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. 1 NTRODUCTI ON

Gound anchors, often called tiebacks, are structural elenents
which receive their support in soil or rock and act to retain
earth masses and/or applied structural [oads. Tenporary ground
anchor systens were introduced in the United States several years
ago to support excavations while the permanent facility was
i nstall ed. This tenporary support system gained w de acceptance
because of economc and safety aspects. However, Anerican
engineers hesitated to accept the permanency of ground anchors for
a variety of reasons; particularly, a perceived [ack of design and
construction experience and docunented design techniques.

The Federal H ghway Admnistration (FHWA) recognized that the use
of permanent ground anchors in highway cut sections could affect
substantial benefits in both econony and safety. The econony
results from elimnation of tenporary support, systens and reduced
right-of-way considerations. Saf et IS i oved by elimnating
cranped excavations cluttered with delicate bng, and reducing
the tinme and area required for standard Shy uction nethods.
Special benefits accrue in urban areas - olning facilities
must be supported during construction e the area saved by
utilizing permanent ground anchors ¢ nate the need for
under pi nning nearby structures.

The specific purpose of the per‘ e
project was to i1ntroduce the WM
use into Anerican constr '

FHWA DP-68-1R and entitled
and several thousand copie
manual contains a conpre
construction methods.
that agencies adopting r
rational procedur
attention was gi
speci fications and

ound anchor denonstration

per manent ground anchor
ctice. A manual nunbered
man@pt G ound Anchors" was prepared
I buted to highway engineers. The
review of current design and
recOmended gquideline procedures insure
t ground anchors wll follow a safe
pte investigation to construction. d ose
presentation of suggest ed gener al
An details. These contract docunents provide
the transition fromidesign analyses to field construction and
frequently deci de Whe success or failure of new concepts such as
this. Every effort was nade in these sanple specifications to
allow the experienced anchor contractor to use innovative methods
or equipnent In construction. Such specifications are needed to
encourage contractors to seek cost-effective inprovenents to
current anchoring methods.

The information in the DP-68-1R report was primarily based on:

1. existing technical literature on ground anchors,

2. reports from FHWA research projects performed from
1979-82, including FHWA/RD81/150 t hrough 152 (3
vol unes), " Per manent Gound  Anchors,”  and
FHWA/RD82/047, "Tiebacks," (reference copies of
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which are available to the public from the
Nat i onal Techni cal | nf ormat i on Service,
Springfield, Virginia, 22161),

3. field inspections of permanent anchor projects
during and after construction,

4. cooperative efforts between Federal and State

engineers to prepare design calculations, plans,
and specifications for pilot test projects,

5, instrunentation of selected pernmanent anchors.

In 1984, formal presentations of the denonstration 1proj ect were
made to public agencies. The presentation consisted of four, 1-
hour segnents, which introduced and briefly explained the detailed
information contained in the manual. Th obj ect of the
presentations was to reach as nmany engin8&rs as possible in a
short period of time to pronote the concept ¢ per manent ground
anchori ng. Over 50 denonstration presenta were nmade in a
2-year period to engineers in 42 States. ' i ndicates the
States where presentations have been -depth technical
assi stance was then provided to highwa €s on a one-to-one
basis when specific projects arose. tly, 31 States have
either constructed pernanently chgre ctures, or currently
have  permanently anchored pr in  design. Nuner ous
speci al'ized presentations on tion, i nspection, or
specification preparation o\been conpleted. A videotape
on construction inspection hasW¥bee repared for use by highway
agenci es.

During the denonstrati esghtations, several proposed highway
projects wth pernanen a red structures were 1dentified as
candi dat es for st r URENnt ati on and_performance nonitoring.
Cooperative Agree Orders were issued to those agencies.
The Wrk Oders ed a work plan and a schedule for
rei nbursenent of fdhds necessary to Instrunment, nonitor, and
report on the long§serm performance of the pernmanently anchored
structures. The period of time for nonitoring was generally
5 years or |ess. Accepted reports from five such denonstration
projects are included in the appendices of this report.

Coordination with technical groups has resulted in the preparation
of standard specifications to nationally regulate the construction
of permanent ground anchor walls. |n 1986, the Post Tensionin

Institute published "Reconmendations for Prestressed Rock and Soi

Anchors.” Mre recently, Task Force 27, AASHTO, ARTBA and AGC
Joint Commttee, has prepared both a construction specification
and an inspector's manual for permanent ground anchors. Appr oval
?S%:IO di ssem nation by AASHTO of both docunments are anticipated in
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1. DESCR PTION AND BACKGROUND.

Wthin the past 20 years, nmny ground reinforcement techniques
have been successfully introduced to Anmerican civil engineering
practices after an extended period of use in Europe. The | at est
and possibly the nost significant entrant is the permanent ground
anchor. Mre precisely, the pernanent ground anchor referred to
in this repord 1s a corrosion-protected, prestressed, cement-
grouted tendon which may be installed in soil or rock. Very
roadly described, a ground anchor is a device which nobilizes and
transfers a resisting force from the ground to a structural
element such as a wall or slab. Athough simlar in function and
| ooks, the permanent anchor, is not to be confused with the
temporary tieback or mechanical anchor or resin rock bolt. In the
remai nder of this report, the word "anchor” when used shall nean
per manent ground anchor unless otherw se specifically stated.
Figure 2 shows a schematic of a typical anch@

These anchors are generally inserted in a hg ich is drilled or

driven into soil or rock. Certain basic a erns W Il now be
introduced which will be used throughou eport. Specific
anchor details wll be reserved 0 anation in applicable
sections.
Basi ¢ anchor conponents frequent? ed to are:
1. The prestressing _st ' tally available in
single or multiple r strands, or bars
conpri si ng:
a. the  bond th-2that portion of the
Brestresm ng ixed in the primary grout
ul b, ugh'§ load is transferred to the
surroun or rock, and
b t he nded lenath--that portion of the
prestressi steel which is free to elongate
elastically and transmt the resisting force
from the bond length to the structural element
(i.e., the wall face, etc.).
2. The anchorase--a device usually consisting of a plate

and an anchor head (or threaded nut) which permts
stressing and |ock-off of the prestressing steel.

3. The grout--a portland cenent based m xture which
provides corrosion protection as well as the nedium

to transfer load irom the prestressing steel to the
soil or rock.

Anchors were introduced in the 1930s and, by the 1960s, were in

common use for mmjor structures of all types. The keys to
successful ~ wdespread use in FEurope were both social and
techni cal . The scarcity of land available for construction,
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particularly in urban areas, required excavation and retention
techniques that could be acconpllshed wi th mninum disturbance to
| and owners or the traveling public. Anchored walls substantially
reduced the amount of land required for construction while also
reducing the project cost. Equally as inportant was the assurance
that this technique was safe and could be easily controlled in
construction. European engineers spent many years devel oping and
refini n? public design and construction codes for anchors. Based
on field experience and |ong-term observation, these codes
guaranteed the safety of each anchor b%/ requiring testing to
eyond Proposed design loads. Continuing istorical _ devel opment

now ates mainly to refinement of corrosion protection systens,
| oad transfer of anchor forces into the ground, the form of
tension nmenbers, and grouting nethods. In sone countries, anchor
contractors nust pass acceptance tests before being allowed to
install anchors. These acceptance tests involve installing and
excavating, for government inspection, a |lar nunber of anchors
according to the prevailing code. The d from such tests,
al though very costly, has contributed much t devel oprent  of
anchor use worl dw de.

