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1. Abstract

This report describes a research project carried out to investigate the feasibility of using
recycled HDPE plastic timbers in the construction of typical landscape retaining walls.  Two
different options were examined for reinforcing/anchoring these walls: use of geosynthetics
(geogrids and/or geotextiles), and use of the timbers themselves as reinforcing elements.  The
project scope included laboratory testing of the backfill soils, testing of several geosynthetic-
timber facing connection designs, construction of two demonstration walls, and monitoring those
walls for a period of about one year.  The scope also included development of design and
construction guidelines, which are included in Appendix E of this report.

In June, 1999, two demonstration walls were constructed using the recycled HDPE
timbers.  One wall was reinforced with geotextiles, and the other was anchored using the timbers
themselves deadmen.  The wall construction and subsequent performance revealed some
potential problems which are discussed herein.  It is envisioned that these problems may be
resolved through slightly modified fabrication and construction techniques, and through further
investigation into the effects of temperature fluctuations on the recycled plastic timbers.
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2. Background

In August, 1998, representatives from the Chelsea Center for Recycling and Economic
Development, the President’s Office of the University of Massachusetts, and SelecTech, Inc. of
Taunton, MA, met with the principal investigator (PI) at UMass Dartmouth.  The parties
involved were interested in investigating the feasibility of using recycled HDPE plastic timbers
in the construction of typical landscape retaining walls.

The nominal dimensions of the timbers are 97 inches in length and 5.5 by 5.5 inches in
cross-section.  An individual timber weighs about 34 pounds.  The timbers are manufactured
with sleeved holes so that they can be connected using steel reinforcing bars (rebars).  The
largest span between two adjacent holes is 18.75 inches.  Holes are located so that the timbers
can be cut into approximately 2 foot sections (or any multiple thereof) and have a rebar hole at
each end of the section.  The timber dimensions and hole configurations are shown in Figures 1
and 2.  As shown in Figure 3, the timber is essentially a 3-sided hollow section, open at the
bottom, with internal webbing provided to add stiffness to the member.  For retaining wall
construction, successive courses of timbers can be connected with 0.5-inch diameter rebar, as
shown in Figure 4.

The goals for this project included development of design and construction guidelines,
and construction of two demonstration walls using the recycled HDPE timbers.  The anticipated
market for the timbers is for homeowners and landscape contractors.  Therefore, a major
stipulation was to develop design details and construction procedures which are compatible with
those typically followed in the landscaping industry.  It is expected that these landscape retaining
walls would not exceed 4 to 6 feet in height.  Although “engineered” retaining walls are

Figure 1: Overall Dimensions of Timbers
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generally designed with free-draining backfill to eliminate build up of water behind the wall, it
was felt that the homeowner and/or landscape contractor would probably try to realize cost
savings by using on-site soils as backfill.  In many cases, soils available on-site have a relatively
high percentage of fines, are often not very free-draining, and generally tend to exhibit lower
shear strength than soils commonly specified for engineered walls.  Therefore, to more closely
model conditions anticipated in the projected use of these timbers, it was decided to use a
relatively low quality soil as backfill behind the demonstration walls.

When soil is placed behind a retaining wall, significant lateral pressures can develop
behind the wall, tending to push the wall outward.  Retaining walls resist these pressures and
maintain their stability through one of two general modes:

• A conventional concrete retaining wall is able to resist lateral pressures due to the weight
of the wall itself, and the weight of the soil placed above the heel of the footing/base of

Figure 2: Spacing of Holes in Timbers

Figure 3: View of Underside of Timber
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the wall.  Some concrete walls are also heavily reinforced with steel to maintain integrity
of the concrete section.

• In mechanically stabilized earth (MSE) walls, reinforcing elements (planar sheets of
geosynthetic material or discrete metallic strips) are connected to the wall face and
extend back into the soil behind the wall.  If properly designed, these elements act much
like a ship’s anchor, holding the wall facing in place as the soil pressure acts against it.
MSE walls have been constructed with a variety of facing materials, including modular
(concrete) blocks, precast concrete panels, and pressure treated wooden timbers.

It was proposed to use the recycled plastic timbers as the wall facing material, and to
incorporate a reinforcing mechanism similar to those used in MSE walls for anchorage.  A major
goal of this project was to investigate different ways of anchoring the retaining walls.  Options
that were considered included using the timbers themselves as discrete reinforcing elements, and
using geosynthetics (geogrids and/or geotextiles) to tie back the wall.

All retaining walls must be designed to satisfy “external” stability requirements.  These
requirements include sliding, overturning, bearing capacity and global stability, and are
discussed in standard foundation engineering textbooks.  In addition, MSE walls must satisfy
several “internal” stability requirements.  With regard to the reinforcing elements, there are three
potential modes of failure.  The elements may be pulled out of the soil behind the wall; the
elements themselves may rupture; and the connection between the reinforcing elements and the
facing may fail.  These potential failure modes depend upon the properties of the reinforcing
material, the properties of the backfill soil, and interaction properties between the soil, the
reinforcement and the facing material.  For MSE walls where modular blocks are used for the
facing, one must also consider internal sliding and/or bulging, since the successive courses of
blocks are not rigidly connected.  For this project, it was concluded that sliding between
successive courses would not be an issue, since the recycled plastic timbers were to be connected
with lengths of 0.5-inch diameter steel rebar.

