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Pesume: 'V 06om pady ce mpukaszyje akmyeiHa npobOremMamuxa Henogo/mHO2 ymuyaja
ankanio azpezammue pearyuje (AAP) y bemony, Ha 6emoncke xoncmpykyuje (BK)
mocmosa. Haxo je nenosowan ymuyaj AAP na BK jow 1930-mux 2oouna
UOeHMUUKOBAH, 3HAMHO KACHUje jJe NpusHam Kao JjedaH 00 U3DPAANCEHUJUX
demepuopayuonux npoyeca y bemony, xoju y3poxyje owmeherna 6emona. Ocnogna 08a
obnuxa AAP cy, arkanno cunuxamuna peakyuja (ACP) u ankanno kapboonamua peakyuja
(AL[P). ACP je 3namno uspadicenuja y oonocy na ALIP, napouumo y Hexum eeoepagckum
noopyujuma ceema. Oumehera b6emona yspokosana ACP HenogosmHo ce 00pasicasajy,
npumapHo Ha ynompebmueocm u mpajrocm BK mocmoea, 3amum Ha cmarserbe
HOCUBOCMU —~ KOMNOHEHmMU U  NOY30aHOCH — KOHCmpYKyuje, 3amum  ckpakerve
excnioamayuoroe éexa (EB), u ckyne canayuje. 3a BK mocmosa, nocebno cy Henogowhe
cumyamane xomounayuje ACP u Opyeux OemepuopayuoHux npoyeca y OemoHy,
HAPOUUMO OHUX Y3POKOBAHUX NPUCYCMBOM 6ldze, 800e, 8APUjAyujom memnepamype u
Kopuuithersem conu 3a 00mMp3asare 1eda, moxkom sume. Ha ocnosy npeeneda iumepamype,
Haznacak y 08om paody je Ha mexanusmy u gpakmopuma mexanuzma ACP, axmyernum
UCMPANCUBATLUMA U CMEPHUYAMA 3a npojekmosare noyzoanujux BK mocmosa ca
acnexma npegenyuje unuyupara u paseoja ACP, u ca ynyhuearmwem na penesanmmy

aumepamypy.

K./byllHe peuu. bemoucke KoHCmpyKyuje, MOCMOGU, AIKATHO A2Pe2amHa PeaKyuja, alkaiHo CUTUKAMHA
peaxyuja, mexanusam, pakmopu, 6emoH, azpezam, yemenm

1. YBOJA

3nauajaa omrehema 6eToHa MOTY M3a3MBaTH peaknuje u3mel)y arperata u ankanimja, T3B.
AAP [1,4,5,7,8,12,16,] u [19]. ITojeaunte BpcTe arperara caape CHITHIIN]YM, CHITHKATE 1
kapOoHaTe KOju Yy oapeheHMM MHHEpaTHHM OONWIIMMa pearyjy ca aJKaTHHM
XUJPOKCUIUMA y TIOPHOj BOAW HACTAJIMM O] HATPHjYMOBHUX M KaJIHMjyMOBHX OKCHJA U3
LIEeMEHTa, MUHEpaJHUX J0JaTaka WIM W3 OKpYXema ako npoiapy y OeroH. Camo y
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onpeheHnM ycIoBHMMa aJKandje CTYMajy Y XeMHUjCKy PEeakiHjy ca arperaToM Ipu 4eMy
HacTaje Tel Koju OyOpH M y3poKyje 1mojaBy IpCIIMHA U MyKOTHHA Y OETOHY Koje pa3apajy
cTpyKTypy OetoHa. AAP ce pa3niKyjy 1o XeMHU3My, IPOU3BOIMMA XEMH]CKHUX peakiyja 1
(u3NUKO-MEeXaHUYKOM JiejcTBY Ha OeToH [1,2,4,5,16,18] u [19]. Omrehewa BK ycnen
AAP y HekuM mozipy4juMa y CBETY Cy YecTa, I1a Ce Y EHIJIECKOM FOBOPHOM IOJPYyYjy ce
HasuBa "'‘cancer concrite" [17]. Y np)kaBama ca TOIUIOM M BIaXHOM KiumoMm AAP ce
nojasspyje Ha BK cTapum Hexonmko roauHa, [17]. YV eBponckum apkaBama ce ormrehema
ycaen ACP nojasspyjy Ha BK crapum ox 20 no 30-tak roauna, [17]. AAP je Bakan y3pok
nerpananuje 6eronckux mocrosa (BM), (Cruka 1/a., u Cimka 1/6.).

la. Yeneo ACP na BM y CA,Z],[7] Ib.Yeneo ALIP na BM y Kanaou [8]
Cnuxka 1. Ilpcaune na BK mocmosa yspokosane AAP

Husz mehynaponunx koHdepennuja nocehennx AAP (ICAAR) je moweo 1974.r., y
Janckoj ca 15 panmoma, 23 ydecHuka u3 5 3emasba ([lancka, Hemauka, Mcnanp,
B.bpuranuja, CAJl) u cBake ueTBpTe roaune, ykynso 14. Ha mocnenmoj ICAAR, y CAJ]
2012.r., o6jaBibeH je 131 pax y3 npucycTBO ydecHUKa u3 27 apxasa, [8].

2. AJIKAJIHO CUJIMKATHA PEAKIIUJA (ACP)

[pBy pedepenity o ACP nanucao je Poulsen, u3 MHCTHTYTa TAHCKHUX HHXKEHepa, jaHyapa
1914.r., [16]. Oxo 1920.r., npBa o36mspHKja omrehema BK y3okoBana ACP, npumehena
cy CAJL, rae je 1930-tux noueno ucrpaxusama AAP [8]. [IpBy cTyaujy o yrunajy ACP
na BK o6jaBuo je Thomas Stanton 1940.r, y CAJ [8], rae je yka3ao 1a eKcrmaH3uja u
npckambe Oerona ycien ACP 3aBucu o canpikaja ankandja U3 LEMEHTa, BPCTE U
konnurHe peakTuBHOT SiO; y arperaty, Biare y 6eTOHY U OJ TeMIIepaType OKpyxKema [8].
Stanton je y ctyauju yka3ao u Ha Mally €KClaH3Hjy OETOHA aKo je cajpikaj ajkajiuja y
uementy Mamu 0,6% Na,Oe u na ce excrian3uja peayKyje kopuiihemeM nyoiaHa, YuMe
je moctaBmo ocHoBe 3a 3amtuty BK ox ACP [8].

