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Silicate Hydrate (CSH), which is the primary cont
graded concrete floor becomes more vulnerable to
e qument operating on it, further exacerbating the
The deterioration of concrete overlays in Waste -
facility owners and operators. The replacement of
i mplications, inclmdindetiaysect aondmptanophbgdebiag h e
speci fhiacsatbieoenn depwvevioped!l wi th the intentionlof aid
However, this guide has | imitatiosansledti dmckfs matv
repaiamd the use of .unconventional materi al s

Abrasion resistance is a key factor 2aff&bheéeinbgrat
resi stance of concrete is significantly influence
compos34tAomnsi derabl e portion of commercicalnltywi av al
emery and iron aggebe@ai ent oBwmtulg eameacrey heeg gr egat e an
pl ay important roles in improvingthbeabbrnabsbonrees!
concrete containing specific t58pesHoWweveon tiggreg
research on the abrasion resistance of concrete wi

attack and mechanical abrasion.



There is a frequent requirement to bond new concr e
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bet ween the repaicriltédearl Sevdersallbsgtriadieed shave inv
achieving interfacial bonding between 18 erTbrate
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and environmental conditions pl ddaissi gwiafliu@ad n tn gs tal
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friendly materials advantageous farsonm a ususatcei mseehail
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site. This composite shows favorable properties f
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1.20bj ectives and Organizati on

The following ardi sbherbbdjeochnhives of this

l.Ilnvestigate the performance mht epo maesaessa dhegt o

of enhancing resistance of concrete against or

2. Propose a preliminary design concept for preca
pl oyabl e repair strategy

3. Eval 9IME eappl i cdathieoms kti ir mwegh e ttlaeocrdgg otrd sdte p.enet r a

I'n this dissertation, Chapters 2 and 3 address t
repair materials for concrete overlays in waste t

vide recommendati enanaftemr i ad¢lseatnidngtdemphlli ng t o de

sulting in cost savings in the repair process and
term performance of SME applications tamdbrnihdkge kd e
sistance after topical application.



Chapter 2

EvaluationOoekerCagsiaste Tr an
Stasi on

21 I ntroducti on

Waste Transfer afSaa@itliiotnys WWMEIS9 muni ci pal solid wa
pact epgr, e @fanodre dt r ansport adiitoalsatnod ffiilnlasl. dlinssptoesaad of t
from the collection point to the landfill, it 1is
efficiency and rewWwWiSsetvanapocorniattii ol comesdess i n t he

enabling the aggregati on -dingdt arecd& isf et biug g o n(-a0)f swhmac

ampla wdstaemsfer station in the United States.
The degr adatfiloonoaeskt rotNedTySigse tae maj or i ssue for facil
Replacing these overlays incurs considerabl e ecor

interruptions, and pl annprnigmacrhialyl ermagseuslotnsld ihfinreand e t £
|l eachate exposure and mechanicaThabdatémninoif atoend wa
is refeifrppi M d&MmdoFi gure 2.1 (b) shows the degr ac

Exposure to |l eachate causescantr@&iacitm@nhypernt avteeech @
ment paste,sdloubni ewgc avlacieum salts. This explains tI
to | efAEhdathe foll owing example illustrates the rea
[5I:

2C#00H + ¢¥%(OHIORY OH (1)

This reactiomrmolncwmedsr ebel psl bh the degradation of

which is the primary contributor to the durabilit

Abrasion resistance is a critical W&aB8BReogaridnlfel suse nc
exposur e t ostordg3ans afi tchantiembtr arse vinst ance of concrete
fected by the properties and taynpde shiogfht @ ggghri e gtahteet so

aggregates is essential for improving abrasion res:s

4



Recent rRPaekhiijeallj. hyas expanded vtahiusatu mdge rtshtea nadbirnags ib
Por tdeammednt ¢ o nucnrdeetre e(xPp@G&)u r B oetxoa mplgea ni s teheep daebtr eads i tol
resi stance of conct éheaer dinse snsaionfl yt hae &acuwhacrtitsam e gogfe retg a
ratwi/ypl(ays a secondary role in inamelhasi algr aseonbr a
of high w/ c owinchr elticmresadayd ahgn exposureBasedrgani
these findings, a materi al design guide and corre

plicatlijons

Furthemenoe ei, sta need to bond new concrete to exi
waste transfer station tipping floors, where conc]
and the subs#8?28pteSevercalucstludies have explored th
terfacial bonding between deteri @982 edThhiosichened st
i s especially important in environments where hea

conditions exert significant stress on the concre

Strategies to enhance the acid resisdadc@e@®@di ncdnc

highlight the importance of high cement content i
cement paste enhances neutralizing capKoemrygygale t
[3 Bd e mo n stt lr aatt etdh e -aucstei voaft eadl kbailnider s I mproves resi st
Portl and cement, and the resistahddi tijiRanedlaldyd s wi t
revealed that, in the absence of organic acids, S
resi stance of concrete. However, under organic ac
cause silica fumé& deucfrfeeas ensgy tchaep accdiB&yr ebpye Icyomevreirc i fn
weaken amathexfibeerface, and | atex potentially reé¢

i shed peMboemapemretrati ng seal amnctosn ctrheate eamtde rhiinndte

tratmonsobére andcdtmarcofneclr eiteen will enhance | eachate
chemical surface hardeners can conver tcocnav ecni tuino nhayl
surface seal apmeslvedwa dbtee elmaasmndlyi ng equi pment . Howe
rene bl ®%)J M&MEDbe identified as an eff-pasedemselyl
esters, penetrates the pogeseafarctonthat ei, spnowvi da
andling operations. The addition 2@ Jpol ystyrene
From the | itsevatrtalerececmdéewlvaheods baatde been obt
studies have primarily focused on PPC or new con:¢
mat erials include unconventional componentss.and at



Emery aggregat e, | o mdaeggrcagqathe, camd aEmexXy Howeve
ating the abrasion resistance and the bond strengt

it was shown that a@ddcacti uonf hyeamernt drey draatbiypm, i s t|
buffer against organic acid attack from the | each
the mixture in the form of an admirxtpwria mey ean had nsc

ate attack. Although t#e& pdmoavisr ptoitemtriadi Stoandaenpo

a surface treatment, no studies have been conduct

To address the above knowledge gaps andaexpedtat |

i ngt teo manspect b,i eaantdi otnhsei r abr asi on resistance an

|l ohgrm exposure to an organic acid solution. The
oped by Park et al. I n tdhies sfeprititatt iomat €€ ¢ tail an aomfd t
scribed in detail; these include mixtsoleutpir@ompofradrni
l ation. I n conclusion, this chapter investigates
rials in terms of abrasion resistance and bond st

concrete ageaidsatbaghkhnic

A |
Y =

7

(a) (b)
FiguBPh@t ograph :0&)perWES ogaiatldet fi dpgoii Inigt f | oo r



22Mat er i al s

22. $ynthetic | eachate preparation

The oncfrledcer i n wasd s terxgoosdgemtiitebt ati aok f Pamkwast e
al. collected twenty samples of fresh | eachate fr
The analysis revealed that the | eachate primarily
butwarcid [1,4]. The synthetic | eachatle with chemic
I n dihs se,rtaant isochdi ti onal step was taken to enhance
guent experiments, further validating the effects
abrasi on. oi | and deter gqente,al whiealkt harnte ,c wegtei tadalre
ate, and their effects were evaluated accordingly.
in transfer stations was investisganhede tRsouyglompa
resistance of concrete exposed to the | eachate co

|l eachate contai nAsnga orrgsawmlitc, aciildsamdldet ergent hac

in Section 2.4.1. Therefor e, oi | and detergent we

The concrete speci mentseawmenpt prapboe@dwivt) hohh oa8¢
aggregate content of 70% (28% c¥ncrEBhies sammc raetde 4
sampl e designatsdd emgthHhORO®n(chieghe) , which was used

experi ment

TablleChze mi cal composition of synthetic
Vol atile Fatty ac Anions (g/ 1l ;
pH
Acet i ¢ Propio Butyri Sodium ¢ Sodium s
4.70 2.95 0. 35 0.32 1.88 0. 44

*Sodium hydroxide is.added to adjust pH to 4.70




222Abr asi on resi stance

I'n the abrasion resistance test, various repair
from each company. Due to confidentiality reasons
ucts could not be anal,yzZerdkyarcd ndibsc |lbased.l yHacvad veeg
binder and the type of aggregate they contain. Th
categori-kasedcaneahdedoxwhil e their aggr ggatggy eagrad er

and iron aggregates.

The specific characteristic22ofHigachhtpeodudt camnad
(HOPC) were fabricated to compare f{Thbed3eabhmavsi darher
mi xture pr opodlrhtei occno nacfr e ®IRO@VBErcea e ns8si ng Toyrptel aln dor
cemevimnt h & ocwarteenrt r at i.oh® whaXi mudm Oag@Br-egahe ateeuwhn
for a total aggregate content of 70% by volume. W

fine aggregates were set at meQwraspestd® %bvefl yt he to

Tabl2eTh2e | i st of repair materials for abr a
Na me Bi nder Coarse aggr
HOPC Cement Granite
Cement _Emery Cement Emery aggreg
Cement _Emery Cement Emery aggreg
Epoxy _Ilron Epoxy Iron aggrega
Cement _I ron Cement Iron aggrega
Cement _I ron Cement Iron aggrega
Mortar Cement -

Tabl3E&EMi2xt ure proportion of HOPC

Na me w/ ¢ Cement Wat er Fine ag¢ Coarse ag
(1 b% yd (1 b% yd (1 b¥% yd (1 b% yd
HOPC 0. 3 819 246 1241 1861

*Water Absorption of fine and coarse aggregate are 0.5




Al'l samples were cast in 2x2x10 inch PVC mol ds. T
for 28 days. After the curing, the samples were ¢
ubsequent abrasiombrastiiomgtgpsoc¢eadgu was. cbmauct ed
peci mens to mitigate the influence of cement pas

T nu n

rovides a more realitsearim aerpdietsieontnadifinainhtehfef |tadcaer ulr

rel evance of the test resul ts.

Fi g22(ea) shows the exposure sAltlupc oonfc rsea nep Isepse cfi onte
pl etely i mmersed i n iahisgylnrt shietty cp dleyaethlaylee e | awd n toani
ratio of 0.95 between the specimens and the acidi
| eachat e fTolre epvHa |l oufa tli eosrecghoant i et aosr telddte taicshaalgsuet i on was r e
with fresh solutdeonewbeshtveer thpepiHf i c exposure d
days, a set of concrete specimens (comprising siX

t heir abrasion resistance.