Figure 4: Connection of Recycled Timber Facing Elements
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Use of geogrids and geotextiles to secure modular block retaining walls is becoming
widespread.  In those applications, the connection between the geosynthetic sheet and the
concrete block facing is usually achieved through friction (despite the fact that alignment pins
are provided in many modular block wall systems).  However, since the recycled plastic timbers
are so light, and provide little cross-sectional area on their underside, the amount of frictional
resistance which can be developed between courses of timbers is negligible.  It was therefore
anticipated that a modified connection detail would need to be designed and tested for this
project.  Descriptions of the preliminary testing, the design, the construction, and the
performance of the retaining walls are included in the sections which follow.  Detailed guidelines
for design and construction of retaining walls using the recycled plastic timbers are included in
Appendix E of this report.

3. Scope of Work

The major goals of this project were to investigate the feasibility of using recycled
plastic landscape timbers in the construction of typical landscape retaining walls, and to
investigate different ways of reinforcing/anchoring these retaining walls.  Options evaluated for
anchoring the walls included using the timbers themselves as reinforcing elements, and using
geosynthetics (geogrids and/or geotextiles) to anchor the wall.  The project scope for fiscal year
1999 involved laboratory testing of the wall components (timbers, geosynthetics and backfill
soils), design of the reinforcing elements, and finally, construction of two sections of wall using
two different reinforcing mechanisms.  The project scope for fiscal year 2000 included
monitoring wall movements over a period of about one year to evaluate the long-term
performance of the timbers and of the different reinforcement options.  It is planned that the
walls will remain in place to serve as an ongoing high profile application of recycled materials
that can be viewed by visitors to the UMass Dartmouth campus.

A related project was also conducted at the UMass Amherst campus.  The major goal of
that project was to evaluate worst case and best case drainage scenarios.  Under that project
scope, a comparison was made between two retaining walls, one constructed with native material
and no provision for drainage and one constructed with engineered backfill and a full drainage
system.

4. Description of Approach to Work and Work Completed

4.1 General

To design an MSE retaining wall, it is necessary to measure or estimate several properties
of the backfill soil, the reinforcing elements and the facing material.  Strength testing of the
recycled plastic timbers was completed at UMass Amherst prior to the start of this project, and
indicated that the timbers possessed sufficient strength and stiffness for their proposed use in
typical landscape retaining walls.  Under the scope of this project, backfill soils were tested by
undergraduate research assistants at UMass Dartmouth under the direction of the PI.  The soil
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testing included standard include index and classification tests, compaction tests, and direct shear
tests.

As discussed in Section 2, for the geosynthetic reinforced wall, it was anticipated that a
facing connection detail would need to be designed and tested.  The National Concrete Masonry
Association (NCMA, 1996) developed a protocol (NCMA Test Method SRWU-1) that is
generally accepted as the industry standard for testing facing connections for geosynthetic
reinforced walls.  The PI devised several potential facing connection designs, and those that were
acceptable to the representatives from SelecTech were tested in accordance with the NCMA
protocol.  Since specialized equipment is required to perform this testing, it was completed in
collaboration with Dr. Richard Bathurst at the Royal Military College of Canada, where this
specialized equipment is available.

After preliminary testing was completed, three retaining walls were designed (one
reinforced with geotextiles, one reinforced with geogrid, and one anchored using the recycled
timbers as “deadmen”).  Two of these three designs were selected for construction.  The
geotextile reinforced wall (Wall #1) and the timber deadman wall (Wall #2) were selected based
upon results of the facing connection tests, estimated material costs, and construction
considerations.  The walls were then constructed by the PI and three undergraduate students,
with assistance from UMass Dartmouth Building & Grounds personnel.

After construction, the walls were monitored by optical survey to evaluate their long-term
performance.  The monitoring was conducted for about a year, to measure wall movements,
which may have occurred as a result of creep and/or seasonal events (heavy rain, freezing/
thawing, etc.).

4.2 Soil Testing

The soils behind and beneath a retaining wall will have a significant influence on the
design of the wall.  It is important to have a general understanding of the soil types and of
various soil properties (particularly shear strength, unit weight and moisture density
relationships).  For this project, shallow test pits were excavated at each wall location, and a
borehole was drilled adjacent to the site (about 25 feet away from wall #1, and 50 feet from wall
#2).  Based upon these explorations, the material beneath the retaining walls appeared to consist
of two to four inches of topsoil (which was removed prior to construction), underlain by very
dense glacial till.  Weathered bedrock was encountered in the borehole at about 20 feet beneath
the ground surface.  Dense glacial till is generally considered to be excellent as a foundation soil,
so no further analyses were performed on this material.  Groundwater was observed at depths
ranging from about 2 to 4 feet below existing grade.

The soil which was placed and compacted behind the retaining walls came from a
stockpile located on campus.  The following tests were performed on samples obtained from that
stockpile:

• Sieve analyses (ASTM D 421)

• Hydrometer analyses (ASTM D 422)
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• Atterberg Limits (ASTM D 4318)

• Moisture Density Relationship for Soils, Standard Method (ASTM D 698)

• Direct Shear Test (ASTM D 3080)

Results of these laboratory tests are included in Appendix A.

The grain size distribution curves derived from the sieve and hydrometer analyses and the
Atterberg Limits data are primarily used for classifying the soil.  Grain size distribution is also
important with regard to drainage and filtration criteria, as discussed in subsequent sections of
this report.  According to the Unified Soil Classified System (USCS), the backfill soil used for
this project is classified as a silty sand (SM).  The material contains about 20% to 40% fines
(material smaller than 0.075 mm in diameter), and the fines exhibit low plasticity (plasticity
index = 2.6).

