CHAPTER 3
CORRUGATED FIBREBOARD BOXES

Corrugated fibreboard boxes have become increasingly and

to afford protecti rein throughout

their journey, in itate handling and

transporting. asonable in cost. Corru-
gated fibreboard boxes curkently i e are made of either single
wall, double wall.or s wall/fib In Thailand, however,

{ quite widely since

e u& of such strong
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To ob%ain an Optimal design for corrugated fibreboard boxes,

study ﬁ W’Wﬂ’ﬁ mﬁj m?%ﬂﬂ Bom the product

itself to the feature and style of the box, the environment, means of

the triple wall f£ilrebo:
the local industrig do not mne

packages

transportation, storage condition, etc.
DEFINITION
‘The following definitions apply in this thesis,

1. Corrugated Fibreboard Box : A rigid container ‘made of
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single wall, dowble wall or triple wall fibreboard having closed

faces and completely enclosing the contents.

2. Combined Wéight of Facings : Total weight of linerboards,

exclusive of coating or adhesive, etc.

3. Gross Weight : Total weight of corrugated fibreboard box

A

4. length : r of thﬁide’dimensions of the

open face (see ?iguy .

5. Width :

with contents.

- dimensions of the

open face (see Fig

the box measured perpen $-5°¢o-thet oth and width (see Figure

3.1).

(the length, the wi

ﬁﬁﬂ ang nimm ) iiiiijimge
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which cdh occur in handl

9. Manufacturer's Joint : That part 'of a fibreboard box

where the ends of the box blank are joined together in the manu-

facturing process by taping, stitching or gluing.

10.Box Compression Strength : The ability of the box to

withstand the éompressive load applied at a uniform rate until
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failure occurs (see Figure 3.2).

o
F e,3.1 ~Box, Dimensions
# i

Figure 3.2 Box Failure Under Compressiom



24

STYLES OF CORRUGATED FIBREBOARD BOX AND THETR uses.Z!s?]

The international code for solid fibreboard and corrugated
fibreboard transport cases has been established to denote the various
designs or types of solid and corrugated fibreboard packgings by

means of a simple system of symbols.

The selected types._ flbreboard boxes are des-

cribed below.

1. Regular Slo \11 flaps same length.,

Outer flaps meet (Fig 2 in Appendix C.).

All the gfap | ! :._l.v:] tted ceontainer are the same
> " )
length. The outer fl@psfmget at ih ) o of the box. The space

between the inner flap the relation of box

L

length to width. These'boxesa 1S€ pre than any other style

25 Overlap'Eﬂotted Container (0SC).

Tt T e

amount (Flgure 3.4 and FiguresgC.3-C.4 i Appendlx C

RANIUINL TR ...

lap not less than one inch nor more than the full width of the box.

The inner flaps do not meet. The length of inner flaps is generally

no less than one-half the width of the box.

3. Half-Slotted Container with or without Separate Cover

(HSC) .
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A slotted container with one set of flaps only (Figure

3.5 and Figures C.5-C.8 in Appendix C.).

The half-slotted container, with cover, differs from other
styles of slotted containers in that it has a separate flanged cover.
The cover is separate or is attached, depending upon the particular

s jpreferred to other styles of

use of the container. This st;

slotted containers when E;FW, BAb a combination shipping

specified (Figure

When assembded; ag'ﬁg he " seyeral thicknesses of
corrugated board in each emds f”{ 3 es considerable strength

and makes the five-pan xwrj gcellent container for shipping

edllas, etc. This

gﬂ sealing tape.
%ﬁﬁ?%ﬁﬁhswanﬂs

Appendacwféfi RSN NENaY

This economical design is simply a scored and slotted

style is illustratezgo

sheet. For the shipment of books, catalogues, or articles of that
nature the one-piece folder is used extensively. It is shipped
flat to the user, ease of packing is facilitated by the use of a jig

or fixture, and closure is generally accomplished with tape.
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6. mo;-Piece Folder (2PF).

Two scored sheets. Tucks of specified length (Figure 3.7

and Figure C.12 in Appendix C)

This style consists of two éssentially ident.ical scored

hroduct. The two-piece folder is

stronger than the one-piece folde h top and bottom consist of

This style : 3 arcel post shipments.

It may also be used e : sh \
7. Three-P

[T \\ cified length (Figure
7 .

