this to be the
rate of flow. For instance for a 010 particle size of 0.2mr,1,
permeability would be (0.2)2 = 0.04 or k=4 x 10-2cm/sec.

To form a soil anchor grout bulb larger than the borehole
diameter, it is necessary to force cement particles between the
soil grains. The limit for this is at an effective particle
size of approximately 0.2 mm or fine sand. ThIS represents a
permeability of 10-1 to 10-2 em/sec. BelovJ this grain size
the cement will not penetrate easily, but will densify the sand
strata in the immediate area of the bond zone to form a larger
effective diameter than the borehole, but wIth a probable
Increase in the max imum ra tio of 3/2 x R where R is borehole
radius. Permeability of these soils would be k=10-3 to 10- 4

ern/sec. Soils with permeabilities less than k=10-4 em/sec and
low cohesive strength indicate the presence of high proportions
of silt. Such soils are not considered to be suitable materials
in which to found ground anchors.

A comprehens i ve chemical analys is of the so i I rna ter ial s
should be undertaken to determine whether an aggressive or
corrosive environment will exist. Anchors particularly have to
be protected from the effects of stress corrosion and the levels
of such protection have to be decided during design stages.
Samples of ground water must also be tested with sampling taking
place at var ious depths. It is of g rea t impor tance to ens ure
that the samples recovered are truly of the natural ground water
and not of or contaminated by the drilling wash water. The
analysis as a minimum should determine the sulphide and chloride
content of the sample, pH value and the presence of any element
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which may promote an aggressive attack upon the anchor tendon or
grout or the wall itself.

During construction, continual observations of drilling
conditions and cuttinqs recovered will conflrm previous test
drliling results. These observations will also reveal any
anomalous conditions existing locally and permit any changes to
be made if needed to ensure structural stability.

HORIZONTAL EARTH PRESSURES

To some ex tent the hor i zon tal wall pre ss ures on a tieback
depend on the stiffness of the wall relative to the soil and to
the lock-of f anchor loads. Both of the se can be con trolled by
the designer. Lock-off loads producing a total thrust equal or
nearly equal to that developed by the active earth pressure must
be selec ted to I imi t movemen t of the wall. Obv ious ly , the
horizontal pressures produced by the anchor wall system must not
exceed the passive earth pressure.

Theoreti ca lly, it should be poss ible to use anchor loads
and a wall sys tern wh lch should res ul t in a hor 1 zon tal press ure
dis tr ibu t ion very simi 1 ar to the ac ti ve ear th pressures. Th is
would require close control of construction procedure and
periodic adjustment of anchor loads during and after wall con
struction. The method of constructlon most typically used
results in a pressure distributlon at best approaching the
arching active case and more reasonably approaching the total
thr us t of the "a t-re st II case. The ideal s 1 tua t ion is where the
retained earth mass never "knows II that its former support has
been removed and repl aced by a d i fferen t st rue ture. Bu t con
s truct ion sequenc i ng of ten means that the loads on the ~,.all

imposed by stressed anchors can, in fact, produce wall ~ovements

towards the re ta ined so i 1. Th is is typ ical of the case where a
row of anchors is stressed fully prlor to excavation to the next
lower level. A check should be made ofhorlzontal pressures on a
wall once the cons tr uct ion sequence is known to de termi ne if
wall movements are· llkely to occur. Anchors can be stressed in
stages if necessary to obviate problems arlslng from this source

The lateral pressure distribution used in the design will
depend on the following:

1. 5011 type, e.g. coheslve or non-coheslve.
2. Ground water conditions
3. Relative wall stlffness, e.g. concrete or H-beams

and lagging.
4. Anchor locatlons and lock-off loads.

An earth retaining ~,.all in equilibL'ium resists horlzontal
pressure. This pressure could be evaluated by the theory of
elastlcity, but more practically an empirical coefficient of
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earth
h IS
Where
(where

press ure is used. If the we Ight of so i 1 above
h, then the horizontal earth pressure at rest
Ko IS the "at-rest" coefficient, and Ko = 1
~ is soil angle of internal friction).

any depth
= Ko Y h.

SIn ~

However, in practice many retaining walls move forward
slightly. When this happens the pressure on the wall is
reduced. The minimum value of this pressure at the moment of
failure of the sOlI is known as the active pressure. It is
estimated using Rankine's theory where the coefficient of active
pressure

I\a = 1 - s in ~

1 + SIn fd

FIgure 8 shows the actIve thrusts developed on a wall
retaining cohesionless soil. Where the wall is rigId the
pressure distribution will be triangular as shown and the
maximum value of active pressure will be: Pa = Ka 7' Hand
the resultant thrust acting through the center of gravity of
pressure triangle i.e. 1/3 from bottom of wall; will be:

Pa = 1/2 Pi:iH

or Pa = 1/2 Ka yH 2

In computing
it is more usual
resul tant anchor
wall movements.

earth presures for tied-back .retaining .walls
to use the coefficient r~o as this will give
loadings which will prevent or mInimize any

Figure 9 represents a retaining wall formed by driving
steel sheet piling. The movement of such retaining walls is
opposed by the pass 1 ve re SI stance of the ear th in to wh Ich the
piling is driven. The value of passIve resistance of a
cohesionless material may be found by replacing the coefficient
of active pressure Ka by its reciprocal Kp ' the coefficIent
of passIve pressure

= 1 + sin fd
1 - sin .0 and thus if

Ka = 1/3, then Kp = 3. Values of H are replaced by the
depth of earth toward s wh ich the wall is dr 1 ven (h in Fig ure
10). When the passive resistance thus computed is smaller than
the ac ti ve press u re , then the wall may fa iIi f there are no
other means such as stressed ground anchors to provide add i
ti6nal support and thus prevent failure.

The active pressure distribution on a wall is triangular If
the wall is rigid. When the wall is flexible, and constructIon
sequences cause incomplete or Irregular bending then a different

\
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pattern of pressure distribution will take place.
found experimentally by Terzaghi to be trapezoidal.
shows th i s compar i son. The area of the tr iang Ie A E
trapezoid ABC D should be equal since both express
lateral pressure on the wall.

ThlS was
Figure 10
D and the
the saIile

The preceding discussions refer to cohesionless soils and
where cohes i ve so i Is are encountered the me thods ou tl ined must
be modified. This is because the response of cohesive soils to
changes in imposed stress is not instantaneous but is tilL1e
dependent. Thus conSlderatlon must be given for the Ilong-term'
effect of stress changes as well as during the short-term
construction period.

ANCHOR LOCATION SELECTION

In order to select optimum locations for ground anchors in
an earth retaining system the following factors need to be
considered:

1. The probable wall load and anchor forces.

2. The presence of a SUltable strata in which to
found the anchor fixed length.

3. Whether the vertical load
anchors will induce bearing
toe of the wall.

component in
failure beneath

the
the

4. The stiffness of the wall under design and thus
whether a single or multiple tier system of
anchors should be installed.

5. Site access and construction sequencing.

6. Expected drilling conditions,
table and obstructions.

incl ud i ng wa ter

7. Existing services and structures adjacent to the
project site together with an investigtion of any
future work planned.

8. Structural analysis of the retaining wall at
various stages of construction.

An initial study of the project design requirements and
preliminary soils data will enable probable wall loadings to be
calc ula ted together wi th an est ima t ion, based on exper ience at
this stage, of the number of levels of anchors required.
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The probable failure planes should also be determined at
stage as this will indicate probable anchor lengths.
minimum, the fIxed. anchor Ie ng th should commence 6 feet
beyond the calculated failure plane.

tllls
As a
( 2mm)

The soils data are then further examined to establish
whether a suitable bearIng strata exists that can be used for
the construction of permanent anchors. Non-plastic soils and
those of medium to 1m; plasticIty having high density together
v;i th granular rna ter ials such as s il ty sand or coarser can be
considered suitable providing an adequate stratum is present.
Adequate in this sense refers to the tlllckness of the deposit,
and requ i remen ts wi 11 vary accord ing to anchor load and angl e.
Anchors in plastic clays and silts, backfIll materIals or
materials subject to normal consolidation only will probably
not be succe ss ful anchorage sub] ec ts. Pl ac i ng of the anchor
bond zone in so i Is hav ing a high organIc con ten t should be
avoided. From this assessment, the utIlity of anchors can be
decided. As an indicator, if the vertical distance from the
anchor entry point through the wall to the closest sui table
anchoring strata exceeds 100 .fe,et. (3 LOm)., the possibility of the
economical use of anchors decreases rapidly. The 180 feet (SSm)
deep swamp near Meadv ille , PA, and the sof t s i 1 ty clays in
excess of 100 feet (30m) in the area of Detroit, MI, are typical
of situations where the use of soil anchors would be v~ry costly
and alternatives should be consIdered. If no alternatives are
possible, then the cost has to be borne.

The soils information then should be reviewed to enable an
assessment to be made of the possibility of vertical drawdown of
the retaining wall under the loading imposed by the ground
anchors. By simple tr igonome try it is easy to arr i ve at the
load component. Where suitable strata exist close to the
surface, anchor angles shall be as flat as possible (minimum
IS 0) and th us exert low vertical loads. Deep founda t ion stra ta
require anchor angles much steeper (4S0 - 50°) with correspond
ing greater vertical stress. The wall must resist vertical
movement since any such change in elevation will result in 1)
Loss of anchor stress; 2) Wall horizontal movement due to earth
pressure; and 3) Probable eventual failure, but certainly
surface subsidence and settlement behind the wall WIth attendant
damage to roads, se rv ices and s tructu res. Adequa te bear i ng can
be assured by driving sheet piles or soldle~ beams until
pre-de termined res i stances are ach ieved. Hhere this cannot be
done consideration should be given to increasing end bearing by
setting H-Beams in concrete caisson sockets, constructIon of
tangential caisson retaining ',walls or bentonite slurry walls.

Once the struc tural type of re ta in ing wall is known, the
number and levels of anchors can be cons Idered. In a wa terfront
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bulkhead, for instance, only one level of anchors is normally
possible and they would be attached to a wale capping the
retain ing wall. For other walls in dry cond i tions, the number
and tlers of anchors can be calculated by static analysis
bear ing in mind tha t so il anchor capac i ty lS governed by the
strata encountered and not by statics. As a general rule, the
aim should be to construct ancrlOrs of maximum capaci ty wi thin
the limits imposed by SOlIs and structural strengths as this is
normally the most economical method. Other factors have to be
considered such as the horizontal spacing of anchors to coincide
with sheet pile profiles, spacings to coincide wlth lagging
board width or H-Beam centers, the tangent points between
contiguous caissons forming a wall, or the width of slurry wall
panels.

Site access and construction sequencing can have an ~ffect

upon the number of anchors installed and also upon the drilling
technique employed. For instance, structural analysis may
suggest a certain optimum in vertlcal spacing for tie levels.
However, this may not be possible to achieve if excavation can
not also proceed to match these optimums because of the need to
carry out construction work at higher elevations or, for
in stance, to in s tall the nex t level of a dewa ter i ng system.
Extra anchors may be needed to support teJi1porary surcharge loads
immediately behlnd the wall caused by the presence of cranes or
stocked construction material. If the site access is
res tr ic ted by the work plan or by the overall design, then the
use of large drilling equipment, generally of the hollow stem
auger type, will not be possible and the choice will be between
small dlameter rotary or percussive types.

DRILLING TECHNIQUES

The soils informatlon can now be used in conjunction wi th
the anchor load estimates to select the drilling technique.
Three main drilling methods are available, namely, hollow-stem
auger, percussive and rotary. Of these, the last is by far the
most versatile as it permits fully cased holes to be drilled to
virtually unlimited depths, even Hith limited access Or
headroom; 1 t permi ts preservation of the soil structure, pene
tration of Obstructions, prevention of damage to adjacent
structures and services through impact, vibration or over
drilling (or mining), drilling below water table, inspection of
drill cuttings for confirmation of strata, and accurate control
of anchor placeJi1ent and grouting. While rotary equipment is
specialized, and thus not off the shelf, and expensive to
opera te, it does present the most certain technical method for
accurate and safe control of the processes involved. 1n ground
anchor construction.
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The drilling method must not damage the integrity of ser
vices and struct~res adjacent to the work both during installa
tion and in the long term. The presence of deep foundations,
sewers, railroad tunnels, etc. in. the immediate area may make
the construction. of anchors difficult, if not impossible. Legal
permission must 'be obtained for drilling in the properties of
otheis. Also, care must be taken to find out if any future work
.wi 11 take pI ace that could affec t the stab iIi ty of the system.
For, example, pile driving that could shear anchor tendons,
earthwork that could either overload the wall through surcharge
or limit anchor capacity by removal of overburden.

A structural analysis of the system will reveal if. any
reduction in load or overload of the wall or anchors will take
place during various phases of construction, particularly
excav.ation .in front of the wall. Anchors can be stressed in
stages according to the reaction loads required at any con
struction phase and additional anchors can be provided for
severe local overload conditions.

TYPICAL ANCHOR CHARACTERISTICS

F rom the forego ing , it can be seen
spacing for a particular project can only
information· available relative to that
because many projects tend to be similar,
parameters can be stated for a fairly
anchored retaining wall.

that optimum anchor
be deCided from the
project. However,

some ground anchor
typical permanently

1. Des ign Load Be tween 50 Tons (44 5kn) and 130 Tons
(1156kn) - An anchor tendon of th is capac i ty can
be handled wi thout the need of heavy equipment
(except bars more than 40 feet [12.5m] long) and
the drilled hole Size need be. no larger than 4
inches (lOcm). In addition, the stressing equip
ment can be readily handled without using pm.er
lifting equipment.

2. Length of. Between 40 Feet (12.5m) and 70 Feet
(2l.4m) - Due to geotechnical requirements, there
are few retaining wall anchors installed that are
shorter than 40 feet (12.5m). A minimum stressing
length of 20 .feet (6m) should be adopted to avoid
unacceptable high prestress losses in anchors due
to long-term relaxation, creep in steel and soil,
and anchor. sea t i ng losses. Where poss ible, free
length should be 25 to 30 feet (8-9m).
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3. Angle of Inclination Between 15° and 45° from the
Horizontal - It is diff1cult to properly grout an
anchor at an angle less than 15°. In addition,
shallow anchor angles can lead to a lack of over
burden depth Wh1Ch 1n turn limits the capacity of
the anchor. Relative to this, it is desirable
that a m1nimum of 20 feet (6m) of unsubmerged
overburden be above the fixed anchor. Most soil
anchors aJ::'e installed at an angle of between 15°
and 30° . However, when a sui table anchor ing
strata lies at some depth, generally more than 30
feet (9m), an angle of 45° may be chosen as a
compromise between length. Of anchor and decrease
in the resultant hor1zontal force for a glven
anchor capac i ty. It must be kept in mind, though,
that by increasing the angle of inclination, the
vertical component of the anchor load also
increases, thus increasing the veJ::'tical load on
the wall members and the underlying foundation
material.

4. Drilled Hole Diameter Betwe'en 3 Inches (7.6cm) and
6 Inches (15cm) - The vast majori ty of soil anch'or
work is performed using a cased hole. The weight
of the casing and associated handling, and
drilling problems related to larger casings at
present makes 6 inches (15cm) the largest size in
common use. Most usual sizes are 3-1/2 inch 0.0.
(90mm) used wi th perCUSS10n methods and 5 inch
0.0. (12.5cm) used with rotary drills. Several
methods can be used to install soil anchors with
out the use of casing but the most common is by
hollow stem auger. This report does not describe
the use of uncased holes, particularly those
formed with auger equipment, because their use is
so limited. They could not be used:

a) In sites with limited or d1Eficult access.

b) In difficult soil conditions.

c) In an urban or bu i 1 t-up e nv ironment where
undermining of struc~ures and services may
cause damage.

ANCHOR LOAD DETERMINATION

Calculated lateral earth pt:"essures aJ::'e used to determine
the retaining wall anchor loads as follows:
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1. Single Tiered Walls - Triangular pressure d1stri
bu t ion and surcharge appl ied either uni formly or
dissipating at depth. Add hydrostatic loads as
appl1cable. See F1g. 11.

2. Multiple Tiered Walls - Rectangular or trapezoidal
pressure distribution. Add surcharge and water

,pressure. See Fig. 12.

Loading on the anchor is determined by either or both of
the following methods:

1. Proport10nal Method - Where the anchor takes all
the pressure above the top row of anchors and 1/2
the pressure from that anchor down to the next
support po i nt, another anchor or the toe of the
wall if only one row of anchors is used.

2. By taking moments at or a few feet below the base
of the excavation of final grade in front of the
wall - In some instances the moment developed by
the pressure distr1bution and the anchor forces
are required to sum to zero. In other instances,
the design of the wall is such that the toe of the
wall is permitted to take a portion of this
moment., The anchor load must, of course, be
increased by l/COS A, where A is the des1red angle
of inclination of the anchor with respect to the
horizontal. See F1g. 13.

SAFETY FACTORS

Once the theoretical anchor load is determined 1n the above
manner, it is then necessary to apply, the proJ?er factors of
safety to the various components of the retaining wall.

For temporary, anchors in coarse grained soils, a minimum
safety factor of 1.5 to 2.0 should be used.

In the case of permanent soil anchors, a minimum factor of
safety of 2 over des1gn load must be used. If the structure is
an important one wheFe ,serious economic loss or loss of life is
1 ikely as a result of a fa 11 ure, and/or where correc t i ve mea
sures would be extremely expensive or impossible, adoption of a
factor of sa f~ ty of 2. 5 is advisable. Al:so, if the probable
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loading on the structure cannot be determined accurately, or
where soil conditions or properties are suspect, selection of a
factor of safety greater than 2 may also be prudent.

Anchors founded in soils that are marginally suitable, such
as soft fine-grained cohe s 1 ve so ils and those of med i urn to ImJ
pI astic i ty, should be sub j ec t to an increased fac tor of safe ty
of 3 or more. Th is wi 11 help to ins ure tha t anchor creep does
not become a factor during the life of the structure.

Ar~CHOR TESTS

For all permanent anchor systems the installatlon of pre
production test anchors is recommended. These anchors should be
tested to twice design load and then to failure where practical.
This procedure will give the designer an indication of the
actual factor of safety he can rely on \Ji th respect to anchor
pull-out. Two or three such tests per project (depending on
wall length or varying soil conditions) should be undertaken.
In addition to the pre-production tests to 2 tUfles design load
or greater, testing of production anchors should be carried out.
Testing of 10% of the production anchors to 1.5 times design
load for non-critical structures and to 1.75 or 2 times design
load for critical structures or where soil or loading conditions
are suspect is recommended. The pre-production anchor test
results can be used to provide envelopes of performance against
which the production anchors may be judged.

ANCHOR TENDON STEEL DESIGN

AC I and other prestress i ng stee 1 codes 1 im i t the max imum
temporary allowable load applied to prestressing steel to 80% of
guaranteed ul timate tensi Ie strength. Some European codes are
stricter and limit the maximum temporary load to 75% of g.u.t.s.
In the United States conventional prestressing doctrine further
specifies a maximum lock-off or transfer load of 70% of g.u.t.s.
Which, with a long-term allowance of 15% for load loss, results
in a final effective prestressing force of 60% of g.u.t.s. This
conventional doctrine is not truly applicable to anchors. If it
is desired to check test some of the anchors to 150% or more of
design load, then the test anchor tendons must be sized
accordingly.

