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Zwn oXedlaopou vs. Alapkela Asttoupyiag

Zwn) oxedlaopov vs. AlapkeLa Asttoupyiog
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NATKOzZMIA TAZH:
AEIDOPIA KAI
EZYMNNH XPHzZH
TQN NMOPQN

—~

NEA OIKONOMIKA

EANEIWH
MPOMHOEIQN KAI MONTEAA KAI
= AMAITHZEIZ TIA
AY=HMENO
KOzZTOZ YAIKQN KAAYTEPOYZ
AEIKTEZ R.O.I.

——

ANAITHZEIZ TIA
METAAYTEPH
AIAPKEIA
AEITOYPIIAZ
KATAZKEYH2
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TL onpaivel AvOEKTIKOTNTA OKUPOSENATOC;

“AvBeKTIKOTNTA TOU OKUPOSENATOC Ao USPAUALKO TOLUEVTO oplleTal we N
LKOVOTNTA TOU Vo avBioTatal oTLg KALPLKEG CUVONKES, 0T XNULKNA TtPoooAn, otnv
PPN N o€ omoladnmote AAAN LEBodo aAloiwong. To avBekTIKO okupodepa Ba
dlatnpnoeL TNV apxLkn Tou popdr, TNV moLdTNTA KoL TV AELTOUPYLKOTNTA TOU 0TV

Bpiloketal ekteOelpuévo oto eptfailov tou.” (ACI 201.2R-10)
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O kUpLoL AdyoL urtoBAOLeNG TOU OKUPOSENATOG

AIABPQZH TOY WY=H & XHMIKEZ
METAAAIKOY AMOWY=H ANTIAPAZEIZ ME
OnAIzZMOY TA AAPANH
(ASR/AAR)
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AIABPQ2zH

To okupodépa mapouotalel peyaAn avrtoxn BAIPNG oA pkpn
avtoxn epeAKUGHOU, OTIOTE ATTALTELTOL N XPr 0N LETOAALKOU
OTTALOOU, WOTe va amotpePeL TNV Staomacn tou umo doprtio.

OUWG, TO VEPO ETUTPEMETAL VA SLEPXETAL LECW TWV PNYUATWOEWY,
TWV KEVWV KAl TWV TTOPWV TOU OKUPOSEUATOG LETADEPOVTAG
SLOBPWTLKEG XNULKEC OUOLEC, TTOU TTPOCGBAAAOUV TOV OTTALOUO.

Arnag kal apxiloeL o unxaviopog tng dStaBpwaong dev eivat ebkoAo
va tpocdloplotel n €ktaon ¢ {npiag, SL0TL umopei va cupPet
OTIOUSNTIOTE KATA UAKOG TOU SIKTUOU TOU OTALGLOU.

WY=H KAI ANNOWY=H

H xprion mayoAuTikwv oaAdTtwv
Kall GAAWV TTayOAUTLIKWY
XNHKWV, TpoKaAoUV pévo
emdeivwon tou mpoBARaTOg
E TNV ELOAYWYH] ETILOETIKWV
XNHMLKWV OTO OKUPOSEUQ

Katw amno ocuvenkeg Yuéng, To
VEPO TOU TayLSeVETOL HECQ OTO
OKUPOSENQ LETATPETETAL O
Tayo Kot SLaoTtENNETaL,
SnuLoupywVTaG PwyHES 'Otawv o tdyog THKETAL, TO VEPO
TtaldeveL akopun Babutepa oto
oKUPOSENQ, OOV 0 (610G
kOKAog bugnc/amébugng
enavalappavetat

PENETRON
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ANTIAPAZEIZ AAKAAIQN-AAPANQN
(ASR/AAR)

XHMIKH NPOzBOAH
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H KYPIA AITIA ®OOPAZ
TOY 2KYPOAEMATO2

NEPO

AY=HZH THZ ANOEKTIKOTHTAZ
TOY ZKYPOAEMATOzZ/
QOEAIMH AIAPKEIA
NEITOYPI1AZ

TTTTTTTTTTTTTTTTTTTTTTTT
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Kivéuvol tng avOektikoTnTOC
(ecwtepikol vs. e€wtepikol)

2YMNOTQMA AMNOAOMHzH
AIAZTONH PHIMATQZEIZ

AMNOMEIQzZH
AIABPQZH ONAIEMOY
AIAZTOAH PHIMATQZEIZ

OIATPAPIZMA AIABPQZH

DOQAEEZ KAl APMOI AIABPQZH

—

ANENAPKH2 NOPQAEZ/
2YMNOYKNQZH AIANEPATOTHTA

MAPATONTEZ NOY
EMHPEAZOYN THN
ANOEKTIKOTHTA

AIOTKQZH H’

AIABPOSH PHIMATQZEIZ

OEPMIKH

SYPPIKNQZH PHIMATQZEIZ

EAAEIWH
AAIABPOXOMOIHZH AIABPQZH
2

YNEPAOZOAOrIA
TZIMENTOY

PHIMATQZEIZ
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ENITEY=H ANOEKTIKOTHTAZ ZKYPOAEMATOZ

NAPAAOZIAKA
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Amestican Concrete Inslilule™
AR CORICTTIG MRV

ANAODOPEZ TOY AMEPIKANIKOY
INZTITOYTOY ZKYPOAEMATOZ (ACI)
MNA TA NPOZMIKTA MEIQzH2
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ACl 212.3R-10

Report on Chemical Admixtures
for Concrete

Reported by ACI Committee 212

@ American Concrete Institute®



REPORT ON CHEMICAL ADMIXTURES FOR CONCRETE (AC1 212.3R-10)

ADMIXTURES, THEIR CHARACTERISTICS, AND USAGE

Admixture type

Effects and benefits

Materials

Ajr-gnirinine
(ASTM C2601
and AASHTO M154)

Improve durahility in freezing and thawing, deicer,
sulfate, and alkali-reactive environments.
Improve workability.

Salts of wood resins, some svnibetic detergents, salts of sulfonated
liznin. salts of petroleum acids, salis of proteinacecus material,
fatty and resinous acids and their salts, tall oils 2nd gum rosin salts,
alkylbenzene sulfonates, salis of sulfonated hyvdrocarbons.

Accelerating
(ASTM C40LCI0M and
AASHTOMI, Type C or E)

Accelerate setting and early-strength development.

Calcium chloride {ASTM DOE and AASHTO MI4). tricthanodamine,
sodium thiocvanate, sodiomcalcium formate, sodivmdcakoium
nitrite, calcium nitrate, aluminates, silicabes.

Watzr-reducing
(ASTM C490LC494M and
AASHTO MI%, Type A)

Reduce water contend at least 5%

Liznosulfonic acids and their salts,

Hydrox ylated carboxylic acids and their salis.

Polvsaccharides, melamine polycondensation products, naphthalens
podveondensation products, and polyearbox viates.

Waler-reducing and set-
refarding | ASTM CA04TA0IM
and AASHTO M194, Type [

Reduce water content at least 5%. Delay set iime.

See water reducer, Tvpe A (relarding component is added).

High-range water-reducing
(ASTM C40LC494M and
AASHTOMI94, Type For G)

Reduce water content by at least 12 to 406 increasa
slump, decrease placing time, increase flowability of
concrele, usad in self-consolidating concrete (SCC).

Melamine sulfonate polycondensation products, naphthalens
sulfonate polycondensation products, and polvcarbomylates.

Mid-range water-reducing
[ASTM CAOLTIHM, Type A

Reduce water content by between 5% and 10% without
petardation of initiad set.

Lignosulfonic acids and their salts,
Palycarboaylates.

Extendad set control
(hydration control)
(ASTM C04CI04M,
Tvpz Bor I

Used to stop or severely refard the cement hyvdration
process. (fien used in wash waier and in returned
concrete for reuse, and can provide medium- (o lang-term
sef retardation for long havls. Retain slump life in a mone
consistent manner than pormal retarding sdmifures,

Carboxylic acids.
Phosphoms-containing orzanic acid salts.

Shrinkage-reducing

Reduce drving shrinkage. Reducions of 30 to 50% can
be achieved.

Polyoxyalkylene alkyl ether.
Propylene plycol.

Corrosion-inhibiting
(ASTM CI5820C1 58200

Significantly reduce the rate of steel corrosion and
extend the time for caset of comosion,

Amine carbaxylates aminoesier organic emulsion, calcium nitrite.
organic alkyidicarboxylic.
Chromates, phosphates, bvpophosphites, alkalis, and fluorides.

Lithium admixtures o reduce
deleterious expansions from
alkali-silica reaction

Mlinimize deleterions expansions from alkali-silica reaction.

Lithium nitrate, lithium carbonate, lithium hydroside, and [fthium
nitrite.

Permeability-reducing
admixture; non-hydrostatic
conditions (FRAN)

Water-repellent surface, reduced water absorption,

Long-chain fatty acid derivatives (stearic, oleic, capeylic capric),
soaps and odls (tallows, sova-based), petroleum denvatives (mineral
oil, paraffin, bitamen emulsions ), and fine particle Rllers (silicates,
bentonite, falch.

Permeability-reducing
admixture: bydrostatic
conditions (FRAH)

Reduced permeability, increased resistance o waler
penetration under pressure.

Crystalline hydrophilic polymers (latex, water-soluble, or liquid
podvmer).

Palyvinyl chloride. podvvinyl acetate, acrylics, and butadiene-

Bonding Increase bond streneth.
B o siyrene copalymers.,
. . (arbon black, iron oxide. phthalocvaning, raw burnt mber,
Coloring Colored conerete. P Smgepis rh i
= chromium oxide, and titanium diozide.
Increase interparticke attraction to allow paste to behave |, . .
Flocculating ﬂlﬁ.x'm ! o pe Viny| acetate-maleic anhydride copolvmer.

s one large flock.

Fungicidal, cermicidal,
inseclicidal

Inhibit or controd bacterial, fungal, and insacticidal
ervwth.

Polyhalogenated phenods, emulsion, and copper compounds.

RhealogyMiscosity-modifying

Mluodify the rheological propenies of plasiic concrele:

Paolyethvlene oxides, cellulose ethers (HEC, HPMC), alzinates
(from seaweed). nainral and synthetic sums, and polyacrylamides
or polyvinyl alcohal.

Adr-detraining

Reduce air in concrete mintures, cement slorries, and
ather cementing applications.,

Tributyl phesphate, dibutyl phosphate, dibutyiphthalate,

podvdimethylsiloxane, dodecyl (lauryd) alcobol, octyl alcabol | pody-

propylens glycols, water-solible esters of carbonic and boric acids,
and lower sulfonate oils.

TOTAL CONCRETE
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CHAPTER 15—PERMEABILITY-REDUCING
ADMIXTURES
15. 1=Introduction

While it 12 generally accepted that well-proporioned and
properly cured concrete produced using a low wlem will
result in a finished product with good durshility and low
permeability, no concnele structure is absolutely waterprool
or “bottle tnght” (Perking 1986). Concrete is a porous mate-
rial. and water can penetrate concrete through pores and
microcracks due to capillary absorption (often referred to as
wicking) or due to hydrostatic pressure. Capillary absorption is
the movement of water through the small pores in concrete
in the absence of an extemally applicd hyvdraulic head, and is
the result of sufface meractions between the water and the
pore wall. The permeability of concrete is the movement of
water due 1o a pressure gradient, such as waler in contact
with a concrete structure installed underground. In some
cases, porosily may be exacerbated by external factors such
a incomplete consolidation and cuning, which may ulumately

Hydrophobic or water-repellent chemicals are the
largest group and include materials based on soaps and
long-chain fatty acid denivatives, wvegetable oils
(lallows, sova-bazed matenalz, and greases), and
petroleum (mineral odl, paraflin waxes, and bilumen
emulsions). These matenals provide a water-repellent
laver along pores i the concrete, but the pores remaun
physically open:

Finely divided solids include matenals such as inen
and chemically active fillers (tale. bentonite, silicious
powders, clay, hvdrocarbon resins, and coal tar pitches)
and chemically active lillers (hme, silicates, and colkoidal
silica). Fine solids act as densifiers and physically restrict
the passage of water through the pores. Some authors
include SCMs in this category as well: and

Cryvstalline matenals consist of proprictary  active
chemicals provided in a camier of cement and sand.
The hydrophalic nature of these matlenals causes them
o increase the density of calcium silicate hydrate
(CHS) andfor generate pore-blocking deposits that
resisl waler penctration.

PENETRON
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“EmunA£ov, £xeL avamtuXBeil pa katnyopia UALKwV ou avadépovral wg MpocukTa
Meiwong Awanepatotntag (PRAs), wote va BeATwOeL n avOekTikOTNTA TOU
OKUPOSENATOG LEOW EAEYXOU TOU VEPOU Kall TNG MEPATATNTAC TNG Uypaoiag (Roy and

Northwood 1999), kaOwg Kot [LE TN HELWON TNG EL00S0U TWV YAwpPLovtwy (Munn et al.

2003) kaut tng draneparotntag (Munn et al. 2003).”

(Mpoouikta Melwong
Awamepatotntag)
(Mpoouikta Melwong (Mpoouikta Meiwong
Awamepatotntog o Mn AlomepatotnTag os
Yépootatikég MiEoelg) Yépootatikeg MEoeLg)

KoAAo€gLSEiG MUPLTIKEG
EVWOELG

Yépodopa oppaylotika
TopwWvV

Movo ta KpUOTAAALKA TIPOCULKTOL
HUItopouV va xapaktnploBouv wg npayuatikd PRAH

" PENETRON

TOTAL CONCRETE PROTECTION
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Eik. 15.5—Meiwon tn¢
SlamEPATOTNTAG TOU
OKUPOSELATOC UE TN XPriON
PRAs. Mpoturmo dokiunc BS
EN 12390-8. [llieon = 150 psi
(1,0 MPa). Xpovoc = 96 wpec

Eik. 15.5—Meiwon tn¢
SLOMEPATOTNTAG TOU
OKUPOSELATOC LUE TN XPHON
PRAs. lNpotumo dokiunc BS EN
12390-8. [lieon = 150 psi (1,0
MPa). Xpovoc = 96 wpeg
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E “—
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L]
o
o Reference Cryatalline

Report on Chemical Admixtures for Concrete (ACI 212.3R-10)

Table 15.1—Reduction in permeability of concrete
using PRAs

Coefficient of Coefficient of
permeability of | permeability of | Percent reduction
Admixture type | reference concrete | test concrete in permeability
Crystalline 429 x 10714 1.28 x 10714 70
Colloidal silica | 1.98 x 10~ 1.61 x 10712 19
Hydrophobic 12 12
pore blocker 223 x 10 1.14 = 10~ 49

Tot KPUOTOAALKA TTPOCULKTO. CUVLOTWVTOL VLo TN LELWON TNG

SlamepatotTnTOg Kol TNV avénon Tng avOEKTIKOTNTOC TOU OKUPOSEUATOC.

PENETRON
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H AIAOOPA TOY ZYZTHMATOZ PENETRON®

Avapopd rou Auepikavikou lvotitourou 2kupodéuaroc ACI 212.3R-10 «Avagopa ara
KopuoraAAika MNpoouikta 2kupodéuarogy - KepdAaio 15 «lpoéouikta Meiwong Aiarreparornragy

H «Avagopd ota KpuoTaAAIKA MNpOCTUIKTO ZKUPOBEUATOS», N OTToia eKOOONKE aTTd TO AJEPIKAVIKO
IvoTitouto Zkupodéuatog (ACI 212.3R-10 / lavoudpiog 2011) trepihapPdvel €va EexwpIioTo
KEQAAalo, TTOU agopd oTa TPOCUIKTA Meiwong g diatrepatotntag (Permeability-Reducing
Admixtures — PRAs). Ta mpéopikta PRAs TrepiAaufdvouv éva gupU QACHA TTPOCOUIKTWY, Yia
Meiwon TNG dIaTTePATOTATAG TOU OKUPOBEUATOG, KAI UTTOPOUV VO XWEIOTOUV OTIG TTAPAKATW OUO0
KATNYOPIEG:

» Mpoéopikta Meiwong tng AlatrepatdoTnTag yia Mn-udpooTtartikég Méoeig (Permeability-
Reducing Admixture for Non-hydrostatic Conditions — PRAN), 1o omoia TmaAaidtepa
avagépovTav Kal wg «damp proofing admixtures», é1Tou n avriotacn o€ vepd UTTO Trieon eival
eAaxioTn Kal dev KpivovTal KAatGAAnAa yia e@appoyr o€ okupodeua TTou PBPIioKeETal UTTO
udpPOOTATIKA TTiEDN.

» Mpoéouikta Meiwong tng Alamrepardtnrag yia Ydpootatikég Méoeig (Permeability-
Reducing Admixture for Hydrostatic Conditions — PRAN) | aAMIwG «TTpOCUIKTA OTEYAVWONGY,
TA OTTOIA KPIVOVTAl WG ETTAPKWG OTABEPd, WOTE VA AVTIOTEKOVTAI O€ VEPO UTTO TTiEon Kal
XPNOIMOTTOIOUVTAI YId KATOOKEUR oOTeyavwy Oefauevuyy, BePeMIIOEIS KOl KOATAOKEUEG
avTIoTAPIENG, K.ATT.

2€ YEVIKEG YPOUUEG, N aTTOd00N TWV TTPOCMIKTWY PEIWONG dIaTrepaTdTNTAG EEAPTATAI ATTO TO EAV
mpokeital yia PRAN 4 PRAH.