Cnuxka 2. T.Stanton ko0 napanemmoe 3uda Mocd owmehenoe ycied ACP,
Kanugopnuja (State Division of Highways), [8]
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Ha Hcnanpgy, rae ce 3a 66TOH KOPHCTHO arperar off BpJI0 PeaKTHUBHUX BYJIKAHCKHX CTCHA
u BHCOKO ankamHux nemeHara, ACP je mnentudpukoana 1960-tmx rommnua, [16]. YV
B.bpuranuju je 1971.r. npeu nyr unentudukosana ACP Ha Opanu y Llepcujy, 3atum
1976.r., Ha Tpu OpaHe u Kacuuje, Ha oko 200 BK (majuenthe na jyrozanany Enriecke),
[16]. ¥ ceBepHOj Hemaukoj, 1960.r. je unentudukoana ACP Ha jennom BM u kacHuje,
TokoM 1970-Tux TonuHa, Ha jour HekuM BM,[16]. V ®paniyckoj cy 1970-ux roauHa Ha
Opanama uneHtupukoana omrehema ox ACP, [4],[16]. UctpaxuBama crama 140 BM,
Ha ceBepHy Dpanirycke, oTkpuia cy omrrehema ox ACP Ha oko 30% oBux MocToBa, [4].
[IpBa unentuduxanuja ACP y JyxHoj Adpurm 3abenexena je 1976.r., u xacHuje cy
MHOTH CJIy4ajeBU OTKPHBEHHU Y 3amagHoM aedy apkase, [16]. Tokom 1980-tux roguna
uctpaxxknBama oko 400 BK (6pane u mocToBn) Ha jyry Hopsemike, cy xox Tpuaecerak bK
uaenrudpurosana ACP, [4,16,18]. ¥V wucro Bpeme, Heku ciyuajeBu omtehema BM,
oTkpuBeHH cy y benruju, [2] u [4]. Toxom 1989.r., ncrpaxuBama mpexo 400 BM y Hoom
3enanny cy uHunmpana cymmy Ha ACP, Ha oko 100 mocroBa, [4] u [16]. erasbHa
uctpaxuBama cy norspamnia ACP xox tpehinHe oBUX MOCTOBA, 300T yera je 5 caHupaHo,
a jenaH 3aMemeH, [16]. Y ucto Bpeme, ACP je otkpusena ko bK u tporoapa y Uranuju,
yrJIaBHOM Ha JazpaHckoj obainu, [16], 3atumy y Janany, uta.. Y ®@paniryckoj, ox otkpuha,
tokoM BpemeHa ACP je perucrpoBana Ha oko 400 objexkata (HajBuime BM), y
B.Bpurannju oko 300 HOBuX ciyuajeBa, uta., [9]. Ipsu cinyuaj ACP y Xomanauju
otkpuBeH je 1991.r., Ha BM-Bujanykry, [2] u [4]. Jasba uctpaxuBama, y 1992.roaunu,
naeHTHUKoBaNa cy HoBe ciyuajee (20-rax BM-BHjasyKTH, Ha HAIIMOHAIHOM ayTOITyTa
op. 59, marpahennx 1960-ux n 1970-ux roguna), [2] u [4]. Kox Hac ce mpumepn HEKUX
omrehema Ha BM mory mosesatn 3a AAP. YV Hamoj 3emsbn 0BUM npoGiiemrMa 6aBHo ce
MamH 0poj ayTopa, ypaljeH je u3BecTaH Opoj HAYIHO HCTPAKUBAYKUX IIPOjeKaTa KOJH Cy
MOTBPAMIIM J]a HEKH arperaTd KOpUIIheHH KoJ Hac Cy NMOTCHIUjaTHO PEaKTHBHH, ITO je
JIOKa3aHO Ha MPOOHWM y30puuMa, y jJaboparopuju, [3]. XpoHonoruja uaeHTUPHUKAIT]E
ykazyje na ce ACP mojaBwiia y HeKuM japxkaBama, Ha oapeheHoM reorpadckoM moapydjy
(Cnuka 3.) ca ogpelyeHOM mpakcoM Ko IpojekToBama 1 rpaljema BK, uemy je nonpuneno
n xopumrheme HOBHjHUX BpCTa arperata (HIIp.U3 MOpa), COJIM 3a OJMp3aBarbe Jiesa, 3UMH,
UTI..

Cnuxa 3. Ilosznamu cnyuajesu AAP wiupom ceema [4]

upowm ceera, y CA/l, Kanaau, Aycrpanuju, H. 3enanny, Jyxxnoj Adupuny, Janany,
B.bpuranuju, Hopseunikoj, Hemaukoj, Xonanauju, uta., ACP je koHayHO npu3HAaTa Kao
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030mspaH BuA aerpaganuje bK, moce6Ho MmoctoBa u Opana [1,2,4,8,9,..]. To je nanmmpano
nctpaxnBama Mexanmima ACP, o0jaBien je Behm Opoj pamoBa W JOKyMeHaTra o
MexaHu3My U npouenu yrunaja ACP na BK. Behn neo ucrpaxusama je ycmepaBaH ka
npeseruuju ACP kon HoBux BK u kBaHTH(UMKOBamwy pu3uKa y IOINEAY NpHUMEHE
KOMITOHEHeTH OeToHa y onapeleHMM ycioBuMa OKpykema. OBa HCTpaxuBama Cy ce
onHocuia U Ha nocrojehe BK, roe ce mpBu kopak y aujarHoctuium ACP ycMmepaBao Ha
UCTpaXMBamha BPCTa arperara KOju ce KOPHCTHO 3a OCTOH, M HErOBE MOJUIOKHOCTH Ha
ACP, [10]. UctpaxuBamwa ACP, y nepuoay usmely 1980. u 1990.r., mocrana cy ocHOBa
3a m3paiy MpBHUX CMEepHUIIA 3a ipojexToBamke bK mamer pusuka og ACP, a koje cy TokoM
BpeMeHa axypupasne, [4,8,9,16,17] u [19]. IlocebHo cy 3Ha4ajHAa 1 0OMMHA HCTPAXKIBAHA
y CAJ, Kanamn, Xomamgmju n Hopsemkoj, [1,2,4,6,8,9,16,18] u [19]. Xomanacku
nHCTATYT CUR je 1994.1. 06jaBro mpBe npenopyke 3a KOHKPETHE OETOHCKE MEIIaBHHE H
HaunHe 3amTure BK on mrertHor nmejctBa ACP [2,4]. Xomanmcko MuHHCTapCTBO
caobOpahaja, jaBHux pagoBa u Bogonpuspese (Rijksvaterstaat), 3ajeano ca maprHepuMa u3
MHIIyCTpHj€ IEMEHTa, NCTPAKMBAYKNX HHCTUTYTA U Y HHUBep3uTeTa y JendTy cy 3ajeaHo
pamunu Ha npodnemy ACP, mito ce nokasano Bpio edukacHuMm y mpakcu [4]. Tokom
1988.r. 3amouera cy oncexHa ucrpaxupamwa AAP y Hopsemkoj [18]. Haunonamuu
UCTPaXXMBAYKH ITPOjeKTH y nepuoay ox 1990 no 1996.r. cy nedunucan 0CHOBHA Ca3Hamba
o AAP, mTo je Ouila OCHOBa 32 HOPBELIKE CMEPHHIIE 32 MPOM3BOJY HEPEAKTHBHUX
arperara, Koje Ccy mpBu myT o0jaBibeHe 1996. romune [18]. HanmonaaHu ucTpaxMBauKu
pojekTH, y nepuoxy ox 1999. no 2003.r. u obumHa ucniutuBama Ha 160 BK, mosene cy
JI0 pa3Boja HOBUX CMEpHHMIa KoJ npojekroBama bK ornopaux Ha ACP, y 2004.r,[18]
[19]. Cmuna uctpaxuBama cy peamusoBana y CAJl, Kanamm, /lanckoj, Kunu, wurn.,
3atuM y okBupy RILEM-a (amp. Komucuja TC 106-AAR,1988.1.) u xoja cy nonpunena
pa3Bojy W (opMmyiucamy, JaHAC CaBPEMEHHjUX CMEpHHMIA KOJA INpojekToBama bK,
ornopunx Ha ACP (TR30 (1999), BRE 1P1/02 (2002), BRE Digest 330 (2004) ur.).

3. MEXAHHM3AM ACP

Mexanmsam ACP je nmeraspHO ommcaH y JHTEpaTypH Ol CTpaHE pa3HUX ayTopa (HIp.
Diamond, 1976.; Dent Glasser u Kataoka, 1981.; Chatterji u cap.(1986., 1987., 1989.);
Hobbs 1988.; Diamond 1989.; o6uman mperies tuteparype 1ao je Jensen, 1993.; Wigum,
1995.9.;[18], Chatterji » Thaulow 2000.; Richardson 2002.; [16], Illston 2006. [12], u
Dyer, 2014.2.,[5]. 3a uanimpame ACP noTpeOHO je HCTOBpEMEHO MPUCYCTBO ajKajiuja u
arperata koju caapxu SiOz y amopdHOM 00nuky, (Ciuka 5/a). Y peakTHBHOM OOJIHKY,
CUJIMILINjYM C€ 110jaBJbyje Kao MUHEpaJl Ollajl, Kale0H, ByJIKaHCKO CTaKJIO, UTI., 1 MOTY
OWTH TPUCYTHU y HEKUM BpCTaMa Kpeurbhaka, 4epTa, UTI. PelaTHBHO Majia KOJUYUHA
peakTUBHOr MaTepujana y arperary (Mamu on 0,5 %), y ogpehennm ycioBuMa Moxe
unuiuparu ACP, [1,2,4,5,12,16] u [19]. Hatpujym u kamujym okcuau (NaxO u Ko0) ce y
MaJlUM KOJIMYMHaMa Haja3e y HeXUIPAaTH30BaHOM [eMeHTY, y hopmu pacTBopa cyndara
(NazSO4 1 K2SO4) mim kao memmasuna comn (Na, K)2SO4. U3Bop ankanuja Mory GUTH 1
MUHEPAJIHU J0JalH, Hip. 3rypa (ggbs) u nerehu memeo (PFA), w/nmn 3araljen arperar,
COIM 3a O/IMp3aBame Jena, uTa. [lopen \muX, TOCTOju Majla KoiuduHa cioboxHor CaO
koju kacuuje npesnazu y Ca(OH)z, Hactao xunpartanujom munepana CsS u C,S. 3a Bpeme
mporieca XuapaTanyje, cyidaTi pearyjy ca aTyMHHaTHMAa U HACTaje eTPUHTHUT ca jOHUMa
Na*, K* u OH" y pactBopy, [1,12]. Peakuujom m3mel)y cunuiujyma u ankandja HacTaje
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aKaJaHO CHJIMKaTHH I'el KOjH ce IIPBO II0jaBJbyje Ha BE3U arperaTta U [eMeHTHe macte. e
j€ CIoXKeHe CTPYKType, MeKaH je, 1 0CMO30M amncopOyje BOAy M 3aTHUM eKCHaHIUpa, jep
HACTaja jeubeha nMajy Belly 3alpeMUuHy Y OJJHOCY Ha OCHOBHE KOMIIOHCHTE XCMHU]CKE
peakmmje (Cruka 5/6), [8].

