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Abstract
Polyurethane and acrylate resins are routinely injected into soils to gain strength and control water flow.
However, most published data regarding strength gain is derived from laboratory samples created under
ideal conditions. This study endeavored to inject resins into full scale mock-ups that could then be
excavated and tested to yield results comparable to actual field conditions.
To achieve this goal, a large container was filled with a silty SAND (SM), as defined by the Unified Soil
Classification System (USCS). The soil was moisture treated and compacted in lifts of 0.3m. PVC pipes
installed in a diamond grid into the soil were used to inject polyurethane and acrylate resins. Dynamic cone
penetrometer (DCP) tests were conducted on the polyurethane treated soils, the acrylate treated soils, and
the baseline untreated soils in the container. Testing results will be correlated to SPTn and CBR values to
evaluate increases in the soil strength parameters in the treated soils. Cored samples of polyurethane and
acrylate treated soils will be tested in compression, shear, and triaxial. These laboratory test results will
focus on material property gains for the treated soils, in comparison to standard values for similar soil types.
Complete documentation of the soil type, compaction methods, injection methods, and testing performed
have been documented and will be presented in the final paper.
Initial testing results indicate considerable DCP penetration resistance gain with polyurethane treated soil
versus untreated soil, and the applicability of acrylate treatment in support of soil excavation.
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Introduction
Polyurethane and acrylate resins are used in the civil, structural, mining, tunneling, and geotechnical
industries to stabilize soils and to cut off water flow. Our testing was conducted with the intent to explore
the soil strength changes when injected with a polyurethane resin or with an acrylate resin. DE NEEF®, a
division of GCP Applied Technologies (GCP), partnered with Pacific Ground Engineering (PGE), a
division of NorLand Limited to conduct this mock-up scale investigation. Golder Associates provided
laboratory testing.
Pacific Ground Engineering is an earthworks contractor that performs work in the greater Vancouver, B.C.,
Canada area. DE NEEF®/GCP manufactures polymer grouts and other construction products. Through the
professional relationship between this contractor and supplier it was realized that the engineering
performance of polymer grouts needed further measurement for the engineering community to justify their
use in designs and specifications for large scale ground improvement projects.
Our intent in this paper is to establish a baseline strength relationship between treated vs untreated soils
utilizing dynamic cone penetrometer (DCP) testing as our method of data collection, along with traditional
geotechnical laboratory analysis.
Materials
DE NEEF® CUT PURe, an expansive hydrophobic single component hydroactive polyurethane resin, with
10% DE NEEF® Fast Cat catalyst by weight was used as the polyurethane.
DE NEEF® AC-400, a plural component acrylamide free acrylic resin, at a 3:1 water to resin mix ratio with
3% TE-300 and SP-500 by weight was used as the acrylate.
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An artificial soil well was designed to simulate existing soil conditions in the greater Vancouver B.C.,
Canada area. A soil was selected from a nearby quarry that accurately represents silty sand in the region.
Figure 3 shows the soils gradation curve. The silty SAND (SM) was placed into the container in 0.3m lifts
and compacted with a combination of a small walk behind plate compactor and a jumping jack dynamic
compactor.

Figure 1: Soil Gradation
Methods
A large gated steel construction container; 2.4m wide, 5.6m long, 2.4m high was selected to create the
artificial soil well. Injection probes were detailed and installed at 0.6m on center spacing, with a row spacing
of 0.3m and a row offset of 0.3m, as shown in figure 2. The container was lined with plastice sheeting to
prevent polyurethane and acrylate materials from bonding with the container. The injections were placed
on the gate side to allow for inspection and excavation from one side.

GATE SIDE

Figure 2: Injection Probe Layout
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Open ended probes were constructed out of 13mm PVC pipe and fittings of the same material. These probes
were used to permeate the polyurethane and acrylate into the soils at low pressure in a bottom-up lift
sequence. Probes were installed using cross beams over the top of the container to ensure correct spacing
of the probes during injection. The soil was placed with a small loader and compacted around the probes
with a walk behind plate compactor, and a jumping jack compactor. Tape was placed at 0.3m intervals to
identify lift heights during the injection process.

Figure 3: Probes During Installation
A test injection was performed with the polyurethane. A catalyst, DE NEEF® CUT CAT Fast was added to
the resin prior to injection, with a mix ratio of 10% by weight. The catalyzed resin was then injected into
the soil with a Graco 395 pump through an injection assembly as shown in figure 4. A ball valve controlled
the flow from the pump into the injection assembly, which is then regulated by a needle valve and measured
by a pressure gauge with readings up to 2 bar.

Figure 4:injection Assembly
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The injection assembly was attached to the PVC probes with a threaded connection and an angle joint to
position the injection assembly horizontally, as shown in figure 5.

