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Algorithm of Plastic Concrete Crack Resistance
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Abstract. The method of concrete crack-resistance prediction at early age is developed at capillary shrinkage with use of ap-
proaches of fracture mechanics, which is guided by the concept of accumulation of defects in structure in the form of capilla-
ries and cracks to their critical concentration of C,. At the same time process at two stages is considered: on the first — process
of formation and growth of defects and on the second — the process, which is directly accompanying destructions (fragmenta-
tion) at critical concentration of defects. As a theoretical basis of a method physical ideas of the increment volume mechanism
of hollowness of cracks in the concrete model, presented as two-level structure are accepted: a matrix of the hardened cement
stone with inclusions and emptiness of various form (crack) as result of the external influences, changing the intense deformed

state. The main criterion of a method — the generalized total parameter of crack-resistance K, =+ K. +Kj,, calculated on

the basis of model schemes of growth, association, localization of cracks system, their classification by types and relative
quantity in volume at the initial concentration increasing to critical, that is caused by physical processes of capillary shrinkage
is established. Being based on the considered regularities of process of concrete destruction, it is offered to divide all defects
of structure, both initial, and developed as a result of power and not power influences, into 5 main types. The amount of pores
and cracks of the first four types depends on concrete porosity, and type V — and on the volume content of grains of small or
coarse aggregate. To each type of damages, there corresponds the stress intensity factor, extent of influence and which value
on the general crack resistance of material depend on quantity of this type of pores and cracks in concrete volume. The new
evidence-based algorithm of crack resistance calculation at concrete shrinkage at early age by the generalized criterion, which
contains the sequence of operations of calculation as for selection of structure, taking into account the factors, influencing
capillary pressure and according to characteristics of properties of concrete components, its technological parameters, and for
residual resource definition of concrete on its structure and properties, and also on the samples, which are selected from struc-
tures at early age is offered.
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10p, KaMUIIPOB U TPELIMH N0 UX KpuTudeckod koHueHrpauuu C,. IIpu 3ToM paccMaTpuBaeTcs IpoLECC Ha ABYX CTaIUsIX:
Ha TepBOH — mporecc 00pa3oBaHUI M pa3BUTHS Je()EKTOB M HA BTOPOH — IPOIECC, HETMOCPEACTBEHHO COIPOBOXKIAIOIINH
paspyiieHus (pparMeHTanuio) Mpu KPUTHYECKOH KOHLEHTpauuu JedekToB. B kadecTBe TEOPETHYECKOH OCHOBBI METOJa
TPUHATH (HH3UYECKHE MPEJCTABICHUS] O MEXaHU3Me MpUpANIeHHss 00beMa ITyCTOTHOCTH TPEMIMH B MOJeNu OeToHa, Mmpen-
CTaBJICHHON KaK JABYXYPOBHEBas CTPYKTypa: MaTpHIA 3aTBEPAEBILIETO LIEMEHTHOTO KaMHs C BKIIOUEHHUSMH U ITyCTOTHI pa3-
JUYHOH (OPMBI (TPELIMHBI) KaK Pe3yJbTaT BHELIHUX BO3AEHCTBUIA, M3MEHSIOMNX HANPSIKEHHO-1e()OPMHPOBAHHOE COCTOS-
HUE. YCTaHOBJICH OCHOBHOHM pAacUeTHBII KpHTepHMH Merona — OOOONIEHHBIH CyMMapHBIH IapaMeTp TpPEeIHHOCTOHKO-

CTHU Kc Z\IKIZL_ +K121L_, BBIYHCIIIEMBIA HA OCHOBAHHWHM MOJEITBHBIX CXEM pa3BuTusd, OG’LC,III/IHGHI/ISI, JIOKaJIn3allui CHUCTCMbI