Until the late 1970s, the only se of anchors in the
United States was to support terrporary a ons Al though the
United States' first permanent 30|I installTed in
Detroit, Mchigan, in 1961, rela ew publ|c agenci es had
incorporated anchors in naj or structures as of the

inception of this denonstrati The reasons for this
hesitancy were:

1. the scarcity of or design and construction
experience; i.e de3| gn it and who can we
trust to properly

2. the c_oncern errranency agai nst long-term
corrosion or ow long will anchors l|ast and
safely carry gn Ioads’)

3. the delineatio of proper areas for cost-effective
application; i.e., where and how many do we use?

4. the constraints of contracting procedures used by public
?619880'25 i.e., how do we insure quality from the |ow
| dder

In 1979, FHWA  Denonstration Proj ects Di vi sion ( FBWA- DPD)
aut hori zed proj ect devel opnment to "hegin on the permanent anchor
project. A project manager and a technical advisory conmttee
were appoi nted. A work plan was developed to study existing
anchor technology and installations;, determine areas where
addi tional  work was needed; update eX|st|ng t echnol ogy; prepare a
basi c design manual ; and solicit test installations on hi ghway
projects. The objective was to provide highway agencies wth
adeﬂuate know edge to permt confident, routine use of permanent
anchors.
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[I1. PRQIECT DEVELOPMENT

Resol ution of Technical Concerns

A review of existing technical literature on anchors confirmed
t hat nost work had been done by the Europeans. Unfortunately,
little docunentation of design nethods for anchors was avail able.
This information void was a direct result of how anchor work was
contracted for in Europe. Nearly all European anchoring is done
on a design-construct, turnkey basis by specialist firms who, in
many cases, are pre-qualified to do anchor work by the governnent.
These firns have devel oped proprietary design and construction
procedures which are not released even to their clients.

For successful introduction of anchors into the United States, the
contracting approach promoted by the denmonstration project would
need to conformto the current conpetitive b procedures used by
State agenci es. This approach required il general design
guidelines and a detailed construction sp at i on. A three-
pronged path was chosen which involved ipgiti of research in
design aspects, field inspection of per manent anchor
construction projects, and devel opnent easy-t o-under stand
yet conprehensive construction specifi

In 1980, two basic design questig ed to be answered before
the denonstration project coul oceed- - docunentation of both
techniques to determne an aspty and longevity aspects of
both anchor naterials and bon treRgths. The former question was
addressed by awarding re contracts to three experienced
anchoring firm--Soletan Ni chol son, and Stump-~
Vi broflotation, who pr epar ed design nmanual's
respectively nunbered 1/150; 81/151; and 81/152. Each
manual  contai ned bl ed explanation of the firms general
desi gn procedure as three docunented case histories
illustrating use he™“desi gn procedure and the conputations for
a test project pRovided by FHWA Al though each firm used
di fferent analyses, e basic method of design was the sane; i.e.,
the critical failure surface was |ocated and the bond zone of the
anchor founded beyond the failure plane. Load testing of all
installed anchors was considered an extension of design as no
design method existed to reliably predict, from subsurface data,
the exact bond zone dinensions necessary to safely carry a
particular anchor load. These two concepts provided the basis for
the current anchor design practice in the United States.

det

The longevity aspects were addressed by the Schnabel Foundation
Oon'ﬁany in FHWA RD 82/047, "Tiebacks." In this publication,
met hods of corrosion rotection for permanent anchors were
detail ed and recommendations given as to their use. The creep
behavior of anchors was also thoroughly investigated. Specific
recommendations were presented for anchor testing procedures and
acceptance criteria to insure long-term anchor |oad capacity at
accept abl e defl ecti ons. Lastly, contracting gqui delloi nes for
permanent anchor work were presented. Inportant concepts such as
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pre-qualification of anchor contractors, per f or mance-type
specifications, and shared design responsibility between owner and

contractor were recommended for reliable, cost-effective anchor
wor k.

In reviewing the uses of permanent anchors, the permanently
anchored retaining wall application was by far the nost common and
economcally attractive. A decision was nade to concentrate the
design section of the FHMA DP 68 manual on pernanent anchor wall
design. The design procedure initially adopt ed for t he
denmonstration project relied heavily on concepts developed from
braced wall systens as well as the aforenentioned research
efforts. In technical areas where conflicting observations or
theories could not be resolved, the design procedure chose the
more conservative position. The rationale for this decision was

that instrumentation of initial anchored wall installations would
be  encouraged. H ghway agencies could en conpare actual
nmeasured parameters with assumed. As a databdase was devel oped,
various par amet er s could be confident hanged to |ess

conservative val ues.

In 1979-80, concurrent wth the above re

Tensioning Institute fornmed an ad-

exi sting guidelines for anchor use. T ittee was conposed of

anchor contractors, pr oducer S5 Itants and users. The

resulting publication, "Re.comiendaan or Prestressed Rock and
a

efforts, the Post
ittee to revise the

Soil  Anchors," printed | revised in 1986, established
national standards for desig nStruction of anchors. These
standards, which were wit avsinple format, were adopted by
many private and public gani ions as the basis for their
construction specificat] ch of the information in this
publication was used p the guideline permanent anchor
specification for e degpnstration project.

The resul ting ion specification, published in the

FHWA DP-68 manual f permanent anchors, was a performance- based
Sﬁeci fication. Thi type of specification was a departure from
the prescription-type specifications used by public hi ghway

agencies on ot her hi ghway i tens. The proposed anchor
specification contained some prescription verbiage to control the
material s used and certain basic construction operations.
However, the contractor was pernitted, with few constraints, to
choose and control the nethod of drilling, the tendon type, the
drilled hole dianeter, the bond zone dinensions and the total
anchor length. The performance aspect was that the contractor was
responsible to produce an anchor which would pass certain
acceptance test criteria established in the specification before
receliving payment for the anchor. In short, the contractor was
responsible for determning anchor installation procedures to
obtain a desired anchor capacity selected by the agency.

The key element in the performance specification was  pre-
ualification of the contractor who would perform the anchor work.
ermanent  anchoring was recognized by researchers, technical
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groups, and construction inspectors to be a specialty type of
work. Furthermore, successful introduction of permanent —anchoring
into highway agencies depended on their first project being a
success. Few agencies had any construction personnel who were
know edgeabl e  of proper pernmanent anchor construction techniques.
S;t))e0|fy| ng a specialist would permt the construction personnel to
observe proper techniques and develop inspection expertise which
could be used on later projects where the agency relaxed the pre-
qualification criteria.

Cost - Effecti veness of Pernmanent Anchors

After technical concerns had been addressed to the satisfaction of
the technical advisory commttee, the permanent anchor technol ogy
was ready to be dissemnated. Early in the denonstration project,

data had been collected from a few permanent anchor projects done
etween $30 and $40. At that tinme, standardSNyconcrete retaining
walls in cut situations were averagi ng about %% per square foot.
erformance specification approach nee % pbe denonstrated
efore pronoting routine consideration o t anchor systens
private and public anchor wall projec ated a cost of about
$45 per square foot of wall §ac wo oState highway agencies,

: cts in design which were
appropriate for a permanent ernate design.

rior to 1980, which indicated the per-square-foot wall cost to be
However, the cost effectiveness of the desi nique and the
nati onwide to highway agencies. A reyi f ost data froma few
Ceorgia and Maryl and, were i i ed by FHWA  regional
geot echnical engineers as ha 'r&ol

