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Researches are conducted on the dependence of the strength and rheological characteristics of concretes
on the materials age. Short- and long-term (creep) compression, tension and torsion tests are conducted
on the traditional (concrete, fine concrete) and new composite specimens (steel fiber concrete, basalt
fiber concrete, self-compacting concrete, high strength concretes). Specimens were saved and tested in
a “standard” environment — air relative humidity ¢ =100%, temperatureT =20+ 1°C . In the experi-
ment to =3, 7, 14, 28, 60 and 180-day specimens creep tests were conducted. The dependence of the
mechanical characteristics of the composites on deformation velocity and materials age is studied by
short-term tests on universal machine ,,Instron III5”. Specimens were tested at 5 qualitatively
different velocities. Velocity range includes static load sphere. The examinations defined that the
strength indicators increase proportionally with the materials age; Deformation velocity has minor
effect on the scale of composites, strength, marginal relative deformations, elasticity and shear
modulus (in researched range of deformation velocities). Creep experiments are conducted on test
machines that are proven and widely known. The creep experiment duration (t—to) is 180 days.
Research data defined creep nucleus of various age composites (concrete, fine concrete, steel fiber
concrete, basalt fiber concrete). It is defined that creep nucleus dependence on materials age is well
depicted by a power function. Analytical representation of function is elaborated and the rate of
power for materials is defined. The new type of formulas is elaborated for cement-based composite
compression-tension and shear creep nucleus that considers materials’ age. © 2022 Bull. Georg. Natl.
Acad. Sci.
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Short and long-term tests are conducted on specimens of cement-based composites (concrete, fiber
concrete, steel fiber concrete, basalt fiber concrete, self-contracting concrete, high strength concrete) during
compression, tension and torsion.

Various shape and size specimens were made for tests: Prisms 40x40x40mm for (short-term)
compression tests and for (long-term) creep tests 70x70x280 mm; flat “eight” with 50mm thickness, with
general length of 530mm and working part width of 70mm for tension tests; cylinders with 70mm diameters
and 610mm length for torsion tests.
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Short-term tests are conducted on universal machine ,,Instron 1115 [1].

Creep tests are conducted on 36 special test machines (12 machines on each kind of tests) [1].

Specimens after manufacturing were saved and tested at “standard” terms: air relative humidity
@=100%, temperature T =20+ 1°C. t, =t_ = 28 day specimens are received by default.

Creep tests duration (t—to) was 180 days. Load rates of various age specimens in creep tests were 0.4
(compression) and 0.5 (tension, torsion) corresponding fracture strength.

Short-term tests defined the dependence of the composits’ strength, marginal relative deformations,
shears and elasticity modulus dependence on deformation velocity and materials age [1-6]. Specimens were
tested at 5 qualitatively different velocities. Velocity range includes static load sphere. Dependence of concrete
mechanical characteristics on materials’ age and deformation velocities are given in Table 1. The analysis of
Table 1 defines: strength characteristics increase in proportion with age; deformation velocity has minor effect
on strength, marginal relative deformations and elasticity and shears modulus.

Table 1. Composite’s mechanical characteristics dependence on materials’ age and deformation velocities

Spe;:nenen Deformation Strength Deformation Modulus of elasticity shear
to-gay velocities 1/sec (o11; 612) mpa (e11; £12)-10°® E-10* mpa modulus G-10* mpa
Concrete, compression
28 | 4.2107+42.10° |  38.10+4650 |  1270+1200 | 3.02+3.88
Fine concrete, compression
28 | 42107+4.210% [ 3120+37.00 | 14401390 | 2.48+2.92
Steel fiber concrete, compression
28 | 4.2107+42.10° | 4250+5060 | 1660 +1630 | 2.72+3.24
Concrete, tension
28 2.13-107+2.13-10° 3,50+4.1 130+123 3.20+3.81
60 2.13-107+2.13-10° 3.20+4.30 130+110 3.51+4.15
Fine concrete, tension
28 | 2.13.107+2.13:103 | 2.80+3.55 | 124+120 | 2.45+2.98
Steel fiber concrete, tension
28 2.13-107+2.13-10°% 6.50+8.24 252+246 2.70+3.26
60 2.13:107+2.13-10°¢ 6.40+8.30 250+230 2.76+3.3
Fine concrete, torsion
28 | 056-107-0.56-103 | 3.86+4.55 | 390+373 | 1.03+1.22
Steel fiber concrete, torsion
28 | 056-107-0.56-103 | 9.50+11.6 | 890+860 | 1.13+1.35
Self-compressing concrete, tension
28 [ 2.13.107+2.13-10°3 | 7.40+8.8 | 220+215 | 3.2:3.62
Compression, high strength concrete/basalt fiber concrete
7 4.2-10% 43.8/58.65 - -
28 ” 73.2/78.0 - -
60 » 78.2/85.0 - -
90 ” 86.5/92.0 - ]
120 ” 92.5/103.1 - -
180 ” 101.2 /110.3 - -

