Pe3roMeTa Ha npeacTaBeHUTE 32 KOHKYPCA HAYYHH CTaTHH
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The paper presents analysis of the stress changes due to creep in simply supported bridge
timber beams with symmetrical reinforcing bars. For determining the redistribution of
stresses in beam section between wooden and reinforcement with respect to time “t”, one
Volterra integral equation of second kind have been derived on the basis of the theory of the
viscoelastic body. A numerical method for solving is proposed. The application of the method
is explained with the aid of one example.

Cratusita pasriexia M3MEHEHUsTa Ha HalpeXEeHHsITa B MPOCTO MOANpsSHA JAbpPBEHA MOCTOBA
rpefa, CHMETPUYHO yCUJIEHA C apMUPOBBYHH MPBHTH, B PE3yNTaT HAa MBI3EHETO HA IBPBOTO. 3a
onpesesisiHE Ha MPEepaslpeeiCHUETO Ha HANpeXeHUsTa MEeXAYy JIbpPBOTO U apMHUpOBKaTa,
OTYUTANKU BpeMeTo “f”, € W3BEJACHO HHTErpajHO ypaBHeHHUe Ha Boartepa ot BTOpU pof,
U3MOJI3BallKi TEOPUATA HA BUCKOEJIACTUYHOTO TsJ10. Pasrienan e ynciieH MeTo/] 3a pelliaBaHe My.
[IpunoskeHreTo Ha METO/a € UIIOCTPUPAH BBPXY YHCIEH MPUMED.

2. Partov, D. N., Straka, B, Kantchev, V. K.. Investigation of the Stresses in Cross-section of
Wooden Beams with Tension Reinforcement, with Respect to the Rheological Properties
of the Wood. Proceedings of the Balkan Siminar on Rheology, BAS (2001), 162-170.

The paper presents analysis of the stress changes due to creep of the wooden members in
simply supported timber floor beams with tension reinforcement. For determining the
redistribution of stresses in beam section between wooden and tension reinforcement with
respect to time “t”, one Volterra integral equation of second kind have been derived on the
basis of the theory of the viscoelastic body. An analytical method, which makes use of Laplace
transformation for solving these equations, is proposed. The application of the method is
explained with the aid of one example.

Cratusita pasriexia U3MEHEHUSTa Ha HANpEeKEHUATa B JbpBEHATa 4acT Ha MPOCTO MOAIpPSHA
IbpBEHA II0I0BAa Ipella YCWIEHAa C JBYCTPAaHHO pa3MNoOJIOKEHA apMHpPOBKAa, B pE3yiaTaT Ha
II'BJI3EHETO Ha JIBPBOTO. 3a OMNpeleNsiHE Ha MpepasNpelesieHUeTO Ha HANpeXeHUsSTa MEXITy
OBbPBOTO M apMHUpOBKAaTa, OTYMTANKU BpeMeTo ‘77, € M3BEJEHO HMHTErPAJHO YypaBHEHHE Ha
Bonrepa ot BTOpM poj, U3MON3BAaliKM TeOpHsATa Ha BUCKOEIACTUYHOTO TAjO. Pasrineman e
aHAJIMTUYEH MeTo[, u3nos3Bail Jlamiacoa Tpanchopmalys 3a perrasane My. [Ipunoxxenuero Ha
METO/J1a € UIIIOCTPUPAH BbPXY YUCIIEH IPUMED.



3. Partov, D.; Straka, B.; Kantchev, V.; Marinov, l.; Untersuchung von bewehrten

Holztragern unter Berlicksichtigung des Einflusses des Kriechens des Holzes,
Bautechnik, Vol. 80, No 3, 2003, pp 169-173.

Creep behavior of steel reinforced timber beams

The paper presents analysis of the stress changes due to creep of the wooden members in
simply supported timber beams with tension reinforcement. For determining the
redistribution of stresses in beam section between wooden and tension reinforcement with
respect to time “t”, one Volterra integral equation of second kind have been derived on the
basis of the theory of the viscoelastic body. The mathematical model includes one-parameter
creep function of exponential type. An analytical method,which makes use of Laplace
transformation for solving these equations, is proposed. The application of the method is
explained with the aid of one example.

CrartusTa pasriexia U3MEHEHHATAa Ha HAIIPEKEHUATA B IbPBEHATAa 4acT Ha MPOCTO MOAIMPSHA
IOBbPBEHA I'PElla YCUIIEHA C JBYCTPAaHHO PA3IOJ0KEHA apMHUPOBKA, B PE3YNTAT HA ITBI3ECHETO HA
IOBbPBOTO. 3a OIpENesHE Ha IPEPasNpelesICHUETO Ha HAIPEKEHUsATa MEXIy IbpPBOTO H
apMHUpOBKaTa, OTYUTAUKK BpeMETO “7”, € N3BEIeHO UHTETPAJIHO ypaBHEHUE Ha BonTepa ot BTOpH
pOJl, M3MOI3BaKM TEOPHATA HAa BHUCKOEIACTUYHOTO Ts10. MaTreMaTMYeCKMST MOJEN BKIIIOUYBA
enHomapaMeTpuyHa (PyHKIUS Ha IBJI3EHE OT EKCIOHEHIMajeH BHI. PasrienaH e aHamuTHYCH
MeToA, usnonssail JlamnacoBa Tpanchopmanus 3a pemaBane My. IlpunoxeHueTo Ha MeToja e
WJIIOCTPUPAH BbPXY YUCIIEH IIPUMED.

4. Partov, D. ; Kantchev, V. ; Time depended behavior of composed steel — wood beams,
Proceedings of the 20" Czech — Slovak National conference “Steel structures and
Bridges 2003”, Prague , 17-20.09.2003, Czech Republic, pp 355- 360.

The paper presents analysis of the stress changes due to creep of the composed steel-wood
members in simply supported beams. For determining the redistribution of stresses in beam
section between wooden and steel plate with respect to time “t”, a system of two Volterra
integral equation of second kind have been derived on the basis of the theory of the
viscoelastic body. The mathematical model includes one-parameter creep function of
exponential type An analytical method, which makes use of Laplace transformation for
solving these equations, is proposed. The application of the method is explained with the aid
of one example.

CraTtusitTa pasriexja M3MEHEHHUsATAa Ha HANPEeKEHHWATa B IMPOCTO TOANPSHA IbpBEHA Tpena,
HECUMETPUYHO YCHJIEHa C JIUCTOBA CTOMAaHAa, B pe3yJATaT Ha IbJI3€HETO Ha JbPBOTO. 3a
OTIpeNleNITHE Ha Tpepaslpe/eieHHeT0 Ha HaNpeKEeHUsATa MEXIy IbPBOTO W apMHUpPOBKaTa,
OTYMTANKU BpeMeTo “t”, e u3Be/ieHa CUCTeMa UHTEeTPpaJIHU ypaBHEHUs Ha Bonrepa oT BTOpH pof,
W3IONI3BAKA TEOpHATAa HAa BUCKOETACTUYHOTO TsUT0. MaTeMaTHUeCKUST MOJET BKIIIOYBA
elHoMapaMeTpuyHa (PYHKIUS Ha IBJI3EHE OT EKCIOHEHIMajeH BHJ. PasrienaH e aHaIUTHYeH
MeToA, m3non3Bai JlammacoBa TpaHchopmanms 3a pemasane My. [IpruiokeHHeTo Ha MeToza e
WIIOCTPUPAH BbPXY YHCIICH MIPUMED.



