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In order to study the mechanical performance of dry-cast synthetic fiber reinforced
concrete (SynFRC), samples of varying geometry, fiber content, and environmental
exposure were developed and tested using the modified indirect tensile test. The samples
created consisted of three different thicknesses (with two different geometries), and six
different fiber contents that differed in either type, or quantity, of fibers. Throughout the
duration of this research, procedures for inflicting detrimental materials into the concrete
samples were employed at a number of different environments by implementing
accelerated rates of deterioration using geometric adjustments, increased temperature
exposure, wetting/drying cycles, and preparation techniques. The SynFRC samples
studied were immersed in a wide range of environments including: the exposure of
samples to high humidity and calcium hydroxide environments, which served at the
control group, while the sea water, low pH, and barge conditioning environments were
used to depict the real world environments similar to what would be experienced in the
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Florida ecosystem. As a result of this conditioning regime, the concrete was able to
imitate the real-world effects that the environments would have inflicted if exposed for
long durations after an exposure period of only 20-24 months. Having adequately
conditioned the samples in their respective environments, they were then tested (and
forensically investigated) using the modified indirect tensile testing method to gather data
regarding each sample’s toughness and load handling capability. By analyzing the results
from each sample, the toughness was calculated by taking the area under the force
displacement curve. From these toughness readings it was found that possible
degradation occurred between the fiber-matrix interface of some of the concrete samples
conditioned in the Barge environment. From these specimens that were immersed in the
barge environment, a handful of them exhibited multiple episodes of strain softening
characteristics within their force displacement curves. In regard to the fibers used within
the samples, the PVA fibers tended to pull off more while the Tuff Strand SF fibers had
the highest tendency to break (despite some of the fibers showing similar pull off and
breaking failure characteristics). When it comes to the overall thickness of the sample,
there was clear correlation between the increase in size and the increase in sample

toughness, however the degree to which it correlates varies from sample to sample.
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. INTRODUCTION

Concrete is one of the most abundant and effective construction materials in the
world. This ceramic composite is known for being extremely strong in compression, yet
relatively weak in tension. For this reason, reinforcing mechanisms are added to concrete
lattices to help strengthen the member and provide structural support. However, there are
a number of issues accompanying the traditional forms of reinforcement (which utilize
steel elements) regarding survivability, depending on the specimen’s environment and
concrete composition. When steel reinforced concrete is exposed to detrimental
environments for extended periods of time, the reinforcing mechanisms can degrade and
lose their strengthening characteristics as the chlorides that are absorbed into the concrete
initiate and propagate the corrosion process. While this corrosion process initially
enhances the reinforcing mechanisms, after significant cross section loss, the bond
between the reinforcement the concrete weakens. Because of this issue, nonconventional
means of reinforcement have begun to be studied and implemented in applications
subject to extreme conditions. One of the alternate techniques of reinforcing concrete, in
conjunction with these traditional methods, is the utilization of macro synthetic fibers
(measuring lengths of 2.5-5 cm long) throughout the concrete lattice. Within the concrete,
these fibers (depending on their volume within the cast) are able to potentially increase
the fracture toughness, tensile and flexural strength, and crack resistance of the

composite. Although this technique of implementing synthetic fiber reinforcement within



concrete structures has been used throughout the years, it’s reinforcement capabilities
within dry-cast concrete pipes and culverts has yet to be studied. These applications of
FRC (in concrete pipes particularly) are an area of special interest for this form of fiber
reinforcement, as these structures could experience extremely harsh environments such as
those observed in Florida’s swamps and marine sites. For this reason, investigating the
performance of different sample geometries consisting of different fiber contents, in
environments that have low pH or high biological growth is important. This project aims
to answer a number of these performance guestions regarding synthetic fiber reinforced
concrete as samples are exposed to environments that mimic these unforgiving
conditions. Using exposure regimes such as the immersion of samples in the Intercostal
waterway, potentially allows for the growth of microorganisms (fouling) and calcareous
deposits (barnacles) to take place. Additionally, immersing samples in seawater, or
seawater with a pH adjusted to a value of four, for extended durations can help replicate
marine and swamp like conditions in which structures are exposed. In contrast, specimens
immersed in calcium hydroxide solution, and exposed to high humidity environments act
as control samples of which comparison can be based off of. By rigorously testing and
analyzing the failure mechanisms of numerous types (and geometries) of fiber reinforced
concrete exposed to a variety of environmental conditions, more can be understood about
their performance characteristics. Utilizing a modified method of testing called the
modified indirect tensile test, the concrete specimen prepared for analysis can help
develop conclusions and pinpoint ideal applications for fiber reinforced concrete