3.7 and Figure C.12 in AP 7S

le is @ he two-piece folder con- -

o

This s

-

L I
sisting of three (o jecified length. It

X

finds wide use-withEte : el@long and flat. All

folders are easily‘stdlﬂ flat, set-up, packed>and closed.

T AUBINENINGING -
ARIANTUNRINGINY



| LY | Partial Overlap (OSC)
AMANIUNIINNAE
e

FU" over|ap (FOL)

Figure 3.4 Over|dp Slotted Container (OSC and FOL)
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Full Telescope Design Style Box (FTD) Partial Telescope Design. Style Box (PTD)

Figure 3.5 Half Slotted Containers
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ece Folder (1PF)
: o m ol

Figure 3.7  One-Piece, Two-Piece
and Three-Piece Folders

Three-Piece Folder (3PF) :

29
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8. Interior Packing Pieces.

A furﬁher example of the versatility and remarkablé utility
of fibreboard is in its application as interior packing pieces. It
is used in flat form, folded or die-cut and can be fabricated into a
variety of forms, shapes, and patterns. Interior packing devices

functions in the protection

accomplish one or more of the
of a product ; i.e. rete uspension, cushioning,

. . J E
protection against a@su*tia__ﬂng, clearence, and
pbsitioning. / '

Interio d in Figure 3.8.

Chapter 2 sho _' 1g4 k,l breboard can be manufactured.
The corrugated fibreboard passes ':" anket belt conveyers

towards the slitting and fp‘, J' § and the cut-off.

Thus, the

dimensions required :-d, if the blanks are fojntases, with the ﬁachine—

T “"F‘i‘lﬂ‘ﬁ‘ﬂ TUNINGINT

These blanks pass to tlie printerpslotter wherﬁdphey are printed

ihe & TG U 30 R bl Bh] ene machsne

in the cross-directlon) and, if stitched or glued, the Joinlng flap cut.

The board enters the machine as a rectangular blank with the
two scores produced on the corrugator, and merges as a printed 'cut-

out" that merely requires folding and joining to turn it into a case.

Three types of joint are possible and, from this point, the
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Figure 3,8 Fibreboard interior packing devices.

1—Plain pad

2 to 9—Rat-trap pads

10—Clearance pads

11 to 13—Folded pads

14—Collar

15—U-shaped protector

16 and 17—Flanged
trays

18 and 19—Brace pads

20—Cushion

21 to 26—Corner protec-

tors
27—Space filler

28 to 31—Corner round-
ers
32—Scored liner

35, 36, 37—Trays
38—Tray support
39—Die—cut pad
40—Die—cut tray

41 to 44—Open liners
45 and 46—Compart-

ment fillers

47—Bottle separator

33—Cylinder brace
34—Curved protector “ artit! [ % f]
i 52 an —-Dle—-cq ‘

4
49 r liner
50—Flanged sleeve

anchors
54 to 56—Partitions
57 and 58—Single cells
59—Stemware partition
60—Shoulder-to-
shoulder partition
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Figure 3 .8 (Continued)
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blank passes either to the stitcher, the gluing machine or the taping

machine (see Figures 3.9 and F 100

Stitched Joint
(!llustrated inside of box)

Taped Joint

Glued Joint
{illustrated outside of box)

(/llustrdted inside-of box) |

Figure 3.9 “Manufacturex's Joints.
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Figure 3.11 Force Application to Shipping Container.
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PROBLEMS OF CORRUGATED FIBREBOARD BOX-

Generally speaking, problems which always happen to the boxes

are as follows :

1. Tramsportation.

box damage. As usual
practice, most worke b \‘hrowing when handling

them and eventually e box.

3. Climate.

The h;-*- ifonment is, the weaker

the box bécomes.

4, Boxes. 'Y

AULINININANNT. s

Vakiation in manu cturing st

s LA e L

to varyqstandard variation. See chapter 4, Tables
FORCE APPLICATION TO CORRUGATED FIBREBOARD BOXES.

During transportation or storing in warehouse, boxes are
constantly submitted to forces applied from various directions (see

Figures 3.11 and 3.12). It should be noted that these are dynamic

1 1716075
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forces, not the static forces found in warehouse where the lowest
¥ box in a stack supports the same constant load over a period of time.
Therefore, conpussmn strengt:h data of boxes is useful for comparing

~ box construction, designs and board combinations. The load distribu=-

tion on a box is illustrated in Figure 3.13.

v : | Figure 3.12 Box Stacking.
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Sl
Load
intensity

STON LOAD AROUND THE

> of a box in compres—

Figure 3.13

due to failure of the

e vertical edges. The
‘tresses involved relate well to
» total load supported

m:t' n of the loads

=

v: A
B : ne perimeter.

