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Samples warz obtained from T/¥ K and {rom 2 reportedly of d._I air- enlramed

COncrels pavemen( secton.

CE-HE{E’E COIes wers tesie sied i ccordzancs "-]u"lL-"I Americs | C}G"Iﬂ[:r IO'T"S[IT"-'-' and

Materials (ASTM) Designation: C666 Standard Tes M thod for Resistance of

Concrete to Rapid Freezing and Thawing,

Concrete blocks (T/W X K) 2nd cores (air-enrained) wers tested n accardance with
ASTM Dﬂjgnag ion: C672 Standard Tese Method for § caling Resistoncs of

Concrere Surfaces Exposad to Delcing Chemiea,

Two tvpes of sealers. Hvrdozo Envirosaz] 20 (Enviroseal) and ChemTac One
_-____—-_'_|

(ChemTec), were evzluzed in the rapid freeze-thaw and scalin

Envirosea] is a water-bzsed penewrating silane sealer and ChemTec is 2 soluble

reactive silicats,

Based on lest parformanc: dara conceptuzl IEDErs Wore recommended,

]

This repor was preparad summanzing oy test findines and recommendsrions.

4.0 FIMDINGS AND RECOMMENDATIONS

S2sed on review of test data by others, surface dietress surveys, bref inspections, and

raxiwzy K surface distress:

[ ]

20073l

fom 0.9 10 .7 percent, Reponed air

i 19
jurface delerjoration I the form of morar fl fleking znd s

B

7y test cata: the following findings and recommendagons zre mada conceming

i

. TaxiwayK entrained air contents are poorio margingl. Qveral) air contents ranged
c

aneenis aear e surface generally wer lose

than 4 percent. Overzll air contents were ralatively higher in outer lanes than the

cemier Janes, Ajr void spacing | :‘.'I:IraCC'"‘:E'[E!:[L;‘ERC:Ed:u{.I'E-:D.UDE‘:.’L

ommended spacing {or freeze-thaw durzbility,

Ad 1998 indicate a prosression of

Jur

Visual inspections and dismess surveys in 1997

fer

ling,

Samples from conerale with 2n estimated 2ir content of 3 percent or less were

subjecced 1o laboratary:freszing and thawing tesis (o evaluzie the use of's sjlane

=

sealer 2nd the usa of 2 soluble -mc'? sezler, Two types of tasis were p::‘-.:f:nmﬂefl

The first st of tests conducted was & rapid freezing and thawing test to evaluz
4 . s
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suscophibility of concrete to surface sezling.

4, Bzsed antha Figid frasze-thaw lesting (here am no conclusivs zdva antazes of Lsunc' il
sealer, While laboratory testing does not accurately simulate fild parformance,
lesting docs indicate that the concraee is of sufficient quality where cracking due to

freezing and thawing is nol cﬁpr;::cd.

Bath sealers did not perform wt:rmprcw \ing ‘.nr,-m“*d mortar flaking. The

Lry

ChemTex solubls silicate sealer performed relenvely better in df:]z;nr-.g the surface
mass loss than the Enviroseal silane sealer,

2infE

6. Althouszh laboral lory lesting czn not be direccly comelated 1o field pefomancs, in

our opinion although the ChemTee significantly reduces morcar faking, it will not
give the desired durability for T/W X, Assuming that laboratory datz can be
comelated 1o field E.Eff[jrma:]cifl the number of anaval freezing-thawing cycl swill

continue at the same },1; rical rate, end 2 terminal mass loss criteda of 0.3 1o/ the

sezler would only be effectve 2 to 4 more pears,

comoination of sealing the outer Janes (relatively higher air contents with smaller

/; Conceptual repairs were recommended. In our opinion the most fezsible option is 2

amounts of distress) with ChemTec and overlaying the kez] section with 2sphalt

[re!aci'-fe.!;: lower air contents and greater distress).