throughout the world.



. THESIS OBJECTIVE

The main objective of this thesis is to present and document the methodology and
results gathered through the analysis of the mechanical behavior of fiber reinforced
concrete samples. Included in this document will be a complete overview of the
preparation and conditioning regime that each tested FRC sample underwent, as well as
the full testing procedure conducted on these specimens employing the modified indirect
tension test. This thesis will also include a summary of the results and performance
characteristics found through the application of this modified indirect tension testing
procedure on the FRC samples that were exposed in the different conditioning
environments, alongside the methodology used in processing and analyzing this data.
These concrete samples with differing geometries and fiber contents that were exposed to
High Humidity, immersed in Calcium Hydroxide, Sea Water, Low pH seawater, and
Barge environments are presented and compared on a similar basis to help pronounce
their differences in makeup and deterioration, helping to determine how these
independent factors effects the samples toughness. By controlling the environmental
conditions acting on the samples throughout this extended conditioning regime (which
lasted anywhere from 20 to 24 months), a better understanding of the degree of
deterioration on each sample, as well as how they failed can help to pinpoint the specific
real-world applications that would be ideal for each fiber type. By comparing these

testing results to those obtained through similar techniques, the results generated could be



validated to help predict the performance of fiber reinforced concrete structures

employed in similar applications.



1. LITERATURE REVIEW

[11.1 Concrete
Concrete is a construction material used throughout the world for a wide variety

of applications. Comprised of coarse and fine mineral aggregates, hardened cement paste,
and various additional admixtures (which are used to improve a number of the concretes
properties) this brittle material is strong in compression yet weak in tension. In order to
enhance concretes tensile strength, and overall structural stability, reinforcing
mechanisms such as cables, bars, or fibers are added into the concrete matrix. While there
has been an extensive number of studies regarding the properties and performance of
these traditional reinforcement methodologies for concrete, concrete laden with fiber
reinforcement and exposed to aggressive environments remains an area where additional

research is needed.

I11.11 The Role of Fiber Reinforced Concrete
Fibers have been incorporated into concrete lattices because of their innate ability

to increase the concretes performance upon the initiation of crack formation. These fibers
help resist cracking and increase the concretes overall ductility [1]. In order to determine
the fibers ability to increase the concretes ductility, the energy dissipation during failure
is looked at. This characteristic for energy dissipation is what is known as the concrete’s
toughness. There are a number of techniques that have been introduced as means of
calculating this toughness characteristic throughout the years, and many of these have
been used to develop the testing regimen that was employed throughout this research,

which will be discussed in a later section.



Synthetic fibers within concrete applications provide short, discontinuous, and
randomly distributed reinforcement that are more closely spaced compared to the
traditional reinforcement techniques. These fibers are beneficial in that they are relatively
low cost, are less effected by detrimental environments, and can serve as an alternative to
their steel reinforcing counterparts. While reinforcing concrete with steel bars or steel
fibers, the ingress of chloride ions into the concrete can result in the buildup of corrosion
product which can cause resultant cracking, spalling, or other forms of structural
degradation. The use of synthetic fibers, such as those studied in this thesis, can eliminate
these concerns for such severe corrosion degradation while providing similar

advantageous structural enhancements.

