CHAPTER 4
TEST RESULTS OF CORRUGATED FIBREBOARD BOXES

NECESSITIY OF TESTS

The objective of thi to study problems on corru-

gated fibreboard and co es used for packing
canned products and ng the strength of

these boxes.

In order to i i se factors, study should be conducted

Therefore, it is net ;'>'7*‘i : ine snical properties of

box material before’ an: ﬁ J ion (from factory

to warehouse), then“compare the test results wglh those obtained from

e oo NI NENT

In addition, the minimym require nt of compress1on strength

e APPSR D ) s

So that the optimal design of corrugated fibreboard boxes for canned

products can be obtained.
PREPARATION FOR TESTS

In preparing for tests, the following steps were taken.
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1, Selecting Sources of Test Samples

Two factories were selected for this research as follows 3
1.1 One factory is located not too far away from the

destination.

Kiang Hua Co., Ltd.

; y/'dine in round can, size

ﬁ— inches in diameter and
i--u-‘# .

in THe ght) . Total weight of

*
Testing Samples ) H

212.15 g. per can and
\N\ box contains 100 cans

pattern lxwxd of 10x 5x2

x‘fibreboard'box, single

flute, having the dimen-

4.0 550.0 mm. x 272.4 mm. X
_,W

attprer's joint (glued
Y ]

Vf

ED inner-end ‘outer flap

ﬂ u H ’J Qﬁ]ﬁ mw Erq mto seal the joint V

between the outer flaps. Basis weight

ARIAN TN TN TR

fibreboard for outer liner, corrugating

type is RSC, the

being closed with

medium and inner liner is 177.39, 131.88
and 181.35 g/mz, respectively. Interlock-
ing stacking pattern was applied composing

of 6-8 layers of boxes with 8 boxes in each

*) Data obtained from the laboratory tests.
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‘layer. Duration of storage in warehouse
averaged 2 days and frequency of transfer-
ing 3 times. The storage condition averaged

31.5°C in temperature and 67 % in relative

humidity.

Factory Address Road, Tumbon Parknum, Ampher

Transportation Dista actory to warehouse

raya Road, Bangrug ,

Transporting Mode

1.2 The o ced & irther distance from the

destination.

iLtd.
o
x‘f

: *)
Testing Samples ) m Sﬁlineﬂin round can,

size a92x308 (i.e. 2 inches in

AU t] 39304 Yo :fmﬁhes in hetght).

¢Total weight of producty (average) is

9 mmnimwnmmaﬂ B

box. A box contains 100 cans in

configuration pattern lxwxd of 10x5x2

(b) Box. - Corrugated fibreboard box,

single wall type with B-flute, having

*) Data obtained from the laboratory tests.
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t.he dimension lxwxd of 554.2 mm. X
282.0 mm. X 1.90_.8 mm. and manufacturer's
joint (gldéd joint) of 26.9 mm. Box
type is RSC, the inﬁer and outer flaps
being closed with glue and glue paper
to seal the joint between the

/ Basis weight (average)

rents of corrugated fibre-

liner, corrugating
liner is 196.99 ,
g/mz, respectively.
king patter.n was

ng of 15 layers of boxes
in each layer. Duration
be in warehouse averaged 60
equency of transfering at
e storage condition
30°C ﬁ temperature and 69 %

re. tive humidity.

Facto;'y Addrﬂu H ’J VI EIJY] wﬂlﬂm‘;\er Maueng, Trung-
e AR RAA T UBATHUIE Y v

which located on Chiengmai Road, Klongsarm,

Bangkok .

Transporting Mode : By trucks.

2. Studying Transportation System of Factories.

Study was conducted and data obtained from both factories,
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suéh as, cépacity of production, configuration pattern of product,
unit weight of product, manufacturing proces;, characteristic and
f;equency of handling or transportation, total units of product per
box, gross weight of total products, weight of box, configuration

pattern of boxes, condition of the storage, type of transporting

‘vehicle, and transportation distance from the canning factories to

their destinations.

3. Box-Sampli o

Thirty-si s were sampled, i.e.

eighteen boxes fro packing boxes and
twelve post-shipme boxes from Kwaung
Paisarn Food Produc boxes and twelve

post-shipment boxes).

