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FOREWARD

The objective of this study is to evaluate the effectiveness and durability of
the newly formulated Brookhaven Rational Laboratories polymer concrete patching

material. The study consists of laboratory testing and field investigations.

This study was undertaken in cooperation with the  Brookhaven  National

Laboratories and the Federal Highway Administration and funded by the latter.

The authors appreciate the invaluable assistance provided by the Brookhaven
National Laboratories, the Federal Highway Administration, and the Minnesota
Department of Transportation Office of Materials Engineering, and Maintenance

Area 3B, headquartered in St. Cloud, Minnesota.






SUMMARY

The Minnesota Department of Transportation (Mn/DOT) investigated a polymer
concrete (PC) patching material inm cooperation with the Brookhaven National
Laboratories (BNL) and the Federal Highway Administration (FHWA). This material
has been previously tested by other states throughout the country. The material
is claimed to be a rapid curing, durable material for patching potholes and

deteriorated cracks in portland cement concrete pavements and bridge decks.

Previous field tests of PC materials have been small in scope and size. The
problems associated with the material were the tendency of the monomer to drain
from the system, the development of shrinkage cracks in the polymerized material,
and the need for a knowledge of chemistry to mix the monomer system. The BNL

material is supposed to correct these drawbacks.

Mn/DOT made a laboratory study of the PC material by producing a control mix of
portland cement, low-slump concrete to evaluate how PC material compares to the

low-slump concrete with respect to:

~ freeze thaw durability,
- compressive strength,
~ tensile splitting strength; and

=~ chloride permeability.
Shear bond strength tests of the PC material are being conducted by the BNL.

Field evaluation of the PC material has proven to be inconclusive. Patches
" failed in both the concrete pavement and the bridge deck. The bridge deck
patches had to be removed completely. These failures are mnot due to the PC

material itself.
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The following observations may be made with respect to the field studies:

- The material tested did not exhibit the tendency for the drainage of
monomer from the system;

- Although the material tested comes partly prepackaged, it is sgtill
necessary to weigh the liquid monomer, measure the initiator, and weigh
the coarse aggregate in the field;

- Overall, PC placed in patches was well consolidated;

- Overall, PC placed in patches bonded well to the old concrete;

- Cores taken from PC patches on both U.S. 10 and Bridge 5004 indicated
that, often times, unsound areas were the result of new breaks in the old
concrete. These could have resulted {rom over-breakage (fracturing)
during removals of deteriorated substrate or from stresses induced through
polymerization and subsequent cooling of the patching material;

~ Vertical cracks developed in the PC patches in the pavement and on the
bridge deck;

- Fractures in the old concrete revealed a problem with weak cement paste in
the old concrete on the bridge but not on the highway;

- Finishing was difficult on both the highway and bridge patches, when the
coarse aggregate was sieved to remove the excess rock dust for one bridge
patch, the workability of the material was improved;

- When patches were placed in both locatigns weather conditions were cool
and wet; the temperature ranged from 48 to 55 degrees Fahrenheit (9 to 13
degrees Celsius) and it rained and sprinkled in the morning;

- On the bridge deck, several forms of failure could be seen. There was
failure of the prime to bond to the old concrete, there was some

polymerization prior to finishing, there was some poor consolidation of PC



material, and there was a very strong indication of a weak cement paste 1in
the old deck concrete.

- Continued observation of the patches of highway pavement have indicted
that debonding continued the first two years after placement but not in
1983, Although sounding indicates debonding, only a portion of omne patch

on T.H. 10 has let go and has required replacement.

Generally, the PC patching material performed well. The problem experienced with
debondiﬁg and vertical cracking may be the result of temperature induced stresses
during polymerization., Failures on the bridge deck are at least partly due to
the condition of the old concrete. Cool temperatures and precipitation on the

days of placement affected performance of the PC patching material,

The performance of the material was also dependent upon methods of mixing,
placing, and finishing. Naturally, anytime 2 new and totally unfamiliar material

is used, problems with its use are revealed.

The problem of workability of the material was shown to be partly the result of
excess fines within the coarse aggregate fraction. Probably, the specification
for gradation should be reconsidered. Also, the coarse aggregate used was a
crushed granite which was very harsh., A coarse aggregéte with rounded particles,

such as pea rock, may be more workable.

Both the compressive and tensile splitting strength of the PC material are
significanﬁly higher than a strong, low-slump concrete. Such high strengths are
of no apparent advantage for these patching applications. The polymer concrete
. performed very well in the chloride penetration tests. This was expected.
Finally, both the polymer and the low slump concretes performed well in

freeze-thaw tests. However, the PC material seems to perform better.



In summary, the PC material may well be an effective, quick patching material.
Care must be taken when it is used however. It is very sensitive to conditions
of substrate, weather during placement, and placement itself. It may be too
sensitive for general use. The problem still exists that the material is

troublesome to mix., There still is measuring and weighing to be done,
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INTRODUCTION

For several years, polymer concrete (PC) has been field tested by a number of
states throughout the country, including Minnesota. Polymer concrete has shown
promise as a rapid curing, durable material for patching potholes and working
cracks in portland cement concrete pavements and bridge decks. Unfortunately,
most field tests have utilized only a small amount of material, utilized a
monomer system which exhibited a tendency for the monomer to drain from the
system, and required an individual knowledgeable in chemistry to mix the monomer

system. ’

A new PC material has recently been formulated by the Brookhaven National
Laboratory (BNL). This material is supposed to mix easier, its monomer is not
supposed to drain from the system as it did in initial polymer systems, and the

cured PC is not supposed to exhibit shrinkage cracks.

The Minnesota Department of Transportation made laboratory and field tests of the
newly formulated PC in cooperation with the BNL and the Federal Highway

Administration (FHWA).

The objective of this investigation was to evaluate the effectiveness and

durability of the newly formulated BNL polymer concrete patching material.



