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Abstract

This report focuses on the laboratory study to evaluate a number of foam
materials for their suitability as crater-backfill materials. Seven foam
formulations were evaluated between the summer of 2015 and the spring
of 2016. Four of these materials were commercially available. The
remaining formulations were designed specifically to support this project.
The materials were analyzed for compressive strength, reactivity, and
expansion ratio, in addition to other properties. Ultimately, two foam
materials were identified and recommended for future development
efforts at the field scale. All of the materials evaluated in this study were
deemed hydro-sensitive, as the structure of the material and the critical
properties for performance changed when the foam reacted in the
presence of water. This issue should be addressed through contingent
actions, such as isolation from water sources and adjustments to the
formulation in future development efforts.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes.
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products.
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to
be construed as an official Department of the Army position unless so designated by other authorized documents.

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR.
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1.1

Introduction

Background

Since 2004, a number of airfield damage repair investigations have been
conducted at the U.S. Army Engineer Research and Development Center
(ERDC) under the U.S. Air Force’s (USAF’s) Airfield Damage Repair (ADR)
Modernization program. This program has resulted in the development of a
wide range of pavement repair alternatives that could be used across the full
spectrum of military operations. The repair alternatives developed during
this time included a foam backfilled repair capped with rapid-setting
concrete material. Laboratory and field tests conducted during 2006
through 2009 indicated that the combination of a rapid-setting material
over rigid polyurethane foam reduced the time of repair, required
equipment, and materials needed to backfill craters compared to using
compacted soil or aggregate (Priddy et al. 2007).

The early foam research was conducted in 2006, and results indicated that
the foam material possessed several characteristics that made it a good
candidate for crater repair. The material expanded many times its package
volume and provided unconfined compressive strength (UCS) values
similar to well-compacted soil or aggregate. The foam material mixed
easily, could be placed with portable equipment, and had accelerated set
times. As a result, the foam product yielded a temporary repair that was
easily capped and withstood traffic within short time frames of repair.

In an effort to determine the optimal backfill product for crater repair, ten
foam materials were evaluated for product reactivity, UCS, and density.
These foam materials were also studied to determine the effect of
environmental factors on foam placement. Temperature variations were
tested, and 70°F was determined to be the optimal temperature for foam
placement. The effects of soil moisture and standing water during
placement were studied, and the compressive strength of the foam was
significantly reduced when standing water or soil moisture was present.
The use of plastic sheets to prevent foam contact with soil moisture
resulted in difficulties during the installation process and created a slip
plane within the foam structure, resulting in a weaker repair.
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The effects of aggregate size in foam extensions on reactivity, strength, and
density were tested in an effort to improve compressive strength of the
final product. Results indicated that there was no significant improvement
in the critical characteristics of the foam products with the presence of
aggregates.

At the conclusion of the tests conducted by Priddy et al. (2007), Foam-iT!
10 Slow was selected as the best performing foam product among those
tested based on the compressive strength and expansion ratio criteria.
None of the foam products evaluated achieved 300 psi compressive
strength (measured at 2 percent strain), which was the objective
compressive strength for foam backfill materials (Priddy et al. 2016).
However, Foam-iT! 10 Slow met the threshold compressive strength,

200 psi, used for foam material acceptance.

This down-selected foam product was then used in conjunction with a
rapid-setting concrete cap in a number of full-scale field tests to determine
if the foam backfilled crater repairs could support a limited number of
simulated F-15 and C-17 aircraft traffic passes (Tingle et al. 2009 and
Priddy et al. 2010). The repairs supported between 80 and 1,800 passes of
either aircraft, depending on concrete cap thickness. The repair technique
was ultimately certified under actual aircraft traffic in 2009 using both
F-15 and C-17 aircraft (Priddy et al. 2013). Despite these promising field
test results, the foam backfill repair technique was not recommended for
acquisition due to issues identified during field experiments including
foam material moisture sensitivity and dispensing equipment clogging
issues. Refinement of both the foam material and the foam mixing and
dispensing equipment was recommended (Priddy et al. 2016).

