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MEXAHIKA TPUBAJINX BIBPAIIITHUX
HEPEMIINEHD ITOBAHEHTPOBO-CTUCHEHOI'O
JAJIIBOBETOHHOTI'O CTEPKHSA

Pestome. Poszensnymo mexawixy mpusanux nepemilyeHv WLAPHIPHO-ONEPMO20 3aNi300emMOHH020
cmepoicHss npu  mpuganii 0ii  gibpayiinoi  (OuHaMIuHOL) NO3008HCHLOI culu, KA OY1a NPUKIAOeHd 3
excyenmpucumemom e0. 3 yacom 8i0 0ii mpuganoi ounamiynoi cunu i 8ibponosyyocmi bemony 8i06y8acmucs
nepeposnodil HanpysiceHb MidDc OemoHOM | apMamypor ma GUHUKAIOMb nepeMiyenHs cmepicHs. 3adauy
8ibponogzyuocmi posg'sizano 3a cnadkosor meopicio cmapinua (CTC). i yvoeo euxopucmosgyganu 08d
Memoou: nepuiuii — memoo bybuosa-Ianvopkina —manozo napamempa — Pyuee-Kymmu, opyeuii — memoo
bybnosa-I'anvopxina — memoo nowamkosux napamempie eibponogzyuocmi (MIIIIBII). Mampuynuii memoo
MIIIIBII npakmuuno 36izca 3 memooom Pynee-Kymmu i pexomeHOyemuvca 01 NOOANbULO20 3ACMOCYBAHHSL.

Knrouoei cnosa: 3anizobemonnuii cmepoicenb, MampuyHuii Memoo, 8ibponogzyuicme.

J. Luchko, S. Slobodyanyuk, A. Buratynskyi

MECHANICS OF PROLONGED VIBRATION SHIFTINGS OF THE
NON-CENTRAL PRESSED REINFORCED ROD

Summary. This paper deals with the mechanics of prolonged-movement of the pendulum hinged
reinforced concrete rod under long-term vibration (dynamic) longitudinal force that was applied with
eccentricity e0. Over time, from the effects of the long-term dynamic power and vibratory displacement of
concrete redistribution of stresses between the concrete and reinforcement take place and displacement of the
rod occurs.

Vibratory displacement problem is solved by hereditary theory of aging (HTA) and for this were used
two ways: first — Bubnov-Galerkin method of the-small parameter Runge-Kutta and the second — the Bubnov-
Galerkin method of initial parameters Vibratory displacement (MIPVD). Matrix method MIPVD practically
coincided with the Runge-Kutta method and is recommended for further use.

The experimental studies of non-central pressed reinforced concrete pillars intersection

100x100x1400 mm, reinforcement 408 mm, concrete class C25/30 at p:P/PE:0,075) Ap:0,0025’

€ =54 mm on vibratory displacement and creeping were also conducted. The basis of theoretical research the
recommended matrix method (MIPVD) and the modified method of initial parameters of creeping (MMIPC)
were chosen, when calculating the HTA and the implementation in the mathematical bag « MathCad)y.

The theory developed by the authors calculate rods and matrix methods MIPVD and MMIPC, which
practically coincide with the experimental data on the racks at static deflection and vibration load (difference
10...17%) and is recommended for further use

These matrix methods (MIPVD and MMIPC) allow getting a theoretical solution at different speeds of
reverse, irreversible and elastic components of vibratory displacement deflection and creeping and consider
taking into consideration all 10 members of the Taylor series of the improved convergence at the computer
implementation in MP «MathCady. In general mechanics of the problem vibratory displacement and creeping
showed that graphics of deflections under dynamic loads more intensively grow and exceed their growth under
static load, and dynamic deflection (vibratory displacement) exceeded the limits of static deflection (creeping) by
60% in average.
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IToctanoBka mnpo6aemun. 3 dacoM Bix Aii TpuBajJoi JUHAMIYHOI CHIH 1
BiOpOITOB3y4OCTI O€TOHY BiJIOYBA€ThCS TIEPEPO3NOALUT HANpPYyXKEeHb MK OeTOHOM i
apMaTypoIo, IO MPHU3BOIUTH [0 MEPeMIiIeHHs CTepXHs y(x,f), a e, y CBOIO Hepry, —

