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Ooecvra deparcasHa axademiss 0y0ieHUYmM8Ea ma apximexmypu

OIITUMI3ALISA CKJUAAIB BUCOKOMIINHOI'O BETOHY HA
MEXAHOAKTHUBOBAHOMY B'STAKYUOMY 3 TOBABKOIO
MIKPOKPEMHE3EMY

Pestome. Cmammsa  npucesiveHa NUMAHHAM — OMPUMAHHA — GUCOKOMIYHUX — OEMOHI8  WISAXOM
MEXAHOAKMUGAYIi psi008020 NOPMIAHOYEMEHN) 3 OP2AHO-MIHEPANbHOI 000ABKOK, A MAKOJC ONMUMIzayil
cKknaoie b6emomy 3 ypaxysannsim pecypcosbepeoicenns. Ilposedenuii excnepumenm 003601U8 GCMAHOBUMU BNIUG
He3anedcHux hakmopie (x; — emicm Mikpokpemuesemy 8 @'siscyvomy — 5 = 5 %, x; - eumpama 8'aocyuo2o 8
Gemoni — 450 + 100 xe/m’; X3 — numoma nosepxus (Snum) nopmaandyemenmy — 400 £ 100 M/ke ) Ha Qizuko-
Mmexaniuni gnacmusocmi 6emony (miynicmo npu cmucky, K,). Ha 6azi ompumanux mamemamuunux mMooesnei, uo
8i00Opavicarome GNIUG HE3ANENCHUX (Hakmopie Ha (PI3UKO-MeXaniuHi 61acmu8oCmi GUCOKOMIYHO20 OGEemoHy
npogedeHa OnmuMizayis CKiad08Ux UCOKOMIYHUX OeMOHI8.

Knrwuoei cnosa: mexanoaxmusayis, mooupixayis, opeaHo-minepanoHa 000a6Ka, NOPMIAHOYEMEHM,
MIKpOKpeMHe3eM, onmumizayia cKknaoie

I. Barabash, L. Ksenshkevich

OPTIMIZATION OF HIGH-PERFORMANCE CONCRETE MIXES
USING A MECHANOACTIVATED BINDER ADDED WITH
MICROSILICA

Summary. The paper examines the problems associated with production of high-performance
concretes by using a general purpose blended Portland cement which is to be mechanoactivated and modified
with an organomineral additive, and with optimization of concrete mixes taking into account cost-effective use of
resources.

The experiment conducted in accordance with a tri-factorial D-optimum design enabled to establish
an influence of independent factors (x; — content of microsilica in the binder - 5+5%;, x, — binder consumption in
concrete - 450100 kg/m’; x; — specific area (Sy) of Portland cement - 400+100 mz/kg) on physical and
mechanical properties of concrete (compression strength, K o). It was established that the use of the
mechanoactivated general purpose blended Portland cement with an organomineral additive (microsilica+C-3)
makes it possible to obtain high-performance concretes which compression strength on the 28" day reaches 120
MPa. Optimization of concrete mixes was achieved on the basis of obtained mathematical models that reflect the
influence of independent factors on physical and mechanical properties of a high-performance concrete. Three
alternatives to select the optimum composition of a high-performance concrete with the use of two-dimensional
diagrams were considered. The alternatives differed in the binder consumption of 350, 450 and 550 kg/m’. At the
appropriate fixed levels of x, factor, the diagrams were constructed as squares, which reflect the influence of the
microsilica amount (x;) and specific area of the binder (x3) on the compression strength level of concretes added
with a mechanoactivated binder on the 28" day, as well as on the softening coefficient. As a common limitation
criterion for all three alternatives, the concrete softening coefficient not less than 0.85 (K > 0.85) was found.
The compression strength of concrete — 80, 90 and 100 MPa was assumed as the second limitation criterion.

Solution of the optimization problem enabled to select the optimum compositions of high-performance
concretes that can be used depending on the needed strength- levels for a particular task and taking into account
the economic efficiency and current prices of energy, equipment and raw materials.

Key words: mechanoactivation, modification, organomineral additive, Portland cement, microsilica,
optimization of stores.

