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Pesume: V pady cy amanumuuxu cpauyname u ynopehene epeOHocmu epexmueHe
KpYmocmu Ha casujare u yeubu nemociojHux Mehycnpamuux YHaKpCHO 1amMerupanux
Opsenux nanena gucute 14 ym ycieo kopucroe onmepehersa degunucanoe y Egpoxkooy 1
3a nodose y cmambenum 3epaoama. IIpopauyn egpexmusne Kpymocmu na casujarbe
usepuen je Gamma memooom, K-memooom u Kreuzinger-osom ananozujom.
Ananusupana cy mpu meljycnpamna nawena uOeHMUYHUX BUCUHA AU CA PASTUYUMUM
KomOunayujama Oebsouna namena y YHAKpCHuUM caojesuma. Ilawenu cy Ooyscune 4,5
memapa, wiupune 1 memap. [Jeboune namena y nonpeunom npecexy naueia cy 38,4
ym+2001,9 ym, samum 373 ym+202,5 ymu 5/2,8 ym.

Kayune peuu: ynaxpcro aamenupano 0peo, melycnpamua KoHCmpyKyuja, yeuou

1. VBOJ

Beh romunama moctoju TeXma Jja ce CBOjCTBA JPBETa Ka0 MHXKEHEPCKOT MaTepHjaja
noOoJspllajy, Aa Ce CMamM IHEroBa aHM30TPOIMja M OCTajla HENOXKeJbHa CBOjCTBA.
Pa3zBujajy ce HOBM mpou3BoaM Ha 0a3um JApBeTa a TEPMHUYKOM M XEMHjCKOM
Mo (dUKALMjOM Memajy ce GU3MIKO-MEXaHHUKE KapaKTEPUCTHKE JIPBETa.

3axBaspyjyhu 60JpeM NIO3HABAKY JIPBETA KA0 MaTEepHjalia, IPUMEHH CABPEMEHUX IPBEHUX
KOHCTPYKIIMja M YHOTPeOOM KBaJIMTETHHX CIIOJHHX CpEJICTaBa JPBO CE CBE BHIIC
MpUMeEmbYje Y U3TPaambi MOICPHUX apXHUTEKTOHCKHX rpaljeBuHa (CHOpTCKHX objekarta,
CcTaMOGHHX 3rpaja, MOCTOBA...). KOHCTPYKTHBHM €IIEMEHTH CaBPEMEHHUX JAPBEHUX
KOHCTpYKIIMja 0a3upaHu Cy MPBEHCTBEHO HAa CaBPEMEHHMM IPOU3BOJMMA OJI JIPBETA Kao
LITO CY JISTUbEHO JIAMEIHUPAHO JPBO M YHAKPCHO JIAMEUPAHO JIPBO.
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2. YHAKPCHO JAMEJINPAHO JPBO

VaakpcrHo gamenupano npso (CLT - cross-laminated timber) je monepan mpousson,
BUCOKE TEXHOJIOTHj€ KOjH je 3HauajHo yHamnpeano ¢pusuuke ocoduHe myHor npeeta. CLT
ce MPOU3BOAM OJ] OCYIIEHHUX JPBEHHX eJIeMeHaTa — JlaMela NojeHaKe IHUPHHE, KOjuMa
Cy VKJIOHCHH HEIocTaly (YBOPOBH, CMOJIa, WTH.). M3IBajarbeM THUX HEIOCTaTaka H
CJIOjeBUTHM, YHAKPCHUM JIeIUBeEHEeM, n00Hja ce Marephjal KOju WMa MeXaHHYKe
KapaKTEePUCTHKE yjeIHAYCHHje O MEXaHWYKHX KapaKTepHCTHKAa MOHOJHTHOT IpBETa,
Crmka 1.

