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UHPC Research

October 5th, 2021

Ultra High-Performance Concrete (UHPC), is a modified concrete mixture with higher
compressive strength and durability than standard concrete. This new product was officially
developed in 1994, however the first U.S. bridge was not made until 2006. Up to this point, only
just over 250 bridges in the U.S. utilize UHPC. UHPC has not been adapted fully into U.S.
infrastructure because the cost to manufacture it is much larger than that of standard concrete.
To fully incorporate UHPC as a primary construction material, the materials would need to be
widely available, and not greatly increase the cost to manufacture compared to standard concrete.

UHPC contains certain advantages over standard concrete because it has a compressive
strength so many times greater. One of these specific advantages of UHPC is that it can handle
higher peak loads at a single moment. Additionally, it is believed that UHPC can achieve a
higher percentage of its compressive strength faster than standard concrete does. This is
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something that we may be able to test by compressing samples at different time increments up to
the standard test time.

Justin Ho

Nathan Magold

4

UHPC Research

October 10th, 2021

The apparent advantages that UHPC possesses appeals to many involved with
infrastructure. Up to this point in time, the main use of UHPC in our infrastructure is bridge
overlays. Other than bridge overlays, UHPC has been used for high rise structures, bridges as a
whole, and bridge components.

Some specific places where UHPC has been used in Connecticut include: the
replacement of a steel beam with UHPC on Route I-91 (2019), connections to Poquetanuck Road
Bridge in Preston (2020), and connections to Mile Creek Road in Old Lyme (2020).
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UHPC Research

October 15th, 2021

The increased compressive strength of UHPC is mostly due to the impacted material
matrix that is impacted by the change in material composition. Basic UHPC recipes are
composed of a combination of cement powder, fine aggregates, water, and superplasticizer.
Following is a breakdown of some of the most common ingredients that are used.
Portland Cement: the most common type of cement that is used. It serves as a general
purpose cement powder for many different materials including: concrete, mortar, stucco, grout,
and UHPC. Portland cement is composed of four main compounds: tricalcium silicate
(3Ca0*CiO2), dicalcium silicate (2CaO*SiO2), tricalcium illuminate (3CaO*Al2O3), and
tetra-calcium aluminoferrite (4CaO*Al2O3Fe2O3). This is a pivotal material in UHPC as it serves
as the binding material for the rest of the ingredients.
Basalt Sand: this is the main aggregate and it is not as coarse as the other aggregates.
Basalt is one of the harder rocks, and is created by the rapid cooling of basaltic lava. Basalt sand
is used in construction as concrete and ceramic adhesive. Basalt Sand is often used because it is
a material that is fairly easy to come by in industrial settings.

Silica Fume: this is a byproduct of producing silicon metal and ferrosilicon alloys.
Concrete that contains silica fumes is often very strong because it is extremely reactive to
pozzolan.
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Fly Ash: the fine residue that is left as a result of the combustion of pulverized coal that
is transported from the combustion chamber. Fly ash allows for UHPC to be made in a more
cost-efficient manner because it doesn’t require as much cement to be used.

Superplasticizer: this is one of the most important elements of UHPC because it allows
for the same chemical reactions to occur while using only 70% of the water that would have been
necessary. Because of this, superplasticizer is often referred to as “high range water reducers.”
In concrete, superplasticizers are used to improve the flow characteristics within concrete.
Additionally, reduced water levels means that the density of the material increases which has
been found to improve the compressive strength of the materials.
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UHPC Research

October 24th, 2021

In all communities, cost-efficiency and environment-friendly materials are necessary.
One of the most important things to all people is infrastructure. Because infrastructure is such an
important staple to the government, it is necessary for them to invest money into building and
maintaining them. No matter the economic power, all groups will strive to minimize excess
spending when they can achieve something of the same or better quality. Ultra
High-Performance Concrete serves as a possible answer to cost-efficiency if we can find a way
to produce it at a cheaper rate. This proves to be extra prevalent at this moment because there is
a pending 3 trillion dollar bill in congress which is looking to update the infrastructure of the
U.S. With a remodeled system utilizing Ultra High-Performance Concrete, updates would not
need to be updated as often resulting in reduced spending on infrastructure needs. Additionally,
as carbon emissions continue to increase and concerns increase about the state of our
environment, it becomes increasingly important to remain conscious of materials we use.
Something that can be done is to utilize cement powders that are more environmentally friendly.
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UHPC Research

