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EXECUTIVE SUMMARY

Premature deterioration of concrete due to materéddged distresses has been observed with
increased frequency in airfield pavements across the United States asthe@decades. The use

of a new breed of deicing chemicals based on a#icdtates and alkalormates, starting in the

early 1990s, has been suspected to be one of the significant reasons for the increase in the observec
deterioration. Previous lataiory-based studies have found that the eadg deterioration in
concrete is associated with exposure to deicers causing acceleration of the Alkali Silica Reaction
(ASR) deterioration mechanism and consequent failure. However, no systematic forelsscastu

the impact of these deicers on field concrete were conducted to correlate the lab findings with the
field performance.

The principal objective of this study was tmnduct forensic investigation of airfield
pavements that exhibit materiaklslated distress and establish if the use of alkeétatebased
deices on airfield pavementtave any role in initiating or accelerating the damayeéhile the
fundamental objeove was to establish the underlying mechanisms involved in the premature failure
of concrete pavements and correlate to what is being observed in the lab conditions, it was evident
from previous studiethatalkali acetataleicerswere indeed capable ohasing ASR distress in lab
concrete, and therefore have a potential to causdar distress in the field. Therefore, it was
considered important to have a secondary objective of developing a quick and conservative test
method that can be implementedidentify aggregate materials that are potentially susceptible to
ASR phenomenon in the presence of deicing chemicals, so that potential problems associated with
incompatible materials is minimized. Considering that the predominant deicer used in the field
based on potassium acetate, this deicer was exclusively used in this study.

Following a comprehensive forensic investigation on concrete pavements eigith
different airports the results of forensic study shdwhat majority of the pavementsexhibited
significant evidence oASR distress however other materiai®lated distresses were also observed,
including alkalicarbonate reactiorireezethaw induced damagend shrinkage cracking Also, a
suite of defects related to poor constructioacticeswere observed in some pavemenibese
defects were confirmed through petrographic analysis and macroscopic examinations. In general,
the hardened air content, strength, and modulus of elasticity of concrete appeared to be adequate in

the majorityof the concrete investigated. Examination of concrete to determine the dejallcenf
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penetration into concrete showed that in tigjority of airfield pavementgshe deicerpenetration

depth was limited td0 7 15 mmfrom the pavement surface. Howevethere concrete exhibited

some cracking slightly deepeenetrationof deicer was observed, preferentially along the cracks.

The correlation between deicer usage and ASR occurrence was not strong due to lack of adequate
deicerpenetratiorinto the pavemen

Based on the results from petrographic examination, - EHEM examination, and depth of
deicer penetration studies it appears that the source of the ASR distress in pavements is inherent to
the concrete mixture. Examination of specifications and maxpuoportions of materials suggests
that majority of the pavements investigated in this study were constructed when the specifications
had not required adequate screening of aggregates for their reactivity or promoted the use of low
alkali cement. In paveents that were more recently construcfed. when existing 501
specifications required evaluating aggregate reactivity and use of effective ASR mitigation
measures) the use of reactive aggregates in combination with the ineffective ASR mitigation
measires(i.e. using 15% Class C fly askas responsible for the observed deterioration. Even
though the topical application of KAc deicer may not have yielded adequate level of alkalis needed
for active ASR distress throughout the thickness of the paverhenguite likely that the ogoing
ASR distress in the pavements may have been exacerbated by other indirect mecifaiesress
such as maintaining a high relative humidity in the pavement owing toytirescopimature of the
potassium acetatdeicer. However, this mechanism was not explored in the present studies.

Another distressnechanisnin which deicers can actively play a roleirsthe freezethaw
damageof concrete In this investigation, a deicenodified ASTM C 666 testing regime was
implemented to evaluate the impactpoftassium acetate deicen the premature deterioration of
field concrete. The results from these tests showed that concrete subjqmedd@ exposure of
potassium acetate deicean undergasignificant deteriorabn, compared to control specimens that
were subjected to plain watefrhespecimensised in both regimens the modified ASTM C 666
test methodvere sectioned from the same careltherefore theair-void characteristicef concrete
were very similar toeach other. The precise mechanism by which potassium acetate deicer is
enhancing théreezethaw damagean an air-entrained concrets notyet known,and needs further
fundamentainvestigation. Similar observations are being made when urea deicer is being used,

although research on this subject isgming and will be presented later.



Although the direct relation between KAc deicer and ASR distress in the field concrete
could not be establisbethe potential for their deleterious interactions cannot be ruled out,
particularly if conditionspermit excessive deicer penetration into concrete. Results from previous
laboratorystudies show that therie strong potential for acceleratimf ASR if the deicerwas
readily available in a concrete specimen containing reactive aggredgesd on these results, it
was considered important to explore and develop a test method to assess the sensitivity of
aggregates to deicer chemicals.

The secondarybjective ofthis study was to develaprapid anda conservative test method
that canidentify reactive aggregates sensitive to deicer solutions. Vs achieved through
revisions tothe existing deicermodified mortar bar test method (EM test method). A
fundamental investigation conducted as part of this research study showed-fbatpld deicer
solution associated with interaction between deicers and dikdlioxide wascentral to the
development of the new test method. The new test method,eldewi®70, was based on using a
soaksolutionwith a composition of 3 Mlar potassium acetate and\brmal sodium hydroxide
This soak solution capturése effects of pH jumpssociated with KAc deicerghile maintaining a
high hydroxyl ion concentration This revised test method produced conservative results when
compared to the conventional test methedsh asASTM C 1260 test and EBO test method It
was also shown that the new test method can be used to efééetive mitigation measures in
helpgng to reduce deleterious ASR expansior@verall, the results of this study show that it is
important to select quality aggregate mater@hsl maintain high qualityconstruction methods to
ensure that the pavement system will meet its design life.

In conclusion it can be stateffom the forensic examination of airfield pavemethizt while
ASR was observed to ibe predominant distress mechanisather modes of distress were also
evident. In particular, ACR, shrinkage cracking and frabagv damage wre observed Poor
construction practices also further worsened the quality of pavements in selected airfield pavements.
The predominanteason for theoccurrence oASR distressn the airfield pavements werdi) lack
of adequate specifications at tfie of constructiorio screen aggregate materials afiigl the use
of inadequate and inefficient ASR mitigation measures in concrete.

