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ABSTRACT

It 1g shown that fracture mechaniss methods can be uged for
fracture enorgy B-,,: and criticsl stress intensity factor
Ke determination ef hardened rortland cement peste and
concreve. However at the experimenmtal determinatiosn of Gg
and Ke i+ 13 necessary to take intao account formation of
fracture (process) zcne in front of the microcrack tip at
speclmens testing. The direct nethed of fracture energy de—
terminastion provides the stable character of specimen Prac—
ture. The influence of fine-ground additives quantity,tyrcea
of aggregateg and heating temperature on ¢racking reasistancze
changing of hardensd portland-cement paste, ordinary and
high-tempsrature conecretes has been established,

EFETWORDS

Practure Brergy, stress intensity factor, mechanical pIoper—
ties, cracks, process Zone, portland cement pasts, concrote
under heating.

INTRODTCTION

% is known that concrete destruction wnder mnechanical Icade
ing ia taicd:g place as a result of cracks formaticn. The ea—
timation of fracture toughness of hardened cement paste ba-
sed on fracture mechanics methods 1= ususlly performed by
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neans of stress criteria KIO = critical stress intensity
factor and energy criteria Ge - specific fracture energy.
At present the concrete fracture toughness test methods
have not been standardized and are made by various methods.
The correct value determination is gtill a problem. The
tests series carried out on large concrete notched speci-
mens showed the presence of fracture zone reaching up to
100-300 mm at the crack tip in the process of its develop-
ing that greatly exceeds the length of the initial crack
(notch) and as a rule the size of specimens usually used
in the laboratory practice (Entov, Yagust, 1975, Sok,1978),
The tests show that KIc increases with the increase of
the crack length. The values of KIC and Ge¢ that were
obtained on the basis of linear elastic fracture mechanics
methods correspond to 35-65% and to 15-40% of their real
values respectively (Hillerborg A., Petersson P.E.,1981),

METHODS OF RESEARCH, TEST PROCEDURES AND
DISCUSSION OF RESULTS

It is known that at the fracture tests elasgtic energy is
stored in the specimen as well as in the testing machine.
The criterium of the fracture characteristics is

AU = Uo- Uy (Wg - is the elastic energy stored
in the system '"specimen - machine"; U.r - is the fracture

energy). If AW >0 — the fracture has a sudden brittle

character, if AW <0 it is stable that gives the
possibility of obtaining complete stable stress-strain diag-
ramme (with falling branch) for hardened cement paste, mor-
tar and concrete. Fig.1 shows the diagramme P -f obtained
from testing the beam specimens (50x50x320 mm) with a 25 mm
notch depth at three-point bending cured during 28 days in
normal conditions.

Concrete composition is 1:1, 56:3,29; W/c = 0,5. The
diagramme area (Fig.71) is equal to the energy consumed in
producing new fracture. So, G¢ may be obtained by divid-
ing the area under the force-displacement curve by the area

over which the crack front passes. For the given concrete
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Fig.1. Complete bending diagramme of ordinary concrete.
composition the value of specific fracture energy Gc .
= 65N/m . The dynamic modulus of elast%city determined by
resonant method is equal to 36"103 MH/m“. Then K[c =
= 1.52 MH/m>/?. This value of K1¢ corresponds to the re-
sults of the tested concrete specimen-slabs with central
and side notches (1,1-2,3 MH/mp/g) and greatly egceeds the
data obtained on small specimens (0,4—0,8‘MH/m3/ ) accord-
ing to the linear fracture mechanics equations. The direct
method of fracture energy determination provides the stable
character of specimens fracture. For this purpose a special
device to the standard testing machine was developed. Com-
plete diagrammes with falling branch may also be obtained
at the constant speed of specimen deformation during test-
ing when the testing machine stiffness corresponds to the
specimen size. It is possible to obtain the specimen 1e?sth
for specimens having equal cross-sectional area which will
ensure the stable character of fracture. In investigation
(Lebedev A.A., Chausov N.G., 1983) the length of the speci-
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men working perh ig deterrdinad ag the avermze velue of zpeoi-
nens lengths the lesgt one of which torresponds to the gta—
ble frecture and the largest one correasponded to the non—-sto-
ble one, The gpecimen length whigh gives the stabla charge—
ter of fracture Lay be determined on. the basie of tha test
tetheds (Shevchenkq Val., ‘g88),

The eritieal Specimen lengtk: ig

Ge E Kre |2
L= S9— = (—n—m) {1
1 RM Rat ?

