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This chapter contaf.ns problem ustatement/
that defines the problex and explﬁins in -
short why is it ne%essary to explore the
pétentials of co:rugaﬁed bc;gg'd.‘d 1 also °
deals with the scope of the problem and

alm of the project. .

Chapter 2

Data of corrugated boafd -

 material and the existing processes pc;&ﬁi;ble-

board gives an idez of the nature of the
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This chapter on general data of corrugated-
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Chapter 3

"

Approach to the problem ‘ -

o
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This chapter exnla:ms how .and shy ﬁ;.he
approach differs from that of de,si-gning ‘a

9.
specific product. It és\s_o explains result -
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of this approach. = -
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This chapter deals wlth the preliminary
ex‘pemments by, difTerent processes that



show a general ?aehakur of the mat&rial

under particular situation and also shoys

how the properﬂies can ‘be buj.lt '- TN
\‘ 3 . ‘ : o“ *e ’-;‘f

Concept development and pdssible end __u”se’s e

® .
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1t deals with further devemapment of ;
: Tproperties and the end uses‘aﬁaseﬂ on these

comsepts, . - e

‘ Chapter 6

Summary T % |

It g:.ves generals summary *of the project =

. with conclus:.ons of the experiments. ‘ s .
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Probleq Statement .

+

',The tit].e 'Exploratioryc-f‘ ﬂotenti.dé of 7. .
vcorrugated board' %:a,n be defined as the e
ways of building up i%s proggrties that ° ;
"the variety of end uses might demand. - |
N s s
The p;sop:er'ty of the ultimate proé:;ct 1s . M
the combined res;zl’c of the basic ﬁrope‘xﬁb’y-é,» ‘
: of the matewrial itself and,the property °':’
a'c"hi’evedv by cuttihg, bending, . folding, ’Q "
taping etc. ,Latef area is where contributions
~ can be madé; Tald.nfg -ip»to consfderation  *
'{.the existing *lian,:i;e"d, use an?. the 1im.it§“d‘;- B
. ways in whiéh cbrrug@@d.boérd is béing

~used, it is felt ‘that the new methdds of °

" using the matemal will widen 1'.he range of .

end uses and sugge% zhhre ecopomi’c solutions ‘;

to the present method’é. S el

‘é 5 . - . » ‘o
The aim of the project is to’ disco:re'r newae,
i ways in whiﬁu\the¢ corrugated Can b? used, 'y~ ‘

The new way of Qing willo in tqrn. sugéea;j

.different end uses. N o 'e- .
- e ‘ - .
e -l e - s

e
Ex:x.st.’mg data /on cor.rugat\ﬁ -board is .aswlmed\
<

sihce.it. wa's® possib}.e to make experiment-s |

e e S e e nh e e S e




"Idea o‘f\-;this proaec‘t is no"t to deaign 'the’
specifié product af s.uch but to Puiga ﬁzp g
“jproperties which wlll pe' useful v&ﬁig L
designing a speCifgc product in corrugated

<

"board. Failures of experimagts’ nave also” ;.

.
A

added to more and more information about '

the material behaviour. - Whenever expe{i'ments
have suoceoded in building up a articW
property, sample applicatlons are sugge%*&eé |
to convincingly prove that the cdncept works.
The sample applieations will not be the c@ly
7 'applications but ’che property evolved .« ,

-

'vmay be applied for any other similar i
'_situation. The properties evolved c.an Ve v
‘used in isolation ¢t in combination which
will give still more dlfferent prOperties
that may wggest dlfferent endouses. - .

2 = \ g
The methods of using 3orrugated bo'ard v.tll

©

' not only be useful for“the applications for
products but will also suggest a new and e,

dlfferent directiom of ’ehinking wha.cﬂ wil 1,5,, |

C S
help further explorat%on of thg materiaé‘.,
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Hatureékaf the

‘7U1timate strength &f e corrugatbﬁﬁboar&'”’

'.as available 1n thetmarket is determined

e ; :
oo .