The project nanager provj
specifications for an
| ocations. In CGeorgia,
the standard GCeorgia
the contract docu
contractors were
tabulation showed
submtted bids (i

esi gn conputations, plans, and

anchor wall design at both
alternate anchor wall design and
aining wall design were included in
the [-75 project with instructions that
one or the other. The final bid
atvseven of the eight contractors who
luding the low bidder) had selected the
alternate anchor wal®y design. The bid price for the anchor wall
alternate was about $36 per square foot; about 40 percent |ower
($410,000) than either the "as bid" or Engineers' estimate for the
standard Ceorgia retaining wall. |n Maryland, the estimated cost
of the anchor wall design was so nuch lI'ess than the standard
design that the standard design was deleted from the contract.
The "as bid" price for the anchor wall was about $36 per square
foot; a savings of approximately 40 percent ($461,335) over the
conventional design. Two anchor walls constructed in Washington
State during the sane tine period had bid prices between $41” and
$44 per square foot. It was evident that a permanent anchor wall

design was economcally ~ conpetitive wth standard designs
currently in use for walls in cut.
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Per manent G ound Anchor Manual

In 1984, FHWA-DPD published definitive recommendations in DP-68-1,
"Permanent G ound Anchors,"” to answer those previously stated
concerns of ﬁpbhc agencies who were hesitant to specify pernmanent
anchors. This manual presented, in detail, all basic concepts
necessary for a highway agency to incorporate permanent anchors on
a project. Chapters were included on application criteria, site
investigation, principles of anchor design, corrosion, anchored
system design, |oa testing/stressing, preparation of plans/
specifications, and construction control. The  manual was
organized in a nmanner consistent wth the phases of a typical
hi ghway project. The enphasis in the manual was on identifying
applications where anchors could be used successfully; providi'ng a
rational, step-by-step procedure for producing a safe, yet cost-
effective design; and establishing basic construction controls to
assure a quality final product. The final section of the nanual
contai ned a sanple problem and detailed nufM@gical solution which

demonstrated the use of the information pres in the preceding
chapters.
As clearly stated in the abstract, the s not intended to

r@ther to serve as an

The objective was to

rai ghtf or war t er m nol ogy

r with adequate know edge
anchor work.

present state-of-the-art procedures,

Introduction to basic anchoring co
present basic information in si e

to provide the practicing highway4qen
to successfully contract for

Denonstration Project Acconp

The project acconplishmentsl ca measured in terms of technol ogy

transferred to high es, nunber of highway agencies
adopting pernanent  an€hors or routine hi 8hway appl i cati ons,
perfor mance of r | 1's designed based on the guideline
procedure, and c ti veness of permanent anchor designs
nati onw de.

Technology transfer® is an inportant element of any denonstration
project. ~ Presentations of permanent ground anchor technol ogy were
requested and conpleted in 42 States to over 3,800 engineers while

the project was active. The project nanual, "Permanent  Ground
Anchors," was reprinted three times due to heavy demand, with
about 5,000 copies being distributed nationally. The nmanual is

currently avail able from the National Technical Information
Service, Springfield, Virginia 22161, under accession nunber PB85

1780107/As. In addition, about 500 copies of both the research
publication "Tiebacks" (FHWA RD82/047) and the Post Tensioning
Institute's " Reconmendat i ons for Prestressed Rock and Soil

Anchors" were distributed nationally to highway agencies.

At the inception of the project, onI%/ three State highway agencies
were enploying permanent ground anchors on construction projects.
The proj ect manager provided detailed technical assistance to
those highway agencies interested in alternate designs involving
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per manent  anchors. This assistance involved preparation of
typical design conputations, specifications and plans for specific
projects, or review of consultant-submtted designs. At present,
31 States are usin? permanent anchors; nearly all are using the
design procedures outlined in the FHM DP-68 "Pernanent G ound
Anchor " manual . All walls constructed using these design
procedures have performed satisfactorily after construction. No
wal ls have failed to perform their design function, whether the
project involved restraint of adjacent buildings, highways or
utilities. The design method has been proven to produce a stable
wal | system in a variety of inposed |oading situations. The only
guestion which remains to be answered by future observation and
research is the degree of conservatism of the nethod. In the
March 1988 reprinting of the "Permanent Gound Anchor" nanual, the
mnor changes that were nade to the exanple problem design
procedure were the result of observations of the performance of
recently constructed anchor walls.

Interestingly, the cost effectiveness of perfqgnent anchor walls,
even those designed by the admttedly cogServative, original
procedure in the manual,” far exceeds that er possi bl e wal |
designs in cut situations. O her chafg ny result when
additional research is conpleted an e e(}/ by  hi ghway
agenci es.

Sone hi ghway agency en%i neerg r refuctant to specify a new

technol ogy which did not have aji of use in their State. To
address these concerns and to sti at e¥hi ghway agency interest in
permanent ground anchors, 4t nstration Projects Division
offered to provide fun forg nstrunentation and |ong-term
eval uation of anchor walls e jectives of the perfornmance

eval uation were both to pFove @ the agency that permanent anchors
did performin the lon rmjand to provide highway agencies with
hard data which coul e to refine their design procedures.
The 8 projects cte or construction nonitoring cost $406, 475

to instrunment ~The reported savings from 4 of these
projects totaled 20 mllion.

QD

In the past 10 yea the total square footage of pernmanent anchor
wal s being constfucted has increased dramatically. The first
anchor wall projects were scattered geographically and involved
wal | areas less than 20,000 square feet. Recent projects, such as

-215 in Salt Lake City, UWah; [-90 in Seattle, Wshington, 1-10
i n Phoenix, Arizona; and 1-20 in Dallas/Ft. Wrth, Texas, all
I nvol ved wall areas greater than 100,000 square feet. Even
relatively small anchor wall projects such as [-90 in Wllace,

| daho, and 1-35 in Duluth, M nnesota, contained in excess of
40,000 square feet of permanent anchor wall.

In 1989, 2 mllion square feet of anchor wall construction is
projected. Based on previously docunented savings, this wall area
use translates into a savings in excess of $70 mllion in 1989.
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As hi ghway agencies began adopting pernmanent anchor walls into
routine project designs, the enphasis in the denonstration
projects shifted to construction control. During 1986-88, the
project manager conpleted presentations to construction inspectors
In 15 States. These efforts were usually done at the project site

just after construction had begun, both to determne which methods
the contractor would use and to allow inspectors to identify areas
where training should be focused. Frequently, the contractors'

personnel were invited to attend these presentations to see the
I nspection procedures which would be used on the project.

Continuinag Developments in Pernanent Anchors

By design, the purpose of a denmonstration project is to introduce
new technology 1nto routine use by highway agencies and establish
nati onal guidelines for safe, cost-effective use of the
t echnol ogy. On Cctober 1, 1988, those goal spwere judged by FHWA
to have been fulfilled and subsequently th er manent ground
anchor project was renoved from active sta However, by the
latter stages of the project, invol vement ght of other
technical groups within the hi hway to control the
future direction of permanent anc orlng

The AASHTO AGC- ARTBA Joi nt Oorrmttee orce 27 on Gound
Modification was formed on the® ation of FHWA. A ground
anchor group has been forned Wthl Task Force to develop
future design and constructi dards The intent is to
provide AASHTO with stan nat i onal di stribution.
Currently, three efforts der y in the group. A pernanent
ground anchor generic speci n, a ground anchor construction
Inspection manual, and de gh guide for build-down retaining
wall's.  The spe0|f|cat| en approved by the Task Force and

sent to AASHTO f
gui de were submtt

ova. The inspection nanual and design
Task Force for approval in early 1990.

The increase in p nent anchor use has generated nmany new
questions about chor design and construction techni ques.