5. Partov, D. N., Kantchev, V. K., Straka, B.(2003)“Solution of The Stress Changes in
Reinforced Wood, Regarding Rheology 7, Building Research Journal, Slovenska
Akademia VED, Bratislava, Vol. LI, No 3, 2003, pp 159 — 1609.

The paper presents analysis of the stress changes due to creep of the wooden members in
simply supported timber beams with tension reinforcement. For determining the
redistribution of stresses in beam section between wooden and tension reinforcement with
respect to time “t”, one Volterra integral equation of second kind have been derived on the
basis of the theory of the viscoelastic body. The mathematical model includes one-parameter
and two- parameter creep functions of exponential type. An analytical method, which makes
use of Laplace transformation for solving these equations, is proposed. The application of the
method is explained with the aid of one example.

Cratusita pasriex/ja U3MEHEHUATa Ha HAIPEKEHUITA, B pE3yJITaT Ha MbJI3EHETO HAa IbPBOTO, B
MIPOCTO MOAINPsIHA AbPBEHA I'pella, CAMETPUYHO YCUJIEHA C apMUPOBBYHH MPBTH. 3@ ONpPEACIIIHE
Ha IIpepaspeieICHUETO Ha HAPEKEHUATa MEKIY IbPBOTO U apMUPOBKAaTa, OTYMTAUKH BPEMETO
“t”, e U3BEJEHO MHTETpalHO ypaBHEHHE Ha Boarepa oT BTOpU poj, U3IOJI3BAWKU TEOpUsTA HA
BHUCKOEIACTUYHOTO  Ts10. MaremMaTHuecKUsIT MOJeN  BKIIOYBA  €JHOMAapaMeTpudyHa |
IByMapaMeTpuyHa (pyHKIMS Ha TBI3€HE OT EKCIOHEHLMajeH BuJ. PasrienaH € aHaIUTHYEH
MeTO/I 3a pemaBane My. [IpunoskeHnero Ha MeTo1a € UIIOCTPUPAH BbPXY YUCIIEH IPUMED.

6. Partov, D. N., Kantchev, V.; Contribution to the methods of analysis of composite
steel-wood beams, Proceedings of the 4" European Conference on Steel and
Composite Structures, “Eurosteel 2005, 08-10.06.2005, Maastricht, Belgium, pp 4.3-
99 — 4.3-106.

The paper presents analysis of the stress changes due to creep in statically determinate
reinforced wood beams. Each beam consists of glue-laminated timber-section, acting
compositely with steel rods, or steel-plate; U — profile, symmetrical or unsymmetrical
attached to the upper or lower surface of the beams. The mathematical formulation of this
problem involves the equation of equilibrium, compatibility and constitutive relationship, i. e.
an elastic law for the steel part and an integral-type creep law for the wooden part. For
determining the redistribution of stresses in beam section with respect to time “t”, Volterra
integral equations of second kind have been derived, on the basis of the theory of the
viscoelastic body of Boltzmann-Volterra.

B cratusTa ce u3cinenBa M3MEHEHHUSATAa Ha HANPEKEHUSATA B CTAaTUYECKH OMNPENCIIMMH YCUJIEHU
IbPBEHU NOJIOBU TPEAH, B PE3YyITAT HA IBJI3EHETO HA OIbPBOTO. Beska rpena € u3IbIHEHa Karo
MHOTOCJIOIHA JierieHa KOHCTPYKIIHS, YCHIIEHA ChC CTOMaHEHH MPBHTH, TUCTOBU CTOMAHEHH IIJI0YH,
U mpoduinn, CUMETpUYHO CTPAHUYHO 3aKpENeHH KbM MOBBPXHOCTUTE Ha JbPBEHATa rpeiaa Wiu
HECUMETPUYHO 3aKpereHy KbM JI0JIHATa WM FOpHaTa MOBbPXHOCT Ha Ipejara. 3a onpejessHe Ha
IIpEPaA3NPEACICHUETO HA HANPEKEHUATA MEXAY IBPBOTO M apMHUPOBKATa, OTYUTANKU BPEMETO
“t”, e W3BeleHa CHCTeMa WHTETpaJIHU ypaBHEHHMs Ha Boarepa oT BTOpH poj, HM3IMOI3BAWKH
TEOpUATAa HA BUCKOEJIACTUYHOTO TsAJO0. PasrinenaH € aHaIUTUYEH METOJ 3a DPELIABaHE My.
[IpunoxxeHnero Ha MeTO/1a € UITIIOCTPUPAH BBPXY JBA YUCICHH IPUMEDA.



7. Partov, D. N.; Kantchev, V.; Time depended behaviour of steel-reinforced glue-
laminated timber beams, regarding rheology, Final Conference Proceedings COST —
C12 “ Improvement of Buildings’ Structural Quality by New Technologies, European
cooperation in the field of scientific and technical research, January, 2005, pp 225 —
233.

The paper presents analysis of the stress changes due to creep in statically determinate
reinforced wood beams. Each beam consists of glue-laminated timber o-section, acting
compositely with steel rods, or steel-plate; U — profile, symmetrical or unsymmetrical
attached to the upper or lower surface of the beams. The mathematical formulation of this
problem involves the equation of equilibrium, compatibility and constitutive relationship, i. e.
an elastic law for the steel part and an integral-type creep law for the wooden part. For
determining the redistribution of stresses in beam section with respect to time “t”, Volterra
integral equations of second kind have been derived, on the basis of the theory of the
viscoelastic body of Boltzmann-Volterra. Analytical method, which makes use of Laplace
transformation and numerical method, which makes use of quadrature formulae for solving
these equations, are proposed. The computer programs are realized in environment of a high-
performance language for technical computing MATLAB®. Some relevant examples with the
model proposed are investigated and discussed. In this mathematical model, different creep
functions are assumed and compared by describing of the time depended behavior of the
wood. Finally, this analysis shows the way how to be integrated the advantages of the highly
perfect model of viscoelastic body, describing the creep of wood, and availability of power
software products. The proposed methods give us the possibilities for realistic estimates of the
behavior of the reinforced glue-laminated wood beams, subjected to sustain service load.