Ta PRANs atroteAouvTtal atmmd udpo@oBeg 1 udato-amwlnTiKEG XNMIKEG EVWOEIG (OATTWVEG Kal
TTapdywya AITTapwV 0EEWV HaKpdS aAloou, QUTIKA £AIa KOl TTAPAYwWYa TOU TTETPEAQIOU), OTEPER
WIAAG KOKKOUETPIAG (TAAKNG, JTTETOVITNG, TTOUBPEG TTUPITIOU, ApPYIAO, pnTiveg Kal AIBavpakoTTicoq)
N XNUIKWS OpaCTIKA TANPWTIKA UAIKG (a0BE0TnG, Kol KOAAOEIDEIC TIUPITIKEC EVWOEIQ).
XpnoigoTrolouvTtal €upiéwg yia BwpAKION TOu OKUPOOEUATOG EVAVTIO OTNV UYPOCIa, CE Wn
UOPOOTATIKEG TTIETEIG.

Ta PRAHs trepiAapBdavouv AeTTTOKOKKA SlOUEPITPEVA OTEPED (OTTWG O KOAAOEISEIG TTUPITIKEG
EVWOEIG), UdPOYORa CPPAyIoTIKA TTOPWY KAl KPUOTAAAIKG TTpOouIKTa. QoTd00, Ta AETITOKOKKA
dlapepiopéva oTePed  (OUPTIEPINPBOVOUEVWY KAl TwWV  KOAAOEIOWV TTUPITIKWYV  EVWDCEWV),
XPNOIUOTIOIOUVTAI CUVABWG O€ EQAPUOYEG OE N UDPOOTATIKEG CUVOAKEG Kal HOVO HEPIKA ATTO
autd Ta TTOAUMEPN UAIKG pTTOpOUV va KartnyoplotroinBouv w¢ PRAHSs, evw ta udpodgofa
OQPAYIOTIKG TTOPWYV XPNOIKOTTOIOUVTAI IOVO CE EQAPUOYEG 0€ CUVBNKEG aTToUCiag udPOaTATIKWV
méEoewyV. Ta KpuoTaAAka udpogiha TroAupepr) (latex, udartodioAutd 1 uypd TToAuuEpn)
XPNOIYOTTOIOUVTAI HOVO O€ EQAPPOYES UTTOG UDPOCTATIKI) TTIEDT.

TOTAL CDNCRETE PROTECTION
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Ta KpUOTAAAIKA TTPOCIKTA avBioTavTal aTn dieicduan Tou vepoU o€ GUVBNKES UTTO UDPOCTATIKY TTiECH Kal
£xel atrodelxOei TTwg atroTeAoUv Ta TTAéoV atroTeAeouaTikG TTpoidvra PRAH, evi) TTAEOVEKTOUV EvavTl TWV
udpdPofwyv ToAUpEpwY TTou PBagifovtal o GAAOUG pNXavIoPoUG i PEBOdOUG CUOOWHATWONG TWV
TTOAUMEPWY, 1 GAAG UAIKA TTANPWOEWS Yia GQPAYIOH pNYMOTWOEWY, HAKPOXPOVIA OTTOTEAETUATIKOTNTA,
auénuévn avBeKTIKOTNTA TNG KATAOKEURG OKUPOBEUATOG, K.ATT. TEAOG, £Xouv TNV IKavOTNTA YEQUPWONG
PNYMOTWOEWY TToU oxnuatifovral Adyw BepuIKAG 1 uNXavikig dpdong. ETTopévwg, TTPOKUTITEI TTWG MOVO
Ta KPUOTAAAIKG TTPOOUIKTO PTTOPOUV va KatnyoplotroinBouv e€’oAokAfpou wg trpoidvia PRAHs. Otwg
mepypa@etal Kal otov MNivaka otn ogAida 2 1ng Avagopdg ACI 212.3R-10 yia Ta TpocuikTa («MpdouikTa,
Ta XAPOKTNPIOTIKA & N XPron TOUuG»), WOVO Ta KPUOTAAAIKA udpd@iAa TToAuuepn (latex, udatodiaAuTd n
uypa& TTOAUPEPT) HTTOPOUV Va XPNaiJoTToIinBoUv ag ouvBNKeG UTTO UOPOCTATIKY TTiEDN.

MAgovekTApara Twv PRAH

Ta dpaCTIKA CUCTATIKA TTOU TTEPIEXOVTAI OTA KPUOTAAAIKA TTpoouika PRAH avTidpouv pe 1o vepd Kal Ta
owuaTidla TOIUEVTOU OTO OKUPOdEua, PE OKOTTO va aufnBei n TTUKvOTNTG TWV CwHaTIdiwv £vudpou
TTUpITIKOU aoBeoTiou (CHS) ri/kal va TTapaxBouv Ta KaTAAANAG OQayIOTIKA TTOPWYV, WOTE va £TTIKaBicouv
OTIG UQIOTAPEVEG PIKPO-PNYUATWOEIG KAl TA TPIXOEIDN e OKOTTO TNV avtioTaon otn dicioducn Tou vepou.
O1 TpixocIdeic pwyuéS ouveyiCouv va oxnuartifovral KaB’oAn tn didpkela (WAG TOU OKUPODENATOG, OTTOTE
KAl Ta KPUOTOAAIKG TTPOOMIKTO OUVEXICOUV va €VEPYOTTOIOUVTAI TTAPOUTia uypacdiag, agpayifovrag Ta
ETTITTAEOV KEVA.

O1mwg avagépetal kai otnv Avagopd tou ACI «H avtiotaon otnv udpooTaTikr TTiEcN PE TN XPAON Twv
PRAH TtrpaypaTtotroigital pe mn Bondeia evog pnxaviopol o@pAayiong Tou Tropwdoug Pe Tn Bonbeia
avATITUENG KPUOTAAAWY, CUCCWHATWAON TTOAUUEPWYV, 1 AAAWV TTANPWTIKWY UAIKWY, aV Kal N IKAVOTNTA TNG
avTioTaong o€ udPOaTATIKA TTieon Ba e€apTnBei atrd To BaBud TTARPWONG TWV TTOPWY Kal TN oTABePOTNTA
TOoug o€ udpooTatiki Tieon». H diakpion Ba TTpéTTel va yivel Ye BAaon Tnv atrodedelypévn IKavoTnTa TOU
MiyhaTog va peiwoel Tn digioduon vepoU UTTO TIG avOUEVOUEVEG OUVONKeG Aeimoupyiag». O pnxaviopég
oQpAyiong Twy TTOpWV BacifeTal aTa evepyd XNMIKG oUCTATIKA TTOU TTEPIEXOVTAI KAl £XOUV avauixOei Je 1o
Miypa ToIéVTOU/GUPOoU.

Emeidn ta mpdouikTa PRAHS e unxavioud cucoWUATWHATOS TTOAUPEPWY 1 AAAWY TTANPWTIKWY OUCIWV
(fillers) Oev eival IKavad va avtatreCEABouV OTIC UWNAEG UDPOOTATIKEG TTIECEIG, Oev MTTOPOUV VO
KaTnyoplotroinBoulv wg «Tpayuatikd» mpoouikta PRAHs. O unxaviouog o@pdyiong Twy TTopwyv HE TN
Xpnon kpuoTaAAIKhG Baong PRAHSs, Baciletal ota evepyd XNMIKG OUCTATIKG TTOU TTEPIEXOVTAI OTO Wiyua
ME TO TOIPEVTO Kal TNV AP0, TO OTTOI0 AVTATTOKPIVOVTAI JOVIMA Kal TTARPWGS O€ uypacia Kal aAAAEl GKOWN
Kal otav ekTiBeTal og uywnAn udpooTaTikr TTiEon Kal 0 GAAQYEG, AKOUO Kal OTav eKTIBETAI 0€ UWNAEG
UdPOCTATIKEG TTIECEIG.

2¢ avtibeon pe Ta UdPOPOPRA UAIKA — OTTwG Ta TTPOoUIKTa PRAN TToU peAETHONKAV avwTépw — Ta
KPUOTAAAIKG TTPOOHIKTA €ival udpo@IAa Kal evaTroTiOevial g€ OAn Tnv PAfa Tou OKUPOJEHATOG, ME
atroTéEAECUA va yivovTal uévIHO PEPOG TNG HAZAG TOU OKUPOSEUATOGS, OTAV EKTIOEVTAI 0€ vePO. Me Tn BorBeia
Twv TTPoopikTwv PRAHS cival TTepITTA n xprion €§WTEPIKWY OTEYAVWTIKWY PEPBPAVWV, OKOPO Kal yid
oKup6deua TTou BpiokeTal UTTG UYNAN UdPOCTATIKN TTiED.

TOTAL CDODNCRETE PFPROTECGCTION



H AIAOOPA TOY ZYZTHMATOZ PENETRON®

Texvohoyia PRAH tng PENETRON®: Aokipég o€ Zuvnkeg YYnAwyv YdpooTatikwy Miéoewv

Ouola pe TNV yevIKOTEPN TEXVOAOYIa TTOU a@opd oTn dpdcon Twv TTPOCUIKTWY PRAH, 0TTwg Treplypd@eTal
avwTépw, Ta evepyd ouaTatikd Tou PENETRON ADMIX® avTidpoUv pe Ta TTapatrpoidvTa Tng evudatwaong
TOU OKUPOBEUATOG, O€ VEEG KOTAOKEUEG OKUPODEUATOG. Baael autwyv Twv avTidpdoewy, JETA TO OTABIO TNG
udpoAuang, TTapdyovTal popia Evudpou TTupITikou acBeaTiou (CSH) kai adidAutol KpUGTAAAOI OTN PATPA
TOU OKUpPOodEpaTog. AuToi oI adIdAuTOl oXNUOTIOPOi o@payifouv TOug TTOPOUG KAl TA TPIXOEIdN TOu
OKUPOOEUATOG, UE OKOTTO TNV OPAMATIKN MEIWON TNG dIATTEPATOTNTAS TOU OKUPOSEUATOG.

Otav To PENETRON ADMIX® trpoaTiBetal Tn aTiyu TNG TTAPACKEUNG TNG TTAPTIOOS TOU OKUPOJEUATOG, Ol
KPUOTAAAIKEG BIaTAEEIG TTOU TTapdyovTal a@payifouv Jovipa Tn JAda Tou OKUPOBEUATOG KAl TIG TPIXOEIDEIG
PNYMATWOEIG (KTPIXIGOHATOY) TTOU oXNMaTi(ovTal KaB’0An Tn dIAPKEIQ TOU OKUPODEUATOG.

Ta mpoidvta Tng PENETRON® éxouv peAeTnBei eKTEVWIG O€ aveEdpTnTa £PYOOTHPIA, O CUVONKES KATW
atro uYnAEg uBPOOTATIKES TTIECEIC (CUMTTEPIAQUBAvOoPEVWY Twv TTPOTUTTWY ASTM D5084, NBR 10.787/94,
USAE CRD C48, BS EN 12390-8 kai Yéatotmrepatotnta katé DIN 1048-5). Omrwg mapatnpribnke o€ autég
TIG MEAETEG, Ol KPUOTAAAIKEG BIOTALEIS MEIWVOUV ATTOTEAECHATIKG TN SIOTTEPATOTNTA TWV JEIYUATWY aTTO
OKUPOOdEUQ, O OXEDON WE TA «KTUPAG» OeiypaTa, KaBwg n diappon aTa UTTo YeAETN SeiyuaTa TTou TTepIgixav
PENETRON ADMIX® gixe €€aheipBei, akoun kai dtav autd ekTiBevral o SOKIPEG OE TUVBNKES UWNARG
udPOCTATIKAG TTiEONG.

Ta TapakdTw TTapadeiyaTa TTapoucidfouy Ta TTAEOVEKTHATA Kal TNV BEATIWGON TOU OKUPOBEUATOG AdYyWw
TWV avTIdPACEWY TWV EVEPYWV ouaTaTIKWY Tou PENETRON ADMIX® trou odnyoUv ot peiwon ng
IaTTEPATOTNTAG, UTTO CUVONKES UWNAAG UOPOCTATIKNG TTiEONG.

Aokipn Aicioduong Nepou Yo lMicon — NBR 10.787/94
YdpooTtarTikr Miean 700 kPa (101,5 psi)

Metd TnVv €kBeon Twv 4 eBdouddwy o€ udpacoTartikn trieon 700 kPa (tmep. 70 m Uwoug oTAANG vepou), ol
KPUOTOAAIKOI OXNUATIOHOI aTTO TIG QVTIOPACEIS TWV EVEPYWV CUCTATIKWY Tou cuaTiuatog PENETRON®
gixav Yeioer Tnv dIatrepAToOTNTA TOU OKUPOOEUATOG Kal oXeDOV £’ 0AoKARpou eCaleiyel KGO diappon.

TOTAL CDNCRETE PRAROTECTION



PRAN vs. PRAH

H AIAOOPA TOY LYZTHMATOZ PENETRON®

MSZ EN 12390-8:2009 (DIN 1048)

4 TOTAL CEDNCEGRETE FPAOTECGTION



H AIAOOPA TOY ZYZTHMATOZ PENETRON®

Mapatmavw Trapoucidlovral deiypata mou éxouv eme€epyaoTei ye To PENETRON ADMIX® (pépouv
onuavan P) kai 0Uo «Tu@Ady Ociypata. OAa Ta deiypata Bpiokoviav ekTeBeiuéva ae udPOOTATIKNA TTiECN
500 KPa (72,5 psi) yia 72 wpeg. AuTr N @wToypa@ia TPARAXTNKE AUECWS PETA TN Bpauon Twv delypdTwy
oTn Wéan, woTe va PeTpnBei To PaBog diciocduong vepou. Ta deiyyarta TTou gixav €TeEEPYQOTEl PE TO
PENETRON ADMIX® trapouaiacav peiwon g diamepatdtntag tng 1a¢ng tou 94,4%, oe oxéon Pe Ta
«TUQAG» Oeiyparta.

Npéogara Epya pe mpoéouikta PRAH Tng PENETRON®

H duvarotnta tng TexvoAloyiag Twv Tmpoidviwv PENETRON® yia omoTeAeouaniky Meiwon Tng
O1aTTEPATOTNTAG £XEI ATTOOEIXOET ETA ATTO EQAPUOYEG O€ ATTAITATIKEG OUVORKES UTTO UYWNAEG UOPOCTATIKEG
TECEIG, UE TNV JEYOAUTEPN duvaTH ETTITUXIO. APKETA TTPOCPATA £PYa TTOU TOVICOUV TNV ATTOTEAECUATIKOTNTA
Twv TTpoapiktwy TNg PENETRON®yia pgiwon Tng diatmepatdtntag o€ ouvenkeg utrd uwnAég udPOCTATIKESG
méoeig givai:

Aywyog aviywong AupdaTtwy South Cobb Tunnel Lift Station kovta otnv ATAAvTa, MNMoAiTeia Mewpyia, HIMA
Tower Street Reservoir — pia de€apevr] amotapicuang 8.000 yaloviwv (30 m?) oto Harrisonburg, MoAiteia
Biptivia, HIMA

ZApayya EBvikou ModnAatédpouou National Road Bikeway Tunnel kovid oto St. Clairsville, MoAiTeia
Oxaio

Aepodpopio Ziykatroupng Singapore Airport — Terminal 3, Ziykatroupn

Gardens by the Bay, Marina Bay, Ziykatroupn

Corredor Duarte, Zavto NTopivyko, Aopivikavr) AnuokpaTia

AieBvég Aepodpduio Chennai International Airport, Ivdia

VVVY V VY

South Cobb Tunnel Lift Station

H kartaokeur) replAaufdvel Evav aywyo 65
m Ba6og yia Tnv aviywaon AupdTtwy atmo
mavw amd 32.000 LF oApayyeg oto Cobb
County, g TloAreiag Mewpyia, HMA. Ze
auTo TO agloonueiwTo BAaBog, o oxedlacudg
— «UYPOG» aywyog péoa o€ «ENPo» aywyo -
aTtraITei n dIOTTEPATOTNTA TOU OKUPODEUATOG
va gival  €CaIpETIKA  XaunAnR  yia  va
eCalelpbouv 6Aa Ta TTpofARuaTta diapporng
Aupdtwy amdé Tov  «uypd» aywyd GTo
«&NPo» aywyod (TTou XpnoiyoTrolgital aTtd To
TPOOWTTIKG OuvTApnong). H Tricon Tou
vePOU Tou £ddgoug oTa 65 m BAabog, kabwg
KAl TO OTTACMEVA KAl BPIMATIOUEVD TUAMATO
TOU Bpaxwdoug UTTOOTPWHATOG,
. atroteAovcav  TIG  KUPIEG  QVNOUXiEG
OoTEYAVOTTOINONG. To mpdouikto PENETRON ADMIX® katnyopiotroiénke wg PRAH yia auté 1o €pyo,
KaBwg¢ Tavw amo 15.000 m3 avTIHETWTTIOTNKAV KAl GTEYOVOTTOINONKAV ETTITUXWG.