3HayHMX Jedopmaniid. [IpoTe HasSBHICTH MATPUUYHUX METOMIB, SIKI J03BOJISIIOTH OTPUMATH
TEOPETUYHI BHUPIIMIEHHS IPH PI3HUX IIBHIKOCTIX 3BOPOTHOI, HE3BOPOTHOI 1 TPYKHOI
CKJIaJIOBUX JieopMalliii BIOPOMOB3y4OCTi Ta MMOB3YyUOCTi, pO3p00JIeH] HEJJOCKOHAJIO.

AHami3 ocTaHHIX gocaimkeHb i myOaikamiii. Y poGotax [1-5] nHaBeaeHo
MaTeMaTH4Hy MOJIENb 1 JIeTajlbHEe MOSCHEHHs POB'sI3aHHS 337ayi — SIK 3MIHIOIOThCS B 4Yaci f
nepemiimeHHss  (IPOTHH)  TO3aIlleHTPOBO-CTUCHEHOTO  3alli300€TOHHOTO  CTEP)KHS — TpH
noB3y4ocTi 6eToHy. IIpoTe po3paxyHOK CTep:kHIB IpH Aii BIOPOMOB3yUOCTi y AaHUX poOOTax
HE PO3TIISAAETHCS.

Merta poboTm — JOCHi/DKEHHS MEXaHIKM TpUBAIMX BiOpaliiHUX NepeMilleHb
M03aIlEHTPOBO-CTUCHEHOTO 3a/1i300€TOHHOTO CTEPIKHSI.

Buknan marepianay pocaimkens. Po3risiHeMo mapHipHO-onepTuid 3ami300eTOHHUIMA
CTepXKeHb MpW  TpuBajii  mii  BiOpamiiiHOT  (OQUHAMIYHOI)  MO3JOBXKHBOI  CHIU
P(t):P0+APsina)(t—t0), sKa TPUKIAJIEHA 3 €KCHEHTPUCUTETOM ¢,. Po3paxyHKoBa cxema

CTepIKHS HaBeJeHa Ha puc.l. 3 yacom Bija Jii TpUBasiol TWHAMIYHOI CHJIHM 1 BiOPOITOB3YYOCTI
0eTOHy BiIOYBAa€ThCS MEPEPO3NOALT HANPYKEHb MK OETOHOM 1 apMaTypolo H BHHUKAIOThH

nepeMileH s CTepKHs y(x,1) .

P( .

P(t)
o = Y <_ . Ie”. s

P
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Pucynok 1. [To3anieHTpoBO-CTUCHEHHH CTEPKEHB NPH BiOpauifHOMY HaBaHTa)KEHHI

Figure 1. Noncentral-compressed rod with vibration load

3a OCHOBY MPUHMAEMO METOJMKY PO3B's3aHHS ITi€l K 3a7adi mpu moe3ydocTi [1,2]. 3
ypaxyBaHHSM Toro, mo M (x,r)= P(t)[eO + y(x,t)} iN(x,f)==P(t), OCHOBHEe piBHSHHS

TPUBAJIMX BiOpaIifHUX MEepeMillleHb Ma€ BUTIIS
E,IKy' (x,0)+ TP, y(x,1) + TAPy(x,0)sino(t —1,) = —M(1) , (1)

ne M(t)="Te,P(t)+e KP(t)+ HM,; M, =ES,e,(t);a K=B,5,-F,; =5 A; K =WA;
W=A-V1H,=AV -oneparopu BiOpoIOB3y4OCTi.

Teopernuni aociaimkenns. Po3p's3aHo 3amady BiOpPOMOB3YYOCTI 3a CHAJKOBOIO
teopiero crapiaHs (CTC). Jlngd 1mboro BHKOPHCTOBYBAIM JIBA METOJH: TEPIIMA — METOJ
byOnoBa-I"anmbopkina — manoro mapamerpa — Pynre-Kyrtu; npyruit - merox byOnoBa-
lameopkina (MIITIBII).