EXPERIMENTAL WORK

The Minnesota Department of Transportation (Mn/DOT) contracted to field test 10
cubic yards (7.6 cubic meters) of PC patching material in two stages on roadway
pavements and bridge decks. Imn 1981, the Department was to use 4 cubic yards (3
cubic meters) of PC to patch a deteriorated bridge deck and to repair
deteriorated joints on a portland cement concrete pavement, In 1982, the
Department was to place, under contract, 6 cubic yards (4.6 cubic meters) of PC
to repair deteriorated pavement joints. All PC was to be placed by December 31,

1982,

In September, October, and November 1981, Department of Transportation
maintenance forces placed approximately 3 cubic yards (2.3 cubic meters) of PC

patching materials.,

At the time of placement, samples of the PC patching material were taken to

conduct the following tests:

- compressive strength;
- shear bond strengths;
- chloride permeability;
- tensile splitting strength; and

- freeze-thaw durability.

LABORATORY STUDIES

In order to better evaluate the PC patching material, tests were also conducted
on a control mix of portland cement concrete patching material. The control

concrete, designated 3Ul7A, utilized coarse aggfegate from the same source as the
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aggregate wused in the PC patching material. The design of the 3Ul7A concrete is
given in Table 1. The mix was designed for a 0.75 inch (1.9 centimeters) slump

and an air content of 6.5 to 7.5 percent.

Table 1. 3Ul7A Concrete Mix Design

Material 1bs/cu.yd. (kgm./cu.m.)
Water 270 (159)
Cement 836 (493)
Sand 1,374 (811)
Coarse Agg. 1,385 (817)

In addition, the mix design called for 4 ounces (112 grams) of water reducer and
sufficient air entraining agent to provide 5 to 8 percent air in the plastic
concrete, The cement used was Northwestern Type 1. Two batches of 1.8 cubic

feet (0.05 cubic meters) each were produced.

On September 22, 1981, the control mix was produced in the laboratory.
Six 3 x 4 x 16-inch (7.6 x 10.2 x 40.6~centimeter) beams were made for
freeze-thaw testing; four cylinders 6 inches (15.2 centimeters) in diameter by 12
inches (30.5 centimeters) high were cast for testing compressive strength and
four were cast to fest tensile splitting strength; and four slabs 10 x 15 x 3
inches tﬁick (25.4 x 38,1 x 7.6 centimeters) were made for chloride penetration

tests.
All samples were stripped on September 23, 1981,

Once the freeze-thaw test beams were stripped, they were immediately placed into
a lime soak for a period of 14 days. After the lime soak, the beams were
air-dried for one day and then placed in a freezer at 0 degrees Fahrenheit (-18

degrees Celsius) to await freeze-thaw testing.



Compressive strength cylinders were placed in a moist cure room for 28 days,

capped, and tested. Anticipated strength is 5,600 pounds per square inch (39

megapascals). Compressive strength results are given in Table 2.

Table 2. Compressive Strength of 3Ul17A Concrete
Cylinder Batch Diameter Strength
inches(cm) psi(megapascals)
Low Slump IIA 1 6.01(15.3) 8,560(59)
Low Slump IIB 1 6.01(15.3) 8,420(58)
Low Slump IIIA 2 6.01(15.3) 8,050(56)
Low Siump IIIB 2 6.02(15.3)

8,280(57)

The tensile splitting strength cylinders were also moist cured for 28 days. Due
to the unavailability of nominal 1/8-inch (0.32 centimeter) thick plywood called
make

for in the standard test procedure, a birch door-skin was used to bearing

strips for the test specimen. The cylinder was placed in the compression testing

~machine with a l-inch (2.54 centimeter) wide bearing strip on each side. Test

results are given in Table 3.

Table 3. Tensile Splitting Strength of 3Ul7A Concrete

Cylinder Batch Length Diameter Tensile Splitting
inches(cm) inches(cm)’ Strength
psi(megapascals)
Low Slump IIC 1 6.00(15,2) 12.0(30.5) 631(4.4)
Low Slump IID 1 6.01(15.3) 12.1(30.7) 629(4.3)
Low Slump ITIC 2 6,00(15.2) 12.0(30.5) 639(4.4)
Low Slump IIID 2 6.01(15.3) 12.1(30.7) 658(4.5)
The slabs for chloride penetration testing were moist cured along with the test
cylinders. When all specimens were removed from the moist -cure, the slabs were
allowed to air dry, in an undisturbed condition, until companion field specimens

of PC patching material were cast,

testing will be discussed under field studies.

Further discussion of chloride penetration



FIELD STUDIES

Initially, Mn/DOT maintenance forces identified the deteriorated and delaminated

areas of pavement and bridge deck that were to be patched.

Patching began on deteriorated pavement joints on a segment of westbound U.S. 10
at the State Correctional Facility near St. Cloud, Minnesota. The predominant

form of pavement distress was joint spalling.

Prior to pavement removal and subsequent patching, vertical saw cuts were made in
the pavement to form the edge of the patch. Concrete removal and PC patching

began on September 24, 1981,

On the morning of the 24th, maintenance forces switched traffic from the
westbound to the opposing roadway. This provision for traffic control took
approximately one hour. Following that, time was spent removing deteriorated
concrete from the areas to be patched, cleaning the area, weighing aggregate, and
cleaning mixers. A 1 cubic foot (0.03 cubic meter) mixer was provided by the

FHWA,

Since this was a research study of a new product at a high traffic location, a
large number of people and many vehicles were required. The various operations

required the following equipment and personnel:

- one truck with a compressor and a crew of four to jackhammer and pick up

concrete (Figures 1, 2 and 3);

- one truck with a compressor and a crew of two to sandblast and airblast

(Figures 4, 5 and 6);



- one end-dump truck with coarse aggregate (Figure 7);

-~ four people and equipment for final preparation of  patches, mixing of PC

concrete, and finishing;

- one van and four people from the Mn/DOT Physical Research Section to
monitor operations and obtain specimen for laboratory testing (Figure 8);

and

-~ one truck with materials, equipment, and three people from the FHWA

(Figure 9).

