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ABSTRACT

The City of Pocatello, Idaho does not currentbatrits stormwater, but rather
collects runoff in detention basins or dischargesto the Portneuf River. Petroleum and
nitrate contaminants enter local waterways andnaltely groundwater supplies. Porous
concrete has stormwater filtering capabilities aad be used to prevent contaminants
from entering the groundwater supply which is wydeted for agriculture and drinking
water purposes. Scoria (vesicular basalt) in ppamncrete can be used to enhance the
retainment of petroleum products.

Porous concrete differs from conventional concratel therefore has different
testing standards. There is currently no stanftarfieeze-thaw weakening tests on
porous concrete. Past laboratory experiments shainporous concrete samples do not
survive more than 25 freeze-thaw cycle.

The work in this thesis has included developmeudttasting of conventional and
scoria porous concrete mix designs, field placeraadtmonitoring of conventional
porous concrete and freeze-thaw weakening testiaglect porous concrete mixes. The
results of this study show that the structural granance of porous concrete depends on
aggregate gradation and perimeter confinement.tiRomaintenance is also important

to sustain the surface water intake capabilityhefpiorous concrete.
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CHAPTER 1 — Introduction

Porous Concrete

Water quality issues surrounding clean potable mplaater, or water that is
stored in the ground in pore spaces between suitleg as well as fissures in rock
deposits (Waller, 1994), are increasingly importaetause water that is passing through
a porous concrete medium is not treated (Americamc€ete Institute [ACI], 2010). The
surface water eventually reaches the groundwabée,tevhich is used to supply drinking
water and agricultural needs (United States Gectd@urvey [USGS], 2012). The ACI
(2010) defines porous concrete as a type of pavethanhas sufficient continuous voids
that allow water to pass from the surface to theeudlying soil. Porous concrete has
many uses, including the ability to reduce the iotd expanding urban development by
decreasing or eliminating stormwater runoff ratéhewut tapping into stormwater
drainage systems, therefore recharging local gnvatet systems (ACI, 2010). Cities
like Philadelphia (Duhigg, 2009) and Chicago (SsuR007) are revamping their
stormwater management practices to implement paronsrete. Porous concrete is
quickly gaining popularity in the United StatesAoherica (USA) as a green, or
environmentally friendly, pavement material.

In an urban stormwater management application,ysoconcrete is capturing
runoff from impermeable surfaces such as stregtsuking lots. The ACI (2010) states
that porous concrete has oil contamination filggapabilities, but only to the extent of
small oil drips. The ACI does not consider possitischarging of oil directly onto

pavement surfaces or petroleum spills/leaks abgasbe stations. These contaminants



can and do migrate through porous concrete andhetgroundwater supply. Since
there is no water treatment plant between contaednainoffs and porous concrete,

petroleum pollutants pose a substantial threath®iquality groundwater systems.

Scoria

Wenjing, Yuling, and Huanchi (2011) conducted algtan an aggregate filter for
groundwater flow using scoria, a porous, light-virtigilicate aggregate of basaltic
composition originating from volcanic eruptions.eBe rocks have the ability to retain
petroleum hydrocarbons in groundwater flows (Wepghal., 2011). By implementing
scoria into a porous concrete mix, groundwatergb&tim contamination can be
significantly reduced. It should be noted thatrgce limited to retaining contaminants;
it will not break down the pollutants.

Scoria will eventually reach a maximum capacityjcimeans it will not be able
to retain any more pollutants. After this capati been reached, any additional
petroleum in the stormwater will simply pass throudlge scoria filter without being
captured. Studies have been performed on differéaiegrading bacteria and plants that
will break down petroleum and oil products (Sirotki& Novoselova, 2005). Guerin,
Horner, McGovern, and Davey (2002), studied theaiseoria in conjunction with peat
to filter petroleum hydrocarbons and found thahgscoria in conjunction with
hydrocarbon degrading bacteria as part of a paronsrete system helped reduce
petroleum contamination by as much as 95% in Igaaindwater systems. Studies at
Idaho State University (ISU) have also been coretlion implementing bioswales or
landscaping elements to help improve water qubltyemoving pollutants before they

reach the groundwater supply (Firebaugh, 2012).



Problem Definition

Collapsible Soils

In order to function properly, porous concrete nmhesplaced on a stable
subgrade. Performance difficulties arise when pmncrete is placed on certain types
of problem soils such as collapsible silts or exgpanclays. Soils which have angular
grain interlocks or partial cement can undergoificant settlement (collapse) when
saturated with water. The buoyant force of theewetduces the contact stress which in
turn destroys the soil structure (Zoghi, Mahar,dfompour, & Katamaneni, 2010).
Since porous concrete conveys the water directtigcsoil subgrade, saturation is
inevitable and will cause severe settlement wherpivement is placed on collapsible
soils. Pot-holes and sinkholes are often assatiaith these types of soils. In addition,
the capillary capabilities of collapsible soils tuause severe frost heaves and damage
porous concrete (Zoghi et al., 2010 & ACI, 201B) stabilizing the subgrade beneath
porous concrete and transporting stormwater away the paved surface, the collapse
potential beneath the porous concrete can be &igntfy reduced or eliminated as well

as weakening of the concrete and subgrade duedadfthaw cycles.

Freeze-Thaw Weakening

The use of porous concrete in cold climates istaratoncern with the potential
durability of porous concrete. The ACI (2010) idkes the need for better
understanding of the freeze-thaw characteristiggoobus concrete if it is to be used as a
green material in the US. Currently, the Ameri€artiety of Testing Materials (ASTM)

has no procedure to test the freeze-thaw deteivosadf porous concrete. Development



of a freeze-thaw standard is important to provioleststent and reproducible results for

design and accumulation of performance data.

Scope of Project

Stabilizing the soil beneath porous concrete vélptto reduce or even prevent
subgrade settlement and possible damage to a poooasete pavement (Zoghi et al,
2010). In this research, studies have been uridert® evaluate freeze-thaw behavior of
different porous concrete mix designs. Furtherpps concrete system was designed to
overcome a collapse potential subgrade using Imdeflst ash to stabilize the soils, a
scoria sub-base to capture potential petroleumacoimiants, a porous slab to infiltration
of surface runoff and an adjacent leach field tovey water away from the porous
concrete pavement.

A site was chosen in a low area of a parking lat ttad poor drainage and serious
subgrade issues to implement and field test thie pasous concrete design. The
location was specifically chosen in an area ofpgking lot that showed the greatest
pavement damage. The ISU campus has had significablems with saturation
settlement of loess. There have been at leastdparted incidents where the soils
beneath buildings have caused significant settl¢ e structural damage to the
structures (Harry, 2003 & "ISU’s Colonial Hall," 28).

The scope of this research work also involved dgraknt of maintenance
requirements for proper infiltration performancelod porous concrete test slab. ACI
(2010) suggests that porous concrete be maintawvexy six months by pressure
washing the surface, then using a wet vacuum tshfidleaning out the pore spaces

within the slab. Different techniques were testetind an economic means to help



maintain the infiltration characteristics of porawgcrete. These techniques are

described further in thiglaintenance/Infiltration Testsection of Chapter 3.

Importance of Investigation

Porous concrete is gaining popularity becausesofkter filtering and recharge
capabilities, and its performance as an environatlgritiendly pavement material.
Since porous concrete is being used to reduce staten runoff in urban areas without
treatment of the water, its environmental filtefnegnediation potential still needs to be
studied (ACI, 2010). Placement of porous concskibs on unstable soils must be
addressed to prevent damage from settlement asthfeave, or frost induced bulges,
and/or potholes. Groundwater pollution can posdiytbe reduced where scoria is used
directly as an aggregate in porous concrete amd/arbase course material.

The effect of freezing on the lightly bonded aggtegoore spaces in porous
concrete slabs may pose problems in climates wiansh winter environments exist.
These pores may hold water that will expand wherein and therefore break the
cementitious bond between the aggregates. Diffetgmmersion conditions that may be
present in porous concrete slabs were studiedterrdme the freeze-thaw potential of

scoria and conventional aggregate porous concrete.

Assumptions, Limitations, and Delimitations

This study provides results of a preliminary inigetion into the performance of
a porous concrete slab with a scoria sub baseimedand fly ash treated soil subgrade.
The results of this study are limited to both sfie@orous concrete mix designs and the
absence of a standardized test for freeze-thawatrah of porous concrete. A

procedure is introduced in this thesis for theingstreeze-thaw performance of porous
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concrete. Further research will be needed to dpvalmore complete database for
different mix designs and freeze-thaw conditions.

This study was focused on porous concrete paveptaeed on top of collapsible
silt called loess. The geotechnical setting wasseh because collapsible loess is
abundant in the southeast Idaho region where theremental work was performed.
Unconfined compression strength tests were perfoimevaluate the quality and
engineering properties of the porous concrete rasighs. Weight loss and unconfined
strength were used as indexes of freeze-thaw bahakorosity measurements were
used as an infiltration index. At least six congsien tests were performed on each mix
design. Only three cylinders were cast at the difrte test slab construction because of
the limited amount of materials that were availalg a result, the concrete mix design
was replicated and other alternative mix designewe&plored.

One significant result from this research will bakimg suggestions for the
method of determining the freeze-thaw potentigi@ius concrete. This procedure may
be adopted by the ASTM as a standard of determthi@@bility of porous concrete to

withstand freeze-thaw weakening.



CHAPTER 2 — Literature Review

As development or expansion of cities continuesjaas the installation of low
permeable surfaces that could increase stormwateffrrates entering local waterways.
As pavement and building areas increase, rechartietiocal groundwater supplies
decrease. Instead, the runoff is transportedteransdrains and gutters to other locations
that are not the area of rainfall. Runoff is usutikated for contaminants and cleaned in
water treatment plants before reintroducing thetm local waterways. Porous concrete
is a stormwater management practice in which Igoalindwater systems can be
recharged with improved water quality (ACI, 2010).

ACI (2010) defines porous concrete as a type oépent that has interconnected
voids, which allow water to pass from its surfat®ithe underlying soil. Moreover,
porous concrete provides a means for conveyingstater runoff into the groundwater
system instead of transporting the water to areasdtream. The 2010 ACI report
mentions that porous concrete is a material thabeaused in stormwater management to
filter some contamination, reduce post developrstarim runoff rates and replenish local
groundwater systems. The Environmental Protecigency ([EPA], 2010) has
regulations that require treatment of stormwateoftibefore returning the water to
nature and mentions that porous concrete is otieeafBest Management Practices
(BMPs) that will accomplish this objective.

The ACI (2010) also reports that porous concretelde®en used in Europe since
the middle of the nineteenth century, but it ielatively new technology in the USA
because of our recent increased environmental a&sse Since porous concrete is a

relatively new technology in the USA, there is agral lack of standardized testing



procedures (ACI, 2010). Once porous concrete e@sgnized by the EPA (2010) as a
BMP, state and local governments are subsidizsigse (Cohen & Ackerman, 2011).
There are some concerns when placing porous centrat need to be addressed if a
porous concrete system is to function effectivelg aervice sufficiently long enough to
be economically justified. This research will fgaon three specific issues that need to
be addressed when placing porous concrete: 1)ysellpotential of the subgrade, 2) mix
design, 3) strength parameters, and 4) the frdeae-tycle characteristics of porous

concrete.

Soil Stabilization

The stability of the soil subgrade must be invesgd particularly in areas of near
surface unstable soils and must be addressedsé tls are weak or susceptible to
breakdown (ACI, 2010). Currently there is no staddpractice for placing porous
concrete on collapsible soil subgrades (ACI, 20XDyllapsible soils are
characteristically angular shaped consisting oy wenall silt particles that have been
eroded and transported by wind. The high voidratid angular interlocks with and
without weak cementitious agents are susceptibéatioration collapse. (Jones, White,
Harker, & Mahar, 2011). Investigations have besmied out to stabilize these soils by
adding lime and/or fly ash and compacting the seitient mix to 95% standard proctor
compaction (ACI, 2010 & Zoghi et al., 2010). Bwlsilizing the soils beneath porous
concrete subgrade and reducing soil collapse patesattlement or collapse of the
porous concrete slab is essentially eliminate@biBzation can also increase the
resistance to freeze-thaw breakdown of the subdrgdmnding the silt particles, thus

increasing the intact strength of the soil and ceayithe capillary action between the soil



grains (Zoghi et al., 2010). This stabilizatiom caduce frost heave and development of
pot-holes in roadways and parking lots (Zoghi et2010). Since porous concrete has
voids which hold water, it is also susceptiblereeke-thaw deterioration (ACI, 2010).
Since the lime and/or fly ash addition and the cactipn reduce the permeability of the
subgrade, it is recommended that a leach fieldaawale be constructed adjacent to the

porous pavement.

Freeze-Thaw Characteristics

Concrete is strong in compression, but has limsteehgth in tension. Because
porous concrete has very limited bonding capa@tyben the aggregates, reinforcing
steel is not recommended in porous concrete apiplica The brittle nature of
unreinforced concrete in addition to the voids nsgberous concrete susceptible to
freeze-thaw deterioration (ACI, 2010). Water exgmwhen it freezes in the open spaces
between the porous concrete particles. The regulasile stresses break bond between
the coarse aggregate particles. Freeze-thaw tasie on porous concrete have shown
strength losses of up to 25% after 16 to 25 cy@&d, 2010). Present research is
underway to investigate the use of non-corrosivgyirayl alcohol (PVA) reinforcing
fibers to increase freeze-thaw durability in maganortars (White, 2014). As a result of
the fiber reinforcement research, the additionasf-norrosive fibers to porous concrete
has been investigated as part of this study. Teknmnary tests showed some
improvement in tensile and flexural strength of tbieforced porous concrete samples
(Harker & White, 2013).

The National Ready Mixed Concrete Association ([N&M, 2004) recommends

three basic procedures to improve the durabilitpabus concrete: 1) placing a layer of



loose aggregate beneath the porous concrete sthlatswater can drain out of the pore
spaces, 2) using an air entrainment admixture ljp pr@tect against freeze-thaw
weakening, and 3) placing perforated PVC pipe énabgregate base to help drain excess
water away from the area. The NRMCA (2004) goetoastate that all three
recommendations are not required in every situababare good practice measures.

The NRMCA (2004) studied several different poroasarete slabs placed in cold
climates using their recommended practice. lcades, the recommended practice was
effective in preventing breakdown of the slabse RCI (2010) still recommends that
additional research is needed to protect porousretenfrom freeze-thaw cycle

deterioration in cold climates.

Stormwater Filtering Capabilities

Since porous concrete allows surface runoff to aegh groundwater, water
quality is a significant concern (ACI, 2010). Acding to the USGS (2005),
groundwater is a major supply of clean water inWl$A. Moreover, groundwater makes
up 37% of agricultural water (mostly crop irrigatjcand 58% of the drinking water. In
large cities such as Philadelphia (Duhigg, 2009) @hicago (Saulny, 2007), porous
concrete it is quickly gaining popularity in the AISSince porous concrete is being used
primarily as drivable surfaces (ACI, 2010), pettotecontamination infiltrating porous
concrete and ultimately the groundwater, is a megoicern. The ACI (2010) mentions
that even small petroleum based spills such adripis from vehicles will be quickly
retained on the surface or in the pores of poronsmete. Larger petrochemical
discharges are possible and both sources are & pelalth concern. ("Groundwater

Concerns," 2012).
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Water Quality

Porous concrete systems do not provide conventigatdr treatment but can and
do provide beneficial effects while returning thater to the groundwater table. A
porous concrete system is an economical way ofatiigy contamination in stormwater
runoff in urban areas and returning the water ¢éogtoundwater table (ACI, 2010).
However, in porous concrete systems the water bretogned to the ground is not
continuously tested for water quality and has thieptial of allowing large

concentrations of harmful contaminants pass thrdbglslab and into the groundwater

supply.

Retention

Sirotkina and Novoselova (2005) recognized the ne@apture petroleum
contaminants after they have been mixed with waiérere are various methods used to
purify water, and the retention of unwanted cheltsitaa very efficient practice that can
ensure any required level of purification (Sirotki@and Novoselova, 2005). Sirotkina and
Novoselova (2005) studied many different matetiadg have retention purification
properties, including scoria, which is an econofrécel natural occurring aggregate.

Wenjing et al. (2012) define scoria as a poroustIgjlicate aggregate of basaltic
composition forced during a volcanic eruption. sTtieans that scoria is a natural
occurring aggregate that is ready for use with maliprocessing such as washing.
Wenjing et al. (2012) recognized the need to geatindwater containing petroleum
contamination. The authors conducted tests todinthterial that would act as a
permeable reactive barrier (PRB), which is an to-semediation filter for polluted

groundwater that is placed directly in the patthef contaminated flow entering the
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ground. Three tests were performed to find thent&in characteristics of scoria: 1)
removal rate of contaminants from groundwater wigtean effective PRB, 2) study the
retention process between scoria and petroleunobgdoon pollutants, and 3) explore
the mechanism of scoria retention.

The results of the studies indicate that scoriaaftectively retain petroleum from
contaminated groundwater. Moreover, scoria cagcéffely remove almost 90% of
contaminants in only two hours (Wenjing et al., 2D1As concentrations of petroleum
contaminants increase, the retention of those iii@siin scoria increases. The porous
structure and mineral constituents give scoriaathibty to retain petroleum hydrocarbons
even where other chemicals are present in grourdwEtis capability is important since
petroleum hydrocarbons easily bond with other cleateimaking them difficult to
separate the contaminants.

Scoria has been used in the field as a PRB in eagtarn Australia in December
of 1997 (Guerin et al., 2002). Petroleum in anargcbund petroleum storage tank was
slowly leaking into the surrounding soil at a fagtéacility in Southeastern Australia in
December of 1997. Contaminants began migratingantadjacent river and into the
groundwater supply further downstream. Workergkjyiplaced a funnel and gate,
which is an impermeable barrier to redirect andchélgroundwater flow to a permeable
PRB gate. Filtering material is placed in the gatd the contaminated groundwater can
pass the remediated system. Scoria with somensesaplaced in the gate on the
downstream side. Peat, or partially decayed véigatas a material with petroleum
absorbing capabilities, meaning it will actuallysalb petroleum contaminants.

Monitoring wells were installed both upstream an#/dstream of the funnel and gate
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PRB. The site was monitored for a 10-month periBémoval efficiencies varied
between 63% and 96%. This case history showshbatombination of scoria and peat
were able to remove more than half of the contatidinantering the PRB and let the

improved water pass on the downstream side ofeimediation system.

Water Improvement

One of the difficulties of using a non-replacemetaining material to remediate
petroleum contaminated groundwater is ultimatecheng an equilibrium state where
the scoria cannot absorb any additional oil. Tdescontaminants are allowed to pass by
and into the groundwater below. Lei, Yang, Du, @ad (2011) studied biodegradation
of petroleum contaminants by introducing microoigars into a groundwater site
subjected to numerous years’ oil pollution. Leakt(2011) found three types of bacteria
called SX3, SF2 and SZ1, that reduced contaminatmeentrations up to 90%. The
bacteria decompose the oil contaminants. If theégo@ccould be used and survive in a
porous concrete application, the available spacedoria to absorb more pollutants
would increase. Some concerns have risen abouttese bacteria will affect the public
health such as causing sickness or poisoning (\'p@€H.0).

Paul Voosen (2010) reported bacteria that scisntvanted to use in the 2010 oll
spill along the Gulf Coast can potentially causerhto humans. The harm apparently
can only occur when the bacteria are consumed &lifish, which humans, in turn
consume. Since the use of petroleum consumingiaatould be used in a porous
concrete application that returns runoff to theugudwater, the threat to human health is
expected to be substantially reduced. It is appduether studies would be needed to

assess any human health issues.
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The problem that arises in using bacteria is madintg a healthy environment for
their survival. The environment needed for surMisaery sensitive and needs to be
controlled (C. Sato, personal communication Novendp@011). Itis unlikely that the
conditions needed for survival will be present lahehe porous concrete surface in a
parking lot.

Research has been done at ISU on the implement#timoinfiltration swales, or
bioswales as water improvement systems. Biosveakes component of infiltration
systems that use vegetation which thrive on paikstéo help improve the quality of
water that is then returned to the local groundnsystem. They are designed to capture
toxins and degrade them on site to minimize cortantiinfiltration. The city of
Pocatello has already begun to implement bioswatesseveral areas where runoff from
drivable surfaces has a history of ponding in $¢raad intersections. These bioswales
help to reduce runoff so that improved water camaege the local groundwater system

(Firebaugh, 2012).
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CHAPTER 3 — Methods

The purpose of this study was to evaluate the pmdoce of a porous concrete
design placed on a collapsible soil, in a cold aliep and in a low area of a parking lot.
The intention was to drain the area, prevent caetindeterioration of the surrounding
asphalt and provide a suitable pavement. The 2Q1@) emphasizes the need for
research focusing on porous concrete in a variesytuwations and conditions such as
applications above problem soils, freeze-thaw tasce/weakening and stormwater
management. The American Society for Testing Malge(ASTM) currently publishes
the standards for engineering tests. The ASTMY28€ates that because of its porous
nature, pervious concrete cannot be tested usengtémdards applicable for conventional
concrete. For this reason, much of this studyd$edwn creating a new standard for

evaluating the freeze-thaw potential of porous cetec

Design Methodology

Since the porous concrete in this study is beirgl imth as a driveway pavement
and as a parking lot drain, there were some criticaponents of the system that needed
to be addressed. One of the major concerns wasdéisence of thick, collapsible soils
(loess) at the site. Freeze-thaw durability wadist because of the susceptibility of

porous concrete breakdown in cold climates.

Porous Concrete Design

Garrison Hall
In October 2010, a porous concrete test slab,rexfdo as the Garrison Hall slab,

was constructed to study the performance of pocouasrete under traffic loads and
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environmental conditions. The final design coresistf lime and fly ash treatment of the
subgrade to prevent settlement (Figure 1). Ancaljleach field containing a
perforated pipe encased in scoria and protectegkbtextile fabric was installed to
convey infiltrated water away from the slab andgbbgrade (Figure 2). The intake area
of the leach field under the porous concrete slab surrounded by half-inch aggregate
and geotextile fabric to help prevent sediment fraigrating into the leach field (Figure
3). One of the most important design consideratigas to place a conventional concrete
wall around the porous concrete to provide strattconfinement to the weaker material
(Figure 4). The porous concrete was placed orBaindh thick scoria base course. A
group of monitoring wells was placed in the sctoianeasure water levels during the
study period (Figure 5). A six inch thick porowscrete slab with conventional stone
aggregate was placed above the scoria base. TGnegage consisted of one-quarter to
one-half inch gravel boded by Type I-Il Portlandh@@amt. Pocatello Ready Mix (PRM)
supplied the porous concrete and supervised tleemplant of the mix (Figure 6). The
final product merges with the resurfaced asphakipg lot with the porous slab (Figure

7).
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Figure 2: Leach field consisting of perforated pipe surrouwhlg scoria and encased in
geotextile fabric
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Figure 3: Intake side of leach field PVC pipe with ¥2-inch sggate and geotextile fabric
to help prevent sediment migration

R i R

Figure 4: Conventional concrete border for confinement ofgbeous concrete and
direct stormwater runoff onto the porous concrédb s
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Figure 5: Monitoring wells installed in scoria base cour§zoria compacted with hand
tamper

Figure 6: Porous concrete slab installation and finishing
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Figure 7: Porous slab two years after construction

The porous concrete slab design meets the reconatiensl made by the
NRMCA (2004). To help observe the infiltration fe#mance of the test slab, two
monitoring wells, (slotted PVC pipes) were instdlie the slab to measure water levels
below the pavement. Two other monitoring wellsevastalled in the leach field: one
immediately west of the porous slab, and the adihéine southwest end of the leach field.

The final design of the porous concrete test sec¢i@iven in Figure 8.
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Figure 8: Garrison Hall porous concrete test section at |daifate University

Testing

Water Infiltration

Since construction of the test pad, water levethénmonitoring wells have been
recorded. This provided a means of monitoringetffiectiveness of the drainage system.
Moreover, the wells provided data on surface wiatidtration of the porous concrete
slab as well as retention in the scoria base axhléeld. The adjacent sprinkler system
simulated precipitation events so that the infiitna properties of the system could be
evaluated. Water levels in the monitoring wellsevemeasured before, during and after
the sprinkler system water flowed into the pad avkdditional infiltration tests were
performed to determine the effectiveness of difieraaintenance procedures had on
intake properties of the slab. These proceduresliagcussed in more detail in the

Maintenancesection on page 31 of this chapter.
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Settlement

ACI (2010) states that the soils beneath a porouasrete slab should have a
percolation rate of one-half inch per hour andfaue feet thick. The soils in southeast
Idaho consist mainly of wind-blown silts that aceiff to forty-five feet thick with a
percolation rate of 0.6 to 2.0 inches per hour (&t 1987). These percolation rates
meet the ACI (2010) design criteria. Because efdbllapse potential, the soils must be
stabilized to provide a stable subgrade. Thelgtabon process used in this geologic
setting also includes water transported away frloenintfiltration area so that it does not
pond in the porous concrete/base course and sathesoils below the treated zone.

