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1-3 58,8 980,0 78,0 0,85 275
5 2-1 44,3 0,29 44,0 0,85 240
2-2 44,3 65,0 54,5 0,85 250
3 31 29,6 0,425 28,0 0,85 200
3-2 29,6 128,0 36,0 0,85 190
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gbGowo 2
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20 115 0,435 185 0,70 264 1
40 157 0,48 240 0,73 328 1
60 200 0,51 294 0,75 392 1




133

0193'd& 0YI&3560d9
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i=1-k(1-w)* (15)
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Oemas W=0, K=1-io boosg Io -0l 3609369cmdss W=0 ®mb. K 3mg530309630b 3603369mds yzgems
96MobsM30L 89T0300 @S 96 SMOL sTM30EIdMO W-BY. 030 ©FM30©IdM0s Ro-bg.
39390 K(Ro) ©09m30090wegdol 3655303L. 30090990 FOHRBOL 2563 Mmegdss
k = A; — a3R, (16)
00 O30l 3953030963700l 3603369mdgdo  3obLsBWIMgm FMIB0IMEI© ©s 30M39w0
dosbeomgdolsl  dogowgm Az =0,8; az =0,003; ¥g@mbol Lod@zo3ol (95w 3gmo  3bodgbg-
@™d7d0LsmM30L (16) BMMT0Wom JodMm3m3segm 3Mgx50309bEHOL 999gao 9608369wmdgdo Ro=20
335, k=0,70; Ro=4003s, k=0,65; R0=6093s, k=0,6.
bsGobbol o 358396980l LoOOL FobloBPIMOLMZ0L Yo35cMYSGOMIM® (15) FGmMIMws

L50bS3
=i a7)
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3bGowo 3

Ro k lgk w 1—-w | lg(1—w) | igb2-sb | 1—i lg(1-1) a

1 2 3 4 5 6 7 8 9 10

20 0,70 | -0,155 0,5 0,5 -0,3 0,435 0,565 -0,248 0,31
20 0,70 | -0,155 | 0,85 0,15 -0,824 0,70 0,30 0,523 0,44
40 0,65 | -0,187 0,5 0,5 -0,3 0,48 0,52 0,293 0,35
40 0,65 | -0,187 | 0,85 0,15 0,824 0,73 0,27 0,569 0,45
60 0,60 | -0,222 0,5 0,5 0,3 0,51 0,49 0,31 0,31
60 0,60 | -0,222 0,85 0,15 0,824 0,75 0,25 0,60 0,45

(1) 8mbdgool asdm3zerg30l 990pmd 9@S3%Y 2563LsBO3Mgm bodolbol C dsBz969dols
LEHOMIEHMOS S HOEbMdIG030 36033690 MdGdO. MOLMZOLE 9BBO MO MMbo FgdsgbeMdOL
99b3960396¢wo Imbs3gdgdol Logwydzgw by 3539000 o/Re=f(e/eiim) 3M9830390L. (1) doGomso
©59M3000909gd0sb 63LsbLzmmm C.

lgRiO

C = . (20)

Elim

C LOEOEOUL YodMMZEPOL F9IRJOO Fm393E0s bMoEdo 4



134

35520 LO3IG30COL dISMBNL RSISS IL-RIBVMSIN IS I 3R3MBSHAMBOL 353(3352I3S LSIFLIFLISSSCOM ...

3bGowo 4
8905 Ro £ £ 97,
’ Ng@ > 83 S 10° o/ g% 2107 Eiim . €uim ‘" lg 3
Elim
1 58,82 280 0,2 -0,70 50 0,178 -0,75 0,935
0,4 -0,40 100 0,356 -0,45 0,89
0,6 -0,22 150 0,535 -0,272 0,815
0,8 -0,10 200 0,715 -0,146 0,76
1,0 0 280 1 0 | =
2 44,28 245 0,2 -0,70 40 0,163 -0,788 0,89
04 -0,40 80 0,326 -0,487 0,82
0,6 -0,22 120 0,490 -0,31 0,716
0,8 -0,10 170 0,695 -0,158 0,633
1,0 0 245 1 [0 R—
3 29,6 190 0,2 -0,70 25 0,131 -0,883 0,79
04 -0,40 50 0,262 -0,582 0,688
0,6 -0,22 80 0,421 -0,376 0,59
0,8 -0,10 120 0,632 -0,20 0,50
1,0 0 190 1 0o | -
4 20,5 120 0,2 -0,70 11 0,092 -1,036 0,685
0,4 -0,40 23 0,192 -0,717 0,557
0,6 -0,22 43 0,360 -0,444 0,50
0,8 -0,10 67 0,558 -0,253 0,395
1,0 0 120 1 0o | -
3b®owo 4-ol dobgz0m 3539000 c(€/elim) ©oIMIOYOIGOOL Mox03L, GmIgwog oG-

95096l FORqL. dolo obEGHMEgds Bmyswo Loboom d90@gao Labolss:

C=A4__a4

&

Elim

(21)

3098303096300 A, ©s ay 5306 AbGOZ FoMdmoagbgb Ro-ol BmbJsogdl. A,=fi(Ro) a, =

f,(Ro) 53 ©59t30090aqd0l 356Lsbe3molmzgol 33mvemdm 3608369mdgdL: 4, = C (Bmgs &

&im =0) o a, = C: i (HOx9900L @sbOOL 3Mmbob GHobaglo), Eb®. 5-do dmEgdwyeos 59 3M9z0-

30953 900L doEgdero 3bodzbgemdgdo

890500996 mds

&

Ne A @ =L Elim
1 0,98 0,26

2 0,94 0,36

3 0,85 0,41

4 0,80 0,50

gb®owo 5

3b®. 5 09mbs3gdgdol dobgwzom 353900 A, (R0), a, (RO) ©58m30009099eqd0l 4M303900.

900900 456@MEgd58900 BMYso Lobom BsofigMads:

A4 = A5 + asRo

a, = Ag — agRy

39 3Mm95303096¢JO0L IBMLEHJIOL Jobbom Asdm309gbgo 9JL3GM0TIBEH M@0 Jmboiggdgdol

9600369003900, doM0MOEO  JoBEBMEGds s Fom0  Fo93MMBOMPIJWO  ITMIOEIOYGDS.

Lodmermmo dogowgm, Mmd As = 0,72; as = 0,006; Ag = 0,6; ag = 0,0024;
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5060250, d0MHOMSO  IMZ0EIOMYWYdgd0L  H93Mgdolomzol Jogz00qm  Bs53MHMBOMIdIO
536J309%0 99900980 Loboo.
V1 lg28

%
Ry =R [1 — (0,098 — 0,00531g 70)lg70 00"

€1im = (191,174 + 3,513R,)[1 — (0,0023R,) (1 — W)°392]10~5 (22)

&

C=(0,563+0.006R,) — (—0,494 + 0,0024R,)

Elim

300900 ©9M300gd9gdgdoL LoBMLEHOL TgzoLgdOLM30L s Jowswo Lod@zoaol
09GH™MboL d98500996eMdOLIMZOL Fg350050gm 6/R 9du3MH0a96E Mo LoEoYdo (1) MEOIMwom
298mmgwo 360d369wmdgdlL. aoblbgsggds o/R -0l gdudgModgb@ne s mgmGome d60d3-
Barmdgdl ol 3o 3gmeo 9dbdgmodgb@gdol »dg@dgl d90mbz9390d0 o6 50gds@gds 10%-U,
boem oeosbs@ d9@GHMboL d985089bemdol Jobgz00 sberms byamab.

390003597090 ©59M 30070 gdgd0L Lsxrd3zgebBg oAJBowos, MM gOHmbsoGmo 3gd-
3965GMO0LS 5 (H9b0sbmdOl 306-Md9dT0 godysmgdolsls ddodg dg@™bol BLZMHo IBMOT5300
0DMEIYds BgBH™MbOL  3Wsliol  A9OEYdOM. F9MYIML  FHYB0sBMdOL  FgdgoMgdom, GMIgerdos
09406 g0s 09BHMbo, JoLo BLZMEO IBRMMTS300L Lo J30MEIDdS.

50b0d6mo  ©s9M300gdwgdgdol 8bodzbgwmagsbo dggao 9GOl ol, GMI dgGHmbols @
13065093H™bol 9dL3EgsGs300L OHML Fgladegdgeos gobgloBmgmmo Fobslfjsér dmEgdmwo
©9BMMT5300L Fgbodsdolo dsdgs. s0bodbwyeo sIM3Z0IdINEGdgd0 J0Yyz560e0s 00 bBeE0sdEY,
™3 GqLodgdgE0s F9BbMME30g gL 36360930 BsobgobGmM 5TMEIbYIdOOL MgsobsEos. dowy-
00 HIMI0YOEdol Loxrwmdzgunbg dgbodergdgeros gowsfiygl dgdMmbadmeo s9m3sbss-
24963LsBOzOMm Fobslifo® ImEgdyero dsd3zol dglisdsdolo IRMMTSEO0s.

300900 ©odM 300 gd9d0L 3Mad@oldmwo 3603369wmdol ™Mmzsbshobmgdols dobbom
29630bowmom HoEbmdMogo dogswono.

0535@000: Im3gdMos IM935¢LIMMNYWosbo (3M935¢0sMML0sb0) M306589BH™bOL 3mbLE-
Md309. 39GH™bobL 3eabio B30. 3mblEMmmJzool bo3msmo Hmbologsb gsdmfizgmeo 3mddzol goG-
QMBOMO IRMOMT300 39 ©RMTo dd9BIdEMBOL dmMl o6 b 90gds@gdmgl £ = 60 -
1075 8608369 mdsL. 839698cmdol babyMdewogmds T = 30 1. 3590l BSHEMBdO0MO (3960560ds
W =0,70 . 35960 39339M5GHMMs 5 0000. LsFoMms 2563b5BOZMOM™m  dgBHMbol  YsMTo
039993530 07 09030l sL5AZ900 LoWOEY, GMIgEoi FdgbgdErMdOL dMEIMLsmzol Tgglisdsdgds
0060369 o390 IBRMOTSE0SL.