‘"‘by the following: features ?' . g

® . »;,,

'fﬁ'v1. Flute characterlstics»-f

1ike corrugating medium, llne_ and

- L] .

adhe31ves , :
// - ® ‘ ® . -
3. Constructional quallties o .
It
\ Baslcally the mdterial ig llght welght §§m

3ompared to solid Car&bcard or plywood of * &

&

the same caliper. The weight and cost o
,dependsfupon the@plies and grammage of .
paper used. Corrugated board is mon@ e

stronger in both directions if cross fluting

is used.  &he material is easy‘to process. .

5 © 4

Possible processes\@re as.folmows %
1. Slitting, cutting, slotting  » e

2. Taping, gluing, stitc' gy stapling

3. Crea51ng and scorlng.

If coated with plastic it improves its ‘v&»i

re81stance to water and iT 11qﬁe-wiﬁh a ;'

* .
o

=~ cloth 1t 1mproves its sgfatch and punctune :%ﬁ
 ¢w4ﬂes1stance. ’ ’ /7
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‘Condltiens.

atmosphere;

is short.
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Approaclg‘ fo tue pro‘ lem is diff“grsn% t?;lar? s

¢ {

that ofxlesigning specific nroducd: yqu

basic function of @lg/p voduct 1s‘kﬁg;n and ’
e

A
d to satisfy the =

the nroduct is deve

basic function. -Whereas in athi‘is project the

efforts are made to explore the material _»
without any specific product in mﬁndp Bﬂt"‘,
with an idea of achiev:u.ng a part ular“' '
pro;perty. e @
This approath was necessary to a¥oid a meﬁtal

block whlcl'; woulﬁ have pz’even%ed the ma&&ial

from being explored truely. o 5
@ .
Every experiment generated new mform 'tiory:./,. _.

mbout the material behaviour under different e
situations. »This information was usefu_l '
for further exploratlon. _ ‘
Chapter 4 end 5 explain the ways of usiglg c
the materdal whicﬁxgenerate d:iefferent \
properties that are uéeful for different

end uses. ®
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' liners get dam red during the dkeasing

;;“fTbe %ffect.a}ij

1 s s e ,//, o
: MAfEBIAJ‘UNDERSTANDIEQ .
"‘; : . : ? o 1/' “‘; » ‘ = . "
,Creasfng and foldin? g’:
5 T
Single fold P ‘
: j;f : - PRV
! ‘ @‘ ‘ -

Studies were made to find owﬁ tﬁé effect of/
folding the corrugated board N.F. 3Ply wﬁ?ﬁ
respect to the different directlans of

flute., The reselts ‘were as follo%s

Corrugation at right a.ngle to the fold lineg

In this situation it is possible to bend

Nt

the corrugated board upto approximately ’

?909. The outer edge gets damaged.if it
goes beyond this folding limit. Iﬁfig”,;27: g
‘desifable to hav; gara}lelféld lines close
to each other to bend the corrugated board

-

‘upto 180 without damaging the outer edge.

@

Corrugatlons along‘tue fold 11ne ?p . «é’

This makes it p0331b1e tb beﬁd the corrughxee;’
board upto 180° withous 'd\amaging the outer 7
edge. This can be achievé&%without a crease *

line. It is not desirable to have, a. creasing =

: operaticn along the flute directipns ﬁﬁ th

-

- i :

;operatlon. : ""V’~, , ;

v

‘Corrugations wc an 1ncling¢;6n o the ﬁoldgine

%ved at the outward bend ;5\.,4
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similar to the situatiﬁn where th@ o
corrugaiﬂons are at r‘i ,;-gnglé, e the, fold
- - Cameioas @
line. - o \% o “ -
:‘o . - 3 e - .’. . - tg ! o
%' : ® ° ; ‘@‘ - ‘.’ .// s )Q
v . 2
8 Q ,‘v' @ : - i‘u
P e T e
)% In all the situaticnsgdiscu,ssed above, the
5 situation where the corrugatﬁong- are at b
f o right angle to t'ne fold 1:Lne was ‘found tﬁk .
‘be most wi:ong and fairly satisf‘aptory ;a/ml ~
- 18
is at present being used in corrdua;te&—*
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Parallel greasing and jolding ‘
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It is«a furtber”de@elepmen&rof e 1.
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Resultlng structure by giv1ng folds in“ ’

o

‘;alternate dlrectionsﬁgiv?s propert%ifxbf@v ;@»’