IHocTanoBka nmpodaemu. HeoOxiHIC Th 0 TPUMaHHS BUCOKOMapOYHUX OET OHIB Ha
0a3i psAAOBHX IIEMEH TiB 3MYIIy€e IIyKaTH HOBI T €XHOJIOTIYHI NPUHOMH 1, B TOMY YHUCII,
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MEXaHOAaK THBAIIIO B’ SDKy4oro 3 BUKOPHCT aHHSIM OpraHO-MiHEpaJbHHX J0OaBOK.
BBefeHHss B TOp TAOaHIIEMEHT peakiiiHO-371a THOTO MIKpOKpeMHe3eMy CIIBHO 3
BUCOKOE()EeK TUBHUM XIMIYHUM MoaudiKa TOpOM 3abe3mneuye CIpSIMOBaHE

CTPYK TYpOY TBOPEHHS T BEP/III0YOr0 IIEMEH THOTO KaMEeHIO, MiIBHIICHHS HOTO MIIJIBHOC Ti
i mirHOC T [1,2].

3HauyHO TMOCHWIOE e(peKT BiJi CHOUIBHOTO BBEJEHHS B IIOp TJIAHJIEMEH T
MIKpOKpeMHe3eMy ¥ oprasiuHoro wMojaudikaTopa MeXaHOAK TUBAIli B’SKydyoro B
TYypOyJieH THHX 110 TOKax [3.4].

AHaJ3 ocTaHHIX JOCTHiKeHb 1 myoOmikamid. Y po6ortax ILIL boxenora [5],
IOM.bytTta [6], O.B. Bomxencekoro, KO.Cbypoa [7], P.®. Pynomoi [8] Ta in.
BCTAHOBJIEHO, IO BUKOPUCTAHHS aK THBHUX MiHEpaJbHUX J00ABOK Jla€ peajbHy
MOJKJIUBIC Th O TpUMaHHs O€ TOHIB i3 3aJaHUMHU (i3UKO-MEXaHIYHUMH XapaK Tepuc THKaAaMU
IIpH 3HAYHIM eKOHOMIT ITop ThaHaeMeH Ty. Cepesl ak THBHUX MiHEpaJbHUX J00aBOK 3HAYHA
poJib y pOpMyBaHHI C T PyK TYpH IIEMEH THOTO KaMeHIO BiJIBOJIM ThCSl MIKpOKpeMHe3eMy. Y
po6oTax BI. Bartpakosa, C.C. KanpienoBa AB. llleftndpensna, M.®. XKurynsoBa, C.T.
Bopurina [9,10] Ta iH. BC TAaHOBJIEHO, 1[0 MIKPOKPEMHE3EM Jla€ MOJKJIUBIC Th PETYIIOBA TH
MIPOIECH CTPYK TYpOy TBOPEHHS Ta MPU3BOIUT b JIO MiJBUIICHHS MIITHOCTi MPH C THCKY
IIEMEH THOTO KaMeHIO i Oe TOHy Ha Horo ocHOBIi. [IoCHIIOIO Th pOJIb MIKPOKpEMHE3eMy B
(dopMyBaHHI CTPYKTYpH IIEMEHTHOTO KaMEHIO IIOBEpXHEBO-aK THBHI pEYOBHHU. Y
po6o rax KIO. Munenxo [11], C.C. Kanpienosa, AB. llleitndensna, FO.P. Kpusobopoaosa
[1] B.I. KamammnikoBa, B.C.Jlem’ssHoBoi [12] BCTaHOBJIEHO, IO OJHOYACHE BBEICHHS
MIKpOKpEMHE3eMy Ta ITOBEpXHEBO-aK THBHUX PEYOBHH JIO3BOJISE PI3KO IIiIBHIIA TH
MilHic THOROTDEYM pe3epBOM MiJBUINEHHS MIIIHOC Ti O€T OHIB € BJOCKOHAJICHHS CIIOCO0IB
OpUTo TyBaHHS O€ TOHHOI CyMill, B TOMY YHCIi 3 3ac TOCYBaHHSM MeXaHOAaK THBaIlii
B sKyunx. ¥ pob6oTax [B. bapa6ama, B.M. Bupororo, B.I. ConomaTosa [4,13—15], CL.
Oenopkina [3], I'. Xaitauke [16], HM. Pyaenko [17] Ta iH. mijgTBepaKeHa ITO3W TUBHA POJTh
MEeXaHOaK THBAIlli MiHepaJlbHUX B’SKyuyHMX Ha SKICTh O€TOHY, B TOMYy uHciH i Ha
niapumeMerioropahHon Ti—~ miABUIIEHHS e€(eK THBHOCTI BHKOPUC TAHHS  PSOBOTO
IOp TAAHNEMEH TY Y BHCOKOMIIIHHX Oe TOHaX 3a paxyHOK HOro MexXaHOaK THBaIlil H
Mo U (iKaIlii opraHo-MiHepaabHOI J00aBKOIO.