[lepumii meron. Meton byOnoBa-I'ampopkina OyB Oe3mocepeHbO BUKOPUCTAHUH
JUTSL pO3B'I3aHHS 3a/1a4i BIOPOTIOB3y40CTi, TOOTO 710 piBHSAHHSA (1) Y BUTIISATI
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{[ BT v (x) K + P, 3, (x) I+ APy, (x ) sinw(t—t, )T | F () + M (£)} y, (x)dx =0

O C—y ~
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Y0 =3ofe) FO); p=—7 STV sy B
[ 13 ()9, (x) a
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y,(x)=e, (tgzszn(xx+cos0tx—1};

fi=e,|—-1]|-
COS —
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Iporun f(¢) mpencrapieso chibsignomennam y(£/2, ty=f(t)i f(¢) = f,F (),
ne F(t) — 6e3po3mipHa QyHKIIiS 4acy 3 TOYaTKOBOIO YMOBOIO F(fy)=1.

[lincraBmsroun Bce me B (1.1) 1 BpaxoBylOuUM Yy3arajibHEHI OIepaTopu
BiOporoB3ydocTi [1 (Tab6:1.4.1), 4], 3HaXOUMO PIBHSHHS JUISI TAHAMIYHOI 9acoBO1 (YHKITT
F(t) B onepatopHiii popmi

[(1—x)V+(x—p)A—AAp(r)]F(t)=(1—p)A[l+%sinw(t—t0)} ; @)

ne p()=p+Ap(t); p=P/P,; Ap=AP/ P,; Apt)=Apsino(i-iy).
[lincraBuBIM 3HaYeHHS AU epeHIiaIbHUX onepaTopiB BiOponoB3ydocTi [4]

2 2
(V= d.. +7, d.. d ) s cnaakoBoi Teopii crapinas (CTC),
dr? dt dt
OTPUMAEMO OCHOBHE PIBHSHHS (2) B AW(EpeHITIaT-HOMY BUIJISIL 3 YpaxXyBaHHSIM 3pOCTaHHS

MOJTyJIsl IPY>KHOCTI OETOHY B Yaci

D A=b (1)..+ bl(t)% +a(t)

ky(1)E(1)=0pB,()F (1) + k(1 )F(1)=ApB (1)F(1)+ &b, (1)F(1) = ApB.(1)F (1) =
=b,(1)+ApB.(1) 3)

e
a(r)

sinolt—14),
I-p

k2(1)=:__i+§a(l)a k() =7li__i+4771(t), By(1) =
B(¥)= % [bl (¢)sin a)(t -1t )+ 2ma(t) cos a)(t -1t )] s
-p

B.(1) = 1—1p [bc (¢)sin a)(t 1 ) + wby (t)cos a)(t -1 )— a)za(t) cos a)(t -1y )] s

be()=(Ke=D(y1-73 )7/3(/736_}/3(1_10)

+Kora0ae 7 (y1 - 12)
b
bi(1) = 1[K 01 + a()] + K gyapre 72 + (K, = 2)y303e 73070)
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Jlami  3acTocyeMO METOJ pEryJspHOro (IpSMOTr0) pO3KIaJaHHS 110 MaJoMy
napametpy Adp: F(t)=Fot) + Ap Fit) + Ap2 ) + Ap3F3(t) +..., IKHi KOPOTKO OyJemo
Ha3WBaTH METOJIOM MaJIOro MapameTpa i oTpuMaeMo JudepeHIiaabHi piBHIHHS

mpn 4p° k(OF () +k(OF 0+ b, (0F,0)=b.(0). “
mpudp'  k(O)F )+ k(OF )+ b (OF 1) = B,()F,(0)+ B()F, (1) + B.(O)(F,() 1) Q)
a mami mpu i=2.3...n

by (DE () +k (O () +Eb(0)F, () = By(OE,_ (1) + B(OF, () + B.()F,,(1).  (6)

Tounuii po3B'I30K PIBHAHHS IPU Ap° MOMKITHBHUI TiNEKH 32 YMOBH Y1=Y2=Y3=Y:

Y )_[ﬂ_ B ]ln CotDye™"
. v >~ 710
F () =1+F(0)fe © oo gy .