Soils placed as backfill behind retaining walls are compacted to increase their strength
and stiffness.  For any given compactive effort, the maximum dry unit weight that is achievable
is controlled by the moisture content of the soil.  The Standard Proctor Test is a means of
defining the relationship between dry unit weight and moisture content.  The relationship is
typically defined by a concave downward shaped curve.  The peak point on the curve
corresponds to the maximum dry unit weight and the optimum moisture content.  To attain
maximum strength and stiffness, it is usually necessary to compact the soil at or near it’s
optimum moisture content.

The results of the Standard Proctor Test are used for quality control during construction.
Most construction specifications require a minimum degree of compaction, typically 95% of the
maximum Standard Proctor value of dry unit weight.  Often placement moisture content is
required to be within 1 to 3 percent of the optimum value.  For the soils used in this project, the
maximum dry unit weight of various samples ranged from about 105.7 to 112.3 lb/ft3.  The
corresponding optimum moisture contents ranged from about 15.8% to 9.0%, respectively.

The shear strength of the soil has a critical impact on the design of the reinforcing
elements for retaining walls.  Soil shear strength is commonly defined using the Mohr-Coulomb
failure criteria, which relates the normal stress acting along a failure plane to the peak shearing
resistance available along that plane.  A “failure envelope” is created by plotting data points of
peak shear stress, τ, versus applied normal stress, σ, from tests performed on multiple specimens
compacted to approximately the same relative density.  The failure envelope is a best-fit straight
line through those data points, defined by the equation:

τ = c + σ tan φ

The shear strength parameters, c (intrinsic cohesion) and φ (angle of internal friction),
correspond, respectively, to the intercept along the shear stress (vertical) axis, and the angle
which the envelope makes with respect to a horizontal line.  For the soils tested in this project,
the intrinsic cohesion was negligible, and the angle of friction ranged from about 36.5o for dry
specimens, to 30.5o for samples which were tested in a saturated state.
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4.3 Facing Connection Testing and Design (Geosynthetic Reinforced Walls)

4.3.1 General

Design of an MSE wall with geosynthetic reinforcement involves analysis of the facing
stability in addition to analysis of external and internal stability.  For a modular block wall, the
connection pullout strength of the geosynthetic reinforcement between courses of precast
concrete blocks is determined in the laboratory in accordance with NCMA Test Method SRWU-
1.  As discussed in Section 2, the connection between the geosynthetic reinforcement and the
concrete block facing is achieved primarily through friction in these walls, because the blocks
are quite heavy and provide a relatively large surface area with which to “sandwich” the
geosynthetic material.  The recycled plastic timbers used in this project are much lighter, and
provide comparatively little cross-sectional area on their underside.  Therefore, the amount of
frictional resistance which can be developed to hold the geosynthetic between courses of timbers
is negligible.  It was therefore anticipated that a modified connection detail would need to be
designed and tested for this project.

4.3.2 Test Methodology

Testing of the connection pullout strength of the geosynthetic reinforcement between
courses of recycled plastic timbers was generally carried out in accordance with the NCMA Test
Method SRWU-1, with a few modifications due to the fact that the timbers are somewhat
different than the concrete blocks for which this test was devised.  Several different products
(geogrids and geotextiles) were tested using various connection schemes.  The test protocol
consisted of placing a layer of reinforcement between two courses of timbers, and connecting the
timbers with steel rebar placed through each hole. The test frame was set up to accommodate a
30-inch length of timber.  A normal (confining) load was applied to the timbers and maintained
constant for any given test.  Normal loads were selected to reproduce the confining pressures
anticipated in the field.  The reinforcement was then pulled out from between the timbers at a
constant rate.  The pullout load increased throughout the test until a failure condition was
reached.  Each test was concluded when the reinforcement either pulled out from between the
timbers, when the reinforcement ruptured, or when a combination of pullout and rupture had
occurred.

For a given applied normal load, the pullout load was plotted as a function of
displacement.  The load displacement curves for the connection designs recommended in this
study are included in Appendix B. Although the test on a given connection design is usually
repeated at several different normal loads, only two different normal loads were used in this
study.  This was due, in part, to the limited budget for this project, and also due to the fact that a
very limited range of confining pressures is anticipated in the field.  When tests are performed at
a series of different normal loads, the peak pullout values are then plotted against the
corresponding normal loads to produce failure envelopes similar to those plotted for the direct
shear soil tests discussed in Section 4.2.  The connection capacity envelopes are then used to
determine the peak facing connection strength for any given confining load, since, for frictional
connections, the available connection strength increases with increases in applied normal load.
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Envelopes were not plotted for the tests completed in this study because the peak connection
loads were essentially independent of the applied normal load (indicating that the connections
were more mechanical than frictional in nature).

In analyzing facing connection capacity, the NCMA limits the allowable long-term
connection strength of a given geosynthetic/modular block combination as the least of the
following values:

• the peak connection strength divided by an overall factor of safety;

• the connection strength based on “serviceability”; or

• the allowable long-term strength of the geosynthetic material itself.

The “serviceability” criterion limits the allowable connection strength to that measured in the test
at a displacement of 0.75 inches.  In addition to the load-displacement curves, tabulation of the
peak connection strengths and the connection strengths based upon the serviceability criterion
are included in Appendix B.