[locTanoBka 3aBmaHHA. BuBUMTH BIUIMB  MEXaHOAK THUBAIi  B'SIKy4oro
(mop THaHALEMEH T + MiKpokpeMHe3eM + C-3) Ha MexaHiuHi Xapak Tepuc THKU Oe TOHY Ta
OIl TUMi3yBa TH CKJIAJF BUCOKOMIITHOTO O€ TOHY 3 ypaxyBaHHSIM pecypco3OepeKeHHS.

PesynbTa Tt nmocmikenns. [Ipoeaeni mocmimkenas [18,19] mokasyrooTh, M0
CTPYK TypHa MOAM(}IKaILis MOBEPXHI 3epeH IEMEH TY 1 MIKPOKpEMHE3eMy NPHU3BOAU Th J10
3MiHHM Xapak TepUC TUK MIITHOC T1 IeMEeH THOTO KaMeHI0 Ta 0e TOHY Ha HOro OCHOBI.

JIJis BUSIBIICHHS BIUTHBY He3aJIe)KHUX (ak TOPIiB Ha (Pi3UKO-MeXaHiuHi BJIaCc TUBOC Ti
0e ToHy OyB ITPOBEICHUN EKCIIEPUMEH T 3a 15-TH TOYKOBUM TpPHUQAK T OPHUM ILJTAHOM.

B ekcriepuMen Ti BapiroBaiucs Taki (pak TOpH:

X —BMic T MikpokpemHesemy (MK) y mop Tinananemen Ti (mmo maci) — 5+£5%;

X, —BETPATa B SOKYJOro y 6e ToHi — 450100 kr/nm’;

X3 — A TOMa MoBepxHs (St T) mop TiaananeMenty — 400+100 M/KT.

Kimpkic s cymepriac TudikaTopa C-3 IS BCIX pSJIKIB MaTeMa THYHOTO ITUIAHY
nopiBHioBaia 1% Bix Macu B’skydoro. B skocTi 3amoBHIOBada BUKOPHC TOBYBABCS
KBapuoBuil micok 3 Mkp = 2,2 Ta rpaHiTHUH meOiHb ¢paxmii 5...20 MM. OcaaxeHHS
KOHyca Oe TOHHOT CyMIIIi JIOpiBHIOBaIa 3 CM.

149



BICHUK TEPHOIIJIbCbKOIO HALJJIOHAJIbHOI'O TEXHIYHOIO YHIBEPCUTETY. Ne4 (76) 2014

[Ipuro TyBanHs O€¢ TOHHUX Cymilmeidl BigOyBasocs K 3a PO3UIBHOIO T e XHOJIOTIE
(PT) 3 momepenHbor0 akT MBali€lo B'sXKydoro, Tak i 3a Tpaaumiiinow (TT). Ocobnusic Th
IpUrO TyBaHHS O€ TOHHOI CyMillll 3a PO3JUIBHOIO TEXHOJIOTIEI0 MOJISArae B TOMY, IO
CYCIIeH3is B'SOKYYOro, IOTNEPEJHHO O TPUMAaHa CIUIBHAM IIBHJIKICHUM 3MIIIyBaHHSAM Y
TpuOOaK THBA TOPI TOCIIJIOBHO BBEJCHHX B HBOI'O BOJM 3aMimmyBaHHs, no0aBkm C-3,
Iop TJIAHJILEMEH Ty 1 MIKPOKpEMHE3€eMY, 3T0J0M MOeIHYBaIacs 3 BiJI030BAHOIO KUIBKIC TIO
KBapIIOBOTO MICKy 1 'paHi THOTO Ie0EHI0 B OpAMHApHOMY O€ TOHO3MillyBadi. AK TUBAIis
CycIieH3ii BiOyBaJiacsi IMPO TSATOM 3-X XBWJIMH IPH IIBHJIKOCTiI 00ep TaHHS poOOYOro
potopa 3mimyBada 2800 o00/xB. JIII KOHTPOJIO TOTyBalucs O€¢TOHHI Cymimi
AHAJIOTIYHOTO CKJIAJTy, B S)Kyde SIKUX MEXaHOaK T MBaIlil He Ii/1aBaiocs..
®opmyBaHHS 3pa3kiB — KyOiB 3 pebpom 10cM mpoBoammuch Ha Jyabopa TopHii
BiOpormiomanii 3 TtepMmiHoM BiOpamii 120 c. TeepaHeHHs 3pa3kiB BijgOyBamocs B
HOpPMaJIbHHX yMOBax Ipu Temiepa Typi 18-20°C i BixrocHiit Bo0roc Ti OBi TSt He MeHIIe
95%. BrumB nocmniixkyBaHux ak TopiB (Xj, Xo, X3) Ha MIIHICTh IPU C TUCKY Oe TOHY B 28-
1000BOMY BiIli BijoOpakeHo B Ma TeMa TUYHUX moensx (1.1-1.2).