TPEIIUH, UX KIAacCU(UKAINK 110 BHIAM M OTHOCHUTEIFHOMY KOJIMYECTBY B 00beMe NMpU HavyalbHOI KOHIEHTPAIMH, BO3pacTa-
omeil 10 KPUTHYECKOH, 4TO 00YyCIIOBIEHO (HU3NYECKHMHM IIPOIECCaMM KaLIIpHON ycaaku. basupysce Ha paccMoTpeH-
HbBIX 3aKOHOMEPHOCTSIX Hpoliecca pa3pyLIeHHs OCTOHa, MPEIUIOKEHO Pas3leNnuTh Bce Ne(eKTbl CTPYKTYPBI, KAK MCXOJHBIE,
TaK ¥ Pa3BUBIIMECS B Pe3yJbTaTe CHIOBBIX M HECHUIIOBBIX BO3JEHCTBHUI, Ha MATh OCHOBHBIX TUNOB. CojepkaHue Mop U Tpe-
MIUH NEPBBIX YETHIPEX THIIOB 3aBUCHUT OT MOPUCTOCTH OETOHA, a THHa V — 1 OT 00BEMHOTO COJAEPXKAHUS 36PEH METKOTO MIN
KPYITHOTO 3amojHuTens. KaxmaoMy BHIy NMOBPEKICHHH COOTBETCTBYET CBOH KOS((UIMEHT MHTEHCHMBHOCTH HAIPSOKCHHH,
CTEIEHb BIMSHUS U BEJIMYMHA KOTOPOTO HAa OOIIYIO TPEIMHOCTOMKOCTh MaTepuaja 3aBHCAT OT KOJIMYEeCTBAa JAHHOTO BHIA
mop W TpemmH B oObeMe OeroHa. [IpenyokeH HOBBEIN HaydHO OOOCHOBAHHBIH aNTOPHTM pacdeTa TPEIIMHOCTOHKOCTH
npu ycajke OS€TOHA B paHHEM BO3pacTe MO 000OIIEHHOMY KPHTEPHIO, COAEP KUK MOCIIeI0BAaTENEHOCTh ONlepaiii pacueTa
Kak JuIs Iernelt moabopa cocTaBa ¢ y4eTOM BIMSIONIMX Ha KallMUIIPHOE JaBJieHHe (haKTOPOB U IO XapaKTePHCTHKaM CBOUCTB
KOMIIOHEHTOB O€TOHa, €ro TeXHOJIOTHYECKHM IMapaMeTpaM, Tak H Ul ONpeJeleHHs OCTaTOYHOIo pecypca OETOHA 1O €ro
COCTaBY M CBOWMCTBaM, a TAKXKe M0 00pasamM, 0TOOpaHHBIM U3 KOHCTPYKIMI B PaHHEM BO3PACTE.

KniodeBble c10Ba: aqropuT™, pacuer, TPEIMHOCTONKOCT, ITACTHYECKNil O€TOH (B paHHEM BO3pacTe), KalmuIIpHas ycam-
Ka, 0000IIeHHBIH KpUTEpHid, K03()HUINEHT NHTCHCUBHOCTU HAINPSDKCHUH
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Definition of the main crack-resistance
characteristics of concrete at any level
of its hierarchical structure

Stress intensity factor in top of defect in mate-
rial, which structure contains others micro and
macrodamages, reflect in the numerical value in-
fluence of these damages on the intense deformed
state as around defect, and all volume of material.
It is possible to consider this total influence, ha-
ving considered everything micro and macrode-
fects at all levels of a hierarchical structure of
a composite. Each of pores and cracks in concrete
creates a certain field of tension around itself. If to
consider, that this pores and cracks settle down
in volume of concrete with some frequency, fields
of tension and deformations are imposed at each
other that creates the difficult intense deformed
state. Being based on [1-10] regularities of process
of destruction of concrete considered above, we
will divide all defects of structure, both initial, and
developed as a result of power and not power in-
fluences, into five main types:

1 — roundish emptiness — pores with the submic-
rocracks, coming to their borders formed as a re-
sult of concentration of tension around a circular
opening;

2 — ellipse emptiness — pores with the mic-
rocracks coming to their borders;
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3 — mezocracks in a concrete body (type 1);

4 — regional cracks (type II);

5 —radial and contact cracks around grains and
inclusions (types Il and IV).