In addition, the State Area Maintenance Engineer and the Bridge Maintenance

Supervisor were there to observe the operation,

Mixing of the PC concrete began shortly before 11:00 a.m. on September 24, 1981,
To begin with, 8.03 pounds (3.61 kilograms) of Fabucrete liquid monomer were
poured into the mixer. Next, 0.22 pounds (0.1 kilograms) of powdered Cadox
initiator were added. The materials were allowed to mix. Next, 63 pounds (28.4
kilograms) of sacked, powdered Fabucrete fines were added; this included
initiator, promotor, and plasticizer. Finally, 70 pounds (31.5 kilograms) of

crushed granite aggregate were added.

After the first batch, the amount of Cadox was reduced to 0,15 pounds
(0.07 kilograms). Four batches of PC patching material were placed in the
morning; lunch break was taken during a light rain; and sixteen batches were
placed in the afternoon. Table 4 contains a gradation analysis of the granite
i material used as aggregate. The analysis was performed by the BNL on a sample

provided by Mn/DOT.



Figure 1.

Figure 2,

4

Crew removing unsound concrete

Removal of unsound concrete with a jack
hammer and shovel




Figure 4,

Patch area with unsound concrete

removed




Figure 5. Sandblasting patch area

Figure 6. Patch area ready for repair




oy

Figure 7, End dump truck with Course Aggregate

Figure 8. Mn/DOT Research Vehicle with Electric
Generator
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Figure 9. FHWA Truck with Polymer Concrete Materials

Table 4. Coarse Aggregate Sieve Analysis

U.S. Standard Metric Recommended % Passing
Sieve Size(mm) 7% Passing (Sample)
1/2 inch 12.70 100 100.0
3/8 inch 9.52 85-100 97.3
No. 4 4,76 10-30 14,7
No. 8 2,38 0-10 3.7
No. 10 2,00 3.3
No. 16 1.19 0-5

The coarse aggregate used was a crushed granite produced to meet Mn/DOT
Specification 3137, CA-70, Class A aggregate. The gradation requirements for a
CA-70 are 100 percent passing the 5/8 inch (15.75 mm) sieve, 85-100 percent
passing the 1/2 inch (12.70 mm) sieve, and 50-100 percent passing the 3/8 inch
(9.52 mm) sieve, and 0-25 percent passing the number 4 (4.76 mm) sieve. Since
the specification does not require washing the aggregate, the material passing

the number 4 (4.76 mm) sieve contains rock dust from the crushing operation. The
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presence of the rock dust gives the aggregate a dirty appearance and is believed

"to be responsible for finishing difficulties.

A total of 22 small patches were placed on U.S. 10 and four cylinders were made.
Two cylinders were made for compression testing and two for tensile splitting
strength tests, Results are presented in Tables 5 and 6, which appear later in

this section.,

On October 27, 1981, the PC patches placed on U.,S., 10 were inspected. At least 9
of the 22 patches were failing as exhibited by loosened areas. Many patches had
some unsound areas alongside areas that were sound, Figures 10 through 13

illustrate the condition on U.S, 10.

In addition to examiningvand sounding all patches, 3-inch (7.62 centimeter) cores
were taken in sound areas to provide specimen to test for shear bond strength. A

description of the condition of the cores fcllows.

Core No. 1: This core was taken from a longitudinal patch alongside the
transverse joint of the panel. The center of the patch was sound while the
two ends were unsound., The core fractured diagonally in the old concrete.
It fractured at a depth of 5 inches (12.7 centimeters) on one side and 6-3/8
inches (16.2 centimeters) on the other side. The bond line between the PC
patch and the old concrete was diagonal and the core was not suitable for a
shear bond strength test. The average depth of the patch was 3 inches (7.6

centimeters). The bond was excellent.
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Figure 13. Condition of Patches 3 Days after Placement
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Core

Core

Core

Core

No. 2: This core was taken from a patch that straddles the intersection
of a transverse joint and the centerline joint. It was taken from a sound
area. The greater part of the patch was unsound. The core fractured just
below the bond line at a depth Qf 4 inches (10.2 centimeters) on one side
and 5 inches (12.7 centimeters) on the other side. The bond was good, but

the core was not suitable for testing.

No. 3: This core was taken from a sound patch on the 1left side of the
centerline joint. It was a full depth core 7-3/8 inches (18.7 centimeters)
long. The core would have been suitable for a shear bond test, but the PC
was poorly consolidated at the bond line. The depth of the PC was 2~1/4

inches (5.7 centimeters).

No, 4: This core was taken from the sound portion of a patch near the
centerline joint. About omne-half of the patch was unsound. The core was
full depth 7 inches (17.8 centimeters) long. The old concrete in the core
had several horizontal cracks about 1/2-inch (1.3 centimeters) above the
bottom. The PC had voids along the bond line in ene area and a hairline
crack was visible, 5ut the core was suitable for testing. The PC was about

3-1/2 inches (8.9 centimeters) deep.

No. 5: This core was taken from a sound patch located on the north side
of a trensverse joint. The core was about 6-1/4 inches (15.9 centimeters)
long and parted at an old delamination in the old concrete. The bond of the
PC was good, but the old concrete was frectured adjacent to the bond line.

The PC was about 3-1/2 inches (8.9 centimeters) deep.

..1 7=



Core Wo. 6: This core was about 5 inches (12.7 centimeters) long and was taken
froﬁ a sound corner patch left of centerline. Several fracture 1inés were
visible in the old concrete, and the PC was poorly consolidated at the bond
line. The core was probably not suitable for testing. The PC was 3-1/2

inches (8.9 centimeters) deep.