Silicijum (Si0z)

Voda (H20) Alkalije (Na7K?)

agregat ikt
)

Cnuxa 5/a Komnonenme ACP [8] Cnuxa 5/b MquO‘CKOI’lCI.(l;-I’l];l_lKCIS’ ACP [8]

Hacrtao xuapayluyky NPUTHCAK Y3POKyje INpPCKama XUIPAaTH30BaHE LEMEHTHE IacTe
W/ arperaTta, 30HE MUXOBHUX BE3a, CTBapame Mpexe MpPCIMHA MU OJaMambe
moBpIIMHCKOT ntena 6etoHa. [Iporec je cop n Mory mpohm ronuHe JOK ce MPCIMHE HE
pa3BHjy 1 HISHTH(DUKY]Y, Ka0 ¥ MpJbE OJI Tela KOjU IypH Kpo3 HHX, Ha ToBpmuHA bBK.

Peaxyuja usmeljy ankannux ...Peakyujom nacmaje ..U eKCnanoupa....
XUOPOKCUOAQ U3 YeMEHMA U quKaHO CUAUKAMHU 28T ... YHYMPAuliba Hanpe3arbd
HeCMAdUNHOZ CUTUYU]yMa Koju ynuja 600y u3 V3POKY]JY npckarve
(Si02) y acpeeamy OKpYJHCeBA ... bemoHa....

Cnuka 6. Unycmpayuja moxa ACP, [7]u[8]

Pa3Boj mpcnuna y enementy BK mpukazaH je Ha cimiy 7, IpU 4eMmy apMaTypa MOXKe
yTULIATH Ha pa3Boj U o6k npcnauHa (Cnuka 7.), [4].

|
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- ) P M?M
& |

pravcem ogranicenja - .

A\
i ' VT Mikro prsline u praveu . s
/ / normalnom na povriinu a)Bez armature u gornjoj zoni AB elementa popre(:;
o A 7 Armatura. pres
N <I\_\ (VA {\:\,—\P Moguca ravan razdvajanja I
~ x 9 T l"( T Makro prsline paralelne sa — ' - .
NN N4 = 'y N povréinom i armaturom Z—ﬁ -‘/":_’r-?c‘
MR S
~ 7 T — = P Nasumié¢ne makro prsline T~—— T . .
I~ = - N nastale usled ograni¢enja A . . . -
= A= " T — ekspanzije b) Armatura u gormjoj zoni = a u donjoj p;»r.prcsek

Zom

Cnuka 7. Paszeoj npcauna y3pokoean excnanuszujom eena y 6emony, [4]
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HajocerssuBuju menosu BK Mocta Cy OHHM M3JI0KEHH BHCOKO] BJIA3U M3 OKPYKerba (HIIp.
rpena (Cruka 8)). OceHueme Ha CIHIM 8 TPHKasyje Je0 THe Caapikaj Biare HajBHIIe
Bapupa, u rae ce oyekyje na he ACP umaru Hajrexe nocienuue no bK mocra.

I [
] L

Greda

Cnuxa 8. Ilonpeunu npecex epede BM

VY ycnoBuma Bunmmx temmeparypa ACP ce yop3aBa n moBehaBa ekcliaH3uja reia, 1 Jajbe
crabipere mepdopmancu 6eToHa,  mpe Tojase HoBux mpenuna (Giannini Zhu, 2012), [8].
I'enepanro, ACP TokoMm Bpemena crabu neppopmance 6etoHa (uBpcTohe OeToHA, MOTYIT
€IaCTUYHOCTH,...), ogHocHO BK, [1,4,5,7,8,12,16,] u [19]. CnabGsreme uBpcTohe Ha
MIPUTHUCAK CE HEMOBOJHHO OJIpakaBa Ha MPUTUCHYTE eeMeHTe, ctybose. Kox rpena, rie
je uBpcToha Ha CaBHjamke M CMUIakha BaXKHA, CMAKCE-E OBUX UBpcToha 3aBUCH 011 00MMa
3axpahenux nospmrHa ACP u najuemthe je penatuBHo Mana. Heka ucrpaxkuBama cy
mokasania Jia je maj uBpcrohia OeroHa (MpHUTHCAK, 3aTe3ame U caBujame) ycien ACP
n3mehy 10% u 30%, [16]. Behuna ucrpaxuBamwa nocrojehux BK nznoxennx ACP cy
rmokasasia Jia YIpKOC BEJIHKO]j eKCIIaH3UjU U MpCKamky O0ETOHA, KanmanuteT HocuBocTH BK
Hajuenihe Huje 6uo apactuuHo peaykosan (Hobbs 1988.; Chana u Korobokis 1992.; Bah,
Torson u Nilsen 1992.; Monet 1997.; Boenig 2000.; Deschenes 2009.; Larson
2010.2.),[4,5,8,12,16,] u [19]. OnuiupHuju nperie OBUX UCTPAKUBAbA Cy AaHATU3UPAIN
Deschenes (2009) u Kreitman (2011), [8].
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Cnuxa 9. Crabmwerve nepgpopmancu 6emona ycned ACP, [5]

Haxko je y HexuM ciydajeBuMma Hemocpennn yTtunaj ACP mHa HocmBocT enemenata BK
penatuBHO Maiy, (OpMHpame M pa3BOj NpPCIMHA y OSTOHY MOXKE TOKOM BpeMeHa
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y3pOoKoBaTH HeratuBHe nocnenune Ha nephopmance bK. Ilpciuae y 6eToHy 3amTuTHOT
cioja, 30or mosehama mpogopa XJIopuaa U3 OKpyKema, MOTy yOp3aTu KOpo3H]jy YeIHIHE
apMarype, MHULIUpaHy xjopuauma. CiudHo je u ca MoryhoM nenerpaunujoM cysdara.
ACP Moxe OMTH W OCHOBHH Y3pOK J€JIaMUHAIMja 3alITUTHOT cjioja OetoHa (Ab ruioua
Mocta Ha ciunu 10/a, [19]). YV oBuM cinydajeBuMa KOpo3uja apMarype ce Op30 HHALUPA |
nporpecuBHO pa3Buja. Heka uctpaxuBama y Jamany (Mikata u cap., 2012.9.) mokasana
cy MoryhHoct oma apmarype koj BM, omrehenux ACP (cmuka 10/0), [8]. Ilomro je
JanmaH y akTMBHOj CEM3MHYKOj 30HH, OBa CUTyalldja je MHULIMpaNa MOIH3abe HHUBOA
npeBeTUBHUX Mepa 3amTute BM ox ACP.