While lab studies have shown that KAc deicer is very capable of inducing and promoting
ASR distress in concrete, $uevidence in field conditions wa®t readily evident, and often made
more difficult due to simultaneous presence of multiple distress mechanBerkaps, the major

reason for the lack of correlation betweaba ASR distress in the field and thK&\c deicer usagen
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the affected pavements wdse to lack ofsignificant penetration of deicer intsoundconcrete.
However,such alack of correlation should not be construed as a reason to disregard the potential
impact of deicers on ASR distress in concrd&idence has been found in this research study that
when the integrity of concrete is compromised by other precursor mechanisms that cause cracking,
deeper penetration of deicer was observed along the length of the crack.

Research onhe development othe deicetrmodified mortar batest method to assess the
deleterious effects of deicers has shown that certain aggregates are more susceptible-to deicer
induced ASR distress than others, and care should be taken to avoid such aggregates or use effective
ASR mitigation measure to address the potential incompatibilitys duite likely that deicer can
penetrate to a greater extent in concrete that is cracked or compromised due to otheanelsons
initiate the distressThe revisedleicermodifiedtest nethodbased on the use of soak solution with
3M KAc and 1N NaOH wagound to bemore reliable than previous test methadsdetecting
reactiveaggregates that are sensitive to KAc deiderthis regard Also, the revised test method
can identifyeffective ASR mitigation measures that can mitigate the AlgfRess in the presence of

deicing chemicals.
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1. INTRODUCTION

Premature deterioration of concrete due to matereddded distresses has been observed with
increased frequency iairfield pavements across the United Stataeeent years The use of new
generation of deicing chemicals based on alkeditates and alkaormates starting in the early
1990shave been suspected to be one of the significant reasons for the increased occurrences in
pavement deterioratioiparticularly alkalsilica reaction distress (ASR) in concrefEo investigate

these concerns, preliminagdoratorybased research studies weosmducted in which the effect of
various airfield pavement deicing chemicals in causing and/or accelerating ASR distress in concrete
was studied1-5]. Results from these studies indicated that both adicaltate and alkaformate

deicers were capablgf initiating and accelerating ASR distress in concrete test specimens when
subjected to prolonged exposure to deicers. The deleterious effects of the deicers were observed
regardless of the alkali content of the cement used in the concrete, and s disis further
amplified whendeicerexposure studies were conductdelevatedemperatures.In these studies,
conventional ASR mitigation measures such as Class F fly ash anekaoditawere found to be
effective in controlling expansions of testespnenswith moderate to highly reactive aggregates
when used at typical dosage levels. However, slag was found to be effective only when used in

substantially higher dosage levels, often exceeding 40% by mass replacement ofZement

While much of thikknowledge on the effects afkali-acetate and alkaformatedeicerson concrete

was based on laboratory based test methadsymprehensive forensic investigationadfected
airfield pavement$iad not been conducte&nowledgegainedfrom such forensistudies would be
valuable in critically ascertaining the role of deicing chemicals in causing the distress in the field
and in calibrating the findings from the laboratory studies. Furthermore, findings from such
forensic investigation could be used iavedloping a new test method or refining an existing test

method in capturing the potential influence of the deicer on trabditly of concrete pavements.
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2. BACKGROUND

Deicerssuch as ureathylene glycol (EG), propylene glycol (PG), and blends of PG and urea have
been successfully used on airfield pavements as deicing andiagtagentsn the past However,
concerns arising frorthe toxicity of these chemicals to aquatic life have tedegulationswvhich
strongly discouraged the use of these chemicals as deicers on airfield pavements, although the
glycol-based formulations are routinely used to deice andi@ntaircrafts in secure deicing pad
areas, where the runoff is collected gmdcessed6, 7. In response to thenitationson the use of
glycols and urea as pavement deicersnew generation of deicers had emerged in early 1990s
which were based on alkacetate and alkaformate formulations. Since that time deicers and
arti-icers such as potassium acet@féc), sodium acetat@NaAc), potassium formatéKF) and
sodium format€NaF) have seen an enormous growth in their use as airfield pavedecdss and
antricers In particular, in the United Staté6Ac based formulationsvere largely preferred and

widely used in airports across the country.

In recent yearsthe numbeof airfield concretepavementexperiencingoremature deterioratioim

the form of materialselated distress had increased substaptidih some of these airports, it has
been suspected that the exposure of the concrete pavenkét tieicermay have played a role in
either triggering or acceleratirtge pavement distresgigure 1 showthe typical distrespatterns
observed intheseairfield concrete pavementsWhile much of thedistressobserved in the field
manifests itselfn the form of a map crackingatternthroughout the slathat is akin to what many
consider to bassociated witlalkali-aggregate reaction (AARJistress other distress patterns are
also observed Typically, the intensity of the distress is accentuated near the joints, perhaps due to
enhanced availability of moisture and dejaard the proximity to free surfaces where the expansive
pressures from thaistresscan be relieved through crackingioweverthe cracking near jointsan
potentially be attributed tother mechanisms than AAR suchfaesezethaw damagén the paste or
aggregates Only comprehensive forensic investigation of affected pavements weuéhl the
nature of the distress.Furthemore, certainfundamental investigation would be necessary to
ascertain whether the observed distress is induced by the presence of deicers in theocoratrete
For instancefundamental investigations woultk necessary tdetermine if and how KAc deicer

would be able tgpromote conditions that initiate or accelerate alkdica reaction (ASR) distress in

IPRF 057 Report 2|Page



concrete. Also, it would be important to establish whether the use of deicers such as potassium

aceta¢ would be able to cause scaling or fredmav deterioration in a well agntrained concrete.