Sample size and . :T: mpling for testing are in

accordance with I;t

4, Testing ED

?ﬂmﬁmixes were condi-
tioned in accdgpance wi S. 321-1979. + 2:0°¢c i

UL Nip el ey 1)

5. Analysis.

Factors affecting corrugated fibreboard boxes strength were

determined for the optimal design of corrugated fibreboard boxes.
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TESTING
The following tests are conducted at the Thai Packaging Centre
of the Thailand Institute of Scientific and Technological Research.

17)

1. Bursting Strength Test.

1SO 2759, ASTM D27383) ??/1 T810, or FEFCO Testing Method

No. 4 may be applied for test on bu trength (Figure 4.1),

A—— e

2. Puncture Resistance Test.ls)

1SO 3036, ASTM D781, TAPPI T803, or FEFCO Testing Method

No. 5 may be applied for puncture resistance test (Figure 4.2),



v
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. _
FlguEJ 4,22 Pﬁncturé'RésistancBLTest

 EUEIREN TNEINT
ARt ey o

16)

applled QOr ECT

4. Flat Crush Test.

IS0 3035, ASTM D1225, TAPPI T808, or FEFCO Testing Method

No. 6 may be applied for FCT (Figure 4.4).



4,
oty
2 EdgeirfsJ:'Crush Test
e e J".""'ﬂ"-

Figure 4.4 : Flat Crush Test

35
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5. Ring Crush Test.21)

TIS 321, ASTM D1164, or TAPPI T472 may be applied for RCT

(Figure 4.5).

\.ﬁFigure 4 5 Ring Crush Test{l;

Z gy

=

6. Basis Weiibt Test, _— 1

i

TIQ 170 ISO 3039 ASTﬁ D646, TABPI T410 or FEFCO Testing

Method No. 2 may be applied for ba51s weight test (Figure 4.6).
™ OF 1* 1 } W o '» ) e ) 1 | W i r ¢t ol my C

7.‘B%x'Cdmpféssion»Tegtzz) ikd

e

ASTM D642 or FEFCO Testing Method No. 50 may be applied
for " BETs
TEST -RESULTS

The test results are divided into 2 sections, based on the
sources of test samples, i.e. Kiang Hua Co.,Ltd. and Kwaung Paisarn

Food Product Co., Ltd.
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The following characteristics and properties were determined.

1.1 Inside Dimgnaions.yiﬁyk#iength, the width and the

"av i £

depth of box Werer

obtalned for each dipension. s —

Mgn&gagtUQEI S g in g, Fiye readings per box of

overlapping Width of the manufactdrér s Jofnt were “obtained. Sample

. 1 w §
' r L

size of+5pboxes mere ygasunedj';n-ﬁmk
‘&l 1Al I Al ; | 11 } ‘
. B 1 € N1l dbl O O L | 1 F |

1.3 Thickness of Corrugated Fibreboard. Five test pieces

were measured and the thickness values were reported in mm.

1.4 Number of Flutes per Metre. Five readings were

obtained on 5 test pieces.

1.5 Bursting Strength. Twenty 15 cm. x 15 cm. test pieces
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17)

were tested in accordance with ISO 2759 , and the results reported

in kgf. /ch2.

1.6 Puncture Resistance. Eight 30 cm. x 30 cm. test

18)

pieces were tested in accordance with ISO 3036 , and the results

reported in kgf. cm.

1.7 Flat Crushg Ten 66.58 cm.2 test pieces
were tested in accord vﬂ“ t wa and the results reported

in kgf./cm.2

1.8 Ring @fu test pieces, i.e. 10
from outer liners, 10#frgm jcorru at ; DR and 10 from inner

liners, each with a 1“g:‘ ‘ 3 width of 12.5 mm.,
were tested in accordas ;and the results

reported in kgf./cm.

1.9 Edgewise Erush R J_; <] Ten 10 cm. x 2.5 cm. test

pieces were testéd-in-accordance with-IS0-3032~“ and the results

ﬁ?tﬁm Wﬂ"’iﬁi'e' T
liners, 1 gating r liners, each

o mﬁ iRl 3‘1‘[ MY (LRE 1
IS0 303% the results repor ed in g m '

1.11 Box Compression Test. Five boxes were tested in

accordance with ASTM D64222Lnd the results reported in N.

reported in kgf. /c

Details of the test results of Kiang Hua boxes are shown in
Table 4.1 for pre-packing boxes and in Table 4.2 for post-shipment
boxes. Table 4.3 gives the comparison between the test results of

the both.
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Details of the test results of Kwaung Paisarn Food Product
boxes are shown in Table 4.4 for pre-packing boxes and in Table 4.5
for post-shipment boxes. Table 4.6 gives the comparison between

the test results of the both.