R*28=92.3+10.4x, +6,1x,> (1.1)
+12,1x, +3x5X3
+8,1x3— 13,4x5°
R¥.2%=69,4+6,8x; +4,9x,> +1,4x/X> (1.2)
+8.5%, +2.1XX3

+6,3x3— 12,3x3°

VY pe3yabTa Ti TPOBEJACHOTO €KCIIEPUMEH Ty BHSBJICHA MOJKJIMBIC Th IiIBHIICHHS
MIIHOC Ti O€¢ TOHY Ha MeXaHOaK THBOBAaHOMY B'SDKydOMYy B MapOYHOMY Billi, a TaKOX
1H T@HCUBHIIIOro i HaboPy, 0COOIMBO B paHHI T €pPMIHH TBEPAIHHS.

ExcriepuMeH TambHI JTaHi i3 BIUIMBY He3ale)XHUX (ak TopiB (B 28-1000BOMY BiIli)
Ha MeXaHiyHi BJac TUBOC T1 BUCOKOMIITHOTO O€ T OHy HaBeJieHi B Tab.1.
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Taoauna 1

[l1an ekcriepuMeH TY T a (Pi3UKO-MeXaHIYHI XapaK TepUC THKU O¢ TOHY
Table 1

The plan of experiment and physical-mechanical properties of concrete

PiBHi BapitoBaHHS . . Binryxu
o |8 2 &
> Q gog = K a
3/H ::4 =2 ; = RK s RCT BOA ° Ra > Rcrno >
X1 Xo X3 2 E § £ cr ,BOTT cr ,BOJL
™ n MIla MlIla MlIIa MlIla
1 - - - 0 350 300 43,6 41,8 59,7 56.4
2 + - - 10 350 300 52,3 43,3 73.2 60.6
3 - + - 0 550 300 53,9 49,5 75,5 64.4
4 + + - 10 550 300 69,5 61,4 97,3 85.9
5 - - + 0 350 500 52,7 44,8 68.5 58,2
6 + - + 10 350 500 64,3 51,3 90 71,8
7 - + + 0 550 500 72,8 69,3 98,3 90,1

8 + + + 10 550 500 88.4 71,3 123.8 99,8

9 - 0 0 0 450 400 64,9 55,9 84,4 72,7

10 + 0 0 10 450 400 81.4 67.5 105.8 94,5

11 0 - 0 5 350 400 61,6 57,6 83,2 77,8

12 0 + 0 5 550 400 75,2 66,1 101 89,2

13 0 0 - 5 450 300 53,9 50,4 72,8 68,0

14 0 0 + 5 450 500 58,1 50,5 78.4 68,2

15 0 0 0 5 450 400 73.4 63.5 99,1 89.8

Hpumimka: sz Mlla — wmiynicmo npu cmucky 6emoHy HA MeXAHOAKMUBOBAHOMY 8 SHCYUOMY; R;,Mlla —

Miynicmo npu cmucky bemony (konmpons); RE? MIla - miynicme npu cmucky 6emony 6 6ooonacuuenomy cmaui Ha

CT,BOM °

s i3 Lo .
mexanoakmugeoearomy 6 sncyuomy; R MIla — miynicme npu cmucky 6emony 6 odonacuuenomy cmani (KOHmMpPOb).