Figure 1i Typical Patterns of Deterioration in Six Different Airfield Pavements Exposed to Deicing
Chemicals
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3. RESEARCH OBJECTIVES

The principal objectives of this research study are:

1. To conduct a comprehensivéeld-based forensic investigation of selected airfield
pavements that have been exposed to typical airfield pavement deicingalkesnch as

potassium acetate deicand have experienced some level of materelkted distress.

2. Based on the knowlegggained through studies under Objective 1, conduct comprehensive
lab-based forensic investigation tdentify the underlying mechanisms/reasons for the
premature deterioration of airfield pavements and ascertain any relationship between the

distress mechasms and the deicers used on the pavements.
3. To conduct fundamental investigations on interactions between deicing chemicals and
cement paste/aggregateterials, that would aid in resolving questions that may arise in the

forensic investigations of aigid pavements.

4. To develop aapid test methothatallows for screening of aggregates materials that exhibit

deleterious interactionsith deicing chemicalg concrete
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4. ORGANIZATION OF THE REPORT

Theresearctlwork conducted as part of this investigation is divided 8waajortasks

Task 1i Field and LabBasedForensic Investigation of Pavements

Task 2i Fundamental Investigations to Study Cement Paste/Deicer Interactions

Task 31 Development of a Test Method &creen Aggregate Materials that Deleteriously
Interact withDeicersin Concrete

The primary focus of this summary report is to present the findings Tiask 1 of this study, i.e.
findings fromthe forensic inveggation of 8 differentairfield pavements that have experienced
varying levels of materialeelated distressand study what if any role the deicers have in causing
the distress

Due to extensive nature of this study the volume of data gathered aiid gesierated are
quite voluminous in nature. In order to present the findings the results from this study in a distilled
manner, much of the data and the redutisn investigatiorare preented in a series of appendices,

A throughF. Data shown in Appadices A through @nd Appendix Rvas generated from research
efforts at Clemson University. Information containedAppendicedD and Ewasdevelopedrom
research activities at Purdue University.

Appendix A contains comprehensive information aboutcthdition survey of the affected
pavements from different airports, where available information about concrete mixture proportions,
and specific information on locations from where cores have be@vest, core catalogs from each
of the 8 airports describing the visual condition of the cores and photographic evidence. In addition
Appendix A contains information about the deicer usage at different airports investigated in this
research study.

Appendk B contains results from tests conducted on cores including (i) Pulse Velocity (ii)
Hardened Air Void Content and Air Void Characteristics (iii) Depth of Deicer Penetration using
disc specimens from cores and drill dust samples from field (iv) FEea® Test Results, and (v)

Reactivity of Aggregates from Airfield Pavements.
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Appendix C contains the petrographic reports from investigations conducted on cores from
each of the 8 airfield pavementsThis information was developed with help frooutside
Petographers.

Appendix D containgdata from SEM/EDX analysis of concrete from cores, along with
results from tests conducted to determine the extent of deicer penetration into concrete using the
profiling grinding method as per ASTM C 1556 test method. $tidy was conducted at Purdue
University. Note that the data on deicer penetration into concrete presented in Appendix B was
developed based on testing conducted onihelf thick concrete discs cut from cores. This work
was conducted at Clemson Univgrs

Appendix E contains data from fundamental investigations exploring the interactions
between deicing chemicals and constituent materials in concrete. These fundamental investigations
are unrelated to the forensic studies on field concrete speciriiengever, they are intended to fill
gaps in knowledge that would enhance the analysis in forensic investigations.

Appendix F pertains to the development of deredified mortar bar test method to
evaluatepotential for alkaksilica reactivityof aggregatesin presence of deicing chemicals. This
Appendix essentially contains two technical papers that delve into the development of the test
met hod. T h e dsessing tPoteptial Reactivity ef Aggregates in the Presence of
Potassium Acetate Daici Revised EB70 Met hodo and the second p
Mitigation Potential of Supplementary Cementing Materials and Lithium Admixture in the Presence
of Potassium Acetate DeiceRevised EB70 Test Method .

Findings from Task 2 and 3 arenot discussed at length within the main report, but are
presented in Appendicd&>through Fand interested readers can consult the appropriate appendices
to learn more about those findings.

At the present time, Appendices D and E are not included ingp@str as they have not yet

been finalized. This information will be appended to the report as it becomes available.
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5. EXPERIMENTAL PROGRAM

Due to the breadth of the topics addressed under this research thteidgyestigationwas
conductedn four distinct Tasks Each of thes@&asksis briefly described belowHowever, a more
elaborate report of the experimental progliaciuding materialstest methodsinddetailed results

from the research investigations is presented in Appendices A through E of this report.

5.1 Taskl i Forensic Investigationf Affected Airfield Pavements

Under Part 1of this studyorensic investigation of airfield pavements was conducted to ascertain
the cause of premature deterioration and determine if the deicers played a role in causing the failure.
For this purposé6 different airfield pavements froreight differentairportswere investigated The

airports were investigated in three phases. In BHaaed 1|, three airport®achwere studiecand

the remaining two airports were studi@d Phase Il The intent of conducting the forensic
investigationsin three phases was to corroborate findings from one phase to thphaee,and
determine if a common theme emerges that relates the pavement deterioration to the deioer usage
any other factorsAlso, conductinghese studies in three phases provided an opporturafietothe

scope of the project depending on the findings from the investigations during the course of the
project.

The airfield pavements investigated as part of this research study were skeiesteering
committee comprised of members from FAA aRRF, based on the condition of the existing
pavements and the deicer usage at the aigsartported by the airport authorities

In Phase Istudies three airfields (Airport I, Il and IIl) were selectedfor forensic
investigationbased on the level afistressthatthe pavements exhibited at these facilitids this
study,the distress in the airfield pavements wategorized abeingsevere, moderatar mild/none
dependingon the extent of cackingthat was observed on the pavement surfatlee ageof the
pavement at which cracking was sufficiently evideas also considered in selecting these airports.
Also, it was ensured that all therfield pavements selected in this phagere subjeced to

potassium acetatéeicer (KAc)as theprimarydeicer and anticer.