Figure 5: Injection Assembly Connected to Injection Probe
The test injection was performed at low pressure, less than 1 bar. Probes were lifted using a hydraulic lift
in approximately 0.3m increments. A total of 24.25 liters of polyurethane was injected in this test section.
After the resin reacted, the test section was excavated, and the treated area was analyzed. Approximately
128.25 liters of treated soil was observed, indicating a soil treatment volume of 5.3 times the volume of
injected resin.
After successful injection and verification of the test section, injections into the demonstration sections
were performed. The polyurethane with 10% catalyst was injected on the north side of the container, and
the acrylate with 3% catalysts was injected on the south side of the container, using the same methodology
as described above. Injection pressures for both sets of injections were maintained at less than 1 bar.
Injections occurred in lifts of approximately 0.3m. Material volumes were targeted at 6 liters of material
injected per lift of polyurethane using a Graco 395 pump, and 8 mixed liters per lift of acrylate using a
Wiwa 1425 plural component pump.
When the injections were completed the container was covered with a rigid frame tent structure to maintain
stable moisture conditions as the materials cured and awaited testing and analysis. The polyurethane resin
when properly catalyzed and exposed to moisture will react in minutes, and reach approximately 95% of
its full strength within hours. The acrylate material when properly catalyzed will react in minutes, and reach
95% of its full strength within hours.
In-situ testing was conducted on the polyurethane treated soil, the acrylate treated soil, and the untreated
soil in the container. The blows per increment (BPI) method was used during data collection, using 44mm
as an increment length (layers). The penetration index (DPI) was determined by dividing the increment
length by the blows required to drive the cone that increment length into the soil.
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The DPI values were used to correlate California Bearing Ratio (CBR) using the equation:

CBR(%)=292/DPI1.12

[1]

The DPI values were used to correlate Standard Penetration Test (SPTn) values using the equation:

Log(DPI)=-1.05+2.03*Log(SPTn)

[2]

Bearing capacity (q) was estimated using the equation:

q=3.794*CBR0.664

[3]

Results
DCP testing showed that the polyurethane treated soil exhibited approximately twice the penetration
resistance than the untreated soil. As expected, DCP testing on the acrylate treated soil showed no change
in the penetration resistance when compared to untreated soil. The raw BPI data is shown in Figure 6.

Figure 6: DCP Comparison Results
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SPTn correlation values for the polyurethane treated soil were approximately 33% higher than the untreated
soil, as shown in figure 7. CBR correlation values for the polyurethane treated soil were approximately
133% higher than the untreated soil, as shown in figure 8.

Figure 7: Untreated vs. Polyurethane Treated SPT Correlation

Figure 8: Untreated vs. Polyurethane Treated CBR Correlation

Bearing capacity estimates for the polyurethane treated soil were approximately 80% higher than the
untreated soil, as shown in figure 9. Correlations and estimates for SPT, CBR and bearing capacity for the
acrylate treated soil were not included in these charts as they are the same as untreated soil.

Figure 9: Untreated vs. Polyurethane Treated Bearing Capacity Correlation
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After the DCP testing was conducted, the container gate was opened to verify that the treated soil could
provide support of excavation (SOE). Both the polyurethane treated soil and the acrylate treated soil stood
unsupported at a height of greater than 1.2m after the gate was opened, as shown in figure 11.

Figure 10: PGE Manager showing SOE Applications

The polyurethane treated soil and the acrylate treated soil were sampled for laboratory testing. A concrete
coring drill was used with a 102mm and a 51mm core barrel to core the treated material. Cored material
was placed into sealed bags and stored for testing. Laboratory testing will consist of Isotropically
Consolidated Undrained Triaxial compression testing and Unconfined Strength testing on the polyurethane
treated soil, and Direct Simple Shear testing on the acrylate treated soil. Using the laboratory results we
will estimate the SPT, CBR, and bearing capacity values to compare our in-situ DCP testing results and
correlations.
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Discussion
The polyurethane treated soil exhibited twice the penetration resistance than the untreated soil in DCP
testing. This correlates to a 33% increase in SPTn blow counts, a 133% increase in CBR values, and a 80%
higher bearing capacity. Based on this testing, it is the author’s opinion that the polyurethane resins used in
this trial, employing the methods described in this paper are suitable for increasing the bearing capacity of
sandy soils for construction purposes.
As expected, the acrylate treated soils showed no change in penetration resistance when compared to
untreated soils in DCP testing. However, the acrylate treated soils withstood a greater than 4’ unsupported
cut. Direct Simple Shear testing will inform us of shear strength gains of the acrylate treated soils in support
of excavation applications.
Triaxial testing, unconfined compressive strength testing, and direct simple shear testing was scheduled to
be performed on cored samples of the polyurethane and acrylate treated soil in March, 2020. Due to travel
and work restrictions related to COVID-19 that testing is delayed until those restrictions are lifted.
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