cr,B01 2
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Ha 0a3i oTpuManmx maTeMaTHYHHUX Mojejed, Mo BiAOOpaXkalOTh BILIMB
He3alle)HUX (ak TOpiB Ha (PI3MKO-MEXaHIYHI BJac THBOCTI BHCOKOMIITHOTO O¢€ TOHY,
BUKOHAHO OI TUMi3aIlilo ckiiaxy O0e TOHHUX cyMminieid. Po3risnanucs Tpu Bapian TH BHOOpPY
OIl TUMAJBHOTO CKJIaJly BHCOKOMIIHOTO OeTOoHy mo 2-MipHHX jaiarpamax. BapianTu
BiJIPI3HSIICS B TPa TO0 B sikydoro: 350, 450 i 550 xr/m’, o Bimmosizae pirsM pak Topa
Xy y Aiarma3oHi Big — 1 go +1.

[Tpu BimmoBigHUX 3adikcoBaHUX PiBHIX (hak TOpa Xp Oyiau MOOYJOBaHI JiarpaMu y
BHTJISITI KBaJ[pa TiB, IO BiIOOpa’karo Th BIUIMB KUTBKOC Ti MIKpOKpeMHe3eMy (X)) i ITd TOMOi
MOBEpXHI  B’SDKY4Oro (x3) Ha piBeHb MIMHOCTI TpH CTHCKY OETOHIB Ha
MeXaHOaK THBOBAHOMY B’SIKydoMy Yy 28-I€HHOMY Billl, a TakKOX Ha 3HAYCHHS
BOJIONIOTJIMHAHHS I KoedimieH Ta po3M'skiieHHs (puc.l).

3araJbHUM JUISL YCIX T pPbOX BapiaH TiB KpuTepieM oOMeKeHHs OyB MpHUKHS THUH
koediieH T po3M'skieHHs 6e Tony He Huxkue 0,85 (K, >0,85). B sxoc Ti 1pyroro kpu Tepito
oOMe KeHHs Oyya MpUifHs Ta MIIHIC Th IpHU ¢ TUCKY O0e Tory — 80, 90 1 100 Ml 1a.

‘\ a) a) 350kr/m* A 6) b) 450kr/m>
X3 X3
500 500
=
~ e}
=3
< Rer=90MIla Rer=100MIIa .
%
o
8 400. Rer=R0MIIa 4007
c
‘§° ReT=+ Ila
o
o 1
=
c
DX >
300 4 = 300 ] _—
0 5 10 0 5 10
MikpokpemHesem, %o MikpokpemHesem, %
‘ B) ¢) 550kr/m’
X3
500, MW Pucynok 1. Bubip onTuMaisHUX CKIIamiB
E Rer=100MITa BI/ICOI'(OMi].['HI/IX 6eTQHiB o 2-MipHHUX ;’[iarpaMax,
s Rerd] 10MITa IO Bi/IMOBiAtOTh Pi3HUM BUTpATaM B’ sKYUOTO:
. % a) - 350 kr/m’, 6) - 450 kr/m’,
I B) - 550 kr/m”
s
(]
[+2]
2 4008 M Figure 1. Selection of the optimum compositions of
g high-performance concretes by two-dimensional
° RET diagrams that correspond to different binder
= consumptions: )
A a) - 350 kr/m’, b) - 450 kr/m’,
¢) - 550 xr/m”
Xi
300 ‘ [
0 5 10

MikpokpemHeseMm, %o
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Ilpu BuTpaTi B’soxydoro 350 kr/m° (puc.la) Gylo BHOGpaHO [BA ONTHMMAalbHI
ckinaau: 1 — BiAMOBimaE MaTepiany 3 MiIHIC TIO 90 Mlla npu K,>0,85. Jlocsaraer bes npu
T TOMil TIOBEpXHI MOPT JIaHAeMeH Ty 350 M 2/kr IIpH BBEJICHHI 9, 5% MIKpOKpEMHE3EMY;

2 — BiAMOBiJa€ Ma Tepialy MIIHIC TIO 80 Mlla npu K>0,85. Y npomy pasi nutoma
MOBEPXHS TOp TIAaHANEeMeH Ty ckiagae 310 m 2/Kr, KinbKic Th MikpokpeMHe3emy — 10%.
be ToH #oro ckiajy Mae HUXKUY MIIHIC Th, IPOT € BiH € OUIBIN palliOHAJIBHAM 3a PaXyHOK
€KOHOMII eHeprii Ha ToMeJI B’ SIKY4JO0TO.

