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1.0 ABSTRACT

This report describes a research project performed at the University of Massachusetts Amherst,
for the Chelsea Center for Recycling and Economic Development. The research project involved
investigating the feasibility of using recycled high density polyethylene (HDPE) landscape
timbers, in the construction of retaining walls. Two retaining walls of similar dimensions,
approximately 7.33 feet high and 83 feet long, were constructed using the timbers for
reinforcing. One of the walls was constructed using engineered backfill and a full drainage
system, the other using material stockpiled on site with no provisions for drainage. The scope of
the project included determining the proper design for the retaining walls, construction of the
walls, laboratory testing of the backfill material, monitoring the walls for a period of ten months.

On the 25™ of June 1999, the construction of two retaining walls, constructed of HDPE
landscape timbers and No. 4 reinforcing bar, began at the University of Massachusetts at
Amherst, Intermediate Processing Facility. The two retaining walls were completed on the 18"
of August 1999. The method used in design utilized the passive resistance of the backfill on a
deadman, to provide the necessary resistance for the front face timbers. The wall construction
went well, and the material was easy to work with. The performance of the wall has revealed
some potentia problems, which are discussed within the report. By dlightly modifying the
construction techniques and design, it is anticipated that these problems will be resolved.

2.0BACKGROUND INFORMATION

The goal of this project is to evaluate the long-term drainage characteristics of aretaining wall
constructed of recycled HDPE landscape timbers, manufactured by SelecTech, Inc. of Taunton,
MA. A comparison will be made between two retaining walls, one constructed using engineered
backfill and afull drainage system, and one constructed using native material and no provisions
for drainage. The intent of the two wallsisto model the worst case and best case construction
techniques. The intended market for these timbers are homeowners and landscape contractors.
Therefore, a smple design detail and construction procedure, which is similar to those used in
the landscape industry, was intended. It was realized that it would not always be possible for the
homeowner or landscape contractor to obtain the proper fill and/or drainage provisions, needed
for design. Using soil found on site may lead to a backfill with a high percentage of fines and
low shear stress. It was therefore decided to compare the performance of the timbers under both
circumstances.

The recycled polyethylene timbers used in the project were 97 inches in length and 5.5 by 5.5
inches in cross section, with an individual weight of 35 pounds. The timbers are manufactured
with dleeved holes, which allow for the timbers to be connected using No. 4 reinforcing bars
(rebars). The timbers are manufactured so that they may be cut into two-foot sections, with a
hole at either end. Figure 1 shows the dimensions of the timbers along with the hole-alignment.
The timbers are open on the bottom face, and are manufactured with baffles to provide stiffness
to the timber.



Figure 1. Dimensions of Timbers
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It was originally proposed to anchor the wall by using only the timbers placed perpendicular to
the wall as reinforcing, but this would require a close spacing of the reinforcing timbers that
would increase the frictional force needed to stabilize the soil mass. Using the timbersasin a
Reinforced Earth Wall relies on frictional forces to keep the reinforcing from pulling out of the
soil. With three sides of the member being a smooth plastic, there would not be enough friction
to prevent afailure. It was then decided to use deadmen attached to the reinforcing. This allows
for fewer timbers to be used in the anchoring system. The timbers are held together using No. 4
rebars, as show in Figure 2, and Figure 3 shows the timbers being used for the reinforcing and
deadmen.

Figure 2: Connection of Facing Using No. 4 Rebar




Figure 3: TimbersUsed for Reinforcing and Deadmen

3.0 SCOPE OF WORK

The purpose of this project is to investigate the use of recycled HDPE landscape timbers in the
construction of retaining walls, and to study the worst case and best case drainage scenarios. The
project included the design and construction of two walls, along with a ten-month monitoring
period. The monitoring program for each wall was accomplished with 20 strain gages, 24
thermistors, six pressure cells, and six monitoring wells. 1n addition to the mounted instruments,
the movement of the face is also being monitored. After the completion of the project, the walls
will remain in place for visitors to the UMass Amherst campus to view. It will be used as a
showcase on how recycled plastics can be used.

A related project was conducted at the UMass Dartmouth campus, where different options on
how to anchor the walls were studied. They compared the use of the timbers as reinforcing and
the use of a geosynthetics as reinforcing.

