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AHoTauis. Mera. MeToto AOC/IAXKEHHS € BU3HAYEHHS Ae(hOpMaTUBHUX BIACTH-
BOCTEH KepaM3nTobeToHy Ha KapboHaTHOMYy rliCKy 3 3aMiHOK 4YacTUHU MopTaaHaue-
MEHTY Ha 30/1y-BUHOCY.

Meropgosoria. BukopuctoByBasncCb 3paskm Kyb6iB Ta rpu3M CTaHAapTHUX
po3mipiB, nponapeHux rpotsrom 28 1a 115 4i6 no pexumy 3+7+2 npyu t=85+509,
OTpuMaHHIi ekcrnepuMeHTasbHi AaHHi ornpalboByBasin 3a AOMOMOroK eKcriepuMeH-
TaslbHO-CTaTUYHOIr0 MOAEJTIOBAHHS | pO3paxoByBasin 3 BUKOPUCTAHHSIM TUIMOBOI BEPCIl
nporpamu COMPEX-99. lNpu 4OCNIA)XEHHI OCHOBHUX XapaKTEPUCTUK KEpaM3NTOBETOHY
6yB BuKOpucTaHui riaH bokca-beHkiHa po3mipHicTio K=3.

Pe3ynbrartn. bysin oTpumaHi piBHSIHHSI perpecii y Burisgi rnosiiHoMis Apyroro
CTyrieHs, Wo BigobpaxatoTe 3a/IEXXHOCTI BrauBY AOC/iAXKYBAaHUX YNHHUKIB Ha BJia-
CTUBOCTI Kepam3nTobeToHy. B pe3ynbTaTti nonepeaHix A0CnigXeHb nigibpaHo cKaaaun
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BCTYN

3pOCTaHHSA i 34elleBeHHS FPOMaACbKMX Ta LK-

Kepam3nTobeToHy Ha KapbOHaTHOMY MiCKY i LEMEHTHO-30J/IbHOMY B’SXKYyUYOMY MILIHICTIO
npu ctucky Big 12,7 Mlla go 28,0 Mla ta BU3Ha4YEHO, WO 30/18-BUHOC HE 3MEHLUYE
MilHiCTb BETOHY, N0 BIAHOLIEHHIO 40 3BUYANHOIro KepamMm3anTobeToHy. MobygoBaHo 4i-
arpamy y Bnrnsigi kyba, o Bigobpaxae BramB LLeMEHTHO-30/1bHOIoO B’SXy4oro, arpe-
ratHO-CTPYKTYPHOIr0 YNHHUKA | BIKY Ha rpu3MoBY MiLHICTb. BU3Ha4yeHo, Lo rnpmn3iMoBa
MIiYHICTb 3pocTa€ rpu 36i7bLUEHHI BUTPAT B’sSXKy4oro i Biky 6eTOHy. [is arperar-
HO-CTPYKTYPHOIro YMHHUKA BI/INB Ha PU3MOBY MIilHICTb 06epHeHu. 3pobsieHO BU-
CHOBOK, O 3pOCTaHHS Ky6KOBOI i npu3MOBOI MiJHOCTi B 4Yaci aHasloriyHi 3pOCTaHHIO
AJ151 3BUHaNHOIro Kepam3anTobeToHy. lToMiYeHO, Lo yMOBM TBEPAIHHS HE CYTTEBO BII/IN-
BatoTb Ha Koe@iLliEHT npu3MoBOI MiLJHOCTi. 3Ha4yeHHs1 Koe@ilieHTa rnpmn3MoBoi MiLJHOCT
3HaxoAsiTbCSI B MEXax 3HayeHb 4151 3BUYaniHuX s1erkux 6eToHiB. pu 3MiHi 3Ha4yeHb
arperatHo-cTpyKTypHoro ¢aktopa Big 0,6 go 0,4 i 36i/blEHH]I BUTPAT LEMEHT-
HO-30J/IbHOI0 B’SIXKy40Oro B rMpUAHSTOMY Adiana3oHi Bapiayii, MoA4ysib Npy>XHOCTi 3pOCTae
3 3aTyXarw4yoro iHTEHCUBHICTIO. BcTtaHoB/IEHO, Lo rpu 36i/bLEHHI MIJHOCTI KEpam3u-
TOBETOHY BEIMYNHN HUXKXHBOI Ta BEPXHbOI 061aCcTi MIKpOpYHHYyBaHb 3pOCTaloThb A4J15
KepaM3nTobeToHy Ha KapboHaTHOMy ricKy 6inbLie, HiX Ha KBapLoBoMy. 36i/bLLIEHHS
LUEMEHTHO-30J/IbHOr0 B’SI)XKy4YOro MOHOTOHHO MiABULLYE BEPXHKO rpaHuuto obaacrti mi-
KpopyHyBaHb. OTpuMaHi KBaApaTW4Hi PIBHSAHHS perpecii rpaHudyHux aegopmadin
ctucky y Biyi 1nn., 28, 115 gi6.