TOTAL CODNCRETE PROTECTION



H AIAOOPA TOY LYZTHMATOZ PENETRON®

Tower Street Reservoir

H véa de€apevr) ouykpdatnong vepou, 30.000
m® okupodéuarog, atnv OAn Harrisonburg,
MoAireia  BiptCivia, avTIkKaTéOTNOE TNV
TTponyouuevn  uttéyela  Oegapevh UE
€TTEVOUCT OKUPOOENATOG, TTOU TTapouadiale
oofapd TTpoAnuarta diappowv vepou. H véa
oeCapevn, xTIopévn ammo Tnv etaipeia Crom
Corporation, Trepléxel T TTAEOVEKTAMATO
6oov a@opd oTn Yeiwon TNG dIBTTEPATOTNTAG
ME Tnv TEXVOAOoyia avaTITuéng KPuoTAAAwWV
Tou ouotiuatog PENETRON®, kabwg n
KATOOKEUN TNG vEag deEaUEVAC €I0AyayE Kal
TNV £QAPMOYR TOU CUCTHNOTOG Evioxuuévou
EkTogeuduevou ZKUPOBEPATOG ME
PENETRON ADMIX® (PENETRON ADMIX®
Enhanced Shotcrete — PAES), yia 1nv
TTPOOTACIA TOu OTTAICHOU €vioXuong Kai yia
va eCaAeipel kABe TmBavoTnTa  dlappong
vEPOU aTTO TNV KATAOKEUH, Uyoug 21 m. H
IKavoTnTa TOoU TTIPOCMIKTou PENETRON -
ADMIX® va peiwvel TV udaToTEPATOTNTA, R
aKOpa Kal KATw atrd uwnAég udpooTaTiKEG TTIECEIG, BEATiwoe TO cUOTNUa dIavouAg vepou Tng TTOANG
Harrisonburg, pe Tnv €§dAcipn Twv diappowv vepou.

National Road Bikeway Tunnel Rehabilitation
H onpayya tou EBvikoU ModnAatodpduou,
nAikiog dvw Twv 100 eTwv, paoTI(oTaV ATTO
TpoBARparTa digicduong UTTOyEIWY UDATWV
Kal {nuiwv. H kataokeur xTiotnke 10 1902
o€ pia TTeploxn Tou XapakTtnpicetal atrd Eva
AeTTTO oTpwpa atrd eAappwg TTopwdn Kal |
XOUNAWY  avioxwv  OXIoTOAIBo, VE
ONMOVTIKEG EICPOES UTTOYEIWY UDATWY, EVW
0 KUPIOG OTOXO0G TOU £PYOU ATTOKATAOTAONG
nTav o €AeyxXog Tng digiocduong Tou vepou Kal
TNG £TTAKOAOUBNG OUYKEVTPWONG TTAYOU Kal
onuioupyiag aoTtoxiwv. H kavotnTa Tng
1exvoloyiog PENETRON® yia peiwon g
dlatrepaTdTNTAG TNG VEAG €TTEVOUCNG ATTO
EKTOEEUOUEVO OKUPOBEUQ, aKOMUN Kal EvavTl
UWNANG udpooTaTiKAG TTiEONG, EETTEPACE TIG
TPocdoKieG TG ouddag oxediaouou TOou
épyou. To TTPOBANUa Tou TIAYyOU Kal TNG
Oicioduong Tou vepou €xel  eCaAeipBei
€&’0AokApovu.

TOTAL CODONCRETE PRAROTECGCTION




PRAN vs. PRAH

H AIAQOPA TOY ZYZTHMATOZ PENETRON®

Singapore Chang: Alrport

/T ermmal 3

AeItoupyiag  TOU WG KOPPBoGg
QEPOTTOPIKWV HETAPOPWY,
atroTteAei kal éva oUPPBOAO €BVIKNAG
UTTEPNQAVEIOG KAl OPOCNUO TNG
TT016TNTAG TTAPOXHG UTTPECIWY. O
TepuaTIOpog 210806 (Terminal) 3
OlaBETel TTPWTOTTOPIAKEG
EYKATAOTACEIC yIa TOUG €TTIRATEG
KAl  MOVTEPVA  QPXITEKTOVIKN.
JUVOANIKG,  €yive  emeCepyaoia
140.000 m*®* OKUPOBEUATOG ME TO
Tpoouikto PENETRON ADMIX®,
10 emaAemmikdé PENETRON® kai
TO ETTIOKEUAOTIKO Koviaua
PENECRETE MORTAR™.,

‘.«'a To Aepodpopio Changi, Tépav Tng
/

A\

-

Gardens by the Bay, Marina Bay

O1 diakpiToi autoi TTapabaAdaalol KATIOI
atmmoTeAOUV €va XWpPo «ekTTaideuong &
yuxaywyiagy», avBekTIKO o€ KABe €idog
KaIpoU, éva 0pOCNUO OPXITEKTOVIKAG Kal
YEWTTOVIKAG, KaBWG kal €va agloBéaro
BIWOIUNG avaTITUENG KAl EVEPYEIOKAG
Texvoloyiag. H kataokeur) trepiAapfdavel
MEYAANG XWwPNTIKOTNTOG KAIPATICOPEVOUG
XWPOUG, ME OKOTO ThV avatrapaywyn
OUYKEKPIMEVWY  KAIJATIKWY — oUvVONKWYv,
WOoTe va oTeydoel TO aouvhBioTo €UpPOg
QUTWV  Kal  Aouhoudiwv. To  €pyo
TTapouaciaoe ooBapég TTPOKARCEIG
oTeyavoTroinong, Kabwg eival  XTIOPEVO
€E’0AOKAAPOU O€ ETTIXWUATWUEVN TTEPIOXN
Kal BpiokeTal akpIBwg dITTA0 oTOV WKEAVO.
H okupodéton agopoloe 18.300 m?
OKUPOOEUATOG, TTAGKO BACNG Kal Ta Toixia,
pue 10 TPOoUIKTo PENETRON ADMIX®.
Etriong, €yive epappoyn Tou udpodioykoUpevou Kopdoviou PENEBART'VI SW 55 agTtoug apuoug dIakoTTg
oKupodETnong kai Tou PENESEAL PRO™ RTU oTa Toixia.

TOTAL CODNEGCRETE PAROTEGTION



H AIAOOPA TOY ZYZTHMATOZ PENETRON®

Corredor Duarte

H onpayya Corredor Duarte
Tunnel aroteAei Tn  vedTEPN
onpayya TG  AOMIVIKOVAG
Anpokpartiag kal cuuBAaAAel oTnv
Taxeia ouvdeon TOUu  ZAVTO
NTopivykO pE TNV UTTOAOITTN
Xwpa. H onpayya £xel Tepitrou
1200 m o©g JAKOG  Kal
dladpaparicel kaiplo poOAo oTnV
avakouQion ™G Xpoviag
KUKAOQOPIOKAG  ouph@opnong
aTnVv TEPIOXN TNG TTPWTEUOUCAG.
Apéowg petd armmd 1o pnxdavnua
d1dvoigng onpayywy,
akoAouBnoe n e@apuoyn e€vog
TTOAU AETTTOU OTPWHOTOG EKTOEEUOUEVOU OKUPODENATOC, DNUIOUPYWVTAC £va QUOIKO DAKTUAIDI we pépovTa
OpYaVIGHO Kal EAAYIOTOTTOIWVTAG TV TTAPAUOPPWAON TwY YUpw CTPWHATWY Tou Bpdyou. To PENETRON
ADMIX® xpnoihoTroIenkKe yia Yeiwan TG dIATrEpATOTNTAS TWV TOIXWHATWY EKTOEEUOHEVOU OKUPODEUATOC,
evi) Ta udpodioykoupeva kopdovia PENEBAR™ SW 55 ypnoigotoiiénkav yia tn o@payion Twv
KOTAOKEUOOTIKWY OPUWYV. ZUVOAIKA, Xpnoiyotromrdnkav 45 tovoi PENETRON ADMIX® kar 2.300 m
PENEBAR™ SW 55.

Chennai International Airport
To Aigbvég Agpodpopio Chennai
OlEUPUVE KOl EKOUYXPOVIOE TO
01eOv TEPUATIKO OTABUO, WOTE
va TANPOI TIG VEEG uWNAOTEPEG
ATTAITACEIC KOl  TTpoOTEBNKav 1
évag vEog TePMUATIKOG OTABUOG f
EYXWPIWY ETTIRATWY, £Vag TTOAU-
ETTEDOG  XWPOG aTABUEUONG
QUTOKIVATWY Kal £Evag
TTAPAAANAOG  aUTOKIVATOBPOUOG
Taxeiog KukAogopiag yia Tnv
augnon g Ikavotntag oe 16
EKATOPMUpIO ETTIRATEC TO XPOVO.
OAa T1a oToixeia okupodEPaTog
Kal ol Qapuoi  JIaKOTTAG  Tou
uttoyeiou (10 m  Bd6og)
atraIroucayv atroéAUTn OTEYavoTToinan, KaBWS N KATaokeur Tou agpodpopiou Bpioketal ditTAa aTtov KOATTO
NG BeyyaAng kai 7o UWog Twv uTtdyEiwv UdATWY TTapouciddel TTepIodikr diakuuavorn (-10 m 1o KaAokaipl
Kal -3 m KATA TNV TTEPIOd0 TWV HOUCWVWYV). ZUVOAIKE, €yive xprion 125 1évwv PENETRON ADMIX® oTig
TIAGKEG TOU UTTOYEIOU Kal OTa Toixia avTioTpIEng, evw TTapdAAnAa xpnoiyotroinkav 15.000 m Twv
udpodioykoUuevwy Kopdoviwv PENEBAR™ SW 45 RAPID, waoTte va ammotpéyouyv T digioduon Tou vepod,
MEOW TWV apUWYV DIAKOTTAG OKUPODETNONG.

TOTAL CDNCECRETE FPAROTECTIONM




PENETRON ADMIX®
TO MONO KPYZTAAAIKO MPOzZMIKTO (PRAH)
3" TENIAZ, 2TON KOZMO

PENETRON ADM
T ow T W 1 P e

Miypo SpaoTIKwWV CUOTATIKWY, O Popdr) okovng, TIou TPOOoTIBETAL OTO
okupoSepa yla va oxnUatiotolV adldAuteg KpUOTAAALKEC SopEc. OL
kpUotaAAol oxnuatilovtal fabid, otn pala Tou okupodEpaTog,
odpayilovtog Toug mMOPoUG, Ta TPLXOELSH KAl T pNYUATWOEL AOYW
ouppilkvwong, evavtia otn Steloduon tou vepou.

PENETRON N



TO 2Y2THMA PENETRON

Xproeig: I Opedtia aveAkuotipwy I Ynoyela
I Ae€apevég mooLpou vepol I Ynoyelol ywpot dpuAagng I Opodéc amd okupodepa
I As€apevég emeepyaoiag vepol [ BLOUNXAVIKEG EYKATOOTAOELG I Mmavia

KaL armoBANTWY [ Xwpot otaBuevong I Mo omoladrmoTe Kataokeun
I Evubpeia I Epya odomoliag kat yépupeg and okupodepa ou amattel
I IApayyeg I MAdkeg amd okupddepa TIPOOTACLOL OO VEPO N XNILKA
[ Oepéha I Alaywplotikol Toiyot TPOoBoAn.

PENETRON

PENECRETE
MORTAR"

PENETRON!'
ADMIX"

PENETRON'’
PLUS

PENEPLUG’

PENETRON"
INJECT

XPNOLLOTIOLELTAL YLOL OTEYAVOTIOLNON KO XNMLKN tpooTacio
OKUPOSENATOG KATW Ao TV enipaveLa Tou 6adoug.

Edapudletal os popdpn apatov piyporog

XpNOLLOTIOLELTAL YLOL TNV OTEYAVH EMLOKEUN KOl YEMLOMOL
O€ PWYHEG, apoUG Stakomng okupodEtnong, GwAEEG Kat
OTEAELEG TOU OKUPOSENATOG OE Lopdr) IACTOG KOVLGOTOG

‘Eva MPOOHIKTO GE popd OKOVNG TTOU QVAHLYVUETOL O

KOLLVOUPYLO OKUPOSELLA TNV CTLYUN TNG apaywyng Touv,
N adpol avapxBei tponyoupévwg Ue VEPO pEca otV Bag
petadopds CKUPOSEUATOG yLa TNV MANPN OTEYAVWOTN TO

TOWLEVTOELSEG UiyHa pE xaAath;Kd adpavi nou
XPNOLHOTOLELTAL LA TNV GTEYAVWON Kot GKAjpUVON
opL{ovTLwV enpaveLWV OO VWITO oKUpOSepa rtou Oa
eAwkonttepwOBouv N Ba enefepyacTtouV HE HUOTPO

Ixnuatilel éva piypa taxeioag tiéng, Lkovo vol OTAHOTHOEL
Slappon vepou UNO mieon

‘Eva nponyuévng texvoloyiag, SU0 cuatatikwyv, KpuotaAAkig Baong,

odPAYLOTIKO EVELQ, TIOU OTEYOVOTIOLEL TO OKUPOSENQ, YEULIOVTOG KOl
odpayilovtag o BAO0G ECWTEPLKA KEVA, PWYHEG KOL CXLOMES



KYPIA XAPAKTHPIZTIKA

Movipa oTteyvo oxupobepa

™ S L AT e

Auto-enotAiwon KaB'oAn

tn Sudpkela lwnc Aemoupylac

. W

Eughikto, propei va egpappootei e
SradropeTikols Tponous

L S
- . g
AEV UNdpYoUY YWWOTEC aoupPaToTnTeg pe
MPOOULKTA EpYaoILOTTAaC

e BF- " e

W tofa

eEPRLLITER
MNpooTATEVEL EVAVTLE OF YUK TTRoGRoAn
(pH 3-11)

" PENETRON "

TOTAL CONCRETE PROTECTION



NQ: AOYAEYEI TO PENETRON ADMIX® ;

PENETRON
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PENETRON

‘Eva cUUPBOTIKO OKUPOSEHNQ
nepLEXeL MARO0G pkpo-
PWYHWV, TTOPOUG KOl
TPLXOELSN, HEOW TWV
OTIOLWV TO VEPO ELOEPXETOL
OTO OKUPOSENQ

To vepo epva péoa ano
TLG HIKPO-PWYHES

KOLL TOL TPLYOELSN ayyeia
OTO OKUPOSENQ
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Autoi oL topoL £xouv
TUTIKA €val TTAATOG
petagd 0,1 - 0,4 mm

‘Otav PENETRON ADMIX®
npootibetal oto
oKUPOdEUQ, T
KPUOTAAALKA GUOTOTLKAL
avtidpoulv M To VEPO, Ta
ubpoéeidla aoBeotiou Kat
apytAiou, kaBwg Ko
Stadopa AAa petaAAka
ofeidLa Kol aAata nov
TLEPLEXOVTOLL OTO OKUPOSEHQ

" PENETRON

TOTAL CONCRETE PROTECTION



H xnuikn avtidpoaon mou akoAouBei
TIPOKOAEL UTA TOL KEVA KOLL TLG
PNYHOTWOELG VAL YERIOOUV LE
aditaAutoug KpuotaAAoug

To vepo dev pmopei va nepAaosl péca
OO QUTEG TG KPUOTOAALKEG SOMEG Kot
WG €K TOUTOU TO OKUPOSE A YiveTaL
Kn Swamepato

Ie nepimtwon mov gpdoviotolV VEEG
PWYHEG o€ OAN T SLapKeLa TG {wAG
TOU OKUPOSENATOG, OL KpUoTaAAoL Oa
SNULOUPYOUVTOL GE OLUTEG TLG PWYHEG,
gunodifovroag To vepo va BpeL VEEG
61060u¢ yLa va mepaosL

" PENETRON "

TOTAL CONCRETE PROTECTION



To amotéAsopa eivoll Lo EVTEAWC
OTEYVN KoL aAVOEKTIKA SO GKUPOSEUATOC




IPT

Iialissbe e Posguzeas lue-ubiygcas

Areiobuon vepoU uno nicon— NBR
10.787/94 (AmnpiAiog 2007)
ZkupOSepa: CPII-E 32

oto

IPT (Technological Research Institute
of Sdo Paulo State), BpaliAia

Aieiobuon vepoU umo rticon — NBR 10.787/94 (AnpiAiog 2007)

IKkupOSepa: CPII-E 32

Edappoopévn nicon vepou:
e 1" ka 2" pépa:

e 3" uépa:

® AN Ewg 7N pépa:

0,1 MPa
0,3 MPa
0,7 MPa

Juykévtpwon Tolpévrou CPII-E32
OAuTTIKA avToxXn

WA QP0G

Xovépokokka adpavr 0
Xovépokokka adpavn 1

Nepod

YTepPEUCTOMOLNTHG

Aok kadong

Aoyog N/T

PENETRON ADMIX®

350 kg/m?

20 MPa

388 kg/m3

421 kg/m?