November 2nd, 2021

United States infrastructure is extremely important to millions of people daily. Without
infrastructure, it would prove to be a much greater challenge to trade, run businesses, connect
employees, and provide working opportunities to communities. Due to this, infrastructure is
sometimes referred to as the backbone of an economy. Due to the importance of infrastructure,
some of the largest bridges and roads in cities experience extremely large amounts of traffic
throughout the day and at individual points in time. Because of this it is imperative that our roads
and bridges are made with the best material possible. That material is UHPC; it is a stronger and
longer lasting form of the concrete used in bridges today.
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Engineering Plan of Action

November 9th, 2021

After researching Ultra High-Performance Concrete, we determined that UHPC is
something worth investigating further. Because UHPC is extremely strong and could be very
valuable if it was made at a cost-efficient rate. Our decision that we made was to develop a
new/modified UHPC mixture utilizing a cement powder that is more cost-efficient and
eco-friendly. Here are the different phases that we decided to follow for our full scale
investigation of Ultra High-Performance Concrete:
Phase #1: Mixing different concrete batches and creating concrete samples. The mixing
procedure will consist of making two different UHPC batches. The first batch will be a control
batch and the second batch will be a modified mixture utilizing a cement powder that is cheaper
and more environmentally-friendly. To accomplish this, we will use a cement powder that has
increased calcium carbonate labels because limestone is a cheap and environmentally-friendly
material. After mixing these two batches we will pour them into 2 inch cubes and prepare for
curing. The curing process will consist of both steam curing and a controlled environment. Half
of the samples will cure in a room where they are under a constant mist, and the other half will
cure in a steam curer.
Phase #2: Testing compressive strength of concrete samples. After curing, the samples
will be tested for compressive strength at different time increments: 12, 24, and 48 hours, and 28
days. We believe that these are important to test how fast the samples will achieve maximum
strength. To test the compressive strength, we will use a humboldt machine that applies stress on
the samples by pressing down on the surface of the sample. To calculate the compressive
strength of each sample, we will use the equation: Compressive Strength = Maximum Load ÷
Samples Bearing Area.
We contacted Dr. Kay Willie and Ph.D student Bijaya Rai to ask them if they would
allow us to go into Uconn during a few school days and use their lab to create and test our UHPC
samples.
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Testing Preparation

November 12th, 2021

To prepare for testing, there were many different things that had to be done. Because the
work was being done in a laboratory at the University of Connecticut, we did not need to
purchase any additional materials for the fabrication of UHPC samples. What we did need to do
included touching up on equations that would be necessary for the project, and determining what
data and observations needed to be collected.
Some of the equations that we found necessary to know include the equation for
compressive strength, area, volume, and density.
Compressive Strength = Maximum Load ÷ Samples Bearing Area
This equation is necessary to determine the compressive strength because we will be able
to find the bearing area of our samples, and get the peak load per sample from the compression
testing machine. The values that we are able to determine will be used to compare our samples
and draw conclusions. We must use the volume and density to ensure consistency between
samples, any differences or variations could explain variances in compressive strength between
samples.
Some of the data we determined that we needed to collect included: lengths of the cubes,
mass of the cubes, and maximum load of the cubic samples. This data would be necessary to
calculate what was necessary to assess the differences between the samples.
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Sample Preparation

December 15th, 2021

The initial step of creating UHPC samples was
to mass the ingredients. It was extremely important
to accurately mass the materials to not offset the
proportions in the recipe. To do this we would put the
ingredient we were massing at the time into a bowl
already on the scale so it wouldn’t count the bowl's
weight in the measurement. We would then pour more
of the ingredient into the bowl or take some out of the
bowl depending on if it was over or under the desired
mass.
To mix the materials, silica fume and basalt
sand were combined. Silica fume is the finest
material that was used, and basalt sand was the
coarsest. Upon combination of the materials, fly ash
and cement powder were also combined with the rest of the mixture. After being fully
combined, a combination of water and superplasticizer were slowly poured into the UHPC
mixture. After all the materials were combined, the consistency of the mixture would change
from a sand-like mixture to a pasty material that could be poured into molds.
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Sample Preparation

December 15th, 2021

To create concrete samples, we needed
to prepare 2 inch cubic molds for the concrete.
To ensure that the UHPC mixtures do not
stick, each mold was lightly coated with
mineral oil. The most important part of the
mineral oil besides it preventing the UHPC
from sticking to the molds is that it does not
affect the chemical reactions of the UHPC,
allowing it to set up normally.