To evaluate the eftentrof €amplem Wwegdeogtdengthby
concrete sample (06GPRPG) twittah wihg@Qalkgiad ma wsd wuarbky e @
repl aci,ngb,byaicéd méd%or-PSSMEoat i nqnedveanid o acttairmn , sampl e
position tees SBVEHeod apgred ag t o t he surf@QC=peodi achhe. c on
The ®PMMEosagbr wsosat ed ont catmpé ecamdr etoencr et e sampl |
hou€Cencrete samples with difofrerseMB coattchgmwehgedpeoex
i mmersed in synthetic | eachate f ogweaceo nedxucetnedde.d pe



223Bond strength

The | ist of concrete madt efThel sohesteed BeEbshowhes
inches, waesengr éppeoald koarnuglnntalr wd tpeerment rati o (w/ c)
a total volumetric aggregate content of 70Q0%th28%
mi xture represents .a Afytparcadursitmagicftarr a2 8 chanys ,e tteh e
di fferent conditions over 210 days. One group was
while the other group w&$ gizrfrde)r ssehdo wisn tshyen telxeptoiscu rlee
for bond sTthree nlga ehc htaetset swas repl aced when the pH r
monitored throughout t hekaexpopuger @eralold.s WAdgsterat é
and -wiwehed tgpr acenbveurdfeaces resulting from expos.t
hance surf Sudsrequemneys. hal f of t ot al sduebnsotliriattieosn
hammer to increa3e puelvaeoe emuogbhpeéeyvsowesahyat emaibalof g
saturated substrates with dry suThacewsewleay waepai
on the substrate and a wikrtBirgdi &d u $thsead atso pceodn ssaul
of sulsilnaheoverl ay was applied fcaurtelle fOooname taed ds

days.

Tabl4eT h2e loivetmlaasfyer i al s for. bond strength

Na me Bi nder Aggregat e

HOPC Cement Granite
HOPC_ _Bdnd Cement Granite
Cement _Emery Cement Emery aggreg
Cement Emery Cement Emery aggreg
Epoxy | ron Epoxy Iron aggrega

aBondagegnt was applied on the surf.aclehe fb arhdei nsqudegde niip,
is manufactured by Metalcrete I ndustries.

10



(b)

guk®©®rdani c aci d ek paobsruarsei osne trueps:i s(ta)nfcer t
rength test substrate

Figu€hpped

subsdemaolei biyom thammer .

11



23Met hods

231Abrasion resistance
Fig2a4id | ustrates a-lmthotdegred pip edf atptpeariart us uti l i z
sion test (tHevebopsibhyhPatkekster is composed of
mot or powered by a DC current s@ppbyateoahbl i spgpepd:e
i men i s securely fastenedclwanmpm, neras wsrpiercd metna hioll idtey
mi ni mizing vibrations to avoid any wunduetiwpibt o
the rotating abrasive wheel
DN 3 DC power supply
Sy {l = —; B 4
@) (b)
Fi gu4aARbrasi on test mpacnhdi n(eb:) .(sai)d ef rvoir
The speci men i s pr esBwed gahga tgresste rtthhaen evdh ea@b o we i tnhy
hol der , all owing only wvertical mdsv etmetndel i gshetltfhh e s
5. 721 6) ,kgbhut additional wvie g g h ¢ dtaon tibrecnreadadseed tthoe
applied. To prevent specimen overheating, the ab
I n this study, a commercially available silico
thickness was wutilized. Concrete specimens were
mi nut es. The abrasion testréas bdpeci nemsutoedbaot

12



bottom sides of each speci men. The average volu
adopted as the test result. Given the abrasion e
abrading a specimen replicate.

The volume | oss of t he sbpaesceidmemosd ew @ 9nigrodca shuyri, e da IS
ur2e, foll owing the[B3STMestamamga iClBass before a
wadi vided by thel@6eh®Ptyoofderheeckthy ¢olume | oss

rather than mass | o0ss mitigates errors stemming

(a) (b)

Figus€hé& example of volume | oss measur ement
on concrete specimen: (a) before and |

13



232Bond strength

Fi gRGdeescri bes the equipment and samples in the
strength between repairofnfatteesital wa sa nado nsdubcstterdatiers ,

Cl5B8 The experimental appar afbBST feoequitghmentp umagrowsfe

Germann | nsArbimgah sdil amet er @arde tcwanstadertiel,| eedx tienntdo
beyond the interface into the substrate. Subseque
uisng epoxy resin. Tension force was -FESTemgui pamkeh
at a constant rate of 0.05 MPa wuntil failure occu

z
g
z
£
5
5
E

(c)
FiguéeBol2d strength test method: anmd (ecq)uiJame

14



24Resul t and Discussi on

24. $i mul ati on of the synthetic | eachate

Fi guiseého2vs the results of abrasion tests conducte
ate with different compositions. Results of abras
such as the distri butciommncroeft ea gsqurre gaacteg s tore rtelfeo rtee s

samples. The differences in outcomes between two
sistent abrasion performance regardtebBasobetehecpnt
that oil and detergent do not induce significant
of concrete beyond that induced by I eachate. Addit
and oi In)edmai mctoanist ant pH of 4.7, there was no effe
mental findings, subsequent tests wutilized synthe
1.000
0.900 mSynL
0.800 OSynL+0il+Det. {
I |
0.700
2 0.600 I
£ 0500 !
2 0.400
ol
Z0.300
0.200
0.100
0.000
0 60 120
Duration of exposure to the synthetic leachate (days)
Fi guT¥ol2ume | oss of concrete exposed to dif
better performance. (SynL stands of s\
thetic |l eachate.with oil and detergent

15



242Abrasion resistance of repair materi e

Sever al repair materials were immersed in synthe
resistance test was conducted. The repair materia
main factors: bindemdteype wamcceahetnd a @ ald caxmil gepndd. B i

aggregates weemer yate@gdredgmreadg gorsedg at e. The names of

assigned based on the type ofcdmmaepoodalnct amaymelqg &t
cl oseddiisns etGQuiragt i wln s awepdece gtr ®d pb WHi pshtorde@rgdthtm aa 'y Por
l and Comaerftd®©RaCnNd morftodrl owi ng the devel oped materi
mendati ons flp(rw/WT SO .f3 ®,0rwo !l ume, ogr anitthed aagyogrr eeggaatt ee

Figudiel2Zlstrates the results of the abrasion test:
| eachate for durations of 0, 90, 150, and 210 day

cates, and the erraord hWarnvs atémmesent the stand
3.00
N m 0 day m 90 days m 150 days m 210 days
2.50
gZ.OO
g 150 | I z
g
< 1.00

HOPC Cement Emery 1 Cement Emery 2 Mortar Epoxy_Iron Cement_Iron 1 Cement_Iron 2

Type of materials

Figu8AbRasion resistance of repair materi a
150, and-s2nalviadayes c or r le e tpgoenrdfso rtnoa na e .
stands for cementitious based repair 1

epoxy based repair material with iron
I'n all twgheupsposawsre period increased, Htoolwevaver ad
150 days of exposure, there was no significant di

suggestthse trhaatte of degrAmMadali oar mat inwd aTmalsy |aing . coul
continuous | eachate replacement process, the topm

consistent abrasion test results despies Wwengeuse:
16



for the abrasion test, there were no signs of | oss
no vol whnd hlowds mbchanional

Among the repair materials, Cement _Emery 2 exhib
ri al emewiyt aggr egat e a&loomseirs tveonltulnye slhooswsedacr oss al |
to those withermerrogn agggoeaygsdeteea g grsegates (around 1/ 2

comprises finer particles as a fine aggregate, thi
l ed to relatively higher volume |l osorrAdaeidt ammnalle
oxides during the 9shpwswipmm@senpgal sFiwgahdi Bmer gggog
gregatpewsed to t he ascyomtthaetniecr .| eTahcetlraetfeo rien product s
from signgrfegammasi on in | ow pH | eachate, | eading
Al t hough HOPC utilized granitebbasi ot mrggreganee
repair material s. HOPC showed an insignificant di

to Cement Emery 1, but a substanti al 37.8% differ

Among materials with ir onalaognerre gaavteer,a gkep ovxoyl ulnreo nl
Cement _Ilron 1 and Cement -basad?2nmailéhi biarkosng gaegsglreesgsaht
prone to degradati ocemélyd d ed crisartneereicaslmgmane d based ma

@) (b)

Figu9®at2er i &@limerwi talmd iafome matghree gsaytnet hed i ct W
(@material with eh@mayeagalfewgaté iron a

17



Fi gur(gr @sents the results of a previous study co
with | i mest dnelipna pTdhigsr afniigtuer e was referenced to ai
current study. The graphs on the |l eft and=0r.i3ght , |
and . 4he absence of organic acid attack, the abr
the hardness of coarse aggregate and the effect o
ganic acid exposure andcdmedhenieddlecabrods iwdlmc ibse coar

6 - 6 T
A\~ Coner 0.30 Lnst, A\ Coner 0.48 Lmst,
_| - Coner 0.30 Grut&Lmst _ | - Coner 0.48 Grot&Lmst

P @~ Coner 0.30 Grnt — 2 @~ Coner 0.48 Grnt T ——— Y

?4- ~ 4

o 3t T i 7\ J gl AT @

- I T— . = ~®

E 2t B ' e @ E 21 @

= T Is]

= . ® = .

0 1 L ! 1 1 . . 0 1 ! 1 ! !
0 30 60 90 120 150 180 0 30 60 90 120 150 180
Duration of exposure to the synthetic leachate (days) Duration of exposure to the synthetic leachate (days)
(a) (b)
Figut@erhe effect of Xposure to the synthet
di fferent a(gyte at §N Yy p@Hd]4 @

18



243Bond strength of repair material s

Bond strength tests were conducted on repher mat
mat erial with iron aggregate and mortar spmprke wa

abrasion resistance performance.