632 kg/m3

192 kg/m3

0,3% £w¢ 0,4% / m3
90+10 mm

0,54

1% katd BApog ToLéviou

" PENETRON

TOTAL CONCRETE PROTECTION
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ENIAOIH PRAH

.i}_ Mpoidv 31 yevidc mou Sev £XEL Kapla apvnTLKA EMUTTWGON O0TOV
K XPOVO TtNENG KAl 0TNV avATTuén avToXwyV TOU OKUPOSEUATOC
#‘ MNapéxetal o popdn okOVNCE Kot Umopet va mpootebel o avaloyia
w 0,8 - 1% Katd BAPOC TOU TOLUEVTOU OTO PiyHa OKUPOSEUATOC

‘W‘ Agv umdpxouv neploplopot otnv avaioyio Nepou / Toluévtou

‘EXEL TNV LKAVOTNTA AUTO-EMOUVAWONC PNYHATWOEWY £wc 0,4 mm

‘“T,; L ‘EXEL LAKPOXPOVLEG KOl OE TTAYKOOULO ETIMESO EMIOOOELS KL EXEL
K XpnotuomnolnBel og peyala Epya
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EMIAPAZEIZ TOY PENETRON ADMIX®
KATA TH AIAPKEIA ZQH2 TOY 2ZKYPOAEMATO2

Makpoxpovia LEAETN avOEKTIKOTNTOG MAVW OTNV EMidpacn Tou

PENETRON ADMIX® oxetika pe tn Stapketa {whg Tou OKUPOSEUATOC

OAuTTIKA avtoxn

YuotoAn &npavong

Awamepatotnta

IKovOTNTA OUTO-EMOUAWONG

MIKPOOKOTILKN £EETOION

AvOEeKTIKO 0€ KUKAOUC
Wugnc/anowuéng

AvOEKTIKO o€ BelikQ

PENETRON

Aldxuon YAwpLwvtwy
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EMIAPAZEIZ TOY PENETRON ADMIX®
KATA TH AIAPKEIA ZQH2 TOY 2KYPOAEMATO2

TYNOZ AOKIMH2 IAIOTHTA nPOTYNO ANAITHZEI2
EKOEZH 2E KYKAOYZ ANOEKTIKO ZE , < 0,05% AAAATH $TO MHKOS
WY=H3/AMOWY=H3 WY=H/AMOWY=H BS 5075-211 NCh 2185 AOTQ AIASTOAHE

<0,05% AAAATH 2TO MHKOZ
EKOEXH ZE MPOXBOAH  AIASTOAH AOTQ EKOEZHE  ASTM C1012-13 kau e ety v ey

OEITKQN 3E OFITKA GG KAl < 0,10% TOYS 12 MHNES

XPONIA 2TH ZQH AEITOYPTIAX THX

EKOEXH ZE NMPO2BOAH KATASKEYHS MPIN AMO THN
XAQPIONTON AIAXYZH XAQPIONTQN ASTM C1556-04 RS T A R
ONAISMQN
MHXANIKH ANTIZTAZH OAINTIKH ANTOXH NCh 1017 kot NCh 1037 >30 Mpa

AANATEZ 2TO MHKO2
AOIQ =HPANZH2

2YZTOAH ZHPANZHZ NCh 2221 <0,8mm/mavd 1 ETOZ

ANTIZTAZH ZTH AIEIZAYZH

AIATIEPATOTHTA NEPOY DIN 1048 <20 mm MESH AIEIZAYZH
ASTM C 1585, Manual  EMIKAAYWH 3 cm, < 5-10° m/sY/?
TPIXOEIAHZ AMTIOPPO®HIH AMNOPPOOHIH NEPOY e e (EMIOETIKO MEPIBAAAON)

PENETRON
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EMIAPAZEIZ TOY PENETRON ADMIX®
KATA TH AIAPKEIA ZQH2 TOY 2KYPOAEMATO2

Aok LOLOTATWY OKUPOSEUATOG

OAUTTIKA avtoxn ZuotoAn €npavong

Alwanepatotnta Tpoeldng amoppodnon
IkavotnTa .y

AUTO-EMOUAWONC MuwkpookoTikn e€€taon

& 7 nelor] & 5§ retpog

" PENETRON "

TOTAL CONCRETE PROTECTION



EMIAPAZEIZ TOY PENETRON ADMIX®
KATA TH AIAPKEIA ZQHz TOY 2KYPOAEMATO2

ZuotoAn =RApavong

IIIIIIIIIIIIIIIIIIIIIII
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EMIAPAZEIZ TOY PENETRON ADMIX®
KATA TH AIAPKEIA ZQH2 TOY 2ZKYPOAEMATO2

Awamepatotnta

B Méao fabac e labuond (mm)

DIN 1048 equivalent (MSZ EN 12390-8:2009)

" PENETRON Y
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EMIAPAZEIZ TOY PENETRON ADMIX®
KATA TH AIAPKEIA ZQH2 TOY 2KYPOAEMATO2
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EMIAPAZEIZ TOY PENETRON ADMIX®
KATA TH AIAPKEIA ZQHz TOY 2KYPOAEMATO2

1610tNtEC AuTOo-£MOUAWONG
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EMIAPAZEIZ TOY PENETRON ADMIX®
KATA TH AIAPKEIA ZQH2 TOY 2KYPOAEMATO2

: ! vhimn—:"’
IkupO6Sepa pe PENETRON ADMIX®

PENETRON

TOTAL CONCRETE PROTECTION
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EMIAPAZEIZ TOY PENETRON ADMIX®
KATA TH AIAPKEIA ZQHz TOY 2KYPOAEMATOZ2
EZQTEPIKH

OEITKA + YTPASIA
AIASTOAH

2KYPOAEMATO2

PHIMATQ3H KAl
AMNOIKOAOMHZH
MAZA%

AMNOMEIQzZH
IAIOTHTQN AOMIKOY
2ZTOIXEIOY

MetafoAn Mikoug ZKupoSEparoc

Extefeipévo o Oelika ASTM C 1012-12
0,008
0B0E

F o0

0,003
0000
4,002 0

—— TR e el e [iTe 1

WS EWe ol
____jﬂr__-ﬂﬂ T 1E0 >0 Fr

le — - ——
41,008 _—
0,008 —
0,010 et
0,012 e S
—— ME PENETRON ADMIX® === C ME PENETRON ADMIX®
= == 3 ME FENETRON ADMDCE = 2 ME PEMETRON ADMDCY

—— 1 MOMT PENETRON ADMID® ===l X(IFE FEMETROM ADSIY

H £kBeon og Belikd 0dnyel o€ pnypaTtwoels (Aoyw S1aoToAng) oto okupOSepa XWPLg TN

xprion PENETRON ADMIX®. To ene€epyacpévo okupodepa e PENETRON ADMIX® &ev
SL00TENETOL/PNYHATWVEL KOl WG EK TOUTOU ATIOTPENEL TNV £l0060 o Ta Oetika.

" PENETRON

TOTAL CONCRETE PROTECTION
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EMIAPAZEIZ TOY PENETRON ADMIX®
KATA TH AIAPKEIA ZQH2 TOY 2KYPOAEMATO2

KYKAOI WY=HZ/AMOWYZHZ +
YIPAZIA

EZQTEPIKH AIAZTOAH AOTQ
AY=HZH2 TOY OrkKoY

PHIMATQ2H KAI
ANOIKOAOMHZH MAZA2

AMOMEIQZH IAIOTHTQN
AOMIKOY ZTOIXEIOY

ookl KoKk Wk e Amd ok
(50 klshen NCh 21E5]
we 0 1E7
LEER
a0
_an
Eox
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EMIAPAZEIZ TOY PENETRON ADMIX®

KATA TH AIAPKEIA ZQHZz TOY ZKYPOAEMATO2

XAQPIONTA + O=YTONO + YIPAZIA

AMNOMEIQZH AIAZTAZEQN KAl

ANTOXHZ ONAIZMOY

O=EIAIA, PHTMATQZEIZ KAI

ATMOKOAAHZH 2KYPOAEMATOZ

ANOMEIQZH IAIOTHTQN
AOMIKQOY ZTOIXEIOY

Qawopevog cuvteAeoTtrig SLaxuong YAwpLOVTwWY

, , ®Dawopevog
Xpovoc ApXWKN Emipaveiakni suvteAeoTiC
ZKYPOAEMA , nepiektikotnta Cl | mepiektikotnta Cl .
(népeg) Cs (%) Cs (%) Stayvong Cl
’ ’ (m?/s)

C xwpic PA 35 0,023 1,084 7,20-1012
Cl ue PA 35 0,022 1,304 4,90-1012
C2 ue PA 35 0,008 1,481 4,66-1012
C kat C1: CEM 11/B-P
C2: CEM 11/B-S
PA: PENETRON ADMIX® ASTM C 1556

" PENETRON

TOTAL CONCRETE PROTECTION
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EMIAPAZEIZ TOY PENETRON ADMIX®
KATA TH AIAPKEIA ZQHz TOY 2ZKYPOAEMATO2

O 2°¢ Nopog Atayuong tou Fick

X

C(x,t) =Cs ll —erf ENI D (t) = Dg (tTO)m

C(xt) Chloride ion concentration at a distance x from the surface of the concrete by an

exposure period t (material mass %)

Cg Chloride ion concentration on the surface of the concrete (material mass %)
X Coating thickness (m)
t Exposure time to chloride ion (years)
D Chloride diffusion coefficient (m2 / s)
erf Error function
Dc(t) Chloride diffusion coefficient at time t (m2 / s)
D, Chloride diffusion coefficient at time ty (m2 / s)
ty Initial chloride diffusion time (years)
. C xwpic PENETRON
18Tt X pA?JMIX® C1 pe PENETRON ADMIX® | C2 pue PENETRON ADMIX®
ErkdAuyn omAtopol (m) 0,06 0,06 0,06

Juykévipwon xYAwplovtwv: Emudavera, Cs (%

. 1,53 1,30 1,48
patac)
Dawopevog Tuvteheotng Awdxuong, Da T AT e
(m?/s) ’ g :
JuvteAeoTrg Aldxuong, 810pBwUEVOG UE TO ATRGE L AIE LEEMITE
ouvteheotr xpovou, D(t) (m?/s) ’ ’ ’
2daApa Aettoupyiag, erf 0,967 0,962 0,966
‘Oplo cUYKEVTPWONG XAWPLOVTWY AR o o
okupodéuatog, C(x,t) (%) ! ! ’
‘Oplo cUYKEVTPWONG XAWPLOVTWY 05 0ER 0w
oKupodEpatog, (% rpc) ’ ’ ’
QdpéApog xpovog {wng KATAoKEUNG, t (£tn) 94,8 95,3

PENETRON



EMIAPAZEIZ TOY PENETRON ADMIX®
KATA TH AIAPKEIA ZQH2 TOY 2KYPOAEMATO2

MNpoodLoplopadg tnG eMéEKTacNG TNG WPEALUNG SLapKeLag {WAG TOU GKUPOSENATOG

Mpopiendpevn whéhipn Sudprewa Jwiig Paoel Tow
Mépou touw Fick

Didlugn Budsune Twlg o dog npw
e Bvapln g Sudfpaeng
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EMIAPAZEIZ TOY PENETRON ADMIX®

KATA TH AIAPKEIA ZQH2 TOY 2KYPOAEMATO2

1816ThTa TpOG

Sokun

Od£An okupodéparog
enefePYAOHEVO PE TO
PENETRON ADMIX® évavt

ErutAéov odéAn

Zuotolr §Rpavong (petaBoln
TOU PNKog o€ SLdpkela 1 £€Toug
mm/m)

AAAayn oThv avBeKTKOTNTA
ot Oetiké (ASTM C1012-12)

Zuvteleoti g Staxuong
YAwpLOvVTwV (M?/s) (ASTM
C1556-04)

MetaBoAn urkoug o
KOkAoug Wi§ng-Anopuéng
(%) (NCh 2185 0Of 92)

Meiwon Stanepatdtntag (DIN
1048)

EUpOG pwYUNG LE LKaVOTNTA
QUTO-EMOUAWGONG

Avtoxn og OAiYn
(MPa)

Enéktaon tng {wng
Asttoupyiag
(o€ €tn) (Nopog tou Fick)

oKupodéparog xwpig PA

<24%

Kapia
E0WTEPLKA
Slaotoln

<45%

<10,53% tou
Seiyuarog
eAgyxou

>91%

<0,4mm

>13%

€wg KaL 60 £€Tn

(o€ ouykpLon ue
t0 Selyua
eAgyyou)

Melwon
PNYHOTWOEWV AOYW
ouppikvwong

Arnouoia
PNYHOATWOEWVY KATA
v pocPoln oe
Belika

Meiwon tou
ouvteheotn Slaxuong
¥\wp8iwv maparteivet
v wdehpn fwn g

KATOLOKEUNG

E€aAeidel TNV avaykn
XPrONG AEPAKTLKWY
TIPOCUIKTWY

H evepyomnoinon twv
KPUGTAAWY HELWVEL
TNV dlanepatotnTa

Auto-genoVvAwon VEwvV
PNYMATWOEWY

Au&avel tnv avtoxn
oe OAlYNn

E€aAeideL TNV avaykn
XPNoNGg avOooTOAEWV
SlaBpwong

‘Exetl amodetyBel 6tL to PENETRON ADMIX® au&avel onUavTikd TNV avOeKTIKOTNTO/WHEALUN

SLapkela {wng Tou oKUPOSEUATOG KL WG EK TOUTOU cuvioTatal yia OAEL TIG CUYKEKPLUEVEG
eDAPHOYEC TIOU ATMALTOUV EKTETAMEVN SLapkeLa {wnG.

PENETRON
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Kuningan City, Takdpta, lvbovnaoia
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Katotkieg Capri, QAopvta, HMA
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Awaavi Portocel Aracruz, Bpalilia
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Nocokopeio Zipaquira, KohopBia
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Teppatikog Ztabuog 3 Aspodpopiou Changi, Ziykamoupn
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AleBvecg Aepobpopto Chennai, Ivia

AleBvég Agpobpouto Mumbai, Ivéia
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AleBvécg Aepobpopto Guarulhos, 2dao MNaolo, Bpalldia

City Park Boudaméotng, Ouyyapia

" PENETRON
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Milan Sud, Movada Ene€epyaciog Avpdtwy, Itaiia

TOTAL CONCRETE PROTECTION
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Gardens by the Bay, Ziykamoupn

" PENETRON "
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The Troika, MaAatoia
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PENETRON INDUSTRY NEWSLETTER October 2014

Add 60 years to service-life of concrete in critical
environments

Historically, the prime concern for concrete designers has been its resistance to

mechanical stress, i.e. strength. In recent years, durability has emerged as equally
important.

However, durability cannot be achieved with reducing the W/C ratio, high

compressive strength, more cement, air-entraining admixtures or corrosion
inhibitors alone.

To achieve concrete durability in critical environments, properties like low
permeability, low shrinkage, self-healing and protection against chemical attack
must be realized. PENETRON ADMIX incorporates the technology that provides
such properties and recent testing has shown it can add up to 60 years or more to
a variety of concretes, including CEM Il /B-P, CEM Il / B-S and CEM III/A, in
critical environments before the onset of corrosion.

Projected service-life according to Fick Law

Shatif-life im years before
engit of corr e
.zEEeEE¥BLE

Samples

B withowt Penetron Admiz ™ C1 wilh Persetron Admin @ CF with Penetron Sdmix

These results are in line with ACI report 212.R3-10, which concludes that
crystalline admixtures are the best PRAH (permeability reducing admixtures for
hydrostatic conditions) and increase durability of concrete.

Details of this durability testing are provided below.

Jozef Van Beeck
Director International Sales & Marketing




PENETRON ADMIX DURABILITY RESEARCH RESULTS

In order to establish the effect of PENETRON ADMIX on the durability of
concrete, a complete research project was executed at leading independent
laboratories over a 2-year period. The testing included compressive strength,
drying shrinkage, permeability, sulphate resistance, chloride diffusion resistance,
freeze-thaw cycle resistance, self-healing ability, microscopic examination of
crystalline formation and most importantly — a resulting service-life estimation of
concrete treated with PENETRON ADMIX.

The results of this testing regime are summarized in the following table.

Benefits of concrete

Property tested with Penetron Admix = Additional benefits
w5, concrebe without P&

Drying shrinkage (1
year length changes <24% Less shrinkage cracking
rmimy/mi)
Sulphate reskstance :
changes (ASTM Mo internal expansion Hml:rld:ln;“ﬂ
C1012-12) sulphate a
Low chloride diffusion

Chloride diffusion

coefficient (m’/s} <45% """"H”“l: nf'“"’"“

senvice li the

(ASTM C1556-04) R

Freexe-Thaw Cycle Eliminates need for air
bength changes (%) e ﬂflrml'rﬁ entrainment

(MCh 2185 Of 92) adimintures

Reduction of
Activation of crystals
rmeability (DIN #91% :

- :IIH:IH reduces perrmeability
Crack width salf- Self-healing of new
healing capacity 50-4mm cracks

Compressive Strength +13% Increases compressive
(Mpa) strangth
Extension of servicelife P 1 B0 years Eliminates need for

(i years) (Fick Law) #ﬂwr#ﬂmf corroshon inhibitors

Each test result will be expanded upon in detail in these durability updates going
forward — in this issue we will focus on the service-life estimation based on

Chloride diffusion only.




SERVICE-LIFE ESTIMATION OF CONCRETE IN CRITICAL

ENVIRONMENTS

The mechanism of concrete deterioration by chloride diffusion looks as follows.

SECTION REDUCTION
AND STRENGTH
RECUCTION OF

REINFORCING STEEL

CAPACITY LOSS OF
STRUCTURAL ELEMIENT

Chloride diffusion testing performed according to ASTM C1556 yielded the
following results, with and without PENETRON ADMIX.

Table 2. Apparent chloride diffusion coefficient

Time Initial Superficial AD?:,:;T::
CONCRETE Content CI Content CI .
(Days) Ci (%) Cs(%) Coefficient
° ¢ Cl(m?/s)
C WITHOUT PA 35 0,023 1,084 7,20E-12
C1 WITH PA 35 0,022 1,304 4,90E-12
C2 WITH PA 35 0,008 1,481 4,66E-12

C and C1: CEM II/B-P
C2:CEMII/B-S
PA : PENETRON ADMIX

Using the 2nd Fick law of diffusion, we can then estimate the service-life of

concrete based on the chloride diffusion coefficient and the cover of steel,
obtaining the following results.