However, unlike the rly research efforts for this project, these
guestions relate not to proving whether anchors work ‘but to
refinements to optimze current procedures. H ghway agencies who
have adopted permanent anchors into routine construction practice
have initiated operational research which wll Jead to either
improved techniques or increased anchor usage. An exanple of
these efforts is the Washington State DOT study on seismc
response of tieback walls. The objective of this study is to
expand anchor use into seismically active areas by devel oping
rational nodifications to current static design procedures. An
upcom ng major st ud%/ funded by FHwWA’'s O fice of Research in 1989,

w il focus on i nement of those design factors dealing with
soi |l -structure interaction. Itens such as bond zone |oad transfer
factors, earth pressure distribution, and soldier pile design are
expected to be anal yzed.
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In regard to national standardi zati on of anchor testing
procedures, the Anerican Society of Testing Miterials (ASTM has
formed subcommittee D18.11. The goal of the subcommttee is to
prepare an ASTM standard for tensile load testing of individual

anchors. The standard will include details of the apparatus used
to apply and neasure the load, the apparatus for measuring
novenents, t he | oadi ng procedure, saf ety requi rements, and
recordi n? of data. An appendi x on proper presentation of test
data w |l be included.

Al though FHWA’s role in actively pronoting permanent ground anchor
use has been phased out, the interaction during the precedin
years with other technical %roups has insured continuing nationa
devel opnent of anchor technology in the future. FHWA wi | |
continue to provide technical assistance on future anchor designs
or technical reviews of new anchor technolo%y. The role of
continued pronotion and devel opnent rests no it t he techni cal
groups of the highway conmunity.

|V. DEMONSTRATION PRQJECTS SUMVARY

One of the objectives of Denonstrati roject No. 68 was to
convince highway agencies to nonitor rugtion performance and
| ong-term behavior of permanent ﬁr_o nd San ed structures. Seven

States participated, each applic ing sone degree from the
other either in ternms of sol con%n

v anchored wall design, or
anchor  type. Detailed r

: _ the project's princi pal
investigators of the results rumentation and interpretation
of wall performance are inc

in*the appendices of this report,
except for the Pennsylvani i ed back abutment project which
was only constructed 1n he follow ng executive summary of
each project highlightsba design and construction information
as well as the prégary clusions for each project.

Wdeni ng of Existi Interstate H ghwav
|-75, Atlanta, Ceor@la

The widening of [-75% which is in a cut section through downtown
Atlanta, presented several major problems such as very limted
ri ght - of - way, existing utilities and  buil di ngs, traffic
mal nt enance of 100,000 vehicles per day, and a short time-frame
for construction. A permanent anchored wall design was selected
for use in a critical area near 5th Street, where 30-foot high
cuts would be required near existing facilities. The general sorl
conditions consisted of varying mxtures of mcaceous sands and
silts over bedrock. These soils are frequently described as
saprolite which denotes residual products of rock deconposition
where deep rock weathering has occurred in a wet, humd climte.

Denonstration project funding for instrunentation, interpretation,
and reporting on wall performance was provided in July 1981 to
Ceorgia DOT under a Cooperative Agreement. In turn, Georgia DOT
contracted with Law  Engi neering/ Geoconsult International to
perform nost of the prescribed tasks in the Denonstration Project
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Cooper ati ve Agr eenent . The BBiTnci pal I nvestigators wer e
Messrs. David Mtchell of Ceorgia and Thomas Richardson of Law
Engi neering  Consul tants. A special task, unique to this first
ground anchor denonstration project, was developnent by a
specialist of a basic, reliable instrunmentation plan for permanent

ground anchor systens. The intent was to develop, install,
eval uate and, if successful, recommend this instrumentation
package on future anchor installations. The instrumentation

report prepared by M. John Dunnicliff is attached to the Georgia
[-75, Atlanta report in the appendix.

Figures 3A to 3E show three stages of construction of the anchored

wal | including the finished product in 1984 and 1988. Al visual
observations and instrunment neasurenents confirm that the wall and
anchors are performng as anticipated in design. Long-term

measurenents were taken on 60 vertical and horizontal Survey
points established on or behind the wall during construction. The
measurenents showed that the novements which ecurred indicated
active  earth pressure conditions and ceg shortly after
construction was conpleted. The survey points avai lable for
reading indicate no definable wall or gQroung has occurred
since 1983.

The neasurenent of anchor load in selected gdons has been done
periodically since 1983, Three di#f tWinstruments were used to
monitor load--load cells, rod tel§ta and wre telltales.
Strain gages were not use probl ens involving both
attachment to the prestressed endon and the range of
expected mcrostrains. Al'th ic readings were noticed in
various instrunents during tion, those jnstruments which
have continued to functi present indicate that the |oad
carried by the anchors ed relatively constant, wth a
range of only 3 ki ew anchors stabilized at |oads which
were slightly highe than the lock-off |oad, i ndicatin
variance wth the de or distribution of assumed latera
earth pressure at th ocation. These variations had no effect
on wal |l perfornance.

Since conpletion of the I-75 anchored wall at 5th Street, GCeorgia
DOT has conpleted permanent anchor walls on 12 other highway
projects in the Atlanta netropolitan area. The success of
per manent anchor construction has caused Georgia DOT to routinely
permt alternate designs involving anchored walls on highway
proj ects.

Repair of Uban Interstate Highway Retainina \Wall
[-95, Baltinore, WMarvland

In 1974-75, a 900-foot long wall wth a maximum height of about
25 feet was built to retain an earth cut for Interstate 95. A
steep natural slope rose fromthe top of the wall to the nearby
Mount Carmel Cenetery. The natural surface drainage of this area
was toward the wall. In addition, the subsurface drainage from
the tenporary cut face indicated a groundwater flow toward the
wal | . Unfortunately, during wall construction, a clay materi al
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was placed as Dbackfill for the wall, effectively preventing any
drainage. Over a 4-year period, the natural water surface behind
the wall rose from below the wall footing to within 1 foot of the
backsl ope surface. The hydrostatic pressure increase caused
substantial novenent of the wall. Spalling of wall joints and
base translation caused an upheaval of the 1-95 pavenent when the
passive resistance in front of the wall was exceeded (see
Figures 4a-4B). Slope inclinoneters, which were installed shortly
after novement began, showed the location of the active and
passive failure surtaces.

The State imediately installed horizontal drains to |lower the
water level and tenporarily stabilize the novement. Analysis of
the structural condition of the wall disclosed no major planes of
weakness. A lateral earth pressure analysis disclosed that
additional lateral assistance was requirgd to establish an
adequate mninum safety factor of 1.5 against ture sliding. The
met hod chosen for wall repair could neither turb the ground
behind the wall nor infringe on the safe cle di stance to the
|-95 pavenent. The Interstate Division o e City, Wwhich
hald responsibility for design, selected Bfient anchor repair
sol ution.

The stability of each wall panel¢g dédermned by lateral earth
pressure analysis for the worst tic condition. Fromthis
anal ysis, the additional amount _of sisting force was conputed
for each panel to ensure a ty@factor. The soil conditions
behind the wall indicated th nchors could safely develop a

design capacity of 50 tops® e nunber of anchors per panel was
determned by dividing the¥ tot dditional required resistance in
each panel by the desj ncjor load of 50 tons and rounding it
off to the next whole er"® The anchors were |located at the

requi red resultant poi nt on each panel.

The specification he permanent anchors contained a pre-
qualification claus@fto ensure that only an experienced pernanent
anchor contractor wa$) permtted to bid the work.