There have been instances of failures of strand tendons at
approximately 85% of g.u.t.s. In addition, most prestressing
steel hardware, by code, is required to provide only 95% of
g.u.t.s. Therefore testing of anchors to 80% of g.u.t.s. of the
tendon is too risky. A maximum test load of 75% of g.u.t.s. is
recommended. If it is required that a percentage of the

NOTE: guaranteed ultimate tensile strength=g.u.t.s.
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production anchors be tested to 150% of design load, \vithout
preselectIon of those to be' tested, then It follovvs' that the
stress on the steel tendon ~t workIng load will be 50% g.u.t.s.
This fIgure of 50% g.u.t.s. should be used fOt~ all permanent
anchors. The adoption of thIS 50% y.u.t.s at design working'
load has the added benefIt of providing a factor of safety of
almost 2 wi th respect to failure of the steel tendon for all
anchors.

Once the anchor design has been verified by testing, the
required lock-off or transfer 1'0ad must be de ~ermined. Again,
typIcal prestressing doctrine has usually been adopted, i.e.,
stressing the anchor to deSIgn or working load plus an allow
ance for sea t Ing loss and long-term tIme-dependent relaxa tion
losses. Seating losses vary trow 1/8 inch (3.2mm) to 3/8 inch
( 9. 5mm) depend i ng on the type of tendon used. Long- te rm losses
due to steel relaxatIon, concrete creep, bearing plate seating,
temperature effects, etc., are usually quoted as between 10% and
15 % 0 f transfe r load .As an' example for an anchor tendon wi th
a fInal required effective prestressing force of 150 kIpS
(667kn), a free length of 25 feet (7.6m) tendon steel at a
s t res s 0 f I 4 0 k s i ( 9 6 5 IVmm ) ( 51. 8 % 0 f g. u • t. s . for a s t rand
tendon with a g.u.t.s of 270 kSl [l862N/mm]2) and a modulus of
28 x 10 6 the fInal elongatIon can be compu ted by the use of
the following equation:

6L' = PL or
AE

6L = 140 x 25, x 12 = 1. 5 II ( 3 8mm)
28 x 10 3

If 'the seat i ng loss 1 s 1/4 inch (6. 4mm) and the expec ted
long-term losses are assumed to be 7-1/2% of the design load,
the reqUired tendon elongatIon during stressing is computed as
follows: '

1. 5 II xl. 075 + . 25 II = 1. 86 25 II (4 7mm )

By inverting the above formula and solving for pIA, we
arrive at a stress of 180.8 ksi (804KN/mm 2 ) or 64% of g.u.t.s.
as a transfer load. If' all other factors, can be ignored, the
final effective pre~tressing load in this tendon will be '140 ksi
(965KN/mm 2 ) •

A retainIng wall does not necessarIly react in the same
manner as a prestressed concrete beam. The wall and soil
response as well as potential surcharge, seismic, water level
f 1 uc tua t ions and other var iable cond i t ions must be taken In to
account. In addition, on multIple tIered walls, the desired
work ing load on the upper row of anc hors may be Twch h Ig her than
the passive earth pressures during the early stage of the exca
vation. Prestressing, to the full deSIgn load at this stage may
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move the wall back into the retained soil an amount that is
undesirable. ThlS is particularly true in loose or soft soils.
It may, therefore, be deslrable in some instances to temporarily
lock the anchor off at a load someHhat lower than the final
design load.

Final lock-off of anchors at a nominal or small load which
is below that computed as being necessary to provide full hori
zontal restraint is a practice WhlCh should be avolded whenever
possible. Where this is done, excessive wall movement can octur
I;~hich would resul t in structural distortion of the wall, even
collapse, and subsidence behind the wall with probable damage to
serVlces and adjacent structures.

ANCHOR DESIGN CAPACITY

Empirical Formulae have been developed as a result of
theoretical so il s cons idera t ions conf irmed and/or' mod i f ied by
ac tual cons truct ion and tes ting experience in the field. They
are used to calculate the pull-out resistance or ultimate
capacity of anchors.

1. Clay Anchors - Figure No. 14 shows the bases for
the design formula for calculating underreamed
anchors in clay. As Gan be seen, at ul t ima te
capacity the anchor could fail at three different
places: (a) an adhesion failure at the grout/
clay interface in the shaft region, (b) an end
bear ing failure could occur in the clay which
would be analogous to a pile end-bearing failure,
and (c) there could be a failure of the clay in
shear along the cylindrical plane joining the
tips of each of the onderreams. Having esta
bl ished, as wi th all other type s· of so il , the
·Ultimate load capacity of a clay anchor, factors
of safety against pull-out must now be applied.
Due to the uncertainty which exists at this time
regarding the long-term behaviour of anchors 1n
clay, it is suggeste~ that factors of safety to 2
be used ih temporary works and 3 or more for
permanent installations.

2. Rock Anchors - In the softer rocks, anchors would
be formed in the same configuration as that shown
in Figure 14. However" ultimate capacity is not
governed by cohesive failure or plastic flow as in
clay soils, but by ctushing strengths of rock and
grout, the grout/rock interface bond strength and
the bond between the tendon steel and grout. In
massive type rock with few bedding planes, it may
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(1) Adhesion Failure
On Shaft

(2) End Bearing
In Clay

Clay

Theoretical Underream
Diameter du

Figure 13. NICHOLSON UNDERREAM ANCHOR AT ULTIMATE CAPACITY

Slipr Pl ane

Capacity of a Clay Anchor

(1) Shaft Adhesion Ts =

- Ultimate Capacity (T ult ) = T + T + T
s e u

TI ds x f s x Cu (Shaft) x Is
Area x Adhesion x Soil Cohesion Factor

(2) End Bearing Te

(3) Underream Tu

= ~ (d U
2

- ds
2

) x (Nc x CU(end) + o'e)
Area of Tnd x (Bearing Capacity x Soil Cohesion +
The Effective Stress Perpendicular to the End)

= TI du x f u x Cu(underream) x Lu
Area x Efficiency Parameter x Soil Cohesion of
Underream

NOTE: No allowance has been made for water suction.
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Where fs = Adhes i on factor
(0.3 to 0.6 dependent upon the type and quality
of the clay, etc.)

f
u

Efficiency factor
(0.75 to 0.95 for disturbance caused by under
reamer tool and technique)

Nc = End bearing factor
(6 to 13 dependent on depth, but more usually
between 6 and 9. Where lower values are
used, a component a'e may be"added equal to
the effective stress perpendicular to the
end due to surcharge soil)

a'e = Effective stress perpendicular to end of cone.

TABLE III - Typical Bond Stress for Rock Anchors

Ultimate Bond
Stresses Between

Rock and
Anchor Grout

Type

Granite &Basalt
Dolomitic Limestone
Soft Limestone*
Slates &Hard Shales
Soft Shales*
Sandstone
Concrete

Sound, Non-Decayed
(PS 1)

250 450
200 300
150 220
120 200

30 120
120 250
200 400

N/mm
1. 73 - 3.10
1. 30 - 2.07
1.03 - 1.52
0.83 - 1. 38
0.2 - 0.83
0.83-1.73
.1.38 - 2.76

* Bond strength must be confirmed by pullout tests which
include time creep tests.

NOTE: For small load strand anchors (such as single strand)
the bond between grout and strand might govern. The
bond capaci ty between grout "and strand is about
450 psi (3. 10 N/mm).
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be antIcipated that each underream would exert
forces on the rock that would be dissipated at a
45° angle from the direction of the pull. The
conical stress fields so produced would overlap
and form one large cone expanding upwards in the
direction of the top of the hole. Figure 15 shows
this. It IS this large inverted cone that is pro
viding the resistance to pull-out required in the
rock anchor. The deeper the pene tr a tion of the
anchor in the foundation material, the larger the
cone becomes and, theoretically, the larger the
pos sible ul tima te anchor load. In a bedded or
fractured rock, the cone size and shape will vary
with the distribution of bedding and cleavage
planes and the grout take in the fissures; while
In the case of badly broken material, stress
distribution patterns may be closer to those shown
in Figure 14 for clay anchors.

Experiments have shown that the mode of failure
in shallow anchors in rock, I.e., with a total
length of less than 10 fee t, is of the COIl ical
form de scr ibed , al thoug h there is some d i ffe r
ence of op in ion as to the ang Ie of the apex of
the cone. High capac i ty anchors are se ldom con
structed In such proxill1i ty to the surface and so
othe r fac tors become important in the i r design.
These are the crushing strength of the grout, the
tested values of the rock, the magni tude of the
bond developed between the grout and the rock,
and the tendon con f igurat Ion. Th is last is the
mechanism whereby the stress in the tendon is
distributed to the grout and then the rock. 'rhis
dis tr ibu t ion s110uld be as even as poss ible; and
local concentration of forces should be avoided.
For instance, a plain smooth bar termInating in
in an end-plate IS the worst possible tendon
layout and can cause premature anchor failure
through rock or grout crushing due to the intense
pressure concentrated on and around the end
plate. ~hese consid~rations apply equally to
underreamed and straight Shafted anchors.

The diameter of the drilled hole is largely
governed by the size of tendon required to carry
a spec i f ied tonnage. For anchor capac i ties up
to approximately 250 tons (2224KN), a 4-1/2 inch
(115mm) diarileter hole is satisfactsory. Depending
on the type of rock and the load, underreams
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should be formed to approxImately 12 inches (30m)
d iame ter with either two or four underreams per
anchor. The need for unden:eams dlmin Ishe s as
rock strength increases until, with hard maSSIve
rock, underreaming may not be ne~essary at all.

Provided that tl1e tendon layout IS designed to
evenly distribute the anchor stress, e.g. a
"basketed and banded strand tendon, the fixed
anchor length for straight shafts may be deter
mined from a fairly sImple empirical ap~roach

WhICh takes into account grout and rock
strength.

L =

where,

= Ultimate anchor capacity
= Diameter of borehole
= CrushIng strength of grout x 0.1
= Crushing strength of rock x 0.1
= Fixed anchor length

In calculatIng pull-out resIstances the lesser of
the values for f c or f r is used up to a
maximum of 600 pSI (42N/mm 2 ). ThIS gives a
conservative factor of safety of 3 based on the
normal range of grout/rock working bond stresses
used having a maximum of 200 psi (1.38N/mm 2 ).

For underreamed anchors in soft rocks the same
formula may be used but substituting 2/3 d u for
d s . In this, the expression d u = diafi1eter of
the underream bell.

The maximum figures given above are considered to
be conservative at the. mOfi1ent, but contInual
investigation and widening of experience of
anchor performance could well result in these
design parametecs being fi1uch more concisely
defined.

3. Sand Anchors - In considering the loads obtain
able from sand strati:i, it is necessary to obtain
accurate soil data, including sieve analysis
grad ing curves, ang 1 es of in ter nal fc ic tion and
strata thickness. \·lhere this description indic
ates that the soil permeabIlity would be k=lO_l
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to 10- 2 cm/sec, the f1xed anchor formed where
the grout fr-essure is a nominal 10 to 40 pSi
[ 0 . 00 6 9N/ rllm] ( 1 . e . f . the hy d r 0 s tat i c he ad J e pen
dent upon a drilled deptll) ~wuld not consist of a
smooth grout cylinder Slnce the sand would permit
some permeation by a ver-y fluid cement yrout.
Field tr1als have enabled ,an empirical r-ule to be
established which is as follows:

Tul t = L U' tan f1

Hhere,

Tult = U1 tiri1a te load capacity of
(kips)

L = Fixed length of anchor (feet)

iJl = 27 to 41 kips per- foot

f1 = Angle of internal fr ic t10n

the anchor-

In this equation the factor iJ' (27-41 kips per
foot [36- 56ktJ per m]) automat1cally takes into
account the depths of the overburden to tile top of
the fixed anchor (II. = 20' to 45' [6-14m]) the
effective diameter of the fixed anchor (d = IS" to
24" [380mm 610mm]) together wi th a range of
anchor lengths over which the rule has been
tested. Wher-e the description of the sand 1ndi
cates that its permeab1lity would be k = 10- 2 to
10- 4 cm/sec., permeat10n of the sand by the
cement grout would not occur and a somewhat
smoother grout cylinder- would result. The rule
above can be ad j us ted to allow for- ttl 1S and the
factor N' taken to be 9 to 11.5 kips per foot (12
- 16KN/m). In th1S case, the factor- N' automati
cally takes into account the depths of overburden
to the top of the fixed anchor- length (H = 18' to
30' [5.5 - 9m]) and the effective diameter- of the
fixed anchor- (d = 7" to 8" [28mm -31mrll]) together
wi th the range of anchor- lengths over- which the
r-ule has been tested.

However f the use of pressure gr-outing techniques
means that incr-eased anchor loadings can be
expected by virtue of the fact that gr-eater pene
tration of the cement grout into the sur-rounding
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soil is ach1eved, cbnsolidat10n or densification
of the soil takes place and there is a res idual
"locked-in" grout pressure r-emaining after comple
t ion of pr-ess ure grou t i ng in the fixed anchor
leng th. Pi. further empi rical formula has been
derived from fieldtr-ials to expr-ess this, using
the factors above:

vJhere,

'I'ult = pi TI • d . L . Tan ~

Tul t =
pi =

d =
L

Ultimate load capacity of the anchor
Gr-out pr-essure at 2 pS1 (0. 014N/mm 2 ) per
foot of over-bur-den above the top of fixed
an'chor taken as an average over the fixed
anchor length.
Effective diameter of fixed anchoi
Fixed anchor length

In the foregoing formula the factor, pi has been
used to express the known increase in grout/soil
friction that occurs due to pressure grouting and
is therefore related to known dimensions. The
actual grout pressure used during anchor- construc
t ion has been cons idered in at tempti ng to ver i fy
anchor capac i ty, but this has been shown to be
over optimistic in its approach as well as subject
to variability due to site conditions. The inser
tion into the formula of the very high post
grouting pressure used, for example, in assoc ia
tion with the tube-a-manchette technique would
make this calculat10n very unrealistic. As very
high pressures cause ground heave and hydraul ic
facturing, consider this to be desirable. However,
a more conservative approach is recommended on the
grounds of safety and stability and thus th~ grout
pressure used in the formula should also be used
to guide the determination of grout pressures
during actual constr-uction.

The effective diameter of the grout bulb, d, 1S
estimated from the soil permeability with rates of
10-1 to 10- 2 indicating soil infiltration by
the grout and 10- 3 to 10- 4 soil densification
local to the borehole. Grout takes determined
during construction can be a good guide to grout
bulb size and eventual anchor performance.
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For optimum anchor performance, grout should be
plain cement and water mixes wi th no addi tives
whatsoever unless there is an overriding and
proven reason for their use.

It must be strongly emphasized that anchor grout
is a main structural component of the total
system. Therefore use of any material which
could affect grout strength or competency should
be disallowed. From long experience and specific
research, it has been shown tha t add i ti ves in
anchor grouts can reduce strength and adhesion,
and expansive agents in particular, while
reducing grout strength through unrestrained
expansion in open boreholes, also raise the
question of the effect of released hydrogen upon
the tendon steel brittleness. Plain cement/water
grouts have proved their reliability and con
sistency of performance over the years and so
additives are superfluous and potentially
damaging unless some overriding reason is present
that dictates their use.

ANCHOR INDUCED VERTICAL STRESS ON RETAINING WALL

The computation of vertical forces in the wall system due
to anchor stress is a simple task involving triginometrical
functions. For instance, where a wall design indicates a hori
zontal tie reaction is required of 50 tons (445KN) and that the
anchor angle is 15°, then total anchor design load will be

50
COS 15° = 51.75 ton (460KN).

The vertical component in the triangle of forces is, therefore,
51.75 x SIN 15° or 50 X Tan 15° = 13.4 tons (119KN) for 30° the
same horizontal load would result in a total load of

50
COS 30° = 57.75 tons (514KN)

and a vertical load of 50 X Tan 30° = 28.9 tons (257KN) and for
45° total load

50
COS 45° = 70.7 Tons (629KN)

and vertical load of 50 X Tan 45° = 50 Tons (445KN).
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Once the vertical load in the structure induced by anchor
loads has been determlned, a static analysls of the components
of the wall sheet plIes, wales, H-bearas, etc. can be made to
ensure that no component is over-stressed. Components can be
sized according to the load requlrements. Particular care must
be taken to insure that the wall system has suff ic ient end
bearing to resist the vertical or compressive forces induced
and, \vhere so ils da ta sugg ests a def ic iency in th i s respect,
addi tional measures must be taken to prevent dra\V-down of the
wall components. Any vertical movements of the wall will change
the s tress level in the ancho r-s and thus the llor i zon tal reac t ion
to earth pressure. Significant movements could ultimately lead
to total failure of the entire retaining wall.

End bearings should be assessed fr-om the soils information
and checked during construction by means of sheet pile and
H-Deam dr i vi ng records, anchor- and/or ca is son dr i 11 i ng records
and site survey of settlement monitors.

RETAINInG WALL DEFLECTIONS

Estimates of wall deflections should be made at each anchor
loca t ion at var ious constr uc t lon stages as part of the full
static analysis of the total \vall system. Wall deflections, if
they occur, will be accompanied by movements of the r-etained
soil either by settlement or by heave. These effects are inter
dependent and should be considered together. The following
paragraph deals with ground surface settlement.

SETTLEIvlENT OF THE GROUND SURFACE BEIHND THE RETAIN lUG WALL

Earth pressure is the force per unlt area exerted by the
soil on a retaining str-ucture. The magnitude of this pr-essure
depends upon the physical properties of the soil, the Slze and
character of the retaining wall and the loading conditions being
imposed. This eartll pressure is not a unique function for each
soil, but r-ather a function of the total soil/structure system.
Movemen ts 0 f the st ruct ure are pr lmary fac to r s 1 n developi ng
ear th press ures. Cal c ula t ion of these movements is 11 ighly
indeterminate.

r.cwo stages of stress in the soil are of particular interest
in the design of retaining structures as they define the stress
limlts. These are the actlve and passive states.
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If a wall deflects under the action of lateral earth
pressure, each element of the soil adjacent to the wall will
also expand laterally mobilizing shear resistance in the soil
and caus i ng correspond i ng reduct ion in la teral pressure. In
other words, after movement occurs, the soil becomes more self
s:upporting. The minimum value of this pressure at the point of
movement or failure of the soil is known as the active pressure.
On the other hand, where the wall is pushed towards the soil as
in a br idge ab utmen t, J la teral pressu re wi 11 increase as the
shearing resistance of the soil is mobilized. The maximum value
of this pressure at the point of failure of the soil is know as
the passive pressure. Between these two pressure conditions is
a third which may be described as the "at-rest" condition when
ground movements are essentially minimal and changes are
basically in internal stresses in the soil.

One of the many advantages offered by stressed anchors when
used in a retaining wall is their inherent ability to maintain a
state of equilibrium by exerting pressures equal to that of the
soil being retained. In this way neither horizontal wall
deflections nor any accompanying ground settlement behind the
wall can theoretically take place. In other words, the soil can
be maintained in its "at-rest" stress state. In practice,
however, a cer ta in amount of movement is unavo idable due to
constr uc tion sequenc ing. Th 1 S can us ually be kept to a min imum
and related to the elastic properties of the total soil and wall
systeHI componen ts.

To con trol se ttl emen t of the g round sur face beh ind a tied
back wall, a construction procedure and anchor stressing
sequence can be developed to induce an at-rest earth pressure
stress condition in the retained soil mass. Changes in this
imposed at-rest earth pressure will depend primarily on wall
flexibility and anchor creep characteristics.