Fi gullsh@ws t hree modesofoff tfeasitl:ur(ea)i nf aihliur epuwilt h

due to cracking at surface; (c) failure at the rej
t hatooteltkehi bits greater tensile strength compared t
ti ons, it i s also cruci al to establish a robust b

within the substrat@i stpeetfermTddsinfahilsrprmpdet
have higher tensile strengtdi shaatcbherteypi sabst ej
mode obfé&a pelt, but the reasornsiirbethhiedtl urd&s snoidlel

the | east desirable since it i ndicates | ow bond s

(@pubstrate (b Prematurely (c)nterface

hin the substirnmtte

FiguI@Bodai Ifure Mfader e wi't
the repair material/

surfacefai bunde (&}
Fi gulRiel Rustrates the results of the bond strengt
me th o e x poorsguaareiiad he f ai lttrees tmoglrercumfar & . Bempoirn ed
ASmoodénotes substrates t hbartu suhmadnéga wadsa t d rppr noscipeadguar aen d
whil e those addicthipaihadex yl isawibt BMc t ibrd it o@&¢hmeabnpti_ nEgme r y
1 and Epeoxxhyi blirtoend f ai |l ures wisubisbhbaarhd asturbesnt gtah se.,

strength of the materials surpassed the tensile s
strength compared to other repair materials. Cony
bet weebst hat euand (feapdiuchemavoaei aksult, the tensi/l

ranged from approximately 3.11 to 3.53 MPa.
19



Contrary to the pur pose onietelmchdasncutstegdsb o ed esatrrcdin g t
in the substratesi sChintpgeinsdigndu InattéiIsi glesleavelh of r
without thedutyefofel deagwi pment suddr. asthgddondemo
the exact trheugtmreHdldeppfed substrat es esthri drhgatad asi- g n

ticipated, even failing at strengt hs(fali tnu@dbe)t han
Surface treatments | ike chipping theoretically en
t ween repairtr materials and substrates. However, t

i sting substrates veuflfnoerrtasb | eea k eDecesdpVvi-é heivprpe ppegast terdi s k

not completely solved. Moreover, chipping in this
relative to the ConclrOetreeqSwirrfeadc eb yPrrodpdier (8CEStPer i8a
tention is requi kleOd Iteov edc hoife vseu rtfhaec eCS R e&t ment wi t
We would Iike to reiterate thatsthewebskbornadtsbnen
from chipping t he ss ubbesctaruastee osfurtfhaec emet hod wused i n

rougheni nigmphedné dit lbbee sur face roughening in the fie
of 8 to 10.

TablbeFa2i | ure mode of the bond strength test w

Material type
Condi t
HOP C HOPC_Bo Cement Er Cement _Er Epoxy _|I
Smoot I nterf I nterf Substr e I nterf ¢ Substr
. Premat Prematu Prematu Prematu Premat
Chieag
cracke cracke cracke cracke cracke
4.50
4.00 Smooth ]- T
3.50 Chipped i T .
53_00 T l
= 2.0
= [
2 200 ¥ T ; .
2 I I . i}
S 150 : T
3 i
1.00
0.50
000 1 1 1 1
HOPC HOPC_Bond Cement Emery 1 Cement Emery 2 Epoxy_Iron
Material type

FigulI2ZBond strength of repair materi al

20



Fi @@l3shows the results of the bond strength test
without exposure toaltlher sywltthetareh éeafcahiahene hme d d s

group are also 6reported in Tabl e 2

The bond strength between all repair materials a
at e. HOPC exhibited a decrease of 21%, HOPC with
Cement Emery 2 by 73%, and/,Epmaxyerliradms bwi tHh3 %.meR ar
rel ati vely prionobuonncde ds tdreecnigitnhe wi t h the subsitrate
Conversely, amongftbhe ,erfpmexy marter idadmonstrated t}
with sulbesvteerascebse streamgd hexolfiybsiutbesdt rifasteel & o b satvil dutn ée n

modeThae) tensile strength of substrates exposed to
2. 45 .CPas e g exeprotsluyr e t o synthetic | eachate results i
the twandtgwearis acid attack | eads to a reduction

concrete substrate.

TabléeFa2 | ure mode of t h&mboiuth sdtrrad reggtoh t est

Material type
Condi t
HOPC HOPC_Bol Cement _Er Cement _Er Epoxy _|I
Ref er I nterf Substr Substre I nt er f ¢ Substr
Leach I nterf I nterf I nter f ¢ I nt er f ¢ Substr
4.50
4.00 Reference
150 Synthetic leachate [ I
g 3.00 I ]
% 2% [
&
‘z 2.00 [ 1
=]
A 150
1.00 I
0.50
0.00 . . . .
HOPC HOPC Bond Cement Emery 1 Cement Emery 2 Epoxy Iron
Material type

FiguitBdBo2nd strength between repair materials
HOPC_Bsothadnds for HOPC overlay sampl e wi
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Materials with emery aggregate displayed excelle

strength with substrates unexposed to | eachate. H
attack in terwsemnft hendulsstrreatge Al $ hexugds ¢1DPtCo i Ine & ¢
the | owest bond strengt h, it proved relatively |e

cation of a bondcionngp aaegachnhtie creensewnitt eod t W eadl tshe eqgh ht
HOPE&verl ay, achieving 88% of the bond strength of
substrate.

22



244Eval uation of mendadiscdt o eismpit ane e

ACalcium hydroxide as an admi xtur e

Fi guldiel Rustrates the results of the dosagCasdn res
cium hydr,oxexmpogqedH)t o t He es ywrodndta pelitee Wwietalt had @i. t i o n

| ower abrasion resistance performance compared to

CH exhibited the | owest performance and the sampl

t ham€mpl e wWiH.h Qo sequentolfCyHt ot lt® nandoett ecicormrde | at e wi t

resi stance. Contrary to the expectation that addi

resistamice aoi orgtatack, there was no significant d

indicating that the substitution of CH was ineffe
1.00

0.90 0 days 90 days m 150 days

0.80

0.70 I

0.60

0.50 [ I I
0.40

0.30

0.20

0.10

0.00
OPC CH 2% CH 5% CH 10%
Samples

Avg Vol. loss (%)

Fi gul2f2X ect of diffexx(e€HHt) dosagpeacofet@a (s@hnpl
exposure to theCHy2a%hetORCI| ®ammlae ewi t h
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BSoy Met hyl Ester PeISys taysr ean es elmll eamda ( S ME

Fi gufi5es hdtwtse results of abrasion reSMPBPtRamatei ngesaf to
exposure to the synt & MEiISco ateiancgh ast heo wsS alnmopw eers  awhi rt ahs |
mance than samples without the coating and the di
of i mmersi on$SMBP®dd actaitngnghashaad negative i mpact on t

Fi gudes hbws the surface of CcOME Qeotaet isnagmpalfet ewi tehx poc
synthetic | eachate. ESWBSrcecatei rsga ntbd necsn & trreaatt eed swa ut enr
compared to those without such treatment. This ph
SMEP oating and synthetic | eachate of [B8aAWfR pHpom est
application to tB&EPSoaawitetithe wsautrefra ceend thhyedr ogen i o
solution, l eading to the generation of further ac
against or ganSME &wiad i antgt exka,c etrthbeat ed t he aci d att a

0.90

0.80 OPC ]

SME coating
0.70 1

0.60

Avg Vol. loss (%)
(=]
=
[==]
—

0.00
0 60 120

Duration of exposure to the synthetic leachate (days)

Fi gul®fX esMP &foati ng on abrasion resistance
| eachat e
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@)

FiguleefX esMP &foati ng on sample surface afte
(a) wSNEBS&SwWtati ng; SAME (o)t i wmigt h

25Fi ndings and Concl usi on

This dhaptadrihgaté fect of | eachate expodbomeaofcen rieime
repair materials anmatteirei arless uwitt h nedmeray edlgogwadrg a(ti )
vol ume | oss, hi ghl i ght ihnogvetvleai ri t @b shaosidgm isft & seinsgtt éhy
mi sweidt h t he xpuwtseetdrrag eningtigeci dbs with iron aggregat:
deteriorati croramd eagerxdgpateg) Ht beachate environment
their abrasi)enmo»ywesedtmateri dlis showednbdowéghaveliba
st r ecnogmipha r e d -btacs ecde nyeantat e rdd igtliltee}p SNSME a tsleeal aacdi thioaoan o
ci hmdroxide as an admi xture effectively i mproved
attack. I'n PQrexazuenbat EdMEdet eri oration on the co
| eachate.

Threesear c haroautuwcsoee st o d e vred coopmnseungdgaetsit ornesp sf i oarn dsaet! eer
alamdt r atbagieads on bi nder( iAman g gtghree gcad nemd rypieal |y avai
including specialized ones, those containing emer
aggr gigiatwhi |l e epoxy binder-bamaygy bendeperi bheto oem
tonlgcalized repairs duy@iitdohecapphi catboonsi dérahni e}
provi de bowfdf isdciremtgt h compar abl e tan(@)haltt oifs sgpdkwii sa
avoid theP@#hse aofseaMBNt and calcium hydroxide as a

are unverified in WTS environments, as they may d

25



Chapter 3

Preli minary Design for Prec
crete Overlays as a Repair

3.1 I ntroduction

As discussed in the previous chapter, any constr
fer Stations (WTSs) causes significant operationa
idr om!| aaegpr oach, can be a promiskengoastattegiyobytrt

convent iiernalcecasosthcrete topping or pavement.

Pr ecoapsrtestres vevckrd mayce mtreet sappl i edi t i mindlbwaysige
[14-21] These apipnolacthed the applicati d4i], oh pombashat icc
precast and prestih4ssaddcpnestetespadementrete payv
t hent posf48.Mdd s approach allows for opti mal curing
more unif orMmeendbnyblbdéuecaont rol | ed marHMdiShThigwmahigt ynyv
contamalrtelse st ancdruauochpcesasckaagnngi wat e to a higher
environment al and mechanical abrasitniasppeadchmgal s
al | ohpeo s s ithoi Idietsyi gn sl abs t hat airml ddheée naeijddshtaen <loa

By prestressing the concretien, tchemErireoSBicoeaps ©rsSe s s
sioammnsuhat the tensilawesghesoés ahdombohédpaaltd adi
exceed thBeewoinkeeserength t her ebptyr apnrsepvaenntlta tnoga dc rnagc
Therefore, thestursaen tosf iprmerssasriseml gi¢i hhegost heaehe cpaamde us:

t hwis | | reduce the number of joints whicThhe susteheofm
t hi nneirs spaarbtsi cul arly advantageous in scenarios w
operational requirements. Owdradlsl r ppirgiseendrso fagp s e |

to the challenges of -demabdl i bgushbhAli ththbehdgelpt sy abhn e
pl oy precast or prestressed payveonveenrtl atyescehknaovlea gbi éeesr
in vdriieduwsukkihglaway s, airfield@yt hand Oti dpratdiechk si |

st athiamsobse ex pl or ed .
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This chapter suggests the use of precast and pr e
nd repair strategy that is rapidly deployable. T
or the overl ay paneld. dihhsde ema ma linddeengsingeant ilpnege steman  p
tensioni @egsi dProisntg was excluded from t hsiist es twodryk bte
c
u
n

—h

hi eve tensioning and fl oor panelanadntneagirnatte noann c eA

rface abrasion or c fipar-tele n B gpoanreedl sc osnu rpacsrtt, s trmoed uuls

SRV

d facilitates easier replacement and repair. Fo
p rtee n s iroantihnegr -ttéhrasni Dgndiswitga i nt ended for use as an o
structuroater ¥i agras a strGohearati supapalbrtoatdemendit
was determineeigbtbefthdessl fab during transportat
after installation. Accordingly, the dawoingrfwds fdgL
devices and the panel di mensions (i.e., thickness

on guidance from WTS field prof edisd oairatl eslt it doe sr egf el nee

design infepmatfonatainadns i ncoaemsdr ddarmrceP Cwi tthe sA@In
[4 4 48lJand provides detailed recommendations and g
of WTS facilities.