Generally, the PC.was well consolidated except in a few areas at the bond line.
Cores 1, 2 and 3 showed new breaks in the old concrete while Core No. 5 appeared
to have been delaminated for some time. Cores 4 and 6 were full depthvand had to
be broken out of the pavement. Sound and unsound areas were determined using a
hammer, and the old delamination of Core No. 5 (6 inches [15.2 centimeters] below

the surface) was not detected,

At least four of the patches exhibited vertical cracks, and there was vertical
movement of the sections enclosed by the cracks. The surface of some sections

was above the adjacent concrete while others were depressed.

Close examination of the six 3-inch (7.6 centimeter) cores taken from U.S. 10
does not indicate a bonding problem. Generally, the failures occurred in the old
concrete, All pavement core fractures included aggregate fractures. The

pavement cores did not exhibit a weak cement paste.
After coring, all holes were refilled.

On September 2§, 1981, polymer patches were to be placed on Bridge Number 5004
which is 1located at milepoint 203.4.on U.S. 169, 10.3 miles (16.5 kilometers)
. south of the junction with Minnesota 27 and. approximately 12.8 miles (20,5
kilometers) north of Milaca. Bridge Number 5004 was built in 1930 and is a

two—lane steel deck truss with "U'"-type abutments. The bridge is 33 feet (9.9
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meters) wide. It has a main span length of 87 feet (26.1 meters) and a total
length of 138 feet (46 meters). Due to wet weather conditions, the patching
activities were postponed, but the areas to be patched were prepared for
patching. A smaller crew was used on the bridge deék to prepare for patching.
The deck was to have three large PC pétches, with additional patches of portland
cement concrete patching material. The PC patching areas may be described as

follows:

Patch No. 1: This patch was located in the southbound lane of U.S. 169 at the
south end of the bridge. The patch was about & x 18,2 feet (1.2 x 5.5
meters) and 2 inches (7.6 centimeters) deep. The bridge had a 6~inch (15.2

centimeter) hole through the deck.

Patch No. 2: This patch was north of patch number I on the southbound lane.

AN
The area to be patched was 5.5 x 20.5 feet (1.6 x 6.1 meters) and 3 inches

(7.6 centimeters) deep.

Patch No. 3: This patch was the northerly patch of the three. It was 4 =x 18.6
feet (1.2, x 5.5 meters) and 3 inches (7.6 centimeters) deep. There was a
6-inch (15.2 centimeter) hole through the bridge deck. For patch No. 3, the

coarse aggregate was sieved; the finishing improved.

The areas to be patched were prepared in the same manner as the deteriorated
concrete on U,S. 10, Figure 14 shows the preparation of patch number 1 with its

saw cut edges.

Patching of the bridge deck with PC patching material was done September 29,
1981. The temperature during the PC placement ranged from 48 to 55 degrees

Fahrenheit (9 to 13 degrees Celsius), In the morning, it had rained and
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sprinkled, but the weather improved somewhat during patching. Prior to patching,
the old concrete had to be blown dry. Figure 15 shows an area to be patched with

a full depth hole through the bridge deck.

The bond areas of all patches were primed. Figures 16 and 17 show the weighing
of the 1liquid monomer and the aggregate, respectively. The patches were placed

using a pencil vibrator and a vibrating screed.

Patch No. 3 was placed first, in 30 minutes, At that time, freeze-thaw beams
numbers 1,2, and 3 were cast; cylinders 1 and 2 were made; and chloride

penetration specimen numbers 1 and 2 were cast,

Patch No. 2 was placed second, in 40 minutes. At that time, freeze-thaw beams 4,

5, and 6; cylinders 3 and 4, and chloride penetration slabs 3 and 4 were cast.

Patch No. 1 was placed last, in 20 minutes. At that time, cylinders 5 and 6 were

cast. For patch 3, the coarse aggregate was sieved to remove fines.

Polymer concrete patching began at about 11:00 a.m. and ended shortly after 1:00
p.m. After the PC cured, the patches were open at the sawed boundaries of about
one-half of the perimeters, Maintenance forces were to seal the boundaries and

any open areas with polymer mortar.

The bridge deck patches started cracking on September 30, 1981, On October 1,
they cracked further, and, by the following day, they raised up. The bridge deck
patches were inspected by personnel from the Physical Research Section on October
5, 1981, Patch number 1 had longitudinal cracking and appeared to be about 20
. percent unsound, Patch number 2 appeared to be about 50 percent unsound with
additional cracking since October 2, Patch number 3 appeéred to be about 80

percent unsound,
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Figure 14,

Figure 15.

Preparation of a Patch on a Bridge Deck

Full Depth Hole Through the Bridge Deck
Patch No. 3




Figure 16.

Figure 17.

Weighing the Coarse Aggregate
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On October 8, 1981, another review was made of the PC patches on the bridge deck.
The patches had several shrinkage cracks. Portland cement concrete patching was
being done at this time, and, where the old concrete was. removed mnext  to PC

patches, moisture could be seen trapped under the polymer material.

On October 13, 1981, six 4-inch (10.2 centimeter) cores were taken from the
bridge., Two cores were taken from each patch with one being taken from a sound
area and one from an unsound area (Figure 18). A physical description of the

cores follows:

Core No., 1: This core was taken from a delaminated area of patch number 1,
The PC was about 3 inches (7.6 centimeters) thick. The material was well
consolidated with very few voids. There was at least 50 percent bonding to
the old concrete. The fracture was in the old concrete an” in'icated a weak

cement paste.

Core No. 2: This core was taken from a sound area of patch number 1i. The PC
was about 2.5 inches (6.4 centimeters) thick and was well consolidated with
very small voids. There was 80 to 90 percent bonding to the old concrete.