5.0 DOCUMENT REVIZYY

A review of reports,and condidion surveys (o date was made. A condition survey by PBSJ,
, Erlanger, KY was reviewed. Mormar fiakine

of TFW E and west of T/W F. As

formerly Espey, Huston and Associates (Espe

o light scaling was reponad in 1957 in iED|E|E£d arezs eas

Iy

reponed in the 1998 survey, the number of slabs exhiditing morar fizking and light sealin
in [h"‘ are has s |r!1.1j“1n,.jf increased, Twenty-iwo s]abs exh bl"]h? na distress in 1297 now
exm;l; SOMmE momnar fja) ldng. The number of slabs 2 shivitng morar flaking has increased

from 22 1o 3. Rf;.:.:‘[a.ﬂ}r daized planes do not routinzly use this pam of the izxjway.
Disirass between T/Ws Fand J2 in tha 1597 survey 2 znerally rznged from mortzr flaking o
medium sealing, Ag reporied in the 1998 survey, the number of slzbs exhibiting higher
evarily sealing in this ars has significantly increased. Seveniezn slabs Cnhlb'l*ll'ig no disiress
in 1997 now exhibit some mortar flaking. The aumber of slabs exhibiting medium 10 5¢ vere

scaling has increzsed from 30 (o 45, Distress survey dalz are summaiized {n Table |,
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calculated coverage rate for the Enviroseal treated cores was 237 fi/gal. The manufacturer

recommended application rate is 125 to 200 ft/gal.

The ChemTec treated cores were submerged for 45 minutes on consecuri ve days. Minimal

welght gain was observed after the inital submersion. The calculated coverage rate for the %

ChemTec treated cores was 425 ft7/gal based, The manufacturer recommendad application

rate is 50 fr/gzal. 1\
iy

Specimitns constantly submerged in water were subjected to approximately 300 freezing and
thawing cycles. Mass loss and relative dynamic modulus were measured pericdically
throughout testing. As summarized in Table 2, all specimens performed well throughout the
tests. Mass loss ranged from 0.3 10 1.3 percent at approximately 300 eycles. Loss in relative
dynamic modulus ranged from 2 to 8 percent. Test dara are detailed in the appendix. Inour
experience with rapid and freezing thawing tests with non-durable concrete, mass loss and
change in relative dynamic modulus at 300 cycles can easily exceed 10 and 40 percent,

respectively.

Based on the rapid freeze-thaw tesdng there are no conclus!ve advantages of using a sealer.
While laboratory testing does not accurately simulate fleld performence, testing does indicate
that the concrete is of sufficient quality where cracking due to freezing and thawing is noi

expectad.

7.2 Deicer Scaling Tests

Marginally air-entrained slab sections from T/W K were sawed into nominal 12-in.-square by
4-in.-deep blocks. A cursory examination indicated that the concrete was rnarginally air-
entrained throughout the body of concrere with estimated air contents on the order of 3
percent or less. Ailr-entrained samples for scaling tests were 6-in.-diameter cores. Slab
specimens were freated by brushing the sealers onto conerete surfaces with Enviroscal or
ChemTec at the manufacturers recommended application rate of 125 fi'/gal and 50 fi'/gal,
respecuvely. ChemTec was applied over a two-day pariod with 60 parcent of the
recommended applicadon applied on the first day and the remaining 40 percent applied on
the second. Uniform applications of the products were achizved and efforts were made not to
allow ponding on the sample surfaces.

A total of six T/W K specimens were treated with Envirosezl, ChemTec, or nothing {control).
Closed-cell rigid insulation dikes were installed around the specimen surface perimeters 10
allow approximately % in. pending of water or 50 percent ethylene glycol and 50 percent

water solution. Three of the specimens were subjected to freezing and thawing in water and

e Lt e Tl TTATE e



water salution. Thinteen of the nominal 6-in.-diamelec cores were subjected to water and 12

subjected ta the glycol-water daicer solution, Specimens were subjectad 1o approximately 14

hours of freazing (0 + S de ee. F) and approaimately 10 hours of thawing (73 £ 3dz=g. F)

e flushed and ponded with fTesh soludon every five cycles. Surfaces
n2ss |0ss r"c--'-.r:d from decanted solutions, Scaling ratings vary

HH -

thawing, Specimens wer

wem:s;tdf*rs:&]ing and .
ing, Test datz ase detailed in the appendiz,

7, deterioration with the ethylens glycol solution was negligible for
all SDC:imea UP |_]r.n 50 frearzin g znd ‘-.h!‘r'-"l[‘lc I:}"CTEE. Mo :‘-';El'tiﬁ.l:ﬂf.'[ Emﬁ}un{
deterioration was mezsured or oserved since the uﬂ[‘ld“‘d glyeol seluton did not frezze ai the