4.0 DESCRIPTION OF APPROACH TO WORK AND WORK COMPLETED

4.1 Retaining Wall Design

A previous study conducted in the UMass Amherst laboratories involved the strength test of the
landscape timbers, to determine if they would have enough strength and stiffness to be used in
the construction of retaining walls. The study showed that the timbers would be adequate for
thisuse. See Chelsea Center Technical Report #29.

The first step in the project was to determine an adequate design for the retaining walls. This
involved writing a computer program in MathCad, which would allow for different parameter



values to be changed. By changing different parameters, the appropriate spacing for the
reinforcing can be determined. The program aso determines the factor of safety for the design
chosen, and it will do an external stability check. This includes determining the factor of safety
for failures due to diding, overturning, and bearing capacity.

It was originaly intended to build the walls using the timbers as reinforcing elements asin a
Reinforced Earth Wall, but it was concluded that it would require very close horizontal and
vertical spacing of the reinforcing to adequately support the wall. In a Reinforced Earth Wall,
reinforcing is connected to the face of the wall and buried perpendicular to the face of the wall.
This concept relies solely on the reinforcing to hold the soil massin place. The facing unit is
mainly there for aesthetic reasons, and plays virtually no part in containing the soil. The
frictional force acting on the reinforcing is the main component in preventing the reinforcing
from pulling out of the soil. It was then decided to increase the pullout resistance of the
reinforcing, by adding deadmen as an anchor. By tying the buried end of the reinforcing together
with two additional timbers, the pullout resistance of the timbers can be increased.

Both walls were designed in a similar fashion, each being 7.33 feet high at the center. The wall
with the engineered soil is 83.11 feet long, and the wall built with the native materiad is 85.14
feet long. The walls were designed with the reinforcing timbers having a horizontal spacing of
7.62 feet, and a vertical spacing of 2.29 feet, which alows for the use of one reinforcing timber
for every 17.45 square feet of wall. The two walls were constructed on a % inch aggregate
leveling pad, with afour-inch perforated pipe and 12 inches of drainage aggregate placed behind
one of the walls for drainage. Approximately six inches of aggregate was placed in front of both
walls, to prevent the walls from kicking out.

4.2 Wall Monitoring Program

It was decided to instrument both walls to help monitor performance. Each wall was fitted with
20 strain gages, 24 thermistors, six pressure cells, and six monitoring wells. Control points were
marked on the face of the wall so that the movement of the wall could be monitored.

To measure the strain on the reinforcing during the length of the project, strain gages were
attached to one of the center columns of reinforcing timbers. The strain gages were bonded to
the front portion of the reinforcing near the face, and on the rear portion of the reinforcing near
the deadmen. Eight strain gages were bonded to the bottom and top reinforcing, and four were
attached to the middle reinforcing.

On the same column of reinforcing timbers, thermistors were mounted. Four thermistors were
mounted to each reinforcing timber, at two-foot intervals from the rear face of the wall. The
thermistors were used to measure the temperature of the soil mass through the length of the
project. Figure 4 shows the front half of a gaged reinforcing, and the location of one of the
pressure cells.

At the same height as the gaged reinforcing, pressure cells were mounted to the back face of the
retaining wall. The cells were also equipped with thermistors to measure temperature, but their
main purpose was to measure the pressures acting on the face of the wall. All of the cables for
the gages were run along the length of the reinforcing and out of the face as shown in Figure 5.



The cables were then run to a weatherproof box, shown in Figure 6, which was constructed to
protect the cables from the weather. The red thermistor cables and blue pressure cell cables were
connected to strips that alowed for the readout box to be connected to the cables by alligator

clips. The gray strain gage wires were connected to 25-pin male connectors, which allowed for
easy connection and disconnection to the datalogger.

Open standpipe piezometers were placed behind the face of each wall at approximately two, five,
and eight feet, at depthsof 7 4” and 3' 8”. Each piezometer was constructed using one half-
inch, schedule 40 PV C piping, with asix-inch screen. A Slope Indicator Co. water level
indicator was then used to measure the groundwater elevation behind each wall. By monitoring
the water level, the effects of the different soils and drainage conditions can be determined.