: folded plate structure which can De, used

’ "‘under sustained load conditﬁons vhen the

;  ends are rigidly fixad. Thq'stnncture is a&ﬁ4
* strong along the fold lines. | f

The structure is strong only if fhe direction

of corrugations are at right angl

fold lines.» But the structure is weak if

.3).

the corrugations are parallel to the foldlihes.
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Corrugated board wgé creaséﬁ.ana folded ag ,
‘ oy ,
¢ shown in the Pbotagrapb&— The direétion of’ v
*,flutes 1n each case was.different as e

indicated here. Following results were

o

x.observed . : . - :
_ ’Case 1 ¢ Corrugations at right angle to. the'“i;
i arallel feld llnes.‘\ . S . ':f';
The structure was found to be weaker aloné
a/a' = ?v - . : L
Case 2 : Corrugations at aﬁ‘énglg to ;he;g -
parallel fold lines. | e
‘The structure was found to be‘weaker alon;.
“b-b' and 1n e P e
Case ¥ : Corrugations along the Darallw. "M’y .
o ; - : @

fold lines.

The structure was found to be weaker ak %

. The moet weakest c:«tm.cﬁsm amonget. all the casds

discusged above . .
The resulting structure is’ strong when the, o

e

ends are rigidly fixed. . . e g
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Creasing and folding:‘(%b structure)
; » . ; s 7 " VJ :.J‘ JJ_/ i
This process results into a sﬁr@g;hréathat o
4 ; P

[

gives following' proy)ertiésaﬁ = . ,4 ; ’/‘
1. Ultimate structure is a, rib,structure . o

'

whlch has got uni-direc'b onal strpngth

.

i.e. Stronger only along the direction of

the ribs. v ’ ‘, . >

2. It is flexible across the direction of

-

ribs and can give single curVature,»Sgg,_ Fuﬁ

The resultlng stmcture is strong ag&gugh

W

only, 1f the direction of cormgation& are

at right angle to fold lines but <t is We-ak;’

if the COffﬁgatie_ns are running along the-
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. Gr?%chre§sing)f’-’ L EJEEE”?LEQE?Q" f}‘-

,7 1. This prccess- of cress creasiﬁ}seakens
the orlginal strength and §tif£ne35opres§nt’

in the materlal. .. . . ./.o ; iy
""2. The plane become ﬂexibl-e as s.hown in
‘the photographs. - _ . .’

~ The extent of flexlbi."elty dhpends upon :
1. D:Lstance between the crgasmg lines f ;_,
2 Pattern of creasing lines.- . o

G

~The resulting stmcture gives bi dix;ectlonal

concavity.
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Sli"éi'ng, ,creasiﬁg and ‘foldin'g" o < &

Cormgaized boarfl when slit e )aoefé.and |
_folded ilg a way shown here. giare- a ,parti;ﬁar

configuration that shows wide poﬁentials 8
to develop it further.., .Wheh it ie taped.; e
as shown here gives good shc.»ck abso.rbing
quality. . e o
» ¢ - |

e Due to its specific struétare it also gives*. '
good interlocking pcssibilitiés. whic&ax( |
: .

discussed in chapters 5.1, 5.5. %
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‘When cprrugat'edfboards are stucf)b ¢ach

other and cut across as shgwuhere glve/

' follow:\.ng prOpert:Les : = ooy * a

"1 Requ‘tlng character qi‘ the ma’cerial was

&

found to be perforated. =y i
.2-. It is possible to fut smdothe cux’ved -
e " @ .
surfaces as shown here. ° o " e o

5 Sol:Ld piece has got a good.1load baarifE

canacn_ty if used under the s:Ltuation sho;m

in figure 5 :
4L, A sheet when used under the situat:.on -'

shown in f:Lgure s 4 has less load bearé_ng

' \Wcapacity and varies as per the th:x.ck.ness g ;

and the span.
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Ma‘b‘g' the materlal vef, prédsing,and aryiof

o 5 o @ - 2 L4

Besult of’ the p'rocess was as f‘cﬁ e o
_1. Corrugated board.after praeeing Und ,wet