Creep experiment include compression, tension and torsion tests [1, 7-9] on specimens of fine concrete,

steel fiber concrete and basalt fiber concrete.
Materials creep nucleus will be defined for each t, age, from composites creep deformations

experimental data. Creep nucleus calculated values are given in Table 2.
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Table 2. Creep nucleus of different age concrete in time
Age, (I,11,)-10° MPA, In Time, t—t, Day
t
Dgy 2 10 20 30 60 120 180
Compression, fine concrete/steel fiber concrete
3 82,1/57,0 | 120,0/77.0 | 136.0/86,0 144.0/91.5 158.0/105.0 172.0/109.0 180.0/114.0
7 62.0/47.0 | 86.0/61.0 93.0/68.0 105.0/71.7 115.0/78.5 127.0/85.2 133.0/89.5
14 | 50.0/42.0 | 71.0/54.2 81.0/60.5 87.0/64.1 96.0/70.5 106.0/75.1 111.0/80.0
28 | 45.3/37.3 | 64.0/49.5 72.0/54.5 78.0/57.5 86.0/63.0 95.0/68.0 100.0/71.5
60 | 38.0/35.3 | 57.0/44.0 64.0/49.0 68.0/52.0 75.0/57.0 82.0/62.0 86.0/65.0
180 | 36.0/31.0 | 47.0/37.0 53.0/41.5 57.0/43.5 63.0/48.0 68.0/52.2 72.0/5417
Tension, fine concrete/steel fiber concrete
3 95.6/63.9 | 125.0/83.0 | 144.0/92.5 154.0/98.0 169.0/108.0 | 183.0/115.0 198.0/121.0
7 65.0/49.1 | 96.0/63/5 | 108.0/70.5 115.0/74.5 128.0/81.0 141.0/87.6 149.0/91.5
14 | 56.7/45.1 | 78.0/58.5 | 88.0/64.5 92.0/67.5 105.0/73.0 117/0/79.0 122.0/82.5
28 | 44/9/37.1 | 66.0/52.0 | 75.0/57.0 82.0/60.0 90.0/69.0 98.0/71.5 104.0/74.0
60 | 42.0/36.9 | 58.0/46.0 | 65.0/50.0 69.0/52.5 77.0/57.0 84.0/61.5 87.5/64.0
180 | 36.8/32.1 | 46.0/38.5 | 540.0/42.5 56.0/45.0 63.0/49.0 70.0/53.5 72.0/56.0
Torsion, fine concrete/steel fiber concrete
3 104.1/68.0 | 146.0/93.5 | 161.0/104.5 172.0/109.0 | 189.0/121.0 207.0/131.5 218.0/138.1
7 74.0/54.0 | 108.0/72.0 | 120.0/79.8 128.0/84.5 140.0/92.0 152.0/100.5 159.0/105.0
14 66.0/48.5 | 93.0/61.1 105.0/71.0 110.0/75.3 120.0/82.0 131.0/89.2 138.0/93.8
28 56.8/42.3 | 80.1/57.0 90.0/64.7 94.9/67.8 105.0/75.0 115.0/81.5 120.0/85.0
60 48.0/39.0 | 68.0/51.0 75.0/56.5 80.0/60.5 98.0/66.0 96.0/71.9 101.0/75.8
180 | 44.1/36.0 | 57.0/44.5 63.0/49.1 67.0/52.6 74.0/56.9 80.0/62.1 84/0/65.0
Torsion, concrete/basalt fiber concrete
3 102.0/70.0 | 143.0/96.3 | 158.0/107/5 | 168.5/112.9 | 185.0/124.6 | 203.0/135.1 213/5/142.2
7 71,5/55.5 | 105.5/74.2 | 117.5/82.2 125.0/87.0 | 137.0/94.7 149.0/103.5 155.5/108/2
14 | 64.0/49.9 | 91.0/66.2 | 103.0/71.1 108.0/77.6 | 118.0/84.5 128.5/91.9 133.0/98.8
28 | 55.5/43.6 | 78.0/58.7 | 88.0/66.6 92.0/69.8 102.5/77.3 113.0/85.0 117.5/87.5
60 | 47.0/40.0 | 66.5/52.,5 | 73.0/58.2 79.0/62.3 86.0/68.0 95.0/74.1 99.1/78.1
180 | 43.0/39.1 | 55.0/45/8 | 60.0/49.1 65.5/54.2 72.5/58.6 78.5/64.0 82.0/66.9

The analysis of Table 2 data defines that during constant moisture content (W = const) and tempera-
ture (T =const) creep nucleus are precisely reflected in formulas [1, 7-9]; given the whole range
(3<t, <180) of materials age:

TI(t,ty) = A(t,ty) + B(t,to)-lgt;to ,
1

t—t
IT, (tty) = Ay (t,ty) + B, (t,t) - 1g ) 2,

@)

@

where II, is the compression-tension creep nucleus; TT is the shear creep nucleus; t—t, is the test
duration; t; is the specimen age at the beginning of test t, =t—t, =2 days.