Content of emptiness — pores and cracks of
types 1-4 depends on porosity of concrete, and 5 —
and on the volume content of grains of small
or coarse aggregate, and these cracks on border
of a cement stone and grains of filler characterize
meso- and the macro-level of consideration of con-
crete structure. The volume amount of each type
of emptiness — pores and cracks depending on po-
rosity of material and volume content of filler
is defined experimentally. To each type of dama-
ges there corresponds the value of stress intensity
factor, extent of influence and which value on the
general crack resistance of material depends on
quantity of this type of pores and cracks in con-
crete volume. Applying the principle of indepen-
dence of action of forces and considering, that emp-
tiness — pores and cracks are distributed evenly on all
volume of material, it is possible to write down:

— for submicro, micro and mesolevels

K, :anll +”2K12 +n3K13 +(1—n1 —-n, —n3)KI4, )

where K|, K}, K;,K;' — stress intensity factor re-

spectively in tops of microdefects 1, 2, 3 and 4; ny,
ny, n; — content of microdefects of 2 and 3 types in
total of microdamages;
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— for meso- and macrolevels

K, =n K| +n,K} +n,K; +n,K;' + 2

+(1—n1 -n, —n3—n4)K15,

KI’5 — stress intensity factor in tops of radial and

contact cracks on border with grains of small and
coarse aggregate; n, — the amount of regional
cracks in total of damages.

Sizes KllfKI'5 are calculated according to

tab. 1, depending on the content of emptiness —
pores and cracks of this type in total of damages.
Then it is final:

— for submicro, micro and mesolevels

K, = pJr{n, A\/Ll(1+R/(R+L1)) +
+n,B\Ja+L, +n3C\/L_3+
+(1—n1 -n, —n3)D\/Z},

where R=5-10 " m; L, =1-10*m; L,=1-10"°
mL;=5-10"m; Ly=5-10"m;a=5-10°m;
Li—L, — semi-length (Iength) of defects or empti-
ness — pores; A, B, C, D — coefficients, specified in
tab. 1 over line;

3)

+mBJa+L, +n,C\[Ly +

4)
+n4D\/L_4+(1—n1 —n, =1y —n4)E,/L5/2},
R=5-100"m; L;=1-10°m; L,=1-10°m;
L;=5-10"m; L,=5-10°m; L;=D2 ;
a=5-10%m; D;8 - maximum diameter of

grain of small or coarse aggregate in a concrete
matrix; Ls — length of a radial crack; £ — coeffi-
cient, specified in tab. 1 over line.

The size Ky can be determined on coefficients
of C, D and E, provided in tab. 1 below the line.
We will note, that shift tension in tops of empty-
ness — pores of types 1 and 2 doesn't arise. Then:

— on submicro, micro and mesolevels

Ky :n3KI3I +(1—n3)

— on meso- and macrolevels

K

1>

©)

Ky =Ky +n, K +(1=ny —n,)K;, (6)

where the characteristic sizes of cracks 3-5 are
accepted for each of consideration levels according

to (1) and (2).