Zoghi et al. (2010) studied the effects of addinteland fly ash (LFA)
admixtures to regional silts (loess) to stabilizenh for use as a road base. Other studies
have also taken place to look at the effects of ldRAsoils in other regions ("Soil
Cement," 2012). By using soil cement such as L8#iatures, the collapse potential
beneath porous concrete is significantly reducebisuthereby reducing the potential
damage to the overlying porous concrete slab.

Where LFA treatment is implemented in the high veaitio silty soils, the
permeability of those soils is reduced (Zoghi eRfllL0). If the rate of runoff entering
the porous concrete system is greater than thefatgbgrade percolation, the water will
pond on the slab. In such cases, the water musabgported away from the porous slab
and soil cement so it can percolate back into thery without damaging the porous
slab such as by freeze-thaw break down. This esacbompanied by placing a leach

field next to the porous slab. The capacity ofldaeh field must be sufficiently large to
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accommodate maximum design storm event so thératirig water is not retained in the
porous slab.

The settlement of the Garrison Hall porous slab alss monitored comparing
the elevations of the confining concrete walls vt porous slab surface and the
adjacent surrounding asphalt. The observations weed to evaluate the settlement of
the soil cement and the porous slab. Visual olagiens were also made along the

ground surface above the leach field to monitor &nyace settlement above the drain.

Porous Concrete Properties

During construction of the test slab, three corcogtinders were cast that
conform to the dimensions required in ASTM C39 @0fbr the compressive strength of
conventional concrete. The length-to-diameteorats 2 (ASTM C39, 2012). This
standard was chosen since no standard has beashgablor the compressive strength of
porous concrete. ASTM C39 (2012) was used to aehgensistency and to provide a
baseline for all of the tests on the porous corcsatples. Prior to performing the
compressive strength tests, the cylinders were oeaure the porosity, unit weight, and
void ratio of the porous concrete in the test siginders and in the trial mixes. A
summary of the mix designs to make one cubic yasdiun this study and their

respective names are found in Table 1.
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Table 1: Summary of the preliminary mix designs used in gtigly

Coarse Aggregate Fine Aggregate Cement | Fly Ash | Water/
Size Weight Weight Weight | Weight | Cement
(in) (Ibs) Size (in) (Ibs) (Ibs) (Ibs) Ratio
Garrison Hall 3/4 2693 unknown | unknown 451 114 0.27
3/4" PRM 3/4 2693 - 0 451 114 0.27
3/8" PRM 3/8 2693 - 0 451 114 0.27
3/8 & 1346.5
50-50 PRM 3/4 (each) - 0 451 114 0.27
2.8-Bag Scoria 1/2 1555 - 0 260 - 0.40
4.8-Bag Scoria 1/2 1555 - 0 453 - 0.40
6.8-Bag Scoria 1/2 1555 - 0 648 - 0.40

The basic mix design was provided by PRM and wasiged to ISU under a
confidentiality agreement therefore the admixtuhed were used in the mixes cannot be
mentioned. The PRM mix was used in the field testyever an unknown quantity of
sand was inadvertently added to the batch befersldb was poured. The mix design
developed and tested in the laboratory was cog@wegate porous concrete without
sand.

The basic types of coarse aggregate that wereingkd trial mixes were
conventional siliceous aggregates (used in stanotardrete) and scoria. The
conventional aggregate were hard, dense and dysaliieles, whereas the scoria was
crushed vesicular basalt with pores in a skelétatgire. In addition to the type of
aggregate, the cement content was varied. Thedadyyg samples were tested in
unconfined compression to determine the effecggfegate type, cement content and
water/cement ratio on the strength of the porousemi In accordance with ASTM C39
(2012), the mix designs with the highest compresstvength were chosen to perform the

freeze-thaw tests.
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The investigation was extended to include the efi€aon-corrosive fibers on the
strength and freeze-thaw durability of porous ceter In this study, two different types
of fibers were added to both mixes in an attempetaforce the porous concrete. The
two fiber types were polypropylene based fibers¢edaProcon and PVA based fibers
called Nycon. The lengths of fiber types were iBh. These lengths were chosen to
span the gaps or pores in the porous concrete.amoeint of fibers added to the mix was
based on past research (Harker & White, 2013). arheunt is based on the total mass of
the mix design and was 0.1% for the Nycon fibeis @u25% for the Procon fibers.

The porosity of the porous concrete was measurduldbyveighing the samples,
filling the cylinders with tap water and re-weiggithe samples. The porosity is then
estimated by converting the weight of the waterdlume (using the unit weight of
water) and dividing by the volume of the porousarete cylinder. The porosity is

determined using Equation 1 below.

Volume of Water

x 100% (1)

Total Volume

Strength Testing Procedures

The compression machine used in laboratory test$&Ggson Model MC-300M
(see Figure 9). The first series of tests weréop@ed to evaluate the relationship
between mix design and unconfined compressivegitieand to help determine which
mix design would be subjected to freeze-thaw tgstithe machine was later used to
perform both unconfined compression tests (ASTM,@B4.2) and Brazil split tests

(ASTM C496, 2011) on the samples subjected to &dkaw cycles.
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Figure 9: Gilson MC-300M compression machine used in poransiete studies

ASTM C39 (2012) test procedures for measuringutimonfined compression
strength of concrete require that the cylindrieahples have lengths of two to two and a
half times the diameter. The samples cast afitiee @f the Garrison Hall slab pour were
6-inch diameter by 12-inch long. The remaining gka® cast in the laboratory were 4-
inch diameter by 8-inch long. All were capped watbulfur compound to meet the end

requirements in the ASTM standards (Figure 10).
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Figure 10: Scoria porous concrete sample capped with sulforpowind

Prior to testing, the capped samples were centetadeen the compression
machine plates (Figure 11). The rate of loadimgea between 300 and 750 pounds per
minute. This loading rate is much slower than neec@nded by ASTM C39 (2012). The

slower rate permitted observation of the progrestiure of the porous concrete.
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Figure 11: Scoria porous concrete sample ready for the ungedfcompression test
(ASTM C39, 2012)

The tensile splitting tests were performed onpbeus concrete cylinders in
accordance with ASTM C496 (2011). The tensiletgpbits were also carried out using
the Gilson machine on samples 4-inches in dianzte8-inches long. To help
distribute the load evenly, wood strips were plasedhe rounded faces bearing against
the plates (Figure 12). The loading rate was 8060 pounds per minute to observe the

failure mechanisms.
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Figure 12: Scoria porous concrete sample in Brazil Tensile(l&8STM 496, 2011)

Freeze-Thaw Durability

Both ASTM (2009) and ACI (2010) have stated thedrfee standardizing the test
procedures for evaluating the freeze-thaw durgholitporous concrete. ASTM C666
(2008) is the standard test for freezing and thgwlurability of conventional concrete.
Porous concrete cannot be tested in the same masienventional concrete because
the freeze-thaw action takes place in the largds/between the aggregate particles.
ASTM C666 (2008) requires the samples to be sudygetct 300 freeze-thaw cycles or

until 25% of the original mass is lost becausereflk down. The test procedure also
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requires that the samples be fully submerged iemairing the freeze-thaw cycles. By
combining observations made on the Garrison Hallgad and the ASTM C666 (2008)
testing procedures, the freeze-thaw weakening fysoconcrete can be estimated
consistent with the design requirements for prgp@cement of porous concrete. The
modified procedure used in this study is describdate following paragraphs.

Porous concrete derives its strength and duratitthe confinement provided
around the perimeter of the porous slab. The baakéffects of confinement were
verified by the observed performance of the Garridall slab. The slab showed good
performance during the winter months where it wagexcted to numerous freeze-thaw
cycles. The porous slab is confined or surrourime@-inch thick conventional concrete
walls. The freeze-thaw tests on the porous coacnet designs were performed on the
samples confined in their respective plastic mtddsimulate the confinement that is
present on the Garrison Hall slab. After curingtfee required 14 days (ASTM C666,
2008), the bottoms of the molds were cut out antbred using a Dremel (Figure 13).
This procedure simulated the Garrison slab, whsckupported by a scoria base. The
samples were then freeze-thaw tested in the faligwmoisture conditions: 1)
unsubmerged, 2) partially submerged, and 3) fullynserged. A group of control

samples were sealed with end caps and storedratteraperature.
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Figure 13: Removal of bottom of plastic mold

The freeze-thaw chamber is a Caron Freeze/Thaw(kigiire 14). The chamber
can be programmed at approximately seven cycla#hhour period. ASTM C666
(2008) requires that samples be subjected to hab80 freeze-thaw cycles. This was
achieved by running 36 freeze-thaw cycle incremenitf the last increment consisting
of only 12 cycles. At the end of the last cyche tondition of the porous concrete at the
tops and bottoms of the samples were observecdetached particles. Any detached
particles on the surfaces of the samples were rechaud the samples weighed to

measure the weight loss.
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Figure 14: Caron Freeze/Thaw Chamber used in porous coneste t

All weight loss measurements in the freeze-thawsteere based on the initial
dry weight (mass) of the samples. Since the sasnpéze placed in water, the water had
to be removed from the pore spaces before weighmgylinders. The samples were
removed from the chamber and placed on a rack wiweeéans were used to evaporate
the water. A drying time of 36 hours was needegk&zh a constant weight (mass).

After drying, the weight of each sample was meatarel recorded. The samples were
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then returned to the test conditions and placedfieeze-thaw chamber. Based on
ASTM C666 (2008), the samples were subjected tof@@ze-thaw cycles or until they
had lost 25% of their original mass.

The Garrison Hall porous concrete test slab wapestdal to natural freeze-thaw
cycles during two Idaho winters. The slab perfatregtremely well during the two
freeze-thaw periods. Three cores were taken flenslkab to perform additional freeze-
thaw tests on the two-year old concrete. The cers weighed, dimensioned and then
subjected to 300 freeze-thaw cycles in the sammsrgion conditions as the previously
mentioned samples (unsubmerged, partially submegedully submerged). The slab
samples were not able to be confined because teeébdqroduced slightly smaller

diameter cylinders than would fit tight inside bétplastic molds.

Maintenance/Infiltration Tests

Different maintenance techniques for porous coeonadre studied to determine
their impact on infiltration. The ACI (2010) recamends maintenance of in-place porous
concrete by pressure washing followed by wet vagagmOnce the Garrison Hall
porous concrete began to show ponding, four clgamiethods were tested: (1) brushing
the dry surface with a hard bristle broom, (2) bing the wet surface with a hard bristle
broom, (3) pressure washing the surface only (d$gure washing and then wet-
vacuuming the surface.

After each treatment, ten gallons of water was pdwnto the concrete surface in
two five-gallon applications (Figure 15). Once thater surface was level, time and
corresponding depth measurements were taken &cédisgoint on the surface to

observe the rate of infiltration into the porousicete. The data obtained in these tests
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were compared with previous infiltration tests mddeang observation of runoff from

the sprinkler system (see page 20).

Figure 15: Water poured onto the test slab during infiltratiests

Part of the maintenance study included tests onreta surface treatment
products designed to reduce maintenance and ettiengseful life of the porous
concrete. One such product is manufactured byiGtensolutions (North Carolina)
called PC Grout. The epoxy cement mixed with ac@aend was troweled onto the
porous concrete surface where the most water wiag biltrated. According to
Pervious Solutions (2013), maintenance cycles eare@uced to only one or two times

per year. The PC grout was applied to the tesspddce after the core samples were
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taken and the holes patched with a pervious soaisgFigure 16). To study the effects
of the PC Grout on infiltration, the same infilicat tests were performed. This study did

not include the freeze-thaw tests on PC Grout dog¢eous concrete samples.

Figure 16: Application of PC Grout on the area of greateditration on the Garrison
Hall test slab
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CHAPTER 4 — Results and Discussion

Results

Water Infiltration

Water levels were measured on the Garrison slathuiong the 18 month study
period. The measurements were taken in four mongavells placed in the scoria base
below the slab and in the lateral drain. The liocet of the wells and the results of the

measurements are given in Figure 17 and 18 resp8citi
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Figure 17: Locations of monitoring wells in the Garrison Hadirous concrete system
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Figure 18: Monitoring well measurements in scoria base

The vertical axis is the depth of the water inllo&tom of the well below the
surface of the slab. Monitoring Well #3 and Wellate located in the scoria drain at the
beginning and end of the leach field, respectivé@gth monitoring wells showed no
measurable water levels during the investigatiamode This included times of known
infiltration through the porous concrete such asmduthe maintenance infiltration tests
and the irrigation observations, both of which eéxplained in this section. The leach
field was adequately designed and is easily cap#ldtoring any water entering the
porous concrete system.

The two points where the water level is zero cqoesl with times in which
surface water was ponded on the porous concrdielslang a rain event (red triangle)
and when ice had formed in the wells (green tri@ngllhe observation well
measurements in the scoria base indicate thataitueip concrete slab may have been

submerged only twice during the monitoring periddhis is only true during the winter
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months. During the summer months, the universityigation system would come on
twice a week and overtop the system. It would kadpte at night, and the system
would drain completely by morning.

Infiltration studies were made during one of tipem@tion periods of the
university sprinkler system. The sprinklers clageshe Garrison Hall service road
sprayed water onto the asphalt and curb southedtetst slab. The excess water flowed
onto the west side of the porous concrete adjadoahe curb. Water level measurements
were taken in the test pad wells as well as wélard #4 located in the leach field. This
investigation was made on two occasions. The tastuonitoring well readings are

given in Figures 19 and 20. Zero depth in thergicorresponds with the surface of the

porous slab.
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Figure 19: Sprinkler water infiltration Test Number 1 on Ju§)&2012
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Figure 20: Sprinkler water infiltration Test Number 2 on Ja, 2012

The water level steadily rose to the top of thé siatil it was overtopped and
ultimately ponded in the depression on the we& sfdhe porous concrete. Even though
the runoff rate exceeded the infiltration capaoityhe porous concrete, a portion of the
surface water infiltrated the concrete. MeasurdmgnWells #1 and #2 could no longer
be taken because the water level was above thetdps wells. After the sprinklers
were turned off, the surface drained and withimiiQutes, the water levels in the wells
returned to their pre-test depths. The water édhinto the scoria base and likely into a
portion of the adjacent leach field. However, WedB and #4 that are located in the
leach field, showed no evidence of a water lewsd.riThese results illustrate that the
leach field is adequately designed. The spikeast Number 2 is wider because the
sprinklers operated for a longer period than thet Number 2. The infiltration rate of
the porous slab controls the flow of water into slgstem. Once the intake capacity of

the porous concrete is exceeded, the water portitie atrface.
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Settlement

Differential settlement was monitored by compatting elevation differences
between the porous slab and the confining conveaticoncrete walls with the curb and
adjacent asphalt pavement. The porous concretslédsits south of a loading dock and
has been subjected to substantial load from lagfjeedty trucks including 18-wheel
vehicles (Figure 21). The measured settlemerii@pbrous concrete slab is less than
1/8-inch during the two-year study period. Theclefield showed a small depression in
the grass. The slight swale was most likely formgdettiement of the scoria filter zone
around the perforated PVC pipe. The scoria wasoiipacted to prevent break down

and a reduction in the permeability of the filt@ick.

Figure 21: Garrison Hall slab south of loading dock
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Porous Concrete Strength Properties

Six different mix designs were developed and testathconfined compression

(see Table 2). Three mixes were the basic PRMydesith different size and

gradations/contents of aggregates. The remaihimg tmixes had scoria aggregate with
different cement contents and water-to-cementsatithree samples for each mix design

were cast to obtain average strength values. gnest strength mixes were used in the

freeze-thaw tests.

Table 2: Summary of the preliminary mix designs used in tigly

Coarse Aggregate Fine Aggregate Cement | Fly Ash Water/
Size Weight Weight Weight | Weight | Cement
(in) (Ibs) Size (in) (Ibs) (Ibs) (Ibs) Ratio
Garrison Hall 3/4 2693 unknown | unknown 451 114 0.27
3/4" PRM 3/4 2693 - 0 451 114 0.27
3/8" PRM 3/8 2693 - 0 451 114 0.27
3/8& | 1346.5
50-50 PRM 3/4 (each) - 0 451 114 0.27
2.8-Bag
Scoria 1/2 1555 - 0 260 - 0.40
4.8-Bag
Scoria 1/2 1555 - 0 453 - 0.40
6.8-Bag
Scoria 1/2 1555 - 0 648 - 0.40

Each mix were cast in 4-inch by 8-inch plastic wgler molds and were tested in

unconfined compression after curing for 7 and 2BdASTM C39, 2012). The test

times were chosen consistent with quality congests on conventional concrete. The

mixes with the highest unconfined compressive gtiefrom each group was chosen to
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place in the freeze-thaw chamber. The averageeofesults of the strength tests are

given in Figures 22 and 23 and Table 3. All ofda¢a can be found in tiAgpendix.

800.00
= 700.00
Zﬂ mmm 4.8-Bag 3/4" PRM Mix
£ 600.00 Design
S mmm 4.8-Bag 3/8" PRM Mix
& 500.00 Design
g mm 4.8-Bag 50-50 PRM Mix
g 400.00 Design
5 I 2.8-Bag Scoria-Based
g 300.00 Mix Design
3 I 4.8-Bag Scoria-Based
2 200.00 Mix Design
§ I 6.8-Bag Scoria-Based
< 100.00 Mix Design

0.00

Figure 22: Average 7-day unconfined compressive strength®adys concrete mix
designs
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Figure 23: Average 28-day unconfined compressive strengtip@rdus concrete mix
designs

Table 3: Average unconfined compressive strengths of mixgdss

_ 3/4" 3/8" 50-50 | 2.8-Bag | 4.8-Bag | 6.8-Bag
PRM PRM PRM Scoria Scoria Scoria
7-Day Strength (psi) 360 253 331 0 123 381
28-Day Strength (psi) 424 335 524 0 189 723
%-Increase 18% 32% 59% 0% 53% 90%

These bar graphs represent the 7-day and 28-dagressive strengths of the
porous concrete mixes. The PRM mix design was fieodusing different sized
aggregates. The sizes given in the figures aravbeage of the aggregate that was used
in the mix design. It can be observed that basetthe 28-day compressive strengths, the
50-50 PRM and the 6.8-bag scoria-based mix desugne chosen for the freeze-thaw

durability tests (ASTM C666, 2008).
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The scoria mixes had the highest and lowest ungedfcompressive strength
values. The 2.8-bag mix samples crumbled wheipoineus concrete was stripped from
the molds. Compressive strength tests could npebermed on these samples. It was
also observed that all of the mix designs compvesstrength results increased from the
7-day to 28-day results. This was an expectedifreuat if more cylinders could have
been cast, more values could have been recordeltimgsn averages that better
represented the mix designs. The unconfined cosspme strengths of all mixes
increased 18 to 90% from 7 to 28-days.

Unit weight and porosity of the porous concrete&esiwere also measured. Unit
weight of the six mix designs are summarized iruFég24. Porosity values give an

index of the permeability of the porous concretgeni(Figure 25).
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z 60.00 I 2.8-Bag Scoria-Based
= Mix Design
) mmmw 4.8-Bag Scoria-Based
g 40.00 Mix Design
2 I 6.8-Bag Scoria-Based

20.00 Mix Design

0.00

Figure 24: Average unit weights of porous concrete mix designs
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Figure 25: Average porosity of porous concrete mix designs

The values given in Figures 24 and 25 are theaaeeof the unit weights and
porosities of the various mix designs in the unowd compressive strength tests. The
two mixes chosen for the freeze-thaw tests (50BMRNd 6.8-bag scoria) have the
highest unit weights and lowest porosities. Thel&§ scoria mix, with the highest
cement content would be expected to have the higim#sweight and lowest porosity
compared with the other two scoria based mixess ddndition is a direct result of the
increased cement content. The cement particlabdilvoids within the scoria and the
pore spaces between the aggregate particles. afiynthe 50-50 PRM mix design, with
a wider range of grain size (50% 3/4-inch diametad 50% 3/8-inch diameter

aggregate) had a higher unit weight and lower ptyrtfsan the mixes with a more
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uniform grain size. The smaller aggregates fidl §paces between the larger particles.
The result is a higher unit weight with a corresgiog decreased. The 50-50 PRM mix
had an average porosity of 31% and the 6.8-bagestox had an average porosity of
27%. The mixes chosen for the freeze-thaw testgbeosities similar to those in the

Garrison Hall test slab which was 24%.

Freeze-Thaw Durability — 6.8-Bag Scoria Mix Design

Confinement of the samples significantly improvid performance of the porous
concrete samples subjected to freeze-thaw cydtethe literature on the freeze-thaw
durability of porous concrete, none of the samplasived more than 16 to 25 freeze-
thaw cycles and before losing 25% of their origimass. Conversely, the samples
confined by the plastic molds were able to surtheeentire 300 freeze-thaw cycles
tested under ASTM 666 (2008). The results of tkede-thaw tests conducted on the
6.8-bag scoria-based mix design with and withoffedint types of reinforcing fibers

and levels of saturation are given in Figures 2B8&@nd are summarized in Table 4.
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Figure 26: Results of the freeze-thaw tests on the 6.8-bagaspox without fibers
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Figure 27: Results of the freeze-thaw tests on the 6.8-bagespux with 0.1% Nycon
fibers
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Figure 28: Results of the freeze-thaw tests on the 6.8-bagasoux with 0.25% Procon
fibers

Table 4: Summary of average percent mass-loss 6.8-bag sooriat 300 cycles

Partially Fully
Unsubmerged Submerged Submerged

No Fibers %-Mass-

Loss 10.47 11.66 10.80
Nycon %-Mass-Loss 10.60 11.19 10.74
Procon %-Mass-Loss 10.86 10.77 10.87

The mass-loss values in Figures 25 to 27 are atiaealpercentages of the initial
mass lost after each of the eight 36 freeze-thawements (with the ninth and last
increment being 12 cycles). The graphs show tieatrtass-loss ramps up during the first
100 to 170 cycles and then tends to level off dutire remaining cycles. The samples of
all three mixes not place in water had a lowerahinass-loss than the fully and partially
submerged specimens. The mass-loss in the pagigimerged samples tend to be
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slightly higher than in the fully submerged samplés$ 300 cycles, the mass-loss of each
mix converge at about the same value regardlegsedfaturation condition.