CraTusTa pasriexia I3MECHEHHETO Ha HANPEKEHUTA, B PE3yJNITaT Ha TBJI3E€HETO Ha JPBOTO,
B CTaTHYECKH OIPEICTIMMHU YCHIICHU IbPBEHH I'PEIU ChC CTOMAHEHH elleMeHTH. Besika rpena
€ M3ITBJIHEHA KaTO MHOTOCJIOIHA JIETIeHa KOHCTPYKIIHSA, YCHIIEHa ChC CTOMaHEHH MPbHTH,
JMCTOBHU CTOMaHeHH 1104d, U npoduian, CUMETpUYHO CTPAaHUYHO 3aKpENeHN KbM
MOBBPXHOCTUTE HA IbPBEHATA I'Pe/ia WIIM HECUMETPUIHO 3aKPETIEHH KbM JOJIHATA UITH
ropHaTa MOBBbPXHOCT Ha rpefara. Maremaruyeckara (GopMyIMpoOBKa Ha TO3U MpobieM
BKJIIOYBA YpaBHEHHsI HA paBHOBECHUETO, TEOMETPUYHA HENPEKHCHATOCT U KOHCTUTYTHBHH
3aKOHH, T.€. €JJACTUYHUS 3aKOH 32 CTOMaHEHaTa yacT ¥ 3aKOHA 3a ITbJI3€HE B UHTErPajieH BUJ
3a IbpBEHATa yacT. 3a ONpeJelTHe Ha IPEepas3NpeIe/ICHNETO Ha HAlIPEKEHUITa B TPETOBOTO
CeueHHe MEXy AbPBOTO U CTOMAaHATa, OTYUTAMKKN BpEMETO ““t”, IBE MHTErpaTHU YPaBHEHUS
Ha BonTepa ot BTOpH poJl ca U3BEICHH, H3IIOJI3BANKN TEOPHUATA HA BUCKOETACTHYHOTO TSJIO
Ha bonuman-Bontepa. Pasrnenanu ca ananutudeH meron, usnonssai Jlamnacoa
TpaHchOopMaIHst ¥ YUCIIEH METOJT , M3IIOJI3BAIll KBaApAaTypHUTE (POPMYIIH Ha TpaIeuTe.
Kommrorspaute nporpamu ca peanuzupanu B MATLAB cpena. Upes nmpeayioxeHust METoJ1 ca
M3CcIeBaHy MPUMEPH OT MpakTuKata. HampaBeH e cpaBHUTENIEH aHAIH3 Ha MATEMaTHYECKH
MOJIEJIN C pa3IuYHK (PYHKIMU Ha IThJI3€HE, ONUCBAIY BPEMEBOTO MOBEIEHUE Ha IBPBOTO.
Haxpast To3u aHam3 mokas3Ba ITbTS Ha MHTETPUPAaHE Ha IPEIMMCTBATa Ha BUCOKO
e(peKTUBHUTE MOJEIN Ha BUCKOETACTUYHOTO TSUIO, ONMCBAILM ITBJI3E€HETO HA IbPBOTO U
MoIITa Ha COPTYEpPHUTE MPOAYKTH. [IpeanioxkeHnTe MeToIn 1aBaT Bb3MOXKHOCT 3a Mo-peatHa
OLIEHKA Ha MOBEJICHUETO HA YCHJICHH JIETIEHW MHOTOCIIOMHHU bPBEHHU TPEH, OIJI0KEHN Ha
MOCTOSTHEH eKCIIJIOATAIOHEH ITOCTOSIHEH TOBap.



8. Partov, D. N., Kantchev, V.; Integral Equations of Volterra in Analysis of Steel —
Reinforced Glue -laminated Timber Beams, Regarding rheology, Engineering
MECHANICS, Vol. 12, 2005, NO. 2, pp 99-112.

The paper presents analysis of the stress changes due to creep in statically determinate
reinforced wood beams. Each beam consists of glue-laminated timber // - section, acting
compositely with steel rods, or steel-plate; U - profile, symmetrical or unsymmetrical
attached to the upper or lower surface of the beams. The mathematical formulation of this
problem involves the equation of equilibrium, compatibility and constitutive relationship, i. e.
an elastic law for the steel part and an integral-type creep law for the wooden part. For
determining the redistribution of stresses in beam section between wood beam and steel part
with respect to time “t”, Volterra integral equations of the second kind have been derived, on
the basis of the theory of the viscoelastic body of Boltzmann — Volterra. Analytical method,
which makes use of Laplace transformation and numerical method, which makes use of
quadrature formulae for solving these equations, are proposed. The computer programs are
realized in  environment of a high-performance language for technical computing
MATLAB®. Some relevant examples with the model proposed are investigated and discussed.
In this mathematical model, different creep function are assumed and compared by describing
of the time depended behavior of the wood. Finally, this analysis shows the way how to be
integrated the advantages of the highly perfect model of visco-elastic body, describing the
creep of wood, and availability of powerful software products. The proposed methods give us
the possibilities for realistic estimates of the behaviour of the reinforced glue-laminated wood
beams, subjected to sustained service.

Crartusita pas3riexaa U3MEHEHHETO Ha HAMPEKEHHUATA, B PE3YJITAT Ha IIBI3EHETO Ha IbPBOTO,
B CTaTUYECKH OIPEACIIMMH YCUJIEHU IbPBEHU I'PEe/Id ChC CTOMAHEHU eleMeHTH. Besika rpena
€ U3IbJIHEHA KaTO MHOTOCJIOWHA JiereHa KOHCTPYKIIUS, YCHIIEHAa ChC CTOMaHEHHU MPBTH,
JUCTOBU cTOMaHeHH 1uioun, U mpoduim, CHMETpUYHO CTPAaHUYHO 3aKPETeHN KbM
MOBHPXHOCTUTE Ha JbPBEHATA I'PeJla I HECUMETPUYHO 3aKPENEHU KbM JI0JTHATA UITH
ropHaTa MoBBbPXHOCT Ha rpenata. Marematuueckara (popMyIHpoBKa Ha TO3H MPOOIEM
BKJIFOYBA YPaBHEHUS HA PABHOBECUETO, TEOMETPUYUHA HETIPEKHbCHATOCT U KOHCTUTYTUBHU
3aKOHHU, T.€. €JJaCTUYHMS 3aKOH 3a CTOMAaHEHATa YacT U 3aKOHA 3a ITbJI3€HE B MHTETPAJIeH BUJ
3a IbpBEHATA YacT. 3a onpe/ersiHe Ha pepa3npeIe]ICHUETO Ha HAPEKEHUATA B TPEIOBOTO
CEYEeHHE MEXIY AbPBOTO U CTOMAHATa, OTUUTAUKHU BPEMETO “¢”', €JHO UHTETPAIHO
ypaBHEHHUE 3a CUMETPUYHUSA CIydall U CUCTEMa OT JIBE€ MHTETpaIHU ypaBHEeHUs Ha Bonrepa ot
BTOPH POJ 32 HECUMETPUYHMUS ClIydail ca U3BEJIEHHU, U3MOI3BalKU TEOpUsITa HA
BUCKOEJIACTUYHOTO TsJ10 Ha bonuman-BonTepa. Pasrienanu ca aHamuTHYEH METO,
usnon3Bail JlamnacoBa TpanchopMalius U YUCICH METOJ , M3IMOJI3BAIll KBaJIpaTypHUTE
¢dbopmynu Ha Tpanenute. Kommtorspaure nporpamu ca peanusupanu B MATLAB cpena.
Upes npennokeHust METOJ] ca U3CIeABaHU JBa IPUMEPH OT IpakTukaTa. HampaeH e
CpaBHUTEJICH aHAJIN3 HA MATEMAaTHIECKH MOJICIIN C PA3INYHH (PYHKIIUN Ha TIBJI3EHE,
OMUCBAIIU BPEMEBOTO MOBEJIEHNE HA AbpBOTO. Hakpast To3u aHanM3 mokas3Ba IbTs Ha
WHTETPHUPAHE Ha MIPEANUMCTBATA HA BUCOKO €()EKTUBHUTE MOJIEIIM HA BUCKOEIACTUYHOTO TSJIO,
OTMCBAIIY TBJI3EHETO Ha ABPBOTO U MOIITa Ha coPTyepHUTe TPOAYKTU. [IpemnoxenHuTe
METO/M J1aBaT Bh3MOKHOCT 3a TMO-peaiHa OlleHKa Ha MOBEICHUETO Ha YCUIICHHU JICTICHU
MHOT'OCJIOHU AbPBEHU I'PEId, MOAJI0KEHN Ha MOCTOSHEH €KCIUIOATAllMOHEH MOCTOSHEH
TOBap.



