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‘ corrugated fihεrboard 

.JO f!μ-Min Park and Man-Soo Ki ll1'" 

/)ep“rtmνnt ()( Mγ‘ h씨ica! FII‘~1I1 ('elïll，l:’ Mir)‘1I1lg NatÎrJ/l ll{ Univeι\1t1↑ 

*j)Cfwrtme/ll 에’ Agric“ lt，νl “1 ,\1““11;'11'1'\’ FllgÌlwering, (‘ι l lIlψ1I1111 Nariollll{ Ulli\'ersit\' 

ι、hstral'l

FW l1l the rnaxi l1l llm “ccelcration-statil' stress curve and the CLI싸，ion factor-dynamic stress curve which werc 
derived frnm the dynamic compre냉ion test, the shock-ahsorhin상 charactcristics according to t hl' l1l1tc-lypc 
and cquilihraling cnvíronlllcntal condition wιrc ilnalyzcd. [n addition , restoring performance ()f tlute~ wcrr 
analyzed hy the shock pulse and hystcresis. It shtlwed that Ihe cushioning pcrformance lInder high strcss levcl 
madc satisfactory progress in the nrdcr of DM ‘ DW alld SW, Also, under the equal ωnditio Il， restoring per
fClrmancc iIl cOffugatcd fiherboard le씨 ed is bcttcr in thç order llf DM , DW and SW. Restoring perform“ncc 
01‘ c[)rrugated fiherboard is morc closeJy rcla!ed !o κlructural forrnation În t1 ute rather !han hasic weighl oj 
flutc ill1d corrugated fiherhoard 
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Introduction 

Therc has beell a growing intercst in Ihe lISC ‘’f ('11-

vironlllt'ntally-friendly paper packaging materiaJs , sllch as 

αmugatcd tiberbomd and pulp mold instcad ()f plaslκ、

(EPS, EPE, EPU ‘ etc) which were mainJy used lor 

package c\lshioning materials, due in part to the C() !lCιm 

ovcr p‘’lllltioll. The rll<새t importanl thing for pack“gmg 

desigIl ()f prot! uα~， is the physical proptTties 0 1' Ihc 

cushioning materiab. Therc have hcen a 101 씨 problcms 

according !o thc applicatioIl 마 matεrials ‘md dala pw" 

duccd 서nd supplird hy industrialJy ，ldvanιr‘J natiollS 

without <lnalysis nr verification ()f Ihe Illalerialκ Therc

fOrc ‘ it is lIfgc 11 I i(, co !lect and to l~stablish objccl data 

aftcr del<t ilcd an써lysls of thc ch“ractcristics lor L'L1shillning 

materiais produced in Korc“ 
C l1rl'1lgalcd tib(‘rhoanls, l10t 0111] as materials of pack“g ‘ 

(‘orrc‘:pollding <llIlhor Jong-Min Park, Departmml of Mcch ‘Hl
ical lòng，inc、enng‘ Miryang Nation싸 Univcrsily ‘ 1025 • I N,:i
dong ‘ Mir)이Ilg-S1 ‘ K、 ungn씨m ， 627.70].‘ Ko!'c‘l 

12') 

lI1g contamcn“ but also ‘lS packagc cu야lÏoning mater씨l、 

are cxpcctcd 10 grow in the usagι Corrugalc이 fiberboanl 

i 、 a killd of strllcturc which has its mechanieal properties 

dcpending Oll the tlute-typc and thc paper compositi샤11 

[n ordcr 10 improv(' its compressirm strength and 1,:11 

shioning propcJ1 icκ strengthcIl ing thc cnπt밍atmg↑ medium 

ilSdf is rcquircd ‘ howcvcr it is f!l orc important “nd 

cffcctiVl' l'eollornically 10 improvc thcse propcrties h} 

varyinμ the opt imal design ‘)j‘ tlllle stlll ‘:!lI re 

Thr ‘hock-absorhing pwperlÎcs 01' cllshinníng III“Ic

rialι arc usually prcsented in c lIshioll c lI rws s lI ch ‘ IS 

maximllfll al'cd:ration-static stress and clIshi‘’n f꺼ctm 

dvnamÎc strcss, for several condition, (drop hcights ‘ 

Illatcrial thickncs、‘ elc.) (Kaw<lzi, 1 니()‘J: Marconde‘ 1992 

Pailll', I ‘}이l) 