Table 3 summarizes the average mass for the 6.8dmag mix. The presence of
the fibers had no impact on the durability of thersa mix when the samples were not
submerged or fully submerged. In the partiallyrmelged samples, the presence of the
fibers may have a slight beneficial effect in impny the freeze-thaw durability of the
scoria mix. However, based on the small differancelues (0.5 to 0.9%) additional
tests would be needed to validate this conclusidme impact of freeze-thaw on the
unconfined compression strength (ASTM C39, 2012)tansile splitting strength

(ASTM C496, 2011) on the three mixes is shown Fegut9 to 31 and Tables 4 and 5.
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Figure 29: Results of strength tests on the 6.8-bag scoriawitixno fibers after 300
freeze-thaw cycles
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Figure 30: Results of strength tests on the 6.8-bag scoriawihx0.1% Nycon fibers
after 300 freeze-thaw cycles
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Figure 31: Results of strength tests on the 6.8-bag scoriawiihx0.25% Procon fibers
after 300 freeze-thaw cycles
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Table 5: 6.8-bag scoria mix average unconfined compressireagth and %-strength

lost/gained
Partially Fully
SNt‘:eFr:Zf;S(s:;“press“’e 652 423 (-35%) | 483 (-26%) | 567 (-13%)
:\l'oys?)o” Compressive Strength | 391 | 343(-10%) | 360 (-6%) | 476 (+25%)
:trf::gntf ‘();;5 ressive 432 302 (-30%) | 425(-2%) | 384 (-11%)

Table 6: 6.8-bag scoria mix average tensile strength andrétgth lost/gained

Partially Fully
_ Control | Unsubmerged | submerged | Submerged

Z)Zi)F'bers Tensile Strength 162 116 (-28%) | 99(-39%) | 103 (-36%)
Nycon Tensile Strength (psi) 65 87 (+34%) 98 (+51%) 73 (+12%)
Procon Tensile Strength (psi) 126 116 (-8%) 140 (+11%) 69 (-45%)

The graphs show the average unconfined compreasiéensile strengths of the
6.8-bag scoria mix design with and without fibeubjscted to 300 freeze-thaw cycles.
The tables give the numerical values in the histog. In general, all but one set of
samples experienced a strength loss of 2 to 35k&. gfeatest losses (10 to 35%) in
unconfined compressive strength occurred in thegpgzsithat were not placed in water
(unsubmerged in Table 2). Moreover, the unconfe@mdpressive strength loss was
significantly lower in the partially and fully sularged samples. One explanation may
be the presence of water that hydrated the cemeinihareased the strength of the
concrete. The samples with fibers had lower cosgive strengths than their

corresponding non-fiber mixes in the control anthim samples subjected to freeze-thaw
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breakdown. In summary, the fibers provided no bela¢ compressive strength effects
and may be detrimental to the freeze-thaw durghmlitporous concrete. One of the
objectives of this study was to determine whetheraddition of fibers to the porous
concrete mix designs would provide beneficial éfemn the strength and freeze-thaw

durability of the concrete. The results of thedgtare given in Figures 32 to 35.

mm No Fibers

mm Nycon Fibers
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Figure 32: 6.8-bag scoria mix strength test results on therobgroup samples subjected
to no freeze-thaw cycles
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Figure 33: 6.8-bag scoria mix strength test results on thellimerged samples subjected
to 300 freeze-thaw cycles
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Figure 34: 6.8-bag scoria mix strength test results on thaeglgrsubmerged samples
subjected to 300 freeze-thaw cycles
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Figure 35: 6.8-bag scoria mix strength test results on thg &lbmerged samples
subjected to 300 freeze-thaw cycles

The graphs give the average compressive andéesgitting strengths of the 6.8-
bag scoria mix design in the control group anchingamples subjected to 300 freeze-
thaw cycles. In each test condition, the highestage unconfined compressive
strengths were obtained in the scoria aggregatelsarwithout fibers. The lower
strengths in the fiber-reinforced mixes may betegldo the presence of the fibers
interfering with the bond between the cement aedatigregate.

The results of the freeze-thaw tests on the urossetl scoria mix show a
reduction in strength (10 to 30%) when the sampie® subjected to alternate freeze-
thaw cycles (see Table 7). The reduction in trexaxye unconfined compressive strength
related to freeze-thaw decreases with increasedas@in during the test. The decrease
in strength loss for the unsubmerged to the fullyrserged samples is most likely related

to the allowable moisture which facilitates hydvatiof the Portland Cement. The fiber-
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reinforced samples showed no significant trendsiconfined compressive strength in
the control group and samples subjected to thedr#ieaw cycles (see table 5).

In conventional reinforced concrete, the purpostefreinforcing steel is to
increase the tensile and flexural strength of cetecr Similar results would be expected
for fiber-reinforced porous concrete. However, tiss results on the control group and
freeze-thaw samples of the scoria mix show no beaeéffect of the fibers on the

tensile splitting strength of scoria porous coreret

Freeze-Thaw Durability - Pocatello Ready Mix Design

The results of the freeze-thaw tests on the 5Bl mix design show a lower
mass-loss and reduction in unconfined compressieagth than the scoria concrete
mixes. The reduced freeze-thaw effects are exgiblny the lack of pores and overall
strength/durability of the PRM aggregate. TheZeethaw tests on the PRM samples
were carried out for the three conditions of imrmergunsubmerged, partially
submerged, and fully submerged). The samplesdedwnreinforced and fiber-
reinforced mixes. The wet mass was used for tii@limass of the sample.

The mass-loss results in the freeze-thaw teste@PRM samples are given in
figures 36 to 38. The final mass-loss values atethd of the 300 freeze-thaw cycles are
summarized in Table 7. The mass-loss in the unsulped samples of all three mixes
ramped upward during the first 108 cycles and ke elff at approximately 1% loss. In
the partially and fully submerged samples, the rl@sswas at least 0.7% after the first

36 cycles.
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Figure 36: PRM mix freeze-thaw %-mass-loss (no fibers)
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Figure 37: PRM mix freeze-thaw %-mass-loss (Nycon fibers)
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Figure 38: PRM mix freeze-thaw %-mass-loss (Procon fibers)

Table 7: PRM summary of average freeze-thaw %-mass-loss

Unsubmerged Submerged Fully Submerged
No Fibers %-Mass-Loss 0.95 0.70 0.68
Nycon %-Mass-Loss 0.83 1.21 0.83
Procon %-Mass-Loss 0.88 0.92 0.60
Average of Averages 0.89 0.94 0.70

The test results show small positive and negdtix@cally +0.1 to 0.3%) lost
mass over 36 freeze-thaw cycles (see Figures 38)toThe differences are not
significant and appear to be related to variatiorthe saturated surface dry conditions in
the porous concrete and cylindrical molds.

Using mass-loss as a measure of freeze-thaw dityathie 50-50 PRM design
performed extremely well. After 300 cycles, the@ge mass-loss ranged between 0.7

to 1.2% (see Table 7). The fully submerged sangmesistently showed the lowest
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mass-loss. The presence of fiber reinforcemenmioaeffect on increasing the porous
concrete freeze-thaw durability.

After 300 freeze-thaw cycles, the mass-loss irRR& samples was significantly
less than in the 6.8 bag scoria mix (see Tabl&djeover, the mass-loss in the scoria
mix was approximately 11% whereas the overall inghe PRM concrete was less than
1%.

In Figures 39 to 41, the mass-loss test resuttguped by immersion test
conditions. In each case, the pattern of massiosisilar for the unreinforced and
fiber-reinforced mixes. The highest mass-loss cxouthe first 36 to 108 freeze-thaw
cycles and tends to level off with small positivelanegative fluctuations during

subsequent cycles.
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Figure 39: PRM mix freeze-thaw %-mass-loss (unsubmerged)
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Figure 40: PRM mix freeze-thaw %-mass-loss (partially submeyge
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Figure 41: PRM mix freeze-thaw %-mass-loss (fully submerged)

Unconfined compressive strength tests (ASTM C8322 and Brazil split tensile

tests (ASTM C496, 2011) were performed on samiéisesoPRM porous concrete after
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300 freeze-thaw cycles. The test results are gealvin Figures 42 to 44 and are
summarized in Tables 9 and 10. No unconfined cesgive strength tests were
performed on the fully submerged unreinforced agddd fiber-reinforced mixes. The
samples broke during extraction from the cylindricalds and could not be tested in
compression. The control samples were not sulgdotéhe freeze-thaw cycles and were
tested 150 days after they were cast. The incdeas#ng time explains the difference in
compressive strength between the freeze-thaw daanoples (1155 to 1200 psi) and the
28-day strengths (524 psi) of the samples testéakeimitial mix design trials (see Table

3).
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Figure 42: PRM mix strength test results (no fibers)
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Figure 43: PRM mix strength test results (Nycon fibers)
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Figure 44: PRM mix strength test results (Procon fibers)

The histograms of compressive and tensile streagtlthe average values at the
end of the freeze-thaw cycles. In all but one tesé Figure 43 and Table 8) the average

compressive strength of the samples was higherttieaoontrol samples which were not
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subjected to freeze-thaw stress conditions. Tieagth gain ranged from 200 to 900 psi
and was highest in the one fully submerged sansgle Figure 44). The strength
increase was likely related to increased hydranahe presence of moisture during
immersion and/or in the freeze-thaw chamber whiggrcame any potential negative
effects of the freeze-thaw cycles.

The impact of fiber reinforcement on the compnessitrength of the PRM porous
concrete is graphically illustrated in Figures d3¥. The test results show no beneficial
effect of fiber-reinforcement, and in the sampleghwWycon fibers, a likely detrimental
effect on the compressive strength of the PRM desith and without cyclic freeze-

thaw loading conditions (see Table 8).

Table 8: PRM mix average compressive strength test resntt®/a strength lost/gained

Partially Fully
_ Control | Unsubmerged Submerged | Submerged
No Fibers Compressive 0 0 Sample
Strength (psi) 1155 1731 (+50%) | 1771 (+53%) Broke
Ny§on Compressive Strength 1200 987 (-18%) 1614 (+35%) Sample
(psi) Broke
Procon Compressive o o 0
Strength (psi) 1200 1529 (+27%) | 1819 (+52%) | 2108 (+76%)

The effect of the Nycon and Procon fibers on tHetsm tensile strength of the
PRM design is illustrated in Figures 45 to 47 amdable 9. In the control group, the
fibers increased splitting strength by 42 and 53Ble results of the freeze-thaw tests
show a reduction in the splitting strength of tiRMPporous concrete (15 to 44%) with
the addition of fibers in unsubmerged and partisilipmerged conditions. In the fully
submerged samples, the addition of the fibers aszé the splitting strength by 11 and

65%. The highest splitting strength gain was anRRM 50-50 mix with the Nycon
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fibers. Additional tests are needed to verify éfffects of the fibers on increasing the

splitting strength of fully submerged porous coteubjected to freeze-thaw cycles.

Table 9: PRM mix average tensile strength test results aradr&mgth lost/gained

Partially Fully
_ContrOI Unsubmereed | submerged | submerged

;\lloc;l):lbers Tensile Strength 227 | 348 (+53%) | 257 (+13%) | 142 (-37%)
Nycon Tensile Strength (psi) 348 293 (-16%) 143 (-59%) | 234 (-33%)
Procon Tensile Strength (psi) 323 255 (-21%) 186 (-42%) | 157 (-51%)
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Figure 45: PRM mix strength test results (control group)

63



2000
1800
1600
1400
1200
1000 -

m No Fibers

mm Nycon Fibers

800 - I Procon Fibers

600 -

Average Strength (psi)

400 -

200 -

Compressive Sterngth Tensile Strength

Figure 46: PRM mix strength test results (unsubmerged) on sssgubjected to 300
freeze-thaw cycles
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Figure 47: PRM mix strength test results (partially submergatdsamples subjected to
300 freeze-thaw cycles

64



2500

2000
Z
R
ﬁ: 1500 mm No Fibers
c
2 = Nycon Fibers
wv
% 1000 mm Procon Fibers
g
<

500
o m BN
Compressive Strength Tensile Strength

Figure 48: PRM mix strength test results (fully submergedsamples subjected to 300
freeze-thaw cycles

Freeze-Thaw Durability of Garrison Hall Test Slab
The cores taken from the Garrison Hall slab wese albjected to freeze-thaw

cycles. The mass-loss during the tests is givéagare 49.
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Figure 49: Garrison Hall mix freeze-thaw %-mass-loss testltesu
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The three core samples taken from the Garrisohtetdlslab were not confined
during the freeze-thaw tests. The cores showedrngwhat linear relationship between
mass-loss and number of cycles up to 144 to 18@sy®Above these threshold values,
the rate of mass lost accelerated and reache® 2% at 300 cycles (see Figure 49). The
greatest loss occurred in the partially submergaade. The samples were very fragile
and pieces of concrete would spall off the surfaidie cores as the mass measurements
were taken. No unconfined compression or Brazit sgsts could be performed on the
Garrison Hall samples at the end of the 300 fre¢baer cycles. The ends of the core
samples were not close to tolerance to perfornctingpression tests and the cores
crumbled during preparation for the splitting tests

The behavior of the unconfined Garrison Hall catesng the freeze-thaw tests is
in sharp contrast to the mold-confined PRM samgéss in the laboratory subjected to
essentially the same freeze-thaw conditions. énGharrison Hall cores, the loss of mass
continued to increase with each set of 36 cyclesreds the mass-loss in the confined
PRM samples increased during the first 36 cyclesthen basically leveled off during
the remaining cycles. Similar breakdown of uncoadi porous concrete slabs have been

observed in the Pocatello area.

Maintenance/Infiltration Test

The ACI recommends that porous concrete be maedagvery six to eight
months (ACI, 2010). This is done by cleaning tlad s Several methods of cleaning
porous concrete were tested on the Garrison Hail sThese included sweeping the

surface with a stiff bristle broom without wettirgyyeeping the surface after wetting with
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the same stiff bristle broom, and then simply puessvashing the surface. After each
method, infiltration tests were performed by intwothg a known amount of water and
then taking depth measurements with correspondimgst The tests were initially done,
and then repeated one year later to try and sedhmglab is continuing to perform. The

results of these infiltration tests can be sedfignires 50, 51, 52, and 53.
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Figure 50: Infiltration maintenance tests performed June 9220
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Figure 51: Maintenance infiltration tests (dry broom and wetdm) performed
June 11, 2013
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Figure 52: Maintenance infiltration tests (pressure washerjopemed June 11, 2013
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Figure 53: Maintenance infiltration tests (pressure washerjopeed July 23, 2013

A surface overlay of epoxy resin was applied totdst slab. According to the
manufacturer, the purpose of the resin is to redueenaintenance requirements in
porous concrete applications. The overlay wasaoglamn the section of the slab closest to
the curb where the surface water flows during edirdr sprinkler events. The results of

the infiltration tests are given in Figures 54 &5d
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Figure 54: Maintenance infiltration test after the applicatmPC Grout and before
pressure washing the test slab surface
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Figure 55: Maintenance infiltration test after the applicatmiPC Grout and after
pressure washing the surface

The first test was carried out after the overlaydened, but without pressure
washing the surface (Figure 54). The time needdo\vter the water level from 1.6 to
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0.8 inches was approximately 36 minutes. Aftersingace was pressure washed, the
time to lower the water to 0.8 inches at the sapallwas roughly 6 minutes (Figure 55).
Once again, pressure washing is very importantamtaining the high infiltration rate of
porous concrete.

The application of the resin grout onto the swfatthe porous concrete
significantly reduced its surface water infiltratioln the absence of the resin, the surface
water droppe4d from 1.6 to 0.8 inches in less 8@aseconds (figure 52) compared with
6 minutes when the surface was coated (Figure ABY. beneficial effect of the resin on
reduced maintenance could not be determined becédise relatively short time period

between the non-resin and resin coated tests.

Discussion

Both the scoria and the PRM porous concrete paddrvery well when
subjected to confined freeze-thaw cycles. Thetkesuccessful performance is the
confinement, which was simulated by confining thmples in the plastic molds. The
confined samples not only survived 300 freeze-thgeles in adverse moisture
conditions, but also retained at least 65% of thegonfined compressive strength.
Nearly all of the PRM samples gained strength enfteeze-thaw tests because additional
water was available to facilitate hydration.

Without the confinement provided by the molds, shenples would have failed.
Such was the case of the core samples taken frei@drison hall test slat. At the end
of 300 freeze-thaw cycles, the mass-loss was 84@®d the porous concrete had

essentially no unconfined compressive strength.
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The Garrison Hall slab is continuing to performinand providing a means to
reduce surface runoff and increase groundwatdtratfon. However, it is important to
perform periodic maintenance on a regular basith@water will tend to pond on the
porous concrete surface. Itis proposed thatxistieg design for porous concrete
drainage be modified to improve the infiltratioracicteristics and implement bioswale

best management practices.

Proposed Conceptual Design

The test slab placed in the Garrison Hall parkatgvas an outgrowth of a senior
design project. The site was selected in a driyesvdrance where the pavement was
badly damaged and water ponded on the surfacaddition, the test slab is located
immediately southeast of a loading dock servicetrdgtor trailer vehicles.

The fundamental concept was to cast a 6 inch fmckus concrete slab above 18
inch thick scoria base course (Figure 56). Theddeeneath the scoria was stabilized
using a lime/fly ash additive. Any surface wateaching the subgrade was conveyed

laterally to a scoria leach filed where it wouldilinate into the native soil.
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Figure 56: Garrison Hall porous concrete test slab at IdalateStiniversity
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During the study, numerous trips were made to mesthie performance of the
test slab after a rainfall or sprinkler event.many cases, the surface runoff would
overtop the porous concrete slab and flow into loaveas adjacent to the test slab. At
the end of the runoff event, water would pond alth&interface between the
conventional concrete curb and the porous constate The reasons for ponding of the
water were accumulations of soil and grass whiclgged the porous concrete and the
lack of infiltration through the curb. The rateiofiltration increased significantly where
the scoria mix was used to backfill the core haleed in the original PRM porous
concrete slab.

To improve the performance and to enhance thetmediation properties of a
porous concrete system, the Garrison Hall designldibe modified to improve
infiltration and to incorporate a bioswale above lach field (Figure 57). The
conventional porous concrete slab should be regladt the 6.8-bag scoria porous
concrete mix, which has a higher permeability aobgity. In order to more effectively
drain the interface area, the scoria porous comenet should extend into the gutter and
conventional concrete cast to form the curb anddtezal wall confinement. The
remainder of the porous concrete system in therpamearea, including the scoria leach
field, would be retained. The leach field was deed to hold runoff from a 50-year
storm event and would not overflow until more tt2df inches of rain falls on the
parking lot/driveway area. The porous concretéases should be pressure washed a

minimum of three times during the March to Octoperiod.
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Figure 57: Proposed conceptual porous concrete system design

The scoria base course and leach field have paees which can sequester
contaminants such as petroleum based productstdér to increase the contaminant
retention of the system, the native soil backfibae the leach field should be replaced

by a bioswale (Figure 57). The bioswale shouldésgned to sequester, or if possible,

degrade the contaminants.
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CHAPTER 5 — Conclusion

Summary

This study is a comprehensive investigation oruesof scoria aggregate in
porous concrete. The intent was to develop mixgdesased on engineering properties
determined from laboratory tests, make enginearargparisons with conventional
aggregate porous concrete and monitor the perfaenaha conventional porous
concrete test slab constructed in a heavily triadiicdriveway on the ISU campus.

Some of the main concerns, even with the use mfexional aggregate in
temperate regions, are strength, infiltration areéZe-thaw durability of porous concrete.
The performance concerns are heightened when gsarsed in porous concrete because
the individual particles contain pores (vugs) sunaed by a thin skeletal structure. The
mix designs for scoria porous concrete were dewelqsing only the coarse aggregate
size fraction (1/2-inch nominal size) which waschebnstant (1550 Ibs) and increasing
the cement content. The water/cement ratio washadil constant. Laboratory dry unit
weight, porosity and unconfined compressive stiemgire the engineering parameters
used to evaluate the mix designs. The resultseoiix design studies are summarized

in Tables 10 and 11. At least three specimens wasefor each mix.
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Table 10: Comparison of conventional aggregate and scorieeg@te porous concrete

Nominal Coarse . Average
Mix Aggregate Cement/Fly Ash Weight Water/Cement Unit
Size Weight Cement Fly Ash Ratio Weigl;t
(in) (Ibs) (Ibs) (Ibs) (Ib/ft°)
3/4" PRM 3/4 2693 451 114 0.27 98.2
3/8" PRM 3/8 2693 451 114 0.27 93.1
50-50 3/4 &
PRM 3/8 2693 451 114 0.27 102.8
6.8-Bag
Scoria Mix 1/2 1550 648 0 0.40 77

Table 11: Comparison of conventional aggregate and scorieeggte porous concrete

Average Freeze-Thaw Durability
Average .
. : Unconfined Average .
Mix Porosity . Average Unconfined
(%) Compressive Mass Lost C ive St th
o Strength (psi) (%) ompressive Streng
Control 300 Cycles
7-Da 28-da . .
Y Y (psi) (psi)
3/4" PRM 354 355 420 | - | | e
3/8" PRM 37.2 250 320 | - | e
50-50 PRM 311 330 510 0.77 1150 1730
68Bag | 79 | 380 720 10.5 652 423
Scoria Mix

Freeze-thaw durability tests were performed ol ltlo¢ 6.8-bag scoria aggregate
porous concrete mix and the 50-50 conventionaleggge mix. The samples were
subjected to 300 freeze-thaw cycles in a tempegatointrolled Canon freeze-thaw
chamber. The samples were placed in three conditbsaturation: unsubmerged,

partially submerged and fully submerged. The test® carried out in general
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accordance with ASTM C666 (2008), except that fthe samples were retained in the
cylindrical portion of their plastic molds to sinaté confinement needed for its long-term
performance. Weight (mass) loss was recordecdeagrd of each 36-freeze-thaw interval
and the unconfined compressive strength measutbe and of the 300 cycles.

Engineering property tests were also performeglastic fiber reinforced porous
concrete on both aggregate types to determine ittdition of fiber reinforcement
improved the strength of the samples. The resbltsved that there was no benefit from
the addition of the two different fiber types. fatt in some cases, the strength was
decreased because of the addition of the fibefamement.

The scope of this project also included the mamtpof the Garrison Hall test
slab that was poured in October 2010. Infiltratieater levels, and settlement were
monitored for nearly two years. Maintenance teghes were also tested to optimize the

performance of the porous concrete slab.

Conclusions

The engineering property tests on the scoria agdeeporous concrete show the
most suitable mix design has an aggregate/cememtofe?.4:1 by weight (6.8-bag scoria
mix). The samOples showed no visible evidencéhohkage in the molds even though
the cement content is at or close to the limitcmnventional concrete. The reduction in
porosity from 45 to 28% at the higher cement canibel no visible effect on the
infiltration rate when the samples were filled withter. In the absence of fine
aggregate, the cement content has to be suffigibigh to coat the particles and bond

the twin skeletal structure of the grains withalliniy all the pores. The average 7-day
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and 28-day unconfined compressive strength of¢tbdaaggregate porous concrete was
380 and 720 psi, respectively (see Table 11).

In the freeze-thaw tests, the confined samplescéinforced scoria porous
concrete had a final mass loss of 10 to 12% afiércycles. The loss of mass typically
ramped up and then tended to level off betweenah@0170 freeze-thaw cycles.

Both the scoria and conventional aggregate poroosrete mixes had better
freeze-thaw durability performance than previousvemtional aggregate porous concrete
mixes reported in the literature. Based on ASTBIL( none of the porous concrete in
other freeze-thaw tests survived more than 16 toy2tes, and lost up to 25% of their
original mass. The difference appears to be relimehe modified testing procedures
presented in this paper: the porous concrete sann@ee confined by the plastic molds.
Based on the test results and field investigatibnandary confinement is key in the
successful performance of porous concrete.

As for the Garrison Hall slab, it is still perforng well. It is showing little to no
signs of settlement on the slab and around thénleeld. Since the scoria mix
replacement cores were put in place, the slab siraurch more effectively. The evidence
of their presence can be seen through the PC @Grautenance product by grass and
sediment buildups that are visible. The samplesarere able to endure all 300 freeze-
thaw cycles without losing more than the recommdr2i mass (ASTM, 2008), but in
the end were much too fragile to have destructgestperformed. This reaffirms that
confinement is necessary. All the samples thatdoadinement were able to last the

entire freeze-thaw test period and have destrutdists performed. The Garrison Hall
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slab continues to perform well and shows littl@tosign of weakening from the harsh
Idaho winters.

It was found that using a pressure washer is factefe method of maintaining
porous concrete. The pressure washer can bresg&diment that clog the pores and
pushes it through the slab. After the PC Groutmeaiance product was applied,
infiltration rates were tested again. The resshiswed that infiltration was still slowed
down. This became apparent after pressure washengurface and observing a much
quicker time to complete the infiltration test. B@out is a good product, but it seems
that the maintenance is not really reduced.

During the preliminary exploration into a suitabdx design, the scoria mix that
was chosen showed the highest 7-day and 28-dayressipe strengths when compared
to the other mixes. After both mix designs werejacted to the freeze-thaw cycles, it
was easily seen that the PRM mix design had theeligstrengths. However, these
strengths are based on the unconfined conditiorgchwk much different than that at the
Garrison Hall test slab. Since the confinemesicisieved with the conventional concrete
that surrounds the Garrison Hall system, and tbetlfet the scoria aggregate has
petroleum contaminant retaining capabilities, tascluded that the scoria mix design
should be used in the system. It will help to batprove the water treatment of runoff
and to reduce construction costs by eliminatingem from the materials list since it is
being used as the base course.

The non-corrosive reinforcing fibers didn’t do rhuor improving the strength
properties of the two mix designs from this studly the case of the scoria mix design,

the tensile strength was virtually the same foeurforced and reinforced samples. The
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compressive strength was actually reduced wheee tlere fibers present in the sample
being crushed. The same goes for the PRM mix desi@pe fibers did not show any
improvement in either the compressive or the terstilength of the samples. If there was
an improvement, it was unnoticeable.