The performance-type specification also allowed the contractor to
choose the nost appropriate anchor type, dinensions and
instal lation procedure to achieve the required design load. A
patented anchor type known as TMD was selected bK the contractor
as the best nethod to achieve the design load in the project soils
(see Figure 40).

The TMD anchor has a substantial advantage over the other anchor
types installed in cohesive soils in that several stages of
grouting and regrouting can be performed in each anchor to devel op
he required capacity. H gh pressure grouting in cohesive soils
must be done with care as application of excessive pressures will
fail the clay surrounding the bond zone, resulting in very |ow
anchor capacities. Al 98 anchors on this project achieved the
desired test capacity and were accepted (see Figure 4D). After
lockoff, all anchor heads were encapsulated with plastic, greased-
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filled caps to prevent corrosion (see Fi ?ure 4E). The FHWA-DPD
funded nonitoring equipnment for the wall to assess l|long-term
performance of the permanent anchor solution. The final report,
which is included in the appendix, indicates that wall novenent
has stabilized and the anchors are performng successfully.

The benefits of performance-type specifications containing a pre-
qualification statenent were shown on this project. The work was
professionally and cost effectively conpleted within the allotted
tine frame. The Interstate Division of Baltinore Cty project
engineer could not renenber a project where better relations
exi sted between the contractor and the State.

In Decenber 1981, a Cooperative Agreement was signed with Maryland
DOT to docunment wall behavior. The performance monitoring and
reporting for the permanent anchor wall instrunmentation were done
by the Schnabel Foundation Conpany with Ms&rs. David Wat herby
and Harold Ludwig as co-principal investigator The installation
and nonitoring of slope novement and water |eye at the wall site
were handled for Maryland DOT by Messrs. Pa enfelt of the
Interstate Division of Baltinore Cty d Martin of the
Bureau of Soils and Foundations, as co-pr | investigators.

The data obtained from this instgunentatio was significant in
several aspects. The major conce ing anchors at this site
was the presence of fine grained SO I M¥the anchor bond zone.
The anchor instrunentation vesi t these soils could safely
withstand the required anchor ads\w thout deflection. However,
the selection of the proper r type played a significant role
in obtaining the necegsary capacity. The per f or mance
specification permtted gt cantractor to select the anchor type
[

best suited to the sit 0 nditions and | oad requirenents.

The TMD regrouta anegor which was selected proved to be both
the optinum anchor the site and of such a configuration
that 1nstrunentation 'd¥be reliably installed.

Later, in preparati®n of a generic anchor specification, FHM

would recognize that the anchor contractor was the  nost
know edgeabl e to select the best anchor type for the project
condi tions.

The analysis of the data from the project instrumentation showed a
gradual transfer of |oad fromthe front of the bond zone to the
mddle and rear third of the bond length. Also, a short section
of the grout colum in front of the load zone was observed to
transfer load to the soil. This pointed out the need to both
begin the bond zone at an offset distance behind the assuned
}‘alluLe surface and to require weak grout in the free stressing
engt h.
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Long-term neasurenents of the deflection of the wall face indicate
only mnor novenents have occurred with the net effect that the
wall has noved into the sl ope. This may be indicative of
conservatism in estimating the required force to stabilize the
original wall instability.

The instrunentation system enployed for these anchors was the nost
reliable of all the denonstration projects. A few general
observations on the success of the instrumentation are:

o The instruments were selected and installed by a
specialist instrumentation contractor.

o Although strand tendons were to be wused in production

anchors, bar tendons were used in instrunented anchors
to optimze instrunentation reliability.

o Duplicate instrumentation was placed on§ghe bar tendon
and  TMD  external tube to insur eliable data
col | ection.

Pre-desi gn Test Anchor Proagram
[-90, Seattle, Washington

During the prelimnary desigp a 0 1-90 in Seattle,

Washington, a review was nad he prelimnary designs to
support high cut slopes al he “proposed alignment. A
prelimnary cost-estimte mllion had been made for
cylinder pile walls to retal cuts. An alternate design

using pernmanent ground an wal'ls estimated at $6 nillion had
been suggested, but cdicer xi sted about long-term  anchor
capacity I1n the clay s |s ¥ To evaluate |ong-term performance,
a pre-design $150,0 te anchor program was proposed. The
program  was | o to establis design criteria and
construction con edures which  would insure long-term
anchor  support i oject soils. In June 1983, a Cooperative
Agreenent was Si between the Denonstration Projects Division
and  Washington tate to provi de $50, 000 in funds for
instrumentation of, "and reporting on, test anchors installed in
the  over-consolidated clay deposit at the project site.
Washington State designated M. Robert Josephson as princi pal
Investigator and selected M. Garry Horvitz of Hart-Cowser and
Associates to be the co-principal investigator. The test anchor
site is shown in Figures 5A-5D.

gn

The test anchor program was designed to use anchor types and
installation procedures which were common to permanent anchor
construction in the Northwest. For that reason, a 12-inch
dianeter, non-pressure grouted anchor was selected, although it
was generally agreed that higher pressure, regroutable anchors
woul d provide higher capacities at shorter [|engths. Bar tendons
were used to facilitate instrunentation, although mltiple bars
needed to be installed in the anchors which were tested to pullout
to insure tendon failure did not occur prior to soil bond failure.
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The testing procedure  was directed at establishing the
rel ationship between anchor |oad and creep. Short bond | engths
would be used to permt determnation of ultinmate capacity wth
reasonably sized test equipnment. Although tenporary anchors in
these over-consolidated clays had been |oaded to high values, it
was suspected that design |oads based on short term pullout tests
woul d be subject to excessive long-term novenent. he basic test
procedure chosen was as described in detail in FHWA RD 81/150,
which is based on the French Standards for permanent anchors. The
end result of these tests is to determne the “"critical creep
tension," i.e., l|oad beyond which unacceptable creep occurs.

The testing confirmed the suspicion that the critical creep
tension would be substantially Iless than the ultimte | oad
measured on the pullout test. [In fact, the critical creep tension
was one half of the ultimate load. Based on these results, the
ultimate bond stress between the grout bulb and the clay was
estimated and used to determne that the desifgd design |oad could
be achieved in a reasonable bond |ength. test anchors were
| ocked off at various percentages of the c | creep tension
and nonitored for several years. The res the nonitoring
were that only mniml |ong-term creep

Several permanently anchored walls hae conpleted on 1-90
based on the results of thi tud ese walls are all
performng satisfactorily with dence of novenent  or
di stress. Short-termtesting p e s developed in the pre-
desi gn anchor test program e hn construction to verify the
| ong-term capacity of anchors t 90 project.

wel | as providing valuable mation for private projects, which
have since been permanent anchors in the over-
consol i dated cl ays

esi gned

In sunmary, the use of #7a ,000 test anchor program by the

Washi ngton DOT resulted a savings of $18 mllion on 1-90 as
or

atQy e.