When cracking occurs on a concrete structure reinforced with synthetic fiber, the
load transfers the applied stresses to the fibers and the fiber matrix interface [2]. These
fibers initially provide a significant crack closing pressure that helps to prevent the
further growth of the crack, or nucleation of new cracks throughout the structure. It has
been shown that the addition of synthetic fibers throughout concrete structures has
significantly increased their performance. In an article discussing the toughness of fiber-
reinforced concrete [1] it was found that before cracking (pre-peak) the responses of
concrete without fiber reinforcement resembled those with the fibers present. However,
upon cracking occurring (post-peak) the fiber reinforced concrete samples exhibited a
hardening type behavior. In this study, after cracking, (when the samples had crack
opening displacement of 400um) the samples with no fibers were only capable of
withstanding maximum loads that were approximately 50% of what was observed to

cause the first crack, while FRC samples could withstand loads around 100-180% of what



was present upon cracking. This depicts the importance and influence that fiber

reinforcement can have on the strength and durability of concrete.

The effects fibers have within concrete samples can be enhanced through the
addition of fly ash (such as what was done throughout the preparation of the samples
used in this research). It was found that when FRC includes a high volume of fly ash (in
this case 235 kg per cubic meter of concrete, which was one third of the total fine
aggregate by volume), the efficiency of the fiber reinforcement is increased [3]. For
instance, when polypropylene fibers were encased in this specified (235 kg per cubic
meter of concrete) high fly ash quantity concrete, the compressive and tensile strengths
increased by 50%. This improvement in the performance of fibers in high fly ash
concrete is attributed to the pozzolanic reaction of the fly ash, which replaces the
preferentially oriented crystalline layer of calcium hydroxide in the interface with denser
hydration products. This modification and densification of the microstructure occurs at
the area that is about 20-40 um thick between the matrix and the fibers known as the
interfacial transition zone (ITZ)[3]. This pozzolanic reaction provides more strength to
the matrix, and greater bonding between the matrix and the fibers. The combined
beneficial effects of the fly ash and the fiber reinforcements can increase the concretes
overall load bearing capabilities. It was found that when comparing the effects of fly ash
in FRC, samples with fly ash present had compressive and tensile strengths of more than
double those observed in samples without fly ash [3]. Due to these beneficial influences
of fly ash in FRC samples, the specimen prepared for this research incorporate 23% fly
ash F as a cement replacement with no fine aggregates to help pronounce the

performance of the fiber reinforcements.



An assumption of this research is that the fibers within the concrete structure are
assumed to be uniformly distributed and will act elastically up until their failure. As the
applied force during testing is transferred from these fibers and the fiber matrix through a
sheering force, deformation will begin to take place at the fiber interface [4]. This
research will look into the failure mechanisms and characteristics, through the forensic
analysis of the samples upon the conclusion of the modified indirect tensile testing, based

on a variety of factors such as fiber make up and environmental exposure.

[11.111 Method of Testing
It has been noted that there are a number of shortcomings in the old testing

methods of synthetic fiber reinforced concrete samples, such as the 3 point bending and
the splitting tension test. Exhibited by these methods, is a need for better load application
and control, due to the desired localization of damage along fracture plane and softening
response (rather than the elastic-plastic type observed). Of these methods, during a
splitting tension test, the state of the stress in the vicinity of the loading does not allow for
a fiber dominated post cracking response. Additionally, these traditional methods are
unsuitable for the testing of fiber-reinforced concrete because upon fracture, the stress
and stress distributions are unknown, exemplifying the need for a better solution. It has
been shown, however, that stable FRC tests can be performed by restricting the loading
area and controlling the deformation across the crack plane. It is for this reason why a
modified indirect tension testing (MIDT), which is a combination of the splitting tension
test [1] and the Brazilian test approach [2][5], along with alterations proposed by Roque
[2] such as adding a hole in the center of each specimen, will be the method of analysis

used throughout this research.