IPRF 057 Report 7|Page



In Phase lIstudies three additionahirfields (Airport 1V, V and VI) were selectedor
forensic investigation. Of these thragfields two wereselected based on the evidence that
pavementsvere undergoing severe distress and employed KAc as the primary deicing and anti
icing agent. The thirdairfield in this phasavas selected to represergituationwhere the pavement
was experiencingnodeate level ofmaterialsrelated distress, but was not exposed to KAc deicer.
The purpose of selecting the third airfield pavement with no prior KAc deicer exposure was to
investigate if the nature of the distress observed in the pavement was any difesamilar
compared to thoggavements that lkleexperienced significar€Ac exposure.

In Phase Il studies, two additional airfields (Airports VII and VIII) were investigated.
Although theinitial intent of selecting the two airfields for the Phasediilthe forensic investigation
was to confirm the findings from earlier phases, due to the nature of the findingBliases | and
Il airports the criteria for selecting airfields in PhaseWiére altered Airport VIl was selected
based on the fact thdhe pavements experienced moderate level of mateekited distress,
however only sodium acetate (NaAc) was employed as the deicing ageg facility. Airport
VIII was selected based on the information provided by the airport authorities thebribeete
pavements in question had been in service for over 50 years with little to no ma&taiaid
distress, even though significant quantities of KAc deicer was used.

The forensic investigations at each of the eight airfield pavements incluiitkdd aomponent
and a lab component. h& following information and sampleyathering effortan the field were
conductedollowed bya comprehensive laboratory testipgpgramof the core specimens retrieved

from the field

5.1.1. Field Investigation

The following informationr and samplayathering efforts in the field were conducted:

a. Collection ofBackgroundnformation orPavements an®eicing Chemicals.

Information pertaining togpavement designgonstructionmethodologyof pavement,
concrete mixture proportions, aggregate and cementitious material source information
and their properties from construction recora@#ere available, were collected by

interviewingthe keypersonnel. Also, a history of deicer usage on the airfield pavements
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includingtypes of deicers employed as well as the frequency and rate of theirnwesage

obtained where such informatiowas readily aailable

b. Survey andocumentation oDistressed andNon-DistressedSections ofAirfield
Pavements anth-Stu TestingPlan.

Based on the guidance provided by the airport personnel on the extent of deicamusage
different pavements at the airport, visual inspection of selected pavements was
conducted to ascertain the degmfedamagein pavements Based onttese findings,
specific locations were identified as suitable for sample collectioRhotographic

evidence of the distress in the pavements and the core locations was documented.

c. CoreRemoval and_ab TestingPlan.

Cores from affected pavements were retrieved from the locations previously identified.
The core removal operationsere subcontracted to locakoring companies with
specific guidelines mhow to retrieve, handle, pack and sl cores. Once the cores
were retrieved, thewerecarefully labeled, photographed and packaged for shipment to

lab for further investigation.

5.1.2. Lab Investigation

The following comprehensive laboratory testipgpgram of the core specimens retrieved

from the fieldwere conducted:

a. Documentation of Condition of Cores
A detailed cataloging protocol of cores was followed, wherein the physical dimensions
of the cores were measured and the condition of the cores was documented by capturing
photographic evidence of cracks, stains, presence of ASR gel and/or excessive voids

resulting from poor compaction of concrete in the field.
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b. Pulse Velocity alongransverse and Longitudinal Directions in Cores

The physical properties of concrete measured included unit waighiulse velocity of
the cores in the longitudinahd transverse directioras per ASTM C 597 test method
Due to the scarcity of adequateimber ofcores from each airfield pavementsy
destructive testing of concrete was conducted for determiningnécbanical properties
of concrete. Afteevaluating the condition of the cores siton-destructive testsome

of the cores wereventuallyused in conducting deicermodified ASTM C 666 test
method to investigate the freeteaw durability of concrete in the presence of KAc

deicer solution.

c. Petrographic amination
Petrographic examination of concrete cores was conducted in accordance with ASTM C
856 test procedure. In these investigations specific attention was given to the type and
extent of the distress as a function of distance ftbenpavement surface, where the
deicers would have been appliedNumerous fresh fracture surface®re studied to
detect secondary matdgasuch as ASR gel. Air content of hardened concrete was
determinedaccording to ASTM C 45%est method Petrograptt examination of
Airports | through Il were conducted yampbellPetrographic Services, Inc. and that

of Airports IV through VIII was conducted by Schmitt Technical Services, Inc

d. SEMEDX Examination.
Scanning electron microscopy and energy dispersivayXanalysis (SEMEDX) were
conducted on polished and fractured core specimetisat@cterize the microstructure of
the concrete. Emphasiswas placedon identifying the presence of any ASR gel and
detemining its composition along with any distinctive features of the typical hydration
products. The resultdrom these investigationsere analyzed in the context of findings
from petrographic analysis The coreswere cut in half (lengthwise) and sectio$
approximately 15 mmvereremoved fom 3to 4 different locations along the core center
to span across the depth of the cor&@he samples were prepared for SHDX
examination and analyzed. The analysis of the concrete along the depth of the core

provided means to ascertain the influence of deicer on the observed distress.
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e. Air-Void Parameters of Hardened Concrete
Air-void characteristics of hardened concrete deiis@bility to effectively resist the
effects of repeated cycles of freezing and thawing. These characteristics include total air
void content, spacing factor of aioids and specific surface area of the void structure
and are determined using the standard ASTM C té57 method Depending on the
maximum size of coarse aggregate used in the condnetesamplerea to be examined
in the microscopevas establisheds per the guidance provided in ASTM C 457 test
method To determine if any significant differences dxisetween the air void
characteristics of concrete as a function of distance from the pavement surface, two
sections of concreté sections A and Bfrom each core were investigated. Section A
consisted of concrete from the top 4 inches of the core, eciibis B consisted of
concrete from 4 inches to 8 inches in the core.