Ipu BuTpaTi B'skydoro 450 kr/m® (puc.16) Takox Oyno BuOpaHO /Ba
OIl TUM AJIbHI CKJIAH:

I-i: H]_[=427,5K1"/M3; MK=22,5KF/M3; Hic01<=7001<r/M3; [le6inp=1 100KF/M3;
Bona=116kr/m° ;C-3=4,51<r/M3.

-1:  TI=405xr/ M, MK=45kr/m’;  Tlicok=700xr/v’;  [le6ins=1100kr/™m;
Bona=125kr/m>;C-3=4,5kr/M°;

3 — BigmoBizae 6etony MminHicTio 90 Mlla an K>0,85. Jlocarae Thesl BiH IIpH
HU3BKIH T TOMIH TIOBepxHI Top THaHANeMeH Ty 330 M 2/kr i npu BBeJeHHI B HBOTO 10%
MiKpOKpeMHe3eMy. Moxke OyTH pEKOMEHJOBaHWM 3 TOYKH 30py BHUKOPHUC TaHHS
MOp TJIAHIIEMEH Ty 3 BITHOCHO HH3BHKOIO M TOM OO ITOBEPXHEIO.

C — BianoBijiae 6€ TOHY MIIIHIC TIO 100 MIla mpu K,>0,85.

IIpu BuTpaTi B’sKydoro 550 Kr/M° (puc.1B) 6yno BHOpaHO TpH OITUMaJIbHI
ckinaau: A — Bianosinae 6e Tony Minnic o 100 MITa npu K,>0,85.

B - Bignosinae 6e TonHy Minsic Tro 100 MIla nmpu K>0,85.

4 — Bignosigae 6e ToHy 3 miasumenoo 10 110 Mlla mirsic Tro mpu Ki>0,85.

Bupimenss o TuMi3ariifHol 3a1a4i JTI03BOJWIIO TiAiOpa TH OI THMAaJIbHI CKIaT0Bi
BUCOKOMIITHUX O€ TOHIB, SIKi MOXY Th Oy TM BHKOpPHUC TaHl 3aJ€KHO BIJ IO TPiOHUX JUIs
KOHKpE THOTO 3aBJIaHHS pIBHIB MIIIHOCTI W €KOHOMIYHOI JOIIJIBHOCTI 3 ypaxyBaHHIM
10 TOYHHUX I[iH Ha €HePrOHOCIT, yC Ta TKYBAHHS T & CHPOBHHY.

BucHoBkn. ExcriepiMeHT aJTbHO BC TAHOBIIEHO, IO MEXaHOAK THUBAIliS PSIIOBOTO
op TJIAHJLEMEH Ty Yy THpUCYy THOCTi MIKpOKpeMHe3eMy 1 cymnepiuiactupikatopa C-3
JI03BOJISIE O TPUMYBA TH BaXkki Oe ToHHU KiaciB C35/45...C90/105 3 BH T paTOIO B’SIIKY4OTO
Bim 450 mo 550 kr/M. 3a pesynmbTaTaMH OCTIKEHb O THMI30BaHO CKJIAIOBI
BHCOKOMIIHOTO Oe ToHy Kiracy C70/85...C90/105.

MeTor0 mTOMANBIIUX JOCHIPKEHh € BHUBYCHHSI JOBTOBIYHOCTI OT pUMAaHUX
BHCOKOMIIIHMX O€ TOHIB Ha MEXaHOAaK THBOBAHOMY B’SDKYUYOMY 3a KpH TepisiMU
MOPO30C TIHKOC T1, TPILMHOC TIHKOC T1 TOIIO.

Conclusions. It was established experimentally that mechanoactivation of a general
purpose blended Portland cement added with microsilica and C-3 superplasticizer allows to
obtain heavy concretes of C35/45...C90/105 classes with binder consumption from 450 to
550 kg/m’. The results of the study made it possible to optimize compositions of
C70/85...C90/105 high-performance concrete.

The aim of further research is to study durability of obtained high-performance
concretes added with a mechanoactivated binder according to frost resistance, crack
resistance, etc. criteria.
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