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O BJIUSAHUU BJAKHOCTHU HA IPOYHOCTHBIE ITIOKA3ATEJIN
I'OP®PPOKAPTOHA U TO®POAIINKOB

E.A. I'nesman', A.M. I'ypbsnos’, B.A. Kurniok!, A.A. Aparumsin!, A.M. Uanaryinn’
ITIT " Mepmckas yenntonozno-bymaicnas xomnanus”, 2. Ilepmw, Poccus
2000 “Texnobym-2" n. Ipasounckuii, Mockoeckas obnacms, Poccus

Obpasyvl 2oppoxapmona u 3a20MoBOK 20PPOAUWUKOE BbIOEPAHCUBAIU 6 PA3TUYHBIX
yenoeusax OnumenbHo2o xpavenus. Ilpu smom 2oghpokapmon npuobpeman 61a*CHOCMb OMm
4,5 00 12,5 %. I'oghpokapmon u AwuKy UCNbIMbLEanU Ha NOKa3ameny NPOYHOCMU HA CoHcamue
— ECT, cmpykmypuyro sicecmxkocmo u BCT. [Iposooumcs ananus uzmeHenus nokazameneti 8
sasucumocmu om enraxchocmu u enuanue ECT u cmpykmypnoti socecmxkocmu na BCT.

ON THE INFLUENCE OF MOISTURE CONTENT ON STRENGTH
INDICATORS OF THE CORRUGATED CARDBOARD AND CONTAINERS

E.A. Glezman', A.M. Guryanov!, V.A. Zhitnyuk!, A.A. Avagimyan!, A.M. Idiatullin?
'GP "Perm Pulp and Paper Company", Perm, Russia
2000 "Technoboom-2", Pravdinskiy, Moscow region, Russia

Samples of corrugated cardboard and containers were kept in various conditions of
long-term storage. The corrugated cardboard acquired a moisture content of 4.5 to 12.5 %.
Corrugated cardboard and containers were tested for compressive strength indicators — ECT,
flexural stiffness and BCT. The analysis of the parameter changes as a function of moisture
content and the effect of ECT and flexural stiffness on BCT has been carried out.

B Hacrosiei paboTte Mbl IPECIIeI0BAINU ABE OCHOBHBIE €N

— U3YYUTh 3aKOHOMEPHOCTH HM3MEHEHMSI MPOYHOCTH TO(GPOSAIIUKOB U
ropokapToHa mocine JIUTETLHOTO XPAHEHHS B YCIOBUSIX PA3IMYHON BIIAKHO-
CTH BO311yXa;

— POaHAIM3UPOBATh 3aBUCUMOCTH MPOYHOCTH TOPPOSAIINKOB Ha CKATHE
BCT ot npouHOCTHBIX MoKa3zaTenei rodppokaptrona ECT v HOBOro MoKazaresis
«ctpykrypHas xkectkocth» (CXK), paspadorannoro OOO «TexnoOym-2» [1],
B IIMPOKOM JTMANa30HE BIAXKHOCTH U MIPOYHOCTH TODOSIINKOB.

B ycnoBusix npousBonacteenHor nadopatopuu [Tl «IILIBK» coBmecTHO
¢ OO0 «TexHobyM-2» ObLIU MPOBEACHBI UCCIETOBAHUS O BIUSHUU BIAKHOCTU
ropokapToHa Ha €ro MPOYHOCTh U MPOYHOCTH rOPOSITUKOB. [ 3TOTO TOd-
posimuky u3 roppokaprona mapok ot T-22 no T-27 ¢ roppom «C» u u3 rodppo-
KapToHa Mapok oT T-22 no T-24 ¢ roppom «B» momernianu B moMeIIeHus ¢ pas-
HOW OTHOCHUTENBHOW BIAKHOCTHIO BO3ayXa. [lepByro 4acTh SAIIUKOB M3MEPSIIU
yepe3 CyTKM TOCIEe HM3TOTOBJICHUS MPH CPElHEW BIAKHOCTH KapTOHA OKOJO
6,5 %, BTOPYIO 4acCTh T€X K€ SIIIMKOB HA MECSI] IOMECTUIIN B CyX0O€ MTOMEIICHHE
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U TPEThIO YaCTh SIIIUKOB Ha MECSI] MOMECTUIIU B BO BJIAXKHOE MOMEIIEHUE XO-
JOJHOTO cKjiana. B pe3ynbrare uepe3 mecsll ObLIA MOTYYEHBI TO(DPOSIIUKU C
TpeMs JTuarna3oHaMy BIAXXHOCTH: HXKHUN auarna3oH okoJio 4,5-5,0 % , cpennuit
5,5-7,0 % wn BeIcOkmit 10,8-12,5 %. Bcero ObI10 mMcnbITaHO 9 THUIOB SIIUKOB.
Kaxp1ii Tin simyka npy KaxJI0M BIAXKHOCTU UCTIBITHIBAIICS B 3 DK3EMIUISpaXx.