Correction of Land
KY-227, Carroll Cou

e
, Kentucky

In 1983, the Ceotechnical Section of the Dvision of Mterials,
Kent ucky Departnment of H ghways, was involved in the design of a
| andslide stabilization on KY-227. The l|andslide, which had been
active for several years, affected about 400 linear feet of

roadway. Solutions to the problem were limted as the roadway
| ocation was bounded by a marginally stable, uphill slope and a
railroad |located downhill from the road. The 25-foot depth to the

slide surface ruled out shear key construction or removal of poor
materials while the use of horizontal drains only increased the

safety factor to 1.1. The application was well suited for a
per manent ground anchor solution, but the Departnent had not
designed and let a permanent anchor project at that tine. The

Department  was concerned about enploying this new technology at a
site where an on-going landslide required permanent stabilization
in a short time period.
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The solution was to adopt a shared responsibility design-construct
approach to a pernanent ground anchor design. The Departnent's
geotechnical engineers progressed borings, perforned lab tests,
selected soil strength values, and perforned stability analyses to
det erm ne t he resisting forces required to stabilize the
| andsl i de. A unique specification was developed to permt
alternate permanent ground anchor solutions to be designed by
qual i fied anchor firns. Specific experience requirenents were
listed for the anchor design firns. Interested firnms were
required to submt detailed designs to the Departnent for approval
within a given tinme-frane before the project was bid. The

Department provided a package of geotechnical information, the
resultant force to be resisted by the anchor wall, and specific
structural design requirenents for the anchor wall design. The

subm tted designs were required to include conplete design
calculations, detailed construction drawings, and any special
notes or specifications needed to suppl nt the Departnent's
submttal. Each firms calculations were to presente clearly

so that engineers unfamliar wth perman nchor walls could
review the information in a short tine.

The Department fornmed an internal reywWew” boOard consisting of
structural, geotechnical, and constryct@an &éngi neers to study the
submtted designs. These initial e\inews wer e very time

consum ng, particularly beca@s | Mferent anchor firms used

different design methods to achi nal anchor wall system to
resist the given force.

The board realized that th ri al design criteria supplied to
the contractors needed to cRarified to permt all alternate
designs to be preparedfl on common basis. Itens such as the
design pressure diagra resisted, the use of wall friction
in the soldier pjle j gn, —drainage requirements, and the design
procedure for | o0gl ng were redefined. The specialty
contractors were to revise their original designs and

re-submt. The re mtted designs were reviewed by the board in
a short period of @ime and the project let on schedule. Al though
certain other defici¥encies in the construction specifications were
found after contract award, the project proceeded smoothly to
conpl etion.

Kentucky benefited from their contracting approach to this project
in several ways. One, they did not possess the in-house expertise
to design a permanent anchor wall before this project. The prebid
design approach permtted exposure to several different wall
concepts and design philosophies. After conpletion of another
simlar permanent anchor wall by the prebid nethod, Kentucky
bel i eves sufficient in-house design know edge exists to permt
assunption of some design details and use of a performance
specification which would permt post bid alternates.
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Secondly, the use of a pre-qualification requirenent for the

per manent anchor design and construction insured that only
experienced permanent anchor specialty firns would be eligible for
this work. This mnimzed the amount of construction inspection

necessary to obtain a quality product. Kentucky inspectors were
able to observe the specialist contractor's nmethods, quality

control procedures, and equipnent in order to develop confident
I nspection techniques for future projects.

Thirdly, the prebid specification is a good vehicle to inplenent
the cost-effective technology of permanent anchoring on public
projects. The agency establishes the basic design framework and

permts several experienced contractors to conpete for the nost
cost-effective design.

The Carroll GCounty wall (and a subsequent anchored wall in
Campbel | County) has been a successful use of gpermanent anchors to
stabilize a landslide. The instrunentatio I ndi cated that by
Novenmber 1985, noverment of the wall and hi had virtually
st opped.

An inspection of the conpleted permane or wall by the FHWA
roject manager on Cctober 15, 1987, i that the roadway
ehind the wall was stable. No evi\d of any novenent was

observed in the roadvva?/ or duar N\ (see Figures 6A-6C).
However, two problens affecting a y of the wall face were
observed. Termte infestati bserved in a few of the
treated wood |agging secti ' conprise of the final wall
face (see Figure 6D). Siml rodbens have been reported on
ot her permanent walls fa treated wood. It is postulated
that the wood |ags devel during initial stressing of the
anchors to the test a ‘e., comonly 1.33 to 1.50 of the
desi gn | oad. In fact, ndom | ags nmay actually be subjected to
hi gher stresses a§ @i tion of load is not uniform across the
wal | face due to t ess of the soil cut face on which the
| ag bears. These cks extend through the treated skin and into
the untreated wood re which is eventually attacked by the
termtes. H ghway gencies should carefully assess the use of
wood lagging as the pernanent, |oad-bearing face for pernmanent

anchor walls, particularly in locations where routine Inspection
and mai ntenance are not feasible.

ri

The inspection also disclosed that the "Tapecoat TC Mastic," used
as protective coatings on exposed steel surfaces, was blistering
and peeling. Corrosion of the waler was observed beneath the
peel ed coating (see Figure 6E).

Lateral Support of Bridge End Sl opes
D nond Boul evard - Anchorage, Al aska

In 1985, a Cooperative Agreenent was executed with the A aska
Departnment of Transportation to provide funds for instrumenting
t he agency's first per manent ground anchor
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installation. The project involved construction of an anchored
wal | to support the existing end fills and abutnments on the D nond
Boul evard project in Anchorage. Traffic would be naintained on
the existing structure during construction. These walls were
unique in that resistance had to be provided for both vertical and
| ateral |oads from the abutnents which were supported on spread
footings |ocated above the wall in the end fill. The walls were
requi red because the under road, D nond Boulevard, was being
w dened and lowered to provide increased clearance wunder the
existing structure. The principal investigator was M. Thonas
Mbses of Al aska DOT.

Instal lation of soldier piles beneath existing structures poses
problems, particularly when the pile length required is greater

than the available clearance. The solution wused for pile
installation was to close one lane to traffic on the existing
bridge, drill holes in the deck between girdéts, and install the

piles through the deck to the designed enbed
After conpletion of the pile installation in ne, the piles
are cut off below deck l|evel, the holes d, and traffic

restored in that lane while the operation i the next |ane.
The total time for installation of all p s less than 1 week

into the ground.

@ _

using this method.

One unexpected probl em about thed® arose during construction
when an extrenely heavy rain occurw e drainage from the deck

entered a few open hol es andqpo on one end slope causing
erosion and settlement of e ut ment . A solution to this
problem is to require deck | to”" be tenporarily sealed against
te
0

water infiltration inmmedi Wafter drilling and permanently
sealed inmediately after solidi er beam is installed.

The anchors were i al |
fill at levels
vertical and horizo
operation such t

Boul evard when requi

into the existing ?ranul ar approach
t existing abutment footing. Ad%quat e
arance existed for the anchor drilling
traffic could be nmaintained on Dinond
d during the construction.

Al though the final report for this pro{]ect has not been submtted,
observations made for a year after the construction indicate the
anchored wall is functioning as designed ﬁsee Figure 7). It does
appear that the wall noved Into the backslope a snall anount which
caused a decrease in the lockoff |load on the tendons. The reasons
for this novenent and decrease in load may be better known when
the final report is received in 1990.

U ban Railroad G ade Separation
North Street Project, Lima, Chio

The North Street project, which is located in an old, congested
area of downtown Lima, Chio, was the State's first permanent
anchor  project. The project right-of-way was very limted,
requiring underpinning of ‘adjacent structures (see Figures 8Aa-8C)
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as part of the permanent anchor wall construction.  Only small
wal | novenents could be tolerated due to the proximty of the
structures to the wall. In addition, the bond zone soils were

predom nately fine-grained wth respective liquid Iimts and
plastic indices generally above 30 and 15. These soils are at the
|l ower end of soil types which are considered suitable for
per manent ground anchors.

In late 1985, a Cooperative Agreenent was executed between FHWMA
and the State of OChio to provide funds for nmonitoring the
performance of permanent anchors on this project.  The co-
k)/rrinci pal investigators were M. Rchard Engel of Chio DOT and

. Mark Lockwood of the H C Nutting Company, consultants for
this project.