All of the different submersion groups showed sighfreeze-thaw weakening
when compared with the control group not subjettettie freeze-thaw cycles. Those
that showed the greatest reduction of strength weree that were unsubmerged. This is
most likely because of hydration reactions thatlltea stronger concrete. The groups
that lost the most mass tended to be those tha&t avdy partially submerged. This is
explained by the fact that water will expand dsaézes. Since there is space for the
water to expand within the porous concrete sanigeewill begin to break the sample
down. The fully submerged samples still lost nt#abasses, but since there was already

water in the samples’ pores, it only expanded ughasvater would freeze.

Future Studies

More studies using this method or a modified metbbsubjecting porous
concrete to freeze-thaw cycles should be carriéd Barous concrete is a relatively new
building material that is quickly gaining populgrib the U.S., but the lack of
standardized testing procedures is preventing@ihfprogressing. Even Europe, where
porous concrete began to gain popularity as a imgilchaterial, does not have a testing
standard for freeze-thaw weakening of porous caeacréhe tests performed in this study
do not have an ASTM standard; the standard foinggsbnventional concrete was

sampled from to achieve consistency in the results.
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The non-corrosive reinforcing fibers that were editb both mixes may need
different mixing techniques applied to achieverggte improvement. Soaking some of
the fibers before adding to the mix may help distte them more evenly throughout the
batch. Also adding some extra fibers may help owerstrength since a lot of them
would stick to the sides of the cement mixer wheximg for this study. Different
lengths of fibers may need to be explored to béittieige the pores within the pervious
concrete.

The proposed conceptual design should also beetbak There is still ponding
occurring on the Garrison Slab. It is suggestéltw permeability slab be removed
and replaced with the scoria mix from this studkijlevleaving the monitoring wells in
place. It was observed that after the cores vaent from the slab and replaced with the
scoria mix, the infiltration tests didn’t take nlgaas much time to drain. The ponding
issue would be almost eliminated depending on @mpmance of the leach field that is
already in place.

Other maintenance products could also be lookéal lzlp reduce costs that are
associated with porous concrete. The PC Groutyatazbuld be studied more in depth
to better understand the product and back up sdnie @dvantages that it boasts about.

The implementation of a bioswale for the porowsrdcould also be studied.
Water quality comparisons could be conducted betvlee stormwater before entering
the system with water samples that could be tai@n the monitoring wells that are
already in place. After time, scoria samples maylibg up to observe if the bioswale is

in fact performing at its full potential in helpirig extend the life of the slab.
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Appendix: Lab Data

Preliminary Mix Design Results

Garrison Hall Slab

9/19/2012
Sample 1 Sample 2 Sample 3 (rodded)
Height = 11.875 inches Height = 11.75 inches Height = 12 inches
Dia = 6 inches Dia = 6 inches Dia= 6 inches
Weight Weight Weight
(+mold) = 10395 grams (+mold) = 10269 grams (+mold) = 10592 grams
Weight Weight Weight
mold = 260 grams mold = 260 grams mold = 260 grams
Total Total Total
+Water = 11723 grams +Water = 11466 grams +Water = 12071 grams
Total Total Total
Volume = 5502.083 cm”3 Volume = 5444.166 cm”3 Volume = 5560 cm”3
Total Total Total
Volume = | 335.7577 in’ Volume = | 332.2234 in’ Volume = 339.292 in’
y Water = 1 gm/cm3 y Water = 1 gm/cm3 y Water = 1 gm/cm3
Volume Volume Volume
Water = 1328 cm’ Water = 1197 cm® Water = 1479 cm®
y Concrete =| 1.84203 gm/cm’ y Concrete =| 1.838482 gm/cm’ y Concrete =| 1.858273 gm/cm’
y Concrete =| 114.9942 Ib/ft’ y Concrete =| 114.7727 Ib/ft’ y Concrete =| 116.0082 Ib/ft>
Volume Volume Volume
Solids = 4174.083 cm’ Solids = 4247.166 cm’ Solids = 4081 cm’
Porosity = 24.13631 % Porosity = 21.98684 % Porosity = 26.60072 %
Strength = 2403.593 psi Strength = 2715.891 psi Strength = 4416.727 psi
24.24129
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3/4” PRM Mix Design 7-Day Compressive Strength

9/21/2012
Sample 1 (coarse) Sample 2 (fine) Sample 3 (fine)

Height = 8 inches Height = 8 inches Height = 8 inches
Dia = 4 inches Dia = 4 inches Dia= 4 inches
Weight Weight Weight
(+mold) = 2640 grams (+mold) = 2799 grams (+mold) = 2825 grams
Weight Weight Weight
mold = 134 grams mold = 134 grams mold = 134 grams
Total Total Total
+Water = 3253 grams +Water = 3349 grams +Water = 3375 grams
Total Total Total
Volume = 1647.407 cm”3 Volume = 1647.407 cm”3 Volume = 1647.407 cm”3
Total Total Total
Volume = 100.531 in’ Volume = 100.531 in® Volume = 100.531 in’
y Water = 1 gm/cm’ y Water = 1 gm/cm’ y Water = 1 gm/cm®
Volume Volume Volume
Water = 613 cm’ Water = 550 cm® Water = 550 cm’
y Concrete =| 1.521178 gm/cm3 y Concrete =| 1.617693 gm/cm3 y Concrete =| 1.633476 gm/cm3
y Concrete =| 94.96405 Ib/ft® y Concrete =| 100.9893 Ib/ft3 y Concrete =| 101.9746 Ib/ft>
Volume Volume Volume
Solids = 1034.407 cm’ Solids = 1097.407 cm® Solids = 1097.407 cm’
Porosity = 37.20998 % Porosity = 33.38579 % Porosity = 33.38579 %
Strength = 265.7888 psi Strength = 365.2606 psi Strength = 448.8169 psi

34.66052
*NOTE: As cylinders were being crushed, small pieces would crumble at ~ 100psi slowly until the cylinder would fail with a loud crack.
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3/4” PRM Mix Design 28-Day Compressive Strength

10/22/2012
Sample 1 (coarse) Sample 2 (coarse) Sample 3 (fine)

Height = 8 inches Height = 8 inches Height = 8 inches
Dia = 4 inches Dia = 4 inches Dia= 4 inches
Weight Weight Weight
(+mold) = 2701 grams (+mold) = 2669 grams (+mold) = 2761 grams
Weight Weight Weight
mold = 134 grams mold = 134 grams mold = 134 grams
Total Total Total
+Water = 3306 grams +Water = 3261 grams +Water = 3346 grams
Total Total Total
Volume = 1647.407 cm”"3 Volume = 1647.407 cm”3 Volume = 1647.407 cm”"3
Total Total Total
Volume = 100.531 in’ Volume = 100.531 in® Volume = 100.531 in®
y Water = 1 gm/cm’ y Water = 1 gm/cm’ y Water = 1 gm/cm®
Volume Volume Volume
Water = 605 cm’ Water = 592 cm® Water = 585 cm’
y Concrete =| 1.558206 gm/cm3 y Concrete =| 1.538782 gm/cm3 y Concrete =| 1.594627 gm/cm3
y Concrete =| 97.27562 Ib/ft® y Concrete =| 96.06299 Ib/ft3 y Concrete =| 99.5493 Ib/ft>
Volume Volume Volume
Solids = 1042.407 cm’ Solids = 1055.407 cm® Solids = 1062.407 cm’
Porosity = 36.72437 % Porosity = 35.93525 % Porosity = 35.51034 %
Strength = 408.2324 psi Strength = 374.0141 psi Strength = 488.6057 psi

36.05666
*NOTE: As cylinders were being crushed, small pieces would crumble at ~100psi slowly until the cylinder would fail with a loud crack.
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3/8” PRM Mix Design 7-Day Compressive Strength

10/8/2012
Sample 1

Height = 8 inches
Dia = 4 inches
Weight
(+mold) = 2609 grams
Weight
mold = 134 grams
Total
+Water = 3238 grams
Total
Volume = 1647.407 cm”"3
Total
Volume = 100.531 in’
y Water = 1 gm/cm’
Volume
Water = 629 cm’
y Concrete =| 1.502361 gm/cm3
y Concrete =| 93.78931 Ib/ft®
Volume
Solids = 1018.407 cm’
Porosity = 38.18121 %
Strength = 252.2606 psi

Sample 2
Height = 8 inches
Dia = 4 inches
Weight
(+mold) = 2631 grams
Weight
mold = 134 grams
Total
+Water = 3238 grams
Total
Volume = 1647.407 cm”3
Total
Volume = 100.531 in®
y Water = 1 gm/cm’
Volume
Water = 607 cm®
y Concrete =| 1.515715 gm/cm3
y Concrete =| 94.62299 Ib/ft’
Volume
Solids = 1040.407 cm®
Porosity = 36.84577 %
Strength = 253.0564 psi

Sample 3
Height = 8 inches
Dia= 4 inches
Weight
(+mold) = 2592 grams
Weight
mold = 134 grams
Total
+Water = 3206 grams
Total
Volume = 1647.407 cm”"3
Total
Volume = 100.531 in®
y Water = 1 gm/cm®
Volume
Water = 614 cm’
y Concrete =| 1.492041 gm/cm3
y Concrete =| 93.1451 Ib/ft>
Volume
Solids = 1033.407 cm’
Porosity = 37.27068 %
Strength = 254.6479 psi

*NOTE: As cylinders were being crushed, small pieces would crumble at ~ 100psi slowly until the cylinder would fail with a loud crack.
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3/8” PRM Mix Design 28-Day Compressive Strength

10/29/2012
Sample 1

Height = 8 inches
Dia = 4 inches
Weight
(+mold) = 2549 grams
Weight
mold = 134 grams
Total
+Water = 3191 grams
Total
Volume = 1647.407 cm”"3
Total
Volume = 100.531 in’
y Water = 1 gm/cm’
Volume
Water = 642 cm’
y Concrete =| 1.46594 gm/cm3
y Concrete =| 91.51563 Ib/ft®
Volume
Solids = 1005.407 cm’
Porosity = 38.97032 %
Strength = 288.8662 psi

Sample 2
Height = 8 inches
Dia = 4 inches
Weight
(+mold) = 2578 grams
Weight
mold = 134 grams
Total
+Water = 3206 grams
Total
Volume = 1647.407 cm”3
Total
Volume = 100.531 in®
y Water = 1 gm/cm’
Volume
Water = 628 cm®
y Concrete =| 1.483543 gm/cm3
y Concrete =| 92.61458 Ib/ft3
Volume
Solids = 1019.407 cm®
Porosity = 38.1205 %
Strength = 374.0141 psi

Sample 3
Height = 8 inches
Dia= 4 inches
Weight
(+mold) = 2653 grams
Weight
mold = 134 grams
Total
+Water = 3252 grams
Total
Volume = 1647.407 cm”"3
Total
Volume = 100.531 in®
y Water = 1 gm/cm®
Volume
Water = 599 cm’
y Concrete =| 1.529069 gm/cm3
y Concrete =| 95.45668 Ib/ft>
Volume
Solids = 1048.407 cm’
Porosity = 36.36016 %
Strength = 342.9789 psi

*NOTE: As cylinders were being crushed, small pieces would crumble at ~ 100psi slowly until the cylinder would fail with a loud crack.

92




50-50 PRM Mix Design 7-Day Compressive Strength

1/23/2013
Sample 1

Height = 8 inches
Dia = 4 inches
Weight
(+mold) = 2822 grams
Weight
mold = 134 grams
Total
+Water = 3348 grams
Total
Volume = 1647.407 cm”"3
Total
Volume = 100.531 in’
y Water = 1 gm/cm’
Volume
Water = 526 cm’
y Concrete =| 1.631655 gm/cm3
y Concrete =| 101.8609 Ib/ft®
Volume
Solids = 1121.407 cm’
Porosity = 31.92896 %
Strength = 361.2817 psi

Sample 2
Height = 8 inches
Dia = 4 inches
Weight
(+mold) = 2834 grams
Weight
mold = 134 grams
Total
+Water = 3361 grams
Total
Volume = 1647.407 cm”3
Total
Volume = 100.531 in®
y Water = 1 gm/cm’
Volume
Water = 527 cm®
y Concrete =| 1.638939 gm/cm3
y Concrete =| 102.3156 Ib/ft3
Volume
Solids = 1120.407 cm®
Porosity = 31.98966 %
Strength = 398.6831 psi

Sample 3
Height = 8 inches
Dia= 4 inches
Weight
(+mold) = 2851 grams
Weight
mold = 134 grams
Total
+Water = 3383 grams
Total
Volume = 1647.407 cm”"3
Total
Volume = 100.531 in®
y Water = 1 gm/cm®
Volume
Water = 532 cm®
y Concrete =| 1.649258 gm/cm3
y Concrete =| 102.9598 Ib/ft>
Volume
Solids = 1115.407 cm’
Porosity = 32.29317 %
Strength = 231.5704 psi

*NOTE: As cylinders were being crushed, small pieces would crumble at ~ 100psi slowly until the cylinder would fail with a loud crack.

93




50-50 PRM Mix Design 28-Day Compressive Strength

1/23/2013
Sample 1

Height = 8 inches
Dia = 4 inches
Weight
(+mold) = 2969 grams
Weight
mold = 134 grams
Total
+Water = 3452 grams
Total
Volume = 1647.407 cm”"3
Total
Volume = 100.531 in’
y Water = 1 gm/cm’
Volume
Water = 483 cm®
y Concrete =| 1.720886 gm/cm3
y Concrete =| 107.4314 Ib/ft®
Volume
Solids = 1164.407 cm’
Porosity = 29.3188 %
Strength = 535.5564 psi

Sample 2
Height = 8 inches
Dia = 4 inches
Weight
(+mold) = 2740 grams
Weight
mold = 134 grams
Total
+Water = 3293 grams
Total
Volume = 1647.407 cm”3
Total
Volume = 100.531 in®
y Water = 1 gm/cm’
Volume
Water = 553 cm®
y Concrete =| 1.58188 gm/cm3
y Concrete =| 98.75351 Ib/ft3
Volume
Solids = 1094.407 cm®
Porosity = 33.5679 %
Strength = 342.1831 psi

Sample 3
Height = 8 inches
Dia= 4 inches
Weight
(+mold) = 2816 grams
Weight
mold = 134 grams
Total
+Water = 3313 grams
Total
Volume = 1647.407 cm”"3
Total
Volume = 100.531 in®
y Water = 1 gm/cm®
Volume
Water = 497 cm®
y Concrete =| 1.628013 gm/cm3
y Concrete =| 101.6335 Ib/ft>
Volume
Solids = 1150.407 cm’
Porosity = 30.16862 %
Strength = 693.9156 psi

*NOTE: As cylinders were being crushed, small pieces would crumble at ~ 100psi slowly until the cylinder would fail with a loud crack.
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2.8-Bag Undergraduate Scoria-Based Mix Design 7-Dagmpressive Strength

2/8/2013
Sample 1

Height = 8 inches
Dia= 4 inches
Weight
(+mold) = 1561 grams
Weight
mold = 134 grams
Total
+Water = 2349 grams
Total
Volume = 1647.407 cm”3
Total
Volume = 100.531 in’
y Water = 1 gm/cm3
Volume
Water = 788 cm’
y Concrete =| 0.86621 gm/cm3
y Concrete =| 54.0757 Ib/ft®
Volume
Solids = 859.4074 cm’
Porosity = 47.83274 %
Strength = 0 psi

Sample 2
Height = 8 inches
Dia = 4 inches
Weight
(+mold) = 1610 grams
Weight
mold = 134 grams
Total
+Water = 2379 grams
Total
Volume = 1647.407 cm”3
Total
Volume = 100.531 in’
y Water = 1 gm/cm3
Volume
Water = 769 cm®
y Concrete =| 0.895953 gm/cm3
y Concrete =| 55.93254 Ib/ft’
Volume
Solids = 878.4074 cm’
Porosity = 46.67941 %
Strength = 0 psi

Sample 3
Height = 8 inches
Dia = 4 inches
Weight
(+mold) = 1571 grams
Weight
mold = 134 grams
Total
+Water = 2328 grams
Total
Volume = 1647.407 cm”3
Total
Volume = 100.531 in’
y Water = 1 gm/cm3
Volume
Water = 757 cm®
y Concrete =| 0.87228 gm/cm3
y Concrete =| 54.45464 Ib/ft3
Volume
Solids = 890.4074 cm’
Porosity = 45.95099 %
Strength = 0 psi

*NOTE: As cylinders were being taken from the mold, the cylinder would crumble before placing in crusher
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2.8-Bag Undergraduate Scoria-Based Mix Design 28yD@aompressive

Strength
3/1/2013
Sample 1
Height = 8 inches
Dia= 4 inches
Weight
(+mold) = 1560 grams
Weight
mold = 134 grams
Total
+Water = 2310 grams
Total
Volume = 1647.407 cm”3
Total
Volume = 100.531 in’
y Water = 1 gm/cm3
Volume
Water = 750 cm®
y Concrete =| 0.865603 gm/cm3
y Concrete =| 54.0378 Ib/ft®
Volume
Solids = 897.4074 cm’
Porosity = 45.52608 %
Strength = 0 psi

Sample 2
Height = 8 inches
Dia = 4 inches
Weight
(+mold) = 1560 grams
Weight
mold = 134 grams
Total
+Water = 2280 grams
Total
Volume = 1647.407 cm”3
Total
Volume = 100.531 in’
y Water = 1 gm/cm3
Volume
Water = 720 cm®
y Concrete =| 0.865603 gm/cm3
y Concrete =| 54.0378 Ib/ft3
Volume
Solids = 927.4074 cm’
Porosity = 43.70504 %
Strength = 0 psi

Sample 3
Height = 8 inches
Dia = 4 inches
Weight
(+mold) = 1620 grams
Weight
mold = 134 grams
Total
+Water = 2320 grams
Total
Volume = 1647.407 cm”3
Total
Volume = 100.531 in’
y Water = 1 gm/cm3
Volume
Water = 700 cm®
y Concrete =| 0.902023 gm/cm3
y Concrete =| 56.31148 Ib/ft’
Volume
Solids = 947.4074 cm’
Porosity = 42.49101 %
Strength = 0 psi

*NOTE: As cylinders were being taken from the mold, the cylinder would crumble before placing in crusher
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4.8-Bag Undergraduate Scoria-Based Mix Design 7-Dagmpressive Strength

2/25/2013
Sample 1

Height = 8 inches
Dia= 4 inches
Weight
(+mold) = 1794 grams
Weight
mold = 134 grams
Total
+Water = 2464 grams
Total
Volume = 1647.407 cm”3
Total
Volume = 100.531 in’
y Water = 1 gm/cm3
Volume
Water = 670 cm®
y Concrete =| 1.007644 gm/cm3
y Concrete =| 62.90515 Ib/ft>
Volume
Solids = 977.4074 cm’
Porosity = 40.66997 %
Strength = 107.4296 psi

Sample 2
Height = 8 inches
Dia = 4 inches
Weight
(+mold) = 1873 grams
Weight
mold = 134 grams
Total
+Water = 2517 grams
Total
Volume = 1647.407 cm”3
Total
Volume = 100.531 in’
y Water = 1 gm/cm3
Volume
Water = 644 cm®
y Concrete =| 1.055598 gm/cm3
y Concrete =| 65.89883 Ib/ft’
Volume
Solids = 1003.407 cm’
Porosity = 39.09173 %
Strength = 148.8099 psi

Sample 3
Height = 8 inches
Dia = 4 inches
Weight
(+mold) = 1879 grams
Weight
mold = 134 grams
Total
+Water = 2539 grams
Total
Volume = 1647.407 cm”3
Total
Volume = 100.531 in’
y Water = 1 gm/cm3
Volume
Water = 660 cm’
y Concrete =| 1.05924 gm/cm3
y Concrete =| 66.1262 Ib/ft3
Volume
Solids = 987.4074 cm’
Porosity = 40.06295 %
Strength = 113.7958 psi

*NOTE: As cylinders were being taken from the mold, the cylinder would crumble before placing in crusher
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4.8-Bag Undergraduate Scoria-Based Mix Design 28yD@ompressive

Strength
3/18/2013
Sample 1
Height = 8 inches
Dia= 4 inches
Weight
(+mold) = 1780 grams
Weight
mold = 134 grams
Total
+Water = 2462 grams
Total
Volume = 1647.407 cm”3
Total
Volume = 100.531 in’
y Water = 1 gm/cm3
Volume
Water = 682 cm’
y Concrete =| 0.999146 gm/cm3
y Concrete =| 62.37463 Ib/ft>
Volume
Solids = 965.4074 cm’
Porosity = 41.39838 %
Strength = 226 psi

Sample 2
Height = 8 inches
Dia = 4 inches
Weight
(+mold) = 1759 grams
Weight
mold = 134 grams
Total
+Water = 2439 grams
Total
Volume = 1647.407 cm”3
Total
Volume = 100.531 in’
y Water = 1 gm/cm3
Volume
Water = 680 cm®
y Concrete =| 0.986398 gm/cm3
y Concrete =| 61.57884 Ib/ft3
Volume
Solids = 967.4074 cm’
Porosity = 41.27698 %
Strength = 148.0141 psi

Sample 3
Height = 8 inches
Dia = 4 inches
Weight
(+mold) = 1834 grams
Weight
mold = 134 grams
Total
+Water = 2477 grams
Total
Volume = 1647.407 cm”3
Total
Volume = 100.531 in’
y Water = 1 gm/cm3
Volume
Water = 643 cm®
y Concrete =| 1.031924 gm/cm3
y Concrete =| 64.42094 Ib/ft3
Volume
Solids = 1004.407 cm’
Porosity = 39.03103 %
Strength = 191.7817 psi

*NOTE: As cylinders were being taken from the mold, the cylinder would crumble before placing in crusher
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6.8-Bag Undergraduate Scoria-Based Mix Design 7-Dagmpressive Strength

2/8/2013
Sample 1

Height = 8 inches
Dia = 4 inches
Weight
(+mold) = 2210 grams
Weight
mold = 134 grams
Total
+Water = 2634 grams
Total
Volume = 1647.407 cm”3
Total
Volume = 100.531 in’
y Water = 1 gm/cm’
Volume
Water = 424 cm’®
y Concrete =| 1.260162 gm/cm3
y Concrete =| 78.66934 Ib/ft®
Volume
Solids = 1223.407 cm®
Porosity = 25.73741 %
Strength = 393.9085 psi

Sample 2
Height = 8 inches
Dia = 4 inches
Weight
(+mold) = 2040 grams
Weight
mold = 134 grams
Total
+Water = 2576 grams
Total
Volume = 1647.407 cm”3
Total
Volume = 100.531 in®
y Water = 1 gm/cm’
Volume
Water = 536 cm’
y Concrete =| 1.156969 gm/cm3
y Concrete =| 72.22724 Ib/ft3
Volume
Solids = 1111.407 cm®
Porosity = 32.53597 %
Strength = 342.1831 psi

Sample 3
Height = 8 inches
Dia= 4 inches
Weight
(+mold) = 2231 grams
Weight
mold = 134 grams
Total
+Water = 2620 grams
Total
Volume = 1647.407 cm”"3
Total
Volume = 100.531 in®
y Water = 1 gm/cm®
Volume
Water = 389 cm’
y Concrete =| 1.272909 gm/cm3
y Concrete =| 79.46513 Ib/ft>
Volume
Solids = 1258.407 cm’
Porosity = 23.61286 %
Strength = 406.6409 psi

*NOTE: As cylinders were being crushed, small pieces would crumble at ~ 100psi slowly until the cylinder would fail with a loud crack.
samples were damp for initial weigh
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6.8-Bag Undergraduate Scoria-Based Mix Design 28yD@aompressive