B pesynbraTe Obu10 momydeHo 27 Ttodek ucnbitanuil 81 rodposiuka. B
KKJIOW TOYKE M3MEPSUTH CIICIYIONINE MapaMeTphl: BIAXXHOCTh TOPpOKapTOHA,;
MPOYHOCTH ro(posiiuKa Ha cxxaTtue — nokasareib BCT, mpoyHOCTh rodpokap-
TOHA Ha cxkaTtue B1oJb rodppoB ECT;, CTpyKTypHas KECTKOCTh TOPpOoKapTOHA Ha
uznom CIK. CBoaHble pe3yibTaThl B3aUMOCBSI3U BIIAXKHOCTH TO(POKAPTOHA W
TPEX yKa3aHHBIX MOKa3aTeJIeil MPOYHOCTH MOKa3aHbl HA JUarpaMmme puc.l.

12

—_ =
S =

[Tpounocts Ha cxxatne BCT xH, ECT, CXK kH/m
(@)

Brnaxxnocts rodpokapTona, %

Puc. 1. Bnusinue BIaxHOCTU Ha noka3atenu cxatusi roppokaprona ECT, CXK u cxa-
tus ropposimuka BCT 11 9 TMIOB ropposuKkoB u3 roppokaprona T-22...T-27

N3 nuarpammel puc.l BUAHO, YTO JUHUHU TpahUKOB MPOYHOCTH TOGpPO-
kaproHa ECT u CX odeHb XOpOIIO MOBTOPSIOT W3MEHEHUs JIMHUU rpaduka
IPOYHOCTH Ha cxkatue rodposumukoB BCT. DTOT pe3yiabTaT HArjsgHO MOJ-
TBEPXKJAACT U3BECTHYIO 3aBHCHUMOCTh MPOYHOCTU Todposimuka BCT ot ECT u
3aBucuMocTh oT CXK. IIpu sTtom nokazarenbp CXK mydine moBTOPSIET U3MEHEHUS
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nokazarenss BCT. W sta Koppensuusi COpaBeyIMBa B IIMPOKOM JMANAa30HE
MIPOYHOCTH U BJIAXKHOCTH TO(POKAPTOHA.

Ha puc. 2 nokazaHo kak MEHSETCSl MPOYHOCTh JBYX TO(MPOSIIUKOB OJIH-
HakoBOTO paszMepa 630x320x340 MM, U3rOTOBIICHHBIX U3 rOpPOKAPTOHA MAPKH
T-23 u3 oguHakoBOro ceipbd 135-112-135 u oTiHMyYarOmIUXCs TOJIBKO THUIIOM
roppa «C» u «B». MoxxHO BHIETH, UTO pa3HUIA B MIPOYHOCTH BEChbMa CyIIle-
cTtBeHHad. Sk ¢ roppom «C» umen Gojiee BHICOKYIO MPOYHOCTh Ha CHKATHE
BCT B cyxom cocrossann npumepHo Ha 40 %, a BO Bi1axxHOM — Ha 23 %.

3,5
3,3
3,1
2,9
2,7
2,5
2,3
2,1
1,9
1,7
1,5

e

BCT, kH/m

3 5 7 9 11 13
Bnaxnocts rodpokaprona, %

Puc. 2. IIpounocts BCT onnHakoBbIX roQpposInKoB U3 roppokaprona T-23B
u T-23C, oTnuuaronuxcs TUIOM rodpa, Ipu pa3InIHON BIaXXHOCTH rOppoKapToHa

Ha puc. 3 moka3aHo M3MEHEHHE OT BJIAKHOCTHU OTHOCHUTEIBHBIX TOKa3a-
teneit ECT n CXK rodpokapToHa, a taxke npouHoctu BCT nis rodposiuka u3
T-23C. 3a 100 % mnpuHsATa TPOYHOCTH CBEKEU3TOTOBIECHHOrO SIIMKa (4epes
CYTKH IIOCJI€ U3TOTOBJICHHSI) CO CPEAHEN BIAXKHOCTBIO.