The project construction specifications
performance basis and required that a pernaf
contractor construct the anchored wall. Al
to be tested before lockoff with paynment to
on acceptance criteria for the tests. Thi
critical factor in the success of the the Cnhio DOT
construction engineers had no experLi

permanent anchor wall construction. alty contractor who
was the successful bidder, Schnalel gfoufdation Conmpany, made every
effort to explain the proper const& procedures and assist in

t

ere devel oped on a
pt anchor specialty
hors were required

% ont ract or based

cation becane a
ith inspection of

training the project Inspector oj eCt inspectors photographed
nunmerous steps in the wal ction to provide training
materials for inspectors on chor projects. Although this

project was difficult in of both surface and subsurface
probl ens, the constructionfpro ed snmoothly and w thout incident
to conpletion.

This project, nor

pre-qualificatio
performance type
maj or  objective o

other, denonstrated the value of both
ialty contractors, and the use of

Cl™ cations for permanent anchor work. A
the instrunmentation was to determ ne the
movenents and | oads ansferred to the soldier piles as successive
| evel s of anchors re stressed. The data, available at the end
of construction, indicated that the vertical load on the soldier
pile increased rapidly as the excavation proceeded to grade and as
each successive row of anchors was stressed. O the 59 Kips
estimated in design to be the maxinmum vertical |oad, 55.4 Kips
were transferred below grade. This initial data suggests ver

little load transfer above grade between the soldier pile bac

face and the soil face being supported. This tends to confirm the
conservative design approach of selecting an angle of wall

friction of zero when calculating earth  pressures agai nst

per manent anchor walls.

A second interesting observation was the decrease in load carried
by the first level of anchors when the second |evel was tensioned.

This indicates the need in design to check the construction
situations where the first anchor level has been installed and
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excavation has proceeded to below the second anchor l[evel. In
some cases, this stage will produce the maxinmum load to which the
| evel one anchors w Il be subjected.

Two other points of interest are the relatively large cyclic
nmovenments in both north-south wall deflection and the tenperature
range noted 15 feet behind the wall. Mvenents of 0.2 inches
appear to have occurred in channel number 93 between w nter and
sunmer. Detailed tenperature neasurenents of the soil both behind
the wall and in the anchor bond length were taken.

The detailed report in the appendix contains figures which are
updated to show nearly 1 year of readings, although the text only
contains prelimnary comments on the period up to about 3 nonths
after construction. The final report on this project is not due
until Decenber 1990. Figures 8D-8H show anchor installation and
the conpleted wall.

Ti eback Bridse Abutnent

Ranp Q [1-279, Pittsburgh, Pennsylvania

In late 1987, PennDot entered into a e Agreenent wth
FHWA to instrunment and nonitor the pe nce of a tied back
bridge abutnment in Pittsburgh, Pe anpa. This is only the
second mmjor application of copstructin per manent anchor ed
bridge abutment in the United The reason for the design
was potential lateral instabili t&

he slope on which the
abutment would be constr !
this study is M. James Wthi 0
this project.
E@
ut

e principal investigator for
Appolonia, consultants for
At the witing of this t,)the abutment construction has been
successful ly conpl et ed concl usi ons have been devel oped
regarding perfor 0 ermanent anchors.
V. REHABI LI TATI ON URES WTH PERMANENT GROUND ANCHORS

During the progress@on of the permanent anchor project, the nost
cost-effective application of the technology was in rehabilitation
of structures. Per manent anchor designs for rehabilitation
projhect s were relatively straight forward and acconplished wthin
a short tine.

The equi pment required for permanent anchor work is relatively
small, readily available nationally, and easil nobi | i zed. The
materials are common construction itens available nationally in a
short time frame. Al these factors point to anchor use for
rehabilitation work, particularly when the project repair nust be
acconplished in a short time frarme.

The following two projects are exanples of walls for which the

denonstrati on project nmanager provided technical assistance to
achieve fast, cost-effective repair.
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Hope, ldaho, Cenetery Wall Rehabilitation

A 34-foot high by 200-foot long retaining wall was built in 1975
to preserve a pioneer cenetery |ocated above the proposed grade
just west of Hope, Idaho. The wall was designed with a flexible
face of pr ecast reinforced concrete segnents (stretchers)
I nterconnected by vertical steel rods. Lateral support of the
flexi ble panels was achieved in the lower 12 feet with rock bolt
tiebacks, in the mddle 8 feet by gravity wall design, and the
upper 14 feet by deadman anchors. Follow ng construction, the
stretchers be?an to crack and spall and the face began to tilt. A
study of wall conditions in 1978-79 concluded that 1nteraction of
the vertical rods and reinforcing steel of the stretchers was
causing the reinforcing steel to break out of the stretchers in
the lower 12 feet of the wall (see Figures 9A-9B).

It was reconmended that the wall be strengtheped in this section

and that |ong-term corrosion of unprotected st'@el wall elenents be
considered in the rehabilitation.

The FHWA Western District Feder al
responsibility for the wall repair. The
acconplish several objectives:

was assi gned
treatnent had to

o not distress the delicate syr r stability of the
existing wall or disturb the

o maintain a safe mni nce distance from the
hi ghway,

o provide long-term corgosio esi st ance,

o be cost-effective.

Fortunately, subsu

pditions at the site were adequately
defined by the sit

ogy and records of the existing rock bolt
installation. The Smtibsurface conditions consisted of a mxture of
sand, silt, and r@®ck fragnments overlying rock at relatively
shal | ow depths. Concerns for long-term corrosion and the need to
reinforce the existing wall with mninal disruption to the site,
conbined with favorable subsurface conditions, led to a pernanent
ground anchor sol ution.

The permanent anchor design was conplicated by the delicate
condition of the existing wall face. Nor mal Idy, the anchors would
be drilled through the wall and then stressed against the existing
wal | face to above design |oad. However, the thin wall face could
not wthstand any concentrated load. The available clearance to
the adjacent roadway allowed placenent of a 16-inch t hi ck
reinforced concrete face over the bottom 12 feet of the existing
face. ~ Although this thickness was adequate to distribute the
anchor design load over the face area, test stressing the anchors
to above design load on this new face was not deened prudent.
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Since the wall length was short, an alternate testing procedure
was used whereby two pre-production anchors would be perfornmance
tested to over 200 percent of design |oad against the natural
ground just beyond the ends of the wall. After successful tests
were performed, the contractor was required to install the
production anchors with the sane materials and procedures used for
the pre-production testing. Drainage that was occurring through
the existing gapped wall face was designed to be carried by pipes
placed through the new solid wall face (see Figures 9C-9E).

The production anchors were bid on a "per-ft-of-anchor-installed"
basis rather than the nmore conmon per-anchor basis because it was

impossible to proof test each installed anchor. It was also
necessary for the designer in this case to assune full
responsi bilit for establishing a guaranteed "safe" anchor.

Therefore, the anchor hole dianmeter, grout pressure, drilling

procedure, free length, and bond lengthgwere specified in the
plans. Normally, the contractor would bid a per-anchor basis;
determne all anchor dinensions except m m free, and bond
| engths; and prove the design load could sa held by testing
each anchor. In this project, the on anchors were
stressed to a 25-kip lockoff |load. The ed nmovenent of all
anchors at that load was within th e limts established
from the pre-production test anchors.