In this investigationthe cores were sawn lengthwise using a masonry sand
subsequently sliced into sections A and B as described earlldre sawn surfaseof
each sectiorwere lapped using progressively decreasing sizes of silicon carbide grits
starting from a grit size of 60 arehding with a grit sizef 120Q After ensuring the
lapped sampkewere devoid of any ridges and scratches, the polished specimens were
prepared for ncroscopic examination using a stereo microscope at a 40X magnification.
In determining the hardened -aioid parametersthe modified poinrtount method was
employed.

f. Profile of Deicer Penetration into the Concrete Pavement
A two- step procedurevasfollowed to achieve the objectives of determining the deicer
penetration into the core as well as to estimate the pH of the pore solution. The deicer
concentration profile with depttvas determined by profile grindinthe concrete core
and analyzing the padered samples for alkalis, sulfate and acetate phases. Prior to
analysis, the powdewvasshaken with watefwater: powder ratio of 2 to 1and the pH
of the suspensiowas determined.The profile grinding of the coreas conducted in
depth intervals sm#fied in ASTM C 1556- using a drilling machine with 2 inch drill bit.
The concrete powder obtainehs sieved to pass 125um sieve, anglspensiowas

preparedwith a water to powder ratio &f:1. The suspension waallowed to sit for 6
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hours at roomemperaturén a sealed containaifter which the pH of theuspensionvas
measuredT he suspension wathenfiltered under vacuum and the solution retrieves
used for analysis of potassium, sodium and calcium ions using atomic absorption
spectroscopyand sulfate and acetate ions using ion chromatographg. OH ion

concentrations are determined by titration with standardized hydrochloric acid.

g. FreezeThawDurability of ConcreteExposed tdeicer Solutions
The purpose of this investigation was to assess the fteawedurability of concrete
subjected to KAc deicer and compare the performance of the same concrete exposed to
deionizedwater. In these investigatiorsmodified ASTM C 66 test procedure was
employed, where in the core specimens were cyclically exposed to KAc deicer or
deionized water before subjecting to repeated cycles of ftkexe Thesix-step

modified ASTM C 666 procedure is shown in Figure 2.

Prepared Cores are
Placed in
Environmental
Chamber at 50%
RH and 23C for

24hrs
Cores are _look_ed at to (1) | .
determine if failure has / Cores are placed in
occurred if so stop test if hq'ind.bath (KAc or
not continue overall Deionized Water) at
cycle (until 300 Freeze/ 38C for 48hrs
Thaw cycles) (2)
(6) _./'I
) Cores are again
Cores are placed in | placed in
Freeze/Thaw Environmental
machine for cycling Chamber at 50%
from -32 — 16C for RH and 23C for
60 cycles 24hrs
(5 . _/" Readings are Taken (3) /

(Length, Weight, —

Thickness, and
Pulse Velocity)

4) /

Figure 21 Modified ASTM C 666 procedure to evaluate effect of KAc deicer exposure
on freezethaw durability of concrete

The cores usenh this test were cut to a thickness of abouti@chesand a height of
4 inches anditted with metal studs on both enfis length measurements. The reason
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for the modification of the mini nstramst hi c
of the sample holders in the freelbaw apparatus.

Theprincipalmodificationin thetestmethodwas theperiodic exposure of specimens
to deicer solution or deionized watgrior to subjecting them to freezbaw cycling.
This sixstep proces was repeated after every 60 cycles in the frdea® chamber.
Core amples were kept i protective wrapping prior to the test to ensure that the
moisture content remained the same as when first arrived to ClerAsdine beginning
of the test and &fr every 60 cycles of freezkaw, measurements on test specimens
were taken. Thesmeasurementmcluded weight pulse velocity and lengtbhange in
test specimens The procedure was repeated until 300 cycles of frde® exposure
were completed. l®tographs of a prepared sample and the fréea® testing machine
can be seen iRigure 4

PR B B S iy i vy W |

Figure 4i Prepared Freeze Thaw Samples and Test Setup
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5.2 Task 2- Fundamental Investigation on Interactions between Deicing Chemicals and Concrete

Materials

The intent of these investigations was to better understand the chemical interactions that occur
between the KAc deicerolution and the constituent materials present in conciiethata
meaningful interpretation aévidence from field investigatienand prior lab investigations can be
made. A detailed description of the experimental program, test methods employedearesutis

from each of the investigationgill be presented in Appendik. However, a brief description of

the research need is presented below and a summary of principal findings is presented in Section 5.

The following are the primary fundamentavestigations carried out in this study:

a. pH Jump Effect of Deicer Solutions
Earlier investigations conducted as part of IPRFOO&udies revealed that the pH of %@% wit.
solution of KAc (i.e. typical KAc deicer solutioi exhibited significant jumpn pH wheneven a
small amount ohydroxides such as Ca(OHpere dissolvedn it [1, 4]. Theincrease in pH was
disproportionate to the amount of hydroxyl ions contributed by the dissolvedH{a(Oonsidering
that the concentration of hydroxyl ions and the accompanied pH of the solatengal in
understanding the potential of the deicer to initiate or accelerate ASR distress in concrete, it was
considered important to conduct fundamental investigations to understand the underlying
mechanisms for the increase in the phl.this investigabn, different amount of Ca(OHk)and
NaOH were dissolved in KAc deicer solution and the resulting changes in the pH and hydroxyl ion
concentrations were monitored. Also, the activity coefficient of the hydroxyl ions in these solutions

was monitored.

b. Stability of Hydrated Cement Paste in Presence of KAc Deicer Solutions
In order to understand if the KAc deicer solution has any deleterious effect on hydrated cement
paste itself, a fundamental investigation was conducted wherein hydrated cement paste specimens
were exposed to KAc deicer solutions of different concentrations. Both the paste and the
surrounding soak solution were periodically analyzed to study anyivegaeractions between the

two. This knowledge is essential to understand if the deterioration being observed in the concrete

IPRF 057 Report l4|Page



pavements is one related to cement paste deterioration or negative aggregate interactions such as

alkali-aggregate reactions.

