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an efficiency indicator was used, which allows to identify I-beams with the maximum possible elastic section mod-
ulus with a minimum cross-sectional area. It has been found that I-beams of the same height have similar cross-
section efficiency indicators. Changing the height of the I-beam can significantly change the cross-section efficiency.
A shortened assortment of welded I-beams has been formed, the height of which is a multiple of 100 mm, the values
of the elastic section modulus form a geometric progression with a denominator of about 1.05, and the efficiency
indicator of the cross-section are the highest for the accepted elastic section modulus. Cross-sections from the de-
veloped assortment correspond to standard dimensions of sheet metal, conditions of local stability of the web and
compressed flange, other structural and technological requirements and provide the possibility to select cross-sec-
tions of beams with safety margins within 5%.
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PO3PAXYHOK PAMHUX KOHCTPYKIIIN 3 YPAXYBAHHAM ®AKTUYHOI
KOPCTKOCTI BY3JI0BUX 3EEJHAHDb

[puifHATHI MAXig A0 PO3TISIIAHHS BY3JI0BOTO 3’ €IHAHHS €JIEMEHTIB CTaJIeBUX KOHCTPYKIIH K aOCONFOTHO JKOpC-
TKOTO a00 sIK MIapHIPHOTO HE J03BOJIE aJICKBATHO OLIHUTH PO3MOAUICHHS BHYTPINIHIX 3yCHJIb IPH CTATHYHOMY
po3paxyHky. Ha mizcraBi qirounx B YKpaiHu HOPM IPOEKTYBAHHS CTAJIEBUX KOHCTPYKI[IH HEMOXJIMBO HAJaTH Kila-
cHU(}iKaIlifo By3JI0BOr0 3’€THAHHA, a TAKOX OI[IHATH HOTO HeCydy 3IaTHiCTh. [IpoBeneHi JOCTiKEHHS MTOKa3yoTh
HEOOXiJHICTh ypaxyBaHHsI TAaKOTO MapamMeTpa siK MoYaTKoBa 00epTaIbHa XKOPCTKICTD Sjini IIPH aHaji31 po3paxyHKo-
BUX CXEM CTaJICBUX KOHCTPYKIIiH.

KurouoBi ciioBa: nmoyatkoBa 00epTaibHa KOPCTKICTh, BY30JI, KOJIOHA, OajKa.

Beryn. Sk Big3HavaeThes B [ 1-5] Tpaguiiitauii miaxia A0 MpeacTaBIeHHs B PO3PAaXyHKOBIM
CXeMi BY3JIOBOTO 3'€/THAHHS y BUIJISAL MapHipa abo y BUIIISAII )KOPCTKOIO 3'€IHAHHS HE MOXKe
MIPUBECTH JI0 a/IEKBATHUX PE3YJIbTATIB ii cTaTUUHOrO po3paxyHkKiB. Jlitoui B YKpaiHi HOpMHU mpo-
€KTYBaHHsI CTAICBUX KOHCTPYKIIIH [6] HIsIK HE KJIACH(IKYIOTh By3J10BI1 3'€ JTHAHHS CTAJE€BUX KOH-
CTPYKIIii, 1 HE HaJalOTh HISKUX BKa3iBOK BIIHOCHO iX po3paxyHkiB. Hopmu €C3 omnepyroTs
JIBOMA TMOHATTSIMH «BY30J» 1 «3'eqHaHHD». [IOHATTS «BY3071» MICTUTB Y COO1 HE TIJIbKH 30HY 3'€]1-
HaHHS €JIEMEHTIB SIKi CTUKYIOTBCS, ajieé TaKOX 1 MUISHKUA €JIEeMEHTIB, 10 MPHISATAIOTh 10 i€l
30HH. «3'€THaHHS», Y CBOIO 4Yepry, Ii¢ HaOlp KOMIIOHEHTIB, 10 3'€IHYIOTh €JIEMEHTHU SKI HOTO
yTBOPIOIOTh. Y HOopMax €C3 naHi BKa3iBKU 10 BU3HAUYEHHS MTOYATKOBOT KOPCTKOCTI By3Ja Sjini
[8].