4.3.3 Connection Design and Testing

Several preliminary designs were attempted that were unsuccessful in providing the
necessary facing connection capacity.  It was initially hoped that a geogrid could simply be laid
down over the timber interface, with the rebar used to connect successive courses of timbers
placed through the grid apertures to secure the grid to the facing, as shown in Figure 5.  This
design was tested using a very strong HDPE geogrid (Tensar UX 1400).  Although this is a fairly
expensive product, it was selected because it has a very high juncture strength, which would help
to resist the stresses at the connections between the grid and the steel rebar.  One test was
performed at an applied normal load of 41.5 lb/ft, which corresponds to the load that would exist
with 10 courses of timbers (4.6 feet) above the connection interface.  During the testing, the grid
failed at an unacceptably low pullout load.  The failure was due to rupture of the longitudinal
members (ribs) adjacent to the pieces of rebar that were spaced 18.75 inches apart.  It was
concluded that the tensile load applied to the geogrid was not being transferred uniformly along
the entire 30-inch width of geogrid; instead, the load was being resisted primarily by the few
sections of grid which were hooked over the rebar.

In an attempt to increase the capacity of the connection described above, various
connectors (heavy duty staples, etc.) were used to tack down the ribs of the grid.  These attempts
were also unsuccessful, because the staples pulled out almost immediately upon loading,
followed by rupture of the ribs in the same manner as discussed above.  Although this connection
scheme was very simple and could be constructed rapidly in the field, it was concluded that a
more substantial facing connection would be required for these lightweight timbers.
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A connection was then designed using prefabricated plumber (pipe) strap and 1 ¼ inch
galvanized roofing nails.  Both of these materials are fairly inexpensive and available in most
hardware stores.  This general design can be used with either geogrid or geotextile
reinforcement.  Two products were tested using this facing connection scheme: a polyester
geogrid (Mirafi 3XT) and a polypropylene geotextile (Mirafi HP 370).  These products were
selected, in part, based upon cost considerations (about $3.50/yd2 and $1.60/yd2, respectively).
Although their strengths are less than many other geogrid and geotextile products, a high
strength geosynthetic is not required for relatively low landscape retaining walls.  It was
therefore decided to test the facing connection using these lower strength, but less expensive
products.  Although only these two products were tested, it is anticipated that similar results
would probably be obtained using other geogrid and geotextile products available in the market.

The facing connection for both the geotextile and the geogrid were very similar.  The
connection between the geotextile and the timber facing is described below, and is illustrated in
Figure 6.  The geotextile was extended over the lower course of plastic timbers and attached to
the timbers using a length of plumber’s strap tacked down over the textile about ¾ of an inch in
from the back edge of the timbers.  A second length of plumber’s strap was also tacked down ¾
of an inch from the front edge of the timbers, to serve as a spacer to prevent outward batter of the
timber facing.  For the strap placed along the front edge of the timbers, tacks were installed about
every 18 to 24 inches.  For the strap used to attach the geotextile, tacks were placed at a 2 ¼ inch
spacing (every third hole).  The geotextile was then wrapped back over the strap and out behind
the back of the timbers.  The upper course of timbers was then placed, and attached to the lower
course with pieces of steel rebar through each hole.  A length of about 8 to 12 inches of
geotextile extended out the back of the timbers.  It was intended that this tail would be embedded
in the drainage aggregate placed behind the face of the wall in the field.

Results of the geotextile-timber facing connection tests (included in Appendix B)
indicated that this design would be more than adequate for the proposed walls.  Two tests were
performed at a normal load of 41.5 lb/ft, and one test was performed at a normal load of 13.8
lb/ft.  The minimum peak connection capacity obtained was 949 lb/ft, and the minimum
connection capacity based upon the serviceability criterion was 632 lb/ft.

Figure 5: Facing Connection Using Tensar UX 1400
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(6a) Tacking down plumbers’ strap to attach geotextile to timbers.

 (6b) Next course of timbers in place with tail extended behind timbers into
drainage aggregate.

A test was run with the Mirafi 3XT geogrid connected the timbers in exactly the same
manner as the HP 370 geotextile.  The test was run at a normal load of 41.5 lb/ft.  Results from
that test indicated that the connection capacity would be slightly inadequate for the proposed
application.  A similar connection was made, with the exception that the geogrid was tacked
down with both pieces of plumber’s strap (instead of just the back piece).  This connection is
shown in Figure 7.  Although the time required to construct this connection is almost doubled
(due to the extra nailing involved), results indicated that this design would be more than adequate
for the proposed walls.  One test was performed at a normal load of 41.5 lb/ft, and one test was
performed at a normal load of 13.8 lb/ft.  The minimum peak connection capacity obtained was
991 lb/ft.  The connection capacity based upon the serviceability criterion was 255 lb/ft and 508
lb/ft at applied normal loads of 13.8 lb/ft and 41.5 lb/ft, respectively.  Results of these geogrid-
timber facing connection tests are included in Appendix B.

Figure 6: Facing Connection Using Mirafi HP 370 Geotextile
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4.4 Design of Retaining Walls

4.4.1 General

MSE walls in North America are typically designed using methods that are described in
documents produced by the National Concrete Masonry Association (NCMA, 1996), the Federal
Highway Administration (FHWA, 1997) and the American Association of State Highway and
Transportation Officials (AASHTO, 1996).  Although there are slight differences between the
methods outlined in the NCMA manual and those in the FHWA and AASHTO documents, the
overall approach used in all three is quite similar.  Because those documents outline the design
steps in detail, step-by-step procedures will not be reiterated here.  For any specific retaining
wall, an acceptable design will depend upon several factors, including:

• Wall height

• Slope of soil in front of and behind the wall

• Backfill soil properties

• Subsurface (foundation) soil properties

• Groundwater and surface water conditions

• Type & properties of reinforcing elements (geotextile, geogrid, timber deadman, etc.)