HaykoBa HoOBM3Ha. Y pob60Ti BU3Ha4YeHo Ae(OopmMaTnBHI BJaCTNBOCTEN KepaM-
3nTO6ETOHY Ha KapboHaTHOMYy [r1iCKy 3 3aMiHOK 4YacCTUHW MOPTAaHALEMEHTY Ha 30-
J1y-BUHOCY

lMpaKkTn4yHa 3HaJvYyWicTb. BUKOPUCTOBYHOYM 30/1y-BUHOC i MiCLi€Bi MOpUCTi 3a-
MOBHIOBaUYi € NepcrieKTUBOK B EKOHOMII UEMEHTY Ta 3ar0BHIOBaYiB /151 BUrOTOBJIEHHS
KOHCTPYKLUii B XXUT/10BOMY 6y AiBHNLTBI.

Knro4yoBi cioBa: aepopmMaTtuBHICTb, KepaM3nTobeToH Ha KapboOHaTtHOMY ricKy
i UeMEHTHO-30/71IbHOMY B’S)XXKy4YOMYy, 30/1a-BMHOCY, PIBHSIHHSI perpecii, npusmMoBa Mil-
HiCTb, Kyb6ikoBa MilUHICTb, MOAY/lb PYXHOCTi, arperaTtHo-CTpyKTYpPHuiI ¢akTop, Mi-
KPOTPILLMHOYTBOPEHHS, rpaHuLi 061acTi MikpopyiHyBaHb, AeopMalisi CTUCKY.

BHecnn OuepeTtHuii B.M.,

OcobnuBy yBary npugineHo npobnemi
KOPUCTAHHA 307K i

Ba>XKnUX 6EeTOHIB.

KoBanbcbkun B.I.
[11], .. OBopkiH [2] Ta iH., B OCHOBHOMY BU-
Wwiaky posrnsganocb Ans

BifIbHMX 06’eKTiB, 36iNbLUEHHS TX pPiBHSA iHAYCTPI-
anisauii, Wwo Moxe 6yTn AOCATHYTUM 3a paxyHOK
BAOCKOHANIEHHA KOHCTPYKTUBHUX pilleHb, BUKO-
pUCTaHHS eeKTUBHUX ByaiBenbHUX MaTepianis.
BukopuctaHHsa nerkux 6eTOHiB, B TOMY 4ucChi
KepaM3nTobeTOHIiB Ha LIeMeHTHO-30/1bHOMY B'SI-
XY4YOMy 3 XiMiYHMMK pobaBkaMu SABASIETbCA
aKTyanbHOK 3ajauvelo, OcCKiNbkn nepenbavae
€KOHOMIl0 CUPOBUHHUX pecypciB, LEMeHTY, yTu-
ni3auito BigxoaiB BMPOOGHMUTBA Ta MOKPALLEHHS
CTaHy OTOYYHYOro cepeaoBuLla.

AHANI3 NOMNEPEAHIX AOCNIAXEHbD

3a oCTaHHilh 4Yac HakonuyeHo 6araTo Ao-
cnigXeHb MiUHOCTI Ta AedOopMaTUBHOCTI Nerkmx
6eToHIB i KOHCTPYKLUIA Ha iX OCHOBi, HaBeAgeHi
B poboTax A.I. Koctioka [13], A.C. Ctonesunua [9,
10], Yangpa C. [14], Ainni M. [15], Men6i K. [16],
Hesunb A. [17], HopaeH Ox. [18], CypaHeHi IN.
[19], 3apicd M. [20] Ta iH. 3Ha4HWI1 BKNag B po3-
BUTOK 6EeTOHIB 3 BUKOPWUCTAHHAM LWAAKY i 30/M

META

B 3B'A3Ky 3 UMM MW 33a4annCA METOK A0-
cnigutn pedopMaTMBHI BMacTUBOCTI Kepam3un-
To6eToHy Ha kKapboHaTHOMY MiCKy 3 3aMiHOto
YaCTUHWM NOPTNAHALEMEHTY Ha 30/1y-BUHOC, TaK
K XapaKTEpPUCTUKN Kepam3uTo6eToHYy 3 30/1010
OCBIT/IEHHI HeA0CTaTHLO.