The fracture was in the old concrete and indicated a weak cement paste.

Core No. 3: This core was taken from an unsound area of patch number 2, The
PC was about 3 inches (7.6 centimeters) thick and was well consolidated with
few voids. There was more than 90 percent bonding to the old concrete. The
core fractured diagonally at about 20 degrees from the horizontal, and thé

fracture again indicated a weak substrate paste,
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Core

Core

Core

No. 4: This core was taken from a sound area of patch number 2. The PC
was approximately 2.5 1inches (6.4 centimeters) thick and was well
consolidated with few voids. There was about 75 percent bonding to the old
concrete., The fracture in the old concrete indicated a weak paste. There
were two areas, 1/2 x 3/4 inches (1.3 x 1.9 centimeters) and 1/8 x 5/8
inches (0.3 x 1.6 centimeters), with glossy polymer in the substrate
aggregate., This indicates that the PC did not bond to the substrate. No
other cores exhibited this chéracteristic. This may be due to porous,

saturated aggregate particles.

No. 5: This core was taken from a delaminated area of patch number 3,
The core straddled a surface crack 1in the polymer concrete. The crack
penetrated through the core and probably through the deck in  the old
concrete, The PC was about 2-3/8 inch (6 centimeters) thick on one side of
the crack and 3-1/4 inch (8.2 centimeters) thick on the other side.
Examination of the two halves of the core indicated aggregate fractures
along the crack. Fractures in the Qld ~concrete indicated a weak paste.

Greater than 75 perceant of the PC was bonded and well consolidated.

No. 6: This core was taken from a sound area of patch number 3. The PC
was about 4-1/8 inch (10.5 centimeters) thick. The material was well
consolidated with few voids and completely bonded to the old concrete. The

fracture was in the old concrete and indicated a weak paste.

Cores 1, 3, and 5 were in delaminated areas and, presumably, were already

fractured prior to curing. Cores 2, 4, and 6 were cut about 5 inches (12.7

centimeters) deep and broken out by prying at the surface. In sound concrete, a

core

will normally fracture near the bottom of the cut unless a weakness plane is



located above the bottom of the cut, These cores were taken 1in areas that

indicated they were sound,

The weak paste comments in the describtions of the cores are based on the
observation that the fractures in the o0ld concrete occurred at the
paste—aggregate boundary. Very few aggregates in the old concrete showed new

fracture surfaces,

In all cases, the PC was dense and well consolidated. It bonded well to the old

concrete which was initially saturated and had to be dried with compressed air.

It appeared that cracks in the PC were reflective cracks from the old concrete.
The bridge deck is 5-1/2 to 6 inches (14 to 15.2 centimeters) thick. The deck
has minimal bottom steel. Heavy truck traffic causes considerable vertical

movement of the deck.

As mentioned previously, the weather duringAthe patching was cool (50 degrees

Fahrenheit [10 degrees Celsius]) and the concrete was saturated due to fall
rains. It appears reasonable to assume the temperature of the PC raised
considerably above the ambient temperature of the old concrete during
polymerization., The strength of the PC increased rapidly and exceeded the

strength of the concrete, probably in the first hour of cure.

As the polymer material cooled, shrinkage resulted, and stresses were set up that
exceeded the strength of the old concrete. Some of the delaminations may also
have existed in the substrate before the patches were placed. These could have

been there previously or the result of removal of the original deck material,
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The patches which were finished flush with the adjacent concrete, later projected
~ as much as 1/4 inch (0.6 cen#imeters) above the adjacent concrete surfaces. This
problem had not occurred where the patches were repaired with - regular concrete.
Moisture was penetrating /through the deck in the wvicinity of the patches.
Consequently, it was decided to remove the polymer patches and replace them with

regular concrete.

Removals began October 19, 1981. Personnel from the Physical Research Section

observed the early removal operations; Figure 19 shows removals at the site.

Removal was a slow operation (Figure 20). The polymer concrete had to be broken

out in small pieces (Figures 21 and 22).

The PC was examined as it was removed. The pieces revealed several things: in
some instances prime material appeared to be attached to the polymer material and
to have never adhered to the old concrete, which may have been too wet; some PC
may have = polymerized before it could be finished; some PC was poorly
consolidated; some PC bonded well and fractured through the old concrete wupon
removal. When the old concrete fractured it indicated failure through paste and

aggregate, but the aggregate that fractured was not of very high quality.

It was also observed that a great deal of moisture was trapped at the polymer
concrete-—portland cement concrete interface. Some pieces that were removed had
ice on them that rapidly melted when exposed to the sun, It appears probable

that the patches would have failed over winter.

It is regrettable that the patches had to be removed; there is no evidence that
the PC material failed. The evidence indicates that the bridge deck patches
failed due to the condition of the deck, method of PC placement, and weather

conditions.,
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Figure 19. Removal of Polymer Concrete
Bridge Number 5004

Figure 20, Jackhammering Out Polymer Concrete Patches
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Figure 21.

Polymer Concrete was Removed in Small Pieces

Figure 22,

Typical Polymer Concrete Removed from Bridge
Patches '
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Polymer concrete specimens from the bridge deck patching material were stripped

the following day in the Mn/DOT laboratory.

In order to prevent bonding of the PC material to the metal forms, freeze—thaw
beam forms were coated with wax. This was difficult to remove from the beams.
The beams were frozen overnight and the wax came off easier. However, it was
still necessary to sandblast the beamé to completely remove the wax., The beams

were then stored in the freezer with the control mix specimen at the time the

latter were placed there,

On November 3, ‘1981{' three small polymér concrete patches were placed on
Minnesota Trunk Highway 23 in Foley, Minnesota, These were placed by the
Department's maintenance forces in order to utilize the remaining polymer
material. No samples were taken, but the patches have been monitored along with
the remaining patches on U,S. 10, Although these patches remain inplace, they

also appear to have debonded when sounded with a hammer.