There is no generic retaining wall design that encompasses all the possible variations in
these factors.  Therefore, it is important that any individual wall design be checked to ensure that
it satisfies both external stability (including bearing capacity, sliding, overturning, global
stability, and total and differential settlement criteria) and internal stability (internal sliding,

Figure 7: Facing Connection Using Mirafi 3XT Geogrid
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pullout and/or rupture of the reinforcing elements, and facing connection integrity).  The
following sections describe the design details of the two demonstration walls constructed for this
project.  A set of general design and construction recommendations is included in Appendix E of
this report.

4.4.2 Geotextile Reinforced Wall (Wall #1)

For this project, the geotextile reinforced wall was essentially designed and constructed
in accordance with the guidelines in the NCMA manual.  The only major difference was that the
soil used as backfill behind the wall had a higher percentage of fines than that recommended in
the NCMA guidelines.  As noted in Section 2, the backfill soil used in this project was selected
because it was felt that it would more closely model conditions anticipated in the projected use of
the recycled plastic timbers by homeowners and landscape contractors.

Although it was originally planned to construct both the geotextile reinforced wall and
the timber reinforced wall to heights of 6.4 feet, both walls were redesigned during construction
due to problems that were encountered (as described in Section 4.5).  An as-built elevation and a
cross-section of the geotextile reinforced wall is included in Appendix C. The wall is 4.58 ft.
high (10 courses of timbers), with a back slope ranging from 6 to 9 degrees, and a front slope
which is approximately horizontal.  The wall is 50.5 feet wide at the base, and tapers up to a
width of 36.4 feet at the top.  The wall is reinforced with three layers of Mirafi HP 370
geotextile, placed between timber courses 2-3, 5-6, and 8-9 (from the base of the wall up).  The
geotextile layers extend 4.0 feet, 5.0 feet, and 6.0 feet, respectively, behind the wall.  The
geotextile was attached to the timber facing as described in Section 4.3.3.

The wall was placed on an aggregate leveling pad (6 inches or greater in thickness), with
the base of the wall embedded about 0.7 feet below the exterior grade at the front of the wall.  As
shown in the cross-section in Appendix C, 12 inches of drainage aggregate was placed behind
the face of the wall, with a perforated drainage pipe placed near the base of the aggregate.

4.4.3 Timber Reinforced Wall (Wall #2)

It was originally proposed to design the timber reinforced wall similar to an MSE wall
using the timbers as discrete reinforcing elements extending perpendicular to the face of the wall.
Preliminary computations were performed using procedures similar to those outlined in the
AASHTO (1996) and FHWA (1997) documents.  These computations indicated that, due to the
hollow underside and the relatively smooth surface of the timbers, this reinforcement scheme
would not be feasible.  In order to obtain an adequate factor of safety with respect to pullout, the
reinforcing timbers would need to be placed at extremely tight vertical and horizontal spacing.

To increase the pullout resistance, it was decided to use the timbers to construct
“deadmen” similar to those which are often used to anchor steel sheet pile walls.  These deadmen
were constructed by placing two timbers perpendicular to the face of the wall, and then
connecting them at their ends (behind the wall) with timbers running parallel to the face.  Two
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types of deadmen were designed for this project; schematics of both designs (Detail “A” and
Detail “B”) are included in Appendix C.

The ultimate load capacity of an individual deadman was estimated by first computing
the net difference between the passive and active pressures acting against the front and back
faces, respectively, of the deadman at any given elevation.  That value was then multiplied by the
area over which those pressures act (approximately 8 feet by 0.92 feet for Detail “A” and 8 feet
by 0.46 feet for Detail “B”).  It should be noted that, for deep anchors in tall walls, the ultimate
load capacity as computed in this manner may not be fully realized, since there could potentially
be interaction between the passive failure zone in front of the deadman and the active failure
zone behind the wall face.

The timber reinforced wall was originally designed to be 6.4 feet high, with three levels
of deadman anchors, spaced vertically at every other course of timbers, and horizontally behind
every other 8-foot timber.  The lower two levels of deadmen were to be constructed according to
Detail “A”, and the upper level of deadmen was to be constructed according to Detail “B”.  It
was decided to decrease the height of this wall to 4.1 feet (9 courses of timbers), due to problems
that were encountered during construction (as described in Section 4.5).  The anchorage
requirements were accordingly decreased, and only the lower two levels (constructed according
to Detail “B”) were placed.  As-built elevations, showing the timber facing and the location of
the deadmen behind the wall, are included in Appendix C. This wall is 46.5 feet wide at the base,
and tapers up to a width of 24.3 feet at the top.

The wall was placed on an aggregate leveling pad (6 inches or greater in thickness), with
the base of the wall embedded about 0.9 feet below the exterior grade at the front of the wall.
Approximately 12 inches of drainage aggregate was placed behind the face of the wall, and a
perforated drainage pipe was placed near the base of the aggregate.  The slopes in front of and
behind this wall are approximately horizontal; the backfill behind the wall was graded slightly in
order to promote surface water drainage away from the wall face.