Figure5: Cablesfor Gages




Figure 6: Weatherproof Box for Instrument Cables

4.3 Soil Testing

Three separate soils were involved in the construction process: an engineered soil, a soil
comprised of native material, and the in situ soil mass. During the excavation of the sitein
preparation for the leveling pad and deadmen, it was determined that the in situ soil was
comprised of well-graded sand with cobbles. Based on visual inspection it was decided that the
in situ soil would provide adequate drainage. Based on three density tests performed at the site,
using a Troxler surface moisture-density gage, the in situ soil was found to have a dry density of
approximately 110 Ib/ft®. No groundwater was encountered at the site during the excavation.

The soils used in the construction of the retaining walls obtained on site and from alocal gravel
yard, were tested using the following laboratory tests:

Sieve analysis (ASTM D 421)
Hydrometer analysis (ASTM D 422)
Atterberg Limits (ASTM D 4318)
Proctor Test (ASTM D 698)

A sieve analysis was performed on both of the backfill materials to determine the grain size
distribution, which isimportant in determining the drainage criteria of the soil. The results of the
sieve and hydrometer analysis and the Atterberg Limits were used in accordance with the
Unified Soil Classified System in classifying the backfill material. Based on this classification,
the engineered soil used in the construction of the left retaining wall is a well-graded sand (SW).
The soil used in the construction of the right retaining wall is asilty sand (SM), with
approximately 22% fines and a Plasticity Index of 6.6.



A Standard Proctor Test was performed on the well-graded sand used in constructing the left
retaining wall, and not for the silty sand used in constructing the right retaining wall. A Standard
Proctor Test was not conducted on the silty sand, because the homeowner or hired landscaper
would probably not have the ability to determine the dry unit weight of the soil during
construction. The maximum dry unit of the well-graded sand used in construction was 131.2
pounds per cubic feet, with an optimal water content of 4.4 percent.

4.4 Construction of Retaining Walls

Between June 25 and August 18, 1999, two retaining walls were constructed by one of the
principal investigator’s graduate students. For the first week of construction, a high school
student who was working for construction services for the summer assisted the graduate student,
and on six separate half days throughout construction the graduate student was again assisted.
The site was excavated by University of Massachusetts Construction Services, which also
brought the engineered soil to the site and stockpiled it, and the native material was obtained
from stockpiles on site. The engineered soil used was processed gravel obtained from alocal
gravel yard. The employees of the Intermediate Processing Facility used their loader to bring fill
when needed.

The two walls were constructed behind the Intermediate Processing Facility, adjacent to the
parking lot. It was constructed to support an eight-foot high slope, which had a 64% grade. To
help reduce the amount of fill needed for construction, holes were cut into the slope to allow for
the placement of the reinforcing and deadmen. This was accomplished on the first day of
construction by Construction Services. Holes were excavated in the slope eight feet deep and
eight feet wide, and at eight-foot intervals, as shown in Figure 7. After completion of the holes,
athree-foot wide and 1.5 foot deep trench was excavated for placement of the leveling pad.

Figure 7: Excavation for Reinforcing




The walls were built in accordance to the design determined by the principal investigator and his
graduate student. To maintain the alignment of the wall, a Topcon electronic total station was
used. The soil was placed behind the wall in one-foot lifts and compacted with a hand operated
vibratory compactor. The soil was placed behind the wall by hand until the first set of
reinforcing timbers was in place. This allowed for a minimal amount of outward movement, as
shown in Figure 8.

The soil over the reinforcing was compacted with the soil towards the wall last, as shown in
Figure 9. It was found that building the soil up from the back of the excavation forward and
filling in next to the wall last, when the next level of reinforcing was in place, helped prevent
wall movement. The soil behind the left wall with the engineered soil and drainage system was
compacted to approximately 120 pounds per cubic feet, with the soil behind the right wall with
the native soil compacted to approximately 90 pounds per cubic feet. The wall with the native
material was compacted to only 90 pounds per cubic foot to represent the compaction effort of
the homeowner or landscaper who does not have the ability or means to determine the unit
weight of the soil used in construction. This reasoning was confirmed on afew occasions when
employees of the university, watching the construction of the walls, mentioned that they would
put little effort into compacting the soil and allow the soil to settle, but would place more soil
behind the wall after settling had occurred. The only wall movement encountered during
construction was due to the equipment operator dumping the fill too close to the wall face.