After mixing the UHPC, the next step was to determine the
spread value. The spread value is important because it helps
determine the consistency of the mixture. To do this, we filled a
circular object with our UHPC mixture, then lifted the object to
allow the UHPC to flow outwards. Our mixture was consistent
with past results which allowed us to make the assumption that the
consistency was accurate for our mixture.
Once the mixture passed the spread test, the mixture was
scooped into the molds that were assembled earlier. Each mold
was filled until the mixture reached the surface level. After, the
filled molds were placed on a vibrating table for five minutes.
This allowed for any air pockets to be shaken out from the
mixtures. Air pockets decrease the density of the samples and the
compressive strength. When there are air pockets in the samples,
these are areas that could experience failure or distribute the force
unevenly leading to failure.
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Sample Preparation

December 15th, 2021

An important part of our engineering procedure is testing the compressive strength of
samples that were left in different curing conditions. Standard concrete needs to be cured after
being poured to allow it to harden into the strong material we know it to be. One of the most
basic ways of curing concrete is submerging the samples in water. Concrete needs water to set
the way that it is supposed to. We decided to cure the samples by two different methods to
determine if there are differences between curing methods.
The first curing method was leaving the samples in a room where they were constantly
being covered in a light mist. This ensured that the outside of the samples did not cure faster
than the inside where there is more moisture trapped inside. This allows for chemical reactions
between the materials bonding to occur at a steady pace without accelerating the speed.
The second curing method was allowing for the samples to cure in a steam curer. The
steam curer has a basin at the bottom of the machine which heats water creating steam. The
samples are then left on a rack above the water basin. Steam curers allow for the samples to cure
faster because they are able to keep the samples constantly hydrated on both the outside and the
inside. This means that the chemical reactions continue to occur throughout the curing process
and builds the compressive strength of the concrete.
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Sample Preparation

December 16th, 2021

.
To get the samples ready for testing they first had
to be grinded, measured and massed. To grind them we
would use a grinding polishing machine. We would each
take a cube and press it down on the rotating table with
weights on top of the samples to add extra pressure. We
would grind each side initially for about a minute and if a
side was still uneven then we would grind it until it was
completely level. This had to be done to all sides of every
cube or else it would mess with the compression test due
to the press putting uneven pressure on the sample.

After the grinding process was finished we
had to measure and mass all of the samples. To
measure the cubes we used a digital caliper and
measured height, length and depth. We later used
those measurements to calculate surface area as
well as bearing area which is used to calculate
compressive strength. We then massed all of the
samples so as to determine density which is
important to see consistency throughout all the
samples and as a possible explanation as to why
one sample may perform better than another.
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Testing Day #1

December 16th, 2021

We started the day off by taking all of the
samples out of their curing places and then grinding
them down to make them fit for testing. After
measuring and massing all of the samples we
proceeded to place them in the compression strength
tester and tested them one by one. After each sample
went through failure we would look at the results,
record them then clean up the mess left behind from
the broken sample

A sample in the compression tester

A sample after it has been tested
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Testing Day #1 Data

December 24th, 2021

After testing the samples from the first day, we needed to calculate compressive strength
per sample and organize the relations between the results. The first step was to calculate the
average length per each side of the samples. This would be necessary to get the best measure of
area, volume, and density of the samples.

After calculating the averages for both samples, we then determined the bearing area, volume,
weight, and density per cube.

After this has been done, we next determine the compressive strength per sample utilizing the
peak loads and other data that we had collected while testing.
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From these calculations, we were able to determine that after 12 hours of curing in
standard conditions, both concrete mixtures exhibited similar compressive strengths. This
proves to be interesting and might mean that the modified mixture could prove to be a possible
solution to developing a cost effective and environmentally friendly UHPC mixture.
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Testing Day #2

January 12th, 2022

We started the day off by taking all of the
samples out of their curing spots and then
grinding down every side of each sample to
prepare them for testing. We then took the
measurements of all of the samples as well as
their mass. After measuring and massing all of
the samples we proceeded to place them in the
compression strength tester and tested each of
them. After each sample hit their breaking point
we would look at the results of the test, record
them, then clean up the mess left behind from the
broken sample
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Testing Day #2 Results

January 20th, 2022

After testing the samples from the first day, we needed to calculate compressive strength
per sample and organize the relations between the results. The first step was to calculate the
average length per each side of the samples. This would be necessary to get the best measure of
area, volume, and density of the samples.

After calculating the averages for both samples, we then determined the bearing area, volume,
weight, and density per cube.