7Co Dy
f

ne F,(0)= u7/(¢1 +pe K, Ay = 7/u +15(Kgpy +a), Cp= =2, a, Dy =gpze 0,
1-p I-p 1-p
By = {(Kgppse 70 + Koypp +(Ky = Dypze 750).

Hactynumii po3paxyHOK HaOIMKEHHS Mae€ 3HA4yHI MaTeMaTH4Hl TPyIHOII, 1
poO3B's3aTH HOTO B 3aMKHEHOMY BHTJISII HE € MOXIUBAM. ToMy pO3B'SI30K Bi3bMEMO
HaOMKeHuH, y BUTTSAL F(1)=F)(t).

[Totim 3actocyemo Metonr Pyrre-KyTTr 4eTBEpTOTO MOPSIIKY TOUYHOCTI, SIKAW MPSIMO
npomuTHi y MaTemMataaHomy maketi (MII) «MathCad» i 3HaXomkeHHST 9acoBOi (yHKITIT
Fo(t). Buxigni nani, nporpama i po3paxyHKy 1 pe3ylbTaTH po3B’si3aHHs piBHSHHS (1.4)
MeTozioM Pynre-KyTTH nmpesictaBieHi B mpoTOKOJIaX poOOTH IPOTpaMHu.

Ile#t MeTOom MH KOPOTKO Ha3Baiu MeTojaoM byOHoBa-l'anpopkiHa — Maioro
napametpa — Pyrre-KyTTH 1 BiH J103BOJIsSI€ 3HAXOIUTH ITPOTHH 32 (POPMYJIIOFO

JO) =foF(t) = fo Fo(1).

Meton byOHoBa-I"anpopkiHa BUKOPUCTAHUN aHAIOTIUHO.

Jlayii 3acTocyeMO METOJI TOYaTKOBUX IMapameTpiB BiOpomor3ydocti — MIITIBIIL.
[lincraBuBIM 3pa3y B (2) 3HaYEHHSI MAaTPUYHHUX ONEPaATOPIB BiOPOMOB3YyUOCTI ISl CHAIKOBOL
Teopii ctapiHHs [4], OTpUMaEMO PiBHSIHHS IPOTHUHIB Y MAaTPUUHOMY BHUIJISII

FO=1yF = f,[0= 27 +=p)A] 1= p)AL. ®)

Ilpu V' = E — matpuuniit oguauni i A = E + C — MaTpulli BIUIMBY BiOPOIIOB3y4OCTi
[4], 3 piBHsHHES (8) OTPHMAEMO OYATKOBI IApaMeTPH HPOTHHY f(f)= fO.. fO fO....T . 3a numMu

MMOYATKOBUMH TlapamMeTpaMu W psom Teitmopa moginmienoi 30ixHOCTI [1,2] 3HAXOIMMO
MpOruH y Oyab-saKkuit yac 3a GopMyJIoro:

P T L Sl W L s
Ve

y I 2!
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Buxinni marpumi, mporpama Juis po3paxyHKy 1 pe3yJibTaTH pO3B’s3aHHS PIBHSHHS
(8) MIIIIBIT 3 peamzamieto B MII «MathCad» mpeacraBieHi B MpOTOKOJaX pPoOOTH
IPOTpamMH.

Jlpyruit MeTo1 MU KOpOTKO Ha3Baiu MeTojioM byonosa-I"ansopkina — MIIIIBII. Bin
JI03BOJISIE€ 3HAXOUTH IPOTHH 3a GOpMYIIOr0: f(t) = fy F(1).