Cnuka 1. Ynaxpcno namenupan opeenu nauen

VY cBery, CLT koHCTpyKuMje IOXHBele Cy BEJIMKH ycnoH u3 cienehux pasinora:
HeynopeanBo cy uBpinhe U uMajy 60sbe HU3HIKO-MEXaHUUKE KapaKTEPUCTHKE y OJHOCY
Ha MOHOJIUTHO JIPBO, HEMa]y CKJIOHOCT Ka YBHUjamy, a 110jaBa HalyKJIMHA je CBe/IeHa Ha
MHUHUMYM, UMa]y BEJIMKY HO)KapHY OTHOPHOCT M BUCOKY OTIIOPHOCT Ha 3eMJbOTpEC.
VYnorpebom CLT-a cmamyje ce BpeMe U3rpaibe jep ce IPBEHH eIIEMEHTH HCIIOPYUyjy Kao
npedabpuKkoBaHK 3UIOBY WU MOJIYJIH, KOjU C€ 3aTUM OpP30 MOHTHPA]y Ha TPAJMIHIITY.
Takohe, npBo je ,,cyB“ rpaljeBUHCKH MaTepujal, leMy He Tpeba BpeMe J1a Ce OCYIIH KIIH
OYBPCHE, Kao MITO je ciIy4aj ca OeToHoM min 3unoBuMa of oreke. CLT kopuctu MexkaHO
IIPBO Koje pacTe Op30 ¥ MMa ra y H300MIbY, MPBEHCTBEHO jeIIy U CMPUY.

YHaKpCHO cliarame JpBeTa MpyxKa CTaOUIHOCT a MaHeIH CY JIOBOJBHO jaKH Ja C& KOPHUCTE
KOHCTPYKTUBHO, 0e3 moTpede 3a ojadyameM KOHCTPYKIIHje OMeKoM mii 6etoHoM, Crnrka
2.

Cnuka 2. CLT xoncmpyxyuja wixone y Hopeuuy VK
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Exomomku, TpBo je OOHOBJFMB H3BOP CHPOBHHE, IITO j& BEIMKA IIPEIHOCT, KA0 U TO IITO
y TOKYy pacta Be3yje BeIHMKE KOJMYMHE YIJbeH-IMOKCHIA. 3a IPOH3BOIBY
KOHCTPYKTUBHHMX €JIeMeHaTa O] JpBeTa IMOTpPeOHO je Mame EHEepruje y OJHOCY Ha
NOTpeOHY EHEeprujy 3a MPOU3BO/IbY €JIeMeHaTa o/ 0eTOHa, YesuKa U alryMuHujyma. J{pBo
j& ¥ MHOTO 00JbH M30JIaTOpP U TO 5 myTa 00sbH 071 OeToHa 1 4ak 350 myTa 60JbM HETO MITO
j€ TO YeJHK.

3. AHAJIMTUYKHU NTPOPAYYH KPYTOCTHU U YI'UBA

IIpomsBohaun CLT mnanmema y EBpomm Hemajy jeOMHCTBEHH AHAIWTHYKH TIPHCTYII
NPWINKOM JHMMeH3uoHncama eneMmeHara CLT koHcTpykuumja. 3a JUMEH3HOHHCAmE
MmelycnparHux 1 KpoBHUX KoHCTpykiuja o CLT manena Hajuenthe ce kopucre, [1] [2]:
Gamma wmeton (Eepokox 5), K-merom (Teopuja xommosura) u Kreuzinger—osa
aHajoruja.

3.1. Gamma merox

Gamma wmetox 3acHoBaH je Ha Anekcy b EBpokoma 5 (EN 1995-1-1:2004) [3] koju je
pa3BHjeH 3a rpeHe Hocade CI0XKEHOT MOMPEYHOT IpeceKa CI0jeHe MEXaHHIKUM CTIIOjHUM
CpENCTBEMA KPYTOCTH K, MOCTaBJbeHMM Ha je[HAKUM pactojatbuMa S. IIpuiukom
npopauyna CLT naHena y3umajy ce y 003up camo Moy’KHe Jamelie Tj JlaMelie y MpaBily
nenoBama onrtepehema. OHe ce MOAeNHMpajy Kao TPEIHH HOCAYM KOjH Cy IOBE3aHHU
,AMarnHapHUM'* MEXaHMYKAM CIIOjHIM CpPEICTBHMA YHja jeé KPYTOCT jeqHaKa MOIYITy
CMHIaba YIPAaBHO Ha BJIAKHAa IIONpeYHHX Jiamesa. CMHULAme MNOAYKHHX Jamesa
3aHEMapyje ce aKo je OAHOC pacloHa i BUcuHe jJamene > 30.