PE3YJIbTATU TA OBIrOBOPEHHSA
JocnigxeHHs nposoaunuce B nabopa-
Topiax kadenpun 3BIKK OOABA Tta 33BK 00O
«KyniHaopiBCbKOro iHAYCTpiasibHOrO KOHLEPHY» .
B pocnifXxeHHsSX BUKOPUCTOBYBann: NopT-
nanguemeHT BAT «IOI' uemeHT» Mapka 400; 30-
ny-suHoc JlagmxuHcokoi TEC 3 nuTOoMOKO noO-
BepxHeto S_, = 3000 cm2/r, ane He 6inbwe 40%
Bif KiNbKOCTi B's)Ky4Oro; Kepam3uTOBWIA rpasii
(KyniHgoopiBCbKOro 3aBsoay i3 rnmH ®oHTaHCbKOro
MicLue3HaxoaxeHHss Opecbkoi obnacTi) dpakuin
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5..10 10..20 MM y BiAgHOWEHHI no ob’emy V, , /
Voo = 1,5; kapboHaTHui nicok OpnioBCbKOro
Micue3sHaxoaxeHHa Opecbkoi obnacTti, oTpu-
MaHW i3 BiAXOAIB KAMEHOMNUIEHHS BanHsaKa-4ye-
penawHuka; nnactugikatop C-3 B KiNbKOCTI
0,6%.

Micna BUTpUMKKM 4 roavHW, 3pasku Kybis
10x10x10 cm i npusm 10x10x40 cM Tpumanu
B nponaptoBanbHin kamepi KMY-1 no pexumy
3+7+2 npu t=85+59. Kybukun i npuammn Bunpo-
6yBanucs nicng nponaptoBaHHA Ha 28 Ta 115 gi6
[1; 4; 7; 8].

OTpuMaHHI ekcnepuMeHTanbHi AaHi on-
paubOByBanu 3a AOMOMOrol ekcnepuMmeHTanb-
Ho-cTaTuctnyHoro (EC) mogentoBaHHS, sike 403-
BOJIAE OUIHUTW CTYNiHb BMJINBY YMHHWKIB Ha
AedopMaTuMBHI  BMacTUBOCTI KepaM3nTobeToHy
Ha KapboHaTHOMY TniCKy Ta UEMEeHTHO-30/1b-
HOMY B'Sh)KY4YOMY, i po3paxoByBasim 3 BUKOPUC-
TaHHAM Tunosoi Bepcii nporpamm COMPEX-99.
Mpn pocnig)XeHHi OCHOBHUX XapaKTepUCTUK Ke-
pam3nuTobeToHy 6yB BUKOpMCTaHuii nnaH bokca-
BeHkiHa po3MipHicTio K=3. JocnigHi YNHHMKK Ta
piBHi iX Bapiauii HaBeaeHi B Tabn. 1. bynn pos-
paxoBaHi PiBHAHHA perpecii B BuAi MNONiHOMIB
OpYroro cTyneHs, siki BigobpaxkatoTb 3a/1eXHOCTi
BNNBY AOCAIAXYBAHUX UYMHHWKIB Ha BacTu-
BOCTi KepaM3nTob6eToHy.

(1)

K K
¥=h, +Z bx; +Z b,x? +Z bXxx;
=)

i#]

i=1

ATperaTHoO-CTpyKTyPHHH

(axrop r
=]
[n

wo
‘J;\J;

ArperatHO-CTPyKTypHUI

Onsa BuBYEHHS AedopMaTUBHUX BRacTu-
BOCTeN B 4aci, 6ynu paHiw nposeaeHi aocniau
no sBubopy cknaais, siki po3rnsiHyTi B po6oTi [6].
Mpwn gocnigXeHHi 3paskis Ha 28 noby, Mu oTpu-
Manu kKepaM3anTobeToH Ha kapboHaTHOMY MicKy
i LEMEHTHO-30/IbHOMY B’SI>XYUYOMY MILHICTIO npwu
CTUCKY Big 12,7 MlMa go 28,0 MINa. MoxHa Big-
3Ha4ynTK, WO 30/1a-BMHOC HE 3MEHLYE MILHICTb
6eTOHY NO BiAHOLWEHHI A0 3BMYANHOro Kepam-
3uTO6ETOHY, @ HaBiTb MOKpallye MOro BAacTu-
BOCTi [6].