Cix, )= fr[ - "'L'-‘" EI'::E' EE“:'.%[? ]'.




Note: testing was done under exposure conditions conforming to ASTM C1556

This testing shows that, in an environment with chloride
concentrations 4.7 times higher than true marine environments,
PENETRON ADMIX treated concrete can add up to 60 years and
more to the service-life of a conventional concrete, before the
onset of corrosion.

A second chloride migration test in accordance with Nordtest, done on an
extremely durable concrete mix design CEM IllI/A, still yielded another 40 years of
service-life extension with PENETRON ADMIX.




CASE STUDY : SINGAPORE SPORTS HUB / NEW SINGAPORE

NATIONAL STADIUM

Location: Kallang, Singapore

Date: 2014

Architect: AECOM / Arup Sport / DP Architects
Contractor: Dragages Singapore Pte. Ltd.

Singapore is now home to the world’s largest dome
structure

The Singapore Sports Hub, built on the original site of the National Stadium, has
opened its doors on June 30, 2014 and is the country’s new central sports
destination.

Works on the site began in September 2010 after the demolition of the former
Singapore National Stadium. The new facility includes a new 55’000 capacity
National Stadium, a 3’000 capacity indoor Aquatic Centre with leisure facilities, a
3'000-capacity multi-purpose Indoor Arena, 41’000 square meters of commercial
space and a Water Sports Centre on the shores of the Kallang Basin. This includes
a Sports Promenade, the Singapore Sports Museum, the Sports Hub Library as
well as the Kallang Wave Shopping Mall.

- i.-."-"j.l.




The Sports Hub’s centerpiece is the new Singapore National Stadium. This
landmark structure is currently the world’s only multi-purpose arena with
mechanized and automated retractable seating configurations on its lower tier.
Within 48 hours the stadium can be reconfigured to host different events such as
concerts, football and rugby matches, cricket and athletic events. The dome
structure features a retractable roof, making the National Stadium an all-weather
event facility.

Approved by the Singapore Environmental Council (SEC) with the Singapore Green
Label, the PENETRON System was chosen to ensure the concrete durability on
this iconic, green building development. PENETRON ADMIX was used on
approximately 55’000 cubic meters of base slab and retaining walls. Penebar SW
55 waterstops were installed in over 18’500 meters of construction joints. In
addition, 16’000 square meters of internal wet areas and exposed concrete
including the RC roof were treated with Peneseal Pro.

The project is yet another milestone in PENETRON'’s long-standing track record of
protecting Singapore’s infrastructure.

w

i ELE
i

WITNESS PENETRON'S 4-,, - AT
CRACK HEALING -, EAR .

ABILITY
BEFDRE 'RFTER

«« B © £ | JPENETRON



FENETRUN INDUSTRY NEWSLETTER

HOME  YWHAT |5 PENETROR = PRODUEGTS PROJEGTE GONTALCT W&

Welcome to the 30th edition of the PENETRON Industry Newsletter.

In our previous concrete durability update, we highlighted how PENETRON ADMIX increases the
service life of concrete structures in critical environments by 60 years and more. This life-
extension capacity was established by means of the treated concrete's chloride diffusion
coefficient and the 2nd Fick law. (read here)

In this issue, we will expand on another aspect of concrete durability -- its ability to resist sulfate
attack. Extensive testing has shown that concrete treated with PENETRON ADMIX is virtually
resistant to sulfate attack.

Further, we discuss how concrete durability should be tested. Too often, traditional testing
methods (such as surface water absorption testing) are being used to test advanced hydrophilic
protection systems, which leads to the wrong conclusions. Permeability testing is the only way to
verify a true PRAH's (Permeabiity Reducing Admixture for Hydrostatic conditions) performance.

Last but not least, we invite you to have a look at some recent PENETRON projects in Norway,
USA, Saudi Arabia and the UAE.

Jozef Van Beeck
Director International Sales & Marketing
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PENETRON ADMIX durability research: Resistance to




sulfate attack E GEND Tl &
PRAN vs PRAH / absorption versus permeability FREERD

PENETRON WORLDWIDE P4 SUBSCRIBE

Aker Solutions, Stavanger, Norway HOW

Kempinski Hotel Jeddah, Saudi Arabia PENETRON

Abu Dhabi National Paper Mill (Expansion), Mussafah, wuﬂ-lﬁ

UAE TIEW 43 MINETE

Manhattan District Garage 1/2/5, New York, USA TIOED DEMONSTRATION
PENETRON APF
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PENETRON ADMIX durability research: Resistance to sulfate attack

Sulfate attack typically occurs where water containing dissolved sulfate penetrates the concrete.
The ensuing reaction causes the composition and microstructure of the concrete to change.
These changes include extensive cracking and loss of bond between the cement paste and
aggregate, which in turn cause an internal expansive force.

Length Changes in Concrete Exposed to

Sulfates ASTM C 1012-12
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Figure 14. Changes in length of concrete exposed to sulfate, according to ASTM C1012.

Extensive testing has shown that concrete treated with PENETRON ADMIX, subjected to a
solution of sodium sulfate, does not show any change in length by such expansion. Untreated
concrete samples subjected to the same sodium sulfate solution showed significant change in
length as well as disintegration of mass.

PRAN vs PRAH / absorption versus permeability




PRAN vs PRAH / absorption versus permeability

It is @ common and risky misconception in many construction markets today, that capillary
absorption tests are suitable to demonstrate the performance of permeability-reducing admixtures
for hydrostatic pressure (PRAH).

Integral waterproofing admixtures are designed to reduce water ingress into concrete by reducing
the permeability of concrete. Hence, the American concrete Institute (ACI) has classified a new
category of concrete admixtures called “Permeability-Reducing Admixtures” (PRA), subdivided
into “permeability-reducing admixtures for non-hydrostatic conditions” (PRAN) and “permeability-
reducing admixtures for hydrostatic conditions” (PRAH).

The ACI 212-3R-10-N report suggests that only crystalline admixtures, like PENETRON
ADMIX, qualify as true PRAH. Crystalline admixtures are hydrophilic materials that form insoluble
crystalline structures, which seal pores, microcracks and capillaries, reducing concrete
permeability even under high hydrostatic pressure.

Hydrophobic or water repellant chemicals such as pore blockers, fall under the category of PRAN.
These materials are designed to repel water by blocking pores and capillaries with a water
repellant substance. To demonstrate the water-repellent function, manufacturers of hydrophobic
admixtures employ capillary absorption tests, such as ASTM C1585 and BS EN 1881-122. These
tests measure water absorption after immersion of the sample in water. No pressure is applied,
which is why no indication of the level of protection of hydrophobic admixtures exposed to
hydrostatic conditions can be established. Due to the uneven coating of the hydrophobic lining
and open capillary system, the protection against water under pressure is extremely limited
(usually a few centimeters of water head). This limits their use to protection against rain or
minimizing dampness.

Crystalline admixtures withstand high, hydrostatic pressure. To determine their performance, only
permeability tests such as DIN 1048 pt. 5, BS EN 12390-8 or ASTM D5084 should be used.
These tests apply water under pressure and, contrary to absorption tests, are able to give an
indication of the performance under hydrostatic conditions. Since a lot of the water
applied during this test is taken up by the crystalline reaction to form
crystals, a true performance indication can be achieved by repeating the test
cycle over several weeks (see 4 week test images below).

To read more on this subject, click here.
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Aker Solutions, Stavanger, Norway

Aker Solutions, a global Norwegian company that provides oilfield products and services, recently
inaugurated a new office facility in Stavanger. This new building is the global headquarters for the
Operations division and home to 2,600 employees. PENETRON ADMIX was used for the
extensive below-ground structures for protection from groundwater and seawater at the
construction site.

Located adjacent to the North Sea, the Stavanger headquarters features eight above-ground
office floors (43,000 m? / 484,400 square feet) and two below-ground floors for a basement with

bicycle parking for 1,000 bicycles and a parking garage (65,000 m?2 / 700,000 square feet) with
space for 500 cars.

The site was reclaimed ocean frontage directly on the coastline, exposing the site to the water
table and chloride penetration from the seawater. About 11,000m3 of concrete were treated with
PENETRON ADMIX, including the building’s foundation and basement structures. PENETRON
ADMIX was chosen to ensure comprehensive waterproofing and to reduce permeability for
chloride ions in the concrete and optimize durability.

PENETRON ADMIX performed flawlessly and allowed construction to proceed without any
delays, delivering to the client a completely protected and durable concrete foundation.




Kempinski Hotel Jeddah, Saudi Arabia

The Kempinski Hotel Jeddah is located on Jeddah Corniche providing magnificent views of the
Red Sea. Designed to be the first green intelligent hotel in the Kingdom of Saudi Arabia, the 260-
meter high tower will boast 321 units: 250 luxury guest rooms and suites, with the rest as serviced
apartments spread over 70 floors.




The Kempinski Hotel Jeddah will be the finest address for leisure travelers in Jeddah. The hotel
will include a full array of first class facilities including luxurious leisure suites, two restaurants
offering a range of international cuisines, a 1000 sgm ballroom, a wellness center and spa, and
swimming pool. Corporate guests can take advantage of corporate and meetings facilities,
including fully equipped modern meeting rooms, VIP rooms and business suites.

Due to its close proximity to the Red Sea it was imperative to provide a 100% solution when it
came to the protection and waterproofing of the raft foundation, retaining walls, and other water-
retaining structures such as the water tanks and swimming pools. In order to ensure total
concrete protection on this prestigious project. PENETRON ADMIX was added to approximately
30,000m3 of concrete supplied by Saudi Readymix.
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Abu Dhabi National Paper Mill (Expansion), Mussafah, UAE

Abu Dhabi National Paper Mill (ADNPM) is one of the largest and most technically advanced
producers of jumbo tissue paper rolls in the Middle East. ADNPM follows the highest quality,
environmental and health & safety standards including ISO 9001, 14001 and OHSAS 18001. The
facility includes manufacturing and storage areas, an effluent treatment plant as well as
administration offices and parking. It has a total area of 60,000 square meters and produces over
65,000 tons of tissue paper per year. The paper, produced from the highest-grade virgin pulp, is
used to make table napkins, kitchen and hand towels, and facial and toilet tissues.



In 2014 the expansion of the facility saw a new production line (PM3) added to ADNPM.
The building features a 6m deep basement, which is located one meter below the sea water level.

PENETRON ADMIX was tested and chosen as the preferred concrete protection solution and
added to the concrete mix of the slab and retaining walls of the new production line facility. All
construction joints were sealed using PENEBAR SW 45 waterstop.

PENETRON, PENECRETE MORTAR AND PENEPLUG were employed to treat leaks in the
piles.




Manhattan District Garage 1/2/5, New York, USA

Previously located at Pier 52 on the Hudson River, the garage facility was moved to the corner of
Spring & West Streets to make waterfront land available for the recently established Hudson
River Park. The new Manhattan District 1/2/5 Garage serves the Department of Sanitation New

York (DSNY) as a base of operations for three separate District Garages, as well as the UPS
Staging Lot operations for Lower Manhattan.

The Manhattan District 1/2/5 Garage accommodates over 150 sanitation vehicles, a separate
vehicle wash, personnel facilities for each district, and centralized fueling and repair facilities. A
benchmark project for NYC’s Active Design program, the garage features a green roof to protect
the building and enhance storm water retention and thermal performance. Designed by Dattner
Architects in association with WXY Architecture + Urban Design, the project is set to achieve a
LEED Gold certification.

The garage is a five-level structure with a total floor area of about 427,250 square feet
(39,700m2). The parking levels, with approximately 266 parking spaces, accommodate vehicle
parking and storage, offices, and locker facilities. The building was constructed on a concrete
slab with pilings (no cellar) using PENETRON ADMIX SB. In addition, there are two 15,000 L
(4,000 gallon) underground tanks, also treated with PENETRON ADMIX, for storage of liquid
calcium chloride, which is applied with rock salt to melt snow and ice. Overall, about 12,230m3
(16,000 cubic yards) of concrete were treated with PENETRON ADMIX for all concrete
structures.
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This document discusses commonly used chemical admixtures
for concrete and describes the basic use of these admixtures.
It is targeted at those in the concrete industry not involved in
determining the specific mixture proportions of concrete or in
measuring the properties of the concrete. Students, craftsmen,
inspectors, and contractors may find this a valuable introduction
to a complex topic. The document is not intended to be a state-of-
the-art report, user’s guide, or a technical discussion of past and
present research findings. More detailed information is available
in ACI Committee Report 212.3R, “Chemical Admixtures for
Concrete” and 212.4R, “Guide for the Use of High-Range Water-
Reducing Admixtures (Superplasticizers) in Concrete.”

CONTENTS

Chapter 1—Introduction
1.1—History
1.2—Definitions and glossary

Chapter 2—Overview
2.1—Function
2.2—Effectiveness and compatibility
2.2—Standards

Chapter 3—Air-entraining admixtures
3.1—History
3.2—Mechanism
3.3—Use of air-entraining admixtures
3.4—Properties of entrained air
3.5—Handling and testing of air-entrained concrete

Chapter 4—Water-reducing and set-controlling
admixtures

4.1—Types and composition

4.2—Type A, water-reducing admixtures

4.3—Type B, retarding, and Type D, water-reducing and
retarding admixtures

4.4—Type C, accelerating, and Type E, water-reducing
and accelerating admixtures

4.5—High-range, water-reducing admixtures

4.6—Mid-range, water-reducing admixtures

4. 7—Admixtures for self-consolidating concrete

4.8—Admixtures for slump and workability retention

Chapter 5— Specialty admixtures
5.1—Corrosion-inhibiting admixtures
5.2—Shrinkage-reducing admixtures
5.3—Admixtures for controlling alkali-silica reactivity
5.4—Admixtures for underwater concrete
5.5—Admixtures for cold weather
5.6—Permeability reducing admixtures

Chapter 6—Admixture dispensers
6.1—Industry requirements and dispensing methods
6.2—Accuracy requirements
6.3—Application considerations and compatibility
6.4—Field and truck mounted dispensers
6.5—Dispenser maintenance

Chapter 7—Conclusion
Chapter 8—References

8.1—Cited references
8.2—List of relevant ASTM standards

The Institute is not responsible for the statements or
opinions expressed in its publications. Institute publications
are not able to, nor intended to, supplant individual
training, responsibility, or judgement of the user, or the
supplier, of the information presented.

ACI Education Bulletin E4-12. Supersedes E4-03. Adopted in 2012 and published
in 2013.

Copyright © 2013, American Concrete Institute.

All rights reserved including rights of reproduction and use in any form or by any
means, including the making of copies by any photo process, or by electronic or
mechanical device, printed, written, or oral, or recording for sound or visual repro-
duction or for use in any knowledge or retrieval system or device, unless permission
in writing is obtained from the copyright proprietors.



E4-2 ACI EDUCATION BULLETIN

CHAPTER 1—INTRODUCTION

1.1—History

Admixtures have long been recognized as important
components of concrete used to improve its performance.
The original use of admixtures in cementitious mixtures is
not well documented. It is believed that the introduction of
some of these materials may have been part of rituals or other
ceremonies. It is known that cement mixed with organic
matter was applied as a surface coat for water resistance
or tinting purposes. Materials used in early concrete and
masonry included milk and lard by the Romans; eggs during
the middle ages in Europe; polished glutinous rice paste,
lacquer, tung oil, blackstrap molasses, and extracts from elm
soaked in water and boiled bananas by the Chinese; and in
Mesoamerica and Peru, cactus juice and latex from rubber
plants. The purpose of these materials is widely unknown.
It is known that the Mayans used bark extracts and other
substances as set retarders to keep stucco workable for a
long period of time. More recently chemical admixtures have
been used to help concrete producers meet sustainability
requirements that are necessary for modern construction. For
concrete these requirements can be related to extended life
cycles, use of recycled materials, stormwater management,
and reduced energy usage. Chemical admixtures are used to
facilitate the increased use of supplementary cementitious
materials, lower permeability, and improve the long term
durability of concrete.

1.2—Definitions & Glossary

Concrete is composed principally of aggregates, hydraulic
cement, and water, and may contain supplementary
cementitious materials (SCM) and chemical admixtures.
It will contain some amount of entrapped air and may also
contain purposely entrained air obtained by use of a chemical
admixture or air-entraining cement. Chemical admixtures are
usually added to concrete as a specified volume in relation to
the mass of portland cement or total cementitious material.

Admixtures interact with the hydrating cementitious
system by physical and chemical actions, modifying one or
more of the properties of concrete in the fresh or hardened
states. According to ACI 212.3R-10, “Report on Chemical
Admixtures for Concrete,” an admixture or combination
of admixtures may be the only feasible way to achieve
the desired performance from a concrete mixture in some
cases. There are many kinds of chemical admixtures that
can function in a variety of ways to modify the chemical
and physical properties of concrete. This bulletin provides
information on the types of chemical admixtures and how
they affect the properties of concrete, mortar, and grout.
Definitions of certain types of admixtures and other selected
terms can be found below and are taken from ACI Concrete
Terminology.!