_ess—— _=i TR

Cnuxa 10/a. ,Hejzajwuauuja 3aUMUMHO2
cnoja bemona xonososne niove bM, [19] y Janany, 2008.2., [8]

upu mpernen npobnema soma apmarype ycien ACP, napounto y Jamany u CA/,
o6jaswuo je Veb, 2011.2., [8]. Ocum y Janany, 10 caga Hema MyOJHMKOBAHHUX IOAaTaKa O
KOHKpPETHUM ciydajeBuMma Jioma apmarype ycien ACP, [8]. Ilocnemunme ACP ce
HETIOBOJbHHU]jE OAPaKaBajy Ha TPAjHOCT M YIMOTPEeOJFUBOCT, Y OJHOCY Ha HOCHBOCT BK
MoctoBa. [loceOHO je HemoBoJpaH wW3INEN BHIJBMBUX zAenoBa BM, rme je ACP
HHTE3MBUpala U Tell Kpo3 NPCIHHE IPOIYpHO Ha CIIOJbHE HOBPIIMHE Ipelja U cTyOoBa.

4. ®AKTOPHU KOJU YTUYY HA MEXAHU3AM ACP

3a mMHMIMpame M pa3BOj XEMHjCKOT ITpoleca, W eKCIaH3Ujy OETOHa MCTOBPEMEHO CY
NoTpeOHe TpU NpHUMapHe KOMIIOHEHTE: PEakTHBHH CHIMIMjyM (0OMYHO W3 arperara),
ankanyje (IpUMapHO W3 MEMEHTa M JOJAaTHO M3 OKPY)Kema), W MPUCYCTBO Biare W/WiH
BOJIC U3 OKpYykema. MelyTuMm, Ha nHAIIHpamke 1 pa3Boj ACP mopex npumapHux, yTude u
HU3 JApyrux ¢axTopa Koju cy MeljycoOHO moBe3aHM W cuMmynTaHu. [lperusHuja
knacudukanuja cBux (akTopa je CIOXKEHAa W jeoHa O MOTYhHX je: OKpYyXeme
(TeMmepaTypa, BoJa W/WIM Biara, ajJkaidje, UTI.), arperar (Bpcra, oONHK, CTPYKTypa,
WTJ.), IEMEHT U BoAa (Ca/ipikaj W BPCTa EeMeHTa, W/c GaKkTop, UTA.), yHoTpeda aTuTuBa
u/und nojmataka, mope (caapikaj, BeNMUMHA, pacmopen, MelycoOHa MOBE3aHOCT), W
KOHCTpyKIHja (00JHK U JUMEH3Hje, BEINYMHA U CMep JieloBama onrepehema, uti.). Opa
kinacudukayja ykasyje Ha KOMIUICCHOCT yTuilajuux ¢akropa Ha ACP. IIpu Tome Heku
O] BbMX MOT'Y MIMaTH MOBOJbaH WJIM HENOBOJbaH yTHLa] Ha ACP n Mory Bapupartu y oKBUpY
came BK, Tokom ekmnoataronor Beka (EB).
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4.1. Oxpyxeme-Cpennna

Temenpamypa TUPEKTHO yTHYE HA XEMUjCKY PEaKLMjy U Ha eKcHaH3ujy OeToHa. AKo je
TeMIIepaTypa BHILA, XeMHU]CKH TPOIeC U eKcrnaH3uja OetoHa he mpe 3amo4erH, y ogHOCY
Ha HWKe TeMmIeparype. MelyTum, Ipu HIXKUM TemIepaTypama eKkcraHn3uja OeToHa Tpaje
JIy’Ke€ U MO’KEe Ha/IMAlllUTU OHY OCTBapeHy Ha BUIIUM Temreparypama. OBu edekTu cy
NpHUKa3aHK Ha cIuIM 11, e ce Buze pe3yiaraTy 1abopaTopujcKOT TeCTHpamba y30paka Ha
temmeparypama, +20°C u +40°C, [4,5]. JIujarpamu 1oKa3yjy Ia y30pId TECTHPAHH Ha
+40°C pearyjy u eKkcrniaHanpajy Opike, aji Cy KyMyJIATHBHHU Pe3yJITATH Ha KPajy HUXKHU OJT
KOHa4YHUX BPEAHOCTH, KO y30paKa M3JI0kKeHuX Temenparypu o +20°C.

24- 60T T 1T LI T T T
20 C kriva reakcije

20-  50F = — — —0— 20°C kriva ekspanzije
=y 40 C  kriva reakcije
[#]

16 ¢o- .
- el ——————

1_2-%30- 40 ¢ kriva ekspanzije
=
L]

08 520t / ]
b3
(&)

04 210 -
A

00- ol s . =

013710 30 60 90 180 365 480

Vreme, dani
Cnuka 11. Peaxyuja u 6p3una excnanzuje na +20°C u +40°C (Poole, 1992),[4,5]

BpojHa ucrpaxuBarma U HCIIMTHBaKba OETOHA Ca HCTHM CajipykKajeM ayKaiuja rokasaia cy
onTUMAJHY TemrepaTypy oko +38°C , mpu k0joj je excrnan3uja 6etona Hajeeha (Locher,
1973.), [5,16]. UcnutuBama cy mokasana jia ce yKyllHa eKcliaH3uja 6eToHa 3a MojeinHe
BpCTE arperarta CIopuje pa3BHja, ca JajbuM NoBehameM Temneparype (ciuuka 12/a).

-
niske temperature
§ - _m
& wise temperature 2
= A2
&) / i
: > ‘ll
7
Vreme 38°C (= 100 F)
fa. b,

Cnuka 12./a. Kpuee excnanzuje 6emona npu HUNCUM U GUIUUM MeMNepamypamda,
12/6. Onmumanna memnepamypa npu kojoj je excnausuja najeeha, [4,5,12,16] u [19]

BeroHu Kkoju canpke yMEpeHO peaKTUBHE arperaTe U N3JI0KEHH CY XJIaJHIjeM OKPYKEHbY
mokazyjy cumntome ACP Hakon 15-tak roamHa [7]. BeToHm koju caapike BHCOKO
PEaKTHBHE arperaTe U U3JI0KEHHU CY TOIUIO] M BIA)KHO] KIIMMH MOTY UCIPCKAaTH 3a Mambe
ox 2 ronune, [7]. UctpaxuBama y JlaHckoj cy Ha mpuMepy rpeanor BM mokazana edexar
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3aBucHOcTH ACP on temmeparype, [16]. lltetan ytunaj ACP je youen y Ab rpeau ca
JY)XHE cTpaHe, TOK MPCKame HHje YOUEHO ca CeBEepHEe CTpaHe, 300T Tora IITO Ce TOKOM
JaHa rnoBpiinHa AB rpena Ha jy)KHOj CTpaHH 3arpeBa oJ] CyHIa, JI0K je CeBepHa CTpaHa y
cenuy. Hanmasme, crospallllbyl JIGNOBM MONPEYHUX IIpeceKka Ce 3arpeBajy BHIIE OJ
YHYTpalIbUX JeoBa, 1To yop3asa ACP y criospalimbuM A€10BHMA, aKo je caapikaj Biare
JIOBOJbHO BHCOK. MehyTuMm, numajyhu y Buay pesynrare npukasane Ha ciunu 11 un 12/a,
€KCIaH3Huja U NpcKambe OeTOHA ce BpeMEHOM MOTY OYEKMBATH M Ha XJaguujem neny bK,
W pa3BHUTH CE BHIIE HETO HA TOILIMjEM JIeNTy KOHCTPYKIIH]e.