Objectives

As part of the new USAF “Lighter and Leaner” research and development
initiative, the ERDC was tasked by the USAF to refine the foam backfill
technology for expedient airfield damage repair. The specific objective of
the research presented in this report was to evaluate new foam product
formulations through laboratory testing to select the top performing
product for further field testing.
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Scope of work

Seven foam formulations were evaluated at the laboratory scale in this
study. The properties specifically analyzed were

e Compressive strength
e Reactivity

e Expansion

e Density

e Hydro-insensitivity

The products were analyzed qualitatively and quantitatively. The following

success criteria for the formulations were defined by the AFCEC:

e Expand to many times the packaged volume (objective 10 times liquid
volume; threshold 6).

e The final expanded foam surface should be as even as possible with no

visible cracks to avoid having to cut it prior to placing the capping
material.

e Provide compressive strengths similar to well-compacted soil or
aggregate (objective 300 psi; threshold 200 psi).

e React and set rapidly enough (5 to 30 min) to reduce repair time while

still providing enough time to dispense the total required volume of
product into the repair void before it starts reacting.

e Have accelerated effective cure times (objective 30 min; threshold
60 min), defined as the time from the initial blending of foam
components until the foam had reached the threshold or target
compressive strength.

e Contain moisture insensitive properties that produce negligible
quantitative and qualitative differences between specimens produced
with and without the presence of water.

The study presented in this report was separated into two laboratory
testing phases. Results from the first phase guided the experimental
design and procedures of the latter.
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2.1

2.2

Experimental Program

Research approach

This project consisted of two phases that were separated based on the
availability of materials and experimental procedures. The laboratory test
program consisted of several experiments designed to obtain information
needed to rank and determine which foam product was the optimal mate-
rial for backfill during expedient ADR efforts. Table 1 illustrates the tests
performed on each foam product, including the standard test method and
the minimum number of specimens required by that standard.

Table 1. Outline of tests for foam backfill materials.

Minimum Required

Property Test Method Replicates
(RFfizgt'glr% and set time) N/A 3
Expansion ratio N/A 3
Compressive strength ASTM D 1621-O4a 5
Hydro-insensitivity* GTP-8; GTP-9 3
Expansion ratio N/A 3
Density ASTM D 3574-05 3
Buoyancy N/A 3

* Adapted from Geotechnical Test Procedures GTP-8 and GTP-9, New York State
Department of Transportation.

Materials tested

The seven materials tested during this study are listed in Table 2 and
included both commercially available products and foam formulations that
were specifically design for this research study. Most products evaluated
consisted of two components (Figure 1) that were held in separate
containers. While the exact chemistry varied between products, the general
composition was similar. Component A consisted of a polymeric isocyanate
compound. Component B consisted of a blend of polyol compounds,
catalysts, proprietary additives, and water. When the two components were
mixed, chemical reactions immediately began to form a closed-cell, rigid
polyurethane foam.
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Table 2. Foam materials evaluated.

Applications and
Product Name Company Product Type Availability Phase | | Phase Il
Backfill material for X X
- ) large industrial
Foam-iT! 10 Slow | Smooth-On | |Wo-component, rigid, high- | .
density polyurethane foam )
commercially
available
Void-filling X
applications
- . requiring a high
NCFI 24-020 NCFI -drvg(;:?m%?nig’hgﬁlgfgéﬂ' compressive
Ity polyu strength;
commercially
available
Two-component, polyether, Rocbklgrovt a.nd soil | X
NCFI 24-077132 | NCFI polyurethane elastomer, stabilization;
. commercially
hydrophobic foam available
ocomponent g | Coe e |
HMI RR601 HMI density, ) ’
olyurethane foam commercially
poly available
Two-component, high- Specially formulated X
Phase Il HMI density, for ADR project;
(2015 HMI polyurethane foam specially | three separate
Modification)* formulated with a slower batches were
curing rate analyzed
Backfill potholes and X
Pl Slow Primal Two-part polymer foam with | void spaces;
Innovation slow cure time prototype
formulation
. Primal Two-part polymer foam with | Specially formulated X
Pl Medium . . :
Innovation moderate cure time for ADR project

* Three separate batches of this product were analyzed individually during Phase II.

Commercially available foam products included Foam-iT! 10 Slow, NCFI

Void-Filling System 24-020, NCFI Elastomer System 24-077132, and HMI
RR601. Foam-iT! 10 Slow is water-blown, rigid polyurethane designed to
expand approximately 6 times its initial volume to produce a final density of
approximately 10 Ib/ft3. This material is formulated with a relatively slow
reaction rate for easier handling during large-pour operation (Smooth-On,
Inc. 2016). Foam-iT! 10 Slow, in addition to other products from its
supplier, has been used successfully in previous ADR development projects
at the lab- and field-scale (Priddy et al. 2010). Therefore, this product was
included in the experimental design as the benchmark for comparison in
both phases of laboratory experiments (Phase I and Phase II).
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Figure 1. Chemical representation of a two-component 1A:1B rigid high density polyurethane.
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NCFI Void-Filling System 24-020 is a water-blown urethane foam system
designed for void-filling applications that require high foam compressive
strength. NCFI Elastomer System 24-077132 is a hydrophobic product
designed for rock grout and soil stabilization. HMI RR601 is designed for
slab-jacking and infrastructure repair, such as highways, slabs, and heavy-
traffic areas.