T(t,t,) and IT,(t,t;) — comparisons during different t, age shows that they are identical for the whole
t—t, period except period t—t, <2..4 days. Therefore in creep nucleus figures arises distinctive time
feature t; and necessity in formulas (1) and (2) logarithmic terms to be considered equal to zero, when
t—t, <t;,inourcase t; =2.

A, A, B, B, constants and their dependence on t, are defined using the least square method based on
table 2 data with formulas (1), (2). Constructing data on a double logarithmic scale g A~ lgt,,... given
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the defined constants, we will be convinced that dependences Ig A~ Igt,,... with good precision are linear.
A, Ap, B, By constants relevant power dependence on t, are calculated in figures:

Ally) = Al.) {tt—} : Blly)- B(tm){t;—ﬂ , ®
0 0
Ap (tO) = Ap (tCT) |:1i[C_T:| ) Bp (tO) = B(tCT) |:ttC_T:| . (4)
0 0

In formulas (3), (4) ¢, and «, are power indicators and are found by using the least square method. In
our case, for concretes o; = a, =0,2, fiber concretes o =, =0,15. By putting (3), (4) in (1) and (2)
we will get new type figures of cement based composites creep nucleus that considers the materials’ age
[8, 91.

Conclusion

Research defined that cement based composites’ strength characteristics during compression, tension and
torsion show that strength characteristics increase proportionally with age; deformation velocity has minor
influence on the scales of strength, marginal relative deformations and elasticity modulus in the researched
range of deformation velocities.

The composite creep tests prove that dependence of creep nucleus on materials age is well reflected by a
power function. Function figure is given and power indicators for materials are defined.

New type of compression-tension and shear creep nucleus figures are elaborated for cement-based
composites that consider the materials’ age:

t—t,

L ®)

H(tlt0)2|:ttc_T:| A(tCT)+|:ttC_T:| Bp(t(:T)Ig

0 0

t—t,
t

Hp(t,t0)=|:ic—(::| 'Ap(tCT)+|:ttc_0T:| Bp(tCT)Ig (6)

Bull. Georg. Natl. Acad. Sci., vol. 16, no. 2, 2022



88 Amiran Sakvarelidze

Asbsersondpmobyeads

393™bgdol LodE30EoLs S MYMEMYOMEOO
3obol0sgdEgdOL 3MI0YIYgds FoLsesms so3BY

5. boggsMgenody

Usgs®o39¢00mb 9976032950 960396boBIA0, bsdgbadarm 3s329eB3IA0, 0980¢robo, bsds®ozgerm

(Fom3m@ygbowos 53509900 9360l 6. beydmdg doge)

259M33gMos 3gEMbgdoL LodGHI0EOLs s MIMEMROMmO FobslosmYBdMgdOl ©sTM30EYd-
@905 obogsms sUs3BY. BoEIMIdIM0s BHMSEOEOYIo (89@MbO, {jI3Mowdstgzwmgsbo dy@Embo)
Q5 b3 (BME5GB0INMIGEMBO, d3BIEER0dOMDYGMBO, 103000899F0EMOMIdIEO d)BH™bOo, 3s-
@0 BodB3oEoL dgEmMbo) 3MmA3mBbo@gdol 6odrmdgdols bsbdm3zmg s babaMmdwogo (3m3350Mds)
290m3900 3490835y, 353003305 S 3Mgbsby. bBsbdmgmg asdmEEgdoom Bs6dsbsby ,Instron II5“
d9lfogeroos 3m33mboEgdol dgdoboz®o dsbslinsmgdergdol sdm3nEdvIMgds  ©IBMMIs-
30900L LoBJsMglis s Fsboeoos ss3By. 6031Igdo 03IdM©S 5 9MBsBYMOLYB bsMolboo k-
1b35390v9000  IBMMI300L LoRJsHGOL M®L. LoBJsMgms ©os35Bmbo 8moEsgl BGo@o3Mm®o
©33306003900L BRIOHML. sEYIBoE0s, GMI LodGzogol TsB39698¢gdo 0BMEYds oliogrgdols
3bs30lL  3OHMIMMEFOYYEE: 3MI3MBoEJOOL LodEBI0E0L, BIIOHIMO BIMPMICMO EIBMOHISF0Y-
30l, ©Mg3500mdol s dzmol dmEvegdoL LooE)by IBMOAS300L LoRJsGMg Lrlid) asgmgbsls
sbgbl. (3m335mdsDY  9du3gM0dgb@gdol bbyMdemogmds oym 180 Eg. 3s8MOEEIdMES
d9¢mbol, §3M0mdst3em3sbo dgEMbol, BMEMSEROdMMIgEMBOL s dBIWEBOIMGMIYEMBOL
600m8gd0. 250Mm330093000 ©5PJB0E0s: FsLoErgdol (3MmE39MBdOL doMMZ3gd0 s Fomo 3By
0530300090 gdol sdLsbggero  bs®olbmd®mogo xvbi30900; 898v98s39dveos 3ma3mboEgdols
3190035-9530030L > IZMOL (3335MBOOL BOM™ZYPOOL 3BoEO Lobol gs3MLsbEYdgd0, HMIE-
303 00035¢00LfjobgdL Aslsewgdol sbs3L.
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