_cond,ltlons took the shape of the mould af 5

. ; v op : e
(dry‘ing‘. : = = ,‘ .'. .»./ "‘ ». .'
i 25 It permanently retained the shape after
:.,,f.:,. drying. : .‘ : ® \. . v ° :
- . .
. 3 The corrugations were da:maged consideraﬁﬁ.”
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[ g
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»c"fo%i:\spm DEVELOPMENT
POSSIBLE END USES

Suggested end uses are not bhe ‘nly use§
but it is a proof to show t%at %he concept
© works. PrOperties achieved through tbe @;’

way of using the material is discusse##fh
the follOW1ng chapters.‘
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4

as an internal strengthenmpg mameriai i}igf :
The resq;ting sample praduct shjfn here is

the combination of two differe cdnoegts
hii,2em o6 " “%; s

c+he felded structure makes@thp panel rigid ,
and thp concept 10.5.6 makes the inta;&qcklng

U

system pOuSible. = . | -~ A .

,Possible*end uses

i XhiDlthﬂ panels, partitionsivdisplay»

(6]

‘ : 3
platforms etc. . 7 .

9

Short duration mobile exhibitions requlre

display furnlture which should be necessarlly L

,,../_ 5

lio‘ht Welght and UfOld.able .+ “ red“nmw f'\:_‘/”

transnort cost, The proposed deSLgn o? a
panel shown here is foldable and can be

transnortad in flat sheet form.,: - .
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DeVelopment_of the preliminary g§pquﬁt56n

4.1.3 shows following properties‘

1o Zigzag Ccreasing ‘and folding can glve

-

various 3-dimen31onal 9eometrical DossibiliQ .

ties. 2. Due‘to its folded sfructure 1t is

»

‘strong and impact resistantQ.r3? As 1t can

take various: geométrlcal shapes as‘ﬁhown here
_ b

can act as a proﬂectiYE’gﬁV€§wfaf’ nrﬁ?iuctsw

4. Effective protection through shock

absorption is nosslble in mlnimum ‘quantity .

of materiad., \. Ly ==
: B . 5
Posgible end |uses . e

Protective packaginé’?%g'glasswane’such'as
®

laboratory equipments, ceramie sesdycts etc.
; & 7 : 9 \‘3




Zigzag creasing and foldingfgivés”

: : kO
structural configduration which shows still

more different pronertieé as.éesgribed here..
i The structure shows flex1bility in Dlane * -
~as shown in fig.ci. 2, Tt ig flexible. gnoush
to take a.shape of & 1arge sphere thernforev:

can be used as a ETOtQCthP 1inlng ﬁ’,mdouble\;
= s <

curvature: products., ,;ffis Dartlcular
structure has got 1mnact re51stdnce L, It~

can act as an 1nterna1 strengthenlng materlal
& >

i enclosed(C)S It s&gcked on each other .

if forms uniform geometrical.snaceq 1n31de (b) |
'that will fe useful fow‘storlng round or  *
- spherical fragile products. Produgt is y
'securely held in pos1§ion due toeits qgga&;gs.~

B




The specific pfoperty achieved by eross
creasing described in 4.3 canv%eSt'bé’ﬁéadi
for contaiﬁeis as shown here. Such

containers as shown here accommodate more

@

maﬁerial ag it has go§ a tendancy to inflate
“to a certain extent dud to the, process'of

o
cross creasing.. : > L
oS ‘
o SN
- o gt =
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'fOugh ribygtructure H Con51der1ng its flexibiiity in one "‘,'
Gy Gl ® ® I .
and strength in another, if used in combination with ‘, |
x e ‘§

1t supoorting the ribs can form a strong sigucture whlch can Jbake
ﬂn’c of load., Single curvatures are nossible due to flexlbility

e in one direction. : . e -

ir developed on this concept can withetand 60 kg of 1oad .' -
uses B
‘uged fox* chalrs, tables for ex‘nibltions and flat areas : |

lay. - | . L o e f?

is totally foldable with interlocking joints and can be

a flat sheet form.
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Baged on thls concept varlous joints are'
worked out by 1nterlctktﬁ)g ;Ldentical pleces
and inserting a square pin. _ The Joﬁnwan
be released by remcrvtnag the-pine on clips.