This guideline shal/l serve as the primary refere
new consttriugpi mg faln@dor repair. |t also highlights

cast and prestressed concrete over |l apyot eTnhteisael irnecd u
otonstitugei edscéecd dmbort ;0 egprteha treart i sop ad essm@ lmhakt eerr i a |

of oi,ntdaarability, and economic benefits.

32Gener al

The current section only provides materials, ffabi
cast and prestressleed ebhecketef oeepbayre of concre
this recommendation through selecting materials t
I n addition to the requirements of the current se
specifications for structur al d enssi gonf itnh ea cBwirlddainnce
guirement for Strutb9urat €E€gounicvaelent ALs B4Buired b
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3. MBaterial s

A. Concrete

The selection of materials, proportioning of mix
shall admeatrer itaol tdhesi gn recommendad | DifNco)f oMaitnheai w
watceerment ratio below 0. 36, (ii) ensure that at | «
(iii) use granite coarse aggred®at aspgdzZizacel admi cn oma tre
such as fly ash, silica fume, a ndoasd daigtgiadwihdi lwh  r ye d

dr oxaisdasimmi xtand (v) avoid tHeatmosdei foife dp orhigxifiusriMEes f i &

B . Rei nforcement

-Noprestressed reinforcement: Grade 60 or Grade 8
to ASTM A615 or ASTM A706. These steel grades ens
stresses and cond rovelrt &l It os tt dlei Isittrywu.ct@Graede 60 bar
80 bars provide highercartmryinmgg hc avhea iet ya dids tn eenchd d .
i bility depending on the structural demands.

-Prestressedpresnfessedensatrands (Grade 270) shal
Thetr agnd#ihe nexempradwysiceshance the structur al cap
preloading it to counteract tensile stresses. Pre

maki ng it eiwsdpeaanl aknddo ehidogshg r uct ur es

C. Lifting Devices

The lifting devices most frequently employed con
out from the concrete, threaded inserts, and varic
concr et eT hed seemelnadtosp.s, which are formed by bending t
of handling significant | oads, making them a comn
structur al component s. Thteaded momdeartti®ohi tbeyd tadd oa
easy attachment and detachment of | ifting hooks o
ing devices, which come in various shapes and des
provide saflarnycedcad efficiency. | f threaded inserts
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to the manufacturerdés guidelines to ensure proper

tionally, al | lifting devices should be carefully
wear , or corrosi onhetihractd ogaogu Indy «cammrcd miyse Ptr oper u:
only ensures the safe handling of concrete el emen
dents and damage to the structures being I|ifted.

D. Grout

Grout can serve various pur pofsecsi, |gstoaititictmgme act o ngr

|l ay panels as well-eassbengbishfr@edgir sawses ped:

Cementitiiosmsaxgupoet bdnd cement, wat eirs faamdorfedef @amg
application anfdorf | foiwlalbii.fig t hkcaarng ebrea jaadpjsu st ed wi t h a
strength, deemdunde waxtcerd erate setting times as need

No# hr i nki sgraopuptfrmrp rea s wer i nfgr emae sbhadd eandofiadr filling
tural Intelgkbowyg ht omre x phaanrsd gonnp nbgevfeonrtei ng s hri nkage ar
tact with dalhlusswawnfdaomgs in | oad distribution and pr

Epoxy igsroautmi xture of mptoxwyiidledi sstagdi ghedtbgmngt h
resi st anetee,r ma ndduArilashai ¢ uiitty@ab hal fengi ngnments subject

exposure, oil, or whelTdhea awdtesr wreo @fr opealt iies ods el
benefibcdmdanidpt ensi |l e capaci.ty between overlay pan
E. Abrasion indicator

The abrasii@anniewdideat are s uggwisltledbd ni n htitse tfhoersm so
embedded on t he Tshwerofnecdessttaif | t dife gklmedi.on 3. rMdhiec at or

visible portion of the cone will provide a direct,
di ameter of the exposed indicator with the extent
the increasi g asxspacomree wofl [t mamke it easy for the
This all awanef atonrné¢ @alr@&ngoafli thenpthebughout its s

checking the diameter of thesviwdhielml ¢ hler panedones, af

wear | evel s, enabling timely maintenance or repl a
system not only simplifies the monitoring process
panel -tienr nh oanpgp ! i cati ons.
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05"

D : Total depth
d : Abraded depth r |

Figul8cBemati di wmeensi apmdecast and pr.estr

34Fabricati on

Panels shall be fabricated either at a certified
| oc atseidt eonor near the construction site, dependin
Regardl ess of 't htehef acborrinceartsitoonn el oocfa tai osnu,ccessf ul ma
mentation of strict quality control protocols. Th
every panel meets the required stamsiavesi hopepei 6
be conducted at each critical stage of the fabri c:
curing, and finishing. These inspections are esse
f orom atl | mat eri al specifications, but also to ensu
are strictly adhered to. Any deviations from the
vent issues duri Bg inmdtnalali antiingn harg hs esrtvainade.r ds of

process wil/| produce panels that are reliable, du
tended application, thus ensuring .the overall suc

35Li1 f tainmg I nstall ati on

Lifting devices are embedded along each |l ongitud

per edge, to facilitate safe and efficient [|iftin

construction sitei.alThfesre aressurciersg atrreatcrtulce panel s

transport aAhkadysyalbakioht wildl be -2imBedf.coy eed ptam eil

i nstal Itahtei odnevi ces wi | | be tri mmedefnomi hhehsuf6fa
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ends of the | ifting devices may be vulnerable to
with expesaaghathey will be concealed using a seal an

degradation over ti me.

Each panel is designed with four ,deéhsicdn @htedeck mphief t
mi ned to ensur e rsaagtk@ enl cbhic negtthes. tphboswetvieord e vicatmbes e
benodiedntdhei r new | ocations must be carefully sel ec
|l oads and stresses that the panel wi || experience
engineering judgment masly bdjeséemenssedtobotbaersui ét
mi se safety or structur al performance during the

integrity of thedpdrmelossghaonutbd hmaihmtnailn ng and i ns

36Connectivity

The connectivity of concrete overlay panels is a
extending the service |ife of the flooring system
all ows for the esveac rddsss rtithauts wrnf aode,| ovahdi ch hel ps
trations that could | ead to cracking or prematur
structur al performance but al so e nahran cceosmndounrl ayb iul si
achieve effective connectivity between panels, as
the panels work together as a unified system. The
adj acentd praendedcsesant he | i kelihoodiabi dje®@iomwt odiagtl @ mies
specific guidelines for dowd/ll. pl acement and si zin
TablleDo3wel si ze and spacing

Sl ab d Dowel di mensions Dowel spatbngentn

(in.) Round Squar Rectang Round Squar Rectan

5 to 3/ 4 x 3/ 4 x 3/ 8 x 2 12 14 19

7 to 1 x 1 1 x 1 1/ 2-1%x22> 12 14 18

9 to 11/ 4 x 11/ 4 x 3/ 4-1%x22>» 12 12 18
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37Pr ocedur es

A . Surface treat ment

The surface treatment of the existingors|l@abedapten:
prestressed conicwroeutled robveeiralla yt hpaatneallsl, compr omi sed ¢
provide adequate support for the new panels. Any
butiiomdwee demands on the panel sl fhoir awleisscthrhueditew rt aolr
sl ab st oubnaecvee ni,s addi t icoannarl® @ ue weeldi.n gl hwesr kmay i nvol v

grinding down high spots to create a smooth and u

l ation. Ensuring that the new panels arearp@mbadedyo
and | ongevity of the flooring system, preventing
|l oad. Proper preparation of the wunderlying sl ab |
overlay installation.

B. Me mbr ane

The use of a membrane between the existing sl ab &
measurfemensbr ane provides an essenti al barrier to p
caused by Il eachate. Additionally, the membrane acH

gation from the existunghetl abnhanoi tdhet mewdowvabi la

Anot her key advantage of 1instal Initnegn aan cnee nabnrda nree pil sz
the future. Si nce dihree cotvleyr | bagyn dpeadn etl s talree sntortuct ur
can be performed more efficiently, reducing downt
a membrane in the installation pr dcecedss,onbotfh tthhee ul
sl ab are significantly i mproved, contriWi&sng to
C. l nst allleavteil v @emha@&@y panel s.

The precastsaapeeatad omanthe pretreated existing be

tioned a@Grdad e vedretdr. ol ipsaodfnset hoif.$5rtahdee ceesasse mbtei aald j u st ¢
or removing base materi al beneat h tshheo mphaingeBlrs2. Two
and, 3a8d it is crucial that the deta[#9.s of these
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Foamor groutinjected
to raise panels

Adjacent new panel Groutinjected Adjacent new panel
to support slabs l

g 1100
Figu2zBod&8m injection | eveling sy:¢
Levelingbolt
Adjacent new panel Groutinjected Adjacent new panel
to support slabs l

Existing floor

Figu3lkeBdeling. bolt system
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D. Joi nt

Once all panels are positioned, the spaces bet we:
tures shwibhbapprbbedate joint filler or grout to
watpeernet.r altfi omecessary, the joints are then seal ed

proofing.

The joint is the most vulnerable part of the WT
equi pment operating on the panels, the joint is pi
i cal i mpact generat dd east st hvea shteeasv yc aenq U iepande nto cca ac
can propagdtheentihreugdamealt. I n some casearmesued jaci p
or joint covers are used to protlkRetWTBeenwimonmemhi
to organic acid. Therefore, this study proposes a
recommends the use of a wider joint. A wider join
justi niggnainndg asll abs, and helps prevent damage to t
rounded edge. A simple schemat3i.c4 of this concept

Upto1”
, }* 3 «._;;;;fff’i‘.jé' BTN AUTRIN ,,. IR L

Figusa8cBematic of j.oint design cc
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38Panel design

The concrete overlay panels are designed to be |
structural analysis for the panel design account. |
l'ifting and transpocrbatduonhedThhnsaacalrygyanse with t
Design Handbook (ei glhd4 B eednistuiram)g andatAQGlhe3 1p8nel s
tur al performance criteria. Det ai | ed smeatrheo ds oofi da
sect9.on 3.