Strength
3/1/2013
Sample 1 Sample 2 Sample 3
Height = 8 inches Height = 8 inches Height = 8 inches
Dia = 4 inches Dia = 4 inches Dia= 4 inches
Weight Weight Weight
(+mold) = 2420 grams (+mold) = 2100 grams (+mold) = 1900 grams
Weight Weight Weight
mold = 134 grams mold = 134 grams mold = 134 grams
Total Total Total
+Water = 2720 grams +Water = 2580 grams +Water = 2500 grams
Total Total Total
Volume = 1647.407 cm”3 Volume = 1647.407 cm”3 Volume = 1647.407 cm”3
Total Total Total
Volume = 100.531 in’ Volume = 100.531 in® Volume = 100.531 in®
y Water = 1 gm/cm’ y Water = 1 gm/cm’ y Water = 1 gm/cm®
Volume Volume Volume
Water = 300 cm® Water = 480 cm’® Water = 600 cm’
y Concrete =| 1.387635 gm/cm3 y Concrete =| 1.19339 gm/cm3 y Concrete =| 1.071987 gm/cm3
y Concrete =| 86.62722 Ib/ft’ y Concrete =| 74.50092 Ib/ft’ y Concrete =| 66.92199 Ib/ft®
Volume Volume Volume
Solids = 1347.407 cm’ Solids = 1167.407 cm® Solids = 1047.407 cm’
Porosity = 18.21043 % Porosity = 29.13669 % Porosity = 36.42086 %
Strength = 1063.951 psi Strength = 689.9367 psi Strength = 413.8029 psi

*NOTE: As cylinders were being crushed, small pieces would crumble at ~ 100psi slowly until the cylinder would fail with a loud crack.
samples were damp for initial weigh
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Preliminary Mix Design Summary

AVERAGES
PRM (undisturbed) PRM (rodded) 3/4" Aggregate 3/8" Aggregate |50% 3/8" & 50% 3/4"| PRM Scoria (3-bag) [ Kyle's Scoria Mix [PRM Scoria (4.5-bag)
Garrison Hall Mix | Garrison Hall Mix | Recreated Mix #1 | Recreated Mix #2 50-50 Mix PRM Scoria-1 KJ Scoria-1 PRM Scoria-1
7-Day Strength (psi) - - 359.96 253.32 330.51 0.00 380.91 123.35
28-Day Strength (psi) 2559.74 4416.73 423.62 335.29 523.89 0.00 722.56 188.60
Unit Weight (pcf) 114.88 116.01 98.47 93.52 102.49 54.81 76.40 63.88
Porosity (%) 23.06 26.60 35.36 37.62 31.28 45.36 27.61 40.26
INDIVIDUALS (Garrison Hall) Mix Date: October 2011

FS-1 FS-2 FS-3 (rodded)
7-Day Strength (psi) - - --
28-Day Strength (psi) 2403.59 2715.89 4416.73
Unit Weight (pcf) 114.99 114.77 116.01
Porosity (%) 24.14 21.99 26.60

INDIVIDUALS (Recreated #1) Mix Date: 9/14/2012

LS1-1 LS1-2 LS1-3 LS1-4 LS1-5 LS1-6
7-Day Strength (psi) 265.79 365.26 448.82 -- - -
28-Day Strength (psi) - - -- 408.23 374.01 488.61
Unit Weight (pcf) 94.96 100.99 101.97 97.28 96.06 99.55
Porosity (%) 37.21 33.39 33.39 36.72 35.94 35.51

INDIVIDUALS (Recreated #2) Mix Date: 10/1/2012

LS2-1 LS2-2 LS2-3 LS2-4 LS2-5 LS2-6
7-Day Strength (psi) 252.26 253.06 254.65 - - -
28-Day Strength (psi) - - - 288.87 374.01 342.98
Unit Weight (pcf) 93.79 94.62 93.15 91.52 92.61 95.46
Porosity (%) 38.18 36.85 37.27 38.97 38.12 36.36

INDIVIDUALS (50-50 Mix) Mix Date: 1/16/2013

LS3-1 LS3-2 LS3-3 LS3-4 LS3-5 LS3-6
7-Day Strength (psi) 361.28 398.68 231.57 - -- --
28-Day Strength (psi) - - -- 535.56 342.18 693.92
Unit Weight (pcf) 101.86 102.32 102.96 107.43 98.75 101.63
Porosity (%) 31.93 31.99 32.29 29.32 31.99 30.17

PRM Recreated w/ Scoria (PRM Scoria-1) Mix Date: 2/1/2013 (3-Bag Mix)

LS4-1 LS4-2 LS4-3 Ls4-4 LS4-5 LS4-6
7-Day Strength (psi) 0.00 0.00 0.00 -- - -
28-Day Strength (psi) - - -- 0.00 0.00 0.00
Unit Weight (pcf) 54.08 55.93 54.45 54.04 54.04 56.31
Porosity (%) 47.83 46.68 45.95 45.53 43.71 42.49

Kyle Jones Mix Design (KJ Scoria-1) Mix Date: 2/1/2013

LS5-1 LS5-2 LS5-3 LS5-4 LS5-5 LS5-6
7-Day Strength (psi) 393.91 342.18 406.64 - - -
28-Day Strength (psi) - - - 1063.95 689.94 413.80
Unit Weight (pcf) 78.67 72.23 79.47 86.63 74.50 66.92
Porosity (%) 25.74 32.54 23.61 18.21 29.14 36.42

PRM Recreated w/ Scoria (PRM Scoria-2) Mix Date: 2/18/2013 (4.5 Bag Mix)

LS4-1 LS4-2 LS4-3 Ls4-4 LS4-5 LS4-6
7-Day Strength (psi) 107.43 148.81 113.80 - -- --
28-Day Strength (psi) - -- -- 226.00 148.01 191.78
Unit Weight (pcf) 62.91 65.90 66.13 62.37 61.58 64.42
Porosity (%) 40.67 39.09 40.06 41.40 41.28 39.03
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Scoria Mix with No Fibers

Control
4/5/2013 MIX DATE; 4/19/2013 INTO CHAMBER

KINF-C-1 {NF-C-2 {NF-C-3
Height = 8 inches Height = 8 inches Height = 8 inches
Dia= 4 inches Dia= 4 inches Dia= 4 inches
Weight Weight Weight
(+mold) = 2105 grams (+mold) = 2081 grams (+mold) = 2098 grams
Weight Weight Weight
mold = 139 grams mold = 139 grams mold = 139 grams
Total Total Total
+Water = 2621 grams +Water = 2625 grams +Water = 2600 grams
Total Total Total
Volume = 1647.4074 cm”3 Volume = 1647.407 cm”3 Volume = 1647.407 cm”3
Total Total Total
Volume = | 100.53096 in’ Volume = 100.531 in® Volume = 100.531 in®
y Water = 1 gm/cm3 y Water = 1 gm/cm3 y Water = 1 gm/cm3
Volume Volume Volume
Water = 516 cm’ Water = 544 cm® Water = 502 cm®
y Concrete =| 1.1933903 gm/cma y Concrete =| 1.178822 gm/cma y Concrete =| 1.189141 gm/cma
y Concrete =| 74.500924 Ib/ft> y Concrete =| 73.59145 Ib/ft’ y Concrete =| 74.23566 Ib/ft’
Volume Volume Volume
Solids = 1131.4074 cm® Solids = 1103.407 cm® Solids = 1145.407 cm®
Porosity = | 31.321943 % Porosity = 33.02158 % Porosity = 30.47212 %

C=CONTROL (NO CHAMBER)
N =NO SUBMERSION

P =PARTIALLY SUBMERSED

F = FULLY SUBMERSED

0.3132194

CONFINEMENT ACHIEVED BY CUTTING OFF BOTTOM OF PLASTIC CYLINDER WITH A DREMEL TOOL

4/26/2012 (After 36 cylcles)
KINF-C-1 {NF-C-2 {NF-C-3
Height = 8 inches Height = 8 inches Height = 8 inches
Dia= 4 inches Dia= 4 inches Dia= 4 inches
Weight Weight Weight
(+mold) = 2097 grams (+mold) = 2068 grams (+mold) = 2067 grams
Weight Weight Weight
mold = 131 grams mold = 126 grams mold = 128 grams
Original Original Original
weight = 1966 grams weight = 1942 grams weight = 1959 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 20 grams
% lost = 0% % lost = 0% % lost = 1.020929 %
5/5/2013 (After 72 cycles)

Weight Weight Weight
(+mold) = 2097 grams (+mold) = 2068 grams (+mold) = 2067 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = -20 grams
total % lost 0% total % lost 0% total % lost | -1.02093 %
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(NF-C-4
Height = 8 inches
Dia= 4 inches
Weight
(+mold) = 2053 grams
Weight
mold = 139 grams
Total
+Water = 2604 grams
Total
Volume = 1647.407 cm”3
Total
Volume = 100.531 in®
y Water = 1 gm/cm3
Volume
Water = 551 cm®
y Concrete =| 1.161826 gm/cma
y Concrete =|  72.5304 Ib/ft’
Volume
Solids = 1096.407 cm®
Porosity = 33.44649 %
(NF-C-4
Height = 8 inches
Dia= 4 inches
Weight
(+mold) = 2043 grams
Weight
mold = 129 grams
Original
weight = 1914 grams
Mass lost = 0 grams
% lost = 0%
Weight
(+mold) = 2043 grams
Mass lost = 0 grams
total % lost 0%




5/12/2013 (After 108 cycles)
KINF-C-1 {NF-C-2 {NF-C-3
Weight Weight Weight
(+mold) = 2097 grams (+mold) = 2068 grams (+mold) = 2067 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 20 grams
total % lost total % lost total % lost
= 0% = 0% = 1.020929 %
5/21/2013 (After 144 cycles)
KINF-C-1 {NF-C-2 ONF-C-3
Weight Weight Weight
(+mold) = 2097 grams (+mold) = 2068 grams (+mold) = 2067 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = -20 grams
total % lost 0% total % lost 0% total % lost | -1.02093 %
5/28/2013 (After 180 cycles)
KINF-C-1 (INF-C-2 (UNF-C-3
Weight Weight Weight
(+mold) = 2097 grams (+mold) = 2068 grams (+mold) = 2067 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 20 grams
total % lost 0% total % lost 0% total % lost | 1.020929 %
6/4/2013 (After 216 cycles)
KINF-C-1 {NF-C-2 {NF-C-3
Weight Weight Weight
(+mold) = 2097 grams (+mold) = 2068 grams (+mold) = 2067 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = -20 grams
total % lost 0% total % lost 0% total % lost | -1.02093 %
6/11/2013 (After 252 cycles)
KINF-C-1 {NF-C-2 {NF-C-3
Weight Weight Weight
(+mold) = 2097 grams (+mold) = 2068 grams (+mold) = 2067 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 20 grams
total % lost 0% total % lost 0% total % lost | 1.020929 %
6/18/2013 (After 288 cycles)
KINF-C-1 (UNF-C-2 (UNF-C-3
Weight Weight Weight
(+mold) = 2097 grams (+mold) = 2068 grams (+mold) = 2067 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = -20 grams
total % lost 0% total % lost 0% total % lost | -1.02093 %
6/21/2013 (After 300 cycles)
KINF-C-1 CNF-C-2 CNF-C-3
Weight Weight Weight
(+mold) = 2097 grams (+mold) = 2068 grams (+mold) = 2067 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 20 grams
total % lost 0% total % lost 0% total % lost | 1.020929 %
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(JNF-C-4

Weight

(+mold) = 2043 grams

Mass lost = 0 grams

total % lost

= 0%
(JNF-C-4

Weight

(+mold) = 2043 grams

Mass lost = 0 grams

total % lost 0%
(JNF-C-4

Weight

(+mold) = 2043 grams

Mass lost = 0 grams

total % lost 0%
(JNF-C-4

Weight

(+mold) = 2043 grams

Mass lost = 0 grams

total % lost 0%
(JNF-C-4

Weight

(+mold) = 2043 grams

Mass lost = 0 grams

total % lost 0%
(JNF-C-4

Weight

(+mold) = 2043 grams

Mass lost = 0 grams

total % lost 0%
(JNF-C-4

Weight

(+mold) = 2043 grams

Mass lost = 0 grams

total % lost 0%




CRUSH TESTS  7/9/2013

(JNF-C-4
Weight
Alone 1913 grams
Weight
mold = 129 grams
Final Mass
lost = 1 grams
total % lost | 0.052247 %
Comp
Strength XXX psi
Load (P) 8290 |bs
Tensile
Strength 165.0526 psi

KINF-C-1 {NF-C-2 {NF-C-3
Weight Weight Weight
Alone 1978 grams Alone 1942 grams Alone 1960 grams
Weight Weight Weight
mold = 131 grams mold = 126 grams mold = 128 grams
Final Mass Final Mass Final Mass
lost = -12 grams lost = 0 grams lost = -1 grams
total % lost | -0.610376 % total % lost 0% total % lost | -0.05105 %
Comp Comp Comp
Strength 595 psi Strength XXX psi Strength 709 psi
XXX XXX XXX Load (P) 8030 |bs XXX XXX XXX
Tensile Tensile Tensile
Strength XXX psi Strength 159.8801 psi Strength XXX psi
Average
Comp
Strength = 652 psi
Average
Tensile
Strength = [ 162.46636 psi
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Unsubmerged

3.078133312

4.654096394
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6.2179804

8.410358158

9.116249587

10.03616441

10.21546022

10.42333532

1

o

6



12.09353
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Partially Submerged

KINF-P-1 (NF-P-2 KINF-P-3
Height = 8 inches Height = 8 inches Height = 8 inches
Dia= 4 inches Dia= 4 inches Dia= 4 inches
Weight Weight Weight
(+mold) = 2082 grams (+mold) = 2131 grams (+mold) = 2037 grams
Weight Weight Weight
mold = 139 grams mold = 139 grams mold = 139 grams
Total Total Total
+Water = 2646 grams +Water = 2658 grams +Water = 2610 grams
Total Total Total
Volume = 1647.407 cm”3 Volume = 1647.407 cm”3 Volume = 1647.407 cm”3
Total Total Total
Volume = 100.531 in’ Volume = 100531 in® Volume = 100.531 in®
y Water = 1 gm/(:m3 y Water = 1 gm/cm3 y Water = 1 gm/(:m3
Volume Volume Volume
Water = 564 cm® Water = 527 cm’ Water = 573 cm’
y Concrete =| 1.179429 gm/(:m3 y Concrete =| 1.209173 gm/cm3 y Concrete =| 1.152113 gm/(:m3
y Concrete =| 73.62935 Ib/ft’ v Concrete =| 75.48619 Ib/ft’ y Concrete =| 71.92409 Ib/ft’
Volume Volume Volume
Solids = 1083.407 cm® Solids = 1120.407 cm’ Solids = 1074.407 cm®
Porosity = 34.23561 % Porosity = 31.98966 % Porosity = 34.78193 %
KINF-P-1 NF-P-2 KINF-P-3
Height = 8 inches Height = 8 inches Height = 8 inches
Dia= 4 inches Dia= 4 inches Dia= 4 inches
Weight Weight Weight
(+mold) = 1971 grams (+mold) = 2006 grams (+mold) = 1908 grams
Weight Weight Weight
mold = 104 grams mold = 104 grams mold = 105 grams
Original Original Original
weight = 1943 grams weight = 1992 grams weight = 1898 grams
Mass lost = 76 grams Mass lost = 90 grams Mass lost = 95 grams
% lost = 3.911477 % % lost = 4.518072 % % lost = 5.005269 %
4.59658099
Weight Weight Weight
(+mold) = 1936 grams (+mold) = 1964 grams (+mold) = 1888 grams
Mass lost = 111 grams Mass lost = 132 grams Mass lost = 115 grams
total % lost | 5.712815 % total % lost | 6.626506 % total % lost | 6.091102 %

NF-P-4

Height = 8 inches

Dia= 4 inches

Weight

(+mold) = 2098 grams

Weight

mold = 139 grams

Total

+Water = 2666 grams

Total

Volume = 1647.407 cm”3

Total

Volume = 100.531 in®

y Water = 1 gm/(:m3

Volume

Water = 568 cm’

y Concrete =| 1.189141 gm/(:m3

y Concrete =| 74.23566 Ib/ft’

Volume

Solids = 1079.407 cm®

Porosity = 34.47842 %
NF-P-4

Height = 8 inches

Dia = 4 inches

Weight

(+mold) = 1964 grams

Weight

mold = 102 grams

Original

weight = 1959 grams

Mass lost = 97 grams

% lost = 4.951506 %

Weight

(+mold) = 1921 grams

Mass lost = 140 grams

total % lost | 7.146503 %

6.394231568
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NE-P-4

Weight

(+mold) = 1880 grams

Mass lost = 181 grams

total % lost

= 9.239408 %
NF-P-4

Weight

(+mold) = 1859 grams

Mass lost = 202 grams

total % lost

10.31138 %

UNE-P-4
Weight
(+mold) = 1844 grams
Mass lost = 217 grams
total % lost | 11.07708 %

NF-P-4

Weight
(+mold) = 1840 grams
Mass lost = 221 grams

total % lost

11.28127 %

KINF-P-1 INF-P-2 KINF-P-3
Weight Weight Weight
(+mold) = 1841 grams (+mold) = 1914 grams (+mold) = 1811 grams
Mass lost = 206 grams Mass lost = 182 grams Mass lost = 192 grams
total % lost total % lost total % lost
= 10.60216 % = 9.136546 % = 10.16949 %
9.786901794

KINF-P-1 NF-P-2 NF-P-3
Weight Weight Weight
(+mold) = 1830 grams (+mold) = 1892 grams (+mold) = 1790 grams
Mass lost = 217 grams Mass lost = 204 grams Mass lost = 213 grams
total % lost 11.1683 % total % lost | 10.24096 % total % lost | 11.28178 %
10.75060583

KINF-P-1 KINF-P-2 KINF-P-3
Weight Weight Weight
(+mold) = 1825 grams (+mold) = 1878 grams (+mold) = 1780 grams
Mass lost = 222 grams Mass lost = 218 grams Mass lost = 223 grams
total % lost | 11.42563 % total % lost | 10.94378 % total % lost | 11.81144 %

11.3144816

KINF-P-1 (JNF-P-2 KINF-P-3
Weight Weight Weight
(+mold) = 1825 grams (+mold) = 1872 grams (+mold) = 1777 grams
Mass lost = 222 grams Mass lost = 224 grams Mass lost = 226 grams
total % lost | 11.42563 % total % lost | 11.24498 % total % lost | 11.97034 %
11.48055383

KINF-P-1 NF-P-2 KINF-P-3
Weight Weight Weight
(+mold) = 1821 grams (+mold) = 1869 grams (+mold) = 1777 grams
Mass lost = 226 grams Mass lost = 227 grams Mass lost = 226 grams
total % lost 11.6315 % total % lost | 11.39558 % total % lost | 11.97034 %
11.64624092

KINF-P-1 (NF-P-2 KINF-P-3
Weight Weight Weight
(+mold) = 1821 grams (+mold) = 1869 grams (+mold) = 1777 grams
Mass lost = 226 grams Mass lost = 227 grams Mass lost = 226 grams
total % lost 11.6315 % total % lost | 11.39558 % total % lost | 11.97034 %
11.64624092

KINF-P-1 NF-P-2 KINF-P-3
Weight Weight Weight
(+mold) = 1821 grams (+mold) = 1869 grams (+mold) = 1776 grams
Mass lost = 226 grams Mass lost = 227 grams Mass lost = 227 grams
total % lost 11.6315 % total % lost | 11.39558 % total % lost | 12.02331 %

11.65948244
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NE-P-4

Weight

(+mold) = 1834 grams

Mass lost = 227 grams

total % lost | 11.58754 %
NF-P-4

Weight

(+mold) = 1834 grams

Mass lost = 227 grams

total % lost | 11.58754 %
NF-P-4

Weight

(+mold) = 1834 grams

Mass lost = 227 grams

total % lost | 11.58754 %




11.68005312
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Fully Submerged

3.413045774

4.928877963
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9.033967522

9.918691451

10.19359873

10.6128185

10.78924607

10.78924607

10.80187233

1

H

2



11.38336049

Broken during tensile test prep
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Scoria Mix with Nycon Fibers

Control

4/5/2013 MIX DATE; 4/19/2013 INTO CHAMBER

KJ-NY-C-1 -NY-C-2 -NY-C-3
Height = 8 inches Height = 8 inches Height = 8 inches
Dia = 4 inches Dia= 4 inches Dia= 4 inches
Weight Weight Weight
(+mold) = 1989 grams (+mold) = 1898 grams (+mold) = 1943 grams
Weight Weight Weight
mold = 139 grams mold = 139 grams mold = 139 grams
Total Total Total
+Water = 2569 grams +Water = 2517 grams +Water = 2530 grams
Total Total Total
Volume = 1647.4074 cm”3 Volume = 1647.407 cm”3 Volume = 1647.407 cm”3
Total Total Total
Volume = | 100.53096 in® Volume = 100.531 in® Volume = 100.531 in®
y Water = 1 gm/cm3 y Water = 1 gm/cm3 y Water = 1 gm/cm3
Volume Volume Volume
Water = 580 cm’ Water = 619 cm’ Water = 587 cm’
y Concrete =| 1.1229767 gm/cm3 y Concrete =| 1.067738 gm/cm3 y Concrete =| 1.095054 gm/cm3
y Concrete =| 70.105142 Ib/ft’ v Concrete =| 66.65673 Ib/ft> v Concrete =| 68.36199 Ib/ft>
Volume Volume Volume
Solids = 1067.4074 cm’ Solids = 1028.407 cm’ Solids = 1060.407 cm®
Porosity = 35.206836 % Porosity = 37.57419 % Porosity = 35.63175 %

C=CONTROL (NO CHAMBER)
N =NO SUBMERSION

P =PARTIALLY SUBMERSED

F = FULLY SUBMERSED

CONFINEMENT ACHIEVED BY CUTTING OFF BOTTOM OF PLASTIC CYLINDER WITH A DREMEL TOOL

4/26/2012 (After 36 cylcles)

KJ-NY-C-1 -NY-C-2 -NY-C-3
Height = 8 inches Height = 8 inches Height = 8 inches
Dia = 4 inches Dia= 4 inches Dia= 4 inches
Weight Weight Weight
(+mold) = 1953 grams (+mold) = 1862 grams (+mold) = 1923 grams
Weight Weight Weight
mold = 103 grams mold = 103 grams mold = 119 grams
Original Original Original
weight = 1850 grams weight = 1759 grams weight = 1804 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
% lost = 0% % lost = 0% % lost = 0%
5/5/2013 After 72 cycles)

KJ-NY-C-1 -NY-C-2 -NY-C-3
Weight Weight Weight
(+mold) = 1953 grams (+mold) = 1862 grams (+mold) = 1923 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%
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KJ-NY-C-4
Height = 8 inches
Dia = 4 inches
Weight
(+mold) = 1816 grams
Weight
mold = 139 grams
Total
+Water = 2490 grams
Total
Volume = 1647.407 cm”3
Total
Volume = 100.531 in®
y Water = 1 gm/cm3
Volume
Water = 674 cm®
y Concrete =| 1.017963 gm/cm3
y Concrete =| 63.54936 Ib/ft>
Volume
Solids = 973.4074 cm’
Porosity = 40.91277 %
-NY-C-4
Height = 8 inches
Dia = 4 inches
Weight
(+mold) = 1780 grams
Weight
mold = 103 grams
Original
weight = 1677 grams
Mass lost = 0 grams
% lost = 0%
KJ-NY-C-4
Weight
(+mold) = 1780 grams
Mass lost = 0 grams
total % lost 0%




5/12/2013 After 108 cycles)

KJ-NY-C-1 KJ-NY-C-2 -NY-C-3
Weight Weight Weight
(+mold) = 1953 grams (+mold) = 1862 grams (+mold) = 1923 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%
5/21/2013 After 144 cycles)
KJ-NY-C-1 -NY-C-2 -NY-C-3
Weight Weight Weight
(+mold) = 1953 grams (+mold) = 1862 grams (+mold) = 1923 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%
5/28/2013 (After 180 cycles)
KJ-NY-C- -NY-C-2 KI-NY-C-
Weight Weight Weight
(+mold) = 1953 grams (+mold) = 1862 grams (+mold) = 1923 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%
6/4/2013 (After 216 cycles)
KJ-NY-C-1 KJ-NY-C-2 -NY-C-3
Weight Weight Weight
(+mold) = 1953 grams (+mold) = 1862 grams (+mold) = 1923 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%
6/11/2013 (After 252 cycles)
KJ-NY-C-1 -NY-C-2 -NY-C-3
Weight Weight Weight
(+mold) = 1953 grams (+mold) = 1862 grams (+mold) = 1923 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%
6/18/2013 (After 288 cycles)
KJ-NY-C-1 KJ-NY-C-2 -NY-C-3
Weight Weight Weight
(+mold) = 1953 grams (+mold) = 1862 grams (+mold) = 1923 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%
6/21/2013 (After 300 cycles)
KJ-NY-C-1 -NY-C-2 -NY-C-3
Weight Weight Weight
(+mold) = 1953 grams (+mold) = 1862 grams (+mold) = 1923 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%