‘ DESIGN OF CO E;A R 2

| It BHINEINT ol
' ign of .corlru'gﬁted fibreboard box is dependent upon

the seanﬁﬁjﬁ ﬂﬁax;dmumagvnﬂ;lax&lent in the

design of boxes may be given below. : _ ’ '

- - Strength
- Economy

- Attractivenéss
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In this thesis, only the design for strength of box will be
dealt with, i.e. the design which provides a&equate protection for
ﬁroducts such that they remain in acceptable condition when reach

their destination.

1. Design for Box's Strength Purpose.

The strength of reboard boxes may be roughly

determined from their cture resistance, and box
compression strength. s 'of all 3 properties

is regarded as havi

Details ©f these 4 . 3 - chapter 2.

&erior packing has

“““““WE ﬁiﬁﬂﬂi’w NS,
Y NN T T AY i‘ii;’?iff

benefit the box compression strength where the stacking load is con-

Interior packing. (The

cefned. Thus, for the design of box in the case of self-supporting
produgts, the compression strength of the box may not be considered
as prime'importance. The cost, as a result, is reduced.

1.1.7 Dimensions of box?) The three dimensions of box

are the lenght, width and depth. The size most suitable for handling
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and superposing stacking composes of a>1ength 135 times the width, and
of a depth slightly smaller than the width. However, where economy is
concerned, the designed ratio of length : width : depth of corrugated

fibreboard box should be 2 : 1 : 2.

1.1.8 Stacking pattern. Stacking pattern, especially

of boxes to be stored for a long

seriod of time, affects the box's

strength. Two main stacking pat > enis /are given below.

falling although they iAdd i i ; layers. It may, however,

deformation of boxes, e ally, i g they are least strong

(at the centre of each £ e);ni ;éﬂ c f box's strength in

wide gaps, with na17 prot u ‘-, etc., they all

result in the reductien of box's strength.

AU 2 BANIWE AT recion

tern is as shown in Figure 8.14 (b). This type of qucking enables
load t:;l w:-]ﬁlﬁ nlim um Q’lmﬂ{]\aﬂ%’four sides
of the boxes. However, the lack of binding forces between boxes often
causes the upper layers of boxes to fall. To prevent falling, a rope
may be used to tie up all the boxes on the top layer in providing some

cushion at point of contact between the box corners and the rope.
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Figure 3.14 Stacking Patterns.



1.1.9 Relative humidity. The humidity of fibreboard
is dependent upon the relative humidity which affects directly the
"~ box's étrength. The higher the relative humidity, the lower box

compression strength (see Figure A.l in Appendix 5 W
1.1.10 Storage duration. The stacking pattern not
‘ ithstand = load, but, with
strength of boxes in
lower layers (see Fi@l- endIX"AT Therefore, long

storage period should prevent product damage and
increase in inventor ¥ = ﬂnx\\\HH\

2

only decreases the ability of

time, alsoigraduallyAdet

o
entig The self-supporting

products contained inf a=box, i.e. camped sadine, etc., may‘be'able

to withsténd e &Qmﬂpnﬁ w &an ﬂrgn’omula used to.
AT

below :
TE- m coNzo P fp
where TL = total load applied on the contents
N = total units of the contents
P =  average load applied on each content
fp = factor of load withstand of product ranging from

0.0 to 1.0
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The fp value differs from case tovcase and ranges from
0.0 to 1.0. That is fp is zero for fragile products, 0.5 for products

in cartons and 1.0 for canned product in cans.

1.2 Design Formulae.l)

The formulae used in estimating box property”parameters,

derived by The Sian aft Paper Co., Ltd., are given below.'

(c . RCTIIE A i

) 4 -(1)
BCT * et . -(2)

(n-1) W -(3)

where ECT g ew o cru 2gistance of corrugated

,'= take—up factor

ﬂ u g ,}M"H V}ﬁbw meﬂi% strength -of corru-

M mﬁfﬂﬁﬁﬂiﬁﬁﬁ 1T

H

thickness of corrugated fibreboard in cHi.
n = _number ofistacking layers of boxes
W = gross weight of box with contents in kg.