9. Partov, D. N.; Kantchev, V.; Applying of Volterra Equations for Analysis of
Composite Steel-Concrete Beams in Buildings with Steel Structures, Proceedings of
the 4" International Conference on “New Trends in Statics and Dynamics of
Buildings, 20-21.10.2005, Bratislava, Slavakia, pp 199 — 202.

The paper presents analysis of the stress changes due to creep in statically determinate
composite steel-concrete beams. The mathematical model involves the equation of
equilibrium, compatibility and constitutive relationship, i. e. an elastic law for the steel part
and an integral-type creep law of Boltzmann-Volterra for the concrete part. For determining
the redistribution of stresses in beam section between concrete plate and steel beam with
respect to time “t”, Volterra integral equations of second kind have been derived, on the basis
of the theory of the viscoelastic body of Arutyunian-Trost-Bazant. Numerical method, which
makes use of quadrature formulae for solving these equations, is proposed. Example with the
model proposed is investigated.. The creep functions, suggested by the “CEB-FIP” models
code 1970 is assumed by describing of the time depended behavior of concrete. Our results
are compared with the corresponding results of Effective modulus method (EMM), Rate of
creep method (RCM), Improved Dischinger method (IDM) and Trost method (TM).

Cratusita n3cieaBa U3BMEHEHUETO Ha HAIPEKEHUETO, B CIEACTBUE I'bJI3EHETO Ha OETOHa, B
CTaTUYECKHU OMpeIeIMMU KOMOMHUPAHU CTOMAaHO-CTOMAaHOOETOHHU Tpeau. MaTtemaTtuyeckaTa
¢dbopMyIHpOBKa Ha TO3M NpOOJIEeM BKIIOYBA YPAaBHEHHS Ha PABHOBECHETO, I'€OMETPHYHA
HEMPEKbCHATOCT U KOHCTUTYTHBHU 3aKOHH, T.€. €JIACTUYHHUSA 3aKOH 3a CTOMaHeHaTa 4yacT U
3aKOHa 3a MbiI3eHe Ha bonnman-Bontepa B uHTerpajgeH BujJ 3a OeTOHHaTa wvacT. 3a
ONnpeJiesiHE Ha NPepa3Npe/eICHUETO HA HANpEKEHUsATa B HAIPEYHOTO CEUYCHHE MEXIY
0eToHa W CTOMaHEHaTa TrpeAa, OTYMTAWKA BpeMeTo ‘17, JIBe HMHTETpalHU YpaBHEHHs Ha
BonaTepa ot BTOpH poa ca W3BEIEHU, U3NOI3BANKN TEOPUATA HA BUCKOEIACTUYHOTO TSUIO Ha
Apytionsin-Tpoct-baxkant. [Ipennoxken e yuciaeH MeTo, U3MOA3BaIll KBaipaTypHu GOpMyITH
Ha TpaleuuTe, 3a pellaBaHe Ha Te3W ypaBHEHUs. llocTpoeHMSAT maremMaTH4ecKH MOJEN €
NPWIOXKEH 3a peEllaBaHE Ha KOHKpeTeH npumep. DYHKIMUTE Ha NbJI3EHE, ONMCBAIlU
BpPEMEBOTO MNoBesieHue Ha O6eroHa ca B3etd oT “CEB-FIP” models code 1970. Hampagen e
CpaBHUTEJICH aHaJIM3 Ha choTBeTHHUTE pe3ynTtaru ot Effective modulus method (EMM), Rate
of creep method (RCM), Improved Dischinger method (IDM) u Trost method (TM).



10. Partov, D. N.; Kantchev, V.; Contribution to the methods of analysis of composite
steel-concrete beams, regarding rheology, Proceedings of the 6" International
Symposium on Steel Bridges 2006”, Prague , 31.05 —03.06. 2006, Czech Republic.

The paper presents analysis of the stress changes due to creep in statically determinate
composite steel-concrete beams. The mathematical model involves the equation of
equilibrium, compatibility and constitutive relationship, i. e. an elastic law for the steel part
and an integral-type creep law of Boltzmann-Volterra for the concrete part. For determining
the redistribution of stresses in beam section between concrete plate and steel beam with
respect to time “t”, Volterra integral equations of second kind have been derived, on the basis
of the theory of the viscoelastic body of Arutyunian-Trost-Bazant. Numerical method, which
makes use of quadrature formulae for solving these equations, is proposed. Example with the
model proposed is investigated. The creep functions, suggested by the “CEB-FIP” models
code 1970 is assumed by describing of the time depended behavior of concrete. Our results
are compared with the corresponding results of Effective modulus method (EMM), Rate of
creep method (RCM), Improved Dischinger method (IDM) and Trost method (TM).