YEMV [OD suna.:e_ CDEE.-'EIE Lempc—l’ﬂ{'ﬁr-‘_ TEasUres ‘nl: ID WO tﬂl: SU-.FIE'Cﬁ E'r'E:._E:'_':-I:.:

ly 3 deg. F. The glycol ponded 5pe:imtﬂs were therefore terminated at the end

d specimens tznded lo detcrorate in thin layers & morar disintegrated exposin

=5 A listed in Table 2, the ChemTec performed

g

Ir’fnltf pande

some of the near surface coarse aggreg
tly becrer through .z:.l':l cycles [hcﬂ specimens ur"'ti" no treztmens or treated with

gignifcan

E nyirosezl, Averags cumulative mass loss througi 80 F freezing znd thawing cycles was 2210
or air-2ntrained CG']EP’[:. 0.30 Ib/fe’ for no treatment. 0.33 1b/fU with the Envirosez|

J_.|.|

weatment, end 0.11 15 with the ChemTez reztmieat. Typicz! conditions of slab surfacas

imitially and at the end of 80 cycles are shown in Figures ] throegh 6 for TIW ¥ concrete

trezted with nothing, Chem T::, and Enviroseel.

( To =valuaie the effectiveness ¢ fL,,g ChemTec :t_Jﬁrcn previously scaled concrele, the

Enviroseal sgecimens were allowed to airc ‘fjr’ for five days at the end of 80 cycles, wire

———e
Tec, Efier hive dave

brushed 1o remove logse deizrorated concrtie, and re-cozled with Unem

'—-.—____‘___‘_'_._._______.._,___ F__—'_‘-..___w___‘_
m7ec) specimens were again sugpested (o freczing

ore uring the re-cozted Envireseal (ChemTec
end thawing { 1|:|r,.__:'| additional 30 cycles. The orizinal ChemTec spetimens were subjeczed 0

an additional 25 freezing and L."*'mr”-"“-lfl s summarnzzd in Table 3, both the ChemTze
cimens conti ru«:d to deczrjoratz. The rate of detsrioradon for the

|.

and :c-n:-za::r’ viroseal sp

#
fl el Cdeed LWl IR ==t e

{i I:-ei-ve"r. 50 uu B0 cw']cs 10 0.0029 1b/ft* batwesn

tnnr{:-s::ll specimens fro Duﬂ "i |-Chr

—— st
g %

( 20 _qs 1 |,;| '}--}as Average lerming) cum ..l*uw: mass was 0.4 1 1o/§t Tor the Enviroseal

\ e atment [re-coated with ChemTee) and 0.13 Ib/fe for the ChemTec treztment. Typical

' conditons of slab surfzces initially and a1 the end of esting are shown in Figures 7 and 8 for

TAW K zsnerate (rextad. with ChemTec and Enviresez] (re-cozted with ChemTec),

e,
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rained conciete did net loose any mass lhmuzh 80 freezing end
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2 Envifeseal did not provide any long-term protaction relative to the no
was only effective in delaying deterioration through

£

zzler treatment, The Enviroszal
———
approximately 35 to to 40 cycles, As the number of cycles increased the Enviroseal weate
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specimens deeriorat afid e rapidly or more rapidly than specimens with no treaument.
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The ChemTec was more =ifective in delaying surface deteriorztion. The average cumulative
u i LR '
mass Joss for the ChemTec specimens of 0.13 [/t at 103 cycles was reached in

eppraximately 40 cycles when no treatment was used. This corresponds (0 an increase in life

afaaam,uma:e] y 2.5 timas. Tests on the Enviroseal specimens re-coatad with ChemTec 2lzo

md cale that the rale of deterioration can be reduced but not eliminzted if2 ppiied to

. L

deteriorzied surfaces. Reductions in mass |oss rates between :C' and &0 cyeles and between

g add .45__5 I lr-

/Q.agg’l s

—1

1

30 and 105 cycles avaraged approximately 61 percent,

C""l

—

8.0 REHABILITATION STHATEGIES

Although thers zre no standards as [0 ‘n’hﬂL consttutes sealing failures, some Degartment of -

—

?L:ﬂrrhw

I8 —

Transportation agencies consider 0.3 IB/ft° 25 a terminal value, With aircralt operations and

—
¢
x

forcizn objest dzbris (FOD) risks, the ferminal mass Joss may be even less. Assuming 2

termunal mass Joss of 0.3 [H,IF[ tzl':f..ﬂ‘-_ mass loss of 0.151 ifbfr' znd ED"I.LT‘,.fC mz:s loss

e
7

j'._
/

P

rate of 0.0017 Ib/ft'feyzle; the ChemTec treated specimeas would fail in another 32 cycles