After this has been done, we next determine the compressive strength per sample utilizing the
peak loads and other data that we had collected while testing.
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At this point, it became apparent that when the samples were left in a standard curing room, that
the modified mixture was not as strong as the standard UHPC mixture. On average, the new
mixture had a compressive strength that was 85% of the original UHPC mixture.

This is a graph which compares the two mixtures' compressive strength at different time
increments. We noticed that both mixtures gained strength as time passed, but the modified
mixture never achieved a compressive strength equal to that of the original UHPC mixture.
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This chart demonstrates the relationship between the modified mixture’s compressive
strength compared to the average compressive strength of standard concrete, as the modified
mixture was tested at different time increments. What we can see is that the modified mixture is
almost immediately about 6 times as strong as standard concrete. We also see that this quickly
becomes 7 times stronger than standard concrete after 48 hours.
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Compressive Strength

February 4th, 2022

After collecting data about the compressive
strength of our new concrete mixture, we needed to
determine the importance and application of
compressive strength. Our research helped us
determine that:
Compressive strength is equal to the force
divided by the area of the cross section of a sample.
Compressive strength is the most common
measurement of performance. Concrete and
ceramics tend to have higher compressive strengths than materials with high tensile strength.
Concrete compressive strength is normally between 2,500 psi and 4,000 psi.
Because compressive strength is the amount of force that an object can handle,
compressive strength is a very important measurement for engineers in every field. When a
structure is being designed, it must be able to withstand all of the force that is applied to it.
Having a high compressive strength is extremely important in the design of all structures to
avoid failure affecting the performance of a structure.
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Concrete Lifespan

February 12th, 2022

To prove that UHPC mixtures are beneficial to U.S. infrastructure, it becomes important
to determine whether or not an increase in compressive strength will affect the lifespan of a
structure. Lifespan of a structure is extremely important to maintaining low cost infrastructure
because it means that money is not being invested as often into basic needs. If the lifespan of a
bridge can be doubled, that means governments would only need to invest money into their
infrastructure 1 out of what could be 2 times. Because this is so important, we decided to do
some research about lifespan or fatigue life:
Fatigue life can be
described as the number of cycles
on a system until that given system
will experience failure. Fatigue
strength is heavily dependent on
multiple factors: mean stress level,
geometrical design, surface effects,
metallurgic variables, and the
environment. Dependence of
fatigue life on stress amplitude can
be demonstrated on a S-N plot.
Increasing the mean stress level leads to a decrease in the fatigue life of a system - the higher the
average number of cars driving on a road decreases the fatigue life of the given road.
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Discussion of Possible Solutions

February 16th, 2022

Due to the performance of our modified
mixture, we are left with many curiosities as to
what could be a possible solution to increasing the
compressive strength of the UHPC. The modified
mixture performed better in a steam curer which
proved to be interesting to us. Because of this, we
believe that there could be some material that will
perform better because the elevated limestone levels
perform better when there is steam.
We believe that a new mixture that uses
more calcium carbonate, and more of the aggregates
might be an extremely strong solution to developing a new UHPC mixture. This is a possibility
because we think that the increased limestone levels reacted differently with the steam from the
steam curer. To replicate this in a new mixture, we could increase the calcium carbonate in the
same way without decreasing the other elements.
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Abstract and Final Results

February 24th, 2022

Ultra High-Performance Concrete (UHPC) is a modified concrete mixture with higher
compressive strength and durability than standard concrete. UHPC exhibits stronger
performance due to a blend of fine aggregates, cement powder, and water, which form a dense
matrix. This study investigates the task of developing cost-efficient and environmentally
conscious concrete with regional materials.
The first phase of the investigation created a new UHPC mixture utilizing Holcim IL (10)
MS, a cement powder with higher calcium carbonate levels, a cheaper and environmentally
friendly material. A control mixture utilizing Holcim II/V was developed conforming to
standard UHPC mixtures. Mixtures were poured into cubic molds then left to cure in a
controlled environment or a steam curer. Cubes were then tested for ultimate compressive
strength at different time intervals after pouring.
When cured in standard conditions, the new mixture had a compressive strength 86% as
strong as the control and nearly 7 times stronger than traditional concrete. When cured in a
steam curer, the new mixture had a compressive strength 83% as strong as the control and over 8
times stronger than standard concrete. The increase in compressive strength of the new mixture
compared to standard concrete allows for infrastructure to be developed with higher peak loads
in a cheaper and eco-friendly manner. Increases in compressive strength indicate an increased
lifespan of structures. This means that infrastructure can be built to last longer at cost-efficient
rates. Ongoing experiments will provide stronger solutions to infrastructure.
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