Several atlempl、 have bcen mad t: 10 lllodcJ ctlshiOIl 

cllrvcs mathemalicallv. Burgcss (1 990) su상geste때 ‘1 meth 

tl이 to cons‘llidatc cllshio Il curws for ,j materÍaL and 

appJied the method for expandrd polypropyJcnc , "、 svanil

(19SÍ'i) used a CllrVC “ttil1g appn'åch 10 describc hcha\’ ior~ 
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1)1 lh l.' kra1‘ honcycomb under impacts. κ'Í arcolldcs νf 

씨 1. (1 ‘)이)) used a high-spced filming tcchni(jue (0 cl<lscly 

obscrvc lhc dynmnic dcflection of cxpanded poly

cthyknc and fit(cd a 'i th order polynomial to 1]1(.' 

accekra(jon versus time his(orv. 

Cmfts (1 1)89) studied the e1fecl ()f símulated handling 

(dror씨 on thc comprcssive strcngth of corrllgaκd fihcι 

hoard hl)xc~， and fOllnd thal thc compressívc stn:l1g1h 

W싸 dccreascd as ‘ hε drop heigh( incrcased and thal α'111 

pressive ‘ trcngth decreasecl as packλgc 、ιcight increascd 

J'hι cffccts (1 f l110isture conlenl 011 lhc pnfnrnw l1cc 

'.11 l.‘에 mgated fiberhoard hoxcs havc hecn l.'χIcnsi、이γ 

studicd ψith rcsp('('t ((1 comprc샤ivc strcngth (I",., lcg, 

19H 1 Pmk ,'1 al ... I ‘1l)4) , blll littk has hCCll dom.' “1 llw 

dTecl:; 01 moisturc contc씨 on thc cLJsl lÎonillg propcrlics 

Thi ‘)hjective ()f ‘hi“ study wa~ to demυ I1 stratc lh :l l 

the tlutc-type ‘md Ihc cquilihraling cnνiromclltal ‘ on 

ditiollS 01 corrugakd fiherhoards al ll'r its cllshioning 

propertJcs ‘II1d restormg reri‘ormancι 

Materials and Methods 

Experimental design and materials 

Samp\c、S llscd in al1“ lysis 01 cllshioning propcrtics 

and rcstoring periörmancc for l1ulc-type and equilibrating 

cnviromc l1tal conditions of corrugatcd lïhcrboard wcre ;~ 

kind、 of sillgle-wall (SW), 4 kinds 01' douhle-wall (DW), 

and 1 kind nf dual-Iayer mcdium corrugated fibc야10ard 

CI ‘ Ihle 1) ’rable 2 shows thc physíc“ I di ll1cnsio l1s tlt 

llutes I'or thc cmrugat<:d lïbcrboards tes(cd 

<‘ushioning propcrt Ìi:s ()f coπuga(ed IÏhcrhoard 1.::111 

t'a~.;ily hc analyzcd hy ll1axi l11 um accckral iOIl -static strcss 

CUfVl' “nd (,lIshi‘)11 t:lctm-dvnamic ‘tress CUf\!l' which ar ,._' 
ι 

dcrivcd ‘rom thc cstimatioll nl ‘Iccdcration h、 lhc Irelι 

falling 01 drop-wcight. ThcrdÌ1 rc , Ihc dyn;1Il1ic ClIshionin샤 

ll'셔 t~ r. which ‘vas dcsì싣ncd hy Parl; γI “1. (19‘}서) 씨 lT\‘ 

tlSI.:d in this slu바 

llllporlant variablcs in the dymllnic ('pmprcs、1O11 1ι시 

an Ihc rangc 01 drop hcight and drop-wc: ighl varialillll 

Establjshing ,Iandards 、νhich 、‘ias rcgarding 사wt、，\， 0 

、/a l'Ì ahl“κ foll‘’‘iing points wcrc considcrtd; 

~ I ) ’‘’ sckct thc rangc (이 dwp-wcighl variation‘、

induding thc intlrxinμ point 1.)1' milxi ll1u1l1 accdcralillll 

”“ tic stress curv t' túr lhc corrugalr너 tïhcrho씨rd hy cach 

dmp heighl lhwugh‘lllt thc ‘cveral prduminary toX (wri

T11l'lI ltS 

,12) to cOllsidn Ihc \wight lappr‘ IX 히“() kg.) ‘ \1 pr‘\-

’I'able I. P'aper cllmpo엔ition and basic weight of the corrugated tiberbuard testt'd 