These changes will, however, be small if the wall is
essentially rigid and the anchors are evaluated for long term
creep on the basis of test results. Movements will be related
to the elastic properties of soil and structure. It has been
shown that a modest level of prestress induced in· the soil mass
through the tensioning of the anchors has a beneficial effect of
increasing soil strength and friction between wall and soil.
However, at no time should this stress level approach the
passive pressure case.

Some settlement of the ground surface behind a tieback wall
will occur during excavation to install the uppermost row of
anchors. The wall movement ~Jill be consistent with the move
ments required to develop the active earth pressures which will
probably be experienced above the first anchor row during
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excavation. An estlmate of the magnltude of horizontal wall
movement required to develop the actIve earth pressure condition
in sands can be made based on field measurements and empirical
charts. One such set of charts appears in Fig. 16 in NAVF AC
DPl-7. This chart relates the coefficient of horizontal earth
pressure to wall movement and was prepared from measurements
made by Ter zag h i and Tschebotar io ff . The magn i tude of the
ground surface settlement behind the vJall can be approximated
utilizing estimated horizontal wall movements required to
develop active earth pressures, assumptions of "Jall deflection
patterns, configuration and extent of the stressed soil zone and
Poisson's Ratio of the soil.

So il s tress versus strain rela t ions meas ured in 1 abor,d to"ry
triaxial compression· tests can be used to better estimate
horizontal wall movements due to earth pressures. Strains
requ i red to reach an ac ti ve ear til pressure cond it ion in cohe
sive soils, as measured from the results of laboratory triaXIal
compression tests, are used to estimate the settlement of the·
ground surface behind the wall in the case of coheSlve backfill
or retained soil.

Refined predictions of the ground surface settlement behind
the wall durin~ and following construction may be necessary
when facilities particularly sensitive to settlement exist in
close proximi ty to the back of the wall. In such cases, a
finite element model of the wall, soil, and anchor system can be
developed. Th is model can incorpora te so 1l y ie ld ing. Soph i s
ticated finite element models are available vJhich can predict
excess pore water pressures developed due to anchor stressing
and settlement which results from their disslpatlon. Results of
stress path triaxial compression tests, field strength tests and
field loading tests prior to construction can be used to
establish an initial construction plan. Measurements using
field Instrumentation such as piezometers, slope indicator,
earth pressure cells and tieback load cells can be made. These
measurements can be compared with corresponding quantities
Initially predicted and the in-put parameters to the finite
element analys is ad j us ted accord ing ly . The constr uc t ion proce
dure may subsequeritly be adjusted if required based on the
refined predictions.

The above studies are very reflned and may not be warranted
on cer ta in stra igh t-- forward proj ec ts of an uncr i tical nature.
The basic concept of calculating pressures and then applying
resistive loads through the use of tensioned anchors is all
important to the idea of maintaining equilibrium. Simply
stated, the retained earth should never know that its orlginal
support has been removed and replaced by another type.
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LONG TERM SOIL-ANCHOR CREEP

The stabil i ty of earthwork in fine grained soils is tlme
dependen t. 'I'h is is because the average size of the in te r
connecting pores is so small that the displacement of pore water
is retarded by viscous forces such as the surface tension of
water. This reslstance is measured in terms of flow rate
through the soil and expressed as its permeabllty.

Permeablilty is the largest guantitdtlve dlfference between
soil of different time'dependant stability. For example, a sand
and a norfi1ally consollda ted clay may exh ib its imi lar ef f ec t i ve
stress shear streriyth parameters (c and tan JJ) but the
permeabllity of the clay is several orders of magnitude lower.
The stab iIi ty of the cl ay under load lS th us time dependent,
whereas the Qore permeable sand reacts to loading changes almost
irt1med ia te ly .

If' a saturated clay is loaded, the immediate change in
effective stress is minor with most of the load going into the
pore water. With time, however, this excess pore water pressure
is dissipated by drainage away from the area of increased
pressure into the surrounding area of lower pressure which is
unaffected" by the construction process. This dissipation of
pore water 'pressure causes an increase in effective stress and a
time dependent reduction of soil volume in the zone of
influence, i.e., soil consolidation. The soil structure will
s ti f fen and give rise to decreas i ng set tlemen ts and increased
strength. For the short term qUlck loading condition the
s tressed so il does not immed ia tely change its wa ter con tent, or
its volume. The load increment does, however, distort the
stressed zone. The effective stresses change along with the
change in shape of the soil structure. Eventually the changes
in structural configuration may no longer result in a stable
condition and tt1is instability gives rise to plastic flow and
the SOlI "fails ".

Long term 'creep is related to permeabilit.y and soil grain
size and is not normally a factor of great significance when
coarse grained SOlIs of a fre~ drainage nature are considered.

In time-dependent so i 1 s, large creep d i spl acemen ts under
constant 'load can take' place before failure load lS reached.
Therefore, for the design of permanent anchors it is essential
to know the load creep displacement relationship as a fun~tion

of time. There is generally a relationship between displacement
and time which is an exponential mathematical function, l.e., a
straight lin~ is ob~ained when results are plotted to a semi-log
scale. 'l'he slope of this line can be considered as a creep
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coeff lcient and the slope lncreases Wl th each increase in load.
When the ul t ima te load is reached, the d 1 splacerllen ts do not
decrease liJith time, but movement is continuous for a given
constant load. This glves a definition of anchor failure (a
failure to accept more load) and the basis for assessing anchor
workulg loads.

Pre-con trac t te s t anchors should be cons truc ted to ver i fy
anchor design capaci ty and test loadin'3 sequences should be
formulated so that observation of creep relative to time can be
made at any load stage. One or two load cycles should be
carried out so that anchor seating can occur and also so that
elast ic and pl ast ic d isplacemen t can be JUdged. Anchor s should
then be restressed and the limit load for minimal or acceptable
creep determined. The displacements must be measured under
constant loading during a glven period and the results can be
plotted as in Flgure 17.

Recommended minimum observation pe~iods

Chapter II Test Procedures, but these perlods can
necessary to make sure the trends are clear
coefflcent K /1 , related to the displacement
anchor, can be determined.

are stated in
be modlfied if
and the creep
of the fixed

The draf t Ge rman code for penlanen t so i 1 anchors (DW 4125 
1974) recommends that creep be calculated as follows:

= £::'2 -
log

\

The values may be evaluated at different stages of loading
and can be recorded as in Figure 18.

By de fin i t ion, the 1 iml t anchor force Tk corresponds to
a creep K 6 of unde r 2 in the above example (where t 2 = lOx
tl). The limi t force can be determined from plotting the
results of creep measurements against load as shown in Figure 19.

In the above, that part of creep assoc iated wi th creep of
cement, long-term relaxation of steel, partial debonding of the
steel/grout interface and other similar longer term sources of
load change are not considered to have any signiflcant effect
upon the determination of the creep coefficient. In the long
term, it has been estimated that those factors could correspond
to a creep factor of up to 0.016 inch (0.4mm) depending upon the
stress level in the steel.
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Where, f =s
f· =1
f y =
t =

STEEL RELAXATION

The rate of steel relaxat10n varies with initial stress and
the type of steel. Relaxation from an in1tial stress of up to
50% g.u.t.s. may be considered negl1gible in practice~ For
initial stresses greater than 0.55 f y the relationship is:

f s = 1 - log t (.0: o. 55\
~ 10 fy ,

/

residual stress after time t
initial stress
0.1% proof stress at working temperature
time in hours after application of initial
stress

It can be expected that long-term relaxation losses for
an anchor tendon locked at 70% of g.u.t.s. may amount to about
7-1/2% of transfer load. If the anchor is loaded to 50% or less
of g.u.t.s. at transfer load, as most permanent anchors are, the
relaxation losses should be less than half this value or about
4%. For an anchor of 25 feet stress length loaded to 75 tons
(667KN) or 5l.8% g.u.t.s., the maximut1 calculated movement of
the anchor tendon will be 0.04 X l.50 inches (38mm) or 0.060
inches (19mm). r10vements of this magnitude can be neglected in
almost all structural applications relating to earth reta1ning
systems.

WALL SYSTEM MONITORING

There is a bas ic d i sadv an tage in the assessmen t of long
term anchor behaviour by relying on the creep test. An
essen t ial part of the te st 1S the record ing of d ispl acemen t
ag a inst time for a cons tan t load. Th is can only be. done under
live test conditions and it is rare 1ndeed for site conditions
to be such as to allow the setting up of long-term tests. This
is irrespect1ve of the cost elements involved. It 1S much more
usual to carry out lift-off tests to establish res1dual loads in
the anchors and these can be performed on selected anchors until
access to them is denied due to construction sequencing.

Long-term anchor and wall system mon1toring can be carried
out if preparations are made at the design stage. The informa
tion that can be obtained is invaluable and permits correlation
of anchor load fluctuat10ns wi th the performance of the struc
ture and any environmental changes.
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It lS recommended that every critical structure WhlCh
depends on soil anchors for its slabili ty should be instru
mented for long- term monl tor ing. The common types of
instrumentation for retaining walls are:

1. Load Cells - A hollow center load sensing device
permanently placed under the anchor head to
monitor load changes of the anchor.

2. Earth Pressure Cells
,,~all and soil.

Placed between retaining

3. Slope Indicators or lnclinometers placed at
selected locations behind the wall to monitor wall
and ground movements.

4. Precise surveys
rounding areas.

of the wall system and sur-

LOAD CELLS

If load cells could be made fail safe they would provide
lnvaluable information. The proper use of the load cells would
give the deslgner greater faith in the use of permanent soil
anchors. The his tory of load ce Ils is tha t there is a rel a
tively high incidence of malfunctioning and, therefore, a
distrust of the results. Studies have been made of experiences
on 7 d ifferen t anchor projec ts on wh ich load cells were used.
One job involved 13 cells of two dlfferent types: vlbrating
wire gauge type and bonded resistance strain yauge type cells.
The balance of the jobs involved the use of bonded resistance
type strain gauges. In light of this experience, the bonded
resistance strain gauge type is the preferred type load cell
because they are less complex and less prone to mal functions.
However, the strain gauge type are subject to some problems and
these are listed in order of importance:

1. Moisture lnfiltration and effects upon readlngs.

2. Electrical malfunctlons.

3. End restraint conditions on the cell.

4. Resistance in the conductor cable reducing sensitivlty
when long lengths are used.

5. Temperature variations ln uncompensated systems.
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Because of the potentlal malfunctioning problems, it lS
necessary to design the load cell and the anchor connection so
that the load cell can be removed, repaired and replaced. It lS
al so neces sary to prov lde for occas ional 1 i f t-of f checks tha t
can be performed on the instrumented anchors to verify the load
cell readings. In thlS manner-, the validity of the iload cell
readings can be proved and much valuable data collected.

From experience with instrumented anchored retaining walls
it appears that the spec 1 f ied anchor loads were us ually h 19her
than necessary for restraining the wall. This has been con
flrmed by the absence of load changes in the an~hors during the
period of time they were monitored (up to 3 years). Generally a
10% change in load can be expected due to ground water and
temperature changes, and inaccuracies in the measuring system.
A degree of change over and above 10% may well indlcate that a
fundamental change is occurlng for instance, a decrease in
load could i rid ica te that the anchor is creeping I that the wall
is being pulled back into the retained earth, or- that the wall
is rnov lng vertically downward. An increase ln load may .be
attributable to an outward movement of the wall or an increased
surcharge load. If the correct lock-off load is applied to the
anchor ini tally there should be li ttle change recorded ln the
anchor load during the life of the structure.

Another method of monitoring anchor performance lS an
indirect method, the slope indicator. By placing an inclino
meter tube ln the wall or in the so11 directly behind the wall,
the deflections of the wall can be monitored. If deflections
are recorded near anchor supports, it can be inferred that there
lS movement and/or changes in load of the anchor. Although this
lS an ind i rect me thod as concerns the anchor, it will serve as
an ear-ly warning device for distress to the wall, and alert the
engineer, as deflections are recorded, to potential problems.

Doth methods should be supported by precise surveys of wall
and surrounding ground for both alignment and elevation.

V\lRI'fERS I NOTE

In ten years of experience, he has not become aware of wall
movement or deflection traceable to creep in a properly
installed anchor. This experience relates only to granular,
non-plastic soils and rock as the author has not been directly
involved with the monitoring of permanent anchors in cohesive or
plastic type soils. Numerous \valls on which permanent anchors
have been used have been moni tored for movement for per iods up
to 10 year-s with no reported instances of anchor- creep or wall
deflectl0n.
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Examples are:

PROJECT: Roanoke Memorial Hospital, Roanoke, VA
GENERAL CONTRACTOR: Nello L. Teer Company, Durham, NC
TESTED ANCHOR LOAD: 120 Tons
TYPE STRUCTURE: Tieback Anchors for a Composite-Steel Beam

Concrete Retaining Wall 58' High
SOIL CONDITION: Colluvial and Alluvial Silts and Sand

PROJECT: Montefiore Hospital, Pittsburgh, PA
GENERAL CONTRACTOR: Navarro Corporation, Pittsburgh, PA
TESTED ANCHOR LOAD: 200 Tons
TYPE STRUCTURE: Tieback Anchors "Tangential Caisson"

Retaining Wall
SOIL CONDITIONS: Clay Shale

OWNER: Pennsylvania Department of Transportation
LOCATION: Moon Township, PA
GENERAL CONTRACTOR: Nicholson Pile Company, Bridgeville, PA
TESTED ANCHOR LOAD: 200 Tons
TYPE STRUCTURE: Tieback Anchors Restrain Existing Failed

Retaining Wall
SOIL CONDITION: Silt Shale

PROJECT: Salem Nuclear Generating Station, Salem, NJ
OWNER: Public Service Gas & Electric of New Jersey
GENERAL CONTRACTOR: J. Rich Steers Co, NY and

United Engrs. & Constr., Philadelphia, PA
TESTED ANCHOR LOAD: 120 Tons
TYPE STRUCTURE: Tieback Anchors Cofferdam for Intake Structure
SOIL CONDITION: Dense Cemented Sand

OWNER: U.S. Army Corps of Engineers, Detroit District
GENERAL CONTRACTOR: Bultema Dock & Dredge Co, Muskegon, WI
TESTED ANCHOR LOAD: 70 Tons
TYPE STRUCTURE: Tieback Anchors for Steel Sheet Pile Bulkhead
SOIL CONDITION: Sand, Silty Sand

PROJECT: North Anna Power Station, Unit No.1, Mineral, VA
OWNER: Virginia Electric & Power Company
GENERAL CONTRACTOR: Stone & Webster Engr. Corp., Boston, MA
TESTED ANCHOR LOAD: 45 Tons
TYPE STRUCTURE: Tieback Anchors West Wall-Heating Boiler Room
SOIL CONDITIONi Fine Sand Backfill
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IvJeasuremen ts have ranged from the crude, i. e., visual, to
precise surveys, slope indicator monitoring and load cells. In
no instance is the author aware of actual changes in anchor load
of greater than 10% or of movements of the wall of greater than
1/4 inch (0.64 cm) due to anchor creep or loss of load in the
anchor.

As was previously discussed, it is the opinion of the
writers that, with proper installation techniques and stressing
and testing procedures, wall movement due to anchor creep can be
almost eliminated.

In cohesive or plastic type soils, there will probably be
some movement of the anchor and assoc ia ted de f lec tion of the
wall. These movemen ts can be an tic ipa ted by rig id control of
anchor testing procedures. 13y testing an anchor to 2 or 2-1/2
times the working load with an appropriate holding period of an
absolute minimum of 24 hours, the creep of the anchor may be
predicted by its behavior under the test loading.

GROUNDWATER

Apart from the effects of
perties of a soil, there will
pressure below the water table
the soil is used:

water upon the cohesive pro
also be a dec rease in ac ti ve

since the submerged density of

Pa = Ka '( I H

where '(I is the submerged un i t we igh t of the so i 1

However, the total pressure on the back of the wall will
increase owing to water pressure. Suitable drainage is usually
provided. at the back of the retaining wall to reduce this hydro
static head. It follows that account must be taken at the time
of design to estimate the long term water table condition in the
retained soil and to design for the worst case.

Retaining walls built in connection with waterfront
facilities are subjected to maximum earth pressure where tide or
river level is at its lowest· stage. A reced ing tide or high
water, or a heavy rain storm may cause a higher water level
behind a sheet pile wall than in front depending upon the type
of· backfill used. If the backfill is fine or silty sand there
will.be a time lag between water levels equalizing either side
of the wall and so the height of water behind the wall could be
several feet. If the soil behind the wall is silt or clay, full
hydrosta tic pressure on the back of the wall should be assumed
up to the highest position of recorded water level.
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As has been stated, water level differences on either side
of the wall cause add i tional pressure on the back of the wall
and a reduction in unit weight of the soil, thus reducing active
pressures and passive resistance. An additional reduction in
soil unit weight is caused due to the upward seepage pressure
exerted by the unbalanced head of ground water on the sOlls in
front of the outer face of the retalning wall. From the terms
in Figure 20 , it is possible to, approxifilate this reduction by
using.:

6. I I = 20 Hu
D

vvhere, t. I I = reduction in submerged unit weight of soil,
p.c.f.

Hence, the effective unlt weight to be used in computing
passive pressure would be:

II - t.y I = yl - 20 Hu
D

Where, Hu
D

=
=

Unbalanced waterhead
Distance below excavation or dredged level

to toe of wall

Downward seepage in the soil behind the wall and ground
water percolation has only a very small effect on free draining
soils and may, therefore, be neglected.

The effect of ground water upon anchor construction is not
as marked as may be thought, provided that due consideration is
given to the requ 1 remen ts for min imum overburden pressure .for
anchors close to ground surface. Otherwise, it seems that the
presence of water in the soil and the installation of anchors
below water table has no marked effect upon the load carrying
capacity of those anchors.

This is probably due to the fact that ground anchors tend
to defy the normal laws of soil mechanics in that, when tested
they develop skin frictions in the bond length many times that
of the effective overburden pressure. So, providing there is
sufficient overburden to prevent ground heave or shallow founda
tion failure, and grout pressure is kept below that needed for
hydraul ic frac tur ing, it would seem, from years of exper ience,
that the effect of the effect of ground water upon anchor
performance is minimal.
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What is of great' importance, however, in considering the
installation of anchors in soi-ls . below . water table 15· the
drilling and installation technique. -'It is vital tha.t cased
holes be dr illed to avoid borehole collapse and disturb.ance ·to
adjacent ground and foundations. For this reason, the hollow
stem auger method is not suitable.' .Apart from the large .size of
the entry hole neededthr.ough the retaining wall. wi tho attendant

'loss of component. strength and d i ff iC.ul ty in seal ing . aga inst
water inflow, the ~uger will tend to remove much greater
quantities of soil from the hole than the net volume o'f the
auger. This is particularly true in sands and gravels below
wa ter. Th is "mini ng" leads to cons iderable disturbance of the
retaining soils. and loss of support.

The me thod of casing mus t also be qual if ied . It is we 11
known that the founda tion so i Is struc ture should be' rna in ta ined
in as und isturbed a condi tion as possible and, for accurate
pressure grouting, in contact with the casing for the majority
of its leng th. Therefore, cas ing a hole by overdr ill ing and
flushing outside the casing is a faulty technique that can lead
to similar problems as with augers.