From a durability standpoint, | arger panels are
number @fypjicianty the most str uc)ldwercalelays ewsul reenrhammicea
structur al integrity. Ho weevfefre, c tsinveel |aesr tphaenye |rse gcuai nr
strands and can be easier to handle. Therefore, t
condi mil@amej nly considerations ofcosdrfalkilintcy, ease

TabBeb2el ow provides potenti al panel di mensi ons an
fering a guide to panel sizing based on structur al
and width have been deaeil bipey opecansustandoangvi b ¢

meet operational requirements and are feasible fo

Tabl2eT h3e Ipiasitel ofdi mensi ons and strand arrangements

Thickness Length (f Wi dth (f Strand spac
6.0 14 7 12
6.5 14 7 12
7.0 16 8 10
7.5 16 8 10
8.0 16 8 10

*These optiaeamghueiocevixkae-wdbnbsprvestressed strands
reinforcement bars. The strands hreghvehéysdabt
the nfercamg diarsated directtitgntebemdtiloen strand:
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39DesMgn hods and examples of Preca:
crete Overlay

Design exampl e

A.Panel di mensi on(Fiagur es t3rchrena®&psmaci ngl ab. )

1. Thickness : 6 1in.

2. Length 12 ft.

3.Width : 6 ft.

4. Strand spacing : 12 in.

5. Steel reinforcement bar spacing : 12 in.

Stl‘\

and SpaCng

\I Thickness

Figus8cBematic view of the precast

B.Material properties
1.Concrete
féa= 1. 6Cksdcdayvyecdbmptredasgilie
Ec= 2600 ksi (modulus of elasticity of concrete)
We= 155 pcf (unit weight of concrete)
UG 0. 00@M&stdrt &i n)
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2.Str@&®&nd (nch | owwiriekapakesbneseednstrands (Grade
forw 27Quksi mate strength of prestressing steel)
Ebrs 29000 ksi (modulus of elasticity of prestres
o= 6 15d&i7n/ i n

Abs 0. 2”paremn.of prestressed reinforcement)

Fpe 28.917 kips (stress in prestressed reinforce

Woss 0.530 plf (unit weight of prestressed reinfoc

3.Steel reinNor8emeeaetel bpgei Af orcement bar

W= 0.376 plf (unit weight of steel reinforcemen
As= 0. 2%(Arema. of steel reinforcement)

Es= 29000 ksi (modulus of elasticity of steel re

Hi gh strenp@ip pdiacnedrheet est ruct ur al anal ysis, exhibi
at 28 days. Gi ven t hatstprigmpdesdt r a woos [of olgedt teslirit s csoinmmmpln
cur,i ngnd considering that the compressive cotm-engt:H

pr essstirveengt h for this analysis is determined to be
The structural calculation of the entire slab wa:
ing a presTtheslsiefdt ishg amad.inpg o @oddda haet stlhaeb fweure cor n
for seanbgdaem segment, they were assumed to be simpl
considerations for bending moment, compr esdse-on i n
vel oponfie ntthe strand was taken into account.
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C.Structural Analysis

1.Straewdkldpment
I n a pretensioned member, the prestress

accompitirsam dffgfRshid Da&ss fgdir. Hasndbalolke d

f orce

required to

M TE py@i Q
Q 0.5 in. (nominal

4 0ATOAOGEQ 31.5 in.

di ameter of prestressing st

or 2.625 ft.

The 9 points 38aowmevnas nf &Fli lgowe:
(2) o ft.; (2) 0.328 ft.; (3) 0.656 ft.; (4) O

(5) 1.313 ft.; (6) 1.641 ft.; (7) 1.969 ft.: (

Strand stress

v

Transfer length
Member length

Fi gue:Pedel opment | ength of strand and
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2.Bending moment <check
l1)Longi tdudiencali on (at mid span)
A sufficiemdi mtusmbeirncolfudi ng nine within the
|l ected for the bending momeshpanchetcok ,c cenxdueentd i
detailed |l ocalThstsrusttouhael sanakysrsal analysis
Fi gufdees.ri hgé etsheegantem tl ongi tudi nal directi on

Single beam segment

Prestressed reinforcement

Figurr8cBematic view of the precast and pres
direction.

-Given information as a single beam with a pre
b = 12 in
h = i n.
N =
M =
It is assumed that there is no externally app
-Calcul ated values based on the given infor mat
3 o 0T
o P®
0 — ¢p@d
Q
w - 008
4

Vo~ &8 (di st anbceenftrroom d of gross section to the bot
Vo= BB (di st ahobcee nftreorm of prestressing strand to the
o) 0Q x cOd
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-Cracking Moment Calculati on.
Determine the aresacdfi otnransformed cross
o) o) ¢ pob X & v 0S8
() o Q8
(di st ahabcee nftrroom d of transformed section to the b
Determine transherméa@a. moment of
0 ¢ p@s
0 0 5 O O & pd O @ ¢ p @8
Determine strain at the centroid of the tran
0 0 O w- ¢ &pXQQni
(thetgefmfects, shrinkage or other strains are no
- Em— Tinnmpeoonstant in the elastic range)
Calcul ate the cracking moment
Q - 0 cwpi Q
(compressive stress at the centroid due to prest
QO 1T @ pomi(xracking stress of the concrete)
, Q Q vuvwi Q
w0 —— 39k Bipn.
0 0 O o Ok i-ipn .
0 OETEKAAI 0 w0 39kBipn.
. WQUHO8 p q
£

YQE TETED O QB
# OAAEET Bx@1 OIRAAD ¢

40
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-SeWwéi ght (nmotmemitd span of sl ab)

We= 46@B8I(f@dnsidering the space of strand)
Woss 0.p330

W =.+Wp,s463pb5b

6 ———— 10 0kidpn.

SeWwéight Moment ( slabfOetitypr( Wh ot er s+ hbd)
238k.i¥9pn(.Cracking Mommeipr{.pevefi ghaG. Moment ) O
The PCI DesigegngHanebomimenyis a safety factor o

ping and handling; however, alternative value

designer .

41



2)Transverse direction (at mid span)
The bending moment check in the transverse ¢
ple. This strusthamalseawvalsy saissFaagtu&detsadBpl e as w
scribes 't hsee gsniemgtt ¢ abs&mr se direction for anal

Single beam segment

Steel reinforcement bar

Fi gu8&8cBematic view of the precast and prestr

tion.

-Given information as a single beam with a pre
b = 12 in

h = in.

N =

M =

It is assumed that there is no externally app
-Calcul ated values based on the given infor mat

. O
£ o p@duT

0 — ¢p@d
Q
w — 0Q8
G
Vo= B8
@ ® TR Ul OQRMQE QLR X QLA BEMO QAOEHE 2 OB 6
o) 0Q x ¢Qd
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-Cr

8

W

O

€

acking Moment Calcul ation.
o) ¢ pb x @ uQé

0 () € poO e .
o Q8

0 O w W G p @8

QN i

T 'Q pomi Q

Q= 1p6s0i

OETXKAARAI —— 11ksBipn.

0 QeANA8 p ¢
YQe QEEND Q8

P CEOARONBDOI DO OOF@II o O

# OAAEET Bix@1 OIARAAD ¢ 13 8k.ivpn.

-SeWwéi ght (motmemitd span of sl ab)

We
Ws

W

b

= 468pPI(Bonsidering the space of strand)

= O0phifi
=.+Wk=46 Dp b f

25k Bipn .

Sewéight Moment ( SBarfkeBipyf whadtteos |l ab)5)

138ki7pn(.Cr acki ng 3MViokmeepmtSevefi floment )

4 3
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3.Compression and tension

l1ongi tdudiiencali on (at mid span)

-Given information as a single beam with a pr e
b = 12 in.
h = 6 1in
N = 0
M = 0
L(l ength of the single beam) = 12 in.
P Bs 22K.i%Ps
e = 0
o 0 X ¢Q8
-Calculated values based on the given informat
Y O— X €Q8
(@)
Y ,,Qow X ¢Q8
0 —— 25Kk tipn.

Msw s tdwei gdltf moment at the mid span of a sin
safety 1f.&dct or of

-Compression in top fiber

5 50 o B ani Ol O
" 5 N Y T L Ti Eani i £ ¢
, ™MQ TR Q& ani Qi i Q¢
iiiinniy EE
-Tension in bottom fiber

6 00 Mo @ Q& ani Qi i Q¢ ¢
» 5 Y Y LRI ®Eani Qi i Q¢ ¢
" 0’0 ™R WQEi Qe
Piii e 177 EE

Tabl e 3st3r sho waneda ano mepa u(adttaur gilt udi nal di recti
4 4



Tabl3eTh¥*®t ress i

n the

top

and

(Longi tdudiercali on)

bottom fi

ber corr

th a pre

Location Fos at transfer Mcr Msw Stress at transfer
P (Cracking moment) (self weight moment) Top fiber Bottom fiber
(ft) (ks (Kip-in) (Kip-in) (ks ()
0.000 0.00 11.52 0.00 0.000 0.000
0.328 3.61 15.06 2.67 -0.087 -0.013
0.656 7.23 18.60 5.19 -0.172 -0.028
0.984 10.84 22.13 7.56 -0.256 -0.046
1.313 14.46 25.67 9.79 -0.337 -0.065
1.641 18.07 29.21 11.86 -0.416 -0.086
1.969 21.69 32.75 13.78 -0.493 -0.110
2.297 25.30 36.29 15.55 -0.567 -0.136
2.625 28.92 39.83 17.17 -0.640 -0.163
3.000 28.92 39.83 18.83 -0.663 -0.140
4.000 28.92 39.83 22.32 -0.712 -0.092
5.000 28.92 39.83 24.41 -0.741 -0.063
6.000 28.92 39.83 25.11 -0.750 -0.053
2) Transverse direction (at mid span)
-Given information as a single beam wi
b = 12 in.
h = 6 1in.
N = 0
M = 0
Lk( Length of the single beam) = 6 1in
-Calcul ated values based on the given i
Y ©° Q8
G XG
0
Yo o Q8
0 — 62 & i-ipn.
Msw s tdwei gdltf moment at the mid span of

safety 1f. &dct or

of
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-Compression in top fiber
» ~ MR Q& ani Qi i Q¢ ¢

, T Q Mo ¢ ani Qi i Q¢ ¢

tiiinnt EE
-Tension in bottom fiber
0

” T TI8TT[TX2i m!Qé i 'Qé ‘8

, c’Q ™ QI ®QEi Q¢

PiiiH 1T 0 EE
Table 3.4 shows str esspoannd( tnrtoamesnvte raste edaicrhe csttirc

Fi g3aen dl 03l.1 usttmrwadteur al anatgymprsensi onmamd t ens
with Iimits in graph.