CrarusTa u3clie[lBa U3MCHCHUETO Ha HAIMPEKEHUETO, B CIICJCTBUE IBJI3EHETO HAa OETOHA, B
CTaTHYCCKU OTpeIeTUMHU KOMOMHHpPAaHU CTOMAHEHO-CTOMAaHOOCTOHHHU rpeu.
Matemaruueckata GopMyIupoBKa Ha TO3M MpoOIeM BKIIOUBA YpaBHEHHS HAa PAaBHOBECHETO,
r€OMETPpUYHA HEMPEKbCHATOCT M KOHCTUTYTUBHU 3aKOHM, T.€. €JIACTUYHHUSA 3aKOH 3a
CTOMaHeHaTa 4YacT W 3aKoHa 3a NIwiI3eHe Ha bomiMaH-Bonrepa B wHTErpajseH BuI 3a
OceToHHATa 4YacT. 3a OmIpeAelisiHe Ha IMPepa3NpeeICHUETO Ha HAMPEKCHHUSITA B T'PEJOBOTO
ceueHWe MexIy OeToHa W CTOMaHeHaTa Tpela, OTYUTAWKH BpeMeTo ‘17, MHTerpalHu
ypaBHeHHUs Ha Bonrepa 0T BTOpH poj ca U3BEACHHU, U3MOA3BAKU TeOpHUsTa Ha
BHUCKOEIACTUYHOTO TsJI0 Ha ApyTtioHsH-Tpoct-baxkant. I[lpemnoxeH e dYuclIeH MeETO.,
W3MON3BaIl KBaJApaTypHU (QOpMYIH Ha TparenuTe, 3a pellaBaHe Ha TE3W ypaBHEHUS.
[TocTpoeHHUIT MaTeMaTHYECKH MOJIC] € MPUJIOKEH 3a pellaBaHe Ha KOHKPETEH IpuMep.
OYHKIIMUTE Ha IIBJI3EHE, OMKICBAIIN BPEMEBOTO MOBeIeHNEe Ha OeToHa ca B3eTu oT “CEB-FIP”
models code 1970. HanpaBeH e cpaBHHUTENCH aHAIU3 Ha ChOTBETHUTE pe3ynrtatu ot Effective
modulus method (EMM), Rate of creep method (RCM), Improved Dischinger method (IDM)
and Trost method (TM).



11. Partov, D. N., Kantchev, V, “Integral Equations of Volterra for analysis of steel
reinforced glue — laminated timber beams, regarding Rheology” , Proceedings of the
5" International Conference on “New Trends in Statics and Dynamics of Buildings,
19-20.05.2006, Bratislava, Slovakia, pp 15 — 19.

The paper presents analysis of the stress changes due to creep in statically determinate
reinforced wood beams. Each beam consists of glue-laminated timber t-section, acting
compositely with steel rods, or steel-plate; Y — profile, symmetrical or unsymmetrical
attached to the upper or lower surface of the beams. The mathematical formulation of this
problem involves the equation of equilibrium, compatibility and constitutive relationship, i. e.
an elastic law for the steel part and an integral-type creep law for the wooden part. For
determining the redistribution of stresses in beam section with respect to time “t”, Volterra
integral equations of second kind have been derived, on the basis of the theory of the
viscoelastic body of Boltzmann-Volterra.

B cratusTa ce u3cinenBa M3MEHEHUATA HA HANPEXKEHUSTa B CTATUUECKU ONPEAEIMMHU YCUIICHU
JBPBEHU TOJIOBU I'PENU, B PE3YNITAT HA MBJI3EHETO Ha AbPBOTO. Beska rpefa € u3mbiHeHa Karo
MHOT'OCJIOIHA JienleHa KOHCTPYKIIMS, YCHUIIEHA ChbC CTOMAHEHH NPBTH, JUCTOBU CTOMAHEHU IJI0YH,
U npoduin, CHUMETPUYHO CTPAHUYHO 3aKPENEeHH KbM MOBBPXHOCTUTE Ha AbpPBEHATa Tpela WU
HECUMETPUYHO 3aKpENeHN KbM JI0JIHATa WM FOpHAaTa MOBBPXHOCT HA rpejaTa. 3a onpeaessiHe Ha
Mpepa3NpPeACICHUETO Ha HANPEKECHUITAa MEX]Y AbPBOTO U APMUPOBKATA, OTUUTAUKU BPEMETO
“t”, e u3BeleHa CHCTEMa WHTErpajHM ypaBHEHHUs Ha Bonrepa oT BTOpU PO, M3MOI3BAUKU
TEOpHUsTa Ha BHUCKOEIACTUYHOTO Tsu10. Pasriienan € aHaliuTUYeH METOJ 3a pellaBaHe My.
[IpuioxxeHrero Ha MeTo/1a € UIIIOCTPUPAH BBPXY JBA UUCIEHU IIPUMEpA.

12. Slavchev V., Kantchev, V., “Stress-strain determination in reinforced concrete
sections, according to real stress-strain relations of materials”, Proceedings of the Int.
Conference on Civil Eng. Design and Constr., 14-16 Sept. 2006, Varna, pp 182-188.

B crarusTa e npescraBeHa METOIMKA 32 OIpE/eIIsiHE Ha HAIIPErHaTOTO ChCTOSIHUE Ha
CTOMaHOOETOHHH CEYEHMsI IPU ONUTHU MOJIYy4eHH pabOTHH uarpaMu Ha O€TOHA U
cromanara. Cb3/1ajieH e anroputsbM B cperara Ha MATLAB 3a pemaBane Ha TO3U pooJieM.
Pa3rnenanu ca v yucCiieHU IPUMEPH 3a MO-TOYHO ONPE/ENIIHE HAa HAIPErHATOTO ChCTOSIHUE Ha
CTOMaHOOETOHHUTE CEYEHHUsI OT KOUTO C€ BIIK/A, Ue € BaXKHO Ja Ce MOJI3BaT He
ujeanu3upaHy, a peaHu paboTHU AuarpaMu (Bpb3ka Mexay J1ehopMalliy U HapexKeHUs),
THH KaTo B HAKOM CIIydau Ce MOJydaBaT CEPUO3HU OTKIOHEHHUS.

Method for stress-strain state determination in reinforced concrete sections with
experimentally got stress-strain relations of concrete and steel is presented in this paper.
Software product MATLAB is used for the solution.



13. Partov, D. N., Kantchev, V, “ Numerical analysis of composite beams regarding
rheology, according EUROCODE 4, , Proceedings of the 6™ International Conference
on “New Trends in Statics and Dynamics of Buildings, 18-19.10.2007, Bratislava,
Slovakia, Faculty of Civil Eng., SAS, pp 151 — 154.

The paper presents analysis of the stress changes due to creep in statically determinate
composite steel-concrete beams. The mathematical model involves the equation of
equilibrium, compatibility and constitutive relationship, i. e. an elastic law for the steel part
and an integral-type creep law of Boltzmann-Volterra for the concrete part. For determining
the redistribution of stresses in beam section between concrete plate and steel beam with
respect to time “t”, Volterra integral equations of second kind have been derived, on the basis
of the theory of the viscoelastic body of Arutyunian-Trost-Bazant. Numerical method, which
makes use of quadrature formulae for solving these equations, is proposed. Practical
examples, confirmed by experimental investigations with the proposed method are

considered. The creep functions are suggested by the “CEB-FIP” models code 1990.