Kinds Syrnhol Flule-type I시lper comptlsìli‘)11 Basic wci융hl ， g/nr R‘:marh 
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Table 2. Physical dimensi‘ms of t1ute for the ('orrugated fiberboa •. d tested 

Takc-up facl‘lf Plllt<.: hcight, mm 、v‘lVC kngth 01' tllltc , mm Flutc 1111. pCf 30 CIll 
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ducts that arc packcd with corrugatcd fibcrboard boxl:s. 

(3) to considcr handling height in human cngincεrìng 

pcrspective when dealing with corrugated fiherboard box. 

Experimental methods 

('oHugatcd fiberboard wcrc conditioncd for 24 hours 

al Ihree different relativc humidity (50, 7ι and 90'ι) 

at 2.3"C m.ing oonstant tcmperaturc and humidity chambcr 

prior (0 cxpcrimenl. respcctively (ASTM D68<;) 

Drop heights were 30‘ (lO, and 90 cm and wεight (l j 

thc dr(lp-weight werc cumulativcly incrcascd (0 9-11 

kvc l. A spccimcn was round shapc、 (9.0(l cm in diamckr, 

64. :'i CJl1r in area)‘ and the shapc madc thc conιlct 

cnndition l'qual bctwcc l1 a specirncn ilnd ‘hc Împaci 

platc amongst thc rcplicating tcsts (TAPPI γí'mn 

Theoretical Background 

The ratio hc!wecn absnrbe이 cncrgy pcr unil lhickncss 

01 cushioning material and thc forcc transmi1tc、이 10 thl‘ 

pmduct., in 씨her words forcc cxerled on thc cushioning 

matcrial ‘ is calkd cushio!1 cffkicncy. 11' lhι ι lI shion 

‘:fficicncy i~ highcr '11 samc condilion , lcss am‘’lInl 01 

matcrìal is rcquircd in cushin l1 packaging desígll 01 

pmducts. A c(lcfficiclll developed 10 apply cushio r

ellicicncy intn packaging design Îs ClI야1!1.l 11 ’actor 

Cllshion faclllf is dircct( y calculated fwm the tatio l)j 

d 、 namlc stress I‘1 ahsorhed cllcrgy pcr lIJ1 il v싸lllnc I)f 

cllshionin장 rnatcrial 

ln dyn‘Ul1 il、 compæSSlOll test、 c lJshion faclor (( ‘) ( ‘m 

hl' calc나lated hy 써rplying Ncwton\ law llf Il!otinn <l nd 

cnergy halance equali‘’n 10 impact het\νccn dmp-weight 

and spcdrncll (Eq.(I)-.Eq.(4)) 

W(H +D ll1 l 
W(“써f꺼1-+사Dιn.) 

AT r 

I ,F .=m<l • F, W τma τ WG .1 ,.=((;+ I)W, N (2) 

l카 • (G + 1)\"/ 
σ: • ‘ ν σ111 .:::. (Cò I11 + 1 1‘ I'a 

.\ A 

c 한 ,[•~•((ì 111 + 1) 드 (~ìlll. T 14) 
H+D IJl' 11 

In Eq.(l) (1) (4) , W is !he wcíght of drop-weight (N) 

H is the dr‘’r height (rn), D", is maximllm dynamic 

ddlection ()f spccimell (m), A is thc arc“ ()f spccimcn 

(mι) ， T is tJw thickne샤 (1f spccimen (rn), is thc am OllTll 
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of absorbed energy per unit volume of specimcn (J /m ‘), 

and (J", is dynamic stress (Pa). 

As the dynamic stress (G-factor x static 써rcss) of ,1 

proL!uct corresponding to optimal cushion factor is 

detcrmincd from cushion factor-dynamic slress cllrvc ‘ d 

l1latcrial whosc val l1ε 0 1' dynamic stress is mo씨 nptima[ 

can bc sclcctεd from cushio l1 faclor-dynamic strc、”

curves 0 1" manv materials. From this melho이， th(' 1111써 

dlicicnl way of cushioning can bc achicved (Hanlon 

1984: Jiinsoll , 1993 ’ Paine ‘ 1(90) 

Thc fllrlhcr right the in t1exion point which indkalc、

thc minimum magnitlldc of cllshion faclor is locatcd. 