whare £ 18 soduiig o elasticity and Rpy is tenaile
atrength of material,

RW e '%—;—‘ 1 2]
where J' is specific surface energy apd €4 is tensile
strength whigh takes into dgtount tre kinetie creeks growbh
in materinlg when lietamining their tharmo—shack regigtance
{Hagselman D.P.Hs, 196323, TR (Hilleroorg A., Pesersgon P.E.,
19873 according to +the Tieticious craek Model the parsmetre
Lok =ﬁcE,f'R§1_ 8k = ks tis characteristic length) is in.
troduced for eatimating fracture Zone at the local MECTOCTa-
cking development. €eh is elag thre Deasurement of matsrials
brittlenegs.

When Supposing that the riaing and falling carts g7 strass—
Strain diagrammea gre linear and R;t, E and BGe  are
known, them it is Fosaible to abtain complete curves far
concrete deformations. In this caaze the Telative deformation
on the rising branch of the curve ig determined by parsmet—
rea Rgt ana E » and the local deformation in the Froe—
ture zone (falling branch) is determined by equaticn

a8p = 20¢/Ryy (2)

Tests woere made on bgh temperature cepent baste with fine-
ground fireclay additives of compoaitions C:A = 1;0,3
(W/e = 0,36) ana 1:1 (e < 0,68), an wall 28 on high
terperature concretss of composition 1:0,2:1,75:1,5; W/e =
= 0,73) with fireclay aggregates cured during 2g daya. Bin-
ding matrix - Portland cement produced by "Sebryaxovaky"
Plant had the standard Strength "500", The initial huemidity
of meaterials wag 17,44; 22,08 ang 12,628 reapectively, Ta
detsrmine the dynamic modulus of elastisity Eq :Rgy at
the uniawial tersign and bending diagrammes, specimens with
the size of 50x50%320 mm were uged, Having obtuined Ed

by rescnant method, a 25 mm depth potch was made on the spe—
simens snd then they were tested at “hree-point bending.For
Foresity determinatian sanples,the mass of woich reached
20-100 gr were waterasturated in vasuum, The tests werae
2ade on the specimens having natupral huml dity, and aften
beating them up To 110,300 and Baoeq, The rate of heating
was 100°C/h, exposure st £iven temperature 5 h (at T2
during 5 daya) and then cooling together with cooling of
the aven,

The complete bending A agrammes of materials are given on
Fig.2, which ahows that the inerease of fine-ground addi_
tives gquantity in the cement psste, sand and aggregstes in-
troducing cause the increase of fracture brocesa duration
what 13 clearly shown by the smooth character of the fz11-
ing branch.

The asnalyais of disgrammes algo testifies that concrate
being more heterogenious materisl in comparison with the
cement paste iz a leas brittle snd migst he more inclinsd +o
the redistribution of gtrezsea.

Table 1 ahows that when rasging from the cement Dagte hav-
log composition 1:0,3 to the composition 1:7 and then +g
concrete the fracture ENergy ircresse {eapecially for con-
crete). The incresse of +ha Guantity and aggregste aize
also lesads to the eritical crack lemgth and local deforma-
tion inereasging. Coneequantly the cracking resistance of
concretes iz esseotially higher than that of the cement



paste having the composition 1:0,3 and 1:1.
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Fig.2. Complete bending diagrammes of high~temperature
cement pastes of compositions: 1 - 1:0,3; 2 - 1:1;
3 = for refractory concrete non heated.

Table 2 presents the results of fracture toughness of re-
fractory concrete depending on the heating temperature. It
shows that the mostly efficient changes take place after
the temperature heating at 100° and 800°C. As a whole the
temperature raising leads to the decrease of concrete
brittleness. Table 2 also shows that the fracture toughness
increase of refractory concrete depending on heating tempe-
rature may be achieved by the rational choice of its compo-
sition ensuring, together with the optimum strength proper-
ties, high values of G¢ and E . The optimum strength is
ought to be considered the initial strength, ensuring the
maximum remain strength after concrete heating.
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CONCLUSTONS

The methods Suggested allow %o cbtain complete (with fali-
ing brarch} diagrammes of deformation and on their basis to
¢btain the valuas of parsmetres of coacrete fracture tough-
nessa,

Gec values sllow %o zstimete the 1ufluermece of various
techrglogical factors an concreta crack regigstancs and +o
Tind the waye of its raizing.
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