MerToro manoi poOoTH OyJi0 BU3HAUEHHS BIUIUBY, SIK CIIOCOOIB MOJICIIOBAHHS, TaK 1 BEJH-
YUHHU TIOYaTKOBOI 00epTaIbHOI )KOPCTKOCTI By3a Sj ini HA PE3yJIbTaTH CTATUYHOTO PO3PAXYHKY
paMHO1 KOHCTPYKIIii. ¥ poOOTI BAKOHAHO CTATUYHMI aHaJli3 paMHOI KOHCTPYKIIIT sIKa MpeicTaB-
neHa Ha puc. 1. Y po6ori [9] Oynu npoBeneHi moaiOHI TOCIIKEHHS, OJTHAK PO3TJIsAaiacs OHO-
MpOJIiTHA pama.
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Puc. 1. Po3paxynkoea cxema pamu

PesyabTaTi gocaixkenb. KOHCTpYKTUBHE PIIIEHHS BY3JI0BOIO 3'€JTHAHHS HA BUCOKOMIII-
HuX 6ontax (6ontu M24 knac 6onti 10.9) cepenHboi KoIoHU 3 OankamMu HaBEJCHO Ha puc. 2.
CraTu4Hul po3paxyHOK paMu 3/111ICHIOBABCS 3 ypaxyBaHHSM BapiaHTIB By3J10BOIO 3'€/THAHHS KO-
JIOHU 3 OajKaMH, IPEACTaBICHUMH Ha pHC. 3.

BinmoBa Bij mocTaHOBKH pedep >KOPCTKOCTI B CTIHII KOJOHU B 30HI IPUMUKaHHS 0ajloK

00YMOBJICHO THM, IIIO 1I€ BeJIe 10 MOJOPOKYaHH KOHCTPYKIIT By3na Ha 15-20% [2].
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Puc. 2. Koncmpykmushe piuienus 8y3106020 3'€0HAHHS

By3on npumukanHsa 6aok 10 KOJIOHH B PO3PaxyHKOBIH cxeMi Moxe OyTH MpeICTaBIeHUH
y BiJIOBITHOCTI IO CX€M, NIPE/ICTABICHUX HAa PUCYHKY 3.

o=

Puc. 3. Mooenrosanusa npumuxanus 6aiox 00 KOIOHU: a — HcopcmKe; O —

WapHIipamu, 8 — i3 mpboMa NPYAHCHUMU UWAPHIDAMU.

i3 060Ma NPYIHCHUMU
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Bu3HaunTy 3Ha4eHHS MOYAaTKOBOI 00€pTaIBbHOI JKOPCTKOCTI MOKHA Ha Mi/ICTaBl po3paxyH-
KiB BY3JIOBOT'O 3'€/THAHHS 3 BUKOPUCTAHHSM ITaKETiB CKIHUEHHOEJIEMEHTHOTO aHAII3Y 3araJbHOTO
npuzHayeHHs [10]. Caix 3a3HauuMTH, 0 BU3HAYEHHS Sjini Y PAMKaX «PY4YHHX» PO3PaxyHKIB €
JIOCUTH TPYJOMICTKUM MPOLECOM, TAKUM K€ TPYAOMICTKHM MPOIIECOM € I CTBOPEHHS PO3paxy-
HKOBHUX MOJIJICi By3/1a B KOMIUIEKCAaX CKIHUCHHOeIeMeHTHOro aHamizy [11-13].

Cepen nporpaMHuX NMPOIYKTIB JUIsl pPO3paxyHKIB OyAiBEIbHUX KOHCTPYKLIN 3acCIIyrOBY€
yBaru npoaykt «IDEASTATICA, sxuii 103BOJIsSI€ pO3paxOBYBaTH BY3JIOBI 3'€THAHHS CTaJICBUX
KOHCTPYKLIH 3 ypaxyBaHHsIM HOpM €C3.