!hc hettcr cushioning material for heavy product , ‘ 111 <1 

!he m‘lH: l"ld l the arca ncar the inHcxion ji)oinl i~. lhι 

hw“dcr llw rangc ()f strcss for which the malcrial c씨1 

he IIscd 

(_'Iltllprcssivc slrength (column & Jl씨 cfllsh s!rcngth '1' 

ilnd cushioning pr‘lpertics of ‘I corrllgalL'이 libcrhoard 

ιhallgcs dGpcndin설 ‘)l1 thc tlutc-typc and physical ]JH1 

pcrtl띠 ηf corrugalin싣 mcdillm. Thuκ. rc씨oring pCI 

‘“rmancc ()f f1 ute against cxtcrnal forc l' dl' tcr l11 inc~ !hc 

resilic I1 coe ()f thc mrrugated fihcrhoard. 

Rcstoring performallce 01 ‘1 corrug“tf t! tîhLTbrιmJ 

c‘111 bl' nJore c;lsily illlalysed from ιncrgγ rclatiol1ship 

i!l 1, )ading-u I1!oad ing ‘ yck in which thc 11‘,1 sltk o! 

cllrr lJgalcd fihcrboard is straincd 10 a ccrtain deμrce at 

a ctlllstant loading ratc , and unloaded th l' forc l' at th l' 

sam l.~ rat l' 

rhc ‘ln:a (}u !J in Fig. 1 rcprescnts Ihc loading ener뀔F 

l' xcrtcd 1. 111 corrugatcd fibcrhoard and (h(' arca “11, 
rcpn:scnts thc rccovcring cnergy in lInloading. A~ the 

degrec (lf comprcssion for lhickncss “f l‘'lITugatcJ 

fibcl board incrcascs‘ loading-lInloadíng cyck rcsemhles 

the Fig‘ 1-( B) l1lore closcly ‘ and thc strongcr th l' re셔()끼ng 
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Fig .. 2. Raw data on acceleration-time, and result of 뼈Itering 

perh lilnan‘ C ä lHì elasticity of c(l rmg‘ltcd I‘사)cr!J‘ l;Jl d ， 사ll.' 

more il resc ll1bles Fig. 1-.(/\). ’ fher‘ fure , Il'slorin섭 pcr

formancc 01 ,1 cnrruμaled fiherooilrd C<l11 b\~ analy‘ed 

frolll tlw 1'3‘io llf arc:, (}I/C 10 ilre; , (서/ι Ihi!、 is called 

hvsl l'rl' si、 1m、、 ilJ 10“ding.‘mloading cv c)e 

Flesults and Discussion 

Cushioning propmties 

Fi상 ) reprc、이 11.' thc an:ckrηlioll <lccum'd durinμ ;\ 

、horl ，hoιk duralío lJ hctW，~l: t1 drop-weighl cllld ;.;pc，~iml'1I 

IloWl've r. amO l1g ;1 lluml1l'‘r (l f Sl lOCk pllls<,. tlk' lilst 

pul;싸 l、 l11L' IlI tlst <:tlllC‘.:rm:d , and thcrcl‘ llC il 1\ C[I larμcd 

hy lIsing analysillg S(lt1wan: (Fig. _\) 

l'bc ar‘、 a tJlIder Ihι slwck plllse which n:prc、c 1I ls 111(' 

velocil 、 ιhangl.' ， lIl aμ l1 illldc 01 pcak aιCl.'lcralion ， ‘l!ld 

thc shock durati이] μn、 이lC ímportant ...tc l1lcllls ‘hal 

delι rTllI m: cll ， hi (ll1 ill~. propcrtiL's 0 1' llw Il l;애c: r Ì<tI. I 'hc 

disl‘lrtcd “ hap1.' (1 1 Illc righl sidc、 01 Ilw pιJ. k ‘l(c,'I ,,-

ratÌ (l n ÎII tl lt' plllsl \씨 õlS 이lservnl 111 ‘ l~tly 녀1 ‘hc hiμhCI 

rdμÎvv hU llI idity. al1d lhc hell slìap l'd tμnnιas 

ohscrv l.'d 내 t thc lp、V l' l rclalivι bU l1l idilι λη)l)n~st 1IIl‘ 

(eskd cmrugatd lïbl'fboard , f)1\1 、서 IS I1 carlv "imil;ll 

with pubc 11‘) than S、ν ‘)r D\V ullder lh l' salllc Cllllditinli. 