Admixture—A material other than water, aggregates,
cementitious materials, and fiber reinforcement, used as an
ingredient of a cementitious mixture to modify its freshly
mixed, setting, or hardened properties and that is added
to the batch before or during its mixing. (The admixtures

referred to in this definition are also known as Chemical
Admixtures.)

Admixture, accelerating—An admixture that causes an
increase in the rate of hydration of the hydraulic cement,
and thus, shortens the time of setting, increases the rate of
strength development, or both.

Admixture, air-entraining—An admixture that causes
the development of a system of microscopic air bubbles in
concrete, mortar, or cement paste during mixing, usually
to increase its workability and resistance to freezing and
thawing.

Admixture, permeability-reducing — An admixture used
to reduce the ingress of water and water borne chemicals
into concrete. Admixtures may be further sub-divided into
permeability-reducing admixtures for non-hydrostatic
conditions (PRAN) or hydrostatic conditions (PRAH).

Admixture, retarding—An admixture that causes a
decrease in the rate of hydration of the hydraulic cement and
lengthens the time of setting.

Admixture, water-reducing—An admixture that either
increases slump of a fresh cementitious mixture without
increasing water content or maintains slump with a reduced
amount of water, the effect being due to factors other than
air entrainment.

Admixture, water-reducing high-range—A water-
reducing admixture capable of producing great water
reduction, great flowability, or both, without causing undue
set retardation or air entrainment in cementitious paste.

Aggregate, reactive—Aggregate containing substances
capable of reacting chemically with the products of solution
or hydration of the portland cement in concrete or mortar
under ordinary conditions of exposure, resulting in some
cases in harmful expansion, cracking, or staining.

Air, entrained—Microscopic air bubbles intentionally
incorporated in a cementitious paste during mixing, usually
by use of a surface-active agent; typically between 0.0004
and 0.04 in. (10 and 1000 pm) in diameter and spherical or
nearly so.

Air, entrapped—Air voids in concrete that are not
purposely entrained and that are larger, mainly irregular in
shape, and less useful than those of entrained air; and 1 mm
or larger in size.

Air content—The volume of air voids in cement paste,
mortar, or concrete, exclusive of pore space in aggregate
particles, usually expressed as a percentage of total volume
of the paste, mortar, or concrete.

Alkali—Salts of alkali metals, principally sodium and
potassium; specifically sodium and potassium occurring in
constituents of concrete and mortar, usually expressed in
chemical analysis as the oxides Na,O and K,O.

Alkali-aggregate reaction—Chemical reaction in either
mortar or concrete between alkalies (sodium and potassium)
from portland cement or other sources and certain
constituents of some aggregates; under certain conditions,
deleterious expansion of concrete or mortar may result.

Alkali-carbonate reaction—The reaction between
the alkalies (sodium and potassium) in portland cement
and certain carbonate rocks, particularly calcitic dolomite

American Concrete Institute Copyrighted Material—www.concrete.org
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and dolomitic limestones, present in some aggregates; the
products of the reaction may cause abnormal expansion and
cracking of concrete in service.

Alkali-silica  reaction—A  generally  deleterious
dissolution and swelling of siliceous aggregates in the
presence of pore solutions comprised of alkali hydroxides;
the reaction products may cause abnormal expansion and
cracking of concrete.

Calcium chloride—A crystalline solid, CaCl,; in various
technical grades, used as a drying agent, as an accelerator for
fresh concrete, a deicing chemical, and for other purposes.

Cement, portland—A hydraulic cement produced by
pulverizing clinker formed by heating a mixture, usually of
limestone and clay, to 1400 to 1600°C (2550 to 2900°F).
Calcium sulfate is usually ground with the clinker to control
set.

Cementitious—Having cementing properties.

Sulfate attack—Either a chemical or physical reaction
or both between sulfates usually in soil or groundwater and
concrete or mortar; the chemical reaction is primarily with
calcium aluminate hydrates in the cement-paste matrix,
often causing deterioration.

Sulfate resistance—Ability of concrete or mortar to
withstand sulfate attack.

CHAPTER 2—OVERVIEW

2.1—Function

Chemical admixtures discussed in this document are
available in liquid and powder form. Liquid admixtures are
dispensed through mechanical dispensers as the concrete
is batched, but can be introduced to the concrete by other
means, such as hand dosing or truck mounted dispensers.
Powders are usually introduced in pre-packaged units that
contain a prescribed amount. Most times the units consist
of bags that can be opened and the contents added while
mixing, or bags that are made to disintegrate and disperse
their contents while mixing. Generally, admixtures in
powdered form are introduced to the concrete after batching.
A discussion of dispensing equipment for liquid admixtures
is given in Chapter 6. The dosages used vary widely
depending on several factors including, type of admixture,
performance desired, environmental conditions, and many
others. The uses of admixtures are outlined by the following
functions that they perform:
e Increase workability without increasing water content

or decrease the water content at the same workability;
¢ Retard or accelerate initial time of setting;
* Reduce or prevent shrinkage or create slight expansion;
¢ Modify the rate or capacity for bleeding;
* Reduce segregation;
e Improve pumpability;
¢ Reduce rate of slump loss;
e Retard or reduce heat evolution during early hardening;
e Accelerate the rate of strength development at early
ages;

e Increase strength (compressive, tensile, or flexural);

e Increase durability or resistance to severe conditions
of exposure, including application of deicing salts and
other chemicals;

¢ Decrease permeability of concrete;

*  Control expansion caused by the reaction of alkalis with
reactive aggregate constituents;

¢ Increase bond of concrete to steel reinforcement;

* Increase bond between existing and new concrete;

* Improve impact and abrasion resistance;

¢ Inhibit corrosion of embedded metal;

e Produce colored concrete or mortar; and

* Aid in achieving sustainability requirements.

2.2—Effectiveness and Compatibility

The effectiveness of any admixture will vary depending
on its concentration in the concrete and the effect of the
various other constituents of the concrete mixture. Each
class of admixture is defined by its primary function. It may
have one or more secondary functions, however, and its use
may affect, positively or negatively, concrete properties
other than those desired. Therefore, adequate testing should
be performed to determine the effects of an admixture on the
plastic properties of concrete such as slump, rate of slump
loss (that is the relationship between slump and time), air
content, and setting time. In addition, testing should be
performed to determine the effect of the admixture on the
hardened properties of concrete that may be of interest, for
example, strength development, drying shrinkage, modulus
of elasticity, or permeability. The final decision as to the use
of any admixture and the brand, class, or type, depends on
its ability to meet or enhance specific concrete performance
needs.

Many improvements can be achieved by proper selection
and application of specific admixtures. The selection process
should focus on the functional qualities required by structural
demands, architectural requirements, and contractor needs.

Whatever the approach, be it a single water-reducing
admixture or a combination approach, the use of admixtures
can be beneficial. Admixtures provide additional means of
controlling the quality of concrete by modifying some of
its properties, however, they cannot correct for poor-quality
materials, improper proportioning of the concrete, and
inappropriate placement procedures.

It is quite common for a concrete mixture to contain more
than one admixture. In the simplest cases, such as paving
or residential applications, a concrete mixture may be dosed
with only a water-reducing admixture and an air-entraining
admixture. High-performance concrete mixtures may be
dosed with as many as five admixtures, depending on the
specific application. Therefore, it is imperative that the
admixtures that are used in a given concrete mixture are
compatible to prevent undesired effects such as rapid slump
loss, air-entrainment difficulties, severe set retardation, or
improper strength development.

A typical rule of thumb is for all admixtures to be added
separately to a concrete mixture and not pre-blended
before introduction into the mixture. In addition, admixture
manufacturers typically provide information on potential
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incompatibility with other admixture chemistries on
product data sheets. However, it should be noted that
incompatibility issues in concrete mixtures are typically due
to undesired chemical interactions, physical interactions,
or both between chemical admixtures and other mixture
ingredients, in particular, the cementitious materials system.
Sulfate imbalance in the system is typically a contributing
factor in such cases. In addition, certain types of clay that
may be present on aggregate surfaces can also result in
incompatibility issues. Therefore, pre-project testing should
be performed using materials proposed for use on a project
to identify potential incompatibility issues prior to the start
of a project. This testing requires knowledge of the rate of
slump loss and the setting time under relatively hot and cold
conditions (in addition to laboratory conditions). Concrete
producers have used a number of means to determine the
potential for incompatibility including calorimetry, other
types of thermal measurements, laboratory concrete trials,
and concrete plant trials. Test placements on-site are
recommended to verify proper workability, finishability, and
setting time of the proposed mixture.

2.3—References and Standards

Guide to Durable Concrete ACI 201.2R

Chemical Admixtures for Concrete ACI 212.3R

Buiding Code Requirements for

Structural Concrete ACI 318/318M

Superplasticizers in Ready Mixed Concrete NRMCA No.
158

Air-Entraining Admixtures ASTM C260

Standard Specification for Air-Entraining

Admixtures for Concrete AASHTO M 154

Standard Specification for Air-Entraining

Admixtures for Concrete CRD-C 13

Chemical Admixtures ASTM C494/C494M

Standard Specification for Chemical

Admixtures for Concrete AASHTO M 194

Standard Specification for Water

Permeability of Concrete CRD-C 48

Standard Specification for Chemical

Admixtures for Concrete CRD-C 87

Calcium Chloride ASTM D98

Standard Specification for Calcium Chloride AASHTO M
144

Foaming Agents ASTM C869/C869M

Admixtures for Shotcrete ASTM C1141/C1141M

Admixtures for Use in Producing

Flowing Concrete ASTM C1017/C1017M

Grout Fluidifier For Preplaced Aggregate

Concrete ASTM C937

Pigments for Integrally Colored Concrete ASTM C979/
C979M

Testing Hardened Concrete — Depth of Penetration of
Water Under Pressure BS EN 12390-8

Testing Concrete — Method for Determination of Water
Absorption BS EN 1881 — Part 122

Testing Hardened Concrete DIN 1048

*ASTM ASTM International

AASHTO American Association of State Highway and Transportation Officials
CRD Army Corps of Engineers, Chief of Research and Development

BS EN - European Standards

DIN — German Standards

CHAPTER 3—AIR-ENTRAINING ADMIXTURES

3.1—History

One of the most significant innovations in concrete
technology was made during the 1930s. It was noted that
certain concrete pavements were more able to withstand the
detrimental effects of freezing and thawing cycles than others.
These cycles, and the damage caused, were a major inhibitor
to durability of concrete pavements and other exterior
applications. Investigation showed that the more durable
pavements were slightly less dense, and that the cement used
had been obtained from mills using beef tallow as a grinding
aid in the manufacturing of cement. The beef tallow acted as
an air-entraining agent, which improved the durability of the
pavements. Later, after rigorous investigation, air-entrained
concrete was specified in climates where freezing-and-
thawing resistance was needed.

Air-entraining admixtures (AEA) are primarily used to
stabilize tiny air bubbles in concrete that protect against
damage from repeated freezing-and-thawing cycles. Until
the mid-1990s, the most commonly used air-entraining
admixture for concrete was a neutralized wood resin.
Newer formulations may instead be formulated from
synthetic detergents such as the salts of organic acids and
sulfonated hydrocarbons. These modern formulations offer
enhanced performance such as improved stability compared
to early formulations. Today, most State Department of
Transportation (DOT) specifications have limits that require
the use of an air-entraining admixture in pavements.

3.2—Mechanism

The space occupied by the mixing water in fresh concrete
rarely becomes completely filled with cementitious hydration
products after the concrete has hardened. The remaining
spaces are capillary pores. Under saturated conditions,
these cavities are filled with water. If this water freezes,
the resulting expansion of water to ice (approximately 9%)
creates internal pressure in a confined space. This stress
exceeds the tensile strength of concrete. The result in non
air-entrained concrete is cracking, scaling, and spalling.

Entrained air voids make the capillaries discontinuous.
As a result of the mixing action, air-entraining admixtures
stabilize air bubbles in the cement paste that become a
component of the hardened concrete. The resultant air-void
system consists of uniformly dispersed spherical voids,
usually between 10 and 1000 um (0.4 to 40 mil) in diameter.
Because the air voids are generally larger than the capillaries,
they form tiny reservoirs that act as safety valves during
ice expansion, accommodating the increased volume and
preventing the build-up of internal pressure. Air entrainment
in concrete is expressed as a percent of the overall concrete
volume.
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Entrained air should not be confused with entrapped air.
Entrapped air is due to normal mixing and results in large,
non-uniform air bubbles that do not have the correct size and
spacing required to prevent damage in concrete caused by
freezing water. Proper air entrainment, or air void structures
require the use of an admixture, either added to the plastic
concrete or blended with the cement during manufacturing.

3.3—Use of air-entraining admixtures

Air-entraining admixtures should be required to conform
to ASTM C260, “Standard Specification for Air-Entraining
Admixtures for Concrete.” Dosage rates of air-entraining
admixtures generally range from 15 to 130 mL per 100 kg
(1/4 to 2 fl oz per 100 Ib) of cementitious material. Higher
dosages are sometimes required depending on the materials
and mixture proportions. For example, concrete containing
fly ash or other pozzolans often requires higher doses of
air-entraining admixture to achieve the same air content
compared to a similar concrete using only portland cement.
Trial mixtures should be performed to ensure compatibility
between air-entraining admixtures and other concrete
components, including other chemical admixtures. Table 1
summarizes some of the factors that influence the entrained
air content of fresh concrete.

3.4—Properties of Entrained Air
Entrained air must be present in the proper amount, and
have the proper size and spacing factor to provide protection

from freezing and thawing. The term “spacing factor”
represents the maximum distance that water would have to
move before reaching an air void reservoir. For adequate
protection in a water saturated freezing and thawing
environment, the spacing factor should not be greater than
0.2 mm (0.008 in.).

Another factor that must be considered is the size of the
air voids. For a given air content, the air voids cannot be too
large if the proper spacing factor is to be achieved without
using an unacceptable amount of air. The term “specific
surface” is used to indicate the average size of the air voids.
It represents the surface area of the air voids in concrete
per unit volume of air. For adequate resistance to repeated
freezing and thawing in a water-saturated environment, the
specific surface should be greater than 24 mm?%mm?® (600
in.%/in.?).

The total volume of entrained air recommended by ACI
Committee 201 for normal-strength concrete based on
exposure conditions and aggregate size is listed in Table
2. Specified air contents, such as those listed in Table
2, are required to meet the spacing factor and specific
surface requirements described above. Methods to analyze
the air void system in hardened concrete are described in
ASTM (457, “Standard Test Method for Microscopical
Determination of Parameters of the Air-Void System in
Hardened Concrete.”

Table 1 Factors affecting the air content of concrete at a given dosage of admixture*

Factor Effect on air content
An increase in the fineness of cement will decrease the air content.
Cement As the alkali content of the cement increases, the air content may increase.

An increase in the amount of cementitious materials can decrease the air content.

Fine aggregate

An increase in the fine fraction passing the 150 um (No. 100) sieve will decrease the amount of entrained air.
An increase in the middle fractions passing the 1.18 mm (No. 16) sieve, but retained on the
600 um (No. 30) sieve and 300 pm (No. 50) sieve, will increase the air content.
Certain clays may make entraining air difficult.

Coarse aggregate

Dust on the coarse aggregate will decrease the air content.
Crushed stone concrete may result in lower air than a gravel concrete.

Water

Small quantities of household or industrial detergents contaminating the water may affect the amount of entrained air.
If hard water is used for batching, the air content may be reduced.

Pozzolans and slag cement

Fly ash, silica fume, natural pozzolans, and slag cement can affect the dosage rate of air-entraining admixtures.

Admixtures Chemical admixtures generally affect the dosage rate of air-entraining admixtures.
For less than a 75 mm (3 in.) slump, additional admixture may be needed. Increase in slump to about 150 mm (6 in.) will
Slump increase the air content.
At slumps above 150 mm (6 in.), air may become less stable and the air content may decrease.
An increase in concrete temperature will decrease the air content. Increase in temperature from 21 to 38 °C (70 to 100 °F)
may reduce air contents by 25%.
Temperature

Reductions from 21 to 4 °C (70 to 40 °F) may increase air contents by as much as 40%. Dosages of air-entraining
admixtures must be adjusted when changes in concrete temperatures take place.

Concrete mixer

The amount of air entrained by any given mixer (stationary, paving, or transit) will decrease as the blades become worn or
become coated with hardened concrete buildup.
Air contents often increase during the first 70 revolutions of mixing then will hold for a short duration before decreasing.
Air content will increase if the mixer is loaded to less than capacity and will decrease if the mixer is overloaded. In very
small loads in a drum mixer, however, air becomes more difficult to entrain.

* Information from Portland Cement Association document Manual on Control of Air Content in Concrete by Whiting and Nagi.
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Table 2—Total Air Content for Concrete Exposed

to Cycles of Freezing and Thawing*
Air content, %

Nominal maximum Exposure Classes F2
aggregate size, in.f Exposure Class F1 and F3
3/8 6 7.5
172 5.5
3/4 5 6
1 4.5 6
1-172 4.5 5.5
2% 4 5
3 35 4.5

* Information from Table 4.4.1 of ACI 318-11, “Building Code Requirements for
Structural Concrete (ACI 318-11) and Commentary.”

+ See ASTM C33 for tolerance on oversize for various nominal maximum size
designations.