Figure 8: Initial Placement of Backfill




Figure 9: Compaction of Backfill

The reinforcing bars used to hold the face of the wall together were cut into four separate lengths
ranging from 1.5 feet to 2.25 feet. This allowed for the bars to be placed at alternating heights.
By aternating the height of the bars, the bars would not all line up on the same timber creating a
weakened plane. The graduate student found that placing arow of approximately three timbers,
and then setting the reinforcing bar went well. When a set of reinforcing bars was sticking up
higher than the last timber set, as was shown in Figure 10, the light weight of the timbers made it
easy to place the next row of timbers onto the bars. Using a block of wood and a hammer, the
timbers could easily be tapped into place. Working by himself, the graduate student found the
lightweight of the timbers to be beneficial, and that they fit together well without any problems.
On July 28, 1999 the right wall was completed, with six inches of loam spread on top for
seeding, and on August 18, 1999 the left wall was completed. The right wall was built using the
native soil, and the left wall with the engineered soil and a drainpipe shown in Figure 10.

Figure 10: Four-Inch Perforated Pipefor Drainage




4.3 Problems Encountered

The major problems encountered during construction were due to bowing and warping of the
timbers. With construction taking place during the summer, the temperature played a major role
in the condition of the timbers. With temperatures over 90 degrees for many days during the
summer, the timbers would warp almost instantly. With the bottom of the timber being open, the
timbers had a tendency to warp upward. This tendency was decreased dightly by leaving the
timbers in the bundles, but only minimally. Bowing would still occur, but to lesser extent. By
keeping the timbers on a flat surface and lying on the open end, warping and bowing was
lessened. In any case, during construction, it isimpossible to always keep the timbers stored

properly.

Whenever possible the warped timbers were used for the deadmen where they would not cause
any problems. If they were placed in the center portion of the wall towards the bottom, they
seemed to straighten out due to the weight of the structure. However, when used on the exposed
ends the warping tended to lift the timbers up, as shown in Figure 11.

Figure 11: An Example of a Warped Timber

The timbers that bowed to the side were used in the face of the wall. With the reinforcing bars
close together, it tended to straighten the timbers out. If the first few layers are straight, the rest
of the wall tends to remain straight also. Without the reinforcing or fill, the bottom half of the
wall appeared to be stable. Though many of the timbers warped or bowed, they were often put in
places that did not effect the structure’ s design. In addition to the warping and bowing, the
timbers in some instances tended to create gaps between adjacent ends of the timbers, shown in
Figure 12. The gaps were approximately half of an inch wide. These gaps however, are only an
aesthetic problem and play no part in the stability of the wall. Though afew of the gaps on the
engineered soil side let alittle soil through, it was not a major problem.
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It was difficult to level the bottom course of timbers due to atab on the bottom face. Thetabis
used to help lock the timbers in the face together. This problem was overcome by cutting it off,
which does not change the properties of the timber, but allows for the leveling of the bottom
course.

Figure 12: Gaps Created Between Adjacent Timbers

5.0 RESULTS

Figure 13 shows the completed walls after construction. The left wall with the engineered
backfill isin the foreground, with the right wall and the native soil in the background. The
center span of each wall, which is at 7.33 feet high and 24.24 feet long, contains the monitoring
points for the movement of the wall. Three points were laid out on the face of the wall vertically
in the center, and on each end of this center span. The number given each point isidentical on
each wall, but is proceeded by an L or an R to designate which wall is being referred to. The left
alignment of points from bottom to top is 1-4-7, the center is 2-5-8, and the right side is 3-6-9.

Figure 13: Diagram of Completed Walls
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At the end of construction in late August, the left wall containing the engineered backfill and
drainage system was leaning 1 3/8 inches. This was the maximum amount of movement, which
occurred in the center of the wall. The right wall at the end of construction was leaning 2 Y4
inches in the center. After two months of monitoring, the left wall was leaning 1% inches, and
the right wall was leaning 2 5/8 inches. The magority of the movement that took place soon after
construction was due to the intense rain from Tropical Storm Floyd in mid-September. Figure 14
shows a profile of the right wall on the last day of construction.