OBaj MeToJ IpopadyHa MPHKIAAAH je 3a CI000JHO OCIomeHe MelycrpaTHe W KpOBHE
CLT mnanene ca 3 win 5 namena, Ciuka 3.

b1 (1) CIIOJHO CPENICTBO
A,l,E ; 3 ¥ 05k
v lp &g — !’/ | i h, N T R i
05h, |
_.ﬂé _________________
05h, - | a

{2) cnojuo cpenctBo

Cnuxa 3. Mooen CLT nanena ca 5 namena [3]
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EdexTrBHA KpYTOCT Ha cCaBHjambe padyHa ce IpemMa u3pasy

3

(El)y :Z(Ei|i+7iEi'Aﬁai2) @

i=1

rae cy cumbonn neduancanu Ha Crumy 3, a )/ MpeacTaBiba Mepy epUKAaCHOCTH Be3€ U
nma Bpearoct o 0 1o 1. Kag Hema criojHOT cpencta y Be3u y =0 a KOZ MOTITYHO KpyTe
Bese (nmotmyHor crpe3awa) ¥ =1. Kog CLT nanena y =0,85+0,99.

VY EBpoxony 5 ¥ je nedunHncana xao

72 =1

s =| 14 T EiAS 7 @)
' K12

3ai=1ui=3.

V3umajyhu y 003up na je KpyTOCT ,,AMarMHapHHUX' MEXaHMYKHX CIIOJHUX CpEACTaBa
jeaHaKa MOJyJly CMHLIakha YIIPAaBHO Ha BIIAaKHA NONPEYHHX JIaMerna

- G:‘. : ®)
rae je b mmpuna nanena (o0uuno 1 M)

h. BHCHHa mOTpeuHe Tamene

Gr Momyn cMHIIamka YIIPaBHO HA BIIAKHA MOTIPEYHMX JIaMera
3a CLT nmanene nobuja ce aa je
72 =1

7’ EiA ﬁ. B
e A @
3ai=1lui=3.

Yrub Ha cpenuHM pacloHa MaHeNa ycjel jeTHaKOIOJeJFeHOT JHHHUjCKOT omnrepehema
Koje nenyje nyx pacrnona L, Moxe ce cpauyHatu nomohy jeaHadynne

4
_5 )
384 (EI )ef
raeje jeIHAKOMOAEIHEHO TMHMjCKO onTepeherme
L pacIioH maHesja

(El ); ebexruBHa KpyTOCT Nanena

3.2. K -meroa (Blass&Fellmoser)

[MpuHnmn npopavyHa civyaH je npopadyHy nepruioda. EQexTrBHe BpeHOCTH HaroHa
U KpyTOoCcTH f100ujajy ce momohy koedurmjenara k;, Tabena 1.
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Tabena 1. Ehexmusne epeonocmu nanona u kpymocmu CLT nanena [4]

Onrepeheme | [Mpagary BiakaHa

| EdexTuBHN HanoH

| EdexrtuBHa KpyTOCT

Onrepeheme HOpMaITHO Ha paBaH IaHea

CaBujame [Tapanenno BrakHuMa

fm,o,ef = fm,O' k1

Em,o,ef = Eo-k1

VYpaBHO Ha BlakHa

fmooef= fmo-k2-am/ am-2

Em,90.ef = Eo-k2

Onrepehese y paBHU MaHena

CaBujame TapanesHo BIaKHEMA fm,0.ef = fmo k3 Em,o,ef= Eo-ks
VnpaBHo Ha BIakHa fmg0,ef = fmo -Ka Emgo.ef= Eo-ka

3aresame [MapasenHo BIaKHUMA froef = fio0 -ka Eto.ef= Eo-ks
VnpaBHO Ha BIaKHA fo0.ef = fro-ka Et90ef= Eo-ka

ITpurucak TapanenHo BIakHHMA feoer= feo-ks Ecoef = Eo-ks

YHpaBHO Ha BJIaKHa

fe00.ef = fc0-ka

Ec,90,ef= Eo-ka

Koedunujenru k; nedunucanu cy y 3aBucHoctu ox onrepehema, Taberna 2.

Tabena 2. Bpeonocmu xoegpuyujenama k; [4]1[5]

Ontepeheme

K, =1—(1—
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[MpunnkoM mpopadyHa OBOM METOJIOM KPYTOCT CBHX Jiamelna ce y3uma y o03up. Moy
€JIaCTUIHOCTH IIOTIPEYHUX JIaMEJIa padyHa C€ Kao

Haunn onpehmBama pactojarba & CLT manmena ca 5 mamena (M =05) mpukaszaH je Ha
Crunu 4.