# Air contents apply to total mixture. When testing concretes, however, aggregate
particles larger than 1-1/2 in. are removed by sieving and air content is measured
on the sieved fraction (tolerance on air content as delivered applies to this value).
Air content of total mixture is computed from value measured on the sieved fraction
passing the 1-1/2 in. sieve in accordance with ASTM C231.

In addition to resistance to freezing and thawing, air
entrainment can have other effects on concrete, some
positive and some negative. Air entrainment can increase
workability and improvement pumpability, especially for
mixtures with low or moderate cementitious contents.
Air-entrained concrete will also show reduced bleeding
and segregation, however the reduced bleeding rate could
lead to surface crusting and plastic cracking for flatwork
placed in warm, windy conditions with low humidity. The
compressive strength will be significantly affected by the
air content, and typically an increase of 1% in air content
will decrease compressive strength by about 5% for concrete
mixtures with a compressive strength in the range of 21 to
35 MPa (3000 to 5000 psi). Adding air entrainment can
also improve the finish of the surface of slabs and reduce
the occurrence of voids and sand streaking on wall surfaces.
Air entrainment, however, is not recommended for interior
steel troweled floors, where air contents in excess of 3% can
lead to premature finishing that in turn causes blistering and
delamination. Air entrainment will not affect the setting time
of the concrete.

3.5—Handling and Testing of Air-Entrained
Concrete

The air content of fresh concrete should be closely
monitored. The measurement of entrained air content should
be performed immediately before discharging the concrete
into the forms. Samples for acceptance testing, however,
should be taken from the middle of the batch in accordance
with ASTM C172, “Standard Practice for Sampling Freshly
Mixed Concrete.” Density (unit weight) must also be
measured.

The methods and materials for performing air-content
tests on concrete are described in ASTM C231, “Standard
Test Method for Air Content of Freshly Mixed Concrete
by the Pressure Method,” and ASTM C173, “Standard Test
Method for Air Content of Freshly Mixed Concrete by the

Volumetric Method.” The gravimetric method (ASTM
C138, “Standard Test Method for Density (Unit Weight),
Yield, and Air Content (Gravimetric) of Concrete,”) is not
generally used in the field because it requires knowledge
of the theoretical unit weight of the concrete on an air-free
basis. Density should also be monitored in the field to
verify uniformity between batch mixture proportions and
air contents. Hardened cylinder weight should be recorded
on concrete test reports adjacent to compressive strength.
Cylinders should be weighed immediately after demolding.
Air content should be measured each time concrete is
sampled, and air meters should be calibrated regularly.

Many factors are involved in the delivery and placement
of properly air-entrained concrete. Poor concrete placement,
consolidation, and finishing techniques may decrease the
air content. After adding an air-entraining admixture, the
air content will increase to a maximum value, and then
slowly decrease with continued mixing. Pumping and
placement operations can reduce the air content, particularly
for shotcrete, and in some cases it may be required to test
the air content at the point of final discharge in addition
to compliance testing at the mixing truck. Even the
configuration of the boom on a pump may affect the air
content, and tests have shown that there is more air loss
when the boom is in a vertical position as opposed to a
more horizontal position. Even for concrete with suitable
air entrainment, proper placement, consolidation, and curing
are critical to producing concrete with adequate durability
to cycles of freezing and thawing. Concrete must still be
properly proportioned using sound aggregates and must
also be protected from freezing until the concrete reaches a
strength of about 28 MPa (4000 psi).

CHAPTER 4—WATER-REDUCING AND SET-
CONTROLLING ADMIXTURES

4.1—Types and composition

In general, these chemicals act as dispersants for portland
cement particles. By separating and spreading out the
cement particles, internal friction is reduced, and slump and
workability of the concrete is increased. Alternatively, the
same workability can be achieved using less water, which
lowers the water—cementitious material ratio (w/cm) for a
given cement content.

Lowering w/cm is a key method for improving durability.
These admixtures also provide the ability to control the time
of setting to meet changing jobsite and climatic conditions.

The strength improvement resulting from water-reducing
admixtures is primarily a result of reducing the w/cm and
increasing cement efficiency. For a given air content,
concrete strength is inversely proportional to the w/cm
and, therefore, the reduction in water needed to achieve the
desired slump and workability when a water-reducing agent
is used will result in an increase in strength. The increase in
strength using a water-reducing admixture often exceeds the
strength from simply reducing the water content. This is due
to the admixture’s dispersing effect on cement that results in
increased hydration efficiency.
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Water-reducing admixtures are based on a variety of

materials; the most common of which are:

e Lignosulfonic acids and their salts;

*  Hydroxylated polymers;

*  Hydroxylated carboxylic acids and their salts;

e Sulfonated melamine or naphthalene formaldehyde
condensates; and

*  Polyether-polycarboxylates.

Each material can have different properties when used as
an admixture. In particular, the amount of water reduction
and the degree of set retardation can vary considerably.
Some materials will entrain air, and other may affect
bleeding and finishing properties. A commercial formulation
may include accelerating agents or defoamers to counteract
these side effects. As a result, it can be difficult to predict
an admixture’s performance based on its primary ingredient,
even if this information is made available. ASTM C494
“Standard Specification for Chemical Admixtures for
Concrete,” classifies admixtures into categories based on
performance:

e  Type A Water-reducing admixtures;

e Type B Retarding admixtures;

*  Type C Accelerating admixtures;

e Type D Water-reducing and retarding admixture;

* Type E Water-reducing and accelerating admixtures;

* Type F Water-reducing, high-range, admixtures;

e Type G Water-reducing, high-range, and retarding
admixtures; and

e Type S Specific performance admixtures.

Admixtures types A through F covered by ASTM C494
are designed to serve a specific purpose. ASTM C494
outlines the performance requirements for an admixture
to qualify for each category. Depending on the category,
required properties may include the degree of water
reduction, minimum or maximum variations in setting time,
compressive strength, and the length change of hardened
specimens. Some admixtures will meet the requirements
of several categories, such as Type A and Type D. In such
cases, the admixture will meet Type A requirements at low
doses, and will meet Type D requirements at higher doses
due to additional set retardation caused by higher dosages of
those particular admixtures.

The Type S category can apply to any specialty admixture
that does not fit into the other more common categories. The
Type S category does not attempt to address the primary
purpose of specialty admixtures, but instead provides
guidelines for their effects on properties such as setting time
and compressive strength to help users avoid unexpected
variations in performance. Upon request, a manufacturer is
required to provide data to substantiate the specific benefits
of the Type S admixture.

ASTM C494 does not cover all possible concrete
requirements, and additional properties will need to be tested
depending on the application. Properuse of admixtures should
begin by gathering available information and comparing the
different types and brands that are available. Consideration
must be given to information such as uniformity, dispensing,
long-term performance, and available service. These are

points that cannot be assessed by concrete tests but could
determine successful admixture use.

The admixture manufacturer should be able to provide
information covering typical dosage rates, times of setting,
and strength gain for local materials and conditions. The
evaluation of admixtures should be made with specific
job materials (including other chemical admixtures under
consideration) under anticipated ambient conditions.
Laboratory tests conducted on concrete with water-reducing
admixtures should indicate the effect on pertinent properties
for the construction project, including: water requirement,
air content, slump, rate of slump loss, bleeding, time
of setting, compressive strength, flexural strength, and
resistance to cycles of freezing and thawing. Following the
laboratory tests, field test should be conducted to determine
how the admixtures will perform in actual field conditions,
considering all relevant factors such as placement equipment,
weather and delivery distances.

4.2—Type A, water-reducing admixtures

Type A water-reducing admixtures will decrease mixing
water content by 5 to 12%, depending on the admixture,
dosage, and other materials and proportions. Type A water-
reducing admixtures are useful when placing concrete by
means of a pump or tremie, and can assist with applications
where placing concrete would otherwise be difficult. They
also may improve the properties of concrete containing
aggregates that are harsh, poorly graded, or both.

Dosage rates of water-reducing admixtures depend on
the type and amount of active ingredients in the admixture.
The dosage is based on the cementitious materials content
of the concrete mixture and is expressed as milliliters per
hundred kilograms (fluid ounces per hundred pounds) of
cementitious materials. Typically, the dosage rates of Type
A water-reducing admixtures range from 130 to 390 mL per
100 kg (2 to 6 fl oz per 100 1b) of cementitious materials.
Higher dosages may result in excessive retardation of
the concrete setting time. Manufacturers recommended
dosage rates should be followed and trial batches with local
materials should be performed to determine the dosage rate
for a given concrete mixture. In some occasions, dosages
higher or lower than the manufacturer’s recommendations
may be used, but testing is necessary to ensure the resulting
concrete meets the requirements of the project.

The primary ingredients of water-reducing admixtures
are organic, which tend to retard the time of setting of the
concrete. This retardation may be offset by small additions of
chloride or nonchloride accelerating admixtures at the batch
plant. Typically, Type A admixtures already contain some
accelerating admixtures that offset this natural retardation.
Care should be taken to ensure that addition of chloride does
not exceed the ACI 318 limits for maximum chloride-ion
content in reinforced or prestressed concrete.

4.3—Type B, retarding, and Type D, water-
reducing and retarding admixtures

4.3.1 Conventional retarding admixtures—Two types of
admixtures are used for the same basic purpose: to offset
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unwanted effects of high temperature, such as acceleration
of set and reduction of 28-day compressive strength, and
to keep concrete workable during the entire placing and
consolidation period. Figure 1 indicates the relationship
between temperature and setting time of concrete and
specifically indicates why retarding admixture formulations
are needed in warmer weather.

¥
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Fig. I Relationship between temperature and setting time of
concrete. (°F = °Cx9/5 + 32)

The benefits derived from retarding formulations include
the following:

e Permits greater flexibility in extending the time of set
and the prevention of cold joints;

e Facilitates finishing in hot weather; and

e Permits full form deflection before initial set of concrete.

As with Type A admixtures, their dosage rates are based
on the amount of cementitious materials in the concrete
mixture. While both Type B and Type D may provide some
water-reduction, Type D is more effective in achieving this
goal. The amount of retardation depends upon many factors
including: admixture concentration, dosage rate, concrete
proportions, and ambient and concrete temperatures.

Different sources and types of cement or different lots of
cements from the same source may require different amounts
of the admixture to obtain the desired results because of
variations in chemical composition, fineness, or both. The
time at which the retarding admixture is introduced into
the concrete may affect the results. Allowing the cement to
become totally wet and delaying admixture addition until
all other materials are batched and mixed may result in
increased retardation and greater slump increase.

Increased retardation may also be obtained with a higher
dosage of the retarding admixture. When high dosages of
retarding admixture are used, however, rapid stiffening can
occur with some sources of cement, resulting in severe slump
loss and difficulties in concrete placement, consolidation,
and finishing.

4.3.2 Extended-set admixtures - Advances in admixture
technology have resulted in the development of highly
potent retarding admixtures called extended-set admixtures
or hydration-controlling admixtures. These admixtures are
capable of stopping the hydration of cementitious systems,
thereby providing a means to control the hydration and
setting characteristics of concrete.

Extended-set admixtures are used in three primary
applications: stabilization of concrete wash water,
stabilization of returned plastic concrete, and stabilization
of freshly batched concrete for long hauls. The use of
extended-set admixtures in stabilization of concrete wash
water eliminates the dumping of water that is used to wash
out a ready-mixed concrete truck drum while keeping the
fins and inner drum clean. The process is relatively simple
and involves the addition of low dosages of the extended-set
admixture to the wash water to control the hydration of
concrete stuck to the fins and inside the drum. The stabilized
wash water may be included in the mixing water for fresh
concrete that is batched the next day or after a weekend. The
setting and strength development characteristics of concrete
are not adversely affected by the use of stabilized wash
water.

The use of extended-set admixtures to stabilize returned
unhardened concrete has made it possible to reuse such
concrete during the same production day or the next day
in lieu of disposal. The dosage of extended-set admixture
required depends on several factors that include the ambient
and concrete temperatures, the ingredients used in the
manufacture of the concrete, and the age of the concrete.
Stabilized concrete is reused by batching fresh concrete on
top of the stabilized concrete. In overnight applications,
an accelerating admixture may be used to reinitiate the
hydration process before adding fresh concrete. Increasingly,
extended-set admixtures are being used for long hauls
and to maintain slump and concrete temperature during
transit, especially in warm weather. For this application, the
extended-set admixture is added during or immediately after
batching, and the required dosage is established based on the
amount of retardation desired.

4.4—Type C, accelerating, and Type E, water-
reducing and accelerating admixtures

Accelerating admixtures are added to concrete to
decrease both the initial and final time of set and accelerate
the early strength development. Figure 1, which shows
the relationship between temperature and setting time of
concrete, specifically indicates why accelerating admixture
formulations are needed.

The earlier setting time and increased early strength gain
of concrete brought about by an accelerating admixture
will result in a number of benefits, including reduced
bleeding, earlier finishing, improved protection against early
exposure to freezing and thawing, earlier use of structure,
and reduction of protection time to achieve a given quality.
Accelerating admixtures do not normally act as anti-freeze
agents; therefore, protection of the concrete at early ages is
required when freezing temperatures are expected.

Although calcium chloride is the most effective and
economical accelerator for concrete, its potential to cause
corrosion of reinforcing steel limits its use. ACI Committee
318 limits the water-soluble chloride-ion content based
on the intended use of the concrete and many government
agencies prohibit its use.
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The following guidelines should be considered before
using calcium chloride or chloride-bearing admixture:

e It should not be used in prestressed concrete because of
its potential for causing corrosion;

*  The presence of chloride ion has been associated with
corrosion of galvanized steel such as when this material
is used as permanent forms for roof decks;

*  Where sulfate-resisting concrete is required, calcium
chloride should not be used;

e Calcium chloride should be avoided in reinforced
concrete in a moist condition. In non-reinforced
concrete, the level of calcium chloride used should not
exceed 2% by weight of cementitious material;

e Calcium chloride should be dissolved in a portion of
mixing water before batching because undissolved
lumps may later disfigure concrete surfaces;

*  Calcium chloride precipitates most air-entraining agents
so it must be dispensed separately into the mixture; and

*  Field experience and laboratory tests have demonstrated
that the use of uncoated aluminum conduit in reinforced
concrete containing 1% or more of calcium chloride
may lead to sufficient corrosion of the aluminum to
collapse the conduit or crack the concrete.

Non-chloride accelerating admixtures are available that
provide the benefits of an accelerating admixture without the
increased risk of corrosion from chloride. Formulations based
on salts of formates, nitrates, nitrites, and thiocyanates are
available from admixture manufacturers. These nonchloride
accelerators are effective for set acceleration and strength
development: however, the degree of effectiveness of some
of these admixtures is dependent on the ambient temperature
and concrete temperature at the time of placement.

Some formulations will give protection against freezing to
concrete placed in sub-freezing ambient temperatures, and
form the basis of cold weather admixture systems (Section
5.5). These nonchloride accelerating admixtures offer year-
round versatility because they are available to be used for
acceleration purposes in cool weather and for sub-freezing
protection.

4.5—High-range, water-reducing admixtures
High-range, water-reducing admixtures (HRWR),
often called superplasticizers, serve a similar function to
conventional water-reducing admixtures, but are much more
efficient and can allow for reduced water contents of 30% or
more without the side effect of excessive set retardation. By
varying the dosage rate and the amount of mixing water, an

HRWR admixture can be used to produce:

*  Concrete of normal workability at a lower w/cm;

* Highly flowable, nearly self-leveling concrete at the
same or lower w/cm as concrete of normal workability;
and

*  Acombination of the two; that is, concrete of moderately
increased workability with a reduction in the w/cm.

When used for the purpose of producing flowing concrete,

HRWR admixtures facilitate both concrete placement and

consolidation.

HRWR admixtures should meet the requirements of
ASTM C494 for classification as Type F, high-range,
water-reducing, or Type G, high-range water-reducing
and retarding admixtures. When used to produce flowing
concrete, they should also meet the requirements of ASTM
C1017, “Standard Specification for Chemical Admixtures for
Use in Producing Flowing Concrete,” Type 1, plasticizing,
or Type 2, plasticizing and retarding admixtures. HRWR
admixtures are organic products that typically fall into three
families based on ingredients:

*  Sulfonated melamine-formaldehyde condensate;
*  Sulfonated naphthalene-formaldehyde condensate; and
*  Polyether-polycarboxylates.

HRWR admixtures act in a manner similar to conventional
water-reducing admixtures, except they are more efficient
at dispersing fine-grained materials such as cement, fly
ash, slag cement, natural pozzolans, and silica fume. The
most widely used HRWR admixtures do not entrain air but
may alter the air-void system. Concrete containing HRWR
admixtures, however, may have adequate resistance to
freezing and thawing even though the spacing factors may
be greater than 0.2 mm (0.008 in.).?

A characteristic of some older HRWR admixtures is that
their slump-increasing effect is retained in concrete for 30
to 60 min. The amount of time that the concrete retains the
increased slump is dependent upon the type and quantity
of cement, the temperature of the concrete, the type of
HRWR admixture, the dosage rate used, the initial slump
of the concrete, the mixing time, and the thoroughness of
mixing. Modern HRWR admixtures based on polyether-
polycarboxylate technology are different chemically and
more effective than older HRWR admixtures. Polyether-
polycarboxylate HRWR admixtures also retard less and
develop strength faster compared to the other HRWR
admixture formulations. Because of theirincreased efficiency,
polyether-polycarboxylate HRWRs have gained widespread
acceptance, particularly in precast concrete applications and
in making self-consolidating concrete, a high-performance
concrete with high flowability that requires minimal or no
vibration for consolidation. With some HRWR admixtures,
it is possible to redose the concrete to regain the increased
workability. HRWR admixtures that offer extended slump
life are also commercially available.