4.5 Construction of Retaining Walls

4.5.1 General

The two retaining walls were constructed between June 8 and June 15, 1999 by the PI
and three undergraduate students, with assistance from UMass Dartmouth Building & Grounds
personnel.  A representative from SelecTech also joined the construction team on June 12.  The
walls were constructed against two different mounds of existing soil which had been stockpiled
at the end of Parking Lot #12 on the UMass Dartmouth campus.  The recycled plastic timbers
and steel reinforcing bars were provided by SelecTech, and several timbers were pre-cut at their
factory since power was not available at the construction site.  For the geotextile reinforced wall,
the HP 370 geotextile was provided by T. C. Mirafi.  Soil used as backfill was obtained from a
stockpile located near the Cedar Dell dorms on campus.
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The walls were built in accordance with the construction recommendations presented in
Appendix E of this report.  UMass Dartmouth Building & Grounds provided a machine operator
with a backhoe (to excavate the trench for the leveling pad) and a frontloader (to place the
backfill material).  The majority of the backfill soil was compacted with a hand-operated
vibratory plate compactor.  Lift thicknesses after compaction were approximately 6 to 8 inches.
Field unit weight (sand cone) tests performed on that soil indicated that the relative compaction
ranged from about 92.2% to 98.0%.  The placement moisture content varied from about 8.3% to
13.5%.  The drainage aggregate and backfill soil within two to three feet of the back of the wall
was compacted using only a hand tamper (constructed by attaching a heavy metal plate to the
base of a wooden rod).

The majority of the backfill was placed and compacted between June 8 - 15, 1999.  The
final lift of fill behind each wall was placed by the Building and Grounds crew between June 18
– 22, 1999.  This upper lift of fill was left in a loose state, to facilitate future landscaping
activities (seeding, planting, etc.).  No backfill was placed behind the uppermost 3 to 5 inches of
timbers.  This short edging will be helpful when operating landscaping equipment behind the
wall.

4.5.2 Challenges and Problems Encountered

Several challenges and problems were encountered during construction of the two walls.
The first was related to the steel rebar used to connect successive courses of timbers.  It was
planned that rebar would be placed in all of the timber’s holes, and that rebar lengths would be
staggered so that the rebar ends would not all fall along an individual course of timbers.  The
holes in the timbers are designed so that the 0.5-inch diameter rebar fits very tightly, and thus the
timbers are almost locked into place once the rebar is installed.  For the first two courses of
timbers, most of the rebar was simply driven down through the timbers.  When placing
additional courses of timbers, however, it was necessary to knock the timbers down over
previously placed rebar using a mallet and a wood block, as shown in Figure 8.

Placing the timbers was, in some cases,
fairly easy, but in other cases, very labor
intensive.  The process often required two people
to hold the timber in place, and one or two other
people to tap it down guide the pieces of rebar
into the holes of the timber above as it was being
driven down.  Problems resulted from pieces of
rebar that were bent at their ends.  Driving
timbers down over these bent sections of rebar
was very difficult, and often resulted in damage
to the timber in the vicinity of the sleeved rebar
hole, as shown in Figure 9.

Figure 8: Installation of Timbers
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Another problem encountered was due to timbers that were warped and bowed.  Warping
was observed in several timbers before they were set into place, so those timbers were not used.
In many cases, however, timbers which did not appear warped prior to placement became
warped after they were installed.  This behavior appeared to be temperature dependent.  For
example, a number of timbers were placed on a hot afternoon (sunny with temperatures in the
90’s), at which time they fit flush against the timbers below and snugly against adjacent timbers.
On the following morning (after temperatures had dropped into the 60’s overnight), many of
those timbers were curled upward such that their ends were no longer in contact with the timbers
below.  Gaps on the order of 1/2 inch or more also developed between adjacent timbers which
had been in contact with each other at the time of installation.  Illustration of these situations is
shown in Figures 10 and 11.

Figure 9: Timber Damaged During Installation

Figure 10: Gaps Between TimbersFigure 11: Curled Timber
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In many instances, timbers that became warped after installation were removed and
replaced.  This was very labor intensive, however, and was not always feasible due to the
difficulties encountered in removing timbers after the rebar had been firmly imbedded in the
timber’s holes.

The biggest problem encountered was during construction of wall #2 (reinforced with the
timber deadmen) when it was discovered that the holes in many of the timbers did not line up
with one another.  It was initially suspected that the misalignment was due to timbers having
been cut too long or too short.  Upon further inspection, however, it was discovered that the
spacing of the sleeved rebar holes actually varied among several of the timbers.  It is unclear
whether this problem was due to a “bad batch” in manufacturing, or possibly due to temperature
fluctuations during construction.

To remedy this problem, many of the timbers had to be attached to adjacent courses by
installing only one piece of rebar, and then driving several 8-inch galvanized spikes through the
timbers.  Although these spikes provide a substantial connection for wooden timber walls, where
the timbers have a solid cross-section, the integrity of spiked connections for the hollow recycled
plastic timbers is questionable.  The spikes only penetrated through about 0.3 inches of material
on the upper timber, then through a hollow void (about 4.9 inches deep), and then through
another 0.3 inches of material on the lower timber.  Because the integrity of these spiked
connections was questionable, it was decided during construction to modify the design and to
construct shorter walls than originally planned.

Another problem encountered was that the geotextile reinforced wall tilted outward
significantly during construction.  This movement was observed visually during construction,
and later confirmed with survey measurements.  Although minor bulging was observed during
construction of the wall reinforced with the timber deadmen, significant outward batter did not
appear to occur during construction of that wall.  This issue is discussed in more detail in
Sections 5 and 6 of this report.