[IporuHu 1MMH JBOMa He3aJIC)KHUMHU METOJAaMH CIIIBNAIM, a MAaTPUYHHA METO]
MIIIBII npaktuuno 36ircs 3 wmerogoMm Pynre-KyTtm 1 ToMy pekOoMEHAyeTbCs [0
MOJJATTBINIOTO 3aCTOCYBAHHSI.

3a mepmuM METOJO0M YacoBe PIBHSHHS OTpUMaHe Ha OCHOBI mpouexaypu byOHoBa-
lampopkiHa Ta Majoro mapameTpa y BUTIISAII TUTBKH HEpIIOro HaOIMKEeHHs, TOOTO Opaym
f(t)=foF(t)= foFo(r), poss'szano 3a MerogoM Pynre-Kyrtu 3 KoMIT'IOTepHOIO
pearnizamiero B Mmatemarununomy maketi (MII) «MathCady» [3]. 3a apyrum meTtogoM dacoBe
PIBHSIHHS Biipa3y po3B'si3aHO METOJIOM IMOYAaTKOBUX MapaMeTpiB BiOpomos3yuocti (MIITIBIT)
[4] mpu piBHOCTI omepaTopiB V' =E; A=E+C — MaTpuIsIMH BIUIMBY BiOpOTIOB3y4OCTi i Tak
camo peanizoBanuit B MII «MathCady». Pe3ynbratn ix po3B's3anHsi 300paxeHi rpadidHo Ha
puc.2.

Buxinni nmani ¥ piBHSHHS JUIsL po3paxyHKy 3a merojnoMm byOGHoBa-l'anbopkina —
Masioro nmapamerpa — Pyare-Kyrru B MIT «MathCad»:

A=0,11; ¢, =0,5; ¢, =L5; ¢,=0,1; y=0,04; y,=0,04; ,=0,03; y,=0,01;
K,=2;1,=0; t=0, 10..500; p=0,1; a=0,9; Ap=0,00; @ =150; e, =3;

1

fo=er|—7o3
v

COS| —

(2)

1-4 o i
kz(t)zg-a(t)‘i'g; bll(f)EKBo(]/l.¢l+}/2.¢2,e 72 )+(K6_2).73.¢3.e 73+( u);

~1{=0.412; ;Ef_‘_;’; al)za+e,-¢ 0 v=1-/p =0,993;

b=, =73) 7@€ T AK =D+ = 7,) Va0, e TV K a, (D) =k (1),
a(®)=y, k()+C b, (1);, b(1)=4-b.(1);, a,(t)=b,(1);

Given
az(f)'d—zzF(f)Jral(f)'(iF(f))er(f)'F(f)=ao(f)
dt dt
F(0)=1
1-4 it
F'(O)=K«'_'(71'¢1+72'¢2'e )

I-p
F ;= Odesolve (t,500)
noB3 f,-F(500)=1,217, Bosi3 f,-F(500)=2,027.
Buximai jgani # piBHSHHS Ui pO3paxyHKY 3a MeTojoM byOHoBa-lampopkina —
MIIIIBIT B MIT «MathCad»:

0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 0
- n 0 0 0 0 0 0 0 0
wo-non 0 0 0 0 0 00
C =K o —7; 71’4 —7; 712 0 0 0 0 0 0
nwonon mon 0 0 0 00
_71( 715 _714 N _712 N 0 0 0 0
wo-nn -t w0000
-nn n A nt R -n n 000
719 _718 717 _716 715 _}/14 71‘ _712 7 0
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0 0 0 0 0 0 0 0 0 0
(K, -1)7, 0 0 0 0 0 0 0 0 0
(K, -0 (K, -2)n 0 0 0 0 0 0 0 0
(K,-1)r" -(K -3 (K,=3)rn 0 0 0 0 0 o o0