Ob6epranbHa KOPCTKICTH Sjini IPUMHATOTO B pOOOTI BY3JI0BOTO 3'€THAHHS 00UYMCIICHA 3 BU-
kopuctanusM mporpamuoro npoaykry IDEASTATICA (https://www.ideastatica.com/free-trial)
(puc. 4). OGepranbHa KOPCTKICTh y IIbOMY ITPOrpaMHOMY KOMIUIEKCI JIJIsI IBOCTOPOHHIX 3'€ THAHb
BH3HAYAETHCS OKPEMO IS JTIBOT i TIpaBoi yacTuHU 3'eqHaHHsA. OTKe, IpH po3paxyHKax He Oe-
pyThCs 10 yBaru aedopmariii 3cyBy CTIHKU KOJIOHH, sIKI BUHMKAIOTh NP Aii JiBOPYY 1 IpaBopyd
BiJI By3JIa 3TMHAJIBHUX MOMEHTIB OJHAKOBUX 32 HAIMPSIMKOM 111, ajie pi3HUX 3a 3HAUYCHHSM.

Jarpymesme |
3mopa My if

Eapms wsuepems - K5 A2

08

668
4

Z

Lx

-160.393; Maxc srauerme 13344

Puc. 4. Buznauenus Sj ini 3 suxopucmanusam komniaexcy IDEASTATICA

Biamosiguo no [5, 14] mouaTkoBy 00epTanbHy >KOPCTKICTh By3Jia MOKHA BH3HAYHTHU 32
CITPOIIIEHOIO0 METOIMKOI0, OJHAK Yy POOOTI LIel mapamMeTp BU3HAYCHHH BiAMOBIIHO 10 BUMor €C3
[6]. Pe3ynbTaTi po3paxyHKiB i KO)KHOTO KOMITOHEHTA By3Jla HaBEICHO B Ta0uIIi 1.

Tabnuys 1 — Pe3ynomamu po3paxyHKie 00epmanbHoi HcopcmKocmi 8y3.d

‘ HaiimenyBaHHs H KoediuieHT :xopcrrocTi ‘
‘CTiHKa KOJIOHH TIpH 3CYBi H 101=0.98MmMm ( ipu b=1) ‘
‘CTiHKa KOJIOHM IIPU CTUCKY H 102 = 7.45Mm ‘
CriHKa KOJOHH NPU PO3TATY k31=4.85 Mm
k32=4.85 MM
[onka xooHM TTpH 3TUHI Ks1=73mm ||[ExBiBasIeHTHHI KOC(III€HT )KOPCTKOCTI
Ks2=73MMm Keg=5.2 MM
OnopHwuii (raHenp npu 3ruHi Ks1=15.12MMm
k5,2: 11.15mMm
‘CTiHKa Ta 1MoJiKa OaJIKK MPU3THHI HHe BpPaxOBY€ThCS ‘
‘BOJ‘ITI/I IIPU PO3TATY Hk10=1 1.3Mm ‘
‘EKBiBaJIeHTHe Tiede BHYTPILIHBOT Mapy CHII HZeq=278.07 MM ‘
‘HOHaTKOBa obepTasibHa KOPCTKICTh HSj,ini =37223.94 xH*m/pan. ‘
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3HaueHHs 00epTalIbHOI XKOPCTKOCTI Sjini 0OUUCIIEH] 3 BAKOPUCTAHHIM IIPOrPaMHOI0 Ipo-
nykty IDEASTATICA i oTpuMaHi pu pyYHHX pO3paxyHKax MPaKTHYHO 301Tal0ThCs.

CraTuyHMii aHai3 paMHOI KOHCTPYKIII1 3p00JeHHi 3 BUKOPUCTAHHAM HEKOMEPIIiiHOI Be-
pcii nporpamuoro komruiekey JIIPA 2016 (https://www.liraland.ua/lira/2016-free.php). Pe3ysnb-
TaTH PO3pPaxyHKIB 3 BUKOPUCTAHHSAM MPEACTaBICHHS By3Ja 3'€JHAHHS 0aJIOK 3 KOJIOHAMH 3a CXe-
MOI0 3a HaBeJIeH1 Ha puC. 5.