We determine a material constant K¢ by a for-

— for meso- and macrolevels mula
K, = pn{n, A\/L1(1+R/(R+L1))+ K. = /ZK12+ZK121~ 7
Table 1
Stress intensity factors taking into account the content of emptiness, capillaries, cracks in a cement stone
1 ! 4
..—{}_E[ 2 : 3, 100-1000d [ La_ 5 £s
i
oy i —
Amount -4"— L3
of pores| 1 IGIE- I Q I
n—ns, % IIT and IV
K= K=o, m(a+1) Ko =0,4/nl; Ko =0y, K, =0,\nls/2
=0T (1+d/L) Kic =0y (1+d/L,) Ko =Cynly Ko = Dtynl, Ky = Etynls/2
A B C D E
5 1.733 1.0550 1.0122/1.0205 0.2303/0.2004 0.643/0.060
10 1.912 1.1003 1.0212/1.0417 0.3116/0.1997 0.651/0.061
15 2.067 1.2794 1.0480/1.0630 0.3992/0.1901 0.657/0.063
20 2.235 1.4212 1.0647/1.0890 0.4570/0.1762 0.682/0.068
25 2.506 1.6517 1.1010/1.1812 0.5640/0.1592 0.701/0.072
30 2.973 1.8432 1.1535/1.2810 0.6810/0.1446 0.793/0.081
35 3.084 2.0020 1.4032/1.4216 0.7632/0.1410 0.854/0.087
40 3.512 2.1760 1.5547/1.5732 0.8720/0.1337 0.892/0.092
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An algorithm of concrete crack-resistance
calculation at early age at capillary
shrinkage by the generalized criterion

The method of calculation of early age concrete
crack-resistance is developed at capillary shrinkage
with use of approaches of fracture mechanics,
which is guided by the concept of accumulation
of defects in structure in the form of pores, capil-
laries and cracks to their critical concentration
of C.. At the same time process at two stages is
considered: on the first — process of formation
growth of defects and on the second — the process,
which is directly accompanying destructions
(fragmentation) at critical concentration of defects.

As a theoretical basis of a method physical ide-
as of the increment volume mechanism of hollow-
ness of cracks in the model of concrete, presented
as two-level structure are accepted: a matrix of the
hardening cement stone with inclusions and empti-
ness of various form (crack) as result of the exter-
nal influences, changing the intense deformed
state.

The main criterion of a method — the ge-
neralized total parameter of crack resistance

of K.= K120+K121c calculated on the basis

of model schemes of growth, association, localiza-
tion of system of cracks, their classification by
types and relative quantity in volume at the initial
concentration, increasing to critical, that is caused
by capillary shrinkage is established.

The algorithm of crack-resistance calculation
at shrinkage contains the sequence of operations
as for selection of structure for the known factors
and characteristics of concrete components proper-

ties, their technological parameters, influencing
capillary pressure in early age, and for definition
of a residual resource of concrete on the samples,
which are selected from structures at early age
in the conditions of curing.

The algorithm includes.

1. Basic data about design parameters of ex-
ternal influences: power (N, M, Q) and not po-
wer (¢, W, P) influences; about components con-
crete characteristics cement (R,), filler (R,), chemi-
cal additives.

2. Data on concrete properties, its durability
of R, and Ry, elasticity of E,, crack resistance

of R?

cre
3. Operations on calculation of concrete porosi-
ty (the general, capillary, gel, content).

and R, atearly age.

4. Operations on calculation of Kﬁ., Klbh.

in tops of defects of the I-V types at capillary
shrinkage.

5. Operations on calculation of criterion of SIF
at shrinkage (temperature and moist influences),
taking into account distribution of pores and capil-
laries in total of defects.

6. Calculation of the KIN limit value for this
structure.

7. Calculation of the module of elasticity £, for
this structure.

8. Calculation of crack-resistance of concrete,
taking into account shrinkage (thermo-moist influ-
ences).

9. Operations of assessment of result and cor-
rection of structure.

The algorithm of calculation of durability is
presented in fig. 1.

1

Basic data: a) design parameters external power (N, M, Q) and not power (¢, ¥, P, concentration
of chemicals) influences;
b) characteristics component of concrete: of cement (R,), aggregate (R,), chemical additives

The required (design) service life

l

2 Calculation of content (recepture) of concrete for strength (R, Rj,), deformability (£,) and crack-resistance
Of RC(’)I‘C
3 Calculation for the picked-up composition of concrete of its porosity; the general, gel, capillary, differential
porosity of a cement stone and concrete
Fig. 1. An algorithm of calculation of crack resistance of early age concrete at capillary shrinkage (see also p. 506)
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|

4 Calculation of stress of intensity factors of SIF in tops of defects of the I-V ltypes at shrinkage (temperature
and moist influences)