Figure 14: Right Wall Profile at the End of Construction

Figures 17 — 22 are in the attached appendix and show graphically the movement of the wall
through construction and for the first two months. These figures clearly show the movement of
the walls due to the intense rain received around the 17" of September. Some of the movement
is due to the wall pulling away from the reinforcing, as shown in Figure 15. The movement is
around an inch for the bottom row of reinforcing, and one-quarter of an inch at the top. Do to the
design of the timbers with baffling on the inside of the timbers instead of having a solid cross-
section, the reinforcing is not fully able to restrain the face of the wall. Figure 16 shows the
connection between the reinforcing and the face of the wall. The reinforcing bar and reinforcing
timbers are remaining relatively stationary, and the sleeved hole is failing. The baffling is not
strong enough to fully retain the facing unit.

Figure 15: Failure of the Timber Baffling




Figure 16: Connection Between the Reinforcing and Face

In addition to the wall leaning, there is bowing in the center portion of the wall also. The bowing
of the facing timbers is occurring where the slope was not excavated. The bowing is taking place
halfway up the wall, and in places where there are no deadmen. Both the bowing and the failure
in the reinforcing webbing are seen in both of the walls.

6.0 CONCLUSIONS

Based on the construction and monitoring of the project walls to date, it can be concluded that
the recycled HDPE landscape timbers will be adequate for retaining wall construction, with a
few minor aterations. Both walls were very easy to construct, and the timbers were easy to
work with. The construction process and wall design made it possible for one person to perform
most of the work.

The warping, bowing, and gaps that occurred during construction seem to be due to high
temperatures. These problems will need further investigation. A few suggestions in dealing with
these problems are to try and store the timbers in the shade at the construction site. During the
construction of the project walls, there wasn’t any shade on the site to allow for this type of
storage, and the constant exposure to the sun often made the timbers hard to carry. The timbers
were often hot to the touch when being handled. 1t may also be possible to manufacture the
timbers, so that there is not an open face on one side, which might prevent some of the warping
that took place.

Both of the walls showed signs of bowing where there were no deadmen placed. It is thought
that this bowing is do to the way the site was excavated at the beginning of the project. When
the holes were excavated for the reinforcing, the portions of the slope that did not require
excavating were left asis. The topsoil and vegetation were left in place. Thisdid not alow for a
proper bond between the backfill and the existing slope. The soil tended to slide down the slope
and bow the wall. This occurrence will need further investigation, but may be avoided by
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removal of the topsoil and vegetation. It may also be possible to fully excavate the site and
stagger the deadmen, so that they are not al aligned one on top of each other.

The failure in the webbing of the reinforcing timbers that occurred in both walls could be
avoided by filling in the outer cells of the timbers. It can not be determined as of yet if this
failureis occurring where the reinforcing and deadmen are attached. By manufacturing the
timbers with a solid outer cell, this type of failure could be avoided. Anocther solution to this
problem would be to fill the cells of the reinforcing at the site. This could be accomplished by
using a grout or quick set concrete.

A significant amount of wall movement in both walls, occurred during the 17" of September
1999 storm system produced by Hurricane Floyd. This system produced substantial amount of
movement in the right wall constructed with a silty sand and no drainage system. The movement
can be contributed to the increase in the unit weight of the soil mass, and the lack of a drainage
system. The wall constructed using an engineered soil and a drainage system showed little
movement. It has been found, in areport published by Umakant Dash for the Department of
Transportation Federal Highway Administration in Ground Modification Systems Pennsylvania
Report “ American Geotech Wall,” in March 1986, that with proper drainage specia backfill is
not necessary for design of this type of retaining wall. The American Geotech Wall system used
in the mentioned study used a similar passive resistance design as that used in the project walls,
however the American Geotech Wall was comprised of concrete facing panels, concrete
deadmen, and ametal rod tendon.

This project has shown that the recycled plastic timbers are suitable for use in retaining wall
construction. Though a few potential problems occurred, it is anticipated that these problems can
be resolved by dlightly modifying the fabrication and construction techniques used. The light-
weight and resistance to rotting shows the worth of this recycled product in the market today.
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Appendix

Figure 17: Wall Section L1-L4-L7
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Figure 18: Wall Section L2-L5-L 8
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Figure 19: Wall Section L3-L6-L9
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Figure 20:Wall Section R1-R4-R7
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Figure 21: Wall Section R2-R5-R8
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Figure 22: Wall Section R3-R6-R9
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