TabldeTh®xt ress in the top and bottom fiber corr
(transverse direction)

Location Mcr Msw Stress at transfer
(Cracking moment) (self weight moment) Top fiber Bottom fiber
(ft) (Kip-in) (Kip-in) (ksi) (ksi)
0.000 11.56 0.00 0.000 0.000
0.328 11.56 1.30 -0.002 0.002
0.656 11.56 2.45 -0.003 0.003
0.984 11.56 3.44 -0.004 0.004
1.313 11.56 4.29 -0.005 0.005
1.641 11.56 4.99 -0.006 0.006
1.969 11.56 5.54 -0.006 0.006
2.297 11.56 5.93 -0.007 0.007
2.625 11.56 6.18 -0.007 0.007
3.000 11.56 6.28 -0.007 0.007
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TabBabepresents the maxi mum t easilmlbesnd owi dtalr i @fuss
with a ftiwedthengtho of 2:1. For panels of the sa
cating fewer strand count s, alrhee sluogagdeisntge dc aasse st hdeiys
are the onl yFiogegsac®2sFhiddiead edlet ai | ASu @AD sdradwiumsg .n g

Tabl5eT h3e Ipiasitel ofdi mensi ons and strand spacing

Thickness Length (f Wi dth (f Strand spac
6.0 12 6 18
6.0 12 6 16
6.0 12 6 14
6.0 14 7 12
6.0 14 7 10
6.0 12 6 8
6.5 12 6 18
6.5 12 6 16
6.5 12 6 14
6.5 14 7 12
6.5 14 7 10
6.5 12 6 8
7.0 12 6 18
7.0 12 6 16
7.0 14 7 14
7.0 14 7 12
7.0 16 8 10
7.0 14 7 8
7.5 12 6 18
7.5 12 6 16
7.5 14 7 14
7.5 14 7 12
7.5 16 8 10
7.5 14 7 8
8.0 12 6 18
8.0 12 6 16
8.0 14 7 14
8.0 14 7 12
8.0 16 8 10
8.0 14 7 8
* thloé ded options are the suitable panel di mension an
*These opti omchuotiobvkaewbnésprveatressed strands (Grad:i
bars. The strands are evenly distributed | ongibtawde nai
directly belowrahavgtecandsn.in the
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* This is not for construction
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* This is not for construction

/ Abrasion indicator / Prestressed Concrete Overlay Panel
l’ L I . 4 3] Grout
e % T e /0.118”@Membrane Layer

Layer Description

1.25" 1.25"

. X ) “ || | | y . 0.5"

' L a
LA I B

Ca W )
B ) | | . Q 4
BRI
T

T 1" 1
Leveling Port Detail Grout Port Detall Abrasion Indicator

Figul2braawing with sl ab details
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Chap4der

Eval uation of dmoyBrMed ghey | D eEcsk
Cr eatse a ®Deaanl aAndtmi xt ur e

41 I ntroduction

Significant materials and | abor costs are requir
and they also come with soci@¢ imciosvensemtcieal biyo
oration Ok deneréteati on of concrete is maohly ca

t he c dmoar eetxea.mp lpe,n echagiadtear edhautchhen ciriecaawz el amage it se
chl oride ions manetrr,a treenrdelsrdo uggametrdteeus @r mr @9 ind ro.r ceh e
penetration of moi sture or har mful ions effective
durability over the | ong term. Many methods desig

propordiosmsf ane treat ment[586WMch as coatings or seal

I n terms of sustai fabielnidtl y, nahe rd earhasnd sf arl seoc d oc
are a major concern in concrete production, as it
concrete consumption apreerC @oé&68go mmjauintd lled t o ext el
recycling agricuptoadadt anas i eandwuistonméntogl 4] fri en
Soybean Met hyl Ester ( SMHE) oirftME nief rod ert sheeg theaa ne rdiall
ecfori endly propertioxs csudbdbhoaeghaidadhl eonand renewa
nol ogy (US8378132B2), soy methyl ester (SME) is s
met hanol )l and aatal ¥gB. (éngthiNa®OHanpesterificat.i

triglyceride derived from soybean oil reacts with
met hyl ester and one mol ecnulse tohfe gcloyncveerrisni.o nT hoifs spo
a type of fatty acid methyl ester (FAME). Through

as high solvent capacity and enhanced pendtnradti on
soybe2% .o0i | [

Many studies have been conducted to evaluate t he
durability of concrete when used a8 adesmornfsacrea tseeda

obtain an altered surface tension, and i mproved vi
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that SME is effective in reducing moisture absorpi

for concrete. Mor eover, SME is hydrophobic and, v
water or reduce flcwei dvittrhannspeo rfti.ndlimgalic,acSplia ncac ipm
vide a physical barrier between the sl at solutior

Cagdenetration into the 2mofrdwmnmd stalmpd sec o0 dColad telkse £H miz
rated with SMNB. eGumlhiassd zetd alh.at], due to the hydroy

depth decreases as the relative humidity (RH) of

Furt hemenolmieghtsol vent capacity of SME allows it
met hyipoéd ytsery rrReS)e WISeMEd. Thi s bl end exhibits favor.
ture resistance of concredse aasndeihtalseral s omibxetewnr euta
found that the di ssofbveod kP OPbagentd lses i alcoo pactata
for the adjustment -BS bhendj swbstchyombEtruhkes&EpbEblke

rata2]ln addition, it has been reported that the p
the concrete. As the molecul ar weight of 6PS andr e:
concreteP®itd &MEective in reducing moisture ingre
thaw duthkbility |

Given its ability to apnpplryoivheg pSeMEe ttroa thiroind gree sdi esctkas
of the mrppsommtheeval uati on of its performance on

pot éntaipaol i caHobweavef, SMEdbbhasedME iits a@iolpi cal appl i ce

reduced suAfageafeiskiodnresi stance i s eJFpeceable,.i
when applied to existing bridgekiddcrkess ifotramea nif 0 re
evaluating the wusability of materials applied to
construction of Dbridge decks and allowing for the
erations. Rapid reactivation reduces the economic
di sruptions and | oss of accessibility.

Accordingly, the use of SME either as a surface

bri dec odneccrket e . Furthermor-epxitsnhtaodegradabl bubaed
fienvironmenoécadncyr dtred.enldwewvexpelromgnt al studies ve
SME r emaiam d imneisteeadr ch speci fically evaluates the s

making this study a valwuable contribution to the
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Therefore, this study aims to thor oetuegrhnh yc hvleariifdye
penetration tests after applying the SMEtthaddoncr e
evaluated the skKirkatesi ctoammmcacetef oSME di ff eflroent we
evaluate the effect of SME topical application on
were fabricated and treated with SMEinomad het isaum fia

surface friction occurs prior to drying; therefor
designated after application. Skid resistance tes
formance wdeperodl mwghiee d ng t i me. I n addition, the e

met h@od mi ni mi ze the required waiti g Iltiicme svaand iamwe

sawkre includedNiemttrlins reava logeadaigdoy.ewad ueampel adyh e p¢

of SME into concrete and its effectiven&€ssas$nesnst
t heosh@r msi st antcreeawmtfedSMEoncrete to chloride ion pen
prepared with both upper and | ower reinforcing be

upper surface of 't het esrpme ccihpeosrsi rdéde-desginyadowlbeat e mpbayge d
to accelerate chloride aogealels scorDruasingmet diter ptognsin ta
were monitored, following ASTM G109 and ASTM C876

Theesewirlclh provide valuable data for practical u
operators seeking to enhance the dwidabinaitSEeWEy ahnads s
the potential to establish itself as a sustainabl
but also reduces the environmental i mpact of cons
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42Mat eri al s

42. $ki d resi stance

The cosmpcercetneens f orweeraec hmabhdiep eigitohelec &t e mi xt ur e gi
41 After casting, a curing procedurecwasnfjot hewsg@dec
for 48 hours and then submerging the specimens 1in
| efctonitnhalmiedty (50% relative humidity) and temper
seven days. Lastly, the sl abs were dried in an ov

To investi g&tMéa ptphlei aceafdhieocnb|l oft i ng sand on the sur
test plan was i mplemented. The test plan consiste
and taking a skid resistance measuremé@Nb. SMEeanhdtr
bl otting sand is applied), SME condition (SME dos
conditioned SME surfateshewspphéeedi shedeébheFegnbiet

resi stance Iis tested at

The SME dosage applied to O0heéeOpamnitndlre oEMEheosaqg

was spray coated on to the concrete ssuppoeedftbh
10 I'b. per sqgq. yandi ¢éapptori masetgkénl brdPpm secti o
ti thtealndar ds and Specifi ofant o m (75]0 DB o Ree elssa rath dd St a g e
determined to be excessive af tfear atnhwiassi d tiomdeyr teals tt .0
of the sand dos dadgie giaman ways MOPOT.ed t o the surf ac
use of a drop spreader. The type of sand used for
100). The use of silica sand due ctad )t. deisramgdarsenadg e n
oven dried prior to coating the sl ab.