—

AN S e

EER e e L e

Um

U2
[1E¥
o

Cnuxa 4. CLT nanen ca 5 namena [5)

EdexruBHa kpyTocT Ha caBujame oJ ontepeherma ynpaBHO Ha paBaH IaHena je:
- TapaleiHo BIAKHHMa

b-aj
(EN),, =Epmom i (7)

- YIIpaBHO HA BJIaKHaA

b-ad
(El)ef =By 12 ks @)
rae b npencrassba mmpuHy naxena onrepeheHor ynpasHo Ha CBOjy paBaH.

Yrub Ha cpenuHHM pacloHa MaHeNa ycjel jeTHaKOIOJeJFeHOT JHHHUjCKOT omnrepehema
Koje Jieryje ayx pacrnona L cpadyHaBa ce o jexHauunu (5).

3.3. Kreuzinger—oBa aHajnoruja

Kreuzinger npu npopauyHy y3uMa pasjiiuyiTe MOJyJIe eaCTUYHOCTH M MOJYJIE CMHULAbha
MOJY>KHUX U MOIIPEYHUX JaMena. CMHULambe I0y)KHUX Jlamesa ce He 3aHeMapyje. Moayn
€NIACTUYHOCTH TOTNPEYHMX JlaMelia padyHa ce mo u3pasy (6). Kreuzinger—osa anamoruja
HHje orpaHrdcHa OpojeM JTaMerna y IaHemy.

OBowm ananorujom CLT manen nemu ce y nse BupTyenre rpene A u b, Cruxka 5.

I'pena A
1 ‘ [ ] i 1 I'pena b

Cnuxa 5. Kreuzinger-osa ananocuja [1]

EdexTrBHA KPYTOCT CE padyHa NpeKo u3pasa

n hi3 n
(El), =(E|)A+(E|)B=;Ei-biﬁ+§Ei-A.zi2 9)
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rae je by mmpuHa maxena (o6maHO 1 M)

hi BHCHHA JIaMECJIC

Zi paCToja}Le Ol TCKUILITA JIaMeJIC 10 HEYTPaJIHEC OCE, Cinuka 6.
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Cnuxa 6. Pacmojara z; ko0 CLT nanena ca 5 namena [2]

N

¥
MNA h r.

Yrub Ha cpeluHHM paclOHa TaHena yCjel jeIHaKOIOIeJbeHOT JIMHUjcKoT onrepehema
Koje nenyje nyx pacrnona L, Mmoxe ce cpauynatu nomohy jeanauynne

5 gl ‘ 48(El ), k

> + (10)
2
384 (EI), 5(GA), L
raeje g jeIHAKOMOAEIHEHO TMHMjCKO onTepeherme
L pacIioH maHesja
(EI )ef e(eKTHBHA KPYTOCT NaHesa
K (dakTop cMuIama 1 u3HocH 1,2
(GA)ef edexkTuBHa cMUYyha KpyTOCT naHesna
EdexruBaa cMuayha KpyToCT maHena cpadyHaBa ce Ha OCHOBY jeJHAYMHE
2
a
(GA)ef = — (11)
h’l T Z hy " hy
2G,b ~ G,b 2G,b
i=2
rze je
h
a=h- LIS 12)

4. HYMEPUYKHU IPUMEP

CpauyHate cy epeKTHBHE KPyTOCTH U YTHOH 3a TpH clI000IHO ociomeHa mMelycnpaTHa
CLT mnanena pacrnona 4,5 merapa. Bucuna nanena je 14 um a neGspuHe Jlamena y
MoTIpevHOM Tipeceky nanena cy 3013,4 mm+2011,9 v (I11), 3atum 3013 om+2012,5 um (112)
u 5002,8 M (I13), Criuka 7. Onrepehieme menyje ynpaBHO Ha paBaH MaHea MapajetHo
BJIAKHMMA CIIOJbHUX Jiamesa 1 uznocu 1,9 KN/m? [6].
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mupuHa (b)

Cauxa 7. I'eomempujcxe kapakmepucmuke navena I11
OU3NYKO-MEXHUYKE KAPAKTCPUCTHUKE