N

(totz] of approzimat ely 193 cycles), . 4ssuming the ChemTec is apolied (o fairly extensively

damagzd surfaces, terminz) mass Joss of 0.3 /I, gxistine mass loss of 0.15] [b/ft’, znd
continued mats logs ratz of 0.0029 Ib/itVeycle (Eavirases] teated specimens re-coated with

ChemTec); the ChemTec treated specimens would fail in anather 51 cyceles (total of

s

-

approximately 156 cyc ]_:s]l,

Although labararary tesiing can not be dirzctly corclated 1o field performance, in our oginion
althouzh the ChemTec 5inqj[‘1 cz H}f reduces manar flaking, it will not give the desired

R
durabifity for T/W K. 1ne annual number F < oncrs freezz.thaw cycles was esiimated from

nistorical air temperatu in he Cincinral arza 51nc~. thers was no ¢ SMperziure

W K, It was assumed that when the average air lzmperafure Was

Instrumen JGTI dlf" from T.

below :’ragzing that it constituted one freezing cycle and when the zverage air (cmperatur

LJ51'|= thase crileriz, u‘w averaze

bove freezing that it constiuied one the awing cycle.

number of freezing and thawing cycles in the Cincinatd area for 1995 and 1996 was 17,

Was

s

=1

Assumine l!‘altabnrarﬂr}-’ data can be comelaizd to fleld performance, the number of annual

freezing thawing continus at the seme rate, and & tarmuinal mvass loss eritaria of 0.3

SaTCETIT IxnE



K atthe Cin cinnati-Nomthem Kentucky Internztonal Alrport, Tests waré cond

The weating course would prévent the potential for 2 FOD problem if the

surface,
concrete surface were properly prepared. W
ar/concrete be removed by gnding or shatblasting, The mest

& recommend that 2]l logse and

dzmaged man
severcly scaled slabs should be removed and replacad prioe to preparzton for the
overlay, We recommend that joints be sawed and sealed in the overlay to minimize

reflective cracking from the concrete through the asphalt, Advantzges include

ke=ping existing elevarions of aléctic utlities and Tznsidons to other tariways.

The rzte of sealing deterioradon beneath the overlay should be deercased alchough
eliminated. A feasible rehabilitation would bs to periodically seal dhe ourer

not be elimi
taxiway lanes with the ChemTec sezler and oveclay the keel section. Based on the

end that the entire kec] section be ovarlayed

latest PBS] distress sirvey we recomn
Without r‘;&iring and with continued F2ezing and thawing, the west end of the

ue to exhibit sursce distress.

Bonded Concrerz Overlay - An air-enirzined bondsd concreie overlay to minimize
the existine conerete from becoming critically saturaied is anather rehabilication

eltemative, The joint sealanc would be e moved, existing surface would be

diamond ground ta provide meshanical band, suface cleaned, bonding grout
uhstrate befors the

applied, 2nd 2 dense concrets ovarley bonded (o the existing =
substrets would be

onding grout skims and dries. Joints in the overlay and

L

malched to "ﬁnimjzc reflective cracking and resealed. Caleulations will be

necessary lo determine the overlay thickness (@ RINimize suace waler salurztion of

the substrats a3 wel| as reduce the number of frezze-thaw cycles. The overlay

thickness o ‘may be on (he arder of four inches, which would require elevarion grade

transitions w e,..lmw inl r:rsnch' L:x"ﬂra:r"‘ and PDE‘*J oly redirect] n:r sm;u_ water

drainage,

9.0 CONCLUDING REMARKS

aborztory freeza-thaw testing program wes conducted on concrzta samples from Taxiwa
2Jorziory thaw (2sting p anducted on concrat ! y
ducted to

Ll

azss "'"'FI‘—T‘-:'”"F distrees, Concluzions

evzluate the use of surface sezlers to r-.:inir:i:- freeza.the

are found in the section "FIi

S

ian "FINDINGS e"-.'*{'D R-LD}T’EF\'D-“ "_H:I"\[‘? of this r2gort,

Ik
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 Tabiz z- Summary of 45TH €855 Rapld Frezzing and Thavwlng Tesis \
v v \
| N h
Relative :
Surface | Mo.of AYErage Dynemic
Concrete | Treziment | Cores | Mass Changs, Modulus,
parcen percent
| I
P | T K J nona s 0.53 1 gz
# ! |
- T K , ChemTec r g 0.22 ’ 8¢
' i ™ n "
sy T K J Envirosazl f o 1.28 J a2 o f
| - -
' Ei.’*E-ﬂ'u'EiriEd! none 4 0.70 I okt

Consiruction Technalogy Lebarglaries, lnc.
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