Po3paxyHok koedilieHTiB perpecii, B Bia-
MOBIAHOCTI A0 BUXIAHOI MaTpuui NJaHyBaHHS,
nposoauan Ha EOM. lMepeBipka HaAiMHOCTI KO-
ediuieHTiB perpecii BUKOHYBanoCb Mo KpuUTepito
CTiogeHTa, nepeBipka aAeKBaTHOCTI Bi4 OTpu-
MaHUX PiBHAHb — NO KpuTepito diwepa.

MpusmosBa wmMiuHicte (f,). [iarpama
B Buai kyba, nobygosaHa no mogeni (2) i Bigo-
6paxxae BMNAMB LEMEHTHO-30/IbHOMO B'SXXYYOro,
arperaTHO-CTPYKTYPHOrO 4YMHHMKA | BiKy Ha
NPpU3MOBY MILHICTb, iNIOCTPOBaHO Ha puc. 2.a.

Mo aiarpaMi MOXNMBO MOMITUTU HACTYMHeE:
Npu3MoBa MiLHICTb 3pocTa€ npu 36inblUEeHHI BU-
TpaT B’sXy4yoro i, BignoBiaHO, BiKy 6eToHy. Ans
arperaTHoO-CTPYKTYPHOro YMHHMKA Ais Ha npus-
MOBY MiUHiCTb obepHeHa, Wo BigobpaxeHo Ha
puc. 1.a.

In(f.,) = 2,923+0,267x,-0,09x’ + 0,056 X, X, —

2
-0,142x, +0x2 +0x,x, +0,164x, —0,081x2 + 0x,X, ()

15,17MI1a

Puc. 1. I30n0BepXHi BAINBY YNHHUKIB CKIaAy Ha rpu3MoBy MIiLHICTb (@) i MOAy/1b MPYy>XHOCTI (6) KepamM3nTobeToHy
Ha LieMEHTHO-30/IbHOM B'S)Ky4OMYy

Tabnuus 1
PiBHiI Bapiauii YMHHUKIB
- P InTepBan
YUUHHUKNK PiBHi Bapiauii Bapiauii
HaTypanbHuii Bua KopoBaHuit BUA -1 0 +1 AX
BuTtpaTt LEMEHTHO-30/IbHOIrO B'SXKY40ro
U3, (kr/m) X, 340 420 500 +80
ArperaTHO-CTPYKTYPHUMA YNHHUK I X, 0,4 0,5 0,6 +0,1
Bik 6eToHYy Ha MOMeHTy BunpobysaHb Ig(t) X, 0,8451 1,4472 2,0493 +90
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-CTPYKTYPHHUIT
axTop r

ArperaTHo

-CTPYKTYPHHUIH

ArperarHo:

Puc. 2. I130M0BepPXHi BNBY YNHHUKIB CKIaAY HUXKHIO (a) M BepxHIO rpaHuLto (6) MiKpoTpiLUMHOYTBOPEHHSI
Kepam3nTobeToHy Ha KapboHaTHOMY ricKy

AHanis oTpuMaHux pes3ysbTaTiB A03BOJISE
3pobuTU BUCHOBOK, WO PicT, K KybKOBOi, Tak
i NpM30BOI MILUHOCTI B Yaci, NpakTU4HO cnisna-
[aloTb 3 pOCTOM B 4aci 3BMYAMHOro Kepamsu-
TO6ETOHY.

Ons nepexoay Biag KybukoBoi MilHOCTI
[0 NpU3MOBOIi, ICHYE KoedilieEHT NMpU30BOiI Mil-
Hocti @ = f_/f. KoediuieHT npusosoi Miu-
HOCTI AN nerknx 6eTOHIB, AeKiflbKa BULLE, HiX
AN BaXKux [2]. Ans OuiHKM BMAMBY YMHHUKIB
cknagy Ha koediuieHT Npu30BOi MILHOCTI npea-
ctasneHa EC - mogenb Buay (3).