Two methods are acceptable. The first is where a closed or
opened end casing is driven into the ground to depth, the inside
cleaned out and then the anchor formed. This technique is useful
for fa irly short anchors, where obstruc t ions are not presen t,
where vibration will cause no problems and where examination of
cuttings is not necessary. The majority of anchors constructed
using the driven or rammed casing method involves the use of
standard air track drilling. rigs. However, the use of air
flushing techniques in water bearing soils is potentially very
dangerous and damaging to the soil structure and adjoining
buildings and foundations. The reason is simply that the high
pressure air flush ejects both drill spoil and ground water from
the hole. The ground water carrles fines with it thus disturb
ing the area around the borehole. The grea test problem occurs
when the air flush is switched off to permit, for instance, the
add i tion of an extra dr iII rod. At th i s time a cons iderable
negative differential head pressure will occur in the borehole
and the ground water will rapidly flow into the zone of low
pressure bringing soil particles with it and in most cases
triggering borehole collapse. Sometimes even the drill rods are
blocked by this sudden inflow of material. When drilling recom
mences, all this collapsed material has to be removed from the
borehole before proper flushing and drill penetration is
re-established. It is not uncommon for considerable cavities to
form when this drilling technique is used and several instances
of building collapse have been recorded.
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Probably. the most' versatile method is the installation of
casing using the. rotary method where ciJt tings are removed from
the inside of th~ casin~ as drilling progresses. Water is used
as the flushing ~edium s6 no danger exists of damaging the soil
struc turedue to differential pressures. . Also, the soil is
main.tained '. in intimate contact with the casing for its full
length· thus i preventing any form of, borehole collapse or ground
loss through' overdrilling and ensuring accurate control of
subsequent grout pl~cem~ntand p~esSi.lrizlng.
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CHAPTER II - DESIGN PROCEDURE

Based on the concepts described and developed in Chapter I,
the following procedures are used in determining important
ground anchor features:

1. Length of Anchors - Governed by soils information
providing a suitable anchorage strata within a
reasonable distance. Also by bond leng th calcu
lated using empirical formulae which assume even
distribution of bond over the fixed length.
Experience and records show that little _improve
ment is gained in ultimate capacity for bond
lengths in excess of 40 feet. (12m). Total anchor
lengths should also be assesseo on the grounds of
economy and comparison with other possible
methods.

2. Anchor Loads Anchor loads are governed to a
large extent by the soil conditions. Calculations
should be made to assess ultimate capacity and
then the required safety factor should be applied
to determine the working load. Other factors that
will be considered are allowable loads on the wale
or other wall component and the effect· of "draw
down" induced by the anchor vertical load compo
nent.

3. Number of Anchors - This is dictated by the total
wall load I the max imum anchor load at ta inable in
the cond i tions and the constra in ts upon anchor
load imposed by the structure.

4. Spacing - Vertical and horizontal spacings may be
determined from a study of the statics of the wall
with the idea that the maximum spacing should be
a t tempted COmI,1enSUra te wi th thest ruc tural
strengths computed. Horizontal spacings are
generally closer than vertical due to the fact
that the anchors generally have to conform to
modular dimensions in the structure such as
lagging board wIdths. Vertical spacing will be
pred ica ted by the allovvable bend ing, momen-ts in the
structure. All spacings are subject to analysis
for overstress of any part of the wall but there
are minimum spacings also to be considered for
anchors.
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Experimental research has shown that pressure
grouted anchors develop skin friction values well
above normal ef fec ti ve s tresse s calcul a ted from
the overburden depth. But these "locked-in"
stresses decay radially quite rapidly with the
effect being lost at approximately 3 times the
radius of the effective fixed anchor. So spacings
should be designed to separate anchor bond length
by at least 6 feet to 9 feet (2m -3m) depending
upon soil permeability and structure. This should
apply to vertical as well as horizontal spacings.
Where surface entry points are closer than the
minimum, then separation of the bond length can be
achieved by alterations of anchor angle and/or
anchor length. In fact, in mul tiple tiered walls
there is mer i t in arrang ing for anchors to have
varying lengths (by 5-10') as this breaks the
tendency for secondary slip plane formation on a
line through the distal ends of the anchor bond
lengths.

5. Anchor Angle - Angle is governed by elevation of
strata, presence of obstruc tions, ad j acen t ser
vices or foundations, and the need to achieve
anchor bond leng th separation. The ang Ie of 15 °
below horizontal is about the minimum that should
be contemplated due to the profound practical
difficulties that are inherent in constructing
anchors at flattened angles. At this angle the
vertical anchor load component is relatively
small.

Maximum angle fo~ all practical purposes is
between 50° and 55° as steeper angles impart too
much vertical load to the structure for a useful
horizontal load.

The most common angle used is 30°+ as this is the
optimum from the point of view of -ease of install
ation.

ANCHOR DESIGN PROCEDURE

With the above concepts in mind, the design of ground
anchors is accomplished as follows:

1. Compute total anticipated horizontal earth pres
sures acting per L.F. of retaining wall. Include
any temporary and/or permanent surcharges.
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2. Assume the wall section to be a beam, with load
lng conditions as determined by the horizontal
earth pressures. .Use support points at the
tieback locations for multiple tiered walls or
tieback location and a few feet below toe of
retaining wall for wall sections vlith a single
anchor.

3. Using statics, determine required tleback hori
zon tal force. Several i tera t ions :may be requ ired
to find the optimum location for the tieback. Wall
design as well as the tieback should be consldered
in finding the optimum anchor location.

4. Determine the most likely failure planeof mater
ial behind retaining wall. Locate top of anchor
bond zone 5 feet (1.5m) minimum beyond this
surface. If no other precise determination for
failure plane loca tion is known, assume a plane
beginning 5 feet (l.5m) below the bottom of the
excavation and extending upward at an angle to the
horizontal equal to 45° .+ ~/2 for granular
soils. For cohesive soils, assume a circular slip
surface centered on the wall top and having a
radius equal to wall height.

5. Selec t anchor ang Ie of incl ina tion. For ease of
installation, alSo - 30° angle from horizontal is
opt imum I prov id ing tha t su i table anchor i ng stra ta
is relatively close (within 30' [9m]) to the
tieback elevation. The vertical componen t of the
tieback is then checked to ensure that excessive
forces are not lmposed on the wall foundation.
Check that anchors will not foul services or
founda t ions ad j acen t to the proj ec t site. Check
for presence of minimum depth of overburden above
fixed anchor.

6. Determine the required anchor load by dividing the
horizontal force by the cosine of the anchor angle
of inclination. 'I'he number and spacing of the
anchors can then be determined.

7. Determine allowable anchor loads and required bond
lehgths as follows:

a) In granular material:

I

Tul t = P . TI • d . L . tan ~
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where,

Tul t = Ultimate load capacity of the anchor

pi = Locked-in grout pressure taken as 2 p.s.i.
(0.013N/mm 2 ) per foot of overburden above the
top of the f1xed anchor length with a maximum of
80 - 100 p.s.i: (0.55-0.69N/mm 2 )

d = Assumed diameter of pressure grouted bond zone.
This 1S dependent on soil permeability and is
usually 9" - 15" (230mm - 380mm) in open soils
where k = 10-1 to 10- 2 , and 6" - 8" (150nun-
200mm) in fine grained soils above k = 10- 3
10-4 •

L = Fixed anchor length.

~ = Soil angle of internal friction

b) In cohesive soils:

where,

1) Shaft Adhesion Ts
= d s X f s X Cu (Shaft) X Is

Area x Adhesion X Soil Cohesion Factor

2) End
=

Bearing Te
TI (d 2-d 2) X N X c (end) + ale)
4 usc u

Area of End X (Bearing Capacity X Soil
Cohesion + The Effect1ve Stress Per
pendicular to the End)

3) Underream Tu
= TI d u X f u X Cu{underream) X Lu

Area X Effic1ency Parameter X Soil Co
hesion of Underream

f s = Adhesion Factor
(0.3 to 0.6 dependent upon the type and quality
of the clay, etc.)

f u = Efficiency Factor
(0.75 to 0.95 for disturbance caused by under
ream tool and technique)

-65-



Nc = End Bearing Factor
(6 to 13 dependent on depth but more usually
between 6 and 9. Where lower values are used a
component E may be added'equal to the effec
tive stress perpendicular to the end due to
surcharge soil)

e' = Effective stress perpendicular to end of cone
(See pages 21 and 22 in Chapter 1)

c) In Rock:

Tul t = L d s f c (or f r whichever is less)
(See pages ~ and 25 in Chapter 1)

or, in the absence of data or rna ter i al and
rock strengths typical values for bond stress
in various types of rock have been suggested
by the Post Tensioning Institute Committee on
Rock and Soil Anchors. See Table III in
Chapter 1.

Then the anchor capacity can be assumed as follows:

Tult = d L n

where, d = Drilled hole dlameter in bond
zone

L = Bond length

n = Bond stress assumed between
grout and rock face.

Provided that the tendon layout is designed to evenly
distribute the anchor stress a basketed and banded strand
tendon is ideal in th i s respec t, then fixed anchor leng th for
straight shafts may be determined from this falrly simple
empirical approach which takes into account grout and rock
strength.

8. Calculate tendon steel
anchor design load = 50%
for special test anchors).

requirements based on
tendon g.u.t.s. (except

ANCHOR TEST PROCEDURES

Anchor test loading procedures are recommended in two
forms. These d i f feren t ia te be tween pre-con tract or pre
production test anchors and the tests carried out on production
anchors that will be incorporated into the work.
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PRE-CONTRACT TESTS

1. Use hydraulic center hole jacking equipment
capable of stressing all elements of the anchor
tendon simul taneously to 1.5 times maximum test
load. Jack to be cal ibra ted as a unit wi th pump
and gauge and to be accurate to within + 2%. Pump
shall be fitted wi th automatic dev ice -to enable
pressure and thus jack load to be maintained at
constant level.

2. Apply initial stress to the anchor equivalent to
10% of its design load to center the jacking
equipment, remove tendon slack, seat all bear ing
plates and stress componen ts and to ensure that
pull wedges (if used) are properly engaged.

3. Mount tendon extension measuring instruments on an
independent frame so that only tendon dis
placements are observed. Movements of the wall or
reaction block may also be required, but these
should be made by separa te gauges. Two measur ing
gauges should be used for each test wi th sensi
tivity of 0.001 inch (0.01 mm). As an additional
check on the reference frame, its stability can be
monitored optically or by taut wire.

4. Set all measuring devices
working load (W. L.) ini tial
for stress measurements,
load inrJ.

to zero using 10% of
stress as datum point
and commence cyclic

as a percentage of des ign

5. The following test
performed:
* - Loads expressed
Horking load.

loading cycles shall be

or

Cycle a) 10, 20, 40, 50*, 25, 10.
Cycle b) 10, 25, 50, 75, 100*, 50, 25, 10.
Cycle c) 10, 25, 50, 75, 100, 125, 150 * * , 100,

50, 25, 10.
Cycle d) 10, 25, 50, 75, 100, 125, 150, 175,

200*, 150, 100, 50~ 25, 10.
Cycle e) 10, 50, 100, 150, 200 and to anchor

failure or 80% g.u.t.s. of tendon,
whichever occurs first. If no failure,

return load to zero and record recovery.

* Maintain load for 30 minutes minimum

** Maintain lo~d for 24 hours
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6. Dial gauge readings should be recorded to nearest
0.001 inch (O.Olmm). Readings should be taken
upon the application oe the load and at 1 minute,
3 minutes. and 5 minutes after application of each
load increment and at a maximum of 5 minute inter
vals thereaf ter if con t inuous movement is tak ing
place. For 30 minute hold periods, record movement
at 5 minute intervals after the initial set at 0,
1, 3, and 5 minutes after load application and for
the 4 hour hold record as for 30 .minute hold, but
then record at 10 minute intervals for the first 2
hours, .at 30 minute intervals for the next 2 hours
and at hourly in tervals for the nex t 2 hours.

7. No further incremen t of load should be appl ied
until the rate of tendon displacement has dropped
to 0.012 in/hr (0.3mm) or less (0.001 11 /5 mlns
[0.03mm]). If the average rate of movement
exceeds this figure for 2 hours after the appli
cation of any load increment and the rate of
movement is not diminishing, then the load should
be red uced un t il the rate of movement is 0.012
in/hr or less. (0.001 11/5 mins [0. 03rrun] ) .

·8. If the ra te of movemen t exceeds O. 012 in/hr
(0. 3mm) for 2 hours and the ra te of movement is
not diminishing,· then the load should be reduced
until the stable load can be determined as in 7
above. The load on the anchor should then be
increased un t il continuous movement is recorded

. and no further increase in load can be attained.
This peak load should determine the ultimate
capacity of the anchor under test. This verifies
design of the anchor and factors of safety.

9. Reduce loads to 10% of W.L. in the
in te rval s hold ing each load level for
and recording anchor tendon recovery.

specified
5 minutes

10. Hold 10% W.L. ·on the anchor at conclusion of
stages c) and d) for l' hour before taking final
reading to determine total net anchor rebound and
thus elastic and plastic movements.

The test sequence specified above gives data which may be
used to produce stress/strain graphs and load-time-displacement
curves. These not only verify test anchor performance, but can
be used as control graphs 9 iV ing an envelope .of performance
against whicih production anchOr performance may be plotted. The
time-displacement data are used to calculate creep coefficients
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and associated limit loads. Figure 24 shows a typical control
graph with superimposed production anchor results. ,On the graph
the limit lines of 0.8 X stressing length, and stressing length
+ 1/2 fixed length are used to indicate anchors acceptable from
the stress/strain criteria. Anchors with curves plotted outside
these limits need to be carefully investigated before accep.,.
tance. For example, if an anchor s.bould hold the test load
satisfactorily, but the load/extension curve indicates displace
men ts less than would equa te to the elast ic movemen t of 0.8 x
the stressing length, then the load is being taken in a
potentially active zone and so· failure of the total tied wall
system could ensue.

Production Tests

Between 5% and 10% of all permanent production anchors
should be subject to tests similar to the pre-production tests,
but wi th mod if ied load ing cycl es to re flec t the fac t tha t the
anchors will be incorporated into the permanent work.

1. Use hyd raul ic center hole j acki ng equ ipmen t
capable of stressing all elements of the anchor
tendon simultaneously to 1.5 times full test load.
Jack should be calibrated as a unit with pump and
gauge and be accurate to within + 2%. Pump should
enable pressure and thus jack -load to be main
tained at constant level.

2. Apply ini tial stress to the anchor equlvalent to
10% of its deslgn load to center the jacking
equipment, remove tendon slack, seat all bearing
plates and stress components and to ensure pull
wedges (if used) are properly engaged.

3. Mount tendon extension measuring instruments on an
independent frame so that only tendon displace
ments are observed. Measurements of movements of
the wall or reaction block may also be required,
but these should be made by separate gauges. Two
measuring gauges should be used for each test with
a sensitivity of 0.001 inch (0.01 mm). As an
additional check on the reference frame, its
stability can be monitored optically or by taut
wire.

4. Set all measuring devices to' zero using 10% W.L.
initial stress as datum point for stress measure
ments, and commence cyclic loading.
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5. The following cycles shall be performed:
* - Loads expressed as a percentage of design or

working load.

Cycle a) 10, 25, 50*, 75, 100**, 50, 25, 10.

Cycle b) 10, 25, 50*, 75, 100**, 125, 150t, 100,
50, 25, 10.

* Hold for 15 miniutes.
** Hold for 30 minutes.
t Hold for 4 hours

Hold times are minimum and depend upon anchor performance.

After completion of this test, stress and lock-off
the anchor in the specified manner at the required
lock-off load. Perform lift-off test a minimum of
24 hours later and check for load loss. If this
exceeds 10% of the lock-off load, restore load and
recheck load loss 24 hours later. If load loss
exceeds 10 % of lock-off load, again restore load
and recheck after a further 24 hours. If load
loss is still above 10%, carry out additional
tests and investigations to establish whether load
loss is continuous, will diminish with time, or
whether the anchor should be replaced.

Anchors exh ib i ti ng load losses less than 10% of
lock-off are normally acceptable providing accept
able creep charaterisitics have been established.

6. Dial gauge readings shall be recorded to nearest
0.001 inch (O.Olmm). Readings should be taken
upon t0e application of the load and at 1 minute,
3 minutes and 5 minutes after application of each
load increment and at a maximum of 5 minute inter
vals thereaf ter if con tinuous movement is taking
place. For 30 minute hold periods, record move
ments at 5 minute intervals after the initial set
at 0,1~3, and 5 minutes after load application and
for the 4-hour hold record as for 30-minute hold,
but then record at 10 minute intervals for the
first 2 hours, and at 30 minute intervals for the
next 2 hours.

7. No further increment of load shall be applied
until the rate of tendon displacement has dropped
to 0~l2 ins/hr (0.3mm/hr) or less (0.001 [0.03rnrn]
in 5 mins). If the average rate of movement
exceeds th is fig ure for 2 hours af ter the
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application of any load increment and the rate of
Il10vemen t is not d imi n i sh ing, then the load should
be ~educed until the rate of movement is 0.012 in.
(0.3mm)/hr (SI) or less (0.001 in. [0.03mm]in 5
mins) . The load at \vh ich continuous movement was
noted shall be deemed the ultimate capacity of the
anchor and the relevant safety factors shall be
applied to dete~mine its working load, and whether
anchor replacemen t or re in fo~cement \'Jill be
required.

8. After acceptable load ca~~ying and creep charater
istics are indicated, load anchor to 115% of
design load and lock-off.

The results obtained from the production anchor tests
should be compared with those of the pre-contract tests to
enable assessments to be made of acceptable st~ess-strain

performance and of creep characteristics. Control graphs can be
used with these and all prod uct ion anchors. Where poss ible,
allowance should be made for carry ing out 1 i ft-of f checks on
selected anchors during the life of the contract and also as
part of a long-term monitoring program.

OTHER PRODUCTION ANCHOR CHECKS

The remaining production anchors should. be stressed to 133%
of W.L. with extension measurements taken at the following
loads:

1. 10% W.L., 25% W.L., 50% W.L., 75% W.L., 100% W.L.,
133% w. L. 'l'he highest load should be maintained
for a minimum of 5 minutes and extension readings
taken at application of load and then at 1 minute,
3 minutes and 5 minutes. After acceptable creep.
characteristics are indicated, then reduce the
anchor load to 115% of design load and lock-off.
Should creep characteristics be suspect, then
additional time should be taken to establish the
anchor behaviour.

2. The st~ess/strain measurements for production
ancho~s can be plotted against the control graphs
obtained from the other critical tests and accept
abllity judged accordingly. The time-displacement
records will show creep characteristics.
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INTERPRETATION OF LOAD TESTS

1. From construction records prepare theoretical
stress-strain graphs wi th 1 imi t 1 ines shown
thereon that start from graph orig in and equate
to:

a)
b)
c)

r r'

Anchor stressing length"X 0.8
Anchor stressing length
Anchor stressing length + 1/2 fixed
anchor ,leng th

These lines are the elastic movements expected
from the tendons of the stated lengths.

2. Carry out anchor tests in the manner described and
use the load-extension data to construct curves
which are plotted on the graphs.

3. From the time-extension data, construct curves
on semi-log graph paper to evaluate the creep
characteristics. Graphs are as described on Pages
32 and 12 in Chapter I.

4. In the stress/strain graphs, where the performance
plot lies to the left of line a) investigations
should be made to discern where load is be ing
taken in the active soil zone. ~'Jhere the plot
lies to the right of line c) then the anchor will
probably be close to the point of failure lf not
already failed. The maintainance of constant load
with apparent mobilization of the majority of
total tendon length should be investigated very
carefully.

5. In the case of pre-production anchors, test
restilts will be used to give verification of
anchor design and perhaps dictate any changes
needed. With production anchors, the test results
will be compared to the results of the initial
tests and to each other.