: frh = relative humidity factor (see Figure A. 1 in

Appendix A.)



£ ‘= storage duration factor (see Figure A2 1n

Appendix A.)

£ = handling frequency factor (see Figure A.3

in Appéndix Aol

£ = stacking pattern factor (see Table A.3 in

Example 3.1 : A c@ : Librebpa > 1 be designed for
fragile products based,
- dimensfonsioF prog th x width x depth :

30 cm x 15 Gm % 20

— ‘:- - o 0y, Q1 = T F L.

’ff‘:.

AU Weigm’ﬂ i
QW}Mﬁ*’%WW ﬁ‘%ﬂm‘ﬁ‘ﬁ‘“"g

stacking pattern) ;

we

43

- average storage period : 10 days ,'average relative

hulSddty 5851

- handling frequeﬁcy : 3 times (average).
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Calculation : Boxes in the lowest layer should be taken as repre-

sentative since they are subjected to most of the load.

Step 1 : Calculate dimensions of corrugated fibreboard box using
computer in Appendix D. for convenience. Alternatively, the reader
may calculate dimension of the box, using data and formulae given

in Appendix C.

Box dimen % width x depth) : 60cm x 30cm x 60cm

Step_2 : Calculate primar
(n_ 1) . v £ I::-"e1 | N % 2 fp

when

mmmmw gINT
fﬂﬁﬂ’ﬁﬁﬂ?mﬁm'ﬂ’ﬂ“ﬂ“m’ﬁl

= 0.80 (Figure A.2 in Appendix A.)

0.895 (Figure A.3 in Appendix A.)

gl

£, = 0.50 (Table A.3 in Appendix A.)
N w12

g =0



Howewser, siﬁce boxes in the lowest layer also receive
load of pallet, the average load of pallet applied' to each box can

be given as -§-8-8- = 1.1 kg/box.
When these values are applied in the formula ;

(20-1) (5) + 1.1 0.87 x 0.80 x 0.895 x 0.50 + O

then
Step_3 : Calculate 3
where

able A.2 in Appendix A.).
A-flute is selected, fo e making O e for the product (see
under "Properties '0f Corrugated ‘ses of Corrugated

Fibreboard" in chapEr Fox

g
FHJEI’J r3 i wzr‘r?r*a'* e

the = ¢#5.49 kg/

45

A mu NIUNRIINEAE u L0

in weight, single-wall board and corrugating medium grade CA 125 G,

are used).

* !
). See Table A.l in Appendix A.



ECT = k1'% WL+ (c RCT diums)
. when ECT = 5.49 kg/cm
k = 1.10 (Table A.2 in Appendix A.)

¢ = 1.52 (Table A.2 in Appendix A.)

. We A. 1 in Appendix A.)
- X ‘ /].--/“" Iﬁ .52 (0.62) "

then z RCTl indtd

RCT of each

Step 5 : Using Table in Appem : he RCT value obtained

will give the grade of linerboz ed. In this case, Grade
KA 335 is selecte —_ :
. X'}

As a result the desig U ted@breboard box for

the mentioned jroducuf comprises the following :

UETNENINED T <. o ..
WA cm EJJ} mﬁ" NYNNY

L= box style : 3

- fibreboard used : single-wall with A-flute
2

e

- area of board used per box : 16,836.83 cm

we

- basis weight of linerboards : 335 g/m2 3

- basis weight of corrugating medium : 125 g/mz. '
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2. Design for Saving Purpose.

As far as economy on the use of fibreboard is concerned,
the designed ratio of lenght : width : depth of corrugated fibre-
board box should be 2 : 1 : 2 (this ratio is the result of the

experiment of Australian Paper Manufacturers Ltd. which has been

‘ﬂbe strong enoug'h to

oxes may not be saving

N

in terms of fibreboard dSes /The ;'d S RE -\QPtirely dependent upon

accepted worldwide).

However,

offer protection just as

the designers to sele “~\\Pest suits their

purpose.

3. Design for

Artistic design 3 made on packages such as cartons

which often conta 0 iﬁroduct. Such design

XA pt in those made with

§
AULINENINeINg
ARIANTUNRINGIAY

is rarely seen in‘!f;—_

- E-flute board.
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