Maxilllll l1 l 서 Cl\.:lcr<l l ÎO l1 agalll샤 V:lfV IIlγ ~~ tμ;씨lt‘ |κC stl'，.'、':1';'、

、wνh“11νr‘c、~h 、야、'L'‘ n:、 dc이‘'["1\、Vl이γl'ι‘\이ι.j ln씨‘”…lI 11 ra“lW d•11a 01 ι[co:il‘ ntÎ‘’1i .IÎI Ii C ， 

is displaY l'd in Fi:,‘ ,1 thnmgh 11. ('ushi ‘ 111mμ 써 at l' n “’” 

Sl' lν.: lhι pllrpo、u ‘11' limili l1 !2 Ihc SIH".:~ ， w Ì1 idl ‘ j 

produ매 、、 as cxpClìC J1 c('d , hcl‘”ν thc prmlllcl\ fl 샤인 líty 

((Ò.fa("I (II 1 ( ‘ushilì'llinμ rnat l'rial w()rkι I1μ h"κ1 ["0\' 110' 

(Al 

(B) 

Fig‘ 3. Tlte ‘hape ‘)f the first shock pulse. 

1 l<l ncc al tllc inllc .x ion point wlllch indicalcs tltl' mÎ

f!Il1l11fll maιnitudl' 11 1' acceleratioll 011 maximum acιek .. 

JalH ll1 -st‘ltic strcss Cllrvc. Thc further right thc infkxio l1 

!,oinl is loca1l'd, Ihc h‘ tkr ctlshionmg ll1aterial 101 

hc ‘,vy r’mdllcl , ;111‘1 thc bigher Illl、 inncxion poinl i‘ 
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the incremcnt 01' thc cquilibraling 

(Marcondes‘ 19‘)2) ‘ 

A~ il is secn in thc Fig. 7 through 9, the location 01 

in !lexion poi l1 ts are localed further right in urdcr o! 

DM .SWB .DW J. SWB- .J)W2. Also. DM in COITlI

g써ed lïhcrhoard lcslcd. has !J1orc tlal curvc near lhe 

inHexion poin t. 

humíditv relative 

localcd , thc he((er αlshillning malcrial t'or producl ;, Wilh 

highcr fragility (.Jönsoll. 1993 ’ Painc , 1990: Takahashi ‘ 

19(>9) 

As it is κccn in thc Fig. 4 through ι thc Jocali‘,n 01 

inllcxio t1 p lJ ints arè‘ l‘lcatcd further righl in thc ordc! 이 

DM , DVv ,ll1d S\V llw higher the equilihrating rclativc 

hllmidity ís. the funher letì thc innexion πli11t is (0ι'atcd 

(1 calJ bl' a、sllmcd tll‘ II lhc vaJuc ot' statíc 애rcss lossing 

lhc cusl! itlning pe !1 0 !111ilnC(‘ dllC l() thc híg h moi사ure 

이llltcη1 (냐 Ihc coηIlgatcd tïberhllard by h igh relativ l' 