6. Creep characteristics are ascertained and used to
determine 1 imi t loads for all anchors and poten
tial load loss with time .This is done by taki ng
the creep coefficient from the time/dis- placement
chart for the required load level and multiplying
this by log time to indicate long-term creep and
thus anticipated load loss.
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7. Wherever possible, periodic checks should be made
on all permanent anchor systems either by lift-off
checks or the inclusion of instrumentation for
that purpose. The results of these checks should
be plotted against a time base to indicate tenden
cies of load change in the anchor and thus the
structure.
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CHAPTER III - DESIGN EXAMPLE

The following is an example of the step by step procedure
given in Chapter I I us i ng the basic information obtained from
the Federal Highway Administration.

In arriving at the design, the writers assumed that the
wall system would be a sold ier beam and lagg ing system wi th a
reinforced concrete surface poured against the lagging after the
tiebacks were installed, stressed and locked-off. It is beyond
the scope of the report to finalize a design of the wall
members.

The step by step procedure will be followed at a
cross sec t ion, in comple ti ng the des ign for the en tire
The procedure should be repeated as necessary wherever
sections vary significantly.

CROSS SECTION AT - STA. 30+04 (See Figure 21)

given
wall.
cross

Data obtained from soils investigation: (Boring Logs pp.
82-86)

,0 = 30°
Y = 110 PCF
K = 1/3a
Ko = 1 - Sin fJ = 0.5
Ye = Ko = ( 0 . 5 ) (110) = 55 PCF

Neglect Capillary Rise

Step 1. Compute Total Horizontal earth pressure
max. case @ STA 30+04

Top of existing ground @ EL 963
Final grade at base of excavation @ EL 930

H = 33 Feet
Total horizontal earth pressure

= 1/2 Ye KoH 2

= 1/2 (55)(33 2 ) = 29,948 Lb/Ft

Say 30,000 Lb/Ft

-
Note: S. I. Equivalents are on Page 80.
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From the information supplied by FHWA no definitive esti
mation of surcharge loading can be determined, and therefore
will be neglected here .

. Step 2. Determine tieback vertical spacing

Assume 2 tieback locations, at H/4 from top and
bottom of wall. (See Figure 25.) The anchor can
now be assumed to take a load component from the
top (or bottom) of the wall to mid-helght of the
wall.

Step 3. Tieback horizontal force:

Assume uniform horizonal pressure distribution
behind wall from top to bottom equal to:

PH=1/2YeH = 1/2(55) (33) = 908PSF

Uniform horizontal pressure on wall = 908 PSF

For tiebacks located at H/4 from top and bottom of
wall the reaction at each tieback is

= 1/2 x 908 PSF x 33 ft = 14,982 Lb/Ft of wall length

Say 15,000 Ibs/ft

Step 4. Angle of inclination:

Anchor tiebacks in dense micaceous sandy silt. Since
this suitable anchoring strata is close to ground sur
face, a steep (2 45°) angle is not needed.

After considering influences from adjacent utilities,
foundations, soil strata, and wall draw-down induced
by the tieback vertical component, a suitable angle of

. inclination of 30° the horizontal was chosen.

Step 5. Determine tieback load:

Tieback Load = 15 K/Ft. = 17.32 K/Ft
COS 30°

for both top and bottom rows for the soldier beam and
,lagging wall system assumed in this example. It is

-77-



assumed that the soldier beams will be placed on 8 ft.
centers since lagging lengths of 8 feet are standard,
and practical beam sizes can be used. Therefore, the
required tieback design load wlll be: ..

17.32 K/Ft X 8 ft. = 138.6 K, say 140 K

A calculation of the tieback vertical component should
be made to check its effect on the wall memb~r design:

Sin 30° =

The design of ~all members must include this compo
nent, particulary to check bearing capacity at the toe
of the soldier beams.

Step 6. Determine bond length:

Use safety factor = 2.0

From Step 5, tieback design load = 140,000 lbs
(140 kips)

Use empirically derived and tested formula as shown on
Page 65 of Chapter II

I

Tu 1 t = P . 'IT • d . L . ta n JJ

Apply safety factor, and solve for bond length, L

Tul t = 2 X 140 Kips - 280 Kips.

Assume effective hole diameter will be 9 inches. This
is an average value, a bit small for permeable soils,
and a bit large for fine-grained materials. More
detailed information is required from the soils inves
tigation to verify this assumption.

. .

Assume tieback bond zone is 25 1 min. below ground sur
face and check after tieback design is finalized.

pI = 2 x 30 = 60 psi (See Page 65 in Chapter II)

L = 2.0
50 (psi) x

x 140,000 =
'IT x 9" (dia) x Tan 30°

343 ins.

or L = 28.6 Feet

Use bond length L. = 30.0 Ft.
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Step 7. Determine failure plane and tieback free length:

USlng ~ = 30°, assume failure plane beginning 5 feet
below bottom of final grade at base of excavation and
extending upward at 45° + ~/2 = 60°.

Failure plane begins at EL 925.0
Tieback in upper row at EL 954.75
Tieback in lower row at CL 938.25

Using law of Slnes,

Upper tieback length to failure plane
= 29.75' x sin 30°

= 14.875 1 say 15 1
•

Add 51 penetration beyond failure plane
= 15 1 + 51 = 20 1 .

Use free length at upper row = 20 feet

Lower tieback length to failure plane
= 13.25 x sin 30°

= 6.625 feet

Add 51 penetration beyond fallure plane

6.625 1 + 51 = 11.625', but add extra to give
minimum stress length (Page 23 Chapter I).

Use free length at lower row = 20 feet.

NOTE - From Figure 26 it can be seen that in a free
length of 20 feet and a bond length of 30 feet, the
depth of overburden to the mid-point of the bond zone
is:

8.25 1 + (20' + 30') X sin 30°
-2-

8.25 1 + 35 sin 30 1 = 25.75 1 ,

Therefore, our assumption of 25 feet of overburden in
step 6 is valid. If the actual overburden depth varied
greatly from the assumed depth, a new bond length cal
culation could be performed.
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Step 8. Check effect of construction sequencing. At this point,
insufficient information is available to perform this
check. Add it ional in format ion on the type of wall to
to be constructed and its design is required.

Step 9. Calcula te tendon steel requ ired for a des ign load of
140 Kips.

Assuming 0.6 inch diameter, 270 ksi strand will be
used, an anchor tendon compr ised of 5 strands is

selected.

140,000 Ibs x 2 (S.F.) = 1.04 in 2 required
270,000

As steel area of 0.6" l' strand = 0.215 in 2 ,

1.04 in 2

0.215 in 2
= 4.84 strands

So use 5 strands.

S.1. EquIvalents

1 ft = 0.3048m 1m = 3.28 ft.
1 Ib = 4.448N IN = 0.2248 Ibs.
1 psi = 0.00689N/mm 2 IN/mm 2 = 145 pSI
1 inch = 25.4mm Imm = 0.03937 ins.
1 in 2 = 645.16mm 2 lmm 2 = 0.00155 in 2
1 Kg = 9.806N IN = 0.10198 Kg

1 pcf = 0.157 kN/m 3
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--

I
- -

:
I- I- - --
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OOT.to DEPARTMENT OF TRANSPORTATION
OFFICE OF MATr:RJALS AND TEST, FOREST PARK, GEORGIA

SOILS ENGINEERING AND GEOLOGY BRANCH

BRIDGE SUBSURFACE INVESTIGATION
PROJECT 1-75-2(41)256 COUNTY FULTO N DATE _1_-_9_-_74 _

GROUND ELEV, 946· °
LOCATION --LRl..JE.....T~nW.t:lA-'-1 "",-L_"JOE.:::-IL"__ _ "'_ BORING NO. --'=-E-'-I---'6<-- _

liO'frisTA. 33f 95 EXISTING It.
BENT NO. FOOTING 77 RT. STA 33 f 72 ~ PROP N9L

PROPOSED FOOTING ELEV. _ PARTY CHI EF' __--",5-,-,1M-"--M",--"-O,,,,,N...=S_

IsAM- P
% %

E.J...EV. BORING LOG PLE BLOW UNIPIED W r Cis C, Be LL PI :!OO cu-y

CF(/) _ GR. EL. 7
- -
- LOOSE MLTC MICAc .

~
... SANDY - ~ I 6 9

SILf 2, \0

35 14
- -

, 4s 12

~ ~5s 12
+- -- · 65 17

:
· 7s 16

-= -
: , as 20
~J- --

- MED. OCNSE MLTe.: 9s 17
- -
: MICAS, SANDY SILT-

lOs 14910--=-=--:I- --

: · lis 14
- ---
~ 12s 16

'- - -- ,
-- · 13s 20
I- -

- · 149 45890- - -
-
-

DENSE SAME: . ISs 49
- I- -

:: · 165 49
881">-

E.ND DRILLING ,.r'-
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,001"0 DEPARTMENT OF TRANSPORTATION
OfFICE OF MATERIALS AND TEST, FOREST PARK, GEORGIA

SOILS ENGINEF:RING AND GEOLOGY BRANCH

BRIDGE SUBSURFACE INVESTIGATION

PROJE:CT 1• 75 - 2 ( 41) 256 COUNTY FUL TO~N DATE: 1-9 -74

LOCATION

BENT NO,

RET WALL "E-I" _ BORING NO. --=E-'-.I---'7 _

110' RT. STA3S+50£XISTINGCl..
___ F'OOTlNG ~--B.I STA :3 S t 3StE.. PROP N BI GROUND E:LEV, 9 3B· 5

PROPOSED roWING ELEV .. PARTY CHIEF' _

SAM·

I ;J
% %

ELEV. BOR1NG LOG Pl.E BLOW UNIfiED W r G. C. Be LL PI 200 CLAY

0) - GR. EL. I
- LOOSE MLTC. MICAS

- SANDY SILT - Is 7
:ffi~EN---srIi~ 25 IS
-MICAS. CLY.SDY SILT

~I- - 35 14
-

"45- 16
-

- - 55 14

- . 66 II

~- --
-

75 13:
-

-
8~ !9

~MED DE~E MLTC
- I--

95\
11

MICAS SANDY SILT
- -
: . lOs 14
-
~- - -

-- lis 22
:

- -
: 125 25 ."

- I~- -
" /35 1

-
- VERY DENSE SAME 57-- ,',-
- Sttl. WE~H. TO

A RD OC K

88J -

REFUSAJ
--

-
- PRAC T.-- -
:
-- '-- -'-

(
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DOT ~!lO

DEPARTMENT OF TRANSPORTATION
OFFICE OF MATERIALS AND RESEARCH, FOREST PARK, GEI:R3lA .

GEOTECHNICAL ENGIr-.EERING

COUNTY FULTONPROJECT 1-75- 2(41)256 DATE 2/12/79

lr:x;;tm:)N_W:..:.;A,-,-=LL::......;"E=---=''-'' =-- BORING NO. -':E"-'---"'8 _
133' RI. STA.36 +70 EXISTING ~

BENTNO---- FOOTING JJ..§J:lT STA 36 +59 PROP. NB=...L GROUND ELEV 932.07

PfiOfUSEl) F'C()TING ELEV- PARTY CHIEF . SIMMONS

End Bo 9

LEV BORING LOG ElU)W UNIFIED r W G. 0/. %
LL PI I C ¢

200 CLAY

\) I
- - i

Gr. EI.", I

W-:r- -- I
I

Loose Milc. Micos l !
- i

Sandy Sil t I
~ f-

i
I

- -
"

I
!!.Q..:

I

- - - I

-
WT

- -
:
-

1QQ- --

- Med. Dense Same -

gn -
-

- Dense Same -

'In-

-
:

- Very Dense Same -

I0
rin ,j
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CHAPTER IV

THREE CASE HISTORIES

The following case histories provide detailed information
on des ign da ta, installa tion proced ures and tes ti ng and s tress
ing procedures, as well as types of material and equipment used
on three of IHcholson Anchorage Company I s* proj ects completed
since 1974.

* - Now Nicholson Construction Company
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CASE HISTORY

RETAINING WALL

FOR

ROANOKE MEMORIAL HOSPITAL PARKING GARAGE

ROAl'JOKE, VA

OWNER: ROANOKE MEMORIAL HOSPITAL

ENGINEER: SHERETZ, FRANKLIN, AND SHAFFNER
ROANOKE, VA

GENERAL CONTRACTOR: NELLO L. TEER CO.
DURHAM, NC
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The architecture and engineering firm of Sheretz, Franklin,
and Shaffner developed the concept for converting a steep
hliiside into a site for a 4 level parking garage using a
permanent tieback r-etaining wall. As called for- in specifi
ca t ions issued by the owner, (us i ng des ign cr iter ia prov ided by
the engineer) the contractor was to prepare the complete design
of the wall, subject to final approval by the engineer-.

After a review of final bids, Nello L. Teer Co. was chosen
as general contrac tor. Teer r-e ta ined the consul ti ng firm of
Eason-Cof f in Assoc ia tes, Durham, to des ign the wall, and
selected Nicholson Anchorage Company* to provide design assis
tance and to install the tiebacks.

GEOLOGIC CONDITIONS

Eleven bor i ng s were made a t the projec t site, located in
the southeast section of Roanoke on a hillside above a bend in
the Roanoke River. Soils at the site included colluvium, resi
duum, and minor amounts of alluvium. The colluvium, ranging in
thickness from 15.7 feet (4.8m) to 46.3 feet (14m), typically
consisted of yellow-tan clayey to sandy silt with shale and
sandstone fragments common, and some mottling. Residuum ranged
from 1.2 feet (O.37m) to 23.5 feet (7.2m) thick and included
yellow-tan clayey to sandy silt with highly weathered to fresh
shale fragments and occas ional mot tl i ng. All uv i urn encou!l. tered
was typically 1.2 feet (O.37m) to 2 feet (O.6m) thick and con
sisted of tan to blue-gray clayey to sandy silt. The test
borings indicated that most of the colluvium was r-elatively
tight and of low permeabllity. Blow counts r-anged from 10 to 40
blows/foot. Sedr-ock was pr-edomina te ly green shale wi th 1 imey
in terbeds and zones of weathered 1 imes tone and ':l ray dolomi te.
Copies of typlcal bor-ings are attached, Pages 95, 96 and 97.

DESIGN CRITERIA

Desiyn data r-elevant to the tieback system design was
specified as follows:

* - Now Nicholson Constructlon Company
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1. Lateral pressure diagrams to be used for design.

~ I

.~
(\j

•

I
I
~·

/ I

1/ (\J·
.33H

Pressure Caused
By Earth

I 200 I
~

Pressure, Caused
By Surcharge·

H = Total height of earth behind wall (after filling
to finished grade).

NOTE: SOIL PROPERTIES FOR CALCULATING LATERAL
EARTH PRESSURE DIAGRAM.
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Unit wt. of soil arigle of
internal friction

Angle of shearing resistance
in Coulomb's Equation

Angle of wall friction

Coefficient of active earth
pressure

'( = 130 pcf

~ = 30°

6 = 0°

K = .32a

2. All components of the wall at every section of the
wall shall be designed to resist the total load
caused by the combining of the two pressure dia
grams shown above, without exceeding the allowable
stresses as noted below or as recognized in the
various applicable codes and/or references.

3. Applicable codes and references:

a) Tentative Recommendations
Rock and Soil Anchors
Concrete Institute.

for Prestressed
by Prestressed

b) Building Code Requirements for Reinforced
Concrete (ACE 318-77) by American Concrete
Institute.

c) Manual of Steel Construction
Edition) by American Institute
Construction.

(Seventh
of Steel

4. All anchors are to be considered as permanent
anchors; therefore, all anchors shall be provided
with protective corrOSion seals over their entire
lengths. Assure that sufficient free stressing
length is provided so that small movements of the
stress i ng anchor will not res ul t in large changes
in load.

a) The allowable
tendons shall
Design Load.

stress of
not exceed

the
0.6

tendon
f pu at

or
the

NOTE:

5. Exact type of soil or rock anchor and bond length
(socket) to be selected by the contractor to
develop the loads applied thereto.

1 pef = 0.157 kN/m3

f pu = ultimate strength of prestressing steel
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Anchor spacing selected averaged 8 feet (2.4m) c-c horizon
tally and vertically so that economical soldier beam and lagging
si ze could be· used. The angle of inc 1 ination for the anchors
varied from 20° to 25° from horizontal to keep vertical
components and resal tant anchor loads practical and. for ease of
anchor ins talla t ion. It was determined from i nspec tion of the
soil conditions that suitable anchoring strata was close to the
existing ground surface.

Resultant anchor design loads varied considerably from 29
kips (129K/N) to 175 kips (778K/N) ~Jith most of the tiebacks
anchored in the colluvial soil. A few of the bottom row tie
backs had a portlon of their bond zones in bedrock.

The tiebacks were designed to have a free-stressing length
extending 4 feet 6 inches (l.4m) minimum beyond an assumed
fa i lure plane. Th is fa il ure plane began 2 feet (0. 6m) below
final grade in front of the wall and extended upward, at a 30°
ang Ie vert ica 1 to the wall, from the back of the wall. A min
imum stressing length of 15 feet (4.6m) was maintained~ The
anchor bond length was designed by Nicholson Anchorage Company*
using the empirical formula:

L =

Where Tul t =
l' =
pi =

d =

2 x Design Load
30° = Angle of Internal Friction
Grout pressure, assumed' as 2 psi ~.014

N/mm2) per foot of overburden above the
top of the anchor bond zone
effective diameter of bond' zone
(assumed 8 11 (200mm) since permeability
was low and soil was fine grained).

As an example, an anchor with a 150 kip (667KN) design load
and 30 feet (9m) of overburden above the bond zone would require
a bond length of:

L = 2 x 150,000 = 345 11 (8763 mm)
2 x 30 x TI X 8 x tan 30°

or 28.7 feet (8.7m).
2 x 667KN

2 xO.014N/mm 2 x TI x 200 rom x tan 30

This would be rounded to. 30 feet (9m).
wall, anchor bond zones varied from 20 feet
( 12m).
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The material for the tiebacks consisted of the required
number of 0.6 inch (l.Smm) diameter 270 ksi (1862N/mm 2 )
strands, conforming to ASTM A-416. The bond length of each
tieback remained bare with spacer plates located at approximate
8 feet (2.5m) centers to provide a "basket" effect. The
stressing length of each strand was greased and polyethylene
sheathed. At the top bearing plate, each strand was anchored
with a wedge and wedge housing.

RETAINING WALL AND TIEBACK CON~TRUCTION

The final des ign of the S46 feet (166. Sm) long wall con
sisted of 68 steel double soldier piles at an average spacing of
8 feet (2. Srn) • The number of ,ties at each double sold ier pi Ie
varied from 2 at the 18 feet (S.Sm) minimum wall height to 7 at
the S8.S feet (17.8m) maximum height.

To construct the wall, the contractor first drilled cais
sons to. bedrock and placed concrete to 6 feet (1. 8m) below the
bottom of the wall. Then he set the double soldier piles on top
of the new concrete and completed c.oncrete placement to the
bottom of the wall. Next, perforated vertical drain pipe was
in~talled adjacent to the double soldier piles and a low
strength, high porosity, free draining concrete was poured to
fill the remainder of the drilled caissons. This concrete
served to hold the beams in place and also as an excellent drain
for the soil behind the wall.

After excavating to about 2 feet (0.6m) below each tieback
level, the con trac tor installed timber 1 agg ing and Nichol son
drilled for and installed the ties, welded bearing plates to
each double soldier pile and stressed each tieback. When
excavation was completed and all levels of tiebacks were in
stalled, tested and sheathed, the contractor poured a 14 inch
(3SSrnm) thick re in forced concrete fac ing over the lagg ing and
double soldier beams. This concrete facing serves as a struc
tural . wall only to span the 8 feet (2. Sm) gap between sold ier
beams. It is attached to the soldier beams by means of 'Nelson
studs welded to the flanges of the beams.