Booa nma ipuMapHy yiory y GopMupamy Teia U BakaH je (pakTop y pa3Bojy IMoclIeana
ACP na BK MocroBa (cmmka 13). McTpaxkuBama 1 cTedeHa HCKycTaBa IoKa3yjy Jla Tell He
eKCIaHIupa aKo je BIaxkHOCT OeToHa Mama ox 80%. Ha cmwimm 13 mpukasaH je omHOC
n3mel)y caapikaja Biare u ekcnansuje 6eroHa, [4,5,12,16] .
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Cnuxa 13. Ymuyaj enaze na excnanzujy, [4,5,12,16] u nuso owmehera 6emona,[16]

Hucke memnepamype, 600a, conu 3a oomp3asare aeda. Kon BM HenoBosbHOCT ¢y
LUKJIYCH BIIAXKEHa U CylIekha OETOHA IITO MOXKE YTUIATH Ha JIOKATHY KOHICHTPAIH)Y
komrioneHTH ACP. Omrehema Oerona ycnen ACP y komMOuHanmuju ca IMKIycHMa
CyllIema U BIaXemha, CMp3aBaba U 0IMP3aBarba, U COJIM 332 OJMP3aBaibe JIEAa Ce TEILIKO
pa3uKyjy ca acmekra MPUMapHOT THIIA JeTepHuopaiyje OeroHa jep ce MelycoOHO
CHUMYJITAaHO CTHMYJIMIIY, IIPU 4E€MY je TEIIKO pa3IMKOBaTH Y3poke W mocienune. Ha
npumep, kox omrehema 6eToHa ox cMp3aBama i ACP, 6eToH ucrpcka mto MHULKpPA
pa3Boj oba Mexanusma. [Ipu Tome ce moropiaBa crama OETOHCKHX ITOBPIIIMHA OJT JIEjCTBA
Mpa3sa, Kpo3 [pCirnHe y OETOH MIPOJUPY XJIOPUIU U3 COJIH 32 OJIMP3aBaibe KOjH HHUIIUPA]Y
Kopo3ujy deiaudHe apmarype. JlomaTHo, KOJMYMHA ankanhja ce Moxe noseharu
MPOJIOPOM COJTH 33 OJMp3aBame liena, yume ce nosehasa pusuk ogq ACP ykonnko one
JIOCTEjy 10 peakaTHBHUX 30HA, OJHOCHO arperara y Oerony. [Ipu Tome, MpoOmycHOCT
OcToHA je jemaH OX IIaBHUX (hakTOpa KOju yTHuYe Ha MOTYNHOCT mpojopa aikamuja y
oeron. Mnak, yTunaj ankajiunja Koje Mpoaupy y OCTOH Crojhba MMa YJIOry caMo Kaza ce
ACP Beh onBuja yaytap 6eToHa, [5]. Y TuM ciiyyajeBrMa J0aTHE aIKaIMje MOTY HMaTH
OJIJIOXKEHO 1ejcTBO, [1,4,5,12] u [16]. Konuuuna ankanuja Koje mpoIUpy CIOJba j€ 3HATHO
Mama 0J] OHMX M3 LIEMEHTa, U HHUCY J0BOJbHE 3a MHULMpame U pa3soj ACP, [1,5,16] u
[19]. V cayuajy mukiyca cMp3aBama M OAMp3aBama + coim 3aoamp3aBame + ACP,
omrehema OeToHa ce He MaHH]eCTyjy HCTOBpeMeHO jep ce ona o1 ACP criopuje pazBujajy
Yy OJJHOCY Ha OHa O/l CMp3aBara M OJMpP3aBarba, KOja MOTY HACTATH Y BPJIO KPATKOM,
XJITHOM TIEPUOTY.
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4.2. Arperar

Arperar je mpuMapHa kommnoHeHTa (cmmmiujym) ACP u 300r Tora je mo3HaBame
neppopmaHcu arperara BaxxHo ca acnekra ACP. Hajuemrhe ce mMory m3pojuru uernpu
OuTHe nmepdopmMaHce arperarta: BpcTa U peakTUBHOCT, OOJIHK 3pHA, TPaHyJIOMETPH]jCKU
cacraB, ¥ KOpHIIEHE Jgo1aTaka. Benuku Opoj arperata Moxe Jja caJip>Ku peakKTUBHH 00JIHK
CHWIHMLHjyMa y Pa3IHYUTUM KOJNWMYMHAMa. Y NPUHLMITY W Maja KOJMYMHA PEaKTHBHOT
cwmiyjyma Mosxe na naunupa ACP. HajBaxanju paxrop Ko peakTHBHOCTH arperara je
PEaKTHBHOCT PACIIOJIOKUBOT CHIIHIIMjyMa KOjH 3aBHCH OX CTpYKType SiOz (KpucTamHN
n amMopQHH), OJHOCHO OJ MOryhMx HemocTaTtaka y MOJEKYIapHOj CTPYKTYpH,
[1,2,4,5,12] u [16]. Ako cTpyKTypa WMa BHUIIIE€ HEJOCTaTaka PEaKTHBHOCT areparara u
pusuk o1 ACP je Behw, jep nopemehena ctpykrypa uMa Ha pacnonaramy Behy MOBpIIMHY
3a MOTEHIMjalIHy peakuujy. KpucramHa cTpykTypa 3aBUCH OJf HauuHa (opMHpama U
T'€O0JIONIKE UCTOPH]jE arperara. YTpokeHe CHIIMLIU]YMCKE CTPYKTYpe YKIbYUyjy aMopdHY,
CTaKJICHY, KPHIITO-KpPUCTAIHY W MHKpPOKpHCTanHy, [S5]. Henampernyrtu kBapr uma
najeuie SiOy, anu je crabunan U Mana je BepoBatHoha 1a je peaktuBaH, [4]. Kopucran
nperiien MPUPOJIe PeakTHBHUX 00HKa arperata objasuo je Diamond, jorr 1976.r., [5,12]
u [16]. TToBehame canpikaja peaKTHBHOT CHITHITHjyMa moBehasa ce ekcriansmja GeToHa J10
onpeheHor HHMBOA, HAKOH Hera ce OHa cMmamyje. Hajseha je excmaHsmja kama uma
PEaKTHBHOT CIJIMIFjyMa TOJIMKO, KOJMKO je MOTpeOHO Ia pearyje ca pacIioIOKUBUM
ankanijama. OTHOC pEeaKTHBHOT CIUIMIMjYMa U PACIIONOKUBUX allkaiHja Hajuemhe je y
HHTEpBATY o 3,5 1m0 5,5. Ha cumm 14, [1,5,12,16], npukasana cy getnpu (A, B, C u D)
KapakTepuCTHYHA MHTepBalia Mel)ycoOHe 3aBHCHOCTH €KCIIaH3Wje IIEMEHTHOT KaMeHa |
KOJIMYHMHE CHJIHIIN]jyMa:
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Cnuka 14. Ymuyaj caopacaja akmuenoe cunuyujyma na excnausujy [1,12]

- A: Manu caapikaj peakTHBHOT CHJIMIIM]yMa M €KCIIaH3Hja Tesia HakoH ouBphaBama
OeToHa je MaJa Ja y3pOKyje IpcinHe y OeToHYy,

- B: IlpucyrHo je BuIe ayikajiuja U peakiyja ce HAcTaBJba CBE JI0 HCLPILBCHA
PEaKTHBHOT CHJIMIIHjyMa U peakifja MOKe Y3pOKOBaTH IPCINHE y OETOHY,

- C: IIpucyTHO je BUIlIe CHIMLIKjyMa Y OJJHOCY Ha PACHOJIOKHUBE aJKaJIHje, peaKiiuja
ce HacTaBJba CBE JIOK CE€ HE HCIIPIIE PACIIONOKMBE alKajlHje WIN JOK HHUX0Ba
KOHIIEHTpalHja onaHe ucro/ oapeheHor HuBoa. [Ipu Tome ynujame Bojge onajia
ca CMamUBamkeM 0JTHOCA AJIKaJIMja M PEaKTHBHOT CHJIMIIMjyMa.