I tempera- . 4n a,cos0-0,(1-1/t w :
ture range Ky = \/ETC ' o=/t )2 ; Klltl =a, AE, |7, /2 [1 - (2/7t) arcsin (Zbc /1. )]9
(water) g(?\/l(, [1-(1-w/100)’]

K o, AT Ko =B o(F—a0);
K" =o, AIE, Tl [2n [(n/2) —arcsin(2b, /1, )],

Ki"" =2P, ]I, [marccos(b, /1,)[1+0,1215(1-5,/1,) ]; K" =3,523a

|

For a crack on contact with filler (aggregate)
(1= (r) £ (I/R) (M ~RY' ]
(M=) -]
KY =2p(1+a)’ x/nRsine{Gz (1+X)[G (1+ X,)+ G, (1+ X, )]eﬁ(e”)}/{(c;2 +GX,)[G (1+X,)+2G, (1+X,)]-
— G, (1+ X, )(G, + G, X, )(cos - 2Bsin 0) e " };
i =2pR (1+a) " rRsin® (G, (1+ X, )[ G, (1+ X,)+ G, (1+ X, ) ] (1-2B) e P20 /{(@ +G,X,)x
x[G, (14 X,)+2G, (1+ X,) |- G, (1+ X, ) (G, + G, X, ) (cos 0 - 2Bsin 0) e}

l

5 Calculation of SIF at shrinkage (temperature and moist influence) taking into account distribution of pores
and capillaries in total of defects

1Y
™w _ iTw 1 2 3 4 5.
Ky = ZlanLW =nK, +nKy +mKly, +n, Ky +(1=n —ny—ny—n, ) Ky
P

AE, I, [n

t,cs

K" = Pl

(1+g);

1Y
™w o_ iTw 1 2 3 4 5
K, = Z}niKLS =nKj +mK +nK> +nK +(1-n—n,—n—n,)K;
P

6 Calculation of SIF from capillary pressure for each of 5 types of cracks and total SIF

K = do,nl (1+d/L)); K[, =Bo,\n(a+L,); KY=Co,nL; K[ =Do,[nL,;
K\ =Ec,\nL/2; K] = iKIfY
i=1

! !

7 Calculation of the SIF limit value 8 Calculation of the module of elasticity of E,
for this concrete composition at early age

9 Calculation of crack resistance at early
age at capillary shrinkage

=2k - &) [|K[y - &Y

0

Fig. 1. Engding

CONCLUSIONS 2. The developed model is the hierarchical sys-

1. At theoretical justification of a method of tem, sui.table for thff description of processes of

crack-resistance calculation at capillary shrinkage destruction (destruction) of early age concrete at

of early age concrete with use of approaches of any levels of consideration of its structure. Having

fracture mechanics by the generalized criterion the entered the corresponding characteristics for mate-

main assumptions are formulated. rials of filler and cement and sand solution, it is
Hayk
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possible to receive deformative, strength charac-
teristics, parameters of the concrete cracks in case
of change of its humidity and temperature (at
shrinkage).

3. Being based on the considered regularities
of concrete destruction process, it is offered to di-
vide all defects of structure, both initial, and deve-
loped as a result of power and not power influ-
ences, into 5 main types. The amount of pores and
cracks of the first four types depends on concrete
porosity, and type V — and on the volume content
of grains of small or coarse aggregate. To each
type of damages, there corresponds the stress in-
tensity factor, extent of influence and which value
on the general crack resistance of material depend
on quantity of this type of pores and cracks in con-
crete volume.

4. The new evidence-based algorithm of crack-
resistance calculation at shrinkage of early age
concrete by the generalized criterion, which con-
tains the sequence of operations of calculation as
for selection of structure, taking into account the
factors, influencing capillary pressure and accor-
ding to characteristics of properties of concrete
components, its technological parameters, and for
definition of concrete residual resource on its
structure and properties and also on the samples,
which are selected from structures at early age is
offered.
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