4.6 Long-Term Monitoring of Retaining Walls

A monitoring program was conducted in which horizontal wall movements were
measured by optical survey to evaluate the long-term performance of the walls and of the two
different reinforcement options.  Measurements were recorded for about one year, to monitor
creep and to evaluate whether seasonal moisture changes and/or freezing temperatures had any
detrimental effects upon the walls.

Control points were installed in front of each wall as soon as the bulk of the construction
was completed.  The control points consist of pieces of steel rebar (about 2 feet long) that were
driven into the ground approximately parallel to the wall face.  Attempts to drive longer pieces of
rebar into the ground were unsuccessful due to the dense and rocky nature of the glacial till
existing below grade at the site.  Aluminum caps were placed flush with the ground on each
piece of rebar, and holes were then drilled in the aluminum caps.  These points were established



18

so that a theodolite can be set up along the same line at each wall during successive monitoring
events.  A series of redundant check points was also established around the site in case any of the
control points is moved or destroyed.

During a monitoring event, a theodolite was set up along the established reference line in
front of the wall.  A series of measurements was then taken using a scale (mounted upon a hand
held level) which is held against numerous points on the face of the wall.  Measurements were
recorded to the nearest millimeter.  The measurements taken during the initial monitoring event
were non-zero (i.e. the reference lines were established one to two feet off of the wall faces), so
relative movement was determined by computing the difference between measurements.  For
example, if the initial reading at a point was 200 mm, and a subsequent reading of 250 mm was
obtained, it would indicate that the wall had moved outward a total of 50 mm between readings.

A drawing showing the face of each wall and the monitoring point locations is included
in Appendix D.  For wall #1 (with geotextile reinforcement) monitoring points were set at 4
different elevations (labeled 1 through 4 on the drawing), and at 7 different locations along the
length of the wall (labeled A through G on the drawing).  For this wall, levels 1 through 4
correspond to points located approximately 0.9, 1.8, 2.7, and 3.7 feet, respectively, above the
existing grade in front of the wall.

For wall #2 (reinforced with timber deadmen) monitoring points were set at 3 different
elevations (labeled 1 through 3 on the drawing), and at 5 different locations along the length of
the wall (labeled A through E on the drawing).  For this wall, levels 1 through 3 correspond to
points located approximately 0.25, 1.6, and 3.0 feet, respectively, above the existing grade in
front of the wall.

Initial readings were obtained on June 17, 1999.  Readings were taken weekly for the first
month after construction and monthly thereafter to monitor wall performance.  Data obtained
from the monitoring program is included in Appendix D.

5. Results

The results of the monitoring program indicate that the geotextile reinforced wall (Wall
#1) experienced significant movement in the form of an outward batter of approximately 12%
(horizontal displacement of about 4 inches (100 mm) over a vertical distance of about 33 inches).
The batter tends to be slightly less near the base of the wall, and slightly greater near the top of
the wall.  The bulk of this movement occurred during construction; post-construction movements
were relatively small.  During the post-construction monitoring period, the wall experienced
outward translation on the order of about 1/2 inch (13 mm).  Readings at all points along any
given horizontal level were fairly uniform, indicating that there has not been any significant
bulging of different sections of the wall.

Wall #2 (reinforced with the timber deadmen) experienced a somewhat different
deformation pattern.  During construction, there appeared to be some bulging towards mid-height
of the wall and along the mid-length of the wall.  For example, initial measurements indicated
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that at level 2, the monitoring points at locations B, C and D (spanning the wall mid-length) were
all displaced out about an inch (25 mm) farther than the corresponding points at locations A and
E (at the ends of the wall).  Along the vertical line D, the monitoring point at mid-height (level 2)
was initially displaced outward about ¼ inch (6 mm) farther than points 1 and 3 along that same
line.  In contrast, along the vertical line E (at the end of the wall), the wall initially moved
outward at the bottom.  These initial movements did not appear to correlate strictly with the
location of the deadmen anchors.

Post-construction measurements for Wall #2 show a tendency towards increasing
outward movement near the top of the wall.  The uppermost monitoring points generally
experienced outward movements on the order of 1 to 1.4 inches (24 to 36 mm) after construction.
This has resulted in an outward batter of about 5% at most locations.  At some locations along
Wall #2, a significant portion of the post-construction movement occurred during the first week
after construction.

In comparing the performance of the two different walls, it is interesting that, although
post-construction movements for Wall #2 have exceeded those of Wall #1, Wall #2 has
experienced substantially less overall movement than Wall #1.  To date, outward batters of about
5% and 12% have been measured for Walls #2 and #1, respectively.  A possible explanation for
the difference in performance of the walls is discussed in Section 6 of this report.

6. Conclusions

Based upon construction of the two demonstration walls and the monitoring data
obtained to date, it is concluded that the recycled plastic timbers can be used to construct
relatively small landscape retaining walls, if the following considerations are kept in mind.  With
regard to constructability, there are some issues with the timber/rebar system itself which should
be examined further and/or modified.  In Section 4.5.2 of this report, problems associated with
bent pieces of rebar were described.  The bent ends on the steel rebar probably resulted from the
fabrication process, where long sections of rebar are cut into shorter lengths with large press type
shears.  Purchasing long sections of rebar and then cutting them into shorter lengths with a
bandsaw might rectify this problem.  Problems associated with warping of timbers, and
misalignment of the sleeved rebar holes was also discussed in Section 4.5.2.  It is suspected that
these problems may be due, at least in part, to temperature fluctuations.  These problems warrant
further investigation.