HRWR admixtures can be used with conventional water-
reducing admixtures or retarding admixtures to reduce
slump loss and stickiness, especially in silica-fume concrete
mixtures. These combinations of admixtures may also cause
unanticipated or excessive set retardation, so trial batches
should be performed.

The strength of hardened concrete containing HRWR
admixtures is normally higher than that predicted by the
lower w/cm alone. As with conventional admixtures, this
is believed to be due to the dispersing effect of HRWR
admixtures on the cement and other cementitious or
pozzolanic materials. Because the w/cm of mixtures
containing HRWR admixtures is typically low, shrinkage
and permeability may also be reduced and the overall
durability of the concrete may be increased.
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A good summary of benefits and limitations for this
class of admixtures can be found in National Ready Mixed
Concrete Association (NRMCA) Publication No. 158,
“Superplasticizers in Ready Mixed Concrete.”

4.6—Mid-range, water-reducing admixtures

Water-reducing admixtures that provide moderate
water reduction without significantly delaying the setting
characteristics of concrete are also available. These
admixtures provide more water reduction than most
conventional (Type A) water-reducing admixtures but
not enough to be classified as high-range, water-reducing
admixtures (Type F). As a result, they are often referred to
as mid-range, water-reducing admixtures. These admixtures
can help reduce stickiness and improve finishability and
pumpability of concrete including concrete containing silica
fume, or concrete made with manufactured or harsh sand.
Mid-range, water-reducing admixtures are typically used in
a slump range of 125 to 200 mm (5 to 8 in.) and may entrain
additional air. Therefore, evaluations should be performed
to establish air-entraining admixture dosage for a desired air
content.

4.7—Admixtures for self-consolidating concrete
Self-consolidating concrete (SCC) describes a specialized,
high-slump concrete mixture able to flow and consolidate
under its own weight with little or no vibration and without
segregation or excessive bleeding. SCC is useful for placing
concrete through heavily congested reinforcement and
for building structures that require very smooth formed
surfaces. The properties of SCC are made possible through
a combination of admixture selection and an increase in
the fines content compared to normal slump concrete.
SCC mixtures usually contain a polyether-polycarboxylate
HRWR admixture (Section 4.5) to provide the required
slump and flow. Higher levels of fines are used to increase
cohesiveness and prevent segregation and bleeding in
the highly plasticized concrete, although alternatively a
viscosity modifying admixture (VMA) can be used to
increase stability (see Section 5.4). SCC may contain other
categories of admixtures, depending on the application.

4.8—Admixtures for slump and workability
retention

Admixtures that provide slump and workability retention
without affecting the initial time of set of concrete or
early-age strength development, as is the case with retarding
admixtures, are available in the industry. On their own,
these workability-retaining admixtures have minimal
effect on water reduction and can be used in combination
with normal, mid-range, or high-range, water-reducing
admixtures to provide desired levels of workability retention
in concrete mixtures, in particular, high-slump concretes
or SCC mixtures. Workability-retaining admixtures should
meet the Type S requirements in ASTM C 494.

CHAPTER 5—SPECIALTY ADMIXTURES

5.1—Corrosion-inhibiting admixtures

Reinforcing steel corrosion is a major concern with regard
to the durability of reinforced concrete structures. Each
year, numerous bridges, parking garages, and other concrete
structures undergo extensive repair and rehabilitation to
restore their structural integrity as a result of corrosion
damage.

The high alkalinity of new concrete protects reinforcement
from corrosion due to the formation of a corrosion resistant
passive layer at the surface of the steel. However, this
passive layer can be destabilized in concrete contaminated
by chlorides, which allows corrosion to begin if there is
sufficient moisture and oxygen present at the surface of the
steel. Chlorides can be introduced into concrete from deicing
salts that are used in winter months to melt snow or ice, from
seawater, or from the concrete mixture ingredients.

There are several ways of combating chloride-induced
corrosion, one of which is the use of corrosion-inhibiting
admixtures. These admixtures are added to concrete during
batching and they protect embedded reinforcement by
delaying the onset of corrosion and also by reducing the rate
of corrosion after initiation. There are several commercially
available inhibitors on the market. Active ingredients include
inorganic materials such as calcium nitrite, and organic
materials such as amines and esters. Calcium nitrite resists
corrosion by stabilizing the passive layer in the presence of
chloride ions. However, the dose of calcium nitrite must be
sufficient for the level of chloride contamination. Organic
inhibitors function by forming a protective film at the surface
of the steel to help resist moisture and chemical attack. As
with all admixtures, the manufacturer’s recommendations
should be followed with regard to dosage.

Although corrosion inhibiting admixtures can help resist
corrosion, these admixtures are intended to compliment,
rather than replace, proper mixture proportioning and
good concrete practices. For example, corrosion resistance
can also be increased by reducing the permeability of the
concrete through the use of low w/cm (possibly with the aid
of a HRWR admixture, Section 4.5) or with a permeability
reducing admixture (Section 5.6). Some available corrosion
inhibitors will accelerate the time of set in concrete and
therefore retarding admixtures may be necessary to improve
working time. Adjustments to batch water are usually
necessary, depending on the dosage, to ensure that maximum
water content for the mixture is not exceeded.

5.2—Shrinkage-reducing admixtures

The loss of moisture from concrete as it dries results
in a volume contraction called drying shrinkage. Drying
shrinkage tends to be undesirable when it leads to cracking
due to either internal or external restraint, curling of floor
slabs, and excessive loss of prestress in prestressed concrete
applications. The magnitude of drying shrinkage can be
reduced by minimizing the unit water content of a concrete
mixture, using good-quality aggregates, and using the
largest coarse aggregate size and content consistent with
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the particular application. In addition, admixtures have been
introduced to help further reduce drying shrinkage. These
are based on organic materials such as propylene glycol or
related compounds that reduce the surface tension of water
in the capillary pores of concrete, thereby reducing the
tension forces within the concrete matrix that lead to drying
shrinkage. This mode of action should not be confused
with shrinkage-compensating materials such as expansive,
or Type K, cements. Manufacturer’s recommendations
should be followed with regard to dosage and suitability
of shrinkage-reducing admixtures for use in freezing-and-
thawing environments.

5.3—Admixtures for controlling alkali-silica
reactivity

Alkali-silica reactivity (ASR) is a destructive reaction
between soluble alkalis in concrete and reactive silica in
certain types of aggregate. Reactive forms of silica will
dissolve in the highly alkaline pore solution, and then react
with sodium or potassium ions to produce a water-absorptive
gel that expands and fractures the concrete. The reaction is
typically slow and is dependent on the total amount of alkali
present in the concrete, the reactivity of the aggregates,
and the availability of moisture. ASR can be mitigated by
using low-alkali cement, sufficient amounts of pozzolans
or slag cement, and if economically feasible, non-reactive
aggregates. Alternatively, ASR can be mitigated by using
lithium-based chemical admixtures. Lithium compounds
are effective at reducing ASR because if lithium ions are
present in a sufficient ratio to sodium and potassium, they
will preferentially react with silica to form non-absorptive
lithium silicates. The required dose of lithium admixture
is calculated based on the alkali content of the concrete to
supply the correct ratio of lithium to other alkalis. Lithium
admixtures can accelerate the time of set in concrete.
Commercially available retarding admixtures are used when
increased working time is needed.

5.4—Admixtures for underwater concrete

Placing concrete underwater can be particularly
challenging because of the potential for washout of the cement
and fines from the mixture, which can reduce the strength
and integrity of the in-place concrete. Although placement
techniques, such as tremies, have been used successfully
to place concrete underwater, there are situations where
enhanced cohesiveness of the concrete mixture is required,
necessitating the use of an antiwashout or viscosity-
modifying admixture (VMA). Some of these admixtures are
formulated from either cellulose ether or whelan gum, and
they work simply by binding excess water in the concrete
mixture, thereby increasing the cohesiveness and viscosity
of the concrete. The overall benefit is a reduction in washout
of cement and fines, resistance to dilution with water as
the mixture is placed, and preservation of the integrity of
the in-place concrete. Another use of VMAs is to prevent
segregation in high-slump concrete, SCC, or mixtures
deficient in fines. Proper placement techniques should

be followed even with concrete treated with a VMA or
antiwashout admixture.

5.5—Admixture for cold weather

As described in ACI 212.3R-10, cold-weather admixtures
systems have been developed that allow concrete to be placed
and cured in subfreezing temperatures. The requirements for
these systems are described in ASTM C1622, “Standard
Specification for Cold-Weather Admixture Systems.”
Freeze-resistant admixtures suppress the freezing point of
concrete and permit placement and curing of the concrete
below the freezing point of water. These admixtures will
usually contain a non-chloride accelerating admixture (Type
C), but will use a much higher dose than what would be
used for concrete placed at temperatures above freezing.
Other components may include water-reducing admixtures
(Types A, E, or F), and other materials found to depress
the freezing point of water, including corrosion-inhibiting
admixtures (Section 5.1) or shrinkage-reducing admixtures
(Section 5.2). Despite the cold weather, some systems will
use a set-retarding admixture (Type B or D) to avoid early
stiffening of the concrete due to the high level of accelerating
admixture. Due to the variability in systems available,
each system should be evaluated for properties important
to construction, such as slump, working time, stability of
entrained air, finishing properties, setting time and strength
gain.

5.6—Permeability-reducing admixtures

The penetration of water and water-borne chemicals is
the root cause of most of the destructive mechanisms that
damage concrete. Additionally, the penetration of water
through concrete can compromise interior living spaces,
contaminate potable water reservoirs, or allow contaminated
water to escape into the environment. Water can enter
concrete though the network of pores and capillaries that
forms during cement hydration, or through cracks and
other voids in the concrete. Therefore, almost all concrete
structures require protection from water. Common methods
of protection include the application of surface applied
sealers and membranes that act as a physical barrier between
the concrete and the source of water. Increasingly, concrete
structures are being designed with permeability-reducing
admixtures (PRAs) to resist water penetration, in which the
protection becomes an integral part of the concrete itself
rather than just a surface barrier.

There is a wide variety of PRAs available, and it is
important to match the properties of an admixture to the
actual service conditions. For this reason, ACI 212 divides
PRAs into two categories: permeability-reducing admixture
for hydrostatic conditions (PRAH), and permeability-
reducing admixture for non-hydrostatic conditions (PRAN).

PRAHSs are primarily intended for use in concrete that
is exposed to water under pressure and are sometimes
called waterproofing admixtures. They provide the highest
level of water resistance and are suitable for permanently
damp or submerged environments. Typical applications
include concrete installed underground, pools, tunnels, and
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water reservoirs. To resist water under pressure, PRAHs
use a pore blocking mechanism that is stable even under
high hydrostatic pressure. Materials include hydrophilic
crystalline chemicals that react with cement and water
to grow pore blocking deposits or polymer globules that
pack into pores under pressure. In the case of crystalline
admixtures, the admixture can reactivate in the presence of
incoming water (such as though a crack) and generate new
deposits that increase the self-sealing capacity of cracked,
leaking concrete. It is important to test PRAHs using
methods that apply direct water pressure to the concrete.
Suitable methods include the US Army Corps of Engineers
CRD-C48, “Standard Test Method for Water Permeability
of Concrete,” or the European test methods BS EN 12390-8,
“Testing Hardened Concrete. Depth of Penetration of Water
Under Pressure,” and DIN 1048-2, “Testing Concrete:
Testing of Hardened Concrete Components.”

PRANs are intended for applications that are not
subject to hydrostatic pressure, and are sometimes called
dampproofing admixtures. Most PRANSs contain water
repellent chemicals that shed water and reduce water
absorption into the concrete. Water repellent ingredients
can include various soaps, oils, and long chain fatty acid
derivatives. Other PRANs are based on finely divided solids
such as talc, bentonite, colloidal silica, and silicates. These
fillers reduce water migration through pores, although not
to the same degree as a PRAH, and are sometimes called
densifiers. PRANs can be tested using non-hydrostatic
absorption test methods such as ASTM C1585, “Standard
Test Method for Measurement of Rate of Absorption of
Water by Hydraulic-Cement Concretes,” and BS EN 1881-
122, “Testing Concrete Part 122: Method for Determination
of Water Absorption.” Note that these absorption tests are
not reliable for evaluating PRAHs because they do not apply
water under pressure.

The use of a PRA will not compensate for poor concrete
practices. The concrete must be fully consolidated and
properly cured. The PRA manufacturer should be consulted
regarding proper selection and use.

CHAPTER 6—ADMIXTURE DISPENSERS

6.1—Industry requirements and dispensing
methods

The subject of liquid admixture dispensers covers the
entire process from storage at the producer’s plant to
introduction into the concrete batch before discharge. Their
operation may be separated into four functions:

1. The dispenser transports the admixture from storage to
the batch;

2. The dispenser measures the quantity of admixture
required;

3. The dispenser provides verification of the volume
dispensed; and

4. The dispenser injects the admixture into or onto the
batch.

These are the basic functions. In practice, some of the
functions may be combined, for example, measurement and
verification. For reliability, the functions may be interlocked
to prevent false or inaccurate batching of the admixture and
to dispense the admixture in the optimal sequence in the
concrete production process.

6.2—Accuracy requirements

Standards of operation for admixture dispensers are
specified by scientific groups, concrete producers’ trade
organizations, and government agencies with authority over
concrete production contracts.

The NRMCA and ASTM C94, “Standard Specification
for Ready-Mixed Concrete,” specify a batching tolerance of
3% of the required volume or the minimum recommended
dosage rate per unit of cement, whichever is greater.

6.3—Application considerations and compatibility

Admixture dispensing systems are complex, using parts
made of different materials. Therefore, the admixture
dispensed through this system should be chemically and
operationally compatible with these materials.

The basic rules of application and injection are that the
admixtures should not be mixed together. Table 3 contains
some suggested practices for admixture sequencing. Other
sequencing practices may be used if test data supports the
practice.

Table 3—Suggested Admixture Sequencing
Practices
ADMIXTURES

Air-entraining admixture

INJECTION SEQUENCE

With early water or on sand

Water-reducing admixtures | Follow air-entraining solution

With water, do not mix with
air-entraining
admixture

Accelerating admixtures

High-range, water-reducing
admixtures

With the last portion of the water at the
batch plant

Polycarboxylate high-range,
water-reducing admixtures

With early water or with the last
portion of the water at the batch plant

Other admixtures types Consult manufacturer

6.4—Field and truck mounted dispensers

For a number of reasons, some admixtures are dosed at
the jobsite. This could be because the mixture contains a
high dosage of accelerator or the placing contractor has an
admixture not supplied by the concrete producer. In these
cases, the use of a truck-mounted dispenser in the form of
a calibrated storage tank can be used. The tank is usually
charged with the admixture at the same time the concrete
is loaded. The contractor can request an increase in slump
by injection of a HRWR admixture, and the driver will
dispense the required amount into the turning drum. The
volume dispensed will be recorded on the delivery ticket.
The injection should be performed under pressure through
a spray nozzle to thoroughly disperse the admixture into
the drum. Field dispensers, consisting of a measuring unit,
pump, and dosing wand can also be used at the job site.
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6.5—Dispenser maintenance

It is incumbent on the concrete producer to take as great
an interest in the admixture dispensing equipment as in the
rest of the batch plant. Operating personnel should be trained
in the proper operation, winterization, maintenance, and
calibration of admixture dispensers. Spare parts should be
retained as needed for immediate repairs. Regular cleaning
and calibration of the systems should be performed by
qualified internal personnel or by the admixture supplier’s
service representative. Admixtures have too powerful an
influence on the quality of the concrete produced for their
dispensing to be given cursory attention.

CHAPTER 7—CONCLUSION

Chemical admixtures have become a very useful
and integral component of modern concrete practices.
Admixtures are not a panacea for every ill the concrete
producer, architect, engineer, owner, or contractor faces
when dealing with the many variables of concrete, but
they do offer significant improvements in both the plastic
and hardened state to all concrete. Continued research and
development will provide additional reliability, economy,
and performance for creating sustainable concrete.
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C94 Standard Specification for Ready-Mixed Concrete

C138 Standard Test Method for Density (Unit Weight),
Yield, and Air Content (Gravimetric) of Concrete

C143 Standard Test Method for Slump of Hydraulic-
Cement Concrete

C150 Standard Specification for Portland Cement

C173 Standard Test Method for Air Content of Freshly
Mixed Concrete by the Volumetric Method

C231 Standard Test Method for Air Content of Freshly
Mixed Concrete by the Pressure Method

C260 Standard Specification for
Admixtures for Concrete

C494 Standard Specification for Chemical Admixtures for
Concrete

C869 Standard Specification for Foaming Agents Used in
Making Preformed Foam for Cellular Concrete

C937 Standard Specification for Grout Fluidifier for
Preplaced-Aggregate Concrete

C979 Standard Specification for Pigments for Integrally
Colored Concrete

C1012 Standard Test Method for Length Change of
Hydraulic-Cement Mortars Exposed to a Sulfate Solution

C1017 Standard Specification for Chemical Admixtures
for Use in Producing Flowing Concrete

C1141 Standard Specification for Admixtures for
Shotcrete

C1157 Standard Performance Specification for Hydraulic
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D98 Standard Specification for Calcium Chloride
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