CrarusitTa u3ciieBa U3MEHEHUETO HAa HAIMPEKEHUETO, B CIIEJCTBUE IBJI3ECHETO HA OETOHA, B
CTaTUYECKU OMpeIeIMMU KOMOMHUPAHU CTOMAaHO-CTOMaHOOETOHHU Tpean. MaTemaruueckara
dbopMylIMpoBKa Ha TO3W MPOOJIEM BKIIOUBA YpaBHEHHUS HAa PAaBHOBECHUETO, T€OMETPUIHA
HEMPEKbCHATOCT U KOHCTUTYTHBHU 3aKOHH, T.€. €JIACTUYHHUSA 3aKOH 3a CTOMaHeHaTa 4yacT U
3aKOHa 3a MbJ3eHe Ha bonmman-Bonrepa B uwHTerpanseH Buj 3a OeTOHHATa YacT. 3a
OnpeliesiHE Ha NpPEepa3Npe/IeICHUETO HAa HANpPEKEHUsATa B HANPEYHOTO CEUYCHHE MEXIY
O0eToHa W CTOMaHEHaTa Trpeda, OTYMTAWKA BpeMeTo ‘17, JIBe HMHTETpaJHU YpaBHEHHs Ha
BonaTepa ot BropH poa ca W3BEAEHU, U3NOI3BANKN TEOPUATA HA BUCKOEIACTUYHOTO TSUIO Ha
ApyTtionsH-TpocT-baxkant. [IpeayioskeH € 4uciaeH MeTO, U3IMOJ3BAI KBapaTypHU (OpMYIH
Ha TpaleuuTe, 3a pellaBaHe Ha Te3W ypaBHEHUs. [locTpoeHMAT maremMaTH4ecKH MOJEN €
NPUJIOKEH 3a pElIaBaHE Ha KOHKpeTeH mnpumep. DyHKUMUTE HA IIBJI3EHE, ONUCBAIIU
BpPEMEBOTO MOBeeHKe Ha OeToHa ca B3etr ot “CEB-FIP”” models code 1990.



14. Partov, D. N., Kantchev, V.; “Contribution to the methods of analysis of composite
steel-concrete beams, regarding rheology”, Engineering MECHANICS, Engineering
Academy of Czech Republic on behalf of the Association for Engineering Mechanics,
Vol. 14, 2007, No. 5, pp 327-343.

The paper presents analysis of the stress changes due to creep in statically determinate
composite steel-concrete beam. Each beam consists of steel element | — section acting
compositely with concrete plate, attached to the upper surface of the beam. The mathematical
model involves the equation of equilibrium, compatibility and constitutive relationship, i.e. an
elastic law for the steel part and an integral-type creep law of Boltzmann — Volterra for the
concrete part. For determining the redistribution of stresses in beam section between concrete
plate and steel beam with respect to time “t”, system of two independent Volterra integral
equations of the second kind have been derived, on the basis of the theory of the viscoelastic
body of Arutyunian—Trost- Bazant. Numerical method, which makes use of quadrature
formulae for solving these equations, is proposed. The computer programs are realized in
environment of a high-performance language for technical computing MATLAB ®. Some
relevant examples with the model proposed are investigated and discussed. The creep
functions is suggested by the “CEB-FIP” models code 1970. The elastic modulus of concrete
Ec(t) is assumed to be either constant or depend on time ‘t’. Our results are compared with
the corresponding results of Effective modulus method (EMM), Rate of creep method (RCM),
Improved Dischinger method (IDM) and Trost method (TM).

Crartusita n3cineaBa U3BMEHEHUETO Ha HAIPEKEHHUETO, B CIIECJCTBUE I'BJI3EHETO Ha OETOHa, B
CTaTUYECKU OMpeIeIMMU KOMOMHHpPAHU CTOMaHO-CTOMaHOOETOHHU Tpeau. Beska rpema ce
U3IBJIHABA OT CTOMaHEH eneMeHT ¢ 2T HanmpeyHo ceueHue JeicTBallo CbBMECTHO ¢ OETOHHA
ioya 3aKperneHa KbM TOpHAaTa MOBBPXHOCT Ha rpenarta. Maremarnyeckata (hOpMyIHpPOBKa
Ha TO3U IpoOJieM BKJIKOYBA YPABHEHMSI HAa PaBHOBECHETO, FT€OMETPHUYHA HEMPEKbCHATOCT U
KOHCTUTYTHBHU 33aKOHH, T.€. €JJACTUYHUS 3aKOH 32 CTOMAHEHATa 4acT U 3aKOHA 3a IIbJI3EHE Ha
bonuman-Bonrepa B wuHTerpameH Bua 3a  OeToHHaTa 4YacT. 3a ONpENeNsHE Ha
npepasnpeeIeHUeT0O Ha HalpeXeHHsATa B HANpPEYHOTO CEeYeHHe MeXJIy OeToHa u
CTOMaHeHaTa rpeja, OTYMTAlKU BpeMeTo ‘‘¢1”, JBe HE3aBUCHUMH HMHTEIPaIHU YpaBHEHHS Ha
Bonrtepa or BTOpM poA ca M3BEIEHU, U3MOJI3BANKN TEOPHUATA HA BUCKOEIACTUYHOTO TSAJIO HA
ApytionsiH-Tpoct-baxkant. [Ipennoxken e yuciaeH MeTo, U3Moa3Balll KBaapaTypHu GopMyIn
Ha TpamnenuTe, 3a pelllaBaHe Ha Ta3Ku cuctema. KoMIIOTBpHUTE ITpOrpaMu ca pealn3upaHu B
MATLAB cpena. IlocTpoeHusT MareMaTH4eCKH MOJIEN € MPHJIOKEH 3a pelllaBaHe Ha
KOHKpeTeH npumep. OyHKIMUTE Ha IThJI3EHE, ONMCBAIM BPEMEBOTO MOBE/IeHUE Ha OeToHa ca
B3etu oT “CEB-FIP” models code 1970. Enactuunust moayn Ha O6erona Ec(t) e pasrienan
KAaKTO B CIy4yasl KOraToO 3aBUCH OT BpPEMETO ‘7”, Taka W KOraTO € MHBAPUAHTEH CIPSMO HETO.
HampaBen e cpaBHUTENCH aHAM3 HAa ChOTBeTHHUTE pe3ynratu ot Effective modulus method
(EMM), Rate of creep method (RCM), Improved Dischinger method (IDM) and Trost method
(TM).



15. Partov, D. N., Kantchev, V.; “Time-Dependent Analysis of Composite Steel-Concrete
Beams, using Integral Equation of Volterra, according EUROCODE -4 7,
Engineering MECHANICS, Engineering Academy of Czech Republic on behalf of the
Association for Engineering Mechanics, Vol. 16, No. 5, 2009, pp 367-392.

The paper presents analysis of the stress changes due to creep in statically determinate
composite steel-concrete beam. The mathematical model involves the equation of equilibrium,
compatibility and constitutive relationship, i.e. an elastic law for the steel part and an
integral-type creep law of Boltzmann — Volterra for the concrete part. For determining the
redistribution of stresses in beam section between concrete plate and steel beam with respect
to time “t”, Volterra integral equations of the second kind have been derived, on the basis of
the theory of the viscoelastic body of Arutyunian—Trost-Bazant. Numerical method, which
makes use of linear approximation of the singular kernal function in the integral equation is
presented. Example with the model proposed is investigated. The creep functions is suggested
by the “CEB-FIP” models code 1990. The elastic modulus of concrete Ec(t) is assumed to be
constant in time t.