The modified indirect tension testing method grants the ability to determine the
uniform stress/strain distribution on a uniformly degraded cross-section of a fiber
reinforced concrete structure [5]. A depiction of the indirect tensile testing method

employed on a cylindrical sample can be seen in Figure 1 below.
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Figure 1-Theoretical Stress Distribution of Cylindrical IDT Sample [2].

It can be seen that the theoretical stress on this diametral plane is uniform near the
specimen’s center. However, the larger the specimen’s thickness, the more this uniform
horizontal tensile stress strays from this relationship as specimen may begin to exhibit
bulging on its face or edges. The advantage to this method of analysis for concrete
specimen is that the fracture plane is known before testing so fracture limits and
displacement gauges can be installed on the specified planes [2]. At these predetermined
locations the crack opening displacement (COD) can be measured to help in determining
the samples toughness, as it is known to be the area under the load-COD curve until a
specified COD limit [1]. In a similar testing procedure as the aforementioned process,

another study applying load along two diametrically opposite generatrices to create a
9



biaxial stress state within a cylinder created a similar theoretical stress distribution

diagram which can be seen in Figure 2.
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Figure 2-Diametral Compression Cylindrical Stresses [6].

This paper describing the indirect tensile test by means of a modified Brazilian
test [6], specifies the importance of insuring that your samples has a flush, perfectly
centered, and in uniform contact with the load applying faces for ideal results. From these
diagrams shown in Figures 1 and 2 depicting the stress states present within cylindrical
samples subject to the indirect tensile test, it can be seen that a uniform tension is applied
across the fracture plane. It is for this reason why this method of analysis is used
throughout the duration of this research regarding the toughness of fiber reinforced

concrete samples.

When comparing the cylindrical samples to the square shaped concrete, the stress
distributions along the vertical plane show similar behavior. It was found that the same
stress distribution along the vertical plane in the center of the specimen was observed for
both concrete geometries [2]. A depiction of the two stress distributions can be seen in

Figure 3.
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Figure 3-Square and Cylindrical Stress Distributions Using IDT [2].

Similar to the theoretical stress distribution diagrams presented above, a depiction

of the stress distribution observed on a square sample can be seen in Figure 4.
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Figure 4-Square FRC Stress Distribution and Test Setup Using IDT [2].

Additional to the sample geometries and testing method alone, the presence of a
10 mm hole in the center of fiber reinforced concrete specimen helps enhance the testing
results as well. This small hole running through the middle of the samples used in this

report (proposed in the study by Kim and Roque [2]) serves as an additional means to
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concentrate the stresses observed during loading to the center of the sample along its
fracture plane. This hole additionally serves as a method for allowing the ingress of
deleterious materials which would further degrade the fiber or the fiber-concrete interface
at this location of maximum stresses, permitting a more efficient means of observing the
environment’s effect on each sample. Implementing all of these methods of centralizing
the uniform tension, along the samples fracture plane, helps to improve the consistency
and accuracy of the indirect tensile test making it an extremely effective method to

analyze the performance of fiber reinforced concrete.

[11.1V Ingress of detrimental Materials
Concrete, and thus the reinforcing materials within the structure, are adversely

affected by the influence of foreign materials infiltrating the composite. Deleterious
materials are transported through concrete structures as a result of absorption, diffusion,
and the permeability processes which can initiate the chemical and physical mechanisms
for deterioration [5]. There are a number of chemical and physical means that control the
degree of deleterious material transport into concrete. Examples of these influences that
affect concrete deterioration include: the environmental condition, pore size distribution
or structure (tourtosity and interconnectivity), solution characteristics, degree of concrete
pore saturation, and temperature. It is for these reasons why when preparing the concrete
specimen that are studied in this report, a consistent method of developing and
conditioning each sample was followed. By implementing methods to increase the
detrimental attack on each sample (such as heating the solution baths, and altering the
sample’s thicknesses), the conditioning time necessary to see the long-term effects that

aggressive environments can have on fiber reinforced concrete is decreased.