Drill ing for the tiebacks was performed us ing procedures
and equipment identical to those descr ibed in the case history
for the construction of the Seawall in Ft. Pierce, FL. Again,
the bond zone of each tiebck was pressure grouted, maintaining
an average of 80 psi (0.038N/mm 2 ) to 100 psi (0.690N/mm 2 )
pressure on the grout dur ing wi thdrawal of the casing. The
average grout take for the bond zone was about 20 bags of
cement~ however, in a few holes voids were present, presumably
in or near the limestone bedrock, and over 100 bags of cement
were required to fill some holes.
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Difficulty in drilling occurred in some holes where
boulders were encountered. Most of the boulders were penetrated
but. in a few cases, the angle of inclination was adjusted 2° or
3° and a new hole was drilled to miss the boulder.

The following stressing and testing procedures were used:

Performance Test- Tiebacks were stressed in load
increments of 0.25D, 0.50D, 0.75D, l.OOD, l.20D
and 1. 33 D where D is the Des ig n Load. Af ter each
load incremen twas appl ied, the load was reduced
to 0.0 5D pr ior to inc reas i ng the load to the nex t
increment. Each intermediate stress level was
rna in ta ined and moni tored for at leas t 1 minute
and the max. load was maintained and mon1tored for
24 hours. Performance Tests were run on designated
tiebacks selected by the owner's representative to
determine performance criteria for the remaining
tiebacks. An average of at least 1 Performance
Test was made for every 20 tiebacks installed.

Proof Test - Tiebacks were stressed in load incre
ments of 0.25D, 0.50D, 0.75D, l.OOD and 1.20D
where D is the Design Load. Each intermediate
stress level was maintained and monitored for at
leas t 30 seconds and the max imum load was rna in
tained and monitored for at least 10 minutes;
unless longer monitoring times were required based
on the resul ts of the Performance Tests. Proof
Tests were run on all tiebacks immediately before
the specified "lock-off" load was applied. At the
completion of each Proof Test for anchors found to
be acceptable, the load was reduced to the spec i
f ied "lock-of f" load and sec ured. The final lock
off load for all tiebacks was spec i f ied as 0.80
times design load.

Records of tieback elongation were kept for each increment
d ur ing stress i ng and te st ing . Elong at ion was measured with a
dial gauge accurate to 0.001 inch (O.Olmm). In all cases, the
tiebacks performed satisfactorily during testing and locking
off. Copies of typical stressing records and stress-strain
graphs are attached, Pages 98-100, 101-103 respectively.

As was previously mentioned, at completion of all tieback
installations the entire wall was covered by 14 inches (35.5mm)
thick cast-in-place concrete which provided permanent corrosion
protection for the entire top anchorage assembly, thus el1mi
nating need for future tieback maintenance.

The wall was comple ted in 1975 and has been 1n serv ice
since then with no required maintenance.
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ROANOK~ ME MOR/,4.!.

h!OS,o/T-'li.

Location ROA.¥OK~, V/RG/N/,4

Contractor ceo

BORING LOG Comrn. No. /073

Structure a~~/CE F(GARAGESheet / of, 3
Geologist ,,/ Z C Boring No. 1/ '\
Engineer --- Date 7 V4N '):&...

30""
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79.7'
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Misc. Data

Lnth of hole
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El of "rd. water
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o
Z
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E
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l::
o

Sampler
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R"' ..'?
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I"''''~'~
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BORING LOG Comm. No. /073

Structure O........../c<".¢'u.....RA\::;cSheet-.£ of. ..3
Geologist .,/. rc. Boring No. 1

Engineer -- Date 7 JAN 197.;!-Contractor C.C Q

----------------------------------,
ROANOKt -WtM'OR/"£

#os.o/rA~

Location ROA/VoKe, V/RG//V/A

/0 /' ~ S.,;"pl,z 35.0'-36.0'

I
5/ ;' ~ Sample ¢0.0'- <!/. 0'

Lnth of hole 79. 7'
Rock 3';:;.2'
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51'0/"00',<: "'''9 s '";YC/"$/S 
la///za//on a1o/)9 so~
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~.........
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-

E
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I
o
W
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ROANOko ME'M'OR,-4£
.4/0sp,rAl.

Location ROA"'OK~, VhlAr::;'N'~

Contractor C.C O.

BORING LOG Comm. No. /073

Structure O,r,r,cEdGA'...AGiiSheet.z of. 3
Geologist J. r.e. Boring No, /

Engineer --- Date 8 '""<'iN /9Z<!

Stratification
I Misc. Data

c
o

~.....
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C
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p.,
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IRock 34>2'
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...
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2/."
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/7 "
I~.(;,
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/-Io/e co//.?"oSU7 w/>.rl)
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o-E 1---+---J---l---------------f----+---1---I----------j
(;

u..

'"ul------i--+--i--------------t---+--+--t------------j
z
::c
u
w
f-
a
w
~
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CASE HISTORY

RETAINING WALL

FOR

MONTEFIORE HOSPITAL PARKING GARAGE

OWNER: ALLEGHENY COUNTY HOSPITAL
DEVELOPMENT AUTHORITY

ENGINEER: RITCHIE ASSOCIATES, INC.
CHESTNUT HILL, MA

GENERAL CONTRACTOR: NAVARRO CORPORATION
PITTSBURGH, PA
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The construction of a parking garage for Montefiore
Hospital required an excavation up to 40 feet (12cm) deep
adjacent to the existing hospital. In order to restrain the
existing building and overburden and to allow excavation and
construction of the garage to be completed, the engineer
designed a permanent retaining wall tied back wi th prestressed
ground anchors.

The design of the wall called for a 2 foot (0.6m) diameter
tangent caisson wall, 400 feet (122m) long, with one to two rows
of tieback~, depending on height of excavation. A double chan
nel wale encased in concrete was used to transfer the tieback
loads to the wall.

Soil conditions at the site were fairly consistent for the
en tire wall length. At the typica 1 40 foot (12m) excavation,
the top 15 feet (4.6m) was fill material consisting of silty and
sandy clay, wi th some shale, gravel, and stone fragmen ts. The
next 10 feet (3m) consisted of a weathered shale formation and
fractured sand and siltstones. Underlying the shale for- mation
was medium to hard brown and gray clay shale. This clay and
shale is part of the notor ious 'Pi ttsburgh red bed formation
which has many slickenside seams and is 'extremely prone to
sliding when disturbed.

The wall caissons were founded on sandstone underlying the
clay shale. The bond zone for most of the anchors was in the
clay shale with some of the anchors in the bottom row founded in
the sandstone.

The lateral deslgn forces on the wall were determlned by
the engineer and these were shown on the contract drawings as
horizontal 'tieback design loads. The point of application of
the tiebacks was also determined by the engineer so that design
of the caisson wall could be completed. A failure surface
rising at a 45° angle from the bottom of ~xcavation .at the back
of the wall was assumed.

After investigating the site soil and rock conditions,
Nicholson Anchorage Company determined that the clay shale
layer was suitable to develop the anchor loads as shown by the
eng ineer. The anchors were spaced on 4 feet (1. 2m) centers
horizontally and, where two rows were required, the typical
vertical spacing was 18 feet (5. 5m). The method of construc
tion of the wall wi th a wide flange beam placed full length
every 2 feet (0.61m) gave great structural strength in the
vertical direction. To take advantage of this strength and
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save on the number of anchors and depth of wale, a large
relatively small horizontal spacing was used.

Using the concepts outlined in Tasks A and 0, an angle of
\inclination varying from 15° to 30° was selected. The unbonded
~tressing length extended a minimum of 5 feet (1.5m) beyond the·
45° failure surface rising from the bottom of the excavation. '.~

This length varied from 15 feet (4.6) to 25 feet (7.6m). A
minimum 15 feet (4.6m) stressing length was maintained for the
bohtom row of anchors.

The bond length varied depending on required anchor load
from 20 feet (6m) minimum for a 50 kip anchor to 50 feet (15m)
for the 200 kip maximum anchor design load. The longest anchor
was 75 feet (22.8m) and the shortest 45 feet (13.7m) total
length.

The procedure for calculating the bond length used the
following equatio~:

Wul t = Tul t x d x L x 'IT

where,

Wul t = DesIred ultimate capacity of anchor or 200% of
anchor design load

d = Drill hole diameter
L = Bond Length

Tul t = Assumed ultimate bond stress between rock (or
soil) and anchor grout = 50psi (.34N/mm 2 ) ..

\ ~
I

For the clay shale encountered in this project, a ultimate
bond stress of 50 psi (~34N/mm2) was assumed. Using this
stress, the bond length for a 200 kip (890 KN) design load and a
5 inch (12j7mm) diameter drill hole is calculated as follows:

\,

L = ~JJ.Lt--_.-__
Tul t x d x 'IT

or L = 2 (S.F.)
50 p.s.i. x

x 200,000
5" x 'IT

2 (S.F.) x 890 kN
0.34N/mm 2 x 127 mm x 'IT

I

or L = 509.3" = 42.4' (12.9m)
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The complete tabulation for each of the tiebacks is shown
in Table I at the back of this report.

The engineer had specified underreaming the bottom of the
drill .hole as required to provide the required anchor forces,
but Nicholson Anchorage Company, using the above equation,
concluded that underteaming was not required. This was proven
by the 200 % test anchor as will be descr ibed later in th is
report.

The .post tensioning system selected consisted of the
required quantity of 0.6 inch (1.5mm) diameter strands con
forming to ASTM A-4l6 with an ultimate strength of 270 ksi
(1862N/mm 2 ). A copy of the material test certif ications is
attached to the back of this report. The bond length remained
bare with strand spreaders wired at about 7 feet (2m) centers to
obtain a "basketing II effect. The stressing length of each
strand was greased and polyvinylchloride sheathed to provide
corrosion protection and to prevent grout from bonding to the
stressing length steel.

The entire tieback hole length was filled with grout in one
stage with a grout mix consisting of 5 gallons (18.9L) of
potable water per bag of Type I Portland cement.

Installation of the ground anchors did not begin until all
199 of the 24 inch (60mm) diameter caissons had been con
structed.

The tangent caisson wall was constructed by drilling the 24
inch (60.0mm) diameter hole, then placing the required rein
forcement, which consisted of a wide flange structural shape.
Concrete was then placed to fill the hole. Then Nicholson
Anchorage Company* drilled and installed the tiebacks on 4 feet
(1. 2m) centers at the tangent point between two adjacent cais
sons. Also at this time, the steel double-channel wale and
concrete encasement were placed, leaving a pocket in the con
crete at the tieback locations tQallow for stressing after the
wale concrete had reached sufficient strength.

After anchor lock-off, the contractor continued the exca
vation either to its final grade or to 5 feet (1.5m) below the
elevation of the second row of ties.

Installation a~essing of the second row proceeded the
same as the first tow, a~f-io~}ly the contractor continued the
excavation to final grade.

';:.
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In addi tion to the above stages of construction along the
vertical height of the wall, construction was also accomplished
in stages along the length of the. wall to limit excavated areas
not supported by tiebacks to approximately 30 feet (9mJ.

Each of the tiebacks was constructed uSlng Nicholson
Anchorage Company's specially designed and built track mounted~

drill rigs. Drilling of holes was accomplished with tri-cone'
roller bits with water as the flushing medium.' Holes wer~

temporarly cased when required until the tendon and grout had
been placed.

Some problems were encountered during the installation of
the first 20 or so anchors. The problems were caused when a
fractured rock layer was encountered with some voids as much as
2 feet (0.6m) thick. This resulted in extremely slow and diffi
cult conditions for drilling, anchor tendon ·installation, and
grouting.

The solution to the problem required significant drilling,
pre-grouting, re-drilling and re-grouting the holes where voids
or sign i f icant fractur ing was observed. One side ef fect of the
additional grouting was that it undoubtedly strengthened the
foundation of the existing building and also improved the
stability of the hillside. Over 500 C.F. (14 cubic meters) of
excess grout was used in solving this problem for the first few
holes. As work progressed, however, voids and frac tured roCk
were not observed.

As mentioned earlier, anchor stressing proceeded as soon as
the wale concrete had achieved sufficient strength. Each of the
anchors was proof tested to 1.25 times design load before being
locked off at 1.15 times design load. The proof load was, held
for 5. minu tes before locking of f. Anchor elongation was mea
sured accurate to wi thin .062" (1. 5mm) • Copies of typical
stressing records are attached herewith.

In addition, two anchors were selected to be tested to 2.0
times design load to demonstrate the adequacy of the anchor
design. The anchors selected to be tested had design loads of
143 and 200 kips (63 6KN - 890KN). The procedure used to test
the anchors was as follows:

1.. Load anchor in 2 equal increments to 50% of design
load, then reduce the load in the same
increments to zero, measuring anchor e~tension at
each increment.
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2. Load anchor in 3 equal increments to 75% of design
load, then reduce the load in the same increments
to zero, measuring anchor extension at each
increment.

3. Load anchor in 4
design load, then
increments to zero,
each increment.

equal increments to 100% of
reduce the load in the same
measuring anchor extension at

4. Load anchor in 6
des ign load, then
increments to zero,
each increment.

equal increments
reduce the load
measuring anchor

to 150% of
in the same
extension at

5. Load anchor in 8 equal increments to 200% of
design load, measuring anchor extension at each
increment. Hold test load on anchor for 30 min
utes minimum, recording anchor extension at 5
minute intervals. Then reduce load back to zero
in the same increments, again measuring anchor
extension at each increment.

6. Upon successful completion of test, the
was stressed and locked off at 115% of
load similar to other production
stressing procedures.

anchor
design
anchor

7. Anchor extension readings were measured with dial
gauges accurate to 0.001 inch (.OOlmm) mounted to
the back of the jack stressing plate.

A copy of the. data obtained for these two test anchors
which demonstrated the validity of the anchor design procedures
i~ attached to the back of this report.

Stressing of the anchors was mainly performed· using a 150
ton (1209 kN) center hole .hydraul ic jack stress ing jack when all
anchor strands were stressed· simultaneously. A few li~htly

loaded anchors. were stressed us ing a single strand stressing
jack having a capacity of 30 tons (267 kN), and the test anchors
were stressed·using apair.of 100 ton·(890 kN) capacity jacks
connected to the anchor by a bridging beam.
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Each of the tiebacks successfully held proof test loads and
all behaved elastically during stressing, as verified by anchor
elongation readings. Also, a few of the anchors were lifted off
after a few days and all lift-off checks showed a loss of stress
within 5% of the initial lock- off load.

The englneer specified that ground movement near the wall
be monitored during and after anchor stressing. To do this, two
slope indicator investigation wells were installed directly
behind the wall. Inclinometer surveys carried out after
stressing show a wall movement towards the hospital, indicating
a positive response to the anchors (but also indicating a
proportional decrease in anchor stress).

Since its completion in 1976, the wall has performed as
intended with no remedial work necessary to date.

-110-



TIE-BACK ANCHOR TABULATION

EST.
*ANGLE MIN. ANCHOR 'ESTIMATED ANCHOR PROOF NUMBER

ANCHOR TO FREE LENGTH LENGTH LOAD LOAD OF
NUMBER HORIZ. LENGTH (BOND) (AVG.) (KIPS) (KIPS) STRANDS

1 20 Deg. 25 Ft. 50 Ft. 75 Ft. 143 179 5
2 20 25 50 75 143 179 5
3 20 25 50 75 143 179 5
4 20 25 50 75 143 179 5
5 20 25 40 65 143 179 5
6 20 25 40 65 143 179 5
7 20 25 40 65 143 179 5
8 20 25 40 65 143 179 5
9 20 25 40 65 143 179 5
10 20 25 40 65 ,

143 179 5
11 20 25 40 65 " 143 179 5
12 20 25 40 65 " 143 179 5
13 20 25 40 1 65 " 143 179 5
14 20 25 40 " 65 " 143 179 5
15 20 25 ,

40 " 65 " 143 179 5
16 20 25 " 40 " 65 " 143 179 5
17 20 25 " 40 " 65 " 143 179 5
18 20 25 " 40 " 65 ' 143 179 5
19 20 25 " 40 " 65 143 179 5
20 20 25 " 40 " 65 143 179 5
21 20 25 " 40 65 143 179 5
22 25 25 40 65 132 165 4
23 25 25 40 65 132 165 4
24 25 25 40 65 132 165 4
25 25 25 40 65 132 165 4
26 25 25 40 65 132 165 4
27 25 25 40 65 132 165 4
28 25 25 40 65 132 165 4
29 25 25 40 65 132 165 4
30 20 25 40 65 128 160 4
31 15 25 I 40 65 124 155 4
32 15 25 " 40 65 124 155 4
33 15 25 " 40 65 124 155 4
34 15 25 " 40 65 124 155 4
-5 15 25 " 40 65 124 155 4
..>6 15 25 " 40 65 124 155 4
37 15 25 " 40 65 124 155 4
38 15 25 " 40 65 124 155 4
39 25 25 " 40 65 132 165 4
40 25 25 " 40 65 132 165 4

*Vary the angle to horizontal of adjacent anchors by 20 to 40 in order
to separate bond portion of adjacent anchors.

Note: 1 1 = 0.3 meters
lK = 0.5 metric tons
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EST.
"ANGLE MIN. ANCHOR ESTIMATED ANCHOR PROOF NUMBER

ANCHOR TO FREE LENGTH LENGTH LOAD LOAD OF
NUMBER HORIZ. LENGTH ( BOND) (AVG.) (KIPS) (KIPS) STRANDS---
41 25 Deg. 25 Ft. 40 Ft. 65 Ft. 132 165 4
42 20 " 25 " 30 " 55 " 94 118 3

3 20 " 25 " 30 " 55 " 94 118 3
44 20 " 25 " 30 " 55 " 94 118 3
45 20 " 25 " 30 " 55 " 94 118 3
46 20 , 25 30 " 55 " 94 118 3
47 20 25 30 " 55 " 94 118 3
48 20 25 30 " 55 " 94 118 3
49 20 25 30 " 55 " 68 85 3
50 20 25 30 ' 55 " 68 85 2
51 20 25 30 55 ' 68 85 2
52 20 25 30 55 68 85 2
53 30 25 30 55 74 93 2
54 30 25 30 55 74 93 2
55 20 25 30 55 68 85 2
56 20 25 30 55 68 85 2
57 20 25 30 55 68 85 2
58 20 25 30 55 68 85 Z
59 30 ' 15 ,

ZO ' 35 50 63 Z
60 30 15 " ZO " 35 " 50 63 Z
61 30 15 " ZO " 35 " 50 63 2
62 30 15 " 20 " 35 " 50 63 Z
63 30 15 " ZO " 35 " 50 63 2
64 30 15 " 20 " 35 " 50 63 Z
65 30 15 " 20 " 35 " 50 63 Z
66 30 15 " ZO " 35 " 50 63 Z
67 30 15 , 20 " 35 50 63 Z
68 30 " 15 ZO " 35 50 63 Z
69 30 " 15 20 " 35 50 63 2
70 30 " 15 20 " 35 50 63 2
71 30 " 15 20 " 35 50 63 2
72 30 " 15 20 " 35 50 63 2
73 30 " 15 ZO " 35 50 63 2
74 20 " 15 50 " 65 200 250 6
75 ZO " 15 50 " 65 ZOO 250 6
76 20 " 15 50 " 65 200 250 6
77 20 " 15 50 " 65 200 250 6
78 ZO 15 " 50 " 65 , ZOO 250 6
79 20 15 " 50 " 65 " 200 250 6
80 20 15 " 50 " 65 " 200 250 6
81 20 15 " 50 " 65 " 200 250 6
8Z 20 15 " 50 " 65 " 200 250 6
83 20 15 " 50 " 65 " 200 250 6

4 20 15 " 50 " 65 " 200 250 6
85 20 15 " 50 " 65 " 200 250 6

"Vary the angle to horizontal of adjacent anchors. by 2 0 to 4 0 in order
to separate bond portion of adjacent anchors.