Both of the reinforcement options employed in this project offer unique advantages and
disadvantages with regard to constructability.  Use of the recycled timber deadmen requires a
minimum of 8 feet of excavation behind the wall, over the full wall height, to accommodate the
anchors.  This may be undesirable when a wall is to be constructed adjacent to a steep slope.  In
contrast, a geosynthetic reinforced wall can be anchored with shorter lengths of reinforcement.
Use of timber deadmen also requires more cutting of timbers, not only for the deadmen, but also
for the facing (to accommodate the perpendicular members).  On the other hand, use of
geosynthetic (geotextile or geogrid) reinforcement requires some additional labor in terms of
connecting the geosynthetic to the facing.
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In terms of economics, using geosynthetics would probably be less expensive than using
timber deadmen to anchor these walls.  However, in terms of performance, the geotextile
reinforced wall constructed for this project exhibited a significant outward batter during
construction.  Although there has been some movement of the timber reinforced wall, the
deformation is much less noticeable.  There are several possible explanations for the outward
batter of the geotextile reinforced wall.  All retaining walls yield (rotate and/or translate outward)
to a certain degree, and most of that movement usually occurs during construction.  Lateral
displacement of retaining walls is a function of numerous factors, including loading conditions,
compaction effects, soil characteristics, reinforcement length and extensibility, and details of the
facing system.

The resultant forces from active earth pressures acting against the walls are not identical,
due to slight differences in wall height and back slope geometry at the different wall locations.
These forces are on the order of 400 lb/ft for the geotextile reinforced wall and 300 lb/ft for the
wall reinforced with deadmen.  The calculated loads in the individual layers of geotextile
reinforcement are quite low, however (approximately 49 lb/ft, 119 lb/ft and 230 lb/ft for the three
layers, from the top down).  Based upon these computed loads and the geotextile stress-strain
data obtained from the manufacturer, strain in the geotextile is estimated at less than 1%.
Therefore, it is unlikely that the difference in pressure acting against the walls is the sole reason
for the difference in performance of the two walls.

Outward batter of retaining walls often occurs during construction due to improper
compaction techniques.  Operation of heavy compaction equipment (large rollers) near the face
is a common cause.  Most guidelines recommend using small walk-behind vibratory rollers or
vibratory plate compactors within 3 feet behind the wall face (NCMA, 1996; FHWA, 1997).  For
this project, the soil within two to three feet of the wall face was compacted using only a hand
tamper (constructed by attaching a heavy metal plate to the base of a wooden rod).  A vibratory
plate compactor was used to compact the rest of the backfill.  It is therefore unlikely that the
movement during construction was due to the compaction equipment used.

Placement moisture content has also been shown to have a significant effect on
reinforcement-soil interaction; compacting soil wet of optimum often causes facing alignment
problems, particularly for soils with a high percentage of fines (FHWA, 1997).  Although the
backfill soil used for this project did have a relatively high fines content, the placement moisture
content was generally close to optimum, and slightly dry of optimum during much of the
construction period.  Thus, while placement moisture content may have had a slight impact, it is
unlikely that it had a drastic effect upon the resulting wall performance.  Caution should be
exercised, however, when using fine grained soils as backfill.  If the soil becomes too wet,
placement and compaction of backfill should cease until the soil becomes drier.

Empirical methods for predicting lateral deformation indicate that, for any given
reinforcement length to wall height ratio, deformation will generally be greater for walls
reinforced with extensible reinforcement than for walls reinforced with inextensible
reinforcement (FHWA, 1997).  Geotextiles and geogrids are typically considered to be
extensible, whereas metallic strips are considered inextensible.  The timber deadmen used to
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anchor Wall #2 clearly behave more like an inextensible material.  It is likely that a combination
of the reduced load behind the timber reinforced wall and the greater stiffness of that system may
explain the difference in behavior between the two demonstration walls.

At this point, it is concluded that use of timber deadmen or geosynthetic reinforcement
are both viable options for anchoring the recycled plastic timber retaining walls.  It is
recommended, however, that if geosynthetic reinforcement is used, the leveling pad should be
constructed with lean concrete rather than aggregate (aggregate was used for both leveling pads
in this project).  The open underside of the timbers offers very little resistance to the forces that
tend to rotate the timbers outward and down into an aggregate-leveling pad.  A concrete pad
would provide a firm surface to resist these forces.  Furthermore, it is recommended that the
concrete leveling pad be angled slightly in order to provide an initial inward batter of the timber
facing.  Most retaining walls are constructed with an initial inward batter (typically 2% to 10 %)
to accommodate the invariable yielding that occurs.  This is particularly important for retaining
walls constructed with the recycled plastic timber facing and geosynthetic reinforcement.
Bracing the wall facing during construction may also be necessary to limit the outward batter of
walls employing geosynthetic reinforcement.

In conclusion, the two demonstration walls constructed for this project represent
an innovative application of recycled material technology.  The light weight and resistance to
rotting make the recycled plastic timbers very desirable for use in landscape retaining walls.
During this project, the wall construction and performance revealed some potential problems.  It
is envisioned that these problems may be resolved, however, through slightly modified
fabrication and construction techniques, and through further investigation into the effects of
temperature fluctuations on the recycled plastic timbers.
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