c. Stability of Siliceous Aggregates in Deicer Solutions
As indicated in section 4.2.1 deicer solutions in the presence of hydrated cement paste exhibits a pH
level that is significanyl higher than its native pH value. Considering that the stability of siliceous
aggregates is highly dependent on the pH of the surrounding environment, and consequently its
impact on ASR distress, i important to understand how siliceous aggregatesvaehin the
presence of deicer solutions with a high pH.Test methods and the experimental program

associated with this stu@dyedescribed in detail undsection 5.

d. Stability of SulfeAluminate Phases in Deicéffected Concrete
In IPRF 039 studies, microstructural investigations conducted on mortar and concrete specimens
exposed to KAc deicer revealed while ASR was that on adiada reactivity in concretef was
observed thafThe stability of the sulf@luminate phases in hydrated cement paste in concretes
exposed to KAc deicer solutions was in question from some preliminary investiggtiods
Fundamental studies to understand these behaviors memessary to explain any causes for

premature deterioration in concrete. Part 2 studies, such fundamental investigations were

e. Penetration of KA®eicer into Concrete
Deicing and anticing chemicals areapplied on concrete pavementsy sprayingequipment
mounted on trucks Understanding the manner in which the deicers penéttateoncrete surface
and thedepth to which they penetrateo the matrix of concretender field conditioais important
in studying the influence on durability of concrete Among the parameters that influence the
sorption and the subsequent diffusion of the deineto the concretethe ambient conditius
prevailing at the pavement surface is likely todme of themost importantfactors In order to
better understand how ambient conditions influence the depth of penetration of deicer into concrete
a fundamental study was conductgderein concret¢éest specimenwere exposed tdKAc deicer
under a seriesf different exposure conditions for a period of 3 monthishe depth of penetration
of KAc deicer in the concretepecimenswas subsequently determined by pesfirinding the

specimensand subsequentlgxtractingand analyzingthe watersoluble potassim and acetate
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contentof the ground powder The ambient conditions considered in the study include: (a)
continuous exposure of concrete to KAc deicer at standar temperature (b) periodic exposure

of concrete to KAc deicer wherein the concrete ggeticwetting and drying conditions, and the
drying cycle is executed at 23eC, (c) peri od
concrete goes <cyclic wetting and drying cond
temperature, (d) contimus exposure of concrete to KAc deicer under frélbaes conditions
whereinthe specimens were subjected to alternate cycles of freeziaglae C and t hawi ng
for a period of 24 hours eachlhe details of this study are further elaborated in ¢isé methods

section of this report.
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5.3 Task 3 - Development of Test Method to Assess Deleterious Interactions Between Deicing

Chemicals and Concrete Materials

A deicermodified mortar bar test method was developed in IPRB @8d IPRF 048 studies to
investigate the influence of KAc deicer on ASR distress in mortar and concrete specimens.
Findings from thesetwsdies, based on limited number of aggregates used in the sfedyly
indicated that KAc deicewas capable of initiating and accelerating ASR distress in concrete
regardless of the alkali content of the cement used in the fiis test methodvas adopted by
Federal Aviation Administratioto screen aggregate materials that were susceptible to deleterious
effects of KAc deicerand guidelines for itgroperuse in screening aggregate materiaksrev
formalized throughssuance ofFAA Engineering Brief70. This test method came to be known as
Adeimoaern fi ed ASTM C 1260 t e s#0 proieol.hSoahdafteothe s om
deployment of this test method for screening aggregate against-iheiceed ASR distress in
corcrete, it became apparent that the results from th&EpBrotocol were not always in agreement

with the results from the standard ASTM C 1260 test method. Lack of agreement between the
results from these two test methods prompted a need for condudhoggh investigation of the
interactions between the deicers and concrete materials, and develop a refined test method that
effectively identifies aggregate materials that are incompatible with KAc deicer solution. Research
conducted undeffask 3 studiesfocused onapplying the fundamental knowledge gained from
studies on interactions between hydrated cement and KAc deicer solufl@aski2 studies and

refining the deicemodified ASTM C 1260 test methodMore detailed description of the test

method deelopment is presented in Appendix F.
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6. RESULTS AND DISCUSSION

Considering the large volume of data gathered in this research study from the forensic investigation
of eight different airports, fundamental investigations carried out on dscerete interactions,
studies on development afrefined aggregate screegirprotocol, and the investigations on the
influence of urea deicer on concrete,summary of principal findings that address the main
objectives of this research study are presented in this summary réporbre elaborate treatment

of these topics can Heund inAppendices Ahrough Fo this document. In this section, principal

results from the field and the lab forensic investigations are presented.

6.1 Taskl i Forensic Investigationf Affected Airfield Pavements

6.1.1. Field Investigation

a. Background Information on Airfield Pavements and Deicing Chemical Usage on Airfields

Information aboufirfield Pavements

In this study16 airfield pavementsrom 8 different airportswere considered These
pavements werselected based dhe degree omaterialsrelated distresthey experienced
and their level of exposure to deicing chemical¥ the 16 pavements, l|avementsere
runways and the remaining Jdavementswere taxiwaysor aprons Information about
pavementharacteristicend deicer usage was obtained by interingvkey personnel at the
airport who were familiar with the condition of the pavements and deicing operations at the
airports Where available, informatiosauch aspavement desigeharacteristicsconcrete
mixture proportionssource information foaggreyates and their potential for alkadilica
reactivity, source and composition aementitious materialage of pavementsind age at
which first signs of deterioratiomwere observed wasolicited Detailedinformation about
different airfield pavementss provided in Appendix A. However, a summary of the

information is presentelelow:
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i. Theage of thel6 airfield pavementsvestigated in this research study randremn 5
years to 50 years at the time of this investigatiQunsidering that the use of KAmnd
NaAc deicers had begun only in early 1990s in the UnBedes,airfield pavements at
Airports I, 1V, V were subjected to KAand NaAcdeices throughout their life span.
However, airfield pavements at Airports I, llland VIII had accumulated significant
service life even before they were subjectetheir firstKAc and NaAcdeicer exposure.
Airport VI was subjected to Urea deicer alone, and airpdirtwas subjected to NaF
deicer alondrom the time it wagonstructed.