Sarpysemms |
Smopa My Y|

Emusst wsaepesis - ¥H . 15

Z

Lx

Mirzmyanegos seazeane -160.393; Maxcmuansaos wameeme 1844
Puc. 5. Pesynomamu cmamuuno2o po3paxyHkie 6e3 ypaxysants 06epmaibHOL HcOpCmMKOCHi 8Y31ad

Jarpysese |
mopa My -
)

Errnmet msacepess - xHA 82
g h,"':--.._
i

z

Lx

Mimmmeansgos saxverme -160.393; Maxemeanssoe suavesme 13844
Puc. 6. Pezynomamu cmamuuno2o po3paxymKis 3 ypaxy8aHHuAM 00epmanbHOi H#opcmKocmi 8-
3na ( 3a oanumu maobauyi 1)

[Tpu BuzHauenHi Sjini €C3 nponoHye BpaxoByBaTH AeGopmallii 3cyBy AUISTHKHA CTIHKH KO-
JIOHH B MiCIli MPUMHUKaHHS OaJIKH, 3 BUKOPUCTAHHAM KoedilieHTa TpaHchopmarii 3.

Bukinukae iHTepec MpoBeeHHS MOPIBHUIBHUX PO3PAaXyHKiB 3 BAKOPUCTAHHIM Pi3HHX ITiJI-
XO1B J10 BU3HAYEHHS Sjini 1 HACTYTHUI aHaJIi3 OTPUMAaHUX PE3yJbTaTiB.

OCHOBHMM YCKJIaJJHEHHSIM PO3paxyHKIB apaMeTpa Sjini 3 007I1KOM ) KOPCTKOCTI CTIHKH IPU
3CyBI € Te, 1110 BU3HaYeHHA KoedilieHTa TpanchopMmanii B 3A1HCHIOETbCS B X011 1TepallitHOro
nipotiecy (Tadmwmis 1).

JU1s1 CTIpOIIEHHS pO3paxyHKOBUX MPOLIELyp CaME 1 TPOMOHYETHCS CXeMa, MpeJICTaBlIeHa Ha
PHUCYHKY 3B, y sIKi{ MOYaTKOBa 00epTajibHa TBEPAICTb CTIHKHU MPEACTABIEHA Y BUIJISIII OKPEMOTO
HI1apHipa 3 oOMeXeHo0 miagaTauBicTio. O6epTanbHa KOPCTKICTh CTIHKU, IPU NPUHHATUHX PO3-
Mipax By3Jia, CTaHOBUTH: Sjini = 154568 kH*M/pan. Pe3ynbraTu cTaTHyHOTO pO3paxyHKIB HaBe-
JieH1 Ha puc. 7.
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Tabnuys 1. Pesynomamu cmamuyno20 po3paxyHKie 3 ypaxyeanHam Koegiyicnma mpaucgopmayii ff

Homep itepanii

L1 o2 | 3 |
B4 o 73 Jo76 |
B o 42 Joas |
ISj,ini1 (xH*m/pazmit) 48801 39681 |39392 |
l
|

ISjni 2(kH*m/pammii)  [48801 [143049  |42805

M1 (kH*w) 91 87 |87
Mo (kH*m) lis8 154 [154
Sapyene | o
mimpm-ﬂi‘x s e
é l = i
z
T_)x -
Puc. 7. Peéyﬂl;rmcrzrmu bosbaxynkie 3 ypaxysanuam koegiyiecnma mpancgopmayii f .
mﬁzl . -
z
Lx

Murmuanszos seawesme -160.393; Mancmeansgos seavemme 13844

Puc. 8. Pesynbmamu po3paxyHKie 3 GUKOpUCMAHHAM 8apiaHma MOOEeI08AHHS 3a CXeMOIO0 386.