CrarusTa aHaIM3Upa U3MCHEHHSTA Ha HAITPEKCHUITA B CTATUYHO ONPEISIUMHU KOMOUHUPAHU
CTOMaHO — CTOMAHOOCTOHHHU TIpeau. MaTeMaTHYeCKUSIT MOJeNl BKIOYBA YpPAaBHEHUS Ha
paBHOBECHE, TEOMETPUYHA HENPEKHCHATOCT U KOHCTUTYTHBHU 3aKOHH, T.C. CIACTHYHHS 3aKOH
3a CTOMaHCHAaTa 4YacT M 3aKOHa 3a IbJ3CHE B WHTerpaieH Buia Ha bosiuman-Bonrepa 3a
OeToHHaTa YacT. 3a OmIpeleNsHe Ha MpepaslpelelICcHHeT0 Ha HAIPEKCHUSITAa B I'PETOBOTO
ceyeHHe MeXIy OCTOHa M CTOMaHeHara rpeia, OTYMTAWKH BpeMeTo ‘1, IBe HE3aBUCHMHU
MHTErpaJiHA ypaBHEHUs] Ha BonTepa oT BTOpH poj ca M3BEICHH, M3IMOJI3BANKH TEOpHUsTA HA
BUCKOCJIACTHYHOTO TsI0 Ha ApytioHsH-TpocT-bakant. IlpeanoxkeH € YHCICH METOJ,
M3M0JI3BAll JIMHEHHA anpOKCHMAIlMs Ha CUHTYJISIpHATA YacT Ha SAPOTO Ha HWHTErPATHOTO
ypaBHeHue. Pasriienan e mpumep WICTPUpAIL IPeIoKeHus Moiesl. OYHKIUUTE Ha TbI3CHE
ca B3eru ot “CEB-FIP” models code 1990. Enactuunust moayn Ha O6etoHa Ec(t) e pasrienan
KaTO KOHCTAaHTEH BbB BpeMeETO ‘1.



16. Partov, D. N., Kantchev, V.;” Level of Creep sensitivity in Composite Steel-Concrete
beams according to ACI 209R Model, comparison with EUROCODE 4 (CEB MC 90-
99) ”, Engineering MECHANICS, Engineering Academy of Czech Republic on behalf
of the Association for Engineering Mechanics, Vol. 18, No. 2, 2011, pp 1-26

The paper presents analysis of the stress and deflections changes due to creep in statically
determinate composite steel-concrete beam. The mathematical model involves the equation of
equilibrium, compatibility and constitutive relationship, i.e. an elastic law for the steel part
and an integral-type creep law of Boltzmann — Volterra for the concrete part. On the basis of
the theory of the viscoelastic body of Arutyunian-Trost-Bazant for determining the
redistribution of stresses in beam section between concrete plate and steel beam with respect
to time “t”,two independent Volterra integral equations of the second kind have been
derived. Numerical method based on linear approximation of the singular kernal function in
the integral equation is presented. Example with the model proposed is investigated.

The creep functions is suggested by the “ACl 209R-92model. The elastic modulus of concrete
Ec(t) is assumed to be constant in time ‘t’.The obtained results are compared with the results
from the model CEB MC90-99.

CraTtusTta aHaTU3Upa H3MCHCHHSITA HA HAIPEKCHHUSTA B CTATUYHO ONPEACITUMU KOMOUHUPAHH
CTOMaHO — CTOMaHOOETOHHH rpe/iu. MaTeMaTH4eCKHIT MO BKIIFOUBA ypaBHEHUS Ha
paBHOBECHE, TEOMETPUYHA HEMTPEKHCHATOCT M KOHCTUTYTUBHU 3aKOHH, T.€. €JIACTUYHUS 3aKOH
3a CTOMaHEHAaTa 4acT M 3aKOHa 3a ITbJI3¢HE B MHTErpasicH BU Ha bomMan-Bonrepa 3a
OeToHHATa YacT. 3a onpe/eIsIHEe Ha Ipepaspe/Ie]ICHIECTO Ha HAIIPSIKCHUATA B HATIPEYHOTO
ceueHue MexX1y OeTOHa U CTOMaHeHaTa rpeja, OTYMTalKN BpeMeTo “t”, Be He3aBUCUMU
WHTETpaJIHU ypaBHEHUs HAa BonTepa oT BTOpU poj1 ca U3BEACHH, U3IOJI3BAUKHN TEOPUATA HA
BHUCKOEJIACTUYHOTO TsI0 Ha ApyTioHsaH-TpocT-baxanTt. [Ipemioxen e uncineH MeTos,
M3MOJI3BAIIl JIMHEWHA allpOKCUMAIIUSI Ha CUHTYJIIpHATA YacT Ha SAPOTO HAa HHTETPATTHOTO
ypaBHeHue. Pa3riienan e npumep WIrOCTpupall npeioxenust Moaen. yHKIuUnUTe Ha MbI3eHe
ca B3etn ot ,,ACI 209R-92model* . Enactiuunust moayn Ha 0etoHa Ec(t) e pasrienan karo

WHBapUaHTCH BB BpeMeTo “¢”. HampaBeH € CpaBHHUTENICH aHAJIN3 C PE3YJITaTUTE MOTyICHU
o monesia CEB MC90-99.



17. Partov, D. N., Kantchev, V, “ Deflection in Composite Steel-Concrete Beam subject to
Shrinkage of Concrete (according EUROCODE 4)”, , Proceedings of the 8"
International Conference on “New Trends in Statics and Dynamics of Buildings, 21-
22.10.2010, Bratislava, Slovakia, Faculty of Civil Eng., SAS, pp 145 — 148.

The paper presents analysis of the stress changes due to shrinkage of concrete in statically
determinate composite steel-concrete beam. The mathematical model involves the equation of
equilibrium, compatibility and constitutive relationship, i.e. an elastic law for the steel part
and an integral-type creep law of Boltzmann — Volterra for the concrete part. For
determining the redistribution of stresses in beam section between concrete plate and steel
beam with respect to time “t”, Volterra integral equations of the second kind have been
derived on the basis of the theory of the viscoelastic body of Arutyunian—Trost-Bazant.
Numerical method, which make use of linear approximation of the singular kernal function in
the integral equations is presented. Example with the proposed model is investigated.

The both shrinkage and creep functions are suggested by the “CEB-FIB“ models code 1990.
The elastic modulus of concrete Ec(t) is assumed to be constant in time ‘t’.