- D: KonmunHa peakTHBHOT CHJIMIIMja je BEIHKa, peaknuja je Op3a, Tel ce pa3Brja
CIIOpO U KaJia OETOH OUYBPCHE OH HE y3pOKYje MOojaBy MPCIIHMHA.
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UctpaxnBame yTHIaja o0nmka M crama 3pHa arperata Ha ACP Hmje pesynarupaino
MOTITYHO ycarjiamieHuM craBoM, [4,5,8]. OGiuk 3pHa MOKe YTHIATH Ha TIOTCHIIHjaIHY
PEaKTUBHOCT arperara jep AMKTHpa KOJIWYMHY BOJE M aJKaldja KOje MOTY JIOCHETH y
KOHTaKT ca PeakTUBHHMM 30Hama Ha 3pHy. [losiomspeHa 3pHa nmajy Behy crenupuuny
NOBPIIMHY 0/ HeomTeheHWX, W aKo cajap)Ke peakTHBHE KOMIIOHEHTe oHe he OuTn
JIOCTYIIHE PacTBOpPY alikanuja. MehyTuM, nnak HHje MOTIIYHO TayHa NPETIOCTaBKa Ja
3pHa ca BEJIMKOM crielin(puuHOM MoBpInrHOM nHTe3uBupajy ACP y oxHocy Ha yectuie
UCTOT ca/ipKaja, ajli ca MambOM CHenU(pUYHOM NOBpLIMHOM,[4]. Pasior je mTo 3pHa ca
BEJIMKOM CIIEIU(UIHOM NOBPIIMHOM TOKOM XHIpaTaiyje HeMeHra Op3o dopmupajy
no0py Be3y ca IIeMeHTOM, cTBapajyhu koMnakTHHju OeToH. be3 najpux ucTpakuBama, He
MOJXE CE€ M3BECTH KOHAa4yaH 3aKJbydaK HapOUYHUTO jep cHenu(HuIHa MOBPIINHA Y HEKHM
ciTydajeBuMa Tokasyje 9ak u 3amrtuty ox ACP, 360r ryctiuHe GopmupaHor OeToHa Koju
crpedaBa TPAHCHOPT ajKalMja O peakTHBHe 30He arperata. Ca acmekrta
IpaHyJIOMETPHjCKOT cacTaBa arperara rilaBHH (pakTop ocTaje peakTHBHOCT CHIIMLIUjyMa,
Kao M KOJ| yTuIlaja obauka arperara. Omtyuyjyhu gakrtop y oba cinydaja je creruduyana
MOBPIIMHA YEeCTHLA YHjUM ce moBehameM peakTHBHOCT NoBehaBa, mpu yeMy Bake UCTa
orpaHMYeH-a Kao 3a yTHIA] 00JHMKa arperata. Mame uecTuIie MOTy MPOAYKOBaTH ryiihe
6erone u 3amrura o7 ACP kojy majy rymhu GeToHM MoOke mpeoBiagatu Han Behom
pPEaKTHBHOCTH yecTHla, ca acrekta ACP, [4] u [16]. Hekn uctpaxupaun cyrepuiy na
MaJle 4eCTHIe MOTY OMTH BpJIOo peakTuBHe ¢ 003upoM Ha ACP, anmm na ce Hampesama y
0CTOHY MOTY CMaBHTH y OJHOCY Ha Hamlpe3ama Koja ce jaBJpajy Kaga ce Kopucte Behe
yecrune, [4]. CmaTpa ce na cutHe dectnte (20 do 30 pm) Mory moBeCTH 0 SKCIaH3Hje
3a HEKOJIMKO CEIMHILIA, a BeJIMKa 3pHa TeK HAKOH HEKOJIMKO roauHa, [1,12].
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Cnuka 15. Ymuyaj eenuyune vecmuya acpecama na excnausujy, ASTM C1252 [5]

4.3 IlemeHT

Ankanyje, Apyry IpUMapHy KOMIIOHEHTY noTpebHy 3a ACP, canpxu niement. Canpxaj
ankanuja y 6eToHy ce oapelyje kao cyma CBUX pacronoxuBux ajkaiuja y Kr/m® 6erona.
Ca noBehameM kou4KHe ankanuja ce yopzasa ACP, anu Tek koj canpxaja seher of 3,5-
4 kr/m® 6etona, ogHocHO mpubmmxHO 0,6% 1o Macu nementa, [1,5,12] u [16]. Mama
KOJIMYMHE aJIKaJIija He HapyllaBa CTPYKTypy 300r cMamema pH mopHe Boze, 4ak M KOA
NIPUCYCTBA pEeakTUBHOT arperara. KoiuuwmHa ankanwja y LEMEHTY ce HM3pakaBa Kao
eKBHBAJIEHT YKyIHe Mace HaTpujyM okcuzaa = Na,0+0,658K>0. Oa BpenHoct, nozHara
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Kao aJKaJHH CaJipkaj IIeMEHTa, CpadyyHaBa ce Kpo3 ogHoc HaTtpujyM okcuaa (NaxO) u
kanujym okcuaa (K20), myrem muxoBe penaTuBHE aTOMCKe Mace, [16]:

Na.0/K>0 = 61.979/94.203 = 0.65793%=0,658
% (Na20)eq = [Texuna y % NayO] + 0.658[Texuna y % K,0]

Ilementn ca yuemhem exBuBasienTa Na,O MambHUM 0J1 HaBeJCHE BPEAHOCTH, Ha3UBajy ce
“Hucko anxannu” uementy, [1,4,5,12] u [16]. Ankanuu caapikaj noptiann uemenra (PC)
KOjH ce NMpOoM3BOAHM y cBety, Hajuemthe je namelhy 0,3% u 1,5%, mame Hero paHuje, 4emy
je nompunena u csect o penomeny ACP. Hmp. y P.HMpckoj, mpoceuna Bpeanoct 3a PC je
MIOCTETICHO CMamUBaHa ca mpeko 1%, Ha oko 0,7%), [16]. Y MHOTMM npx)aBama ce paHHje
IPETHOCTaB/baI0 1a OCTOHHW CIpaB/baHH Ca ,,HUCKO alKaJHUM IeMeHTHMa Hehe
y3pokoBatu ACP, momto KOHIIEHTpaIMja XUAPOKCHI jOHAa Y OETOHY MOXe OUTH Mana y
oHOCY Ha OeTOHE CIpaBJbeHE Ca ,,BICOKO aKATHAM' IleMeHTUMa. MeljyTuMm, Ko oBUX
pa3MaTpama 4ecTo ce M30CTaB/bao AONPUHOC ajJKaluja U3 arperara, I U3 OKPYXKema,
[1,4,5,8] u [12]. Oapelene Bapujammje KO [[EeMEHATA MMa yTUIAja HA PACIIOIOKHUBOCT
ankanuja, a Tume M Ha ACP. Hako je Behuna cmepHuna 3a cmameme pusznka og ACP
yCMEpEeHa Ha arperar, Ipyru HauuH ciipeyaBama ACP je u30op caapikaja neMeHTa, BpCTe
neMenata U w/c (w/b) dakrop, momTO je IEMEHT IJIaBHH W3BOp ankanuja. Caapxaj
nemenrta (Kr) ce kopucTu no 3anpeMHuHK GeToHa (M%) ITO yTUYE HA KOIMYKMHY U GaTaHC
PEaKTUBHMX KOMIIOHEHTH NPUCYTHUX y OeToHy. Kao miTo je cirydyaj ca MHOTHM JIpyruM
(akToprMa y ciry4ajy caapikaja leMeHTa KJbydHa je ONTHMaIHa KOJIHYIIHA [IEMEHTa, THME
U aJKajvja. AKO I'a UIMa Mambe WM BHILIE, TO C€ HEIIOBOJBHO OJJpakaBa Ha OIIITH KBAIUTET
6erona, TuMe pacte u pm3uk o ACP. Ca acmekra Bpcre nemenara, ACP ce mosesyje ca
kopumthemem PC. Kao mepa 3amture og ACP akryenHo je kopumtheme PC ca momarma:
PFA, ggbs, u cunukatHa npamuna (SF), koju cMamemy pusuk o ACP u Banopusyje ce
Ha crnenehu vauwm, [1,5,16]:

- PFA u ggbs canpke aikaiydje, ai BUXOBO ydenihe y YKYITHOM aJIKaJIUTETy je
Masio y komOuHaiuju ca PC, 300r yera ce y3uma y 003up caMo 1€0 HUXOBOT
cajipkaja ajKalija, YuMe Ce caJipXKaj aJlkaliija y BE3UBY MOXKE CMAbUTH,

- CcMamyjy IpOIyCHOCT OeTOHa, LITO YyCIOpaBa WIM IpPEeKUIa TPaHCIOPT
peakTUBHMX Marepuja u op3uny ACP,

- caapXe peaKTHBHU crimiujyM, Hapounto SF, mTo moBehaBa meroso yuemthe,
yuMe ce npeiasu y uarepan D, Ha qujarpamy (cimka 14), y KoMe je cMambeHa
excrnianzuja Oertona. Ilpm Tome Tpeba KOPHCTHTH JOBOJEHY KOJIMYUHY
MHHEPAJHOT JI0/aTKa 3a Ipejia3ak y 0Baj HHTEPBaJl Ca MambOM eKCIIaH3HjOM,

- mpenopyka 3a 3amery aeia PC je: 30-40%PFA, 20% SF, wmu 50-65% ggbs,[1].