The age at which first signs of maternialated distress were observed in these
pavements ranged from as early as 4 years from the time of construction to over 15 years
from the time of construction. This information is based on visual eeéef distress in
the form of surface cracks amsgalls as observed by the maintenance personndakand
subjective in nature.Based on these findings, it can be concluded that pavements at
Airports I, IV, V and VII exhibited earhage distress (less thaf years from the time of
construction), while pavements at Airports Il, 1ll, VI and VIII exhibited signs of distress
that were evident at later ages in the life of the pavement.

Taxiways Echo at Airport land Airport IV had deteriorated &uch asignificant rate
thatthey werereplacedat 10 years and 14 years, respectively, from the time they were
constructed. Other pavements studied in this investigation had undergone significant
repairs to address the materigddated distresses during the life tife pavemenis
however at the conclusion of this research study these pavements were still in service

The primary materialselated distress observed in these airports alkai-silica
reaction (ASR) distressalthough certain other modes of deterimmat were also
observedin the pavements These includedakali-carbonatereaction (ACR), D-

cracking, dryingshrinkage, plastic shrinkage, and constructielated defects.

ii. Of the8 airports only two airports(Airports | and Ill)were able to provide meangful
information related tgpavementconstruction concrete mixture proportiorsnd source
information of aggregatematerialsused in the constructionTable 1 provides typical
mixtures proportions employed in pavements at Airpoithithe case 06 otherairports

(Airport II, 1V, V, VI, VIl and VIII), only qualitative information about the concrete
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mixture proportionsuch as theock type of theaggregatesjature of the materials used
(i.e. potential source of aggregate, cementfpnash usejlor other unique constructien

related issues that arosethe time of constructiomeremade available

Table 1i Mixture Proportions of Concrete Used in Pavemenigrport |

Cement
Content SCM Content |Waterto| Air Coarse Fine
. (Ibs/cy) Aggregate| Aggregate
Taxiway 4 (Ibs/cy, Cement | Content
/Alkali Replacement %) | Ratio (%) Content | Content
Content| "P (Ibs/cy) (Ibs/cy)
(%)
540
(Type ) 90, 14
Echo | (0.50%|  (Fly ash) 033 | 5.6 1960 1200
NaOeq) | (17.44% CaO)
549
(Type ) 99, 15
Tango | (0.57%|  (Fly ash) 0.41 Avglif;ble 1840 1153
NaOeq) | (27.22% CaO)
381
(Type I)
Victor | (0.61% 2(5s?ég;1)0 042 |, N ] 1840 1118
N&;Oeq)

iii. Interviews with the airport personnel revealed ttating the span of last 50 years
(covering the ages of the pavementsvestigated in this study specification
requirementspertaining to theassessment oflkali-silica reactivity potentialof
aggregatesand use of lowalkali cement or other ASR mitigation measures when
reactive aggregates are useere norexistentin P-501 specificationsintil before mid
1990s. Therefore,in some of the pavements investigated in this study potential for
significant ASR distress exists regardless of the exposure of the pavement to KAc

deicing chemicals.

iv. In the case ofairfield pavements Wwere information about aggregate reactivity was

required through specification anghere such information wasavailable before the
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pavement constructiohegan (i.e. 3 airfield pavements Taxiways Echo, Tango and
Victor at Airport ), it wasfound thatfine aggregateused in the pavements wdrighly
reactive(with a 14day ASTM C 1260 expansian the rangeof ~ 0.30%) and the ASR
mitigation measures employed were ineffective. For instabless C fly aslwas used
as a supplementary cementitious mateaiala cement replacemenével of ~15%in
Taxiways Echo and TangoConsidering the reactive nature of the fine aggregate i
these pavements, neithdret quality of theClass Cfly ash nor its dosage level as
adequée to mitigatethe threat ofASR. In these situations, the role of deicers in

affecting the deterioratiomay bedifficult to discern.

v. For the remainder of the airports that exhibited ASR dis{ressAirports Ill, IV, V, VI),
they were built before gnspecifications were in place requiring thesessment of
aggregate reactivity or these of lowalkali cement.Also, no requirement to use ASR
mitigation was existentEven though documented evidence of concrete mixture
proportions vasnot available fotheseairfield pavements (in Airports I, IV, V and VI)
petrographic examination of cores revealed fnaimature deterioratioim concretewas

due to ASR distress all casesvherehigh-lime fly ash was usedt a low dosage level.

Deicer Usagénformation

Information pertaining taleices usage on the airfield pavemeimsluding types of deicers
employed as well as the frequency amolsagerate was solicited by interviewing the
Maintenance personnel at the airporppendix A contains comprehsive information

about deicer usage at different airports, howevenmmary is provided below

i. KAc basedliquid formulations(typically 50% wt. solutionwere the most widely used
deicing and anticing chemicals for pavements, followed kglids pellés of NaAc
(sodium acetate) aridaF (sodium formateandUrea deicers.

ii. In the present investigation all airports except Airport VI and VII reported using KAc as
the primary deicing agent with NaAc as the secondary deicing agent. Airport VI reported
using Urea as the primary deicing agent, while Airport VIl indicated NaF as the primary
deicing agent.
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iii. KAc usage as deicer and aitter varied anywhere from a few tens of thousands of
gallons per year to a few hundreds of thousands of gallons per yeandugpen the
location of the airfield pavement in the country and the severity of the winter weather
conditions in any given year at a particular locatidiypical volumes of deicers used at

Airport | are shown in Table 2.