W3 puc. 3 BUIHO, UTO NIPU U3MEHEHUH BJIAXXHOCTHU B Oosiee cyxyto (4,6 %)
u B Oonee Bnaxuyto (12,5 %) obnacte B cpaBHeHHH ¢ ucxoHoi (6,1 %) mpou-
HOCTh rodposirka BCT B OTHOCUTEIHHOM BBIPAKEHUHM W3MEHSETCS MEHBIIIE,
yeM nokazatenu roppokaprona ECT u CXK. DTo TOBOPUT O TOM, YTO B JAHHBIX
ycnoBuAX nokaszarenb BCT u3MEHsIICA HE NPSIMO MPONOPLIUOHAIBHO IOKa3aTe-
asm ECT n CXK (kak 310 oTpakeno B ¢opmyrne MacKee), a B HekoTOpo#t cTe-
MEHHOM 3aBUCUMOCTH C TTIOKa3aTesieM CTEeIeHu MeHee 1.

Ha puc. 4 nokasan pe3yiabTaT aHAJOTUYHBIX UCIIBITAHUN B CPEHEM JIJIS
4 tunos ropposmukos T-23C, T-24C, T-24CVY, T-25C (Bcero 36 SILIKUKOB).
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Puc. 3. I3ameHeHnne oTHOCUTENBHBIX TTOKa3aTeneil rogpposiuka BCT u roppokapToHa
ECT n CX ot Bnaxxaoctu s smmka n3 T-23C
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Puc. 4. U3menenue otrHocutenbHbix nokazareneit BCT, ECT u CX B cpennem s 4-x

tumoB rogposmukoB T23C... T-25C B 3aBUCUMOCTH OT BJIAKHOCTH To(ppoKkapTOHa

MoOXHO BHAETH, YTO U 37E€Ch NPHU YBEIUUYECHUU BIAXKHOCTU rodposiiuka
ero npoyHocts BCT cHMKallach B MEHbBIIEH CTENEHH, YeM CHUXKaJach Mpod-
HOCTh rodpokaproHa ECT u CXK. D10 Takke CTaBUT MOJi COMHEHHE IOJIHYIO
cripaBeIIMBOCTh (hopmyiiel MacKee:

BCT=587ECTx~\hZ, (1)

rae h — TonmuHa ropoKapToHa, a Z — mepuMeTp ropposimka.
XoTs s moiydeHusi Oosiee HaJAEKHBIX JaHHBIX Tpedyercs OOobIIMiA
00bEM JTaHHBIX.
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K Bompocy o B3auMocBsI34 MoKa3aTenei npouHoctu roppokaprona ECT u
CX u nmpounoctu rodposimukoB BCT. Mbl npoaHaIU3UPOBAIU 3Ty B3aUMO-
CBA3b I TEX )K€ SIIUKOB. Pe3ynbTarel mpencTaBiensl Ha puc. S u 6.

N3 rpaduka puc. 5 BuaHO, yTOo B AuanazoHe usMeHenus FECT
2,5...8,5 kH/Mm, 3aBucumocts BCT ot ECT MOXHO anmpoKCUMUPOBATh JIMHEH-
HOU 3aBUCcHMOCTBIO U (opmynoit BCT = 0,87 + 0,364ECT. Ilpu stom ko3 du-
LIMEHT Koppeaauuu R’ momydaercs ymosiaeTBoputTedbHbM 0,719. Opnako, u3
rpadukoB BUAHO, uTO KoJebanusi BCT npu 6nuskux 3HaueHusXx ECT A0BOJIBHO
BEJIMKHU U COCTAaBIAIOT mpuMepHo t15...20 %.