¢ = 0,911-0,004x,-0,04x2 —
-0,003x,x, +0,006x, —0,008x’

YMOBW TBepAiHHSA He CYTTEBO BM/AUBAKOTb
Ha KoedilieEHT NpM3MOBOI MiLHOCTI. B Hawmnx ao-
cnigXeHHsX ¢ 3MiHeTbea Big 0,847 no 0,928
i CBiAYNTb NpO Te, WO Ui BENUYMHUN 3HaXOAATLCS
B MeXax 3HauyeHb ¢ ANa 3BUYalHUX nerkux be-
TOHIB.

Mopaynb npyxHocTi (E ). OaHoto 3 Bax-
NUBUX XapaKTepucTuk AedopMaTUBHUX BNacTu-
BoCcTel 6eToHy, KpiM MIiLHOCTI, SBNSIETbCA MO-
YATKOBUI MOAY/b MPYXHOCTI, KNI HeobXigHWM
AN BUBHAUEHHS BUTPAT NonepeaHix HanpyxeHb
B KOHCTPYKLUiaX.

In(E,) = 2,584+0,137x,-0,105%? + 0,065Xx, X, —
-0,047x, £0x2 +0x, X, +0,110x, —0,034x2 £ 0x,X,

(3)

(4)

XapakTtep 3MiHM MOAyNs TMPYXHOCTI npw
36inblWeHHI B'AXy4yoro 3anexuTb Big arperat-
HO-CTPYKTYpHOro ¢daktopa r. lpu 3MiHEHHI 3Ha-
yeHb r Big 0,6 oo 0,4 i 36inbWeEHHI BUTpaT Ue-
MEHTHO-30/IbHOr0  B'S)XKY4YOro B MNPUNHATOMY
Aiana3oHi Bapiauii, MO4YyNb MPYXHOCTi 3poCTaE
3 3aTyxawuor (HTEHCUBHICTIO. IHTEHCUMBHICTb
3aTyXaHHs 36inblUIY€ETbCA MPU 3MEHLUEHHI 3Ha-
YEHHS T, iII0CTPOBAHO Ha puc. 1.6.

MikpoTpiwmHoyTBOpeHHs (f°

. ) g : c,crc 1 fvc,crc) "
36inbLWeHH;i MILUHOCTI

Mpwn KepaM3nTobeToHy

BE/IMYMHN HMXKHBOI Ta BEPXHbLOI 06nacTi Mikpo-
pyMHyBaHb fAeKinbka 3pocTtatoTb [3, 12]. Pict
fO, e T FV o AT KEPAM3UTOBETOHY Ha KapboHaT-
HOMYy nicky 6inblle, YMM Ha KBapLOBOMY, TakK
K 34YenfieHHs MNOpUCTOro 3anoBHIOBava 3 Le-
MEHTHMM KameHeM HabaraTo BuLle, HiX Yy 3BU-

yanHux 6eToHiB [5].
f° . = 0,500+0,021x,+0,020x> — 0,023x, X, —

c,cre (5)

-0,013x, +0x2 +0x,X, +0,022x, + 0x% + 0x,X,

£’ . =0,933+0,013x, +0x? + 0x,x, —0,017x, *

,cre

+0x2 +0x,x, +0,019x, —0,008x2 + 0x,x,

(6)

36iNblUEHHS LEMEHTHO-30JIbHOTrO B'SIXY-
YOro MOHOTOHHO MiABULLYE BEPXHIO FPaHuMLIIO 06-
NacTi MiKpOpyHyBaHb, Lie MoB'A13aHO 3 BUCOKOIO
MILHICTIO PO3YMHHOI CKJ1aAoBOI Kepam3nTobe-
TOHY puc. 2.6.

Aedopmauia ctucky (g_). paHnyHy
AedopmMauito CTUCKY BM3Ha4vanu B npoueci ao-
CNigXXEHHS NPU3M Ha CTUCKAHHSA. paHu4Ha ae-
dopmMauis 3anexunTb Big MiLHOCTI 6€TOHY, cknaay
OEeTOHHOI cyMiWi, KpynHOCTI dpakuUin 3arnoBHIO-
Baya, TPUBAJIOCTi HaBaHTaXXeHHS.