- —-(K, -1 (K,-4)y) -(2K,-6)y/ (x,-4)y° 0 0 0 0 0 0

(KD (4K -S)yt (6K, -10)y" —(4K, -10)7 (K, -5 0 0 0 00
S(K-r (K-6)r (10K, -15)5t (10K, -20)7° (5K, -15)77 (K.-6)r, 0 0 o 0
(K, =D —(6K,=7)r" (15K, -21)° (20K, -35)75* (15K, -35)"  —(6K,-21)7 (K, =7)7, 0 0 0
(K, -Dx" (7K, -8)r)  —(2K,-28)y (35K,-56)y) —(35K,-70)y' (2K,-56)r" —(7K,-28)y7  (K,-8)y 0 0
(K070 ~(8K.-9)7" (28K,-36)7 (6K, ~84)7 (70K, -126)7° —(S0K,-126)y" (28K, -84)° —(8K.-36)% (K,-9)y, 0

0 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 0
-7 0 0 0 0 0 0 0 0
A PR 0 0 0 0 0 0 0
-t 3y 3y} 0 0 0 0 0 0
Cz = K«; Py e 725 5 4 72 ” 2
v Ant o 4y, 2 0 0 0 00
_726 5}/23 _10724 10723 _5712 7> 0 0 0 0
727 _6726 15725 _20724 15713 _6722 7> 0 0 0
A A A A A A A A
v -8yt 28y Sepf 70y, -sept 28y -8y y, O
C=C+C,+C,
-1
E,=[(1=2)-E+(2=p)-(E+O)] (1= p)-(E+C)-¢,
f,-F,(500)=1,186, Bon3 £, -F (500)=1,961
23 T T T T
4
Al
3
13- —
2
/‘_J__.———"—"____'__'__'__'__'__'__'__'__'__'__'__'__'__'__'__'__'_—
1
1 4 .
o
03 —
0 1 | 1 |
0 100 200 300 400 300

t

Pucynok 2. 3poctanns nporuny f (t) 3amexHo Bin t (1o0y) mo CTC: 1, 2 — moB3y4icTs; 3, 4 — BiOPOMIOB3Yy4icTh;
2, 4 —wmeton Byonosa-I"anbopkina —masoro napamerpa-PyHre-Kyrry;

1, 3 — meron byoHoBa-I"ansopkina — MIITIBIT

Figure 2. Growth deflection f (t) depending on t ( day) by HTA: 1, 2 — creeping , 3, 4 — vibratory displacement,
2, 4 — Bubnov-Galerkin method of the-small parameter Runge-Kutta,

1, 3 — the Bubnov-Galerkin method — MIPVD

3 puc.2 Gaunmo, mo rpadikd 3pOCTaHHS AMHAMIYHOTO fo(¢) i cTatmaHOro fom (1)

MIPOTHHY MO3aI[eHTPOBO-CTUCHEHOTO CTEPIKHS, OOUYHCIICH] 3a IBOMa HE3aJIe)KHUMH METOIaMH,
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MPaKTUYHO TOBHICTIO 30irmucs. ['panuyne, HaiOiIbINe 3HAYCHHS JUHAMIYHOTO MPOTHHY
ckano f5(500)=2,027 mm st meroxy Pynre-Kyrru — 4,1 f5(500)=1,961 mm st MITIIBIT
— 3. Jlnsl CTATMYHOrO HPOTHHY TPAHMYHI 3HAYCHHS CKIATH fon(500)=1217 MM — 2, i
fem(500)=1,186 MM — 1 Bigmosimmo. 36ir pesysnbTariB 3 MOMUIKOI 10 3,5% CBiYHTH HpPO
KOPEKTHICTh OTPUMAHUX PO3B'S3KiB.

Takum uymaOM, Marpuuamid Metox MIITIBIT mpakTHdHO 30iraeThes 3 METOJOM
Pynre-KyTTH i pekoMeHIyeThCs IO MOAATBIION0 3aCTOCYBAHHS.