Compression test cylinders were made in standard, waxed, cardboard molds, Test
cylinders were never moist cured; they were stored in a location where they would
be least likely to be disturbed., Since normal capping material is not strong
enough in compression, cylinders were capped with polyester resin wusing
methylethylketone peroxide as a hardener. One cylinder was broken early in order
to determine’ if the caps were adequate and what capability would be required of

the compression equipment. Compression test results are given in Table 5.
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Table 5. Compressive Strength of Polymer Concrete

Cylinder Site Age Diameter Strength
(days)  inches(cm)  psi(megapascals)

PolyC #1 U.S. 10 26 6.02(15.3) 14,330( 99)

PolyC #2 U.S. 10 20 6.01(15.3) 13,710( 95)

#1 Bridge 21 6.01(15.3) 15,790(109)

#3 Bridge 21 6.01(15.3) 16,090(111)

#5 Bridge 21 6.00(15.2) 13,860( 96)

Tensile splitting strength tests were made on the PC cylinders at the

as the compression tests.

Tensile spiitting strengths are given in Table .6,

same

Table 6, Tensile Splitting Strength of Polymer Concrete
Cylinder Site Diameter Length Tensile Splitting
inches(cm) inches{cm) Strength
psi(megapascals)
PolyC #3 U.S. 10 12,0(30.5) 6.00(15.2) 1,636(11,.3)
PolyC #4 U.S. 10 12,1(30.7) 6.00(15.2) 1,719(11.9)
#2 Bridge 12.0(30.5) 6.01(15.3) 1,326( 9.1)
#4  Bridge 12.1(30.7) 6.00(15.2) 1,403C 9.7)
#6 Bridge 12.0(30.5) 6.01(15.3) 1,743(12.0)

time

Table 7 summarizes the results of the compressive strength and the tensile

splitting strength of the portland cement control concrete and the polymer

concrete, It is not intended to qualitatively compare the two materials. It is

provided for informational purposes only. The strength developed by the PC

material is much more than is necessary given the strength of the substrate.
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Polymer concrete specimens for chloride penetration testing and companion control
samples were prepared for testing at the same time as the other samples. Testing
was done when the portland cement concrete samples were moist cured a total of 28
days. On the top of each slab, an area approximateiy 1 foot (30 centimeters) on
each side was diked with silicone sealant. The dike was built—up to permit

ponding of about 1/8 inch (0.3 centimeters) of salt solution within.

Table 7. Summary of Strengths of Patching Materials

Cylinder Material Site Compressive Tensile Splitting
or Strength Strength
Batch psi{megapascals) psi(megapascals)

Low Slump IIA Control 1 8,560( 59)

Low Slump IIB Control 1 8,420( 58)

Low Slump IIC Control 1 631( 4.4)
Low Slump IID Control 1 629( 4.3)
Low Slump IITA Control 2 8,050( 56)

Low Slump IIIB Control 2 8,280( 57)

Low Slump IIIC Control 2 639( 4.4)
Low Slump IIID Control 2 658( 4.5)
PolyC #1 Polymer U.S. 10 14,3306( 99)

PolyC #2 Polymer U.S, 10 13,710( 95)

PolyC #3 Polymer U.S. 10 1,636(11,3)
PolyC #4 Polymer U.S, 10 1,719(11.9)
#1 Polymer  Bridge 15,790(109)

#2 Polymer  Bridge . 1,326( 9.1)
#3 Polymer Bridge 16,090(111)

#4 Polymer Bridge 1,403( 9.7)
#5 Polymer Bridge 13,860( 96)

#6 Polymer  Bridge 1,743(12.0)
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A three percent solution of sodium chloride, by weight, was applied to each slab
each work day. Slabs were rinsed the first work day of each week to remove salt
crystals. Chloride content in the specimen  was determined after 100
applications, and the cycle began again. The 100 applications of salt water were
repeated four times with a chloride test following each cycle. One chloride test
was taken from a quadrant of each ponding area. A total of 400 applications were
made and testingrwas completed in September 1983, Chloride peﬁetration test
results are given in Table 8. The average chloride penetration for the low—-slump
concrete and the polymer concrete is given in Table 9. The results of the
chloride penetration tests clearly indicate the 1low permeability of the PC

material.

Freeze—thaw testing was completed in October 1983. Freeze—thaw test results are
given in Table 10 for the low slump concrete and in Table 11 for the polymer
concrete. The test results are reported as a percent strain since the Department

had stopped using sonic modulus by this time.

Generally, the PC material performed better in freeze-thaw testing than did the
low slump concrete, but when compared to test results on file, both materials
performed well. Both materials were put through 530 freeze-thaw cycles. Test

results indicate that neither had begun to fail.

For convenience, Table 12 gives estimated percent strain for the 1low slump and

polymer concretes in test intervals of 50 cycles each.
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Table 8, Chloride Penetration Test Results In Parts Per Million

Sample Depth in Inches
0~-1/2 1/2-1  1-11/2 11/2-2 2-2 1/2
Low Slump IIA
100 Applications 5950 1440 130 110 90
200 Applications 5860 2180 230 190 140
300 Applications 5440 2810 140 100 80
400 Applications 4650 1550 160 130 60
Low Slump IIB
100 Applicatiouns 5890 800 410 90 S0
200 Applications 5240 1540 150 130 100
300 Applications 3280 1990 80 80 80
400 Applications 4580 1480 190 90 80
Low Slump IIIA
100 Applications 5880 980 200 120 100
200 Applications 5910 1550 120 80 110
300 Applications 5930 3030 170 150 80
400 Applications 4510 2850 470 100 130
Low Slump ITIB
100 Applications 4780 560 120 80 70
200 Applications 7250 5200 250 100 120
300 Applications 4540 1890 100 90 70
400 Applications 4670 2530 500 90 90
PC #1
100 Applications 80 60 70 60 80
200 Applications 130 130 160 90 170
300 Applications 280 60 80 110 350
400 Applications 370 70 60 90 40
PC #2
100 Applications 90 60 60 190 180
200 Applications 330 160 90 160 80
300 Applications 200 60 80 100 60
400 Applications 850 60 400 140 70
PC #3
100 Applications 210 80 60 60 50
200 Applicatiouns 360 100 100 100 120
300 Applications 210 70 70 90 90
400 Applications 390 90 110 200 60
PC #4 ,
100 Applications 130 110 80 70 80
200 Applications 680 90 90 90 130
300 Applications 310 100 60 70 60
400 Applications 380 130 160 140 110
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Table 9. Average Chloride Penetration In Parts Per Million