ArperarHo-CTpyKTypHHii
taxrop r
g

Puc. 3. I130roBepxHi BAANBY YNHHUKIB CKIagy
Ha rpaHnyHy gegopmadito CTUCKY KeEpaM3nTOOETOHY
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Mo pe3ynbTaTtaM ekcnepuMeHTasibHUX A0-
cnigxeHb 3 95% HagilHICTIO OTpMMaHi KBagpa-
TWUYHI pIBHSAHHSA perpecii rpaHu4HuX aedopmadin
CTUCKY ¢, Y Bili 1nn., 28, 115 ai6 (7).

In(e,, -10°) = 5,796-0,048x,-0,105x2 — 0,029x, X, +
+0,081x, —0,040x? + 0x,x, —0,078x, + 0xZ —0,018x,X,

BNCHOBKMU

1. BCcTaHOBNEHO BMJIMB UYMHHUKIB CKIady
B BiUi Ha MpPM3MOBY MiUHICTb, MOAYNb TMPYyX-
HOCTIi, MiKpPOTILWWHOYTPOBOPEHHS i FrpaHU4YHy ae-
dopmMauito ctncky. OTpMMaHi 3aranbHi ekcnepu-
MEHTaNIbHO-CTaTUCTUYHI MoAeni A1 pO3paxyHKy
uMX BennumH (2)-(7).
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ABSTRACT

Stolevich 1., Posternak O., Kostyuk A., Urazmanova N., Kravchenko S.
Deformation properties of expanded clay aggregate concrete on carbonate
sand and cemente-ash astringent depending on the influence of composition
factors.

Purpose. The purpose of the research is determination of the deformation
properties of expanded clay aggregate concrete on carbonate sand with the
replacement of portland cement part for fly ash.

Methodology. Models of standard cubes and prisms were used after steaming
for 28 and 115 days according to the 3+7+2 regime at t=85+5°, The obtained
experimental data were processed using experimental-statistic modeling and
calculated using the standard version of the COMPEX-99 program. When the main
characteristics of expanded clay aggregate concrete were studying, the Box-Benkin
plan with dimension K=3 was used.

Results. Regression equations were obtained in the form of polynomials
of the second degree, reflecting the dependence of the studied factors influence
on the properties of expanded clay aggregate concrete. As a result of preliminary
researches, the compositions of expanded clay aggregate concrete on carbonate
sand and cement-ash astringent with strength under compression from 12.7 MPa to
28.0 MPa were obtained. It was determined that fly ash doesn’t reduce the strength
of concrete, in relation to ordinary expanded clay aggregate concrete. A diagram in
the form of a cube, reflecting the influence of cement-ash astringent, aggregate-
structural factor and age on prism strength was constructed. It was determined
that the strength of the prism increases with an increasing in the consumption of
astringent and the age of concrete. For the aggregate-structural factor, the effect
on prism strength is reversed. It was concluded that the growth of cube and prism
strength over time is similar to the growth for ordinary expanded clay aggregate
concrete. It was noticed that the conditions of hardening do not significantly affect
the coefficient of prismatic strength. The values of the prismatic strength coefficient
are within the range of values for ordinary lightweight concrete. When the values
of the aggregate-structural factor change from 0.6 to 0.4 and the consumption of
cement-ash astringent increases in the accepted range of variation, the modulus of
elasticity increases with the fading intensity. It was established that the increasing
of expanded clay aggregate concrete strength leads to increasing the values of the
lower and upper regions of micro-cracks for expanded clay aggregate concrete on
carbonate sand more than on quartz sand. An increase of the cement-ash astringent
increases the micro-cracks area upper limit. The regression quadratic equations of
ultimate compressive deformations at the age of 1, 28, 115 days were obtained.

Scientific novelty. In the article the deformation properties of expanded clay
aggregate concrete on carbonate sand with the replacement of portland cement part
for fly ash are determinated.

Practical significance. Using fly ash and regional porous aggregates is
promising in saving cement and aggregates for construction in residential construction.

Key words: deformations, expanded clay aggregate concrete on carbonate
sand and cemente-ash astringent, fly ash, regression equation, prism strength, cubic
strength, modulus of elasticity, aggregate-structural factor, microcrack formation,
limits of the microcracks area, compression deformation.
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