Table 2i Deicer Usage airport | from 19911 2006

Deicing Type of Deicer
Season Urea Potassium Sodium Sodium
(Tons) Acetate Acetate Formate
(Gallons) (Tons) (Tons)
1991-92 500 N/A N/A N/A
199293 857 N/A N/A N/A
199394 816 N/A N/A N/A
199495 204 2,175 N/A N/A
199596 696 58,950 N/A N/A
199697 37 41,211 N/A N/A
199798 19 50,000 N/A 40
199899 208 122,987 157 0
19992000 0 117,000 100 20
200001 0 403,224 226 305
200102 0 106,880 0 179
200203 0 204,000 20 100
200304 0 253,000 0 35
200405 0 91,800 0 2
200506 0 130,800 113 0

N/A1 Not availabe

iv. Under typical winter weather conditions, the dosage rate of Kpgulied on airfield
pavementvas reportedljpetween 0.5 gallons to 3 gallons per 1000 sqg. ft. However, if
certainadversewinter weatherconditions werdaced with fairly rapid accumulations of
snow and icemuch higher dosage rates (as much aglons per 1000 sq. ft.) were

reportedlyused.

v. No meaningful information could be obtainedfrequency of application d{Ac deicer.
However, it has come totanhtion that deicer can be applied at different dosage oates
the airfield pavement depending on theather conditions, volume aircraft traffic and

locationson runwaywhere higher levels of traction are needed. These situations typically
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arise at he beginning and end of runways where the aircrafts make sudden and steep
turns, or in the migection of the runway where higipeed parallel taxiways are

connected.

vi. In certain unique instances sections of #idield pavemerg were exposed to much
higher levels of KAc deicer. For instance, excessleeerexposureccurreddue to
leaking KAc deicer tanks or holding patterns of the deicer trucks waiting for runway
closure, etc. It has been reported that these locations where excessive deicee exposur

occurred preferentially caused more severe deterioration in concrete.

b. Survey andocumentation obDistressed andNon-Distressedsections ofAirfield Pavements

andIn-Stu TestingPlan.
Each of the airfield pavement investigated in this study was visually surveyed and
photographed. Locations with varying intensity of matenialated distress were identified.
Typically, the distress in the pavements manifested itself in the form of cracks and spalls on
the surface of the pavement. In some instances, significant misalignment of the joints in the
pavements, excessive cracking in the pavement adjacent to lighecsanistthe ground, and
misalignment of the light canisters themselves was observed due to differential expansion in
the pavement slabs. These pavements were further inspected to identify coring locations
which were representative of the condition of tlawgment across large sections. Figures
2A, 2B and 2C show distress in different pavements investigated in this research study.

The nature anthe orientation of thecracks in each of the pavements wdiigerent
from one pavement tanother as seen in gefigures. In majority of the pavements, the
predominantrack patterrwasthefi ma p ¢ o pattely whilgin othersthe crackswere
preferentiallyorientedin a direction that waparallelor subparallel to the joints. In some
other pavements, a gile dominant crackn the middle of the slab (typically orienting in
longitudinal direction) wa surrounded by tributaries of magpacks.

Also, in majority of the pavementhe crackdensitywasmoreintensenear the joirg
and were much more visuallyident (in terms of ease of identificatiorparticularlyat the
intersection of transverse and longitudinal joints compared to other locations within the slab.
However, in some pavements the craeksitywas more uniform across the entire surface
of thepavementvith no preferential orientation
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Figure 3 shows atypical layout of pavementsat an airfieldand coring locationsn
those pavementd-igure4 shows photographs ¢ypical locations irpavementférom where
cores were obtainedWhere possible, multiple cores representing condreta the same
pavemenwith varying degree of distress were obtaindthe typical core size used in this
investigation was 4 inch in diameter and full depth of the pavement, although in a few

pavementshe core diameter ranged from 3.75 inches.1 inches.
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Taxiway Echo, Airport | Runway, Airport II

Runway, Airport IV

Taxiway Alpha, Airport VV Runway, Airport VI

Apron, AirportVII Runway, Airport VIII

Figure2A - Typical Deterioration in Different Airfield Pavements
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Taxiway Echo, Airport | Taxiway Alpha , Airport V

Apron, Airport VII Taxiway Foxtrot , Airport VI

Figure2B i Typical Deterioration in Airfield Pavements
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Taxiway Alpha, Airport 11 [F ¢ ' Taxiway Tango, Airport |

Misalignment and Damage to Lighi

Canisters on Taxiway Echo at Blowout of Pavement in Airport VII
Airport IV

Figure2C i1 Typical Deterioration in Airfield Pavements
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Figure31 Locations of distressed pavements and coring sites at Airport I.
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Figure4 i Typical coring locations in airfield pavements to capture distress of different intensity
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c. CoreRemoval and.ab TestingPlan.
The ores were retrieved from the pavements using a 4nuaknted core drilling machine
with water as the core drilling fluid.The diameter othe cores from different airfield
pavementsanged from 3.75 inches @75 inches. The cores were drilled to a tepgual
to full thickness of the pavement, typically ranging betweeimd@Bes tol8 inches. In some
casesjntact corescould not be retrieved due to internal fractuireshe pavement. After
retrieving the coresvere labeled to clearly identify the pament from which they were
obtained. The condition of the cosavas documented by photographing the exterior surface
of the core and aninternalfractured surfaces to capture the evidence of distress, such as
reaction rims around exposed aggregate particlegamtion product$n cracks and voids
(see Figureb5A, 5B and 53. The cores were then wrapped in a moist towel and packed in a
plastic bagand sealedto preventany moisture loss, until they were processed in the

laboratory.
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Figure5A 7 (A) Typical locationfor coringin a distressed paveme(itaxiway Echo Connector 5 at
Airport IV) (B) T Physical condition of the core showing cracks running down from the pavement
surface (C) Fractured surface showing reactions rims and white reaction product surrounding coarse
aggregate particlesThe 3.75 in diameter core is 15.50 inches long with multiple fractures in the
core in the top 5 inches.
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Figure5B i (A) Typical locationfor coringin a distressed pavement (Runway at Airport VI) {B)
Physical condition of the core (C) The 5.75 in. diameter core was 16.38 inches long with a single
crack running down frorthe pavement surface to about a depth of 2.5 inches.
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Figure5C T (A) Typical locationfor coringin a distressed pavemeritakiway Foxtrot @ Airport
V1) (B) T Physical coniion of the corewith significanthoneycombing in the top 4 inches and from
7 - 12 inches below the pavement surfatbe core was retrieved in two pieces, wht/75 in.in
diameterand a total length of 16.13 inches
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