Sample

Depth in Inches

0-1/2 - 1/2-1 1-11/2 11/2-2 2-2 1/2

Low Slump Concrete

100 Applications 5625 845 215 100 89

200 Applications 6065 2118 192 125 118

300 Applications 4800 2430 120 100 80

400 Applications 4600 2100 330 100 100
Polymer Concrete

100 Applications 125 78 78 95 98

200 Applications 350 105 110 110 120

300 Applications 250 70 70 90 140

400 Applications 500 90 180 140 100

Table 10, Freeze Thaw Test Results
% Strain (Elongation)

Freeze Thaw Cycles 0 28 58 90 133 164
Low Slump IIA 0.000 0.001 = 0.004 0.000 0.000 -0.001
Low Slump IIB 0.000 0.003 0.007 0.007 0.005 0.009
Low Slump IIC 0.000 0.002 0.006 -0.003 ~-0.003 0.000
Low Slump IITA 0.000 0.003 0.006 0.005 0.004 0.008
Low Slump IIIB 0.000 0.003 0.007 0.005 0.004 0.010
Low Slump IIIC 0.000 ~-0.003 0,001 -0.004 -0.003 0.000
Mean 0.000 0.001 0.005 0.001 0.001 0.004
Standard Deviation 0,000 0.003 0.002 0.005 0,004 0.005

Freeze Thaw Cycles 207 240 282 314 356 398
Low Slump IIA -0.000 -0.000 -0.000 0.004 0.001 0.003
Low Slump IIB 0.010 0.011 0.011 0.017 0.016 0.018
Low Slump IIC 0.001 0.001 0.001 0.007 0.005 0.009
Low Slump IIIA 0.011 0.011 0.009 0.015 0.011 0.015
Low Siump IIIB 0.011 0.010 0.010 0.016 0.013 0.016
Low Slump IIIC 0.000 0,001 0.001 0.006 0.004 0.006
Mean 0.005 0.005 0.005 0.011 0.008 0.011
Standard Deviation 0.006 0.006 0.005 0.006 0.006 0,006

Freeze Thaw Cycles 428 458 499 530
Low Slump ITIA 0.004 0.004 0.005 0.004
Low Slump IIB 0.020 0.021 0.021 0.022
Low Slump IIC 0,008 0.008 0.010 0.009
Low Slump IIIA 0.016 0.016 0.017 0.016
Low Slump IIIB 0.017 0.017 0.018 0.018
Low Slump IIIC 0.007 0,009 0.007 0.006
Mean 0,012 0.012 0,013 0.013
Standard Deviation 0.007 0,007 0,007 0.007



Table 11. Freeze Thaw Test Results

% Strain (Elongation)

Freeze Thaw Cycles 0 28 58 90 133 164
P.C. Beam 1 0.000 0.013 0.004 0.004 -0.000 0.001
P.C. Beam 2 0.000 0.003 0.006 0.003 0.001 0.005
P.C. Beam 3 0.000 0.001 0.005 0.004 0.000 0.004
P.C, Beanm 4 0,000 0,000 0.001 ~0.001 -0.005 -0.002
P.C. Beam 5 0.000 0.000 0.003 ~0,003 -0.005 -0,003
P.C. Beam 6 0,000 0.002 0.005 0.002 0.000 0.004
Mean 0,000 0.003 0.004 0,001 -0.001 0.001
Standard Deviation 0,000 0.005 0.002 0.003 0.003 0.004
Freeze Thaw Cycles 207 240 282 314 356 398
P.C. Beam 1 0.000 0,000 0.002 0.007 0.005 0.006
P.C., Beam 2 0.004 0.004 0.002 0,008 0.005 0.007
P.C. Beam 3 0.004 0.003 0.003 0.008 0.006 0.007
P.C. Beam 4 -0.003 0.002 ~-0.006 -0.003 -0.005 -0.003
P.C. Beam 5 ~0.003 -0.004 ~0.005 0.000 ~0.003 -0.000
P.C. Beam 6 0.003 0.003 0.003 0.008 0.005 0.007
Mean 0.000 0.000 0.000 0.005 0.002 0.004
Standard Deviation 0,004 0.004 0.005 0.005 0.005 0,005
Freeze Thaw Cycles 428 458 499 530
P.C. Beam 1 0.008 0.008 0.007 0.005
P.C. Beam 2 0.009 0.009 0.007 0.009
P.C. Beam 3 0.009 0.006 0.009 0.009
P.C, Beam 4 ~-0.003 -0.003 -0,004 -0.003
P.C. Beam 5 0.000 -0.000 -0,000 0.000
P.C. Beam 6 0.009 0.008 0,009 0.010
Mean 0.005 0.004 0.004 0.005
Standard Deviation ' 0.005 0.005 0.006 0.006
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Table 12. Estimated Freeze—~Thaw Test Results

Low Slump Concrete

Test Cycle: 50

% Strain Estimates: Mean = 0.004 Std. Dev., = 0.002
Test Cycle: 100 )