PROPOSED BOXES : TESTING AND RESULTS.

',/@ Kiang Hua Co., Ltd. was

odel of the proposed

In the second s
selected to be subjectt
boxes for the reasons transportation and

short period of stor AT, s vas abl follow up the perfor-

mance of the model d ; st ff A\ oposed boxes, in addition,

could decrease the co be y rugated box (see Table 5.5).

Forty eight o is experiment (sample
size and method of sampling in accordance with ISO
186-1977 5)) were equalL*ﬁ;ggi_' roups as follows.

is ;. e

2) PropongﬂBoxr

3) Proposed Box, (RSC, end-lgading).

AUYINYNINYNT

All bdkes were positioned as shown in Figure 4

qmmnmmm 12978 lﬁilon i,

bursting strength, ring crush resistance, box dimension and basis
weight. The test results from the first stage as shown in Tables 4.1~
4,6 indicated that the other properties of box were not the main

effects to weaken the box.



60

Details of the test results of the models are shahh'in Tables
4,7-4,15. Tabie 4,7 and Table 4.8 show the»resplts of pre-packing
and of post-shipment dees of the controllable boxes, respectively,
and Table 4.9 shows the comparison between #he test results of both;
Table 4.10 and Table 4.11 show thé results of pre-packing and of

post-shipment boxes of the propos boxes (top-loading), respectively,

ari # ween the'test'results of both.
v e T A pre-packing and of post-
rr——— '

ing) , respectively, and

and Table 4.12 shows the c¢
Table 4.13 and Table 4

shipment boxes of t

Tabie 4,15 shows t results of both.

Table 4.16 shows t sed for the models.

)

§
 ANEINENINYINS
QARINNTUNRINGINY
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Front of

the truck

(a) top-loading style - (b) end-loading style

Figure 4.8 : Two Styles of the Proposed Boxes.



62

Calculation for Proposed Boxes

(1). A corrugated fibreboard box will be désigned' for canned

sardines of Kiang Hua Co., Ltd. based on the following data :

dimension of can (diameter x height) : 5.4 cm x 8.9 cm;

- package size (box) : 100 cans

101x5wx2d;

n@rbox:ﬂ 22 kg 3

g with 8 layers of boxes

Calculation : b revealgithat t Dovimtne 1 and 2 i be

used under the followin

(D When it has_been deter how the box and the contents
(cans) will recei e the load between them. =

7 =
(2) When Ee m

of %mpression strength

of the box has been determ nined. Theqjesearch reveals that the latter

s s AL AT AR Fusemr 30

of Kiang Hua Co., Ltd. obtained from the xesearch (se able 4.3 in

enmpee Pl 1NT1 I T mm NEUTR < 49

BCT 783 N

79.82  kg.

With the aid of the program computer (Appendix D.), the

dimensions of box are given below,
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Box dimensions (length x width x depth) : 54 cm x

27 cm x 17.8 cm
Style of box : RSC

Pattern configuration 101 x5 wxldad

Area of board used per box : 7,681.04 o

ECT of : ) e determined from the

formula,

when

Appendix A.). B-flute

is selected for making the 2anned sardines (seé under

"Properties of Corzrug ;j;-_Corfugated Fibre-
<
A

| &

 board" in chapter

79.82 . 5.87 x ECT x « (162) x go.so)

- BUHANBRINGINT
qwﬁﬂ‘gﬁmgﬁﬁwgﬁ El'rugating

medium grade of CA 1 are used) : :

e (C'-RCTm )l

diums

- ECT = KX BOE Lo vs

P :
) See Table A.l in Appendix A.
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when ECT . = 1,95 “kg/cm
k = 1.20 (Table A.2 in Appendix A.)
¢ = 1.36 (Table A.2 in Appendix A.)

= 162 . .
RCT . dium 0 kg/cm (Table A.l in Appendix A.)

1.95 =

+ (1.36)(0.62)'

then - ZRCTl P

the RCT value obtained will

‘ \ . case KI125 is selected.