@ 9 <

Types of 1oints gossible . ' .
1. 'L' type 2. + type: 3.9*»*‘@'%“&

This concept can be used for exhibition yanels
which require foldability,light weight and
interlocking- possibility at different angles
as the display needs demand. ’Rhe ex‘m_bw
panels shown here is the combinata..on of two®

Sdifrerent concepts fs explained befgre. |
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Shock absorptivity through structure 5 : _)i i ;
" \\: 5 P "‘),/’ 4/‘
By slitting, creasing and fo;,ding : e e,
operty is an extens:Lon of w.h- vy developing a structure further.
.?mg stmc.ture can be used as a protective pacji je for frag:.le = ‘S
cts such as thermas flasks, tube lights, laboratol‘%r equioménts

ramic products,b Th:Ls speciflc structure forms d;,)uble casgmg ﬁround

mr’oductAs 'm here. No part of the surface oA the proauct can

(;Ltecta‘:y in contact with outer Cas:mg. |

Struc ture ke eps un Lﬁornf

tive marg:m around the product. e e = &
’ &= S =
G o ; 5 g / 'J
< > . : .a’.
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The Wexagonal shape of this ﬁéckage shows
g ® = s 4
good stackbility which'reduces ‘:cﬁv,t. s'%/or’:.ng. .
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“The concept is further developed as shown »

6 ‘ i 4 . - % : e
here. The resulting produc derg i o =

througé this process of slittin s ereasipg, ‘

foldigg and téping gives struvftuvg thaf haf . .
got gS\d shock absorption qualities. \n_;gﬂ—

lining for the proﬁuct.
be rolled as shown in: e photng;aﬁh ayd ; .
hence can be used fo; protective 1ining for

The tape used acts as a tie ‘and the #tr;
@ l
of corrugated board as spacers which

cylindrical products.i

control the 1nternal dimensions bf ~the
diagonals. ; .r ® | - ° :’ . :
o L
i g
i o
-
}H
@ x Q\




ways of'§ sn.ng the c_orruga‘ﬁe board et 'g_?ezgér« .
| The aim of the explor,atioxh'zb- ‘f thg_ma.t.eriaf |
was to widen the range’,f usabiiity by,
building up new proQg,rties -by using the . %
material in different ways, and \uggest more

efficient solutions to Jthe present ones ;
This will suggest a new and different :
| , direction of® th:.nking which will® nelp fur‘ther
W : i exploration. ! : e

. R Basic data on corrugated board is based on

avallable information since it was a0t

)
possible to do exberiments to generate suéh "

e , data. Short life being one of the salient
~~
" characterlstlcs of **ugated board the

nature of Jthe product made out of corrugated.'

o : board will also have shert 1i hen‘be only
such products ‘which _Ll e use or a short.

. = : duration should be made out of cornugated

board.

-.f 5 Initial approac.h to

k]

tir.déi. (Bed #or carrying 3 dead body)trvelba
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followe
; /

it falled to generate sufflsien:b ’feed back

But this apnroach was no more

on the/properties of the materiad.”
4.3 “fhanet

i._nater approactl discussed in chap
out to\be more efficient thanetfe pre%

. e B
one, o o .

s thgi;.-..i.;h,e.ways“
of using the material yves di'f?erent S

Chapter 4 convincingly pro

®

e
1. Flexibility in plane

‘properties such as : e e |

2. Shock absorptiyity . |

3. Rigidity
4, Interlocking possibility etel®

_These properties’when developdd and usdé~

in isolation or in combination sughest

*]
different end uses and the end products in
° @ s e
turn demand diffevent properties to satisfy
The ‘end products thus give

)
a feed back and hewrther more exploratio

its function.

- All the products developed areﬁ_d‘able and

can be transported in fla’e fo ekxcept U4 ’+.