(b)
ree different condition the skid
SME applied condition (c) SME an

5 4



422Corrosion resistance

Four different sceatse goido isgneeatl iunaetnes tvweer @ esi st ance t
contr ol speci mens (no treatment); (ii) topical ap
mi xtur e, and (1 v) both topical and idntfearmi eadh ag
11x4. kcx@Bc hatasmp e ¢ iweefnesb r iwd datheed upper (anode) and | o\
A 3xibpmd2dndewaavated toohohueptpsdeamwawas placed 0. 75 i

dam (0. 75 i nTchhiess roofb ucsav eproyjn.di ng, i nsat esatslaywlfee m | fac tt
l ohg@grm exposur eFoarmd emaonnm xteadr apgl i cati on, 2.5% SME
as an aBatixpiuael. applicati on, SME was applied to

inside of pond, at tperrgadtmmendsd ngadRd epatntbdagf bl

concrete specimens bef omade i cowhembeodiamt h epoxy and

Threads Tape 3% NaCl solution

- Upper rebar
Fa ol
-

} . ‘) - m (Anode)

Lower rebar
- (Cathode)

R=10Q

Figu2z€odAdcrete sample (a) After cur

Tab# elnc ltuhdee smi xture proportions of the concrete s
The ms$xitnnwleat e the typical bridge deadembktdedeaf

48 haunds sceuarleedd f or 28 days. After sefbiend tdurli ndgr,y i
conditions in a room with 50% relative humidity a
cess, four faces of the specimens, except fher the

ingress of salt wat erc @aaddiedexsy.g elhh & hrreoluagrhs tvheer & wsoa r
were covered with el ect rioegdtartii mky ttualpieng.e p@mxe , e macth ¢

drill ed and threaded to enable a stable electric
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TablleMidx.t ure proportion of concrete sal

Ingredient SME- waiti-n SME-+ blo-t Corrosio
(Skid resi (Skid resi measur eme

Cemgrnltype | (I byd 650 801 658
CoaAggrega (I byd 1800 1661 1683
Sand (I by)d 1156 1229 1215
Water (I by)d 261 328 272
Air entrai (o} 11 -
Water redu (0} 9 - 39

43Met hods

43. $ki d resi stance test

Thekid remeiasuaements were performed according to
Measuring Surface Frictional Properties Using the
of thephesatatsumndThe skid resistance measurements
The device reports a British penFRourl uera cnhe hchdantc;r esmhe
tiple measur eatdinft fsleoweeattel Totreskudnt s from t hese measur ¢

and uitnlibkhedanalysis to represent the overall ski

T, T

Figu3Phdtograph of skid resista
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432Penetration depth monitoring

The neutron radiography was used to eeadffeatevehe:
of SME in hindering penetration of Neattwatemagnhg
used in this experiment since both SME and water
neutron i maging. SME density is not si-rgay fiimaqitn gy
proved to beausheldfentgh &gl delccenexpeti mens, thhe we

cast in the field werex4xdedmwbireksuwi fhodi médesupp
of the cylinders preserving the finished surface
the disk was decided after sever al trial experi me
wi t hcooutpr omi sing the i mage quality. After several
optimal thickness.

After cutting the disks,Aftdirey24veh®urds i &@mdd i thh em Vo

|l ayer of thin aluminum tape; al uminum i#sse cttriams)p arn
does not affect the image quality. The speci mens
experiment) to place the samples in front of the

Uni ver si4gadpg hepthguographs of the speci mewmtsr @urii magip
rack. The i maging was performed using 7 minutes a
rate trials) to obtain the best i mage quality.

(a) (b)

Figu#a8armple preparation: (a) disk samples |
aluminum rack.
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433Macrxtel | current

All specimens ®Odreg sylrjseedtuvmdeotsya IMent h. The specim
for 14 days with3a38® &HdemElp $dlutsiperci mMmen i n dry con
vacuuming off-Drlyecyel etsi acceWetr ate t heMaaoagelelss of
current was perfor medi7ladabteo nagnipdegl otwe rASTeMb a@1 Ove r[e ¢ ¢
theYnd®dsitotdrorm a circuit and corrosion of rebar w
current based on potentialwedi frfedbraesce ImMud it ¢eanent etr h e
the automated programmabl e potenti al measur ement
speciThenganraet b current measur emédm(ta)d e v\ ¢gcletbaegsev es(@vo wn

t wo Wwawmesasured every) hoars ;ancddlgoudr lnaetnaice il ce as:

O wlpm C
Total corrosion or current density of the rebar
L 0 0
00 00O 0O O o
q
whe€Cb= tot al corr @sitoinmg c(oud mantbdkyg ), dt whdelhl meas
current is lcamaicelbl ocurramg (amps) at ti me, t

58



434Haicfe | | potenti al

The “walt potential was perf®@rThed meascsareéimegntiso wR S
ductedDiy Wethe dMMaamegddt emdasadr Ameppepperelsatct aod @e
(CSE) was wused. Potenti al measur ement was conduct e
pond containing the salt solu2B8&n, FaodeuQCpepdraba
and Potential WwHagfmeamswuhr edy@alte.t hRueZ to fluctuati ol
lizedNwDt BimMbtfenti al set udp5(ibg .shown in Figure

Fi gub éathe automated p
t e

tes speci men s

59



44Resul t and Discussi on

44, $ki d resi stance test

Th
wer e
def i
t est

c

0]

| o
wer e

for

Cr os,s

three

exte

The
proa
hand
The
appl
hanc

eval

c

S
y
e

u

skid resistance of the sl abs wasMeessuemdntf ®
performed before the application of SME as w
ed intervals. The SME was applied replicatin
wer e pefrffeorremetd ladtc athiroeres don t he sl ab and f ou
ion; that i s, at each measurement ti me, a to
equally spaced offi glsesdivdnle ared uditd mdt t dhwee rslk
| abs. The hdelosrhi oznwosn ttahl e atxiinse ianf t ert hteh,elp éaoptpeldi c a
ldonreo s ba,asilndihcraetees an average of all 12 mea:
bfaars Iséow t he measurements beforel iISME lappl b e
ded across the figure to aid visual compari s

observations indicate that after 24 hours of
hes t hatdhe fakiedyargedsddst ance exceedsOn htate odt We
in the initial stage, toaep Sdlibalplngséhes famst
kid resistance of the slab showed only about

ing SME to a bridge deck, i tp pil 8 ciamp @mt amtd tqa
skid resistance. Therefor e, the skid resist
at ed.
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Baseline

B Location 1
B Location 2
Location 3

—— Mean of Group ==

Mean BPN (British Pendulum Number)

rerrtd

Hours

24 72

Before
SME
application

Figué8kidd resi stance measurement for t

To examine the effect of bl otting sand onhet htee sstk i
conducted drhet Ma ys(lbaethsd rien 8 ME &SMEI icoattiean) ondi ti or
sand cOAndodittailomf five concrete tsylppebssbwetrei n@sé$ aundd f
parameters in the three conditions. The properti e
Tabd2eThe results of skid resistdahthe messudrtemente ar
Britidsuh uPre nNu mb e nt dhei( BHPeNr) BPN i ndi cates the better
erage values fromf ohesk dairtee eméad e eyahgeutes i s t he ar

mean of the measured values from each speci men.

Tabl2eSpdeci fi cation of concrete sl abs

Wai t WType o1

(hr)
Sl ab 1 Silica
Sl ab 2 Silica
Sl ab 6 Silica
Sl ab 1 Concret
Sl ab 6 Concret
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100.0
Baseline
000 BRI e e
= B Concrete sand
g 80.0 - Silica sand
Z 70.0 - -
E 60.0 A
=
&
o 50.0 A
4
3=
F 400 -
S
E 30.0
= .
g
v 20.0 +
=
10.0 +
00 -
Before SME SME+Sand SME+Sand SME+Sand SME+Sand SME+Sand
SME application Slab 1 Slab 2 Slab 3 Slab 4 Slab 5
application
PP Sample

FiguTm8kidd resistance measurement for th.e

The BPN of slabs in dry condition and SM&l abated
with siweircea itseasrtbddld and sFaomrd qdlearbdditri omai t ti me and

aver agef viaRPN B t he fivasmelahseeseBeadbdfhvour wait t i me
sand daonsda glpabho3ur wait ti meveasdmdn dh ad 5.e8s pavidd daish g e )
ti osnnaalbs were used to examine a diffemnmdckntcdadympeernfs:
Due to the coar se ehoonntorgeetneo ussa nsdh ahpaev i dnikgs tar irnieosni is © @ N
ments varied in between 4{metabaearawmemage ocvalt ienfsr omo
taken in the SME and sand conditddhThd& emn@BN wait 1
sl a(b6 5hour wait ti mea@&dd6half sand dosage) w

Comparing the values for slabs that wutilized san
SME and sand condition are relatively constant fo
i's expected due toeptevecuabtnskebeaesbabsaoncated onl
similar results. When ttompgpasand, dt heecentreypesanan
to obtain a higher BPN value as caonndp aarnedd htaod stlhaeb ss
dos&®&ke.d resi stance in SME and sand condition with

respectivel vy, c ccromadri/tlidt diroou gthh acto nicnr edrey sand does n
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resistance, it showed higher average skid resista
concrete sand as blotting sand was more benefici a
sistance of theydcomgctitedtee SMEalk oaftti emrg.appl

442Penetration depth monitoring

The depth of saltwater penetration | manaprcaevsicd et e
a tdeneendent visual i z&dtiisopnl aoyfs isneggrneesnst.e dF irgaudrieo gé4r.a p
pl €®ntr ol 1, ControgdcRrosSMEBULtIi phd SMB&SEMENR eIriv-al s
cat iSME) ¢ odartyi nffgoanld®, hlo.ud,s bef or gansdalatfweatrer0,e X2po sAur
of exposure to saltwatewasl|l appbnedatitEracto s isikf ssan
had a thickness of 0.5 inches. Using the scale froc
estimated byrdomgemgaoneag(t hdicating water prTeheence)
SME 1 and SME 2 samples showed that as drying tim
crete and froainsetdu raef Adedrrcrki®arhour s, no si @i SiMé&ant a
observed, suggesting that sufficient drying ti me
The segmented i mages clearly show progressive salt
with i ngr essharldd@hbfsncch nearclkjness mgr kheTBUds i ndica
concrete all owsn e tagpfa td$ aambddladieeessp | sk OdMmdoalkcledricde r osi
reinforeetdase®sntrast, in the SME 1 and SME 2 s amg
even after 24 hours of exposur e, ,hyamd dgtrdodeirmo i TShius ec
firms that SME forms an effecbsuyv éaanidetr etvpmiosof umg |
penetfrradmotnhe i nitiAll sthegEisgaSheexipd sor pApeeind e & i n

of dihsseirmaailoarger format.
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Time 0 hour 1.5 hours 19 hours 2 hours 4 hours 5 hours 24 hours

Condition é é SME application + Seawater exposure

Control 1

Control 2

Time 2 hours 4 hours 5 hours 24 hours

Condition as e ati SME application + Seawater exposure

Control 1

Control 2

Cement paste

(b)
Figu8&8MB.saldt wahetrati on i:n ac)o noarde toeg nsaapnpsl ;
(b)

b segmented i mages separating di
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443Macrccel | current