The design deri d §1§ E ed fibreboard box for canned

Using Tabl

give the grade of 1

= e

sardine of the company inclu -» owing :

boxth) : 54 cm x 27 cm

x 17.gcm ; ; _— m

- patternscenfiguration gs10 1 x 5 wx 2 d ;

-AUEIRENINE NI

- fibreboard used & single wadl with B-fluté ;

Qﬁﬁﬁﬁﬁiﬂlﬂﬂﬂ mﬂﬂﬁﬂ

~ basis weight of linerboards : 125 g/m :

- basis weight of medium : 125 g/m A

(2) . A corrugated fibreboard box will be designed for
canned sardines of Kwaung Paisarn Food Product Co., Ltd. based on

the following data :
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- dimension of can (diameter x height)‘: 5.4 cm x 8.9 cm ;
- package size (box) : 100 cans ; .

- configuration pattérn ¢t d0 1 xS5Swvx2d;

- total weight of contents“per box : 21.05 kg 3

- stacking ‘pattern : interlocking with 15 layers of boxes

laid on the pallet ;

- storage duratig , min. at 69 % RH ;

'~ handling

BCT of box of Kwaung

Using the pro /(A : D.), the derived dimen-

‘Box dléia : 54 cm x 27 cm x

" 1748 aﬂﬂ

Style of ﬁ?x 2

ﬂumwmwmm
aﬁ"imﬁfﬁmﬁn WAy

btain ECT of corrugated fibreboard form the formula :

BCT 5.87 ECT ~/ ZH

when BCT = 179.41 kg
Z = 2(54 + 27)

= 162 cm
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'H = 0.30 cm (Table A.2 in Appendix A.), B-flute
is selected for making package for canned sardines (see under
"Properties of Corrugated Fibreboard" and "Uses of Corrugated

Fibreboard" in chapter 2.).

179.41 = 5.87 x ECT x 4/ (162) x (0.30)

Obtain RCT"® boatds Qall board and corrugating

then B - - =

) (s RC )
- \ mediums
when .
ppendix A.)
c = n pendix A.)
RCdeium le A.1 in Appendix A.)
4, 3624(0.62) |
then ZRCTline

ﬂummammm
QW'Wﬁﬂﬂ‘ifuﬂJﬁﬁ“?ﬂEﬂﬁEl

Using Table A.l in Appendix A., the RCT value obtained
will give the grade of linerboard required. In this case, KA 230

is selected.

a )
) See Table A.l in Appendix A.
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The design derived for corrugated fibreboard.box for canned

- sardine of the company 1nc1udes.the-fqllowing 2

- box inside dimension (length x width x depth) : 54 cm x .
27 em x 17.8 cm 3 |

- pattern configurétion : 101 x5w x 2473

- box style : RSC -’-‘H

- fibréboard.uS;'“mu -Vl';v;;niiith B-flute;
| — S
R04 cm

 AuBIneningns
CAWAMIUININGINY



Table 4.1 Test Results : Corr':ugéted Fibreboard Boxes (Pre;-Packing) of Kiang Hua Co., Ltd.

R

Items of test - Units

—
1. Dimensions of box s mm. /
1.1 Length : 55 2
1.2 Width
1.3 Depth

2. Overlapping of manufacturer' |
s joint. mm.

3. Combined board thickness mm.

4, Number of flutes per metre

Remark : M = Maximum value

’ =
Results of test
4 5 X 8.8,
549™ 550  550.4 1.14
%™ et 1.14
179" 181 - 180.4 1.14
R sl 27.6 2.79
g.8® 2y 2.76 0.13
154 184 =45

e AUEINENINEING
O ARANMNIUNRINGINY

89



Table 4.1 (Continued)

Results of test

m = Minimum value

Items of test ~ Units 1 6 7 8 9 10 X 8B,
Ik 16 17 18 19 20
2
5. Basis weight g/m”
5.1 Outer liners 17542 179.67 182.18M181.62 175.72 175.62 177::589 2,71
5.2 Corrugating mediums 133.58 452 2 1 T132.06 131.76 132.34 132.82 131.85 131.947 1.04
5.3 Inner liners 183.55 fﬂ 2 3 181.48 181.00 178 43 180; 90 179 11 181.342 2.48
6. Puncture resistance Nafoaw. | 311" M:; SN2 37.21 37.82M 3568 - S I A Y
7. Flat crush resistance kgf/cm2 2.10 #Tm 1.76 - 2,00 1.88 '1.B3 -1.98