In addition, three prototype foam formulations were evaluated; two of these
formulations were uniquely designed for this project. These products were
prepared by HMI Inc. and Primal Innovation (PI) after consistent feedback
regarding the experimental results as the project progressed. A modified
formulation developed by HMI was designed to provide a slower reaction
rate relative to RR601 to prevent product fracture while expanding and
curing; a problem encountered during laboratory experiments during
Phase I and also during previous ADR field experiments with other
products. This material was also formulated to provide a greater compres-
sive strength than RR601. Three small batches of the specially designed
HMI product were prepared by the supplier in late 2015 and early 2016 to
provide an adequate amount of material to produce specimens for evalua-
tion. Though the same formulation was requested on each occasion, these
batches exhibited inconsistent results and, thus, were analyzed separately.

PI Slow is a prototype polymer designed to fill potholes and voided spaces at
a slow rate. The slowest-reacting formulation was requested from this
supplier to provide an even rise during use and prevent potential opera-
tional issues during field use. This product was not specifically formulated
for ADR, but is not commercially available. P Medium was uniquely
designed for ADR to produce a faster cure rate relative to the PI Slow
formulation to ensure expedient, yet efficient, crater repair during full-scale
use. A single batch of this material was analyzed during this project.
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2.3

Specimen preparation

Specimens were prepared using slightly different procedures during

Phase I and Phase II of this study. A general procedure for specimen
preparation is described in this section; specific deviations for each foam
material are presented. Procedural variations are included in this report to
assert the importance of mixing energy and curing times when producing a
satisfactory specimen for evaluation.

2.3.1 Phasel

Plastic cylinders (4-in.-diam by 8-in.-high) were used to prepare samples
of each foam material. A release agent, Stoner Release & Paint™, was
applied to the walls, bottoms, and rims of plastic cylinders to ease sample
removal process. Both foam components of a particular product were
measured in separate glass containers to determine their mass and
volume. For each formulation, the components were mixed separately,
combined within a 1-qt steel paint can, and stirred based on the respective
manufacturer’s guidelines for mixing energy and time. The mixed
components were immediately poured into a plastic cylinder and allowed
to react until the sample was cured. Rise time and tack-free time were
determined during this step. Samples were allowed to cure for a pre-
determined time before unmolding. General procedures for mixing and
molding are shown in Figure 2. Finished samples were weighed and
measured to determine mass and volume. Finally, the top dome was
removed from each sample and the remaining sample was cut in half to
obtain 4-in.-diam by 4-in.-tall UCS test specimens according to ASTM

D 1621-04a (2004).

2.3.1.1 Foam-iT! 10 Slow

The volume of each component of Foam-iT! 10 Slow used during specimen
preparation was 150 mL. Mixtures were stirred by hand with a wooden
tongue depressor for 1 min. One set of specimens was allowed to react for
1 hr before unmolding, and another set was allowed to cure overnight.
Expansion ratio and compressive strength were recorded for both curing
times.
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Figure 2. Specimen preparation process: A) Measurements of mass and liquid volume,
B) Mixing of components, C) Foam curing process, and D) Specimens after unmolding process.
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2.3.1.2 NCFI Void-Filling System 24-020

The volume of each component of NCFI Void-Filling System 24-020 used
was 200 mL. This volume was required to completely fill the plastic
cylinders in which materials reacted. Several alternative mixing
procedures were tried before a satisfactory sample was obtained with this
foam product. Mixing the two components using the same procedure as
that for Foam-iT! 10 Slow proved inadequate, as it produced a
heterogeneous sample in which the A component settled toward the
bottom of the mixture; this case is shown in Figure 3-A. The mixing was
adjusted to follow the manufacturer’s guidance, but the resulting sample
was soft on the bottom after 1-hr cure time, as shown in Figure 3-B. This
mixing procedure was repeated and followed by an 18-hr cure time in
which the foam material was left within the molding cylinder; this
procedure produced adequate samples for analysis.
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Figure 3. NCFI Void-Filling System 24-020 specimens produced using inadequate mixing
techniques. A) Profile view of heterogeneous specimens produced using initial procedure.
B) Uncured bottom of specimen after premature unmolding,

2.3.1.3 NCFI Elastomer System 24-077132

The volume used of Component A and R during NCFI Elastomer

System 24-077132 specimen preparation was 150 mL. The “gel time,” or
reaction time, specified by the manufacturer was 45 sec. Therefore, the
components were hand-mixed using wooden tongue depressors for 40 sec.
However, the mixture solidified before it could be fully transferred into a
plastic cylinder; the material’s temperature during solidification was
281°F. As shown in Figure 4, the NCFI 24-077132 formulation did not
expand. Because expansion is a required characteristic of an ADR foam
backfill material, evaluation of this product was discontinued.