BCT, xH

35 | BCT=087+ 0364 ECT
R2=0,719 . ’0 ‘ e
30 b
25 ¢
-
20
¢ -
15 L B
1’0 1 1 1 1 1 1 J
2 3 4 5 6 7 ECT, xH/m

Puc. 5. Bnusnue nokazarens rodppokaprona £CT Ha npoyHOCTh rodposukoB BCT
JUTSL SITUKOB U3 TopokapTona T-22...T-27 npu pa3HOM BIAXKHOCTH, TUHEHHAS ar-
MIPOKCUMAIIHS

Ha puc. 6 npencrasnena ananorununasi 3aBucumoctb BCT ot CX s tex
xe SmuKoB. M3 rpaduka BUIHO, YTO ATy 3aBUCHMOCTH MOKHO almlpOKCUMHUPO-
BaTh JIMHEWHOM 3aBUCUMOCTBIO U popmynoit BCT = 0,88 + 2,.87CXK mpu stom
ko> duimeHT Koppensuuu R> cymecTBeHHO Bble, cocrasiser 0,884, a xoue-
OaHMs DKCIIEPUMEHTaNbHBIX TOoueK B 3aBUcUMOCTH BCT ot CXK 3HauyuTeNnbHO
MeHblue, ueM B rpadukax 3asucumoctu BCT ot ECT. CymectBeHHble KoJieOa-
Hug 3HauyeHul BCT ot ECT 1o HallleMy MHEHUIO, CBSA3aHbI C ABYMS IPUYUHAMMU.
Bo-niepBbIX, ¢ BBICOKON KPUTHYHOCTHIO KaueCcTBa HAPE3KU 0OPA3IOB JIJISi UCTIbI-
tauuii ECT. Ho, BO3M0kHO, 00Jiee BaXKHON NMPUUMHON KOJIeOaHUIN 3aBUCUMOCTH
BCT ot ECT sBnsiercst TOT (hakT, UTO caM MEXaHU3M pa3pylieHust roppoKapTo-
Ha npu ucneiTanusx ECT oTauyaeTcss OT MEXaHU3Ma pa3pylIeHus: ropposiu-
KOB B IITA0CIJISIX, 0 Y€M MBI TOBOPHUJIU B OoJsiee panHel padore [1].
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BCT, xH

BCT=0,88 + 2,87 CXK
3.5 R2=0.884
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Puc. 6. Bnusaue noka3zarens roppokaprona CXK Ha nmpounocts rodposimukoB BCT
JUTS SIITUKOB U3 TopokapTona T-22...T-27 npu pa3HOM BIAXKHOCTH, TUHEHHAS ar-
MPOKCUMAIIHS

BriBOADLI:

1. [IpoBeaeHsl Hccaeq0BaHUS BIUSHUS BIAKHOCTH Ha MOKa3aTelld MpoY-
HOCTH ToppositiukoB U rogpokaprona. M3yueno nosenenue 9 tunos rodpos-
mKkoB oT T-22 no T-27 ¢ roppom «C» u «B» B pa3inuuHbIX YCIOBUSX XpaHe-
HUS, TJ€ BIAKHOCTh rodpokapToHa mensiack ot 4,5 % no 12,5 %. Ilokazana
cBA3b IpouyHocTH rodposimuka BCT ¢ nokazarensimu roppokaptona ECT u
CK.

2. IlpoBeneHO CpaBHEHUE MPOYHOCTH JABYX OJMHAKOBBIX IO pa3Mepy
rodposikoB u3 roppokaprona T-23B u T-23C, u3roToBICHHBIX U3 OJUHAKO-
BOTO CBIPbS, HO C pa3HbIM ropomM. OTMEUEHO CYIIECTBEHHOE MPEUMYIIIECTBO
rodposiumka ¢ roppom «C».

3. [lokazaHo, 4TO MPOYHOCTH rOPpoAIuKOoB BCT XOpOIIO KOPPEIUPYET C
nokazarensamu roppokaprona ECT u CXK. [Ipu atom HOBBII mokazarens CK —
CTPYKTYpHasi )KECTKOCTh — 3aMETHO Jyulie koppenupyeT ¢ BCT u mo3BOisET
0oJiee TOYHO MPOTHO3UPOBATH MPOYHOCTH rOGposmuKkoB, yeM ECT, B IIMPOKOM
JMana3oHe MoKas3aTesield MPOYHOCTH U BIAKHOCTH.
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