Note: 1 ft = 0.3 meters
1 kip = 0.5 metric tons
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EST.
*ANGLE MIN. ANCHOR ESTIMATED ANCHOR PROOF NUMBER

~CHOR TO ,:FREE LENGTH LENGTH LOAD LOAD OF
"UMBER HORIZ. LENGTH (BOND) (AVG. ) (KIPS) (KIPS) STRANDS

B6 ZO Deg. 15 Ft. 50 Ft. 65 Ft. ZOO Z50 6
B7 ZO 15 50 " 65 ZOO 250 6
88 ZO 15 50 " 65 ZOO Z50 6
B9 ZO 15 50 " 65 ZOO Z50 6
90 ZO 15 50 " 65 ZOO Z50 6
91 ZO 15 50 " 65 200 250 6
9Z ZO 15 SO " 65 200 250 6
93 ZO 15 50 " 65 200 250 6
94 ZO 15 SO " 65 ZOO Z50 6
95 ZO 15 SO " 65 I 149 1B6 5
96 ZO 15 50 " 6.5 149 1B6 5
97 ZO 15 50 " 65 149 186 5
98 ZO 15 50 " 65 149 186 5
99 ZO 15 I 50 " 65 149 186 5
100 ZO 15 50 " 65 149 186 5
101 ZO 15 50 " 65 149 186 5
10Z ZO 15 50 I 65 I 149 186 5
103 ZO 15 SO 65 " 149 186 5
104 ZO 15 SO 65 " 149 186 5
105 Z0 I 15 50 65 " 149 186 5
106 ZO 15 SO 65 " 149 186 5
107 ZO 15 50 65 " 149 186 5
lOB ZO 15 50 65 " 149 186 5
109 ZO 15 50 65 " 149 186 5
110 ZO 15 50 65 " 149 186 5
III ZO 15 50 65 " 149 186 5
llZ ZO 15 SO 65 " 149 186 5
113 ZO 15 50 65 " 149 186 5
114 ZO 15 " 50 65 " 149 186 5

*Yary the angle to horizontal of adjacent anchors by ZO to 40 in order
to separate bond portion of adjacent anchors.

Revised 5-Z0-75

Note: l' = 0.3 meters
1K = 0.5 metric tons
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TEST RESULTS

Tested Sept. 11, 1975Test Anchor No. 1 Anchor No. 8
LQad Dial Gauge Rule Gauge

Time (Tons) Readl.ng Readl.ng AnchQr
Extensl.on Remarks

11:20

11 :21

11: 23

11:27

11: 29

11: 32

11: 33

11: 34

11: 35

-0-

17 .87

35.75

17.87

-0-

-0-

17.87

35.75

53.62

0.100

0.556,

0.822

0.710

0.400

0.300

0.517

0.842

1. 205

0.00

0.45

0.82

0.60

0.30

0.30

0.51

0.84

1. 20

-0-

.456

.822

. 610

.300

.300

.517

.842

1. 205

50% x W.L .

Gauge Re-set

75% x W.L.

11:40 53.62

11:41 35.75

11:42 17.87

11:43 -0-

11:44 17.87

11:45 35.75

11:46 53.62

11:48 71.50

11:53 71.50

12.32 71.50

12:33 35.75

12:35 17.87

1. 205

1.020

0.670

0.342

0.565

0.888

1.222

1.581

1.585

1.585

1.081

0.708

1. 20

1.01

0.67

0.34

0.57

0.88

1. 22

1.58

1. 58

1.58

1.08

.71

1. 205

1.020

.670

.342

.565

.888

1. 222

1.581

1.585

1. 585

1.081

.708

NOTE: 1 ton force = 2000 Ib f = 8.896 kN
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SHEET 2

r~ad Dial Gauge Rule Gauge AnchQrTime ons} Readlng Readlng Extenslon Remarks

2:36 -0- 0.362 .36 .362

2:37 -0- 0.362 .36 .362

2:38 17.87 0.581 .58 .581

2:39 35.75 0.917 0.91 .917

2:40 53.62 1.263 1.26 1.263

2:41 71. 50 1.587 1.58 1.587

2:43 89.37 1.921 1.92 1.921

2:45 107.25 2.342 2.34 2.342 150% x W.L.

2:50 107.25 2.342 2.34 2.342

2:51 71. 50 1.897 1.90 1.897

2:52 35.75 1.154 l.18 1.154

2:53 17..87 0.759 0.76 0.759

2:54 -0-" 0.410 0.41 0.410

2:57 -0- 0.410 0.41 .410

2:58 17.87 0.623 0.63 .623

2:59 35.75 0.972 0.97 .972

3:00 53.62 1. 313 1.31 1.313

3:01 71.50 1.665 1.66 1.665

3: 0,2 89.37 1.972 1. 97 1.972

3:03 107.25 2.345 2.34 2.345

3:04 125.12 2.700 2.70 2.700

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1
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SHEET 3

Time r~~gs) Dial Gauge Rule Gauge Anc h 9r
RemarksReadlng Read1.ng Extens1.0n

3:05 143.00 3.110 3.10 3.110 200% x W.L.

3:10 143.00 3.117 3.11 3.117

3:25 143.00 3.122 3.12 3.122

3:35 143.00 3.130 3.13 3.130

3:40 143.00 3.130 3.13 3.130

3:41 107.25 2.819 2.81 2.819

3:43 71. 50 2.082 2.08 2.082

3:44 35.75 1. 265 1. 27 1. 265

3:45 17.87 0.978 0.95 .978

3:46 -0- .500 0.50 .500

13: 50 -0- .500 0.50 .500

1

1

1

1

1

1

1

1

1

1

TEST COMPLETED

ANCHOR SUBSEQUENTLY RE-STRESSED AND LOCKED

OFF AT W.L. x 115%, i.e., 82.225 TONS.

SEE SEPARATE STRESSING RECORD SHEET.
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NOTE: 1 ton::::: 8.896 kN
1 in. ::::: 25.4 mm
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TEST RESULTS

Tested Nov 5 & 6 1975Anchor No 85Test Anchor No 2 ,
WAD .;DIAL DIAL

~~f~~ION REMARKSTIME TONS) , GAUGE 1 GAUGE 2

Nov.5,1975

14:30 -0- 0.00 0.00 -0-

14: 31 25 0.15 0.18 0.165

14:34 25 0.15 0.18 0.165

14:35 50 0.28 0.34 0.31 W.L. x 50%
14:40 50 0.28 0.34 0.31

14:41 25 0.225 0.25 0.237

14:45 25 0.225 0.25 0.237

14:46 -0- 0.00 0.00 0.00

14:50 -0- 0.00 0.00 0.00

14:51 25 0.15 0.28 0.215

14:53 25 0.15 0.28 0.215

14:54 58 0.33 0.39 0.36

15:00 58 0.33 0.39 0.36

15: 02 75 0.535 0.61 0.572

15: 07 75 0.535 0.61 0.572

15:09 100 0.806 0.875 0.84 Working Load
15:20 100 0.810 0.875 0.842

15:30 100 0.810 0.876 0.843

15:35 100 0.810 0.876 0.843

15:37 50 0.505 0.546 0.525

15:39 50 0.505 0.546 0.525

15:40 25 0.33 0.36 0.345

15:42 25 0.33 0.36 0.345

15:45 -0- 0.00 0.00 0.00

16:00 -0- 0.00 0.00 0.00

Nov.6, 1975 -0- 0.00 0.00 0.00

08:51 25 0.141 0.161 0.151

08:55 25 0.141 0.161 0.151

08:56 50 0.319 0.342 0.33 W.L. x 50%

09:00 50 0.319 0.342 0.33.. ,

09:01 25 0.227 0.245 0.236

09:04 25 0.227 0.245 0.236

09:05 -0- 0.00 0.00 0.00
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TEST RESULTS

Sheet 2

WAD DIAL 'DIAL ~~~B~IONTIME TONS) GAUGE 1 GAUGE 2 REMARKS

09.06 -0- 0.00 0.00 -0-

09.08 25 0.154 0.172 0.163

09.10 25 0.154 0.172 0.163

09.11 50 0.312 0.336 0.324

09.15 50 0.312 0.336 0.324

09.16 75 0.552 0.577 0.564

09.20 75 0.55'2 0.577 0.564

09.21 100 0.774 0.803 0.788 Working Load

09.25 100 0.779 0.813 0.796

09.30 100 0.777 0.811 0.794

09.45 100 0.776 0.807 0.791

10.00 100 0.775 0.805 0.790

10.35 100 0.780 0.808 0.794

10.36 50 0.362 0.384 0.373

10.38 50 0.362 0.384 0.373

10.39 25 0.267 0.281 0.274

10.40 25 0.267 () ~ 281 0.274

10.41 -0- 0.005 0.00 0.002

10.42 -0- 0.005 0.00 0.002

10.43 25 0.171 0.182 0.176

10.45 25 0.171 0.182 0.176

10.46 50 0.334 0.350 a.342

10.47 50 0.334 0.350 0.342

10.48 75 0.554 0.565 0.559

10.50 75 0.554 0.565 0.559

10.52 100 0.783 0.800 0.791

10.55 100 0.783 0.800 0.791

10.56 125 1.053 1.071 1.062

11. 00 125 1. 053 1.072 1. 062

lL05 150 L238 1. 250 1. 244 150% x W.L.

lL10 150 L238 1. 250 1. 244

lL15 150 1. 238 1. 250 1. 244

11.16 100 1.060 1.072 1. 066

lL18 100 L060 L072 L066

lL19 50 0.511 0.503 0.507

11. 20 50 0.511 0.503 0.507
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TEST RESULTS

Sheet 3

ate

t
e

W~S)
DIAL DIAL ~~~~~ION REMARKSTIME GAUGE 1 GAUGE 2

11. 21 25 0.35 0.343 0.346

11.22 25 0.35 0.343 0.346

11. 23 -0- 0.055 0.042 0.048 Slight Residual

11. 30 -0- 0.055 0.020 0.037
curvature in
stress head

12.50 -0- 0.034 0.035 0.0345 plates

12.51 25 0.222 0.239 0.230

12.54 25 0.222 0.239 0.230

12.55 50 (}. 386 0.405 0.395

12.58 50 0.386 0.405 0.395

12.59 75 0.625 0.654 0.639

13 .04 75 0.625 0.654 0.639

13 .05 100 0.864 0.881 0.872

13.09 100 0.864 0.881 0.872

13.10 125 1.113 1.135 1.124

13 .14 125 1.113 1.135 1.124

13 .15 150 1.272 1.300 1. 286

13.19 150 1.272 1. 300 1. 286

13.20 175 1.511 1. 542 1. 526

13.25 175 1.511 1. 542 1. 526

13.26 195 1. 787 1. 825 1. 806 195% x W.L.

13.35 195 1. 785 1. 824 1.804 Load could no

13.55 193 1. 781 Len 1.801
be exceeded du
to excessive

14.15 193 1. 779 1.819 1. 799 curvature in

14.30 192 1. 774 1. 815 1. 794
s tress head pI

14.31 150 1.725 1.797 1. 761

14.33 150 1. 725 1. 797 1. 761

14.34 100 1.283 1. 290 1. 286

14.36 100 1. 283 1. 290 1. 286

14.37 50 0.685 0.664 0.674

14.40 50 0.685 0.664 0.674

14.41 25 0.494 0.463 0.478

14.43 25 0.494 0.463 0.478

14.44 -0- 0.190 0.188 0.189 •
15.00 -0- 0.185 0.178 0.181 •

•Residua1 curvature in stress head plates = 0.10"
measured from ~ of anchor to dial gauge tips.
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8.896 kN
25.4 mm
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NICHOLSON ANCHORAGE COMPANY
P. 0, .Box 98, Bridgeville, PA 15017

STRESSING DATA SHEET
Date Sept. 11 19 75

Site Montefiore Hospital Parking Garage, Pittsburgh; PA Job No. 4011

Main Cantractor: _N_av_a_r_r_o_c_o....:rP:....o_r_a_t_i_o_n .,.- _

Anchor No'.' 1,2;3,6 & 7 No. of Strands 5 ' Test Load 125\ x W.L.

Worki ng Load 71,-1/2 Tons Tested To: 89-1/2 Tons
25\, 50\, 75\, 100\

Load Increments 125\ x W.L. Free Length

Locked Off 115\ x W.L.

28 ft.

I Anchor 1st 2nd Jrd 4th 5th 'Ext. at
No. Inct. Inct. Inct. Inct. Inct. LockOff Remarks

1 .54" 1. 00" 1.46" 1. 94" 2.38" 2.36"

2 .40" . .77" 1. 27" 1.71" 2.33" 2.32"

3 . 32" · 78 1
' 1. 23" 1. 59" 2.18" 2.16"

..

6 .49" · 89" 1. 30" 1.70" 2.10" 2.07"

7 - . 40" · 83" 1. 26" 1. 57" 2.10" 2.07"

..

at
test
load

f~erage Elong. 2,22

(Anticipated Elong. 2.24"

STRESSED BY

MAIN CONT. REP.

Inches

Inches

Strand Nos.

NOTE: 1
1

ton
in.

8.896 kN
= 25.4 mm
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NICHOLSON ANCHORAGE COMPANY
P. O. Box 98, Bridgeville, PA 15017

STRESSING DATA SHEET
Date Sept. 11 19 75

Site' .,Montef±oreHospital Parking Garage, Pittsburgh, PA Job No. 4011

Main Contractor: Navarro Corporation

Anchor No. 8 No. of Strands 6 Test Load 200\ x W.L.

. Working Load. 71-1/2 Tons· . Tested To: 143 Tons
25\, 50\, 75\

Load Increments 100\, 125\ x W.L. Free Length

Locked Off 115\ x W.L.

28 ft.

Anchor' 1st 2nd 3rd 4th 5th Ext. at
No. Inct. Inct. In'ct; Inct. Inct. LockOff Remarks

8 .23" • 57" .92" 1. 29" 1. 50" 1. SO" See Separate Graph for

Test Results

at .~verage El·ong.
worlu g ..

load ., 1t1c1pated'E ong.

STRESSED BY

MAIN CONT. REP.

Inches

__1_._30__ ' Inches
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CASE HISTORY

CONSTRUCTION OF SEA WALL

AT THE MARINE BIOLOGICAL RESEARCH CENTER

FORT PIERCE, FLORIDA

OWNER: HARBOR BRANCH FOUNDATION

ENGINEER: CLARKE AND RAPUANO, INC.
NEW YORK, NY

GENERAL CONTRACTOR: CANDLER - RUSCHE, INC.
WIXOM, MI
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In November of 1973, a request for bids was issued for the
construction of this 2500 feet (762m) seawall. At that time,
the design system of the seawall consisted of steel sheet piling
anchored to a concrete deadman 40 feet (12m) to 50 feet (15m)
behind the wall by 1-3/4 inches (4.4mm) and 2-1/4 inches (5.7mm)
diameter steel tie rods spaced at 9 feet (2.7m) centers. Because
of the aggressive marine environmental conditions, the tie rods
were to be shop coa ted with coal tar epoxy and double wrapped
wi th a fiberglass reinforced layered bi tuminous kraft paper to
prevent abrading the coating during backfilling operations.
After the rods were placed, excavation in front of the bulkhead
and backfilling behind it could proceed .

. The engineer allowed an alternate sand anchor system for
anchoring the sheet piling, replacing the steel tie rods and
concrete deadman. The sand anchorage system was to be designed,
tested, and constructed by an approved ground anchor specialist.

Candler - Rusche, Inc. was awarded the general contract for
this work and subcontracted Nicholson Anchorage Company~ to
design, test, and construct the al ternate sand anchor system.
The system chosen for the construction of this seawall con
sisted of prestressed, post-tensioned soil anchors, anchored to
a W18X70 wale attached to the top of the sheet pile wall. A
sketch showing the details of this system is attached to the
back of this report

SOIL CONDITIONS

Test holes, located at strategic points on the site, were
drilled using drilling mud to prevent caving. At regular
intervals and/or strata changes, the drilling tools were removed
and the material sampled with a 1.5 inch (3.8mm) 1.0., 2 inch
(5mm) 0.0 standard split barrel sampler, driven with a 140 pound
(63kg) hammer falling 30 inches (76mm) . The standard
penetration resistance of the soil was determined by the number
of hammer blows requ ired to dr i ve the sampler 1 foot ( O. 3m) •
Some of the pertinent soils information is attached to the back
of this report.

DESIGN DATA.

The required design forces to be restrained by the sand
anchors were determined by a simple substitution for the forces
prov ided by the or ig inally designed tie rods. Two types of
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anchors were used: Type "A" anchors were substi tuted for the
1-3/4 inch (44mm) diameter tie rods to provide a horizontal
force of 4.6 kips (1.09 KN) per foot of seawall, and the 2-1/4
inch (5.7mm) diameter tie rods were repl.aced with Type liB II

anchors, providing" 7.5 kips (33.3KN) horizontally per foot of
seawall. The anchor spac.ings were increased to take advantage
of the high strength prestressing steel used.

Using the deslgn procedures outlined in Tasks A and B, an
angle of inclination of 40° to the horizontal was chosen, and
spacings selected were 21 feet (6m) average for Type "A" and 15
feet (4.5m) average for Type liB II anchors. Therefore, for Type
"A" anchors the design load was:

4.6 k/ft X 21" = 126 kips (560 KN) or 63 tons.
Cos 40°

Likewise, for Type "B" anchors, the design load was:

7.5 k/ft XIS' = 146 kips (649 KN) or 73 tons.
Cos 40°

ANCHOR AND GROUT MATERIALS SELECTION

The anchor tendon system selected for use on this job
cons is ted of tendons fabr ica ted from fi ve (5) O. 6 inch (1. 5mm)
diameter strands conforming .to ASTM A-416 with an ultimate
strength of 270 ksi (1862 N/mm 2 ). The bond length remained
bare while in the 30 feet (9m) stressing length the strands were
greased and ind i v idually sheathed wi th polyv inylchlor ide.
Because of the corros i ve mar ine env ironment, a steel pipe was
placed over the top 20 feet (6m) of each anchor to provide
triple corrosion protection (grout, grease and sheathing, and
steel pipe). To provide permanent corrosion. protection for the
anchor system, the top anchorage portion of each anchor was
completely encased in concrete at the completion of the project.

The grout mix selected for use on this project consisted of
5-1/2 gallons (20.71) of potable water per sack of Portland Type
I I cement. The Type I Icemen t was chosen, because of its
sulphate resisting characteristics, to provide additional
corrosion protection.