% Strain Estimates: Mean = 0,001 Std, Dev. = 0,005
Test Cycle: 150

% Strain Estimates: Mean = 0.003 Std. Dev., = 0.005
Test Cycle: 200

% Strain Estimates: Mean = 0.005 Std. Dev, = 0.006
Test Cycle: 250

% Strain Estimates: Mean = 0.005 Std, Dev. = 0.006
Test Cycle: 300

% Strain Estimates: Mean = 0,008 Std. Dev. = 0.006
Test Cycle: 350

% Strain Estimates: Mean = 0.009 Std. Dev. = 0,006
Test Cycle: 400

% Strain Estimates: Mean = 0.011 Std. Dev. = 0.006

_ Polymer Concrete

Test Cycle: 50

% Strain Estimates: Mean = 0,004 Std. Dev. = 0,002
Test Cycle: 100

% Strain Estimates: Mean = 0.000 Std, Dev. = 0.003
Test Cycle: 150

% Strain Estimates: Mean = 0.000 Std. Dev. = 0,004
Test Cycle: 200

% Strain Estimates: Mean = 0,000 Std. Dev., = 0,004
Test Cycle: 250

% Strain Estimates: Mean = 0.000 Std. Dev. = 0.004
Test Cycle: 300

% Strain Estimates: Mean = 0,002 Std, Dev, = 0.005
Test Cycle: 350

% Strain Estimates: Mean = = 0,005

0,002 Std. Dev.

Note: Estimated values are based on actual freeze~thaw test results.
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FINDINGS AND CONCLUSIONS

Several findings and conclusions can be drawn from the laboratory studies and

field studies and from field evaluation of the patching projects:

- The material tested did not exhibit the tendency of early PC materials

for the drainage of monomer from the system;

- Although the material tested comes partly prepackaged, it is still
necegsary to weigh the liquid monomer, measure the injtiator, and weigh

the coarse aggregate in the field;
- Overall, the PC placed%&n patches were well consolidated;
v
- Overall, the PC placedrin patches bonded well to the old concrete;

- Cores taken from PC patches on both U.S. 10 and Bridge Number 5004
indicated that, often times, unsound areas were the result of new
breaks in the old concrete; these could have resulted from fracturing
during removals of deteriorated substrate or from stresses induced

through polymerization of the patching material;

- Vertical cracks developed in the PC patches on U.S. 10 and on Bridge

Number 5004;

- Fractures in the old concrete revealed a problem with weak cement paste

in the old concrete on Bridge Number 5004, but not on U.S, 10;

- Finishing was difficult on both the highway and bridge patches. When
the coarse aggregate was sieved to remove excess rock dust for one

bridge patch, the workability of the material was improved;
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- When patches were placed in both locations, weather conditions were
cool and wet. On both installations, patches were open to rain at some

time during the day;

- On the bridge deck, several forms of failure could be seen: there was
failure of the oprime to bond to the old concrete; there was some
polymerization prior to finishing; there was some poor consolidation of
PC material; and there was a very strong indication of a weak cement

paste in the old deck concrete;

- The compressive strength of the PC material is nearly twice that of the

control concrete;

- The tensile splitting strength of the PC is greater than twice that of

the control concrete;

- The PC material significantly out-performed the control concrete with

respect to chloride penetration; and

- Although both materials performed well in freeze-thaw testing, the PC

material appeared to perform better.

Generally, the PC patching material performed well., The problem experienced with
debonding and vertical cracking may be the result of temperature—induced stresses
during polymérization. Very certainly, failures on the bridge deck are at least
partly due to the condition of the old concrete. It is also certain that weather
conditions at the time of placement affected performance of the PC patching

"material; this is particularly true for the bridge deck patches.,
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The performance of the material was also dependent upon methods of mixing,
placing, and finishing. Naturally, any time a new and totally unfamiliar
material is used, problems with its wuse are revealed. Polymer concrete >is
difficult but not impossible to work with., When a material develops such
strength within one hour, workers will have difficulty with mixing, placing, and
finishing until they are familiar with the material., It is certain that some of

the consolidation problems can be easily cured,.

The problem of workability of the material was shown to be partly the result of
-excess rock dust within the coarse aggregate fraction. Also, the coarse
aggregate used was a crushed granite which was very harsh. A coarse aggregate

with rounded particles, such as pea rock, may be more workable,

Both the compressive and tensile splitting strengths of the PC material are
significantly higher than a strong low slump concrete., Such high strengths are

of no apparent advantage for these patching applicatious.

Field evaluation of the patches remaining in place has indicated some surface
erosion, Previous reports have indicated that patches have also debended., An
evaluation was made in October of 1983, This indicates that on T.H. 10 near St.
Cloud, Minnesota, about seventy percent of the patches appear to be at least
partly debonded when sounded with a rock hammer, However, only a part of one
patch has had to be repaired. On T,H., 23 in Foley, two of three small patches,
placed November 3, 1981, appear to be debonded,. This reveals no further
debonding since the previous year. Change in the amount of surface erosion of
the T.H. 10 patches is difficult to determine since the driving lane was milled
recently, and this milling has completely altered the surface texture. Figures

23 through 28 show the condition of the patches in T.H. 10 as of October 1983,
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Figure 23. Polymer Concrete Patches on T.H. 10

Figure 24. Polymer Concrete Patches on T.H. 10
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Figure 25, Polymer Concrete Patches on T.H. 10

Figure 26. Polymer Concrete Patches on T.H. 10
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Figure 27. Polymer Concrete Patches on T.H. 10

Figure 28, Polymer Concrete Patches on T.H. 10
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~In summary, the PC material may well be an effective, quick patching material.

Care must be taken when it is used, however. It is very sensitive to conditions

of substrate and weather during placement, and placement itself may be too
sensitive for general use. The problem still exists that the material is

troublesome to mix., There still is measuring and weighing to be domne.
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