VY Xonanmuju je orpanmyeH 0poj ciaydajea ACP u3 panuje mpakce cripaBbamba MHOTHX
OeToHa O/ IEMEHTa ca JOAaTKOM gQghs, ka0 eKOHOMHYHA anTepHATHBA Y OOHOCY Ha IpYTre
BpcTe 1ieMenTa, [2] u [4]. OBo je OGuia CIyd4ajHOCT, jep Taja MpPOjEeKTAHTH HUCY OWIIH
CBECHHM TIOBOJBHOT yTHIlgja ggbs wa 3amrury oq ACP, [4]. Be3 063upa mito je Be3uBO ca
JnoAaTKoM ggbs MOTeHIMjamHO PeakTUBHO, §ghs ce cMaTpa MOBOJBHUjUM y oHOCY Ha PC
jep oBa Be3uBa uMajy ryuthy crpykrypy u amxu pH ox PC, mro penykyje ACP, jep Behe
MIPUCYCTBO XUAPOKCHUIA ,,pa3duja‘“ cTpyKTypy criniujyma, tokom ACP, [4,5]1u [16]. W/c
(axTop mpumapaHo ytuue Ha nepdopmaHce OETOHa, MOJUIOKAH je OCIMIIaljaMa KO
yrpajmke y OJHOCY Ha POjEeKTOBAHY BEJIMYHHY, IITO 3aXTeBa BEJIMKY MaXxmwy. beroHu ca
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BUIIUM W/C (akTOpOM Cy NPOIIYCHHU]H, Mame Cy UM uBpcTohe u ormopHocT Ha ACP. Ca
acnekta ACP, moxespaH je HIWKH W/c (hakTop, ycarjameH ca OCTaJuM acleKTUMa
MPOjEeKTOBaka W Yrpaume OeToHa, Hapoyuto oOpambuBocTH. Jlome yrpaheH wu
HEKOMIIaKTaH OSTOH MMa 30He TJie ce Oprke mHuIupa u pa3suja ACP.

4.4 Yuorpebda nonaraka — Jlonauu

Marepuje Koje ce 10Aajy LEMEHTY, BOAM, arperaTry M CBeKeM OCTOHy WM Kaja OH
ouspcHe, yruay Ha ACP. [Ipumena aepanaTa pelnykyje eKCIaH3Mjy TeJa, ajli TO HHje
samtuta on ACP, [4]. Ilpumena cynepriactudukaropa moBojbHO yruue Ha BK, ca
acriekta ACP,[4]. Mehytum, pe3ynTati HEKMX HCTpakKMBama yKasyjy a MCTOBpEMEHa
IIpUMeEHa arperaTa omaja H CylepiuiacTuGUKaTopa y3pokyje Behy ekcransujy rena, [1,4]
u [5]. Onrumanae xommumae SF, PFA wu ggbs cmamyjy ekcrmaHsujy 6eToHa, V3
orpaHHYeHa Koja NeQHUHUITY CMEpHUIIEC 3a NpojeKkToBame OeroHa, [1,3,5,7,8,16] u [19].
Ucnpasuo xopumheme PFA je mpuxsahenuje y omnocy Ha SF, mto je ciopamje. Kax ce
KOPHUCTH y CKJIaly ca mpomnucuma, npumena PFA je Mame criopHa, nako Huje noysjaHa
samruta ox ACP, [5] u [16]. Na,O-ekBuBanent y SF Bapupa mmelhy 0,3-5,5% u on
caapxu 60-98% amopdror SiO», mITo Ccy IIaBHU eJIeMEHTH 3a opMupame rena, [5,12] u
[16]. Kana ce ucnipaBno kopuctu SF, peaknuja je 6p3a, oaBuja ce koj ouBpinhaBama, 1
omrehema OctoHa ce Hehe mojaButu (D Ha cn.14). Mako ce SF cmarpa moBOJbHUM,
IOCTOje W CIIy4ajeBM y KOjuUMa je WMajla HEeNoBOJbaH YTHIA), IUTO j€ OIHCAHO Y
ucTpaxkuBamy Juenger u cap. [13]. Omnyayjyhu ¢axTop y OBHM ciIydajeBHMa je BUCOKa
KOHIIeTpanuja u HexoMoreH pacropen SF, y 6erony. 360r Tora, y HEKHMM OKOJIHOCTHMA,
SF muje notmyHa 3amruta o1 ACP. [ToBoskaH yTHIIaj IymoraHa HHUje CAaCBUM jacaH, aid
ce Hajuemhe OMHUCYjy Kao: Mama MOpo3HOocT; Beha uBpcroha M KpyTocT OeTOHA; Marma
KOJIMYMHA aJIKallfja; U MyIoIaHcKu MaTepujan pearyje ca C-S-H u penykyjy Ca(OH); u
ankanuje, [1,4,5,8, 19].

4.5 Ocranu pakropn

Bpoj, pacmopen m mehycoOHa moBezaHocT mopa oxpelyje mpomycHOCT OeToHa H
IIpUMapHU je (pakTop TpaHCHOPTa MaTepurja Kpo3 O6etoH mrro yruiue Ha ACP. IIpumukom
peakuje HacTaje rel KOju MOXe 10 ojpeljeHe Mepe HCIyHUTH IOpe M CMambUTH
Harmpe3ama OeToHa. Y TOj CHTyalMju, TEK Kaja ce Iope UCITyHe 0 Kpaja rejioM, MOXKe
nohu 10 Hampesama ¥ nojase npeirHa. Mnak, Beauku 6poj mopa Koje ce MOTy UCITyHUTH
relIoM HHje TapaHiiyja 3amTure 0etoHa on omrehema yenenq ACP. Ca npyre ctpane mope
MOry OWTH HCITyH-€HE pacTBOPOM alikajidja U BOJIOM, IITO je MOBOJEHO 3a pa3Boj ACP.
I'enepanno, HenporycHu OETOHU Cy Mame 1opo3Hu u nouioxkHu ACP jep je Tpancnopr
pPEaKTHBHUX KOMIOHEHTH ycropeH wiu HeMoryh. MehyrtuMm, y cimydajy ACP mame
MOPO3HHU OETOHM HE MOTY arcopOoBaTH rell 300T Mame Iopa IITO W3a3MBa Halpe3ama U
npckame OeroHa. Ha ACP wmory yrumatm ammensuje u getassm BK  moctoma.
KoHCcTpyKTHBHE Mepe MOTy yTHIATH Ha /ABa HaumHa. [IpBHM ce OmHOCH Ha IUMaH3Hje
enemeHata bBK y ycmoBuma oxpyxkema. Axo BK wmma Behm omHOC
[I(nmoBpiuna)/B(3anpemMrHa) OHA je UW3NOKCHHjAa YCIOBUMA OKPYXKEHha, THME U
ocerspuBHja Ha ACP. OBaj (akTop je TEIKOo MPOICHUTH, jep Ce HEKOJIHKO mapamerapa
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MYJNTHIUTULIHPA U MOKE yTHIATH HCTOBpeMeHo. Kao n nuMensuje, BaxxHu cy nerasbu bK
jep ce ACP uemrhe u 6prxe pa3Buja Ha ocetspuBuM 30HaMa BK. Muoru exementn BK cy
IIPOjeKTOBAaHU Tako Jia ce ontepeheme quctpudyupa y onpeheHom cmepy (rpenae, cryboBu
U CI.) WTO MOXe ycMepuTH pa3Boj ACP m ekcrnausujy rena. Y Hayely, Hanpesamba
y3pokoBana ACP Tpaxke myT Mamer oTnopa. YHOLICHE M TOK CHIa, MOXKE YTHLATH Ha
ACP, jep cmep ontepehema yTuue Ha cMep eKIlaH3uje OeToHa, U YeMy apMarypa Moxe
CIPEUYUTH LIMpeHhe y jeqHOM cMepy. Bennunmna u cmep onrepehema y BK mma mamn
yrunaj Ha ACP, y oqHOCY Ha ycJlOoBe OKpYy’Kema 1 cacTaB OeTOHa.