\ 4
The contract time for constructi% 0 days, which would have
€
n

been net except for sonme, u d weather conditions. The two

pre-production performance ors were installed at a bid

price of $1,500 each. The proXemately 1,900 feet of production

drilling and grouting wa ted for the 61 wall anchors, which

were double corrosion-grotegt®€d |-inch dianmeter bars. The bid
r

price per linear fo duction anchor was $30 versus an
estimated actual cost
Based on the this project, it appears that permanent

r
anchors can be s sstllly used as an alternate nethod of repair
for other thin-faced walls such as metal bin or concrete cribbing.

of $25 by the contractor.

Nevada, cCarlin Canyon Portal Rehabilitation

The portal walls of the Interstate 80 Carlin Canyon Tunnel in
Nevada were built in the 1970s, using a unique |ateral support
system Gal vani zed steel tie rods were fixed into the concrete
wal | face and extended back to anchors in the nearby rock slope.
These rods were designed to resist the |ateral pressure generated
by the backfill that was subsequently Iol aced. However, after
8 years of service, one of the portal” walls began to nove outward
at an excessive rate. To stop this novement, the State renoved
the backfill from the failing wall sections. The tie rods that
were unearthed during backfill renoval failed due to severe
corrosion, particularly near the wall-rod interface. A closer
exam nation showed active corrosion on all parts of the galvanized
rods. As conditions were sinmlar behind all other wall panels,
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any remedial design selected would have to anIy to all panels.
The choices were to reconstruct the walls or re-establish
permanent |ateral support for the existing walls. The State DOT
sel ected permanent anchors to provide the required lateral support
to the existing walls.

Two problens were overcome in the permanent anchor design. First,
the thickness of the existing wall was inadequate to support and
distribute the required permanent anchor loads (45 to 70 tons per
anchor). This problem was resolved by casting vertical concrete
beans at specified center-to-center distances along the panels.
The 1 3/8-inch dianeter single-corrosion-protected bar anchors
were placed through and stressed against the beans, which were
adequately reinforced to sustain the stressing load and distribute
the force over the panel height. The second problem only occurred

at panels where the backfill had been renoved. Permanent anchors
are normally post-tensioned to the required proof |oad after
installation. However, passive resistance fehind the excavated
panel s was insufficient to allow stressing the dhchors to the test
| oads wi thout damaging the wall. In addition, i1l should not
be placed and conpacted around anchors that Br evi ousl y been
installed. Backfil | conpacti on oper an damage the
corrosion protection of the permanent anc can cause bending
of the tendon free length under the§c agtive | oad. Such a
backfill procedure was used in the or¥Wgi portal construction
and reportedly caused inward ctions due to bending of
the rods.

To prevent these problens, t StakeV required backfill to be
placed in stages and conpa ehind those wall panels to about
3 feet above each successivefrow anchors. The anchors in each
| ower row were stresse and Yl ocked off before the backfill was
placed to the next hi ih ro attenpt was made to pull the
defl ect ed wal | C its original position for fear of
structurally danagi h anel s. Drainage was reestablished
behind the excavat by handing vertical drains down the

back face and con ting them to a positive outlet before
backfilling.

The specification for the anchors was performance based; i.e., a
pre-qualification statement was included to ensure the work was
awarded only to an experienced permanent anchor contractor. The
contractor was responsible for determning the actual required
anchor bond length to develop adequate load capacity to satisfy
anchor testing requirenents for the design loads on the plans.

Wthin the specification, the contractor was allowed to use his
expertise to determne tendon type, drilling nethod, grouting
pressures, multiple grouting techniques, and bond | ength
variations to produce the nost cost-effective anchor. The State
accepted or rejected each anchor on the results of either
performance or proof tests that were done on the installed
anchors. The 64 anchors were bid on a per-unit basis at an
average cost of $2,800, which included labor, materials, drilling,

stressing, and testing. The actual anchor work was conpl eted
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Wi t hin 3 nonths. The entire project, from design through
construction, took about 18 nonths. The final wall is shown In
Figures 10A and 10B.

VI . GONCLUSI ON

The Obf ective of Denonstration Project No. 68 was to introduce,
nationally, the concept of permanent ground anchor use into
routine construction practice. This obj ective has been
acconplished through a nulti-dinension program of research,
technol ogy transfer, t echni cal assistance, and interaction wth
both public and private organizations involved in pernmanent

anchori ng. As docunented in the text of this report, the volune
of permanent anchor work in the United States is nultiplying
yearly. State highway agencies are now considering anchors as

routine alternatives to conventional techniques rather than as

research objects.

mechanism is in
ber manent anchor

Al though the Denonstration Project has endgn
pl ace for further refinenment and pronoti Of

t echnol ogy. Organi zations  such as BA, AGC, ASTM and
the Post Tensioning Institute have op- commttees studying
permanent ground anchor standards a | gcations. Furthernore,
FHWA and ot her governnent orgar‘z i 0 advanci ng prograns for
research to optimze the design €S now in conmon use.

<
™
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Figure 1. Demonstration Presentations Completed



Structural Eiement

Protective plastic Cap end Nut

/~ Anchor Head
/-— Anti-corrosion  Grease

/ Bearing Plate
/~ Prestressing Steel

Secondary Grout

Primary
Grout Bulb

Figure 2 Simple Schematic of a Permanent Anchor
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Figure 3.--Georgia I-75 Project

S

3A.--Testing of Rgragchor Row

3B.--Forming Concrete Wall Face Over Anchors



Figure 3.--Georgia I-75 Project (con.)

) L 4
3C.--Final W

3D.--Wall, 1988
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Figure 3.--Georgia I-75 Project (con.)

3E.--Stable dwengl 1988
Above Wall - HNe P ment Cracks




Figure 4.--Maryland I-95 Project

Figure 4A. int Spalling, 1980

4B.--Wall Base Translation, 1980

A-~6



Figure 4.--Maryland I-95 Project (con.)

4C.--TMD alled, 1981

p"‘;

4D.--Anchor Testing



Figure 4.--Maryland I-95 Project (con.)

Figure 4E . --




Figure 5.--Washington I-90 Project

Figures 5A and 5B
Anchors Installed Through Existing Cylinder Pile Wall
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Figure 5.--Washington I-90 Project (con.)

Figures 5C and 5D
Instrumentation for Anchor Testing
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Figure 6.--Kentucky Route 227 Project

ur A
Embankment IQWith No Evidence of
Movement 3@Yea fter Construction
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Figure 6.--Kentucky Route 227 Project (con.)

Figures 6B and 6C
Views of Wall Face 4 Years After Construction

A-12



Figure 6.--Kentucky Route 227 Project (con.)

Termite Infestation 8 ’ t Treated Wood Face

Figure 6E
Blistering and Peeling of Protective Coating on Waler
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Figure 7.--Alaska Dimond Boulevard Project

Completed D nd ulevard wall
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Figure 8.-~-Ohio Lima Project

Figures 8A, 8B, and 8C.--Building Underpinning Operations
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Figure 8.--Ohio Lima Project (con.)

Figures 8D and BE.--Anchor Drilling
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Figure 8.--0Ohio Lima Project (con.)

8F evel Anchors Installed
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Figure 8.--Ohio Lima Project (con.)

Figures 8G and 8H
Opposing Views of Completed Walls, 1989
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Figure 9.--Idaho Hope Project

Figure 9A.- gall Condition, 1980

Figure 9B.--Closeup of Crack in Lower 12 Feet of Wall
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Figure 9.--Idaho Hope Project (con.)

Figure 9C.-
Poured Egi

9D.--Completed Anchored Wall Repair, 1981
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Figure 9.--Idaho Hope Project (con.)

Figure 9Ege-Not mall Thickness of Wall Repair



Figure 10.--Nevada Carlin Canyon Project

Figure 10A.--Completed We
Vertical B
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