hllmiditv W'lS rclativcl、 Inw 

rlll' valuv of ιι'clcratioll was gcnerally low according 

to lhc incrnncn1 씨、 1hc cquilibrating rclativc hlJmidily :11 

thc static stress ‘)1 hclow the inJlexion Jloin t. On thc 

tlther hand , il wμ high according 10 the i l1cr~mcnt (lf the 

equilibrating relalivc hllmidily at the stat Ì<:.: stn,s :-, ()V (T thc 

llltlcxiOlJ ]loin t. Thi, phcnornenon cOlllcl hc ilSSll T1lcd that 

Ihe hígh vatuc ()f μcιeleratio l1 could bc callscd by lhc 

high Impulκl' ddiwrcd through th l' C‘lfrugal l'd fihL'fbo~mJ 

lt1 conscqm'ncc 이 11 ’” ‘IWll rigidity according aκ thc 

dCerC Il1Clll ... 1' the \~quilihratjn십 l야ati \!l' humidity ‘mdcr 

the low slatlc strcs이 and undcr th l' high st‘11lC slres,‘ thc 

high valtH.' ()f ;κcciνrätioll may be αlllSC이 hy Ihc hiμh 

i.mpulsc dt' liveæd !.Im lLlgh thc L:l)l'rug“led lïbcrboaJ d 

which Il.lsl il’S ligi이ily whc l1 thc t1 ut앙 oj ωrfugatcd 

fiherhoard buckk‘l ιI1 same limc as collision according dS 
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4 

thrre lold kss than SWA and SWR thc minimu l11 

valuc of accelcra1.ion is smalkr ill the ordcr ()f SW 1\ ‘ 

DM Clnd SWB 

Restoring performance 

Thc results ()f loading and unloading each αlITugated 

fihcrhoard !o the dcgrcc of 50'}~， and 70낌 ()f its total 

thickncss with a 10adíng rate of 12 , 7mrn/min (씨STM !) 

2iiOH ’ rAPPI TSOR) are shown ín Fig , 1 1-(;사 and (3) 

(“ lHugatcd fiherhoard shows varil)u~ cllshioning 

perfornμInce according 10 i!s stack style and numhcr. 

Pack씨ging material 01 ’‘;tacked corrugated lïberhoard is 

llscd widc as cllshiuning matcriaJ to‘lay (honey clIshi“n‘ 

cOHupad" clC ,). 

Fiμ J () is the maximum acιclemtion .. statÎC strcss 

ιUl"V I.~ whcn S\VA and SWB al'c stacked thrcc, five ‘ 

‘md SCV Cl1 timcs over and DM is stackcd tl'\!(), lhn'e , 

and four lmlð OV I.'L Although J)M is st"ckc(\ ()!}c tl) 
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Fig. 10, Maximum ac(:elerati‘m-static stress curves f()r 
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‘rllble 3. Relationship between restoring perf()rman(~e and basic weight nf f1ute and ωI'rugated fiberh‘Jal'd 

Dcnectioll 、 'iWX. Derlcclion ‘ 70끼J 

l."ading lInl‘,ading lIyslèlcsis Loading Unloading Ily S1 crcs Í>, 
Iτllcrgy Encrgy 1 μ、s Enngy Energ\' I.oss 

Singlc w; i11 SW .LI, M6 ,2 })~h.2 .14 ‘ (,7 1 ~\().:' ,Hi' 1 ()(),O ?() (’ '1' 

(SW) SWB W:‘ () ~~4l ，(’ ,!(1 ’ “0,2 

DWJ 1.111 1.0 ~41.1) ,n.6 ,H, .. j :").0 17" 'ISA ‘.'l.'i 1>(、‘

])W:? 씬2.k 찌j 서 , j] .l ↓ I ，~ :~(l .7 .\ζXlJ.4 :;4 .1) 1>2' 

J)、ν 거 1,")“ o (\XI.O :;끼‘ ?‘.: SI.l ìIl J4:1 A f ,] '7 、?

D싸i4 1 .. NS ,(l T\:; ‘() :;2.7 XO.I :'>7.1> ;~k' 15(>.1 '?μ l ‘, 1' 

l)lull-layrr l)M 이)7.2 :'i47.2 ()(J ’ l)()μ 72.0 :~( l' 154.2 냐2.4 
(DM) ‘ 

"hasìc ιcight 1)1' cnnugalcd fihcrhoard 
Ibasic 、VCI안ht I)f flllt l' 

、 '111(' rat씨 o’ BW-F 10 HW.( ‘ F. Mcans in a colu ll1l1 foll(l싸‘d by Ihc s‘!I11C leUn <lrc 1101 、ignificanlly difkrcnl (:'>'ι 、 ignifiιmllcv
ι1) by Duncan ’S 1l111ltipk rangc 1est 