ANCHOR CONSTRUCTION

Installation of the sand anchors began in June of 1974.
The installation procedure consisted of drilling holes with
a Nicholson Anchorage Company custom-built, crawler-mounted
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hydraulic rotary drill using tri-cone roller bits, with water as
the flushing medium. Drilling and installing an anchor was not
initiated until the steel sheet piling had been driven at least
40 feet (12m) in advance of the anchor. Five (5") inch (12.7cm)
flush jointed steel casing with drill rods inside the casing was
used to dr ill holes the full leng th of the anchor. Af ter the
casing was flushed clean with water, it' was tremied full of neat
cement grout through the drill rods. The drill rods were then
removed and the anchor tendon inserted. Then, the casing was
reconnected to the rotary dr ill head and the anchor pressure
grouting began. As grout pressure increased and casing rotation
speed decreased, indicating grout take refusal, the casing was
slowly wi thdrawn. This pressure grouting procedure continued
over the full length of the anchor bond zone. The stressing
length portion of the anchor was kept full of grout but did not
require pressure grouting. After the casing was fully withdrawn
and grouting completed, a 20 feet (6m) long section of 3 feet
(7.6mm) steel pipe was placed in the upper portion of the hole
to provide additional corrosio~ protection for the anchor.

During the pressure grouting, records were kept of grout
take and pressure developed for each anchor. Grout take
averaged ten (10) bags of cement per anchor at 100 PSl
(0.69N/mm 2 ) grouting pressure.

In all, 107 Type "B" and 51 Type "A" anchors were installed
using these construction techniques on this project.

STRESSING AND TESTING PROCEDURES

Nicholson Anchorage Company proposed and the engineer
approved the following testing and stressing procedures:

1. Test the first two Type "A" and the first two Type
"B" anchors installed to 150% of design load.

2. 'l'est load shall be applied in 5 increments and
held at 150% of design load for 1/2 hour minlmum,
noting any anchor movement wi th respect to the
sheet pile wall at each increment.

3. After acceptance of the test, the anchor shall be
locked off at 115% of design load.

4. After the initial test anchors, 10% of the
remaining anchors will be tested as noted above.
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5. All other production anchors will be stressed in 3
increments to 115% of deslgn load and locked off.
Records of anchor elongation shall be kept at each
increment.

Equipment used for testing and stressing the anchors con
sisted of a 30 ton (27 t6hnes) single strand jack. Each of the
5 strands of the anchor tendon was stressed indivldually to the
desired load. The 15% overstress applied to each anchor was to
compensa te for pres tress losses. (Wedge sea ti ng, creep, steel
relaxation, etc.)

Sixteen (16) test anchors wre installed and stressed to
either 110 tons (99.7tonnes) for Type "B" or 94 tons (85tonnes)
for Type "A" anchors. Of the 16 anchors tested, only the
initial test of a Type "B" tendon failed to hold the desired
load for this test period. This was because backfilling behind
the sheeting was not yet complete and excessive movement of
sheeting was noted. The test was stopped to 100 tons
(90.7tonnes) instead of 110 tons (99.7tonnes), but the testing
procedure was modified to hold the 110 ton (99. 7tonnes) load
overnight. At the conclusion of this test, no anchor movement
had occured and the test was deemed acceptable. In all other
test and production anchor stressing, desired loads were
obtained and held. Results from several of the tests are
included at the end of the report.

Production anchor stressing was performed in 2 stages. In
the first stage, anchors were locked off at 25 tons (22.7tonnes)
and after backfilling behind the wall was completed, final
stressing and lock off at 115% of design load was performed.

Stress ing data was recorded for each anchor on forms as
shown on Page 92. A rev iew of the data obtained from each
anchor showed that each behaved elastically during stressing and
the proper steel elongation was obtained.

After completion of the backfilling and stressing opera
tions, it was necessary to adjust the load on some of the
anchors to move the sheet pile wall back in to al ignment before
pouring the concrete capping beam, covering the top anchorage
assembly and wale.

Installation and stressing of the 158 anchors was completed
in September of 1974. Since that time the seawall has been in
use and has performed satisfactorily.
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NICHOLSON ANCHORAGE COMPANY
P. O. Box 98, Bridgeville, PA 15017

STRESSING DATA SHEET
Date 19

Site Job No.

Main Contractor:

Anchor No. ______________ No. of Strands Test Load _

Working Load

Load Increments

Tested To:

____________________ Free Length

Locked Off _

Strand 1st 2nd 13rd 4th Total
Strand at Zero Inct. Inct. Inct. Inct. Elong. Remarks

1

2

3

4

5

6

7

B

9

10

11

12

Average Elong.

Anticipated Elong.

STRESSED BY

MAIN CaNT. REP.

Inches

Inches
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1-1
TEST HOLE -.;.'_-_'_1 _

SoiL BORING LOG

i I i.~ JOB ORDER NO. 3587-A-1

Penetrilian number of bloW1 re-qu ired of 140 lb.
,,"mmel falling JO il,. to dri_. 2 in. 0, D. 'Plil
IipOOn s.ampler one rool.

RWm.lrk..,

'>' PENETRATION· BLOWS/FT.0
1(~Lr"

SOIL OESCRIP'TION
~

0 5 10 20 JO 40 60 BO 100O·

- MEn., GRAY SHELL-SAND MIX. W/COQUIN '/;'
, '

5f-- FIRK, MEDIUM, GRAY SHEiL-SAND '0
\",

- Ml.XTURE WITH COQUINA
\.'. - ,-
'~

- GP ,<.;

· " '\1
Ot-- I I '\(',0 ,Gl{l' 7- 30-7 3 0 --1-

" \,. ,
,~

.5 f-- LOOSE, MEDIUM, GRAY SILT WITH ~- SHELL-SAND MIXTURE AND ROOTS I~J' - -
:tf.r:

.0 I-- ' - r

LOOSE, MEDIUM, GRAY SHELl-SAND 'F) I- i-
MIXTURE WITH SILT , ,

5f- . I
I
,

PIRK, MEDIUM, GRAY SHELL-SAND I ,
Ot- iKuTURE D, , - -,

51-
,

/
~----

' I

,.~

/." - -
01- WI'I"R COQUINA

C).
· , -

5f- Gf

~ . , ,
......

01- ID,
COMPACT, FIN! GRAY SHELL-SAND -
MIXTURE WITH COQUINA 'J..

5f- , I

Vl/
"

--- . ------- -------4-~-,--- ~ -- -- - ,-- .(-0 - - - - --
.01-' I

f- [) - f-

I

.5 · 4(1f- ..,J'" --,--'- ._- - - ,-
"

I

VERY COMPACT, FINE SHELL-SAND •.j.O[ MIXTURE I 'f-If--.
BORING TERMINATED @ 36'

.5

l

5.

.I..

7

12.

15.

32

10

30

17.

25.

35

20.

37

22.

27.

Page 3

PENINSUU. EN<;;INEERING .{ TESTING COMPANY
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SOIL BORING :~OG

TEST HOLE _1-_'2 _ JOB ORDER NO. _..:.3:.:5.=.B.:....7-...:A:....-.:.l _

I(W~')
'SOIL DESCRIPTION PENETRATION· BLOWS/FT.

0 5 10 20 3040 60 80100

MEDIUM, GRAY SHELL-SAND MIXTURE .(]:
WIm COQUINA I

FIRM,
:.0

MEDIUM. GRAY SHELL-SAND I-
MIXTURE WITH COQUINA AND TRACES GP

--. OF BROWN CLAY- -..,-------,- '-'-,-I--, ...-' - -,0
--:~~~_.l!!!J 7-30-IL H-

II
..

son, GRAY SILT WITH SHELL-SAND
IMIXTURE l-

lK

II
-

-~ . ,
FIRM, MEDIUM, GRAY SHELL-SAND ()

!MIXTURE ,,
I • - l-

I

- -- --- '0
===? -,

...: Ill..-
I,

I -
COMPACT, FINE, GRAY SHELL-SAND

I ,
0 i-

IMlXTURE I"

I-- - - -- -- -- - - -, - ",- -- I--
~ITH COQUINA PEBBLES GP

.
'0

1- '

_/'t-5:~.
' .

.- ----
I

., ,.- - ,~-:;- , - --- . . - -- --'1- f-

COMPACI , FINE GRAY SHELL-SAND 0
I

I , -
I,

.0
,'.

--- ' I

IVERY COMPACT, FINE, GRAY SHELL-SAND Q
. t1

WTTH r.nnIlTNA I 11-
BORING TERMINATED @36'

i

/
~

o

2.5

5.0

~
i7~5

10.0

12.5

15.0

17.5

20.0

22.5

25.0

27.5

30.0

32.5

'-'¥+--
35.0

37.5

RelTWrkl' Penelrl110n number 01 bloW' required 01140 lb.
,,"mmer 1111in~ 30 it•. 10 drive 2 in, 0, D, Iplil
IpOOn Iampl," one 1001.

Pag8 4

PE1'lINSUU ENGINEERING & TESTING COMPANY

Wo.
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SOIL BORING LOG

TEST HOLE _'_-_':..:3~ _ JOB ORDER NO. _--=3~5~87r...:-:!!Ac::.-~1 _

~~V'\ SOIL DESCRIPTION PENETRATION. BLO'NSIFT.

0 S 10 20 3040 60 80100

MEDIUM, GRAY SHELL-SAND MIXTURE D:
• I

'D
----- FIRM;' MEDIUM;--GRAY---SHELI;'-"SAND ._,-' t--- - -CI

MIXTURE ,; r·
(5) mTI' 7-,n_" t) T, .

SOIT, GRAY SILT \lIlll FINE ROOTS
AND SHELL-SAND MIXTURE fm 1-

JO.'"
• lilUlI :lt1l'.L.L.-:i/u<U lUX. r,p -t-

COQUINA
I ,

LOOSE, MEDIUM, GRAY SHELL-SAND
J?MIXTURE \lITH SILT

I ,
FIRM, MEDIUM, GRAY SHELL-SAND • f--
KlXTURE c)

I
I I.

I
I

f- - - - -- -- -' - (J
WITH COQUINA PEBBLES · . -

Gl
, ,
, t
, '

FIRM, MEDIUM, GRAY SHELL-SAND I, -,-

MIXTURE ·.
O· - r-

COMPACT, MEDIUM, GRAY SHELL- SAND I.

HlXTURE WITH COQUINA PEBBLES :t>
I •·. l-

·D.
,

f- - - - - -- - '0-
WITH COQUINA PEBBLES ,·.·,

0,
~~~

COMPACT, FINE GRAY SHELL-SAND MIX. a

, ~t·

2. __.'7_

7.

10.

17.5

15.

20.0

R.........." Penetration number of blow. requ,red of 140 Ib,
N,,~mer foiling 30 ir,. 10 drive 2 in, O. D. ,plit
spobn umpler one foct.

Page 5

PENINSULA ENGINEERING &. TESTING COMPANY

"".
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TEST HOLE {- ~3 Con 't

SOIL BORING LOG

JOB ORDER NO. 3587-A-l

40.0

.5

45.0

47.5

50.0

52.5

f ~Lf~')
SOIL DESCRIPTION PENETRATION· BLOWS/FT.

0 5 10 20 30 40 60 SO 100

D'
~

COMPACT, FINE GRAY SHELL-SAND
I

MIXTURE ,·.
,D

,
VERY COMPACT. FINE, GRAY SHELL- GF
SAND MIXTURE • •I

0'
I'

I
.

VERY COMPACT, FINE, GRAY SHELL- L)
S~ WITH COQUINA PEBBLES • I

l-
. I----

BORING TERMINATED @51'

I
I

I
R.lNrl,,:

...,

Penetr.tion number of blow, required of 140 lb.
hammer falling 30 irl. to drl ..... e 2 In. 0 D. ,plit
s.p:lOn '-ampler one tOOt.

Page 6
PENINSULA ENGIN!::ERING & TESTING COMPANY
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DATE~ .30 19 '1/
Job.if .?/LI

Teat Load 1/(1 -;;;-"""

.;,.T.:;.8s::.;t:.:e~d,-T.;..;o::..::,-- Lo ck ad 0ff p/~A'working Load

NICHOLSON ANCHOR~GE COMP~NV - P.O. BOX 30B, BRIDGEVILLE, PA. 1501?

--r£.sr
STRESSING DATA SHEET

SI te: ,L...:y...L1' -/'r i?r;';/ .,rz,
~ Contractor: d,,~ -1rc/c
Anchor No. f6 No. of Strande

=L..:::.o:::.:ad::.....;:I.:.:n=.;cr:..;e::::m:.=e.:..:.n~t6=-- Free Length, _--J5'J;",f ,"iO"k:.H 7'5"£:d 1m 1""'1 110 -r.:-J./
Strand 1st. 2nd. 3rd. 4th. ~51l/

~'f}lLStrand at Zero Inct. Inct. Inct. Inct. ~11Jcr. El.o1JG Remarks

1 - d% //0 %" 1'7-% It! 1.1 ~ 4-"

2 /..;Y! /I~ ~ IJ?~ //0//
II- /t!~ 4-

3 /./Jt /1;'% 11% 1$% If % 1% II
~ 3 /(,

4
1/ ~ /7~ Itfk /f~

~ II...- J5 4- ,,,

5

6 AtJ(; 1"1.717 /6 Jts/, I7,S Ie; ,8 J /8.1t5"(, 4-
..

?

8 UJ~/e - % .~" ~/, ~~ _ , 'f~~

9

10

11

12

Average Elong. Inchas
/

STRAND NOS.

Anticipated Elong. Inches

"'ESSEO BV ,4.,1£ t..-.
MAl N CONT. REP • l- -:- "/~

.f'~r~/'/E ffc u£'
,2-"

/ It.

NOTE: 1 ton = 8.896 kN
1 in. = 25.4 rnm

- 136 -



Ko
E

1
0

X
JD

T
O

T
H

E
C

E
N

T
!

M
E

T
E

R
K

E
U

F
F

E
L

81
E

S
5

E
ff

C
O

'.
.D

I:
'"

•
~

...
II

I
X

2"
'>

e
M

4
6

1
5

1
0

1f
!#

i[8
L
";I

Ti
8'

i:'
8::

±"$
I*l

±!-
4ic

4+S
*fE

I±H
:i'

it±
;,,

~£;
~
U
~
a
t

';1;
;~i

it~

:E-
-

:L
;

Ii;
':I

',
,:

:,
T

-

"H
c:;

W
:::

t:
:.

~
F

f;
+J

"I
~L

't
tl

$L

'f:
f;'

/;'
i'l

ld
'c

:E
U

'f:
f

...
.U

.i
f:

:•
.t::

::,H
t$i

8t
':
I~
:"
I;
;t
!;
ft
,:
:I
:i
!'

·F EO
"

~~

i
c
_

1-
'-

" !!
ll [:"
-li

ce

!::
:

E~s
,~"

,:'
1::,

'.
gm
i8
'-
~

~
"~-
!~
mu
B1
*~
~~
.~
~J
I~
fu
&m
tt
~~
~~
~W
QI
't
-f
-1
~8
F~
~,
l,
~-
~~
~-
mr
~

.
~
T
~
~
~
;

;;::r
:,
~~
~~
~0
~:

:~:
~~
~;
~;
~
~
~
:~
~

~~
'
~
~
~
b
F

H
k
T

k
k
it

"

~t
tW
~

J;:
;~
~~

;~
~~

;
i~

;~
~i~

:~f
;°,

it
r4

t~
~~

m~
,:j:

~0~
~;,

~~,
;~'

I~:
~

cJ
H"
~
~:
HW
~~
~

l~
~;:

:;'.
~;
:~
1~
~~
~t
f

~t
~I
$~
~'

,)
;,
~~
,

':
f~

~:
~.

;.,
;~:

~""
jl

;
"

:--
't~

~}
;:~

1:~
:1:

:ifS

'l~
l~=

~.',;;;,~]
~::

'~'~
~'.,'~:,

':'•.;.~:,'~
:;'"i~~i~i

1~~~
.rl

ll
so
il
i,
jf
tl
E:
~l
i'
if
:#
~

,::
co'

~;
,
f:
:~
:i
;

~f
ij

:c
,
'i:

j=
Ji

;~
h;

;
iii
~

it
~{
:
~:

;~
ih

!:
iti

:i
lf
i~
'
·,

:
1

,,
·

I /-
'

w -.
J I

~
m
.

8m
;m~

ii
ff
ii
~f
c~
~m
t~
ff
fi
t~
~f
fi
f~
~~
~i
~i
~~
i~
~~
~~
~:
M#
D~
~~

0"
;;;,;

;~;
~:;

~!;l
li;

~;;.
f:~

iill;
m:

r~;
~(
l~

~~
;:~

f;;,
~:

:,~
ml

m;
;,;'

,:~
~i~

~*J
:~

~~
t~
~~
~:
~!

~f;,
~
~~
;

~:'
m~

m;
~~
~~
~

~~'
;ii:

t:,;
;;;Il

l:;
~;;

t;~
F!:

:::
E

iC"
:i~

~f
i:'k

m
li
Mr
~:

ilif
flii

Ul
r:

.t!
t'~

ljl
li;

:
~~'

:E
H

lit
'~:

:::
,f

it
nt:

ii:
~,,:

~!!
J'

it;
!-

!"
.if

if
;i

sf
;#

if
fiE

'i
t

('
I§

j
nI

Tt
fll:

;-ii
:T

if
iE'

'2
!fW

fi+
::1

#
::::

W
ff

rtf
!i

fft
Jg

Hi:
:,,'

It
:,

2
s::

i::
·W

li8
f'

J:U
fJi.

H'
'm

,tit
mi

l!#
:,f

:If
.J

\U
S

'E
',

:':
:ff

i'
Hi

if.
';iH

'!h
!w

;1
iit

h
i'L

Uj
ilff

i:
gi

iii
!r

:f
§

R.J
~If

.'
tiC

:n
~;;

,,~
H

f:T
f '

tit
HJ

1W
,i

}i
':;!

f~
H

i~:
'::;

N
O

TE
:

1 1
to

n
==

in
.

==
8

.8
9

6
kN

2
5

.4
m

m



DATE~ 1f I9!:!

Job.,'; ...?I?6'

Test Loed ___
Locked Off _

NICHOLSON ANCHORkGE COMPANY - P.O. BOX 30e, BRIDGEVILLE I PA. 15017

7f;~r
STRESSING DATA SHEET

5i ta: Ldfer - fr /?£.ecE FIe
Main Contractor:~ ~<c/e

Anchor No. IO~ No. of Strands ~--

working Load Tested To: 160 JC0(S

:;.L.::.;oa:.,:d:-::.;Inc:.:c:.:.r.=.;em.c..:e:.;,;n~t::..5 Fr eeL en9th. _

:16"';&'0 .10:6"" 7~ /00 hAJJ I Jro -;;::

Strand 1st. 2nd. 3rd. 4th. ~ls7H /OT1lL
Strand at Zero Inct. Inct. Inct. Inct. 1i.J.=.g~.q O-oI'C Remarks

1 - 1IJ,5k, t3
/1 :!r I~ 'II /I?~ 4-'14-\5U;

2 - ,~ :3/4 Ii. 1111% u% /9 4-'/f
3 - IfI,! -J-d- 117"% /,f 1/4 /J'% 4-01",
4 ---0

\-5 /6%' IJ7~ ILlf.; 1'1;4 4-'?(,
5

6 Alit- . . /'1777 1(,.~6 7.S f7. J!lj /8. '/SJ) IB.9rJl 4-'/8
7

e Wa.le - :., 3/.8 ,318 ",3/8 U. .... ,'!4-
g r

10

11

12

Average E1ong. Inches
I

STRAND NOS.

knticipated E1ong. Inches

;TRE'SED ,;;JdL .:t:---
M>lI r~ CO NT. REP. 1..---------------------------..,..-,,--...,------'

f/~dr ri/d:/~!4" J/-

NOTE: 1 ton = 8.896 kN
1 in. = 25.4 mm
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