W5 ), thus help savmg the storagq space

_and cost of transportdtion, e

teréstics, ¢ Bybiosl stre \&\_.

Te ed éf liﬂ‘£ afe, ad'hesiqes e



* does not cover tm.s area and only ‘]_imirted
: ¢ ° A.
upto conc¢eptual stage. The..enfu@es 'o e
suggeséed are not the only end“u?‘ bat the

"prope ths deVeloped can be uged

ox apyoo‘efggig*

sim:.la situation, a‘%
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N r A Ultimate pI'Operty of cor cugated bofrd dependﬁ
Vs—'ﬁ/j \.“{‘ : ) o © o z
' “ . . upon ?»\ . Flute charact&ristlcs « =

A
A : \ 2. Physical s‘;‘trength of the como‘aﬂ'mt

- T | : . _ like corrugatlnt medlum, l'é.ne}.g_’;

| : o S et and adhesives . .'" . = i
‘:,' 3. Constructlo al qu.alliries Gk

o 'Ty'pes of corrugated-'board availablg . :
'_’ : ' 1. Single faced . . .

2. Double faced : . /:
3. Double wall : ;

a : D:Lfferent sizes of corrugations are available

.

Type Flutes/ft. o Flute height

_—

A flute  34e- 37 * 0.187"-0.189
. B flute 50 ) B 097"10 105

Solg G C flute = M\& o Y. 137"-0. ms

B figte o 90 - 96 O gegn oo

- Extra’-iarg’é 20 v 6« 7 mm

'y [ ]
(% e ® .

b‘ | Corrugated board with Jarger flute bize has

e greater stacking stre th and abe%fvity 3
v". = . (shock). A type s gr tér, sta@vﬁlg strergt'.h
gfeate shock absorptlcm. G;}eralhsased \

: ‘;‘ : grbid s g[ass \ware;. B-ty‘pe.: Sélfler, J.gos : N

S . Q . : * : shoy e absorption. At present the if. beri'?l—/

. - 6 G fo\ﬁ_ng used largely fO packaginge i =
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Advantages of corrugatgg;ggggi ih o T;y/% o

1. ‘mrfective cusnlonlng material °

O ol
B S )

2. Lignt weight 3 Easy to manuféj%hre .
g

Lo Easy for sﬁorlng 5 Easy f@r d*swosalv -

/

6. Saéi for human handllng 7. Can be made
water ;ﬁsistant 8. No s@}f generating nests

LS O

&

_or fungus 9. Saves produﬂtﬁon space.~,;

- o 3 : -
Water proofness ,“%y,;@.w'9»“ : 5

s __} gt . -
Weather proofness el e -
‘can be achleved by plastic coatlhéfnf PVC
pPolythene, B 1tuminised\paper, coatlngvgpth
paraffin, Nitro cellulose, Ethylacetaﬁe,
PVA, Saran rSsins (P.V.D.Ce), Aﬁ?ylics,

Polystyrene and several other synthetie z
4;;materials.

Manufacturi g ;ointg ' .
‘gtitching : Wire stitehing, stapling

3

- ' Taping ' HDPE_reinforced box tapes

¢ :

clothf&ﬁggi :

Gluing
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1. International Fibreboard cage c:!de.,e i 5
" Deweloped by FEFCO & ABSCO. . .
o e

2. Indi‘p Institute of P,ackaging, Bombay. ,_ Lo _
- 3. Corrugated & Solid Flbre board (EI? Linggrg)

o l+ Corrugated Board Mariufac*ﬁring Mac’r:mes

e ey (o) , - O ’;-’ B
7ﬁ5 Hand Book of Corrugated Box (11 1ibrary).
e Y
- 6. Avadhoot Industries o
Manufacturers of corrugated co.ntdineffs -
k “7 EVEBEST Packaglng Industrles, Bombéy e
8. Ackme Packaging ﬁ‘nternrises, Bombay ‘ '
?. ‘Bombay Packaging Industrles, <
b?,tm-eslmw L
- 1D.C Library , . f
‘LLT.Bombay,
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