59mblibs: 0 Bogmgumom, GmA dgEH™Mbol 3arsbo 4oblsBgMmwos owgdwo bEebosME o
3060Mmd900L  ©Mmb: t =28 ©og, V =10,25 835/, 05006 dg@mbol Losbas®odm Fobosmmds
(3G0DdMo LodGH3ozg) 99MmMg X3MRBoL BL3OWWOo dEYMIMIMBOLIMZOL (563560080 IBRME-
053090%9) UBH 2.03.01-84-0L msbsbdse B30 3ewsliol 39@mbobomzgol Gmeos 22 83s. bsddmddo
900900 5060836900l Msbsbds 0go Ggqlisdsdgds Ry = 22 835. gobglsbmgtmma (1) gm®dmeol
£9369d0L 36083690 Md5d0 (22) Bm@IMeol Jobgozom

€im = (191,174 + 3,513R,)[1 — (0,0023R,)(1 — W)®392] - 10~5 = 254 - 10~5

&

C=(0,563+0.006R,)) — (—0,494 + 0,0024R,) — = 0,799

Elim
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50 gm®IMsdo
e  60-107°
eim  254-1075 0.236
R}MOINwOol (1) dobgzom
2 = (2) = 023627 = 0,315
Ro €lim
009693 mdol  sLLEOEL  dgB™Mbol  sbs3do t = 30 + 28 = 58 Y, dmEgdmwo  35960L
396056mdol OML W = 0,70 @5 ©s@3060m30L V Lobds®mobols dg@mbol 3sd@ow® R LodBzoagl
3LsD3M30 (22) BMOIMEoL dobgzom. 98 GmOINsdo Ry = 22 335-0 dgbsdsdolo dsd39d0

093™bdo, Omas

2~ 0315
R,

&mwos o =0,315-R; = 0,49 22 = 6,93 33
©5®300m30L bsbg®dwogmds T = 30 - 24 - 3600 = 2,592 - 10° {0
©53300H™M30L Lohdsy
v=2= 20 67410 835/0
T 2592-106
Vo = 0,25 835/§0
|4 2,674-107°
oy =943
(lgtH)" = (1958)%7° = 1,49 lg28 = 1,44

= 1g (1,069 - 1075) = —4,971

(22) gm&HImeosb 4563Lsbwzmmm R-ob Looyg

R, (lgoW 22 1,49

R = . .
V1928 1-(0,0098+ 0,0053-4,971)(—4,971) 1,44

= - = 19,383
1— (0,098 + 0,00531g 70) gy

dmE9dmmo € =60-10"° ©s1533900 ©IRMEI>300l  gLsdsdolo dsdzs dgGH™BBo  FobolsBEZORS

306Md0b

o _%_0315
Ry, R
boo@sbsg 07 = 0,49R = 0,315 - 19,3 = 6,08 83>,
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CONSTRUCTION ENGINEERING

INVESTIGATION OF THE STRESS-STRAIN STATE OF HIGH-
STRENGTH CONCRETE CONSIDERING OPERATIONAL
CONDITIONS

TEMUR TURMANIDZE

e-mail: temur.turmanidze@bsu.edu.ge

Batumi Shota Rustaveli State University

ABSTRACT: The paper evaluates the stress-strain state of high-strength concrete used in monolithic
construction based on experimental-theoretical research, the relationship between stresses and deformations
of concrete has been studied, taking into account its strength, age, curing conditions, and loading rate.
Qualitatively new analytical relationships are proposed, taking into account the main factors operating under
operational conditions.

The results of the conducted experimental-theoretical research have established that the relationships
obtained for high-strength concrete do not differ significantly from the results obtained for conventional
heavy concrete, for lightweight concrete, the attitudes are significantly different. At the same time, the
ultimate deformation of high-strength concrete during hardening under the same temperature and humidity
conditions increases with increasing concrete grade. By reducing the humidity of the environment in which
concrete is curing, the magnitude of the ultimate deformation decreases.

An important result of these studies is that it is possible to assess the quality of the stress-strain state during
the operation of high-strength concrete and reinforced concrete structures and determine the stress
corresponding to a given deformation.

This approach has been brought to the stage where it is possible to implement specific engineering tasks.
Based on the obtained relationship, it is possible to solve the inverse problem - to determine the deformation
corresponding to a given stress.

A numerical example is discussed to illustrate the practical significance of the obtained relationships.

Keywords: high-strength concrete, stresses and deformations, loading rate, concrete age, curing

conditions.
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