Cratusra n3ciesBa H3MEHEHUETO Ha HAIIPEKEHUETO, B CIIEACTBUE ChChbXBAHETO Ha OETOHA, B
CTaTUYECKHU ONPEIeIMMU KOMOMHUPAHU CTOMAaHO-CTOMAHOOETOHHU Tpeau. MartemarnyeckaTa
¢dbopMynMpoBKa Ha TO3M HpOOJEeM BKIIOYBA YpPaBHEHHs Ha PaBHOBECHETO, N€OMETPUYHA
HENPEKbCHATOCT U KOHCTUTYTUBHHU 3aKOHH, T.€. €JJAaCTUYHUS 3aKOH 3a CTOMaHEHaTa 4acT U
3aKoHa 3a Mbi3eHe Ha bonuman-Bontepa B uHTerpajieH Buj 3a OeToHHaTa yacT. 3a
olpesie/iiHE Ha MpepasNpeieieHUETO Ha HANPEeKEHUATAa B HAIPEYHOTO CEYEHHE MEXKIY
0eToHa W CTOMaHeHaTa TpeAa, OTYUTAWKM BpeMeTo ‘77, NBe HE3aBUCHMH HWHTETPaHU
ypaBHeHUsT Ha Bonrepa or BTOopu poa ca U3BENCHHW, MW3MIOJA3BAWKM TEOpHsTa Ha
BHUCKOENIACTUYHOTO TAJO0 Ha ApyTioHsH-Tpoct-baxant. IlpemioxkeH e ducieH MeTof,
W3MOM3Ball JMHEHHA almpoKCHUMallus Ha CUHTYJISIpHATa 4yacT Ha SIPOTO Ha MHTETPATHOTO
ypaBHeHUe. [IocTpoeHUAT MaTeMaTUYEeCKH MOJEN € MPUJIOKEH 3a PEIlaBaHE Ha KOHKPETEH
npumep. OyHKIMUTE Ha CbChXBaHE U IIBJI3EHE, ONMKMCBAILM BPEMEBOTO MOBEIEHNE Ha OETOHA
ca B3etu oT “CEB-FIP” models code 1990. Enactuunust monyn Ha GetoHa Ec(t) e pasrienan
KaTo MHBapHUaHTEH BbB BpeMeTo ‘1.



18. Apostolov R., V.Kantchev, D.Dinev, “On Some Peculiarities in theDeformation of
Three-Point Bended Sandwich Beam”, XI'" National Congress on Theoretical and
Applied Mechanics, 2-5 September 2009, Borovets, Bulgaria

This paper presents an investigation on the appearance and the development of the transverse
shear deformations and the cross-sections’ displacements expansion through the thickness in
the case of three-point bended three-layer — “sandwich” — beam. The change of transverse
shear stresses (for level z = 0) along the whole length of the beam is traced. Some
conclusions concerning certain peculiarities of the deformation are presented.

Crartusra H3CJICABA M0ABAaTa U Pa3BUTUCTO HA bITIOBU ):[e(bopMauH 1 Ha CBbp3aHara € TIX
ACIUIaHAKMA Ha HAIIPCYHUTC CCUYCHUS B CTATUYHO HAaTOBapCHA TpHCHOﬁHa rpeaa TUIL

,,CaHI[BI/I‘l”. PaSI‘J'IeI[aHO € U UKBMCHCHHUECTO HA TAaHI'CHIHHUAJIHUTE HAIIPCIKCHUA TXZ 110

IBDKUHA Ha Tpenara 3a HuBo Z = 0. HampaBenu ca u3Boau 3a HIKOM 0COOGHOCTH TIPU
nepopMupaHne Ha 10J00Ha IpeoBa KOHCTPYKLUS

19. Partov, D. N., Kantchev, V, “Numerical analysis of composite STEEL-CONCRETE
SECTION using integral equation of Volterra”, Central European Journal of
Engineering, Vol. 1, No 3, 2011, pp 316-331.

The paper presents analysis of the stress and deflections changes due to creep in statically
determinate composite steel-concrete beam. The mathematical model involves the equation of
equilibrium, compatibility and constitutive relationship, i.e. an elastic law for the steel part
and an integral-type creep law of Boltzmann — Volterra for the concrete part. On the basis of
the theory of the viscoelastic body of Arutyunian-Trost-Bazant for determining the
redistribution of stresses in beam section between concrete plate and steel beam with respect
to time “t”,two independent Volterra integral equations of the second kind have been derived.
Numerical method based on linear approximation of the singular kernal function in the
integral equation is presented. Example with the model proposed is investigated.

The creep functions are suggested by the model CEB MC90-99 and e “ACI 209R-92 model.
The elastic modulus of concrete Ec(t) is assumed to be constant in time ‘t’. The obtained
results from the both models are compared.

Cratusita u3cnenBa M3MEHEHUETO Ha HANPEKEHHETO W IPOBHCBAHMATA, B CIEICTBUE
II'BJI3EHETO Ha OE€TOHA, B CTATUYECKHU ONpeAeTUMU KOMOMHUPAHU CTOMAaHO-CTOMaHOOETOHHU
rpead. MaremaTnueckata (GOpPMYJIHMpPOBKa Ha TO3M HNpoOjIeM BKJIIOYBA YpaBHEHHMsS Ha
PAaBHOBECHETO, N'€OMETPUYHA HENPEKBCHATOCT M KOHCTUTYTUBHHM 3aKOHH, T.C. €JACTUYHUSA
3aKOH 3a CTOMAaHEHAaTa 4acT M 3aKOHa 3a I'bJI3eHe Ha bonman-Bonrepa B HHTErpasneH Buj 3a
OeTOHHATa 4acT. 3a OIpeJelIsHE Ha MpepaslpelelICHUETO Ha HAIPEKEHUSATa B HAIIPEYHOTO
ceyeHre MexJy OeToHa M CTOMaHeHaTa Irpeia, OTYMTAWKU BpeMmero “t”, JBe He3aBUCHUMHU
MHTETpaJIHA YpaBHEHUs Ha BoaTepa oT BTOpM poJ ca M3BEIEHU, M3IOJI3BAMKU TEOpUATa Ha
BHCKOEIIACTUYHOTO Ts0 Ha ApyTtioHsH-Tpoct-baxkant. IlpemyioxkeH € dYHCIEH METO[,
M3MOM3Ball JUHEMHA anpoKCHMAalus Ha CUHTYJIsSIpHaTa 4acT Ha sIPOTO HAa MHTETPATTHOTO
ypaBHeHHe. [IocTpoeHuAT MaTeMaTHYECKH MOJEIN € MPUIIOKEH 3a pellaBaHe Ha KOHKPETEH
npumMep. OYHKIMUTE HA IBI3EHE, OMHMCBAIM BPEMEBOTO MOBEACHHE Ha OETOHA ca B3€TH OT
,CEB MC90-99* u “ACI 209R-92 model”. HampaBeH e cpaBHHTEJIEH aHAIN3 Ha ChOTBETHHUTE
pe3yaTaTH OT JBaTa MOJEIIA.