AHaJi3 0OTpUMaHMX Pe3yJabTaTiB. AHaII3 Pe3yabTaTiB 3IHCHEHO Y BUIIIAII Ta0II. 2.

BinMiHHICTD pe3ynbTaTiB ckiasna 6% MpH po3paxyHKax ¢ BUKOPUCTAaHHAM 3HAYEHb Sjini
OTPUMAHHMX TI0 CTIOCO0Y 1Tepalliid, 1 MOJCIIIOBAHHS JIJITHKA CTIHKU MIPY>KHUM IIapHIPOM.

[Tpu BUKOpHUCTaHHI 3HA4Y€Hb Sjini OTPUMAaHUX 3a Jonomororo nporpamu IDEASTATICA
BIJIMIHHICTb pe3yJIbTaTiB epedyBae B Mexax 16%.
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Tabnuys 2 — Iopieuanns pe3ynibmamie po3paxyHKie

Cxema By3J1a 110 puc. 3 0, IpH 3HAYEHHAX || Cxema
M (xkH*y) Cxema By3na|| Cxema By3na 1o koedimienta B ro Ta6u. 1 By31a 110
o puc. 3a ||puc. 3 6, ipu f=1 e 3 B
‘ITepauiﬂ 1 HITepaui;I 2 HITepaui;I 3 pHc.

JliBopyu Bin||193 158 158 154 154 160
By3JIa
[paBopyu Bin|[109 75 91 87 87 82
BY3J1a

10.

11.

BucHoBkM. YpaxyBaHHs [TOYaTKOBOI 00€pTabHOI TBEPAOCTI Sjini JO3BOJISE MIJBUILUTH
AKICTh pO3PaxyHKOBOiI cxemH. B Tol e 4yac ypaxyBaHHs qedopmariil 3cyBy B 30HI CTIHKH KO-
JIOHH Y BUIIAJIKy ABOCTOPOHHBOT'O MPUMHKAHHS 0AJIOK JTOLIIBHO 3/iICHIOBAaTH 3 BUKOPHCTAHHSAM
J0JAaTKOBOTO MPYXKHOTO IIapHipa.
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ASSESSMENT OF THE CARBON FOOTPRINT OF MULTI-STOREY HYBRID
TIMBER-REINFORCED CONCRETE BUILDING

The work is devoted to the study of the effectiveness of the use of multi-storey hybrid buildings with timber structures
in terms of reducing the carbon footprint. Two variants of a 15-storey building with a reinforced concrete frame and
a hybrid frame (columns and beams made of glued wood and a reinforced concrete rigidity core) were considered.
The assessment of the carbon footprint was performed taking into account the requirements of the standard EN
15978, which considers all stages of the life cycle and the possibility of recycling the components and materials after
the demolition of the building. The obtained results confirmed that the use of a hybrid structural system with the
predominant use of load-bearing timber elements reduces carbon emissions in the production of materials and prod-
ucts for the construction of a hybrid building by 3.7 times, in transportation to the construction site - 7.8 times, in
transportation and disposal of construction waste by 10.8 and 6.6 times, respectively. Significant reduction of the
carbon footprint of the considered timber-reinforced concrete buildings proves the feasibility of hybrid systems for
multi-storey construction.

Keywords: carbon footprint, emissions, hybrid building, timber, reinforced concrete.

Introduction. Environmental problems are related not only to the reduction of the use of
non-renewable resources, but also the reduction of emissions, waste and pollutants [1]. The im-
portant indicator for the environmental impact assessment is the carbon footprint, which is ex-
pressed as the carbon dioxide equivalent. The carbon footprint evaluation for a specific construc-
tion project must take into account all emissions that occur not only during the service life. The
possibilities of reuse and/or recycling of components and materials in the future after demolition
of the building should also be considered, as well as, where possible, impacts outside the system
of the construction site.

The assessment of the impacts of the building asset begins before the start of construction
from the stage of planning and procurement, which includes the extraction and transportation of
necessary raw materials, production of materials and products. The stages of construction to the

121


mailto:S_VT@ukr.net