12



When studying the detriment of concrete exposed to various conditions, it has
been noted that the occurrence of wetting and drying processes result in the leaching of
concrete and the accelerated ingress of the solutions (through absorption) into the
concrete [5]. Because of this, it is important to determine the ideal wetting and drying
cycle, as well as sample geometry, for the most efficient setup to inflict possible chemical
or physical changes to the fiber-cement interface [5]. Attempting to streamline this
conditioning regime, the studies performed by [2] noticed that the 12 hour cyclic wetting
and drying conditioning utilized was insufficient for the ingress of detrimental conditions
into the concrete samples. It is for this reason why the researchers altered their sample
conditioning to seven days for wetting, and another seven days for drying to help increase
the moisture transfer throughout these periods while avoiding the micro-damage and
carbonation that could be a byproduct of extended conditioning periods. The addition of a
heater and blower also allowed for additional ease of transferring moisture in and out of
the concrete specimen. This research was able to determine that during this wetting and
drying regime, the capillary action throughout the specimen would allow for 12.5mm
penetration into the samples, indicating that a samples thickness of 25mm would allow

for full saturation in the allotted 7 day wetting period.

In addition to the benefit regarding the localization of stresses along the center of
the fracture plane, the implementation of a 10 mm through hole in the center of both the
cylindrical and square samples also influenced the ingress of deleterious species/ions [2].
This centered hole would allow for increased surface areas capable of being exposed to
the conditioning environment. The solution in which the concrete samples were exposed

was able to access the center of the concrete and provide another location of which the

13



ions could enter the concrete structure to fully saturate the specimen through its capillary

action/diffusion.
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V. APPROACH
This section outlines both the preparation and experimental procedure that was performed

in order to adequately test the wide variety of fiber reinforced concrete samples.

IV.I Sample Preparation

IV.1.1 Developing the Samples

In order to produce a large variety of concrete samples a number of concrete
mixes were prepared, poured and molded at the State Materials Office in incremental
periods throughout April and May of 2017. To develop the vast quantity of samples
required throughout this period, large quantities of concrete was constructed using
limestone gravel, fine silica sand, Suwanne American cement, MasterGlenium admixture,
and 23% fly ash type F (cement replacement). This specially made concrete had a low
water to cement ratio in order to resemble the properties of dry-cast concrete. A typical
Mix of concrete prepared for this experiment can be seen in Appendix B. In addition to
these materials, four different types of synthetic fiber were mixed into this concrete, with
special attention given to evenly distribute the fibers throughout the mixture. The type of

fiber and their characteristics in each cast can be seen in Table 1.

Table 1-Sample Preparation Casting Information.

Fiber
Fiber Type Material Length
(mm)

Sample Date

Name Casted

. MasterFiber
Mix 1 4/19/2017 MAC Matrix Polypropylene 50 7.12
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Mix 2 | 4/26/2017 Tuff Strand | Polypropylene/Polyeth 51 712
SF ylene blend
Mix 3 | 5/10/2017 Tuff Strand | Polypropylene/Polyeth 51 534
SF ylene blend
. MasterFiber
Mix 4 | 5/17/2017 MAC Matrix Polypropylene 50 5.34
. MasterFiber | Chemically Enhanced
Mix 5 | 5/24/2017 160CB Polypropylene 50 7.12
Mix 6 | 5/31/2017 | PVA RF4000 PO'W'(rF‘,{} AA)'COhO' 30 | 890

A day after the concrete mixtures were poured into their casts (on their respective
days), the molds were moved into a fog room for two weeks. The concrete blocks were
then moved onto a covered patio. Upon reaching 56 days of age they were cut to their
respective sample sizes. Three 10x10x38cm concrete beams taken from the concrete
blocks were cut into 10x10x2.5 samples, as numerous square FRC samples were
obtained. In addition to these square samples, 10 cm diameter cylindrical cores that were
20 cm tall were obtained from 20 cm tall concrete blocks. Six core samples per mix were
then cut to size having thicknesses of 5 and 10 cm. The development of these different
samples allows for the expansion of the testing procedure to incorporate varying
geometries and their effects on the FRC toughness measurements. Upon cutting the
samples to size, a 10 mm hole was drilled through the middle of every sample in order to
facilitate the penetration of deleterious species (upon exposure in their respective
environments) at the location where the greatest stresses would be concentrated to

localize the position at which cracking would occur.