The corrosion camgmarngyceas dnmags a6/ ASTMe GpO0Behti al s
circuit bet ween top and bottom rebar, are monitor
calcul ated by the poteoéel hlcvuanteert dbaéesregddpes OF
Fogampl edsuawiptlthhs a¢t opi c,alt+haed ntiuxrerdeelnt dehbkuttphweatedhr
t ween eA/cthand OcA@GhAd® the initichdyst@ageur &dfcyecl 00t |
current tended tocAldehEoempsevel énl dw pO .c@d D ybtphpel incaaxtii noun
current density cAld masnpdectimeanss i seO®n ®B®Podv A0 7 5

afterstaag&E@ambl es with admixddeapgpluicd aitaitd ronn erlay t
0. 08A0cshfand the current denfsliuotdyeactriviees ean d@AOMed 7wsi d t
The current densitiegrowpsthr 8BMEdI f Eat maeht sSpacemegan
considered corroshonef{reanmpeéerondgddarodiMEs sa pepfl | mett h ¢
rent of samples with SME did not indicate corrosi
control speci mberé$ amin@ws odraogrorseo oinonnitiation was po
in theTkearmamartlo current of Control leabksoymainmni &ai d
and jumpedeAlcph tiot Of A 06 kA/c M4 shkeo U @sr 0l.cd@5ean current
by Wety cyiclcer ebaugstdsbemakiymum curgAemati ndeca88&@ 0aps
0.8Mcm the resul teAtehanehcweddtpadsilMeOGcudAener uhto
dayscuit henttentdreednd o i ncrease and under went active
current at dAxkShachaly s h&s c@rtdsion current kepe incr
maxi mum cur reRlnifhh wWeosnt2.0934 3 exhibitedAarmast gh78 i dang

anrde aOhed®c rhwi t hi n 120 td anageed yma xiamheA/coh 1. 56

Only Control 1 experienced a paddiive cowtl e Mo rdfetc
rospoodtuecmpor aeidlhye o e@weanr esdufFclieacc b e a Wg.6lowesieon [l ec
chemical responsesedbdliiscocthasiion behavieot!| gue to |
mi crostructur e, chl oride ¢ oncBenotormeftii¢d Pd,u gagned® t esn vtihr
guideline to estimalfe tthtee coeveersiitoyn cfupaesit os@iemsn d
ti)onbet ween(l®@wl toandno@.e)3 avel cosrpwadan@t® ttw),hi gh c

and alhaweh Icor Basiednon this «conrnesii®m,s awne raintayy yrse \s

age, the control sampl es without SME t rReaggtamealn te scsa
of applicaSMBE np emeetthroadtseed i nt o the concrete and pre
repell ent on the [8urface and in the matri x
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-8- Control 1
25 F -~ Control 2
-#- Control 3

Current Density (LA/cm?)

05
SME treated specimens

0 200 400 600 800 1000 1200
Time (days)

Figu9€o#drosion current density meas

444Tot al corrosi on

Corrosion cut meastuhies caovrariolsaibolne reacti on rate over
over time. Initially, high current may be observe
or sazmmlide ti ons. I n contrast, total corrosion repr
considering the corriagadilsbwrr at enoa md ad ¢ u &taat rem ,pdr werai-c
bi |Rafyet mihreg madrio cur r enrtr erad 2wl tcsooncSME e speci mens
t he SMEpwaised topically or intermixed, showed no ¢
of 1,250 dayleere whAssnetadgumulaatdi or xofttod ditlalc oaa
val ues for these sp.ecTlhhemef dred,n gt hcd otscet alo czosrrroo s i
not deborcbedr ast , corrosion was observedcailncut-he
| atAcccording t o®tASTM oGIrG%Ss,i on of control speci mens
in Fé4dXurlen t he @drontgoedader adbdtfadr each control speci
color lines, and the averag¢enem.vtefivvegduae ai s st hendadrc
mean of the measured values fr om neaQohntsrpoelcilme nc cartr
atedhat esilDddagbr eaching a peak of 2,396 coul ombs by
Control 2, cordada)yswint b etgeatmesd ecadrBriezods 6i aac rmeaaxsi mu m o f
coul ombs. Control 3 S kdhaiybsi,t ecdo nccol rurdoi snigo nwiotnhs eat naeta s

| ombs.
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tical corrosioncaoacscunmhelr & higtoif o paatcthenessPxr ct menot her F
result of Control 1 showed a comparatively sl ow i
t ween days 1,000 andcé)l10CGurBasedoesaothenmpcoduct
rebar surface in Control 1 inhibitedTharatneragert
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6000

Controll

5000 A Control2

Control3

——Control Avg

4000 +

3000 A

2000 A

Total Corrosion (coulombs)

1000 A

0 200 400 600 800 1000 1200
Time (days)
Figul@od.al corrosion of control speci

67
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45Fi ndings and Concl usi on

I n this study, t heo stk dd aemsdrsdtaenmcae&nd ft ISeMEef f ec t
sistanceoafe®&MEoncrete were analyzed, and the <c¢hl
SME as a topical andohb sdrewerd-txéendm appepe oi bedaltli oowni mvga sk e y
canl bet ed

Ski dr dewsltt s showed a significant initial reductia
application, where the skid resistance dropped to
after 24 hours, t hepredpipd i cagii ®than ee ed pp ramak teexdct e e
i nde&alt|] recovery of surface friction performance

To address the reduced initial friction, t he use
application of blottingagandksdgniebtiesannhce. i fpabs
exhibited British Wwaelndad uatr8dNwmudh é@ 72 ( BRNxs e with con

hi gher BPN~7vial wess paft e72 ome variabilitywaiutimg par
(46 hours) before sand application fwaasmef.ound to be
l oorrosi on BMEIrstaa reade stpesti,mens, regardless of ap
or combined), mai nt acienleld ceuxrtrreenn eclAdfecnhspi W i tehsc o(aGyOh. oOult:
duration. These values were sicgnivfei ceaondr bbysf$toedno w t
effectivenenmantofrr MEaameat . I n contrast, al | t hre
exhibited clear signs of corrosion initiation and

with a peak cueA/eamam| density of 2.54

For SEMEated speci mens, no meaningf-dhycoboesbspeni w
total corrosion values iinedm&itage d SM&Eglaipgil blcat (i mamaref:
| omg@grm corrosion. On the other hand, total corros
Control 2 accumul ating the highest valwue ofd 5, 685
control group was 3, 914 idhowlhomibgerrochAd®EMi Gynidn @B r tolo a

fi@®@l dorrosion g&Werity guidelines

SME reated speci mens -ccerddiemtio-bB8B Dy m¥howadi batfng |
probability of corrosion. No potential drops sugg
trol spbowmdgms fi cant potenti al drops (cregadt eha00Dada

for control speci meMG mV,o pfperdt Heor awall iodvataisng act i\
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I'n con8MEsapplication dihenisfkii da atisgadd mendgmisadls st a
it reqdifMey enyg f olrheopuesreht obhi ng sand ctaone douec eo nteh eo

wait timentn@vareaminlc,rete sand outperformed silica
recommended for applications wWhietrhei ne atri ey s tebtogee na fn
foll ewinecgiussnenete with SME applied either topical
during the test period, regardless of the applica
tration resibhanbiesostoconcreoecorrosion occurred i
during a studrfmctieesntti Agpnperi od. Continued observat.i
to compare differences in cphblocahteomemet hatdi andr act
of corrosion wil/| be an interesting task for futur
SME application on bridge deck concrete and are ¢

i ndustry.
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Chapher

Summary of Concl usi ons

The primary objectives of this research were: (1
cially available overlay repair materials wunder o
concrete durabiling (WTBa3te(B)ansf adrevel api @a pr el
prestressed c oMIcST eatned o(vde)s ktiaw sa v aSliMd=a tder et ®@fdt lceoncr e
| omhgrm per fSOSMBnppkiecatfi ons for i mproving the durahb

exposur e,

Chapter 2 addressed the evalwuation of <concrete @
bond stsewgeke@hiof wnatthe rdbaflfsheardsnn b gamaegat ey nt hetic |
posure. The results Wwhdhmeayvedggheaewat sgabdamigiotme o &
sistance, while tlkea®eshinginsihf iicraonnt adgegtreergiaotreasha 8 ed d u ¢
materials demonstrated | owvbearsnesadd &.u inted vieolvslese r,c oimigpéa ruesde

calcium hydroxi de apolayns tayd neinxd® Sy lecarsdo a( SSWEEl an t i mg
mance,; i nPY aecxtac eSrMEat ed Bounrdf ascter edneggtrha dtaetsitosn .i ndi c a
|l eachate reduced the tensile strength of substrat

strantéhse bond strength between the substrate and r
l arly vul nerable to exposure to orga.nikuratcti @le mdrten,
application of a bownfdfim@ghameamne mtesafl tleand nstrengt
anHiOPE€v eralsa ynutchhee@a i r amadt etrhiea |bso n d esptoitxeyrsrggdadda ibre t wa te en
rial and théeé ghebst hane tolfg sctoenrcaiedtvee ns apfasera teet o | e a

Chapter 3 proposed the design of precast and pr es

for WTS floors. The design included material speci
structur al analyand sederceé¢érlaoapeortabheostrategy d
ormite construction time, improving quality contro

porated concrete mixes resistanizoadvtiongamaind atires
to ensure structural performance. A nov-el mabmasi o

itoring.
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Chapteral 4aheea@appl icati on of SHAWE ttoo pbirci adhg ea ipdpel ci ke lacit c
resistance was significantly reduced following to
sand, particul arly conteeeralgyes akdd e Btbeerent acwhel koyr itdees
etration tests and corrobsireatendncoonciregerevegbaed,I
met hod, exhibited excellent <chloride¥8f@egsitstsancpeera

confirmimdg WiMBEbidurtability enhancement.

I n sunhnearrye,searacdanuoduetdc othoe sd evel op snuagtgeensntdtiosas efydo e s
to i mpr ove otthoen cduertaeb isltirtuyct ures subjectFed WiIJaggr e
Among the commercially available repair material s
gregate are more advantageiudVht han etploxye bwintdle risr ar
cemdratsed binders, thei rmoulssecavliilded irkep ai rbse dduanittae
t

onisthe applicatiomasmignai boodnnlgy agmptove the bon

crete to a | evel comparabwelwitmlrs takdat safbltehe or apga
seal ant and calcium hydroxide as an admi xtur e, as
ronment s, as they may degraigeg The pppfocmanoa of
stressed concrete overlay can be a rapidly depl oy

panel Si zeppild etdhea ol aehce gpaneldmffui dyge drd§ kSMEMica teit
effectivel yoibhppmevesd anlce of concrTeot e etcoo veehlrl arhied @ r
resi sedmomnceée i crp pblyi a8Mlifbieonn t he i nframbmreactounrme nrdemi dloy ,
concrettrearsamnidl i ca sand as a blotting sand.

This study assessed the performance of commerci al
bility of wvarious repair strategies for concrete
uated the durabi ki tiyncdfu dci onngccroemtpeo reweidbearsipablh e r epai r
gies were analyzed and proposed. Thebasédomesomme
dations for the selection of repaitramatge risal g hand
tion obérmopgrformance evaluations constitutes a s
of deteriorated infrastructure. Ul timately, t he r
costmitigate operational di sruptions, and support

infrastructure systems.
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