-NY-C-4

Weight

(+mold) = 1780 grams

Mass lost = 0 grams

total % lost 0%
-NY-C-4

Weight

(+mold) = 1780 grams

Mass lost = 0 grams

total % lost 0%
-NY-C-4

Weight

(+mold) = 1780 grams

Mass lost = 0 grams

total % lost 0%
-NY-C-4

Weight

(+mold) = 1780 grams

Mass lost = 0 grams

total % lost 0%
-NY-C-4

Weight

(+mold) = 1780 grams

Mass lost = 0 grams

total % lost 0%
-NY-C-4

Weight

(+mold) = 1780 grams

Mass lost = 0 grams

total % lost 0%
-NY-C-4

Weight

(+mold) = 1780 grams

Mass lost = 0 grams

total % lost 0%
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Unsubmerged

1.052141447
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5.653159686

6.27172482

9.086150061

9.620386849

10.15159229

10.28677655

10.51433916

10.59657433

1

| —

7



11.66089563
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Partially Submerged

-NY-P-4
Height = 8 inches
Dia= 4 inches
Weight
(+mold) = 2028 grams
Weight
mold = 139 grams
Total
+Water = 2577 grams
Total
Volume = 1647.407 cm”3
Total
Volume = 100.531 in’
y Water = 1 gm/(:m3
Volume
Water = 549 cm’
y Concrete =| 1.14665 gm/cm’
y Concrete =| 71.58303 Ib/ft’
Volume
Solids = 1098.407 cm’
Porosity = 33.32509 %
-NY-P-4
Height = 8 inches
Dia= 4 inches
Weight
(+mold) = 1867 grams
Weight
mold = 101 grams
Original
weight = 1889 grams
Mass lost = 123 grams
% lost = 6.511382 %
-NY-P-4
Weight
(+mold) = 1848 grams
Mass lost = 142 grams
total % lost | 7.517205 %

KJ-NY-P-1 -NY-P-2 KJ-NY-P-3
Height = 8 inches Height = 8 inches Height = 8 inches
Dia= 4 inches Dia= 4 inches Dia= 4 inches
Weight Weight Weight
(+mold) = 1972 grams (+mold) = 1880 grams (+mold) = 2030 grams
Weight Weight Weight
mold = 139 grams mold = 139 grams mold = 139 grams
Total Total Total
+Water = 2586 grams +Water = 2530 grams +Water = 2599 grams
Total Total Total
Volume = 1647.407 cm”3 Volume = 1647.407 cm”3 Volume = 1647.407 cm”3
Total Total Total
Volume = 100.531 in® Volume = 100.531 in® Volume = 100.531 in’
y Water = 1 gm/(:m3 y Water = 1 gm/cm3 y Water = 1 gm/(:m3
Volume Volume Volume
Water = 614 cm’ Water = 650 cm’ Water = 569 cm’
y Concrete =| 1.112657 gm/cm’ v Concrete =| 1.056812 gm/cm’ y Concrete =| 1.147864 gm/cm’
y Concrete =| 69.46093 Ib/ft’ v Concrete =| 65.97462 Ib/ft’ y Concrete =| 71.65882 Ib/ft’
Volume Volume Volume
Solids = 1033.407 cm’ Solids = 997.4074 cm® Solids = 1078.407 cm’
Porosity = 37.27068 % Porosity = 39.45594 % Porosity = 34.53912 %

-NY-P-1 -NY-P-2 KJ-NY-P-3

Height = 8 inches Height = 8 inches Height = 8 inches
Dia= 4 inches Dia= 4 inches Dia= 4 inches
Weight Weight Weight
(+mold) = 1866 grams (+mold) = 1735 grams (+mold) = 1891 grams
Weight Weight Weight
mold = 102 grams mold = 103 grams mold = 102 grams
Original Original Original
weight = 1833 grams weight= 1741 grams weight = 1891 grams
Mass lost = 69 grams Mass lost = 109 grams Mass lost = 102 grams
% lost = 3.764321 % % lost = 6.26077 % % lost = 5.393971 %
5.482610896

KJ-NY-P-1 -NY-P-2 KI-NY-P-3
Weight Weight Weight
(+mold) = 1823 grams (+mold) = 1703 grams (+mold) = 1846 grams
Mass lost = 112 grams Mass lost = 141 grams Mass lost = 147 grams
total % lost | 6.110202 % total % lost | 8.098794 % total % lost | 7.963164 %

7.42234103
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-NY-P-1 -NY-P-2 KJ-NY-P-3

Weight Weight Weight
(+mold) = 1736 grams (+mold) = 1649 grams (+mold) = 1795 grams
Mass lost = 199 grams Mass lost = 195 grams Mass lost = 198 grams
total % lost | 10.85652 % total % lost | 11.20046 % total % lost | 10.72589 %
10.40588228

KJ-NY-P-1 -NY-P-2 KI-NY-P-3
Weight Weight Weight
(+mold) = 1735 grams (+mold) = 1642 grams (+mold) = 1790 grams
Mass lost = 200 grams Mass lost = 202 grams Mass lost = 203 grams

total % lost

10.91107 %

total % lost

11.60253 %

total % lost

10.99675 %

-NY-P-4

Weight

(+mold) = 1823 grams

Mass lost = 167 grams

total % lost | 8.840656 %
-NY-P-4

Weight

(+mold) = 1788 grams

Mass lost = 202 grams

total % lost | 10.69349 %
-NY-P-4

Weight

(+mold) = 1788 grams

Mass lost = 202 grams

total % lost | 10.69349 %
-NY-P-4

Weight

(+mold) = 1786 grams

Mass lost = 204 grams

total % lost

10.79936 %

-NY-P-4
Weight
(+mold) = 1783 grams
Mass lost = 207 grams
total % lost | 10.95818 %
-NY-P-4
Weight
(+mold) = 1783 grams
Mass lost = 207 grams

total % lost

10.95818 %

11.05096009
-NY-P-1 -NY-P-2 KJ-NY-P-3
Weight Weight Weight
(+mold) = 1737 grams (+mold) = 1640 grams (+mold) = 1790 grams
Mass lost = 198 grams Mass lost = 204 grams Mass lost = 203 grams
total % lost | 10.80196 % total % lost 11.7174 % total % lost | 10.99675 %
11.05240153
KJ-NY-P-1 -NY-P-2 KJ-NY-P-3
Weight Weight Weight
(+mold) = 1737 grams (+mold) = 1637 grams (+mold) = 1790 grams
Mass lost = 198 grams Mass lost = 207 grams Mass lost = 203 grams
total % lost | 10.80196 % total % lost | 11.88972 % total % lost | 10.99675 %
11.12194925
-NY-P-1 -NY-P-2 KJ-NY-P-3
Weight Weight Weight
(+mold) = 1737 grams (+mold) = 1637 grams (+mold) = 1790 grams
Mass lost = 198 grams Mass lost = 207 grams Mass lost = 203 grams
total % lost | 10.80196 % total % lost | 11.88972 % total % lost | 10.99675 %
11.1616528
KJ-NY-P-1 -NY-P-2 KJ-NY-P-3
Weight Weight Weight
(+mold) = 1737 grams (+mold) = 1637 grams (+mold) = 1790 grams
Mass lost = 198 grams Mass lost = 207 grams Mass lost = 203 grams
total % lost | 10.80196 % total % lost | 11.88972 % total % lost | 10.99675 %
11.1616528
-NY-P-1 -NY-P-2 KJ-NY-P-3
Weight Weight Weight
(+mold) = 1737 grams (+mold) = 1637 grams (+mold) = 1789 grams
Mass lost = 198 grams Mass lost = 207 grams Mass lost = 204 grams
total % lost | 10.80196 % total % lost | 11.88972 % total % lost | 11.05092 %
11.18843011
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-NY-P-4
Weight
(+mold) = 1782 grams
Mass lost = 208 grams
total % lost | 11.01112 %




11.20030687
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Fully Submerged

4.692552071

7.322450039
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10.01713014

10.37534468

10.50579759

10.68513194

10.69905952

10.69905952

10.7383137

1

N

3




Scoria Mix with Procon Fibers

Control Group

4/5/2013 MIX DATE; 4/19/2013 INTO CHAMBER

KJ-PRO-C-1 -PRO-C-2 KJ-PRO-C-3
Height = 8 inches Height = 8 inches Height = 8 inches
Dia= 4 inches Dia= 4 inches Dia= 4 inches
Weight Weight Weight
(+mold) = 2072 grams (+mold) = 2057 grams (+mold) = 2062 grams
Weight Weight Weight
mold = 139 grams mold = 139 grams mold = 139 grams
Total Total Total
+Water = 2635 grams +Water = 2640 grams +Water = 2643 grams
Total Total Total
Volume = 1647.4074 cm”"3 Volume = 1647.407 cm”3 Volume = 1647.407 cm”3
Total Total Total
Volume = | 100.53096 in® Volume = 100.531 in’ Volume = 100.531 in’
y Water = 1 gm/cm’ y Water = 1 gm/cm’ y Water = 1 gm/cm’
Volume Volume Volume
Water = 563 cm’ Water = 583 cm’ Water = 581 cm’
y Concrete =| 1.1733588 gm/cm3 y Concrete =| 1.164254 gm/cm3 y Concrete =| 1.167289 gm/cm3
y Concrete =|  73.2504 Ib/ft’ y Concrete =| 72.68198 Ib/ft’ v Concrete =| 72.87145 Ib/ft’
Volume Volume Volume
Solids = 1084.4074 cm® Solids = 1064.407 cm® Solids = 1066.407 cm’
Porosity = 34.174911 % Porosity = 35.38894 % Porosity = 35.26754 %
C=CONTROL (NO CHAMBER)
N = NO SUBMERSION AVGPOROSITY=  35.05129
P =PARTIALLY SUBMERSED
F = FULLY SUBMERSED
CONFINEMENT ACHIEVED BY CUTTING OFF BOTTOM OF PLASTIC CYLINDER WITH A DREMEL TOOL
4/26/2013 (After 36 cylcles)

KJ-PRO-C-1 -PRO-C-2 KJ-PRO-C-3
Height = 8 inches Height = 8 inches Height = 8 inches
Dia= 4 inches Dia= 4 inches Dia= 4 inches
Weight Weight Weight
(+mold) = 2038 grams (+mold) = 2020 grams (+mold) = 2026 grams
Weight Weight Weight
mold = 105 grams mold = 102 grams mold = 103 grams
Original Original Original
weight = 1933 grams weight = 1918 grams weight = 1923 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%
5/5/2013 After 72 cycles)

KJ-PRO-C-1 KJ-PRO-C-2 KJ-PRO-C-3
Weight Weight Weight
(+mold) = 2038 grams (+mold) = 2020 grams (+mold) = 2026 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%

-PRO-C-4
Height = 8 inches
Dia= 4 inches
Weight
(+mold) = 2104 grams
Weight
mold = 139 grams
Total
+Water = 2646 grams
Total
Volume = 1647.407 cm”3
Total
Volume = 100.531 in®
y Water = 1 gm/cm’
Volume
Water = 542 cm®
y Concrete =| 1.192783 gm/cm3
y Concrete =| 74.46303 Ib/ft’
Volume
Solids = 1105.407 cm®
Porosity = 32.90018 %
-PRO-C-4
Height = 8 inches
Dia= 4 inches
Weight
(+mold) = 2068 grams
Weight
mold = 103 grams
Original
weight = 1965 grams
Mass lost = 0 grams
total % lost 0%
KJ-PRO-C-4
Weight
(+mold) = 2068 grams
Mass lost = 0 grams
total % lost 0%
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5/12/2013 After 108 cycles)

KJ-PRO-C-1 -PRO-C-2 KJ-PRO-C-3
Weight Weight Weight
(+mold) = 2038 grams (+mold) = 2020 grams (+mold) = 2026 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%
5/21/2013 After 144 cycles)
KJ-PRO-C-1 KJ-PRO-C-2 KJ-PRO-C-3
Weight Weight Weight
(+mold) = 2038 grams (+mold) = 2020 grams (+mold) = 2026 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%
5/28/2013 (After 180 cycles)
KJ-PRO-C- KJ-PRO-C- KJ-PRO-C-
Weight Weight Weight
(+mold) = 2038 grams (+mold) = 2020 grams (+mold) = 2026 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%
6/4/2013 (After 216 cycles)
KJ-PRO-C-1 -PRO-C-2 KJ-PRO-C-3
Weight Weight Weight
(+mold) = 2038 grams (+mold) = 2020 grams (+mold) = 2026 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%
6/11/2013 (After 252 cycles)
KJ-PRO-C-1 KJ-PRO-C-2 KJ-PRO-C-3
Weight Weight Weight
(+mold) = 2038 grams (+mold) = 2020 grams (+mold) = 2026 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%
6/18/2013 (After 288 cycles)
KJ-PRO-C-1 -PRO-C-2 KJ-PRO-C-3
Weight Weight Weight
(+mold) = 2038 grams (+mold) = 2020 grams (+mold) = 2026 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%
6/21/2013 (After 300 cycles)
KJ-PRO-C-1 KJ-PRO-C-2 KJ-PRO-C-3
Weight Weight Weight
(+mold) = 2038 grams (+mold) = 2020 grams (+mold) = 2026 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%
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-PRO-C-4
Weight
(+mold) = 2068 grams
Mass lost = 0 grams
total % lost 0%
KJ-PRO-C-4
Weight
(+mold) = 2068 grams
Mass lost = 0 grams
total % lost 0%
KJ. -C-
Weight
(+mold) = 2068 grams
Mass lost = 0 grams
total % lost 0%
-PRO-C-4
Weight
(+mold) = 2068 grams
Mass lost = 0 grams
total % lost 0%
KJ-PRO-C-4
Weight
(+mold) = 2068 grams
Mass lost = 0 grams
total % lost 0%
-PRO-C-4
Weight
(+mold) = 2068 grams
Mass lost = 0 grams
total % lost 0%
KJ-PRO-C-4
Weight
(+mold) = 2068 grams
Mass lost = 0 grams
total % lost 0%




CRUSH TESTS  7/9/2013

KJ-PRO-C-1 -PRO-C-2 KJ-PRO-C-3
Weight Weight Weight
Alone 1915 grams Alone 1901 grams Alone 1913 grams
Weight Weight Weight
mold = 105 grams mold = 102 grams mold = 103 grams
Final Mass Final Mass Final Mass
lost = 18 grams lost = 17 grams lost = 10 grams
total % lost | 0.931195 % total % lost 0.88634 % total % lost | 0.520021 %
Comp Comp Comp
Strength 508 psi Strength XXX psi Strength 356 psi
XXX XXX XXX Load (P) 7320 |bs XXX XXX XXX
Tensile Tensile Tensile
Strength XXX psi Strength 145.7551 psi Strength XXX psi

Load Rate =500 to 1000 |b/ minute
hear scoria crushing, no sudden failure, very subtle

Average
Comp
Strength =

432 psi

Average
Tensile

Strength =

126.25861 psi
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-PRO-C-4
Weight
Alone 1960 grams
Weight
mold = 103 grams
Final Mass
lost = 5 grams
total % lost | 0.254453 %
Comp
Strength XXX psi
Load (P) 5360 |bs
Tensile
Strength 106.7621 psi




Unsubmerged

3.169467056

5.28932963
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7.098427156

8.166021898

9.454384282

9.833650062

10.33680758

10.71251887

10.855424

1

N

8



12.00551079

Broken during tensile test prep
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Partially Submerged

KIJ-PRO-P-4
Height = 8 inches
Dia= 4 inches
Weight
(+mold) = 2060 grams
Weight
mold = 139 grams
Total
+Water = 2639 grams
Total
Volume = 1647.407 cm”3
Total
Volume = 100.531 in’
y Water = 1 gm/(:m3
Volume
Water = 579 cm’
y Concrete =| 1.166075 gm/cm’
y Concrete =| 72.79566 Ib/ft’
Volume
Solids = 1068.407 cm’
Porosity = 35.14613 %
KJ-PRO-P-4
Height = 8 inches
Dia= 4 inches
Weight
(+mold) = 1920 grams
Weight
mold = 100 grams
Original
weight = 1921 grams
Mass lost = 101 grams
total % lost | 5.257678 %
KJ-PRO-P-4
Weight
(+mold) = 1908 grams
Mass lost = 113 grams
total % lost | 5.882353 %

-PRO-P-1 KJ-PRO-P-2 KJ-PRO-P-3
Height = 8 inches Height = 8 inches Height = 8 inches
Dia= 4 inches Dia= 4 inches Dia= 4 inches
Weight Weight Weight
(+mold) = 2108 grams (+mold) = 2143 grams (+mold) = 2108 grams
Weight Weight Weight
mold = 139 grams mold = 139 grams mold = 139 grams
Total Total Total
+Water = 2684 grams +Water = 2648 grams +Water = 2665 grams
Total Total Total
Volume = 1647.407 cm”3 Volume = 1647.407 cm”3 Volume = 1647.407 cm”3
Total Total Total
Volume = 100.531 in’ Volume = 100531 in® Volume = 100.531 in®
y Water = 1 gm/(:m3 y Water = 1 gm/cm3 y Water = 1 gm/(:m3
Volume Volume Volume
Water = 576 cm® Water = 505 cm’ Water = 557 cm®
y Concrete =| 1.195211 gm/cm’® v Concrete =| 1.216457 gm/cm’ y Concrete =| 1.195211 gm/cm’
y Concrete =| 74.61461 Ib/ft® y Concrete =| 75.94092 Ib/ft® y Concrete =| 74.61461 Ib/ft®
Volume Volume Volume
Solids = 1071.407 cm’ Solids = 1142.407 cm’ Solids = 1090.407 cm®
Porosity = 34.96403 % Porosity = 30.65423 % Porosity = 33.8107 %

KJ-PRO-P-1 KJ-PRO-P-2 KJ-PRO-P-3

Height = 8 inches Height = 8 inches Height = 8 inches
Dia= 4 inches Dia= 4 inches Dia= 4 inches
Weight Weight Weight
(+mold) = 1984 grams (+mold) = 2027 grams (+mold) = 1981 grams
Weight Weight Weight
mold = 99 grams mold = 101 grams mold = 101 grams
Original Original Original
weight = 1969 grams weight= 2004 grams weight = 1969 grams
Mass lost = 84 grams Mass lost = 78 grams Mass lost = 89 grams
total % lost | 4.266125 % total % lost | 3.892216 % total % lost | 4.520061 %
4.484019936

-PRO-P-1 KJ-PRO-P-2 KJ-PRO-P-3
Weight Weight Weight
(+mold) = 1943 grams (+mold) = 2008 grams (+mold) = 1952 grams
Mass lost = 125 grams Mass lost = 97 grams Mass lost = 118 grams
total % lost 6.3484 % total % lost | 4.840319 % total % lost | 6.045082 %
5.779038618
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KJ-PRO-P-1 KJ-PRO-P-2 KJ-PRO-P-3 KJ-PRO-P-4
Weight Weight Weight Weight
(+mold) = 1865 grams (+mold) = 1923 grams (+mold) = 1873 grams (+mold) = 1828 grams
Mass lost = 203 grams Mass lost = 182 grams Mass lost = 197 grams Mass lost = 193 grams
total % lost 10.3098 % total % lost | 9.081836 % total % lost | 10.09221 % total % lost | 10.04685 %
9.882675493
-PRO-P-1 KIJ-PRO-P-2 KIJ-PRO-P-3 KIJ-PRO-P-4
Weight Weight Weight Weight
(+mold) = 1856 grams (+mold) = 1907 grams (+mold) = 1865 grams (+mold) = 1809 grams
Mass lost = 212 grams Mass lost = 198 grams Mass lost = 205 grams Mass lost = 212 grams
total % lost | 10.76689 % total % lost 9.88024 % total % lost | 10.50205 % total % lost | 11.03592 %
10.54627356
KIJ-PRO-P-1 KJ-PRO-P-2 KI-PRO-P-3 KI-PRO-P-4
Weight Weight Weight Weight
(+mold) = 1856 grams (+mold) = 1901 grams (+mold) = 1864 grams (+mold) = 1808 grams
Mass lost = 212 grams Mass lost = 204 grams Mass lost = 206 grams Mass lost = 213 grams
total % lost | 10.76689 % total % lost | 10.17964 % total % lost | 10.55328 % total % lost | 11.08798 %
10.64694529
-PRO-P-1 KIJ-PRO-P-2 KIJ-PRO-P-3 KIJ-PRO-P-4
Weight Weight Weight Weight
(+mold) = 1856 grams (+mold) = 1900 grams (+mold) = 1860 grams (+mold) = 1807 grams
Mass lost = 212 grams Mass lost = 205 grams Mass lost = 210 grams Mass lost = 214 grams
total % lost | 10.76689 % total % lost | 10.22954 % total % lost 10.7582 % total % lost | 11.14003 %
10.7236639
KJ-PRO-P-1 KJ-PRO-P-2 KJ-PRO-P-3 KJ-PRO-P-4
Weight Weight Weight Weight
(+mold) = 1855 grams (+mold) = 1900 grams (+mold) = 1860 grams (+mold) = 1805 grams
Mass lost = 213 grams Mass lost = 205 grams Mass lost = 210 grams Mass lost = 216 grams
total % lost | 10.81767 % total % lost | 10.22954 % total % lost 10.7582 % total % lost | 11.24414 %
10.76238882
-PRO-P-1 KJ-PRO-P-2 KJ-PRO-P-3 KJ-PRO-P-4
Weight Weight Weight Weight
(+mold) = 1855 grams (+mold) = 1900 grams (+mold) = 1860 grams (+mold) = 1805 grams
Mass lost = 213 grams Mass lost = 205 grams Mass lost = 210 grams Mass lost = 216 grams
total % lost | 10.81767 % total % lost | 10.22954 % total % lost 10.7582 % total % lost | 11.24414 %
10.76238882
KJ-PRO-P-1 KJ-PRO-P-2 KJ-PRO-P-3 KJ-PRO-P-4
Weight Weight Weight Weight
(+mold) = 1855 grams (+mold) = 1899 grams (+mold) = 1860 grams (+mold) = 1805 grams
Mass lost = 213 grams Mass lost = 206 grams Mass lost = 210 grams Mass lost = 216 grams
total % lost | 10.81767 % total % lost | 10.27944 % total % lost 10.7582 % total % lost | 11.24414 %
10.77486387
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10.85286918
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Fully Submerged

4.061637896

7.242153137
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8.985871382

9.431572234

10.14730679

10.56901782

10.7161777

10.83120838

10.87048165

1

w

4




11.20094322
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PRM with No Fibers

Control

6/11/2013 MIX DATE; 6/25/2013 INTO CHAMBER

PRM-NF-C-1 PRM-NF-C-2 PRM-NF-C-3
Height = 8 inches Height = 8 inches Height = 8 inches
Dia = 4 inches Dia= 4 inches Dia= 4 inches
Weight Weight Weight
(+mold) = 2945 grams (+mold) = 2976 grams (+mold) = 2977 grams
Weight Weight Weight
mold = 139 grams mold = 139 grams mold = 139 grams
Total Total Total
+Water = 3432 grams +Water = 3446 grams +Water = 3424 grams
Total Total Total
Volume = 1647.407 cm”3 Volume = 1647.407 cm”3 Volume = 1647.407 cm”3
Total Total Total
Volume = 100.531 in® Volume = 100.531 in® Volume = 100.531 in®
y Water = 1 gm/cm3 y Water = 1 gm/cm3 y Water = 1 gm/cm3
Volume Volume Volume
Water = 487 cm® Water = 470 cm® Water = 447 cm®
y Concrete =| 1.703282 gm/cm3 y Concrete = 1.7221 gm/cm3 y Concrete =| 1.722707 gm/cm3
y Concrete =| 106.3324 Ib/ft® vy Concrete =| 107.5072 Ib/ft> v Concrete =| 107.5451 Ib/ft>
Volume Volume Volume
Solids = 1160.407 cm® Solids = 1177.407 cm’ Solids = 1200.407 cm’
Porosity = 29.5616 % Porosity = 28.52968 % Porosity = 27.13354 %