5. AJIKAJIHO KAPBOHATHA PEAKIIMJA-ALIR

AILIP je npBu otkpuo Svenson, 1957.c., y obnactu Kunrcron y Kanaau, y ucto Bpeme
Kazaa je npeu 1yt uaeHtudpuxkosana 1 ACP y Kanannm [8]. ¥ CAJl, ALIP je oTkpuBeHa
1961.r. (Hadlei 1961,[15]), u xacuuje y Enrmneckoj, Aprentunu, bpasuny, lllnanuju,
Baxpeuny, Upaky u Kunu (Ozil, 2006, [15]). ¥ Kunu cy tokom 1980-THx roauHa
nieHTH(HUKOBAaHE BEJIMKE MNYKOTHHE KOJ JpyMckux BM, aepoapoma u Tporoapa
y3pokoBane ALIP, [4]. Y oBum BK, arperar je 610 TOJOMUTHH KPEUmbaK HIIH TOTOMHTCKE
crene. 3a paszmuky ox ACP, mpoGiemu Besanm 3a ALIP jomr yBek cy orpaHH4eHH Ha
HEKOJIMKO M30JIOBAHUX JIOKAIHja mHpoM cBeta. Peakuuje u mexaamsam ALLP je o6jacHno
Gillott, 1964.r. [8]. ALIP ce oxBuja u3mMel)y ankanuja u IpoOBEHOT arperara J00ujeHor
0J1 IOJIOMHUTA, KPEUHadKNX JOJIOMHTA H jOIII HEKUX KapOOHATHNX cTeHa. OBOM peaknujom
ce TpaHC(OpMHUIE MHHEpaJl JOJIOMHTA Yy MHHEpale KalluTa W CTBApame MHHEpasia
OpynuTa MITO y3pOKyje Maj 3aTe3He uBpcrohic OeTOHA M MOjaBy MHKPOINPCIWHA, Ha
MOBPIIUHYU OeTOHA. AKTHBHE Cy CaMO OHE JIOJIOMUTHE CTEHE Y KOjUMa j& OJTHOC CajpiKaja
JIOJIOMUTA M KanuuTa y rpanunama o 40:60 go 60:40 u y3 npucycTBo MUHEpasa IlIHHe
oxn cca 10%. ITpu Tome, y onnocy Ha ACP, ALIP je penaTHBHO Majlo MCTpaKMBaHA, U
Hay4HHM KOHCEH3YC Ha OBY TeMy TeK Tpeba na Oyzae nocturnyt. Mako ce 3Ha J1a ajKaiHo-
KapOOHATHO PEaKTUBHM JIOJOMHUTCKH KpEUmalld HMMajy KapaKTepUCTUUHY TEKCTYpY,
CTPYKTYpPY | Jia XEMH]jCKa peaKiinja y3poKyje AeJ0I0MUTH3AIM]Y (T0JIOMUT — OpynuT +
KaJIIINT), IOCTOj€ HeyCarIallleHOCT OKO TOTa, J1a JIH je eKcraH3uja 6etoHa kox ALIP moxxma
nociennia ACP. YV ToMm mornexy mpeoiagaBa craB Aa 0e3 003Wpa Ha MeXaHHM3aM
eKkcraH3muje, nocroje kapaxrepuctudyHa AP koja ce pasmukyje onm ACP. OcHoBHa
ocobmna AIIP je xpartak mepwoxa mpe mojaBe omrehema, peaknnjy Ha BeoMa HHUCKOM
aJKaJHOM HHUBOY, Hee(hMKacHOCT IyloJlaHa M LUbAaKe y KOHTPOJIM EKCIaH3Mje W
HemoryhHocT ozpelyeHHxX TecToBa Ja ce MAeHTH(UKY]y peakTHBHU arperatu. Katayama y
cBOojuM uctpaxuBambuma 1992, 2004, 2010.1. TBpAK Ja IITETHA eKCTIAH3H]ja IOJIOMUTHHOT
arperara je BepoBaTHO nocienuna ALIP ycnen npucycrtBa KpUNTOKPUCTAIHOT KBapla,
[14].

6. 3ABPIHIHE HAITOMEHE

AAP moxe y3pkoBatu 030mibHa omtehema Gerona xox BM, mro cnabu nepdopmance
OeToHa W IIPUMapHO yrpokaBa ynorpedssuBocT U TpajHocT bK mMocroBa. ¥V oxpelhennm
OKOJIHOCTMMA, Y KOMOWHAIMjU ca JAPYTUM JAETepHOpPAllMOHUM TIpollecuMa W/Win
Kopo3ujoM uennuHe apmatype, AAP moxxe yrposutn u HocuBoct BK mocroBa. Kana ce
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nannupa ACP, jeqiHn HauMH 1a ce 3ayCTaBH j€ eIMMHUHICAE BOJIE, ITO y cirydajy bM
Hajuenthe HuUje mMoryhe. BaxHo je cMamuTh pm3HK o mojaBe AAP Beoma maxJbHBHM
oabupoM Marepujaiia U pojeKToBameM cacTaBa OetoHa. Tpeba nzberaBaTu peakTUBHE
arperare - IocToje MpernopyKe 3a CBPCTaBame arperara o03MpoM Ha cacTaB y arperare
Malle, Cpelllbe M BEJIMKE PeakTUBHOCTH. OTpaHMYMTH KOJUYUHY aJKalIHja y LEMEHTY,
ymnotpebom PC ca mamuMm caipkajeM anmkanvja W/WIH ca MHHEPATHUM JOJalliMa.
OrpaHMyYuTH KOJMYMHY YKYITHUX ajkaiuja, Ha mame of 3 kr/m® Gerona, npu gemy je
MOTPEOHO y3eTH y 003Mp PasIMuUTO OPEKIIO ajKainuja (LIEMEeHT, MUHEpaJIHU JOAALM Y3
(akTop peayKImje, CONM 3a oaMp3aBame U ci.). Komnakran 6eToH, Malie TOpO3HOCTH, je
noOpa 3amrtuTa, ca acmekta AAP. IIpmmukom mpojekroBaka u rpahema BM BomuTh
padyHa ma 6ETOH OCTaHE IITO AyXe cyB TokoM EB, mTo je Temko octBapuBo 3a Behuny
BM. ¥ TiM cimydajeBuMa je morogHo kopuimherme ToJaTHAX crcTeMa 3amTuTe (bapujepe),
1o onpehene, Mmoryhe rpanute.
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THE EFFECT OF ALKALI-AGGREGATE REACTION
ON CONCRETE BRIDGE STRUCTURES

Summary: This paper shows contemporary issues related to unfavorable effects of
concrete alkali-aggregate reaction (AAR) on concrete bridge structures (CBS). Although
AAR unfavorable effects on CBS were identified in 1930s, it was much later that AAR was
acknowledged as one of the most pronounced deterioration processes in concrete that
results in damages to concrete structures. There are two basic forms of AAR: alkali-silica
reaction (ASR) and alkali-carbonate reaction (ACR). Compared to ACR, ASR is more
prominent, especially in certain geographic parts of the world. Damages to concrete
caused by the ASR have negative effect primarily on usability and durability of CBS, what
is followed by the decrease in load bearing capacity of structural components and
reliability of the whole structure, shortening of service life (SL) and costly repairs. For
CBS, simultaneous occurrence of ASR and other degradation processes in concrete, such
as those caused by the presence of moisture, water, temperature variations and use of
deicing salt during winter, are especially damaging. Based on review of the most relevant
literature, this paper is focused on mechanisms and mechanisms factors of the ASR,
related contemporary research and reliability design guidelines for CBS that are based
on prevention of the initiation and development of ASR.

Key words: Concrete structures, bridges, alkali-aggregate reaction, alkali-silica reaction,
mechanism, factors, concrete, aggregate, cement
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