10 

BW-( ‘F 
/BW-F ‘1 

13W-F-'‘ B싸i-CF" ’ Symhol Kin ,j , 

[)ouhk-w;lll 
(DW) 

hetween n:storing performanCo~ and basic wt:i샌ht 01 

f1 ute and ωrrugaled tïherhoard. Aoεording t“ tht: result~κ 

resloring performance ()f corru성aled fiherhoard i 시 Ill orι 

CI‘’sclv relaled t‘’ κ(J‘lctural fonnation in tll1te rather 

(ha l1 hasic weight ()f tlutc “nd corrugated fiberhoard 

111 ordcr 10 prcpare and tn pTomote thc dem써lds 씨 

environmentally-friendly paper packaging material、， Esta ‘ 

hlishmenl ()f ohject data after detai!cd analysis 이 ovcrall 

Conclusions 

rcspcctively Among thc corrugatcd 1ïhcrhoard Ic~tcd ‘ 

loading cncrgy dccrca~cs in thc ordcr ()f DM ‘ DW4 , DW 

) ,SWA, SWB 'DWl ‘ DW2. Hysteresis loss‘ which 

indicalcs degrc<, ()f H'storing pcrformance of corrugated 

1ïherhoard , decrcases ill the ordcr of SW /\, S\V B >[)W I‘ 

D싸12 .J)'N3 , D씨14 'DM ‘ Thus, undcr thc equal ι:ondi 

1i()!1 , rcstoring pcrtOml:111C\.' is hcttcr 111 thc orckr ()f DM ' 

DW3., D빠'4 ，f)싸I1 ‘ [)W，~ .SWA, SWH. Thc tliffcrcllce 

il1 rcstori Jlμ pcrforma !1cc bctwccn corrugatcd fihcrboard 

Icsted, íncrc.lsc、 ‘lS thr dcgrce ()f COJllprcssio!l irlcrl'a~es 

1':이 J ]e -ì i.llustratc‘ th l' analysis ‘111 Ihc Iclation、hip
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propertics of packaging matcrials j‘ urgcn t. Espl:\.:ially 

information 011 thc vεrious quality charactcristics lilr thc 

C('rrugakd fibcrboard due to the variety of llSCS. 

This ’,tlldy is tn dcmonstratι that th~ l1 u h:-!ypι ‘md 

thc cqllilibrating cl1viromcntal conditioll 아 cOTTugakd 

fiherboards alter ils cushioning propertics ;)nd rcst,)ring 

pt' rformμncc 

Tlw fCSU IrS of this stlldy may hc ιutn l1l sri/cd <lS 

follows • 

1. i\', a fl'S 1I11 씨 <lnalysis 011 c lIshi‘11llng pmpn1J(:s 

(\f cOTTlIgatcd hbcrho‘mls which arc ohtai Tll‘d from 

tnaXi ll1 ll ll1 acccleration-static stress curνe ;Hld cushin l1 

factm-dvnamìc SI.res、 CU f"W derived tiulll thc dvnilmic 

comprcssioJ] lest. it s]Jowed ‘hat lhc cushillning pnfor 

mance ul1der high stre、s levcI madc ~atisfactory progrcss 

i 11 th(' nrdcr 0 1' [)에‘ DW and S\V‘ 

2. '1'11\. lowcr thc rclativc hllmidity incrcascs‘ the 

furthcr Idt the irdkxioll poinl is 10ιltt:: d. Thí' 낀11 1.1 1.' ()f‘ 

‘lcn:krati‘1I1 、μIS )',merally low according !, 1 thc increment 

01‘ thc cquilibralÌl Iμ rclative hllmidity al lhc static 써rðs 

belO\N thc ìntlcxlon poin1. ()n th t: I) t1lιr lianù , ìt was 

high “c,.:ording 10 ‘ he、 íncrcmcnt 씨 tb(' cquilihr;lling 

rcL! tiv l' humidity <11 lhc static‘ slrcss (\Vl' J thc il냐lnioll 

pO ll1 t 

L !.Jn!ler thc eqllal conditio[] , reslorìllg pcrfo l"m<l lìc(, 

0 1" corrugated Jïhcrboard teskd is he!t('f 111 에c υrckr ‘’l‘ 
Dl\1 , DW aml S "VV. i\ l、o ‘ n.'storing pcrformarl('(' of 

eOlTUl낀Jt('<.\ fiberhoard is morc cI ()~clV rclalcd to slruc

tU f: 11 forma lÍon in tlu !e ralhcr tlwn hasic 써eight 0 1' Jlulc 

ll11d Cllrrugatcd lïhcrhoard 
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