IV.L1l Environmental Exposure
Upon the development of these numerous concrete samples of varying fiber type,

fiber quantity, and sample geometry, the next step was to expose the samples in

16



environments that could be used to replicate the accelerated effects of the relevant
environmental conditions. Utilizing these five different exposure procedures, insight on
their effects on the performance of the fiber reinforcement could be developed. The
exposure conditions included: High Humidity, Calcium Hydroxide, Sea Water, Sea water
adjusted to Low pH (from this point forward referred to as low pH), and at the Barge
immersed in intercoastal water (referred to as Barge) environments. Table 2 shown below
provides a list of the number of samples tested per geometry in each environment, as well

as the length of their exposure.

Table 2-Quantities of Each Geometry Sample Prepared in Each Environment

Exposure

Geometry Environment Duration Quantity
High Humidity 20 months 26
vy rop - Calcium
lquu};erek Hydroxide 21 months 12 o1
Specimen Sea Water 21 months 18
Low pH 22 months 18
Barge 22-23 months 18
2 Thick
Cylindrical Barge 22-23 months 22 22
Specimen
4” Thick High Humidity 21 months 12
Cylindrical Low pH 24 months 24 61
Specimen Barge 22-23 months 25

IV.1.11.1 High Humidity Conditioning
To expose samples to high humidity environments, the concrete specimens were

placed in a high humidity chamber and sprayed with water at incremental periods
throughout the week. The concrete in this environment would sit on a mesh grate in order
to prevent the samples from being submerged in the excess water, with the objective

being to only hydrate the concrete’s surface. The high humidity chamber was capable of
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maintaining laboratory conditions while enveloping the samples with additional humidity

introduced through the addition of water. A depiction of this humidity chamber can be

seen in the Figure 5 below.

Figure 5-High Humidity Conditioning Chamber.

IV.LILII Calcium Hydroxide Conditioning
A different environment in which a handful of samples were exposed, was in a

container of calcium hydroxide solution. Concealed in a high density polyethylene
30”x30”x18” container covered with insulation, the concrete specimen were submerged
completely in the calcium hydroxide solution (prepared by adding 20 grams of Calcium
Hydroxide to every liter of water). The samples in this environment sat on a raised grid in

order to suspend them slightly in the tank so as to not occlude their bottom faces. The

18



Calcium Hydroxide solution in this insulation covered container was heated to a

consistent temperature of 35° Celsius.

IV.LILII Sea Water Conditioning
Samples were also immersed in sea water in a similar insulated high density

polyethylene container, however, this ones dimensions were 24x24x24”. Desiring to
suspend the samples above the bottom of the container a raised meshed grid was inserted
on which the samples could reside. In this sea water tank, the samples would undergo
continuous cyclic wetting and drying cycles with each phase lasting 7 days. During the
wetting process, sea water would be piped in from the Atlantic Ocean and heated to a
temperature of 35° Celsius. During the drying process the saltwater would be drained
from the tank, thus allowing the samples to dry as they are no longer immersed in the

seawater.

IV.LILIV Low pH Conditioning
To condition the samples in low pH conditions, the concrete specimen were

placed, yet again in another high density polyethylene container (30”x307x18”) that
utilized a raised mesh grid that would elevate the samples from the bottom of the
container. Following the same wetting and drying regime as sea water, low pH solution
was added every seven days and was immediately followed by seven days of drying the
samples. During the last four to five months, fans were added into the conditioning tanks
during the drying phase to help dry the samples with an increased airflow. This
alternating wetting and drying process continued throughout the span of the experiment
as the samples were conditioned for approximately two and a half years. During the
wetting phase, a low pH solution was achieved by filling the container with sea water
transported in from the Atlantic Ocean and treating it with sulfuric acid. In order to obtain