[onyxne namene:

E, =11000MPa

E
goz_f):@:wzsmlvlpa

30 30

E
Goz—‘]:@:esszﬁgompa

16 16

G
GRz—‘):@:egMPa

10 10

Ionpeune namene:

E, = 9000 MPa
E

Eg ~ 2 = 2200 _300MPa
30 30
E

o ~—2 = 9% 563 560MPa
16 16

2~ 20 500 _g5pyp,
10 10

CMurame TOIYXHHX JIaMeTia ce 3aHeMapyje jep je ogaoc pacrona u Bucuae CLT nanena
Behu ox 30.

150 _ 450
h 14

CpauyHate edeKkTHBHE KpyTOCcTH M yruom 3a cBa Tpu Melycnparna CLT manena,
MPUMEHOM CBE TPH H3JI0KEHE aHAIUTHYKEe METO/Ie, prKa3aHe cy y Tabenu 3.
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Tab6ena 3. Egpexmusne kpymocmu u yeuobu CLT nanena

EdextuBna xpyrocT Vrub6
2
CLT (E), [kN m } f [mm]
manein
y-meton | K-merox | Kreuzinger | y-meron | K-meronm | Kreuzinger

11 2087 2218 2218 49 4,6 5
2 2069 2082,88 2082,88 4,9 4,87 5,34
13 1990,6 2006,41 2006,41 51 5,06 5,56

5. 3AK/bYYAK

IMpumenom CLT y KoHCTpyKIMjama IOCTIKE ce 31paB M mnpupopaH amoOujeHt. CLT
KOHCTpYKIHUje cy uBpiihe U uMajy 00Jbe CTaTUUKEe OCOOMHE Y OIHOCY HAa MOHOJIMTHO
JIpBO, HEMajy CKJIOHOCT Ka YBHjamy, I0jaBa HAaIyKJIMHA je CBEJeHAa Ha MHUHHUMYM.
Kapakrepuiie nx Beauka noxapHa OTIIOPHOCT Ka0 ¥ BUCOKa OTIIOPHOCT Ha TIOTpec.

VY pangy mpukazaHe Cy aHaJMTUYKE METOJAE INpopauyHa Koje ce, Hajuemthe, xopucte
npwinkoM muMmensnonncama CLT korcrpykmmja. Gamma merton maje jeqHOCTaBaH
MOCTYIIaK IpOpadyHa ajd BPETHOCT e(peKTHBHE KPYTOCTH IaHeNa je y MpPHKa3aHOM
IIpUMeEpyY Mama 3a 0Ko 6% y 0HOCY Ha ApYTe JBE METOE KOA IaHemna ca BehoM pa3innkoM
y BHCHHH IIOXYXHE ¥ TonpedHe jamelnie. EQexkTruBHe KpyTOCTH maHena cpauyHare K-
meromoM u Kreuzinger-oBoMm aHamorujoM MMajy HCTY BpPEAHOCT ald je MHOCTYNaK
npopauyHa K-mMeToioM 3HaTHO Kpahu ¥ jeTHOCTaBHU]H.

Edexrusna kpyroct nerocnojuux CLT nmaHena MCTHX BUCHHA pacTe ca OpacTOM BHCHHA
MOJYKHUX JlaMeJla y OJHOCY Ha BHUCHHE INONpe4yHux Jjamena. CBe Tpu Merone najy
NPUOJIMKHO UCTE BPEIHOCTH yruba naHena Ha CpelMHU paclioHa.
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CALCULATION OF DEFLECTION FOR CROSS
LAMINATED TIMBER FLOOR PANEL

Summary: In this paper analytically calculated values of effective flexural stiffness and
deflections of five-layer CLT panels height 14 cm due to the payload defined in Eurocode
1 for floors in residential buildings are compared. Effective flexural stiffness was
calculated using Gamma method, K-method and Kreuzinger's analogy. Three floor panels
with identical height but with different combinations of lamination thicknesses in cross-
layers were analyzed. The panels are 4.5 meters long and 1 meter wide. Lamination
thicknesses in cross-sections of panels are 3/.3,4 cm+2//1,9 cm, then 3,3 cm+2/2,5 cm
and 5/2,8 cm.

Keywords: cross laminated timber, floor construction, deflections
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