C=CONTROL (NO CHAMBER)
N =NO SUBMERSION

P = PARTIALLY SUBMERSED

F = FULLY SUBMERSED

CONFINEMENT ACHIEVED BY CUTTING OFF BOTTOM OF PLASTIC CYLINDER WITH A DREMEL TOOL

7/2/13 (After 36 cylcles)

PRM-NF-C-1 PRM-NF-C-2 PRM-NF-C-3

Height = 8 inches Height = 8 inches Height = 8 inches
Dia= 4 inches Dia = 4 inches Dia = 4 inches
Weight Weight Weight

(+mold) = 2945 grams (+mold) = 2976 grams (+mold) = 2977 grams
Weight Weight Weight

mold = 100 grams mold = 100 grams mold = 100 grams
Original Original Original

weight = 2845 grams weight = 2876 grams weight = 2877 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
% lost = 0% % lost = 0% % lost = 0%

7/9/2013 (After 72 cycles)

Weight Weight Weight

(+mold) = 2945 grams (+mold) = 2976 grams (+mold) = 2977 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%

PRM-NF-C-4
Height = 8 inches
Dia= 4 inches
Weight
(+mold) = 3077 grams
Weight
mold = 139 grams
Total
+Water = 3506 grams
Total
Volume = 1647.407 cm”3
Total
Volume = 100.531 in’®
y Water = 1 gm/cm3
Volume
Water = 429 cm®
y Concrete =| 1.783408 gm/cm3
v Concrete =| 111.3345 Ib/ft>
Volume
Solids = 1218.407 cm’®
Porosity = 26.04092 %
PRM-NF-C-4
Height = 8 inches
Dia= 4 inches
Weight
(+mold) = 3077 grams
Weight
mold = 100 grams
Original
weight = 2977 grams
Mass lost = 0 grams
% lost = 0%
Weight
(+mold) = 3077 grams
Mass lost = 0 grams
total % lost 0%
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7/16/2013 (After 108 cycles)

PRM-NF-C-1 PRM-NF-C-2 PRM-NF-C-3
Weight Weight Weight
(+mold) = 2945 grams (+mold) = 2976 grams (+mold) = 2977 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost total % lost total % lost
= 0% = 0% = 0%
7/23/2013 (After 144 cycles)
PRM-NF-C-1 PRM-NF-C-2 PRM-NF-C-3
Weight Weight Weight
(+mold) = 2945 grams (+mold) = 2976 grams (+mold) = 2977 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%
7/30/2013 (After 180 cycles)
PRM-NF-C-1 PRM-NF-C-2 PRM-NF-C-3
Weight Weight Weight
(+mold) = 2945 grams (+mold) = 2976 grams (+mold) = 2977 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%
8/6/2013 (After 216 cycles)
PRM-NF-C-1 PRM-NF-C-2 PRM-NF-C-3
Weight Weight Weight
(+mold) = 2945 grams (+mold) = 2976 grams (+mold) = 2977 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%
8/14/2013 (After 252 cycles)
PRM-NF-C-1 PRM-NF-C-2 PRM-NF-C-3
Weight Weight Weight
(+mold) = 2945 grams (+mold) = 2976 grams (+mold) = 2977 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%
8/21/2013 (After 288 cycles)
PRM-NF-C-1 PRM-NF-C-2 PRM-NF-C-3
Weight Weight Weight
(+mold) = 2945 grams (+mold) = 2976 grams (+mold) = 2977 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%
(After 300 cycles)  Freeze-thaw machine broke!
PRM-NF-C-1 PRM-NF-C-2 PRM-NF-C-3
Weight Weight Weight
(+mold) = 2945 grams (+mold) = 2976 grams (+mold) = 2977 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%

PRM-NF-C-4
Weight
(+mold) = 3077 grams
Mass lost = 0 grams
total % lost
= 0%
PRM-NF-C-4
Weight
(+mold) = 3077 grams
Mass lost = 0 grams
total % lost 0%
PRM-NF-C-4
Weight
(+mold) = 3077 grams
Mass lost = 0 grams
total % lost 0%
PRM-NF-C-4
Weight
(+mold) = 3077 grams
Mass lost = 0 grams
total % lost 0%
PRM-NF-C-4
Weight
(+mold) = 3077 grams
Mass lost = 0 grams
total % lost 0%
PRM-NF-C-4
Weight
(+mold) = 3077 grams
Mass lost = 0 grams
total % lost 0%
PRM-NF-C-4
Weight
(+mold) = 3077 grams
Mass lost = 0 grams
total % lost 0%
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CRUSH TESTS _ 11/8/2013

PRM-NF-C-1 PRM-NF-C-2
Weight Weight
Alone 2795 grams Alone 2835 grams
Weight Weight
mold = 150 grams mold = 141 grams
Final Mass Final Mass
lost = 0 grams lost = 0 grams
total % lost 0% total % lost 0%
Comp Comp
Strength 1110 psi Strength 1200 psi
XXX XXX XXX XXX XXX XXX
Tensile Tensile
Strength XXX psi Strength XXX psi
Load Rate =500 to 1000 Ib/ minute
hear scoria crushing, no sudden failure, very subtle
Average
Comp
Strength = 1155 psi
Average
Tensile
Strength = 227.322 psi
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PRM-NF-C-3
Weight
Alone 2826 grams
Weight
mold = 151 grams
Final Mass
lost = 0 grams
total % lost 0%
Comp
Strength XXX psi
XXX 11560 XXX
Tensile
Strength 230.1072 psi

PRM-NE-C-4
Weight
Alone 2930 grams
Weight
mold = 147 grams
Final Mass
lost = 0 grams
total % lost 0%
Comp
Strength XXX psi
Load (P) 11280 Ibs
Tensile
Strength 224.5368 psi




Unsubmerged

-0.69708096

0.023743401
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0.378055221

0.344867587

0.275555682

0.352167637

0.344733567

0.318621023

0.250527317

1

N

0



-102.897196

Broken during tensile test prep
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Partially Submerged

PRM-NF-P-1 PRM-NF-P-2 PRM-NF-P-3
Height = 8 inches Height = 8 inches Height = 8 inches
Dia= 4 inches Dia= 4 inches Dia= 4 inches
Weight Weight Weight
(+mold) = 3100 grams (+mold) = 3085 grams (+mold) = 3086 grams
Weight Weight Weight
mold = 139 grams mold = 139 grams mold = 139 grams
Total Total Total
+Water = 3508 grams +Water = 3521 grams +Water = 3530 grams
Total Total Total
Volume = 1647.407 cm”3 Volume = 1647.407 cm”3 Volume = 1647.407 cm”3
Total Total Total
Volume = 100.531 in’ Volume = 100531 in® Volume = 100.531 in®
y Water = 1 gm/(:m3 y Water = 1 gm/cm3 y Water = 1 gm/(:m3
Volume Volume Volume
Water = 408 cm® Water = 436 cm® Water = 444 cm®
y Concrete =| 1.79737 gm/(:m3 y Concrete =| 1.788264 gm/cm3 y Concrete =| 1.788871 gm/(:m3
y Concrete =| 112.2061 Ib/ft’ v Concrete =| 111.6377 Ib/ft’ y Concrete =| 111.6756 Ib/ft’
Volume Volume Volume
Solids = 1239.407 cm® Solids = 1211.407 cm® Solids = 1203.407 cm®
Porosity = 24.76619 % Porosity = 26.46583 % Porosity = 26.95144 %
PRM-NF-P-1 PRM-NF-P-2 PRM-NF-P-3
Height = 8 inches Height = 8 inches Height = 8 inches
Dia= 4 inches Dia= 4 inches Dia = 4 inches
Weight Weight Weight
(+mold) = 3053 grams (+mold) = 3041 grams (+mold) = 3039 grams
Weight Weight Weight
mold = 100 grams mold = 100 grams mold = 100 grams
Original Original Original
weight = 2961 grams weight= 2946 grams weight = 2947 grams
Mass lost = 8 grams Mass lost = 5 grams Mass lost = 8 grams
% lost = 0.270179 % % lost = 0.169722 % % lost = 0.271463 %
0.145383794
Weight Weight Weight
(+mold) = 3050 grams (+mold) = 3038 grams (+mold) = 3033 grams
Mass lost = 11 grams Mass lost = 8 grams Mass lost = 14 grams
total % lost | 0.371496 % total % lost | 0.271555 % total % lost | 0.461589 %

PRM-NF-P-4
Height = 8 inches
Dia= 4 inches
Weight
(+mold) = 3220 grams
Weight
mold = 139 grams
Total
+Water = 3586 grams
Total
Volume = 1647.407 cm”3
Total
Volume = 100.531 in®
y Water = 1 gm/(:m3
Volume
Water = 366 cm’
y Concrete =| 1.870211 gm/(:m3
y Concrete =| 116.7535 Ib/ft’
Volume
Solids = 1281.407 cm’
Porosity = 22.21673 %

PRM-NF-P-4
Height = 8 inches
Dia= 4 inches
Weight
(+mold) = 3185 grams
Weight
mold = 100 grams
Original
weight = 3081 grams
Mass lost = -4 grams
% lost = -0.12983 %
Weight
(+mold) = 3174 grams
Mass lost = 7 grams
total % lost | 0.227199 %

0.332959728
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PRM-NF-P-1 PRM-NEF-P-2 PRM-NEF-P-3
Weight Weight Weight
(+mold) = 3054 grams (+mold) = 3042 grams (+mold) = 3035 grams
Mass lost = 7 grams Mass lost = 4 grams Mass lost = 12 grams
total % lost total % lost total % lost
= 0.236407 % = 0.135777 % = 0.395648 %
0.256871943
PRM-NF-P-1 PRM-NF-P-2 PRM-NF-P-3
Weight Weight Weight
(+mold) = 3046 grams (+mold) = 3032 grams (+mold) = 3027 grams
Mass lost = 15 grams Mass lost = 14 grams Mass lost = 20 grams
total % lost | 0.506586 % total % lost | 0.475221 % total % lost | 0.659413 %
0.532018573
PRM-NE-P-1 -NF-P-. PRM-NF-P-3
Weight Weight Weight
(+mold) = 3051 grams (+mold) = 3043 grams (+mold) = 3034 grams
Mass lost = 10 grams Mass lost = 3 grams Mass lost = 13 grams
total % lost | 0.337724 % total % lost | 0.101833 % total % lost | 0.428619 %
0.290072054
PRM-NF-P-1 PRM-NF-P-2 PRM-NF-P-3
Weight Weight Weight
(+mold) = 3045 grams (+mold) = 3034 grams (+mold) = 3024 grams
Mass lost = 16 grams Mass lost = 12 grams Mass lost = 23 grams
total % lost | 0.540358 % total % lost | 0.407332 % total % lost | 0.758325 %
0.548217493
PRM-NF-P-1 PRM-NF-P-2 PRM-NF-P-3
Weight Weight Weight
(+mold) = 3048 grams (+mold) = 3037 grams (+mold) = 3025 grams
Mass lost = 13 grams Mass lost = 9 grams Mass lost = 22 grams
total % lost | 0.439041 % total % lost | 0.305499 % total % lost | 0.725354 %
0.464844554
PRM-NF-P-1 PRM-NF-P-2 PRM-NF-P-3
Weight Weight Weight
(+mold) = 3050 grams (+mold) = 3046 grams (+mold) = 3031 grams
Mass lost = 11 grams Mass lost = 0 grams Mass lost = 16 grams
total % lost | 0.371496 % total % lost 0% total % lost 0.52753 %
0.281556394
PRM-NF-P-1 PRM-NF-P-2 PRM-NF-P-3
Weight Weight Weight
(+mold) = 3057 grams (+mold) = 3054 grams (+mold) = 3037 grams
Mass lost = 4 grams Mass lost = -8 grams Mass lost = 10 grams
total % lost | 0.135089 % total % lost | -0.27155 % total % lost | 0.329707 %

-0.00037514
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PRM-NF-P-4
Weight
(+mold) = 3173 grams
Mass lost = 8 grams
total % lost
= 0.259656 %
PRM-NF-P-4
Weight
(+mold) = 3166 grams
Mass lost = 15 grams
total % lost | 0.486855 %
PRM-NF-P-4
Weight
(+mold) = 3172 grams
Mass lost = 9 grams
total % lost | 0.292113 %
PRM-NF-P-4
Weight
(+mold) = 3166 grams
Mass lost = 15 grams
total % lost | 0.486855 %
PRM-NF-P-4
Weight
(+mold) = 3169 grams
Mass lost = 12 grams
total % lost | 0.389484 %
PRM-NF-P-4
Weight
(+mold) = 3174 grams
Mass lost = 7 grams
total % lost | 0.227199 %
PRM-NF-P-4
Weight
(+mold) = 3187 grams
Mass lost = -6 grams
total % lost | -0.19474 %




-103.24995
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Fully Submerged

0.181670863

0.293636635
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0.283816659

0.514124595

0.208329442

0.403955714

0.464361408

0.215266224

-0.01690851

1

D

6




-99.8076289
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PRM with Nycon Fibers

Control
6/11\/2013 MIX DATE; 6/25/2013 INTO CHAMBER
PRM-NY-C-1 PRM-NY-C-2 PRM-NY-C-3
Height = 8 inches Height = 8 inches Height = 8 inches
Dia = 4 inches Dia= 4 inches Dia= 4 inches
Weight Weight Weight
(+mold) = 2954 grams (+mold) = 3073 grams (+mold) = 3025 grams
Weight Weight Weight
mold = 139 grams mold = 139 grams mold = 139 grams
Total Total Total
+Water = 3425 grams +Water = 3511 grams +Water = 3467 grams
Total Total Total
Volume = 1647.407 cm”3 Volume = 1647.407 cm”3 Volume = 1647.407 cm”3
Total Total Total
Volume = 100.531 in® Volume = 100.531 in® Volume = 100.531 in®
y Water = 1 gm/cm3 y Water = 1 gm/cm3 y Water = 1 gm/cm3
Volume Volume Volume
Water = 471 cm® Water = 438 cm® Water = 442 cm®
y Concrete =| 1.708746 gm/cm3 y Concrete =| 1.78098 gm/cm3 y Concrete =| 1.751844 gm/cm3
y Concrete =| 106.6735 Ib/ft’ vy Concrete =| 111.183 Ib/ft® vy Concrete =| 109.364 Ib/ft>
Volume Volume Volume
Solids = 1176.407 cm’ Solids = 1209.407 cm’ Solids = 1205.407 cm’
Porosity = 28.59038 % Porosity = 26.58723 % Porosity = 26.83004 %
C=CONTROL (NO CHAMBER)
N = NO SUBMERSION AVGPOROSITY= 2618888
P = PARTIALLY SUBMERSED
F = FULLY SUBMERSED
CONFINEMENT ACHIEVED BY CUTTING OFF BOTTOM OF PLASTIC CYLINDER WITH A DREMEL TOOL
7/2/13 (After 36 cylcles)
PRM-NY-C-1 PRM-NY-C-2 PRM-NY-C-3
Height = 8 inches Height = 8 inches Height = 8 inches
Dia= 4 inches Dia = 4 inches Dia = 4 inches
Weight Weight Weight
(+mold) = 2954 grams (+mold) = 3073 grams (+mold) = 3025 grams
Weight Weight Weight
mold = 100 grams mold = 100 grams mold = 100 grams
Original Original Original
weight = 2854 grams weight = 2973 grams weight = 2925 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
% lost = 0% % lost = 0% % lost = 0%
7/9/2013 (After 72 cycles)
Weight Weight Weight
(+mold) = 2954 grams (+mold) = 3073 grams (+mold) = 3025 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%

PRM-NY-C-4
Height = 8 inches
Dia= 4 inches
Weight
(+mold) = 3063 grams
Weight
mold = 139 grams
Total
+Water = 3481 grams
Total
Volume = 1647.407 cm”3
Total
Volume = 100.531 in®
y Water = 1 gm/cm3
Volume
Water = 418 cm®
y Concrete =| 1.77491 gm/cm3
vy Concrete =| 110.804 Ib/ft>
Volume
Solids = 1229.407 cm’®
Porosity = 25.3732 %
PRM-NY-C-4
Height = 8 inches
Dia = 4 inches
Weight
(+mold) = 3063 grams
Weight
mold = 100 grams
Original
weight = 2963 grams
Mass lost = 0 grams
% lost = 0%
Weight
(+mold) = 3063 grams
Mass lost = 0 grams
total % lost 0%

7/16/2013 (After 108 cycles)
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PRM-NY-C-1 PRM-NY-C-2 PRM-NY-C-3
Weight Weight Weight
(+mold) = 2954 grams (+mold) = 3073 grams (+mold) = 3025 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost total % lost total % lost
= 0% = 0% = 0%
7/23/2013 (After 144 cycles)
PRM-NY-C-1 PRM-NY-C-2 PRM-NY-C-3
Weight Weight Weight
(+mold) = 2954 grams (+mold) = 3073 grams (+mold) = 3025 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%
7/30/2013 (After 180 cycles)
PRM-NY-C-1 PRM-NY-C-2 PRM-NY-C-3
Weight Weight Weight
(+mold) = 2954 grams (+mold) = 3073 grams (+mold) = 3025 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%
8/6/2013 (After 216 cycles)
PRM-NY-C-1 PRM-NY-C-2 PRM-NY-C-3
Weight Weight Weight
(+mold) = 2954 grams (+mold) = 3073 grams (+mold) = 3025 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%
8/14/2013 (After 252 cycles)
PRM-NY-C-1 PRM-NY-C-2 PRM-NY-C-3
Weight Weight Weight
(+mold) = 2954 grams (+mold) = 3073 grams (+mold) = 3025 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%
8/21/2013 (After 288 cycles)
PRM-NY-C-1 PRM-NY-C-2 PRM-NY-C-3
Weight Weight Weight
(+mold) = 2954 grams (+mold) = 3073 grams (+mold) = 3025 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%
(After 300 cycles)  Freeze-thaw machine broke!
PRM-NY-C-1 PRM-NY-C-2 PRM-NY-C-3
Weight Weight Weight
(+mold) = 2954 grams (+mold) = 3073 grams (+mold) = 3025 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%
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PRM-NY-C-4
Weight
(+mold) = 3063 grams
Mass lost = 0 grams
total % lost
= 0%
PRM-NY-C-4
Weight
(+mold) = 3063 grams
Mass lost = 0 grams
total % lost 0%
PRM-NY-C-4
Weight
(+mold) = 3063 grams
Mass lost = 0 grams
total % lost 0%
PRM-NY-C-4
Weight
(+mold) = 3063 grams
Mass lost = 0 grams
total % lost 0%
PRM-NY-C-4
Weight
(+mold) = 3063 grams
Mass lost = 0 grams
total % lost 0%
PRM-NY-C-4
Weight
(+mold) = 3063 grams
Mass lost = 0 grams
total % lost 0%
PRM-NY-C-4
Weight
(+mold) = 3063 grams
Mass lost = 0 grams
total % lost 0%




CRUSH TESTS  11/8/2013

PRM-NY-C-1 PRM-NY-C-2
Weight Weight
Alone 2801 grams Alone 2926 grams
Weight Weight
mold = 153 grams mold = 147 grams
Final Mass Final Mass
lost = 0 grams lost = 0 grams
total % lost 0% total % lost 0%
Comp Comp
Strength 1050 psi Strength 1350 psi
XXX XXX XXX XXX XXX XXX
Tensile Tensile
Strength XXX psi Strength XXX psi
Load Rate =500 to 1000 Ib/ minute
hear scoria crushing, no sudden failure, very subtle
Average
Comp
Strength = 1200 psi
Average
Tensile
Strength = 347.981341 psi
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PRM-NY-C-3
Weight
Alone 2872 grams
Weight
mold = 153 grams
Final Mass
lost = 0 grams
total % lost 0%
Comp
Strength XXX psi
Load (P) 13780 Ibs
Tensile
Strength 274.2727 psi

PRM-NY-C-4
Weight
Alone 2913 grams
Weight
mold = 150 grams
Final Mass
lost = 0 grams
total % lost 0%
Comp
Strength XXX psi
Load (P) 21190 lbs
Tensile
Strength 421.69 psi




Unsubmerged

-0.21293158
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0.224797837

0.174733663

0.183231284

0.209179749

0.191797978

0.175952089

1

a1

2



-102.973721

SULFER CAP ON CROOKED
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Partially Submerged

PRM-NY-P-1 PRM-NY-P-2 PRM-NY-P-3
Height = 8 inches Height = 8 inches Height = 8 inches
Dia= 4 inches Dia= 4 inches Dia= 4 inches
Weight Weight Weight
(+mold) = 2970 grams (+mold) = 3019 grams (+mold) = 3091 grams
Weight Weight Weight
mold = 139 grams mold = 139 grams mold = 139 grams
Total Total Total
+Water = 3453 grams +Water = 3489 grams +Water = 3505 grams
Total Total Total
Volume = 1647.407 cm”3 Volume = 1647.407 cm”3 Volume = 1647.407 cm”3
Total Total Total
Volume = 100.531 in’ Volume = 100531 in® Volume = 100.531 in®
y Water = 1 gm/(:m3 y Water = 1 gm/cm3 y Water = 1 gm/(:m3
Volume Volume Volume
Water = 483 cm® Water = 470 cm® Water = 414 cm®
y Concrete =| 1.718458 gm/(:m3 y Concrete =| 1.748201 gm/cm3 y Concrete =| 1.791907 gm/(:m3
y Concrete =| 107.2798 Ib/ft’ v Concrete =| 109.1367 Ib/ft’ y Concrete =| 111.8651 Ib/ft’
Volume Volume Volume
Solids = 1164.407 cm® Solids = 1177.407 cm® Solids = 1233.407 cm®
Porosity = 29.3188 % Porosity = 28.52968 % Porosity = 25.1304 %
PRM-NY-P-1 PRM-NY-P-2 PRM-NY-P-3
Height = 8 inches Height = 8 inches Height = 8 inches
Dia= 4 inches Dia= 4 inches Dia = 4 inches
Weight Weight Weight
(+mold) = 2923 grams (+mold) = 2969 grams (+mold) = 3049 grams
Weight Weight Weight
mold = 100 grams mold = 100 grams mold = 100 grams
Original Original Original
weight = 2831 grams weight= 2880 grams weight = 2952 grams
Mass lost = 8 grams Mass lost = 11 grams Mass lost = 3 grams
% lost = 0.282586 % % lost = 0.381944 % % lost = 0.101626 %
0.199830904
Weight Weight Weight
(+mold) = 2923 grams (+mold) = 2960 grams (+mold) = 3051 grams
Mass lost = 8 grams Mass lost = 20 grams Mass lost = 1 grams
total % lost | 0.282586 % total % lost | 0.694444 % total % lost | 0.032776 %

PRM-NY-P-4
Height = 8 inches
Dia= 4 inches
Weight
(+mold) = 3154 grams
Weight
mold = 139 grams
Total
+Water = 3555 grams
Total
Volume = 1647.407 cm”3
Total
Volume = 100.531 in®
y Water = 1 gm/(:m3
Volume
Water = 401 cm®
y Concrete =| 1.830148 gm/(:m3
y Concrete =| 114.2524 Ib/ft’
Volume
Solids = 1246.407 cm®
Porosity = 24.34128 %
PRM-NY-P-4
Height = 8 inches
Dia= 4 inches
Weight
(+mold) = 3114 grams
Weight
mold = 100 grams
Original
weight = 3015 grams
Mass lost = 1 grams
% lost = 0.033167 %
Weight
(+mold) = 3112 grams
Mass lost = 3 grams
total % lost | 0.099502 %

0.277327182
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PRM-NY-P-1 PRM-NY-P-2 PRM-NY-P-3
Weight Weight Weight
(+mold) = 2923 grams (+mold) = 2964 grams (+mold) = 3047 grams
Mass lost = 8 grams Mass lost = 16 grams Mass lost = 5 grams
total % lost total % lost total % lost
= 0.282586 % = 0.555556 % = 0.163881 %
0.267089225

PRM-NY-P-1 PRM-NY-P-2 PRM-NY-P-3
Weight Weight Weight
(+mold) = 2912 grams (+mold) = 2955 grams (+mold) = 3033 grams
Mass lost = 19 grams Mass lost = 25 grams Mass lost = 19 grams

total % lost

0.671141 %

total % lost

0.868056 %

total % lost

0.622747 %

PRM-NY-P-4
Weight
(+mold) = 3113 grams
Mass lost = 2 grams
total % lost
= 0.066335 %
PRM-NY-P-4
Weight
(+mold) = 3098 grams
Mass lost = 17 grams
total % lost | 0.563847 %
PRM-NY-P-4
Weight
(+mold) = 3108 grams
Mass lost = 7 grams
total % lost | 0.232172 %
PRM-NY-P-4
Weight
(+mold) = 3102 grams
Mass lost = 13 grams
total % lost | 0.431177 %