19



adequate pH levels in this conditioning container (a pH of approximately 4.5), a pH meter
was used daily to determine the H* concentration in the solution. To adjust the amounts
of sulfuric acid daily (if the pH meter deemed the solution to be too alkaline) a beaker of
500 mL solution would be extracted from the tank. 20 mL of sulfuric acid would then be
added to this beaker, and thus the beakers contents would be reintroduced into the tank,
where pumps would help diffuse the higher acidity solution throughout the container. As
this process decreases the pH readings, the tank would be monitored, and additional
treatments of sulfuric acid would be added (ensuring that the past dosage had enough
time to alter/influence the tank’s pH). This process to decrease the tanks pH required
about 60 mL of sulfuric acid daily and about 100 mL on the first day of the wetting cycle
(when the tank was initially filled). Additionally, this low pH tank also included a heater,
similar to that of the aforementioned sea water conditioning tank, that was used to bring
the solutions temperature to 35° Celsius. It is important to note that this wetting procedure
was altered after about two years of conditioning the samples with the introduction of an
automatic dosing pump, which was able to stabilize the tanks pH values by providing
diluted sulfuric acid doses of 5mL into the tank hourly. In addition to this auto dosing
pump, a different pH monitor (the BlueLab guardian pH monitor) was used to easily
measure the solution’s pH. These additions to the conditioning setup allowed for more
consistent low pH conditions throughout the remainder of the sample’s

exposure/conditioning.

IV.L.1L.V Barge Conditioning
The final conditioning environment that was used throughout the sample

preparation process, was the barge environment, where the samples were immersed in

intercoastal waters. This exposure process allowed for the concrete samples to be
20



exposed to the real world conditions experienced in the Intracoastal Waterway. In this
environment, concrete specimen were placed in plastic milk crates, and covered with a
meshed sheet that allowed the Intracoastal water to flow across the surface of the
submerged samples, while still securing the samples inside the container. These milk
crates were then tied to a barge that remained docked off the SeaTech seawall (in Dania
Beach, FL) for the duration of approximately two years. These conditions allowed for the
growth of marine organisms and calcareous deposits to form on the concretes surface and
exemplified the conditions that would occur when FRC is placed in this type of
environment. A depiction of the milk crates after retrieving the samples from the barge

can be seen in Figure 6 bellow.

Figure 6-Barge Conditioned FRC Sample Container.
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1.V.111 Cleaning and Gluing the Samples
Upon removing the samples from their conditioning environments, the samples

were left out for 3-4 days under lab conditions to allow for them to dry. The low pH and
barge conditioned samples, however, had additional steps before drying could occur. For
the low pH samples, once the specimen were removed from the solution bath, they were
rinsed thoroughly with tap water to remove all the fine residue that covered the
specimen’s surface. A depiction of specimen that were rinsed as compared to unwashed
specimen can be seen in Figure 7. In this image the specimen that were rinsed are shown

by the red outline, allowing the stark difference in surface texture to clearly be seen.

Figure 7-Rinsed High Humidity Cylindrical FRC Samples.

Similarly, to these low pH samples, the barge conditioned concrete specimen also
underwent an additional cleaning procedure before they were allowed to dry. After the
samples immersed in the intercostal waterway were removed from their environment,
they were rinsed off with sea water from the Atlantic Ocean to remove loosely attached

organic material. The samples were then scraped with a metal spatula to remove any hard
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calcareous deposits from their surface (granting the samples a smooth exterior surface for
accurate load testing) and rinsed once more in an Atlantic sea water bath. A depiction of

the samples before and after this process can be seen in Figure 8.

Figure 8-Barge Conditioned Samples Before and After Cleaning.

Once the samples were dried (and cleaned in the case of the low pH and barge
environments) the samples were then ready to have the steel extensometer gages glued to

them. Each specimen was test fit into the gluing fixture to ensure that the centering rod
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