2.3.1.4 HMI RR601

Initial mixing procedures for RR601 demonstrated rapid reaction kinetics.
Therefore, the mix time was reduced relative to those of the other foam
materials. Hand-mixing via wooden tongue depressors for 10 sec provided
heterogeneous specimens that contained several voids, as shown in

Figure 5. The use of an electric paddle mixer provided heterogeneous
specimens that did not fully cure at the bottom of the cylinder, as shown in
Figure 6. Another procedure utilized a pneumatic mixer with an axial
impeller to agitate the mixture at a high rotational velocity. This procedure
was conducted within a molding cylinder to prevent material loss during
transfer from steel cans, as observed when preparing previous samples. This
process provided samples that contained cracks at the “dome” region at the
top of the specimen and a tacky, uncured bottom surface; this case is
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displayed in Figure 7. Each of these strategies provided results and input
that helped develop the procedure that was ultimately used for HMI RR601
specimen preparation for analysis, which is described next.

Figure 4. NCFI Elastomer System 24-077132 specimen. A) Solidification of material
during transfer from can to cylinder. B) Profile view of completed specimen. C) Bottom
view of completed specimen.

Ultimately, the HMI RR601 samples that were used for analysis were
prepared by agitating the components with high energy in metal cans using
a pneumatic mixer with an axial impeller at a high rotational velocity for

8 sec. This procedure allowed proper mix of the components, reduced voids
and cracks, and produced more uniform samples. After the components
were agitated, the mixed material was immediately transferred to a plastic
cylinder. However, because this material reacted quickly, not all of the
mixed material could be transferred to the cylinder before solidification and
expansion occurred. Regardless, 200 mL of HMI RR601 was used per
sample, as this volume was required to fill the 8-in.-tall cylinder after
expansion.
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Figure 5. HMI RR601 specimens prepared using manual mixing via tongue
depressor. A) Profile view of specimens. B) Specimen 1 bottom. C) Specimen 2
bottom. D) Specimen 3 Bottom.
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Figure 6. HMI RR601 specimens prepared using electric
mixer. A) Tops of specimens within cylinders. B) Bottom of
specimen after unmolding.
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Figure 7. HMI RR601 specimens mixed in plastic cylinders using the air mixer.
A) Profile view of specimens before and after unmolding. B) Bottom of specimen
following unmolding. C) Crack generated during foam expansion and curing,

1S

2.3.2 Phasell

Specimen preparation during Phase II differed slightly from that of Phase I.
Primarily, an effort was made to standardize the procedure among the four
products tested during Phase II to prevent bias or error. Therefore,
adjustments to the mixing procedure were tested on each formulation for
efficacy. Materials were still mixed in 1-qt metal paint cans and transferred
to plastic 4 in.-diam by 8-in.-tall plastic cylinders for molding. Throughout
the development of the standardized mixing procedure, all materials were
combined and mixed using the pneumatic mixer.

2.3.2.1 Component density determination

Densities of individual components for each foam product used in Phase 11
were calculated and used to determine volumes of individual components
when preparing foam specimens for analysis. In preparation for density
determination, the components of each foam product were agitated
separately within their original containers for two minutes. HMI and
Foam-iT! 10 Slow materials were agitated by manually shaking the
containers; these materials were supplied in 1-gal plastic containers, as
shown in Figures 8-A and 8-B. The PI materials, which were supplied in 1-
gal paint cans shown in Figure 8-C, were stirred manually with wooden
tongue depressors. Aliquots (100 mL) of components were added to 100 mL
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volumetric flasks, and the masses were determined. Table 3 provides
material density data. Some error was associated with these density
measurements, as air bubbles were observed within materials upon
measurement; this effect seemed more apparent in B components. More
error was introduced as a small amount of material sometimes spilled over
the edge of the flask. Regardless, the liquid density analysis for Foam-iT!

10 Slow provided results that were similar to the manufacturer’s guidance of
1:1 (A:B) mix by volume or 100:87 (A:B) mix by mass (Smooth-On, Inc.
2016). A and B components’ densities were relatively consistent among the
three foam materials tested.

Figure 8. Containers for materials used in Phase