ExcnepuMeHTaNBHI  TOCHIKEHHSI T103allEHTPOBO-CTUCHEHUX — 3aTi300€TOHHHUX
CTiflok Ha BIOpPOMOB3YYiCTh 1 MOB3YYiCTh, 3 SKHUMH JI€TANbHIIIE MOXXHA O3HAMOMHUTHUCS B
mparsx [8,9]. 3a mumum pesyiapTaTamMu OyiIM OOYHCIICHI XapaKTEPHCTUKH HaBaHTaKEHb
MOTIEPEYHOTO nepepizy i nedopmarti 3aI11300€ TOHHOTO CTEepPIKHSI:

A=0.153, p=0.075, Ap=0.0025, ¢, =5.4 MM, V=7\p, @ =0.5, @ =15,
@, =0.1, y=0.041/0i6, y,=0.041/0i6, y,=0.031/0i6, y;=0.011/0i6, K, =2

1

f=e|—r—
0 0 V
COS| —

5

3a OCHOBY TEOPETUUYHUX JIOCTKEHb OYyJI0 B3ATO PEKOMEHJOBAaHUHA MeETO]
MMOYaTKOBHX MapameTpiB BiOpomoszydocti (MIIIIBII) [7] i MMIIIIII [2] mpu po3paxyHKY IO
CTC i 3 peamizauiero B MII «MathCady. ¥ marpuuHiit popmi nporunu Oyiu npeacTaBieHi

—-1{=0,541 mm. )

JO= f,F = [ 1=V +(G-p)A] " (1= p)AT. (10)

Jlari MaTpW4YHI METOIM JO3BOJIIIOTH OTPUMATH TCOPETHYHI DIIIEHHS IMPH Pi3HUX
MIBUJIKOCTSIX 3BOPOTHOI, HE3BOPOTHOT 1 TIPY)KHOI CKJIQOBUX JieopMaltiii BiOpOmoB3ydocTi Ta
MTOB3YYOCTI, a TAKOX BpPaxXyBaTH yCi IeCATh WieHiB psaay Teiropa moimmenoi 30ikH0CTI [2] 1
3HAUTH MPOTHH y OYb-IKHIi Yac 3a POPMYIIO0

/ -y(t=ty) y / -r(t=ty) 92
f(t):fo +ﬁu+(£§+ﬁ)w+
¥ 1! ¥ 2!

PesynbraTu 3icTaBieHHS TEOPETHYHHX i €KCIIEPUMEHTAIBHUX JaHUX 10 TPOTHHY

CTIOK MpH CcTaTMYHOMY Ta JAMHaAMiYHOMY (BiOpalliifHOMY) HaBaHTa)KEHHSX HaBEJCHO Ha
puc.3 (moB3ydicTh) Ta Ha puc.4 (BIOPOMIOB3YUiCTh).
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Pucynok 3. 3poctanns nporuny f (t) y yaci t (100y) Mo3aneHTPOBO-CTUCHEHOTO CTEPIKHS MPU CTATHYHOMY
naantaxenni: | 44 — EKCTIEPUMEHT, 2 s — Te0pist MMIIIII mo CTC (T0B3y4icTh)

Figure 3. Growth deflection f (t) at time t ( day) of non-central-compressed rod under static loading:
R o experiment 2 mes — theory MMIPC by HTA (creeping)
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PucyHok 4. 3poctanns nporuny f(t) y gaci t (1o0y) mo3ameHTpOBO-CTHCHYTOTO CTEPIKHS MPH TUHAMITHOMY
naBantaxenni: | #4F — EKCTIEPUMEHT, 2 s — TeOPist MIIIIBII mo CTC (BiOponoB3y4icTh)

Figure 4. Growth deflection f (t) at time t ( day) of non-central-compressed rod under dynamic loading:
1 experiment 2 me==== theory MIPVD by HTA (vibratory displacement)