PRM-NY-P-4
Weight
(+mold) = 3103 grams
Mass lost = 12 grams
total % lost 0.39801 %
PRM-NY-P-4
Weight
(+mold) = 3108 grams
Mass lost = 7 grams

total % lost

0.232172 %

0.681447641 (sample fell off cart and broke a little off)

PRM-NY-P-1 -NY-P- PRM-NY-P-3
Weight Weight Weight
(+mold) = 2879 grams (+mold) = 2963 grams (+mold) = 3042 grams
Mass lost = 52 grams Mass lost = 17 grams Mass lost = 10 grams
total % lost | 1.836807 % total % lost | 0.590278 % total % lost | 0.327761 %
0.746754605

PRM-NY-P-1 PRM-NY-P-2 PRM-NY-P-3
Weight Weight Weight
(+mold) = 2874 grams (+mold) = 2950 grams (+mold) = 3036 grams
Mass lost = 57 grams Mass lost = 30 grams Mass lost = 16 grams
total % lost | 2.013423 % total % lost | 1.041667 % total % lost | 0.524418 %
1.002671289

PRM-NY-P-1 PRM-NY-P-2 PRM-NY-P-3
Weight Weight Weight
(+mold) = 2873 grams (+mold) = 2954 grams (+mold) = 3036 grams
Mass lost = 58 grams Mass lost = 26 grams Mass lost = 16 grams
total % lost | 2.048746 % total % lost | 0.902778 % total % lost | 0.524418 %
0.968487994

PRM-NY-P-1 PRM-NY-P-2 PRM-NY-P-3
Weight Weight Weight
(+mold) = 2877 grams (+mold) = 2957 grams (+mold) = 3040 grams
Mass lost = 54 grams Mass lost = 23 grams Mass lost = 12 grams
total % lost | 1.907453 % total % lost | 0.798611 % total % lost | 0.393314 %
0.832887612

PRM-NY-P-1 PRM-NY-P-2 PRM-NY-P-3
Weight Weight Weight
(+mold) = 2886 grams (+mold) = 2963 grams (+mold) = 3050 grams
Mass lost = 45 grams Mass lost = 17 grams Mass lost = 2 grams
total % lost | 1.589544 % total % lost | 0.590278 % total % lost | 0.065552 %

PRM-NY-P-4
Weight

(+mold) = 3121 grams
Mass lost = -6 grams

total % lost

0.511592353
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-0.199 %




-99.0487591

SAMPLE BROKEN:NO EXAM

156



Fully Submerged

0.207177739

0.327037172
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0.223611507

0.539759784

0.248784993 (sample broke in half)

0.585670261

0.39855832

0.175816861

1
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8




-101.132132
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PRM with Procon Fibers

Control

6/11\/2013 MIX DATE; 6/25/2013 INTO CHAMBER

PRM-PRO-C-1 PRM-PRO-C-2 PRM-PRO-C-3
Height = 8 inches Height = 8 inches Height = 8 inches
Dia = 4 inches Dia= 4 inches Dia= 4 inches
Weight Weight Weight
(+mold) = 3022 grams (+mold) = 3110 grams (+mold) = 3020 grams
Weight Weight Weight
mold = 139 grams mold = 139 grams mold = 139 grams
Total Total Total
+Water = 3457 grams +Water = 3521 grams +Water = 3493 grams
Total Total Total
Volume = 1647.407 cm”3 Volume = 1647.407 cm”3 Volume = 1647.407 cm”3
Total Total Total
Volume = 100.531 in® Volume = 100.531 in® Volume = 100.531 in®
y Water = 1 gm/cm3 y Water = 1 gm/cm3 y Water = 1 gm/cm3
Volume Volume Volume
Water = 435 cm® Water = 411 cm® Water = 473 cm®
y Concrete =| 1.750023 gm/cm3 y Concrete =| 1.80344 gm/cm3 y Concrete =| 1.748809 gm/cm3
y Concrete =| 109.2503 Ib/ft® v Concrete =| 112.5851 Ib/ft> v Concrete =| 109.1745 Ib/ft>
Volume Volume Volume
Solids = 1212.407 cm® Solids = 1236.407 cm’ Solids = 1174.407 cm’®
Porosity = 26.40513 % Porosity = 24.94829 % Porosity = 28.71178 %

C=CONTROL (NO CHAMBER)
N =NO SUBMERSION

P = PARTIALLY SUBMERSED

F = FULLY SUBMERSED

CONFINEMENT ACHIEVED BY CUTTING OFF BOTTOM OF PLASTIC CYLINDER WITH A DREMEL TOOL

7/2/13 (After 36 cylcles)

PRM-PRO-C-1 PRM-PRO-C-2 PRM-PRO-C-3

Height = 8 inches Height = 8 inches Height = 8 inches
Dia= 4 inches Dia = 4 inches Dia = 4 inches
Weight Weight Weight

(+mold) = 3022 grams (+mold) = 3110 grams (+mold) = 3020 grams
Weight Weight Weight

mold = 100 grams mold = 100 grams mold = 100 grams
Original Original Original

weight = 2922 grams weight = 3010 grams weight = 2920 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
% lost = 0% % lost = 0% % lost = 0%

7/9/2013 (After 72 cycles)

Weight Weight Weight

(+mold) = 3022 grams (+mold) = 3110 grams (+mold) = 3020 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%

PRM-PRO-C-4
Height = 8 inches
Dia= 4 inches
Weight
(+mold) = 2967 grams
Weight
mold = 139 grams
Total
+Water = 3399 grams
Total
Volume = 1647.407 cm”3
Total
Volume = 100.531 in®
y Water = 1 gm/cm3
Volume
Water = 432 cm®
y Concrete =| 1.716637 gm/cm3
v Concrete =| 107.1661 Ib/ft>
Volume
Solids = 1215.407 cm’®
Porosity = 26.22302 %
PRM-PRO-C-4
Height = 8 inches
Dia = 4 inches
Weight
(+mold) = 2967 grams
Weight
mold = 100 grams
Original
weight = 2867 grams
Mass lost = 0 grams
% lost = 0%
Weight
(+mold) = 2967 grams
Mass lost = 0 grams
total % lost 0%
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7/16/2013 (After 108 cycles)
PRM-PRO-C-1 PRM-PRO-C-2 PRM-PRO-C-3
Weight Weight Weight
(+mold) = 3022 grams (+mold) = 3110 grams (+mold) = 3020 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost total % lost total % lost
= 0% = 0% = 0%
7/23/2013 (After 144 cycles)
PRM-PRO-C-1 PRM-PRO-C-2 PRM-PRO-C-3
Weight Weight Weight
(+mold) = 3022 grams (+mold) = 3110 grams (+mold) = 3020 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%
7/30/2013 (After 180 cycles)
PRM-PRO-C-1 PRM-PRO-C-2 PRM-PRO-C-3
Weight Weight Weight
(+mold) = 3022 grams (+mold) = 3110 grams (+mold) = 3020 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%
8/6/2013 (After 216 cycles)
PRM-PRO-C-1 PRM-PRO-C-2 PRM-PRO-C-3
Weight Weight Weight
(+mold) = 3022 grams (+mold) = 3110 grams (+mold) = 3020 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%
8/14/2013 (After 252 cycles)
PRM-PRO-C-1 PRM-PRO-C-2 PRM-PRO-C-3
Weight Weight Weight
(+mold) = 3022 grams (+mold) = 3110 grams (+mold) = 3020 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%
8/21/2013 (After 288 cycles)
PRM-PRO-C-1 PRM-PRO-C-2 PRM-PRO-C-3
Weight Weight Weight
(+mold) = 3022 grams (+mold) = 3110 grams (+mold) = 3020 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%
(After 300 cycles)  Freeze-thaw machine broke!
PRM-PRO-C-1 PRM-PRO-C-2 PRM-PRO-C-3
Weight Weight Weight
(+mold) = 3022 grams (+mold) = 3110 grams (+mold) = 3020 grams
Mass lost = 0 grams Mass lost = 0 grams Mass lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%
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PRM-PRO-C-4
Weight
(+mold) = 2967 grams
Mass lost = 0 grams
total % lost
= 0%
PRM-PRO-C-4
Weight
(+mold) = 2967 grams
Mass lost = 0 grams
total % lost 0%
PRM-PRO-C-4
Weight
(+mold) = 2967 grams
Mass lost = 0 grams
total % lost 0%
PRM-PRO-C-4
Weight
(+mold) = 2967 grams
Mass lost = 0 grams
total % lost 0%
PRM-PRO-C-4
Weight
(+mold) = 2967 grams
Mass lost = 0 grams
total % lost 0%
PRM-PRO-C-4
Weight
(+mold) = 2967 grams
Mass lost = 0 grams
total % lost 0%
PRM-PRO-C-4
Weight
(+mold) = 2967 grams
Mass lost = 0 grams
total % lost 0%




CRUSH TESTS _ 11/8/2013

PRM-PRO-C-4
Weight
Alone 2825 grams
Weight
mold = 142 grams
Final Mass
lost = 0 grams
total % lost 0%
Comp
Strength 1297 psi
XXX XXX
Tensile
Strength XXX psi

PRM-PRO-C-1 PRM-PRO-C-2 PRM-PRO-C-3
Weight Weight Weight
Alone 2876 grams Alone 2961 grams Alone 2867 grams
Weight Weight Weight
mold = 146 grams mold = 149 grams mold = 153 grams
Final Mass Final Mass Final Mass
lost = 0 grams lost = 0 grams lost = 0 grams
total % lost 0% total % lost 0% total % lost 0%
Comp Comp Comp
Strength XXX psi Strength XXX psi Strength 1103 psi
XXX 11270 XXX Load (P) 21210 lbs XXX XXX
Tensile Tensile Tensile
Strength 224.337845 psi Strength 422.0879 psi Strength XXX psi

Load Rate =500 to 1000 Ib/ minute

hear scoria crushing, no sudden failure, very subtle
Average
Comp
Strength = 1200 psi
Average
Tensile
Strength = | 323.212853 psi
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Unsubmerged

-0.66010635

-0.10046566
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0.27588638

0.249934237

0.275158529

0.299977293

0.283400198

0.258363097

1

(o]
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-102.808838

165



Partially Submerged

PRM-PRO-P-1 PRM-PRO-P-2 PRM-PRO-P-3
Height = 8 inches Height = 8 inches Height = 8 inches
Dia= 4 inches Dia= 4 inches Dia= 4 inches
Weight Weight Weight
(+mold) = 2969 grams (+mold) = 3147 grams (+mold) = 3098 grams
Weight Weight Weight
mold = 139 grams mold = 139 grams mold = 139 grams
Total Total Total
+Water = 3436 grams +Water = 3540 grams +Water = 3516 grams
Total Total Total
Volume = 1647.407 cm”3 Volume = 1647.407 cm”3 Volume = 1647.407 cm”3
Total Total Total
Volume = 100.531 in’ Volume = 100531 in® Volume = 100.531 in®
y Water = 1 gm/(:m3 y Water = 1 gm/cm3 y Water = 1 gm/(:m3
Volume Volume Volume
Water = 467 cm® Water = 393 cm’ Water = 418 cm®
y Concrete =| 1.717851 gm/(:m3 y Concrete =| 1.825899 gm/cm3 y Concrete =| 1.796156 gm/(:m3
y Concrete =| 107.2419 Ib/ft’ v Concrete =| 113.9872 Ib/ft’ y Concrete =| 112.1303 Ib/ft’
Volume Volume Volume
Solids = 1180.407 cm® Solids = 1254.407 cm® Solids = 1229.407 cm®
Porosity = 28.34757 % Porosity = 23.85567 % Porosity = 25.3732 %
PRM-PRO-P-1 PRM-PRO-P-2 PRM-PRO-P-3
Height = 8 inches Height = 8 inches Height = 8 inches
Dia= 4 inches Dia= 4 inches Dia = 4 inches
Weight Weight Weight
(+mold) = 2921 grams (+mold) = 3103 grams (+mold) = 3058 grams
Weight Weight Weight
mold = 100 grams mold = 100 grams mold = 100 grams
Original Original Original
weight = 2830 grams weight= 3008 grams weight = 2959 grams
Mass lost = 9 grams Mass lost = 5 grams Mass lost = 1 grams
% lost = 0.318021 % % lost = 0.166223 % % lost = 0.033795 %
0.058352456
Weight Weight Weight
(+mold) = 2918 grams (+mold) = 3096 grams (+mold) = 3055 grams
Mass lost = 12 grams Mass lost = 12 grams Mass lost = 4 grams
total % lost | 0.424028 % total % lost | 0.398936 % total % lost | 0.130933 %

PRM-PRO-P-4
Height = 8 inches
Dia= 4 inches
Weight
(+mold) = 3301 grams
Weight
mold = 139 grams
Total
+Water = 3646 grams
Total
Volume = 1647.407 cm”3
Total
Volume = 100.531 in®
y Water = 1 gm/(:m3
Volume
Water = 345 cm®
y Concrete =| 1.91938 gm/(:m3
y Concrete =| 119.823 Ib/ft>
Volume
Solids = 1302.407 cm®
Porosity = 20.942 %
PRM-PRO-P-4
Height = 8 inches
Dia= 4 inches
Weight
(+mold) = 3271 grams
Weight
mold = 100 grams
Original
weight = 3162 grams
Mass lost = -9 grams
% lost = -0.28463 %
Weight
(+mold) = 3266 grams
Mass lost = -4 grams
total % lost -0.1265 %

0.20684878
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PRM-PRO-P-4
Weight
(+mold) = 3261 grams
Mass lost = 1 grams
total % lost
= 0.031626 %
PRM-PRO-P-4
Weight
(+mold) = 3252 grams
Mass lost = 10 grams

total % lost

0.316256 %

PRM-PRO-P-1 PRM-PRO-P-2 PRM-PRO-P-3
Weight Weight Weight
(+mold) = 2921 grams (+mold) = 3101 grams (+mold) = 3055 grams
Mass lost = 9 grams Mass lost = 7 grams Mass lost = 4 grams
total % lost total % lost total % lost
= 0.318021 % = 0.232713 % = 0.130933 %
0.178323104
PRM-PRO-P-1 PRM-PRO-P-2 PRM-PRO-P-3
Weight Weight Weight
(+mold) = 2916 grams (+mold) = 3097 grams (+mold) = 3047 grams
Mass lost = 14 grams Mass lost = 11 grams Mass lost = 12 grams
total % lost 0.4947 % total % lost | 0.365691 % total % lost | 0.392799 %
0.39236134 (sample fell down and a chunk broke off)
Weight Weight Weight
(+mold) = 2891 grams (+mold) = 3099 grams (+mold) = 3054 grams
Mass lost = 39 grams Mass lost = 9 grams Mass lost = 5 grams
total % lost | 1.378092 % total % lost | 0.299202 % total % lost | 0.163666 %
0.507678361
PRM-PRO-P-1 PRM-PRO-P-2 PRM-PRO-P-3
Weight Weight Weight
(+mold) = 2886 grams (+mold) = 3093 grams (+mold) = 3048 grams
Mass lost = 44 grams Mass lost = 15 grams Mass lost = 11 grams
total % lost 1.55477 % total % lost 0.49867 % total % lost | 0.360065 %
0.74569149
PRM-PRO-P-1 PRM-PRO-P-2 PRM-PRO-P-3
Weight Weight Weight
(+mold) = 2896 grams (+mold) = 3093 grams (+mold) = 3048 grams
Mass lost = 34 grams Mass lost = 15 grams Mass lost = 11 grams
total % lost | 1.201413 % total % lost 0.49867 % total % lost | 0.360065 %
0.586194772
PRM-PRO-P-1 PRM-PRO-P-2 PRM-PRO-P-3
Weight Weight Weight
(+mold) = 2894 grams (+mold) = 3098 grams (+mold) = 3054 grams
Mass lost = 36 grams Mass lost = 10 grams Mass lost = 5 grams
total % lost | 1.272085 % total % lost | 0.332447 % total % lost | 0.163666 %
0.489487764
PRM-PRO-P-1 PRM-PRO-P-2 PRM-PRO-P-3
Weight Weight Weight
(+mold) = 2897 grams (+mold) = 3110 grams (+mold) = 3062 grams
Mass lost = 33 grams Mass lost = -2 grams Mass lost = -3 grams
total % lost | 1.166078 % total % lost | -0.06649 % total % lost -0.0982 %

Weight
(+mold) = 3256 grams
Mass lost = 6 grams
total % lost | 0.189753 %
PRM-PRO-P-4
Weight
(+mold) = 3244 grams
Mass lost = 18 grams
total % lost 0.56926 %
PRM-PRO-P-4
Weight
(+mold) = 3253 grams
Mass lost = 9 grams
total % lost 0.28463 %
PRM-PRO-P-4
Weight
(+mold) = 3256 grams
Mass lost = 6 grams
total % lost | 0.189753 %
PRM-PRO-P-4
Weight
(+mold) = 3266 grams
Mass lost = -4 grams
total % lost -0.1265 %

0.218721623
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-97.2073809
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Fully Submerged

0.025531236

0.186425395
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0.117751049

0.395090141

0.11774526

0.301558612

0.335233215

0.092877453

-0.0992943
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-79.5932008
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Garrison Hall Sample Cores

6/4/2013 (After 0 cycles)

South Core

Fully Submerged
Dry Weight = 2030 gm
Wt Mold = 117 gm
Mold Dia = 10.24636 cm
Top Dia= 9.5123 cm
Bottom Dia = 9.50722 cm
Average Dia = 9.50976 cm
Rt Side Ht = 13.57884 cm
Lft Side Ht = 15.52448 cm
Rear Ht = 14.86916 cm
Front Ht = 14.59484 cm
Average Ht = 14.64183 cm
Psuedo H20 Ht = 15.52448 cm
Actual H20 Ht = 16.9 cm
Wet Wt (w/ mold
& Psuedo) = 2633 gm
Volume Core = 1039.978 cm’
Unit Weight of
Core = 1.951963 gm/cm’
Unit Weight of
Core (English) = 121.8025 gm/cm’
Volume Core +
Total Water = 1393.528 cm’
Volume Bottom
Water = 97.7003 cm’
Volume Water
Surrounding Core | 255.8496 cm’®
Wt Water = 1 gm/cm’
Wt Excess Water = | 353.5499 gm
Wt Core + Water = 2279.45 gm
Wt Water in Core =| 249.4501 gm
Porosity = 33.99588 %

6/11/2013 (After 36 Cycles)

South Core
Fully Submerged
Weight = 2025 grams
Mass lost = 5 grams
total % lost = 0.246305 %

6/18/2013 (After 72 Cycles)

South Core
Fully Submerged
Weight = 2023 grams
Mass lost = 7 grams
total % lost = 0.344828 %

Middle Core
Unsubmerged
Dry Weight = 1954 grams
Wt Mold = 117 gm
Mold Dia = 10.24636 cm
Top Dia= 9.51484 cm
Bottom Dia = 9.49452 cm
Average Dia = 9.50468 cm
Rt Side Ht = 13.51534 cm
Lft Side Ht = 15.40764 cm
Rear Ht = 14.86916 cm
Front Ht = 13.9954 cm
Average Ht = 14.44689 cm
Psuedo H20 Ht = 15.40764 cm
Actual H20 Ht = 16.6 cm
Wet Wt (w/ mold &
Psuedo) = 2573 grams
Volume Core = 1025.036 cm’

Unit Weight of Core
= 1.906275 gm/cm’

Unit Weight of Core

(English) = 118.9515 gm/cm’
Volume Core +

Total Water = 1368.791 cm’
Volume Bottom

Water = 84.60037 cm’

Volume Water
Surrounding Core 259.1548 cm’

Wt Water = 1 gm/cm’

Wt Excess Water = | 343.7552 gm

Wit Core + Water= | 2229.245 gm

Wt Water in Core = | 275.2448 gm

Porosity = 33.53592 %
Middle Core
Unsubmerged

Weight = 1949 grams

Mass lost = 5 grams

total % lost = 0.255885 %
Middle Core
Unsubmerged

Weight = 1947 grams

Mass lost = 7 grams

total % lost = 0.35824 %
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North Core
Partially Submerged
Dry Weight = 2015 grams
Wt Mold = 117 gm
Mold Dia = 10.24636 cm
Top Dia= 9.48944 cm
Bottom Dia = 9.52754 cm
Average Dia = 9.50849 cm
Rt Side Ht = 15.3162 cm
Lft Side Ht = 15.51432 cm
Rear Ht = 15.48892 cm
Front Ht = 15.367 cm
Average Ht = 15.42161 cm
Psuedo H20 Ht = 15.51432 cm
Actual H20 Ht = 16.6 cm
Wet Wt (w/ mold
& Psuedo) = 2623 grams
Volume Core = 1095.072 cm’
Unit Weight of
Core = 1.840062 gm/cm’
Unit Weight of
Core (English) = 114.8198 gm/cm’
Volume Core +
Total Water = 1368.791 cm’
Volume Bottom
Water = 77.09298 cm’
Volume Water
Surrounding Core | 196.6261 cm’®
Wt Water = 1 gm/cm’
Wt Excess Water = | 273.7191 gm
Wt Core + Water = | 2349.281 gm
Wt Waterin Core =| 334.2809 gm
Porosity = 24.99553 %
North Core
Partially Submerged
Weight = 2003 grams
Mass lost = 12 grams
total % lost = 0.595533 %
North Core
Partially Submerged
Weight = 2003 grams
Mass lost = 12 grams
total % lost = 0.595533 %




6/25/2013 (After 108 Cycles)

South Core
Fully Submerged
Weight = 2017 grams
Mass lost = 13 grams
total % lost = 0.640394 %

7/2/2013 (After 144 Cycles)

Middle Core
Unsubmerged
Weight = 1946 grams
Mass lost = 8 grams
total % lost = 0.409417 %

North Core
Partially Submerged
Weight = 1996 grams
Mass lost = 19 grams

total % lost =

0.942928 %

South Core
Fully Submerged
Weight = 2008 grams
Mass lost = 22 grams

total % lost =

1.083744 %

7/9/2013 (After 180 Cycles)

Middle Core
Unsubmerged
Weight = 1945 grams
Mass lost = 9 grams
total % lost = 0.460594 %

North Core
Partially Submerged
Weight = 1983 grams
Mass lost = 32 grams

total % lost =

1.588089 %

South Core
Fully Submerged
Weight = 2008 grams
Mass lost = 22 grams

total % lost =

1.083744 %

7/16/2013 (After 216 Cycles)

Middle Core
Unsubmerged
Weight = 1944 grams
Mass lost = 10 grams
total % lost = 0.511771 %

North Core
Partially Submerged
Weight = 1967 grams
Mass lost = 48 grams

total % lost =

2.382134 %

South Core
Fully Submerged
Weight = 1995 grams
Mass lost = 35 grams

total % lost =

1.724138 %

North Core
Partially Submerged
Weight = 1931 grams
Mass lost = 84 grams

total % lost =

4.168734 %

7/232013 (After 252 Cycles)
South Core
Fully Submerged
Weight = 1975 grams
Mass lost = 55 grams
total % lost = 2.70936 %

8/2/2013 (After 288 Cycles)

Middle Core
Unsubmerged
Weight = 1930 grams
Mass lost = 24 grams
total % lost = 1.22825 %
Middle Core
Unsubmerged
Weight = 1900 grams
Mass lost = 54 grams
total % lost = 2.763562 %

North Core
Partially Submerged
Weight = 1905 grams
Mass lost = 110 grams

total % lost =

5.459057 %

South Core
Fully Submerged
Weight = 1945 grams
Mass lost = 85 grams

total % lost =

4.187192 %

Middle Core
Unsubmerged
Weight = 1885 grams
Mass lost = 69 grams
total % lost = 3.531218 %

(After 300 Cycles)
South Core
Fully Submerged
Weight = 1905 grams
Mass lost = 125 grams

total % lost =

6.157635 %

Middle Core
Unsubmerged
Weight = 1855 grams
Mass lost = 99 grams
total % lost = 5.06653 %

North Core
Partially Submerged
Weight = 1870 grams
Mass lost = 145 grams
total % lost = 7.19603 %
North Core
Partially Submerged
Weight = 1830 grams
Mass lost = 185 grams
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total % lost =

9.181141 %
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