AHaii3 pe3ynbTaTiB 3a pUCYHKaMu 3 Ta 4 mokasye, IO TEOPETUYHI PO3B'S3KH
MPOTHHIB CTIMKK 3aJ0BUTLHO 30IraroThCs 3 EKCIECPUMEHTATLHUMHU JIAaHUMHU SK TIpU
CTAaTUYHOMY HaBaHTAXKEHHI, TaK 1 TUHaMiYHOMY. 30ir pe3ysibTaTiB CBIAUUTH PO KOPEKTHICTh
OTPUMAHUX TEOPETHYHHX PO3B'SI3KIB 1 po3poOieHHx MaTpuuHux MetoniB — MIIIIBIT i
MMIIIIII. Takox 3 pucyHKiB OaunMo, IO HaiOibIle 3HAYEHHS AWHAMIYHOTO MPOTHHY
ckrano fo(90)=1,90 mm mis excriepumenty i fo(90)=2,10 mm st eopii mo MITIIBIIL. [l

CTaTUYHOTO IPOTUHY HAiOLIbIN 3HAYeHHS CKIATH fim(90)=1,20 MM i fm(90)=140 mm
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BiJIOBiTHO. 30ir pe3yibTaTiB Teopil 1 ekcrepuMeHTiB 3 noMuiko 10...17% cBiguuTh mpo
3aJIOBIJIBHI OTPHMaHI PO3B'SI3KH.

Takum dYuHOM, po3poOiieHa Teopis PO3paxyHKYy CTEpKHIB 1 MaTpU4HI METOJHU
(MIMIBIT 1 MMIIIIIT) mnpaktudHO 30irar0Thess 3 EKCICPUMEHTAIBHHMH JIAaHUMH 1
PEKOMEHAYIOTHCS [Tl HOJANIBIIOTO 3aCTOCYBaHHSI.

BucnoBku. Jlani marpuani metoau (MIIIIBIT i MMIIIIII) m03BOJISIIOTE OTpUMATH
TEOpPETUYHE PIIIEHHS MPH PI3HUX MBUAKOCTSIX 3BOPOTHOI, HE3BOPOTHOI 1 MPYIKHOT CKIIAJIOBUX
nedopMariiii BiOpoImoB3y4docTi i MOB3YYOCTI, a TaKOXX BpaxyBaTH YCi JCCATh WICHIB Py
Teiinopa nmosinmenoi 301KHOCTI Tpu KoMI'ToTepHil pearnizarii B MII «MathCady.

Po3B'sI3kM  €KCIIEpUMEHTAITLHO-TECTOBUX 3a7a4  BIOPOMOB3YYOCTI 1 IOB3YYOCTi
MoKa3ayu, 1o rpadiky MPOrvHiB MPH AUHAMIYHOMY HaBaHTAXEHHI IHTEHCHBHIIIE 3pOCTAIOTh
1 TepeBHIIyIOTh iX PICT TpH CTaTHYHOMY HABaHTAXXCHHI, a JAWHAMIYHHN TIPOTHH
(BiIOpOIOB3yUiCTh) B MEXIi NMEPEBUINUB CTATUYHUN NPOTUH (TOB3YUiCTh) B CEPEIHHOMY Ha
60%.

Po3pobniena aBropamu Teopist po3paxyHKy cTepkHiB 1 Mmarpuuni metoaun MIITIBII ta
MMIIIIIT mpakTH4gHO 30irafoThCs 3 eKCIepUMEHTATEHUMH JaHUMHU (po30ikHicTh 10...17%) i
PEKOMEHAYIOTHCS [Tl HOJANIBIIOTO 3aCTOCYBaHHSI.

Conclusions. These matrix methods (MIPVD and MMIPC) allow getting a
theoretical solution at different speeds of reverse, irreversible and elastic components of
vibratory displacement deflection and creeping and consider taking into consideration all 10
members of the Taylor series of the improved convergence at the computer implementation in
MP «MathCady.

In general mechanics the problems of vibratory displacement and creeping showed
that graphics of deflections under dynamic loads grows more intensively and exceeds their
growth under static load, and dynamic deflection (vibratory displacement) exceeded the limits
of static deflection (creeping) by an average of 60%.

Theory to calculate rods and matrix methods MIPVD and MMIPC developed by the
authors practically coincides with the experimental data on the racks at static deflection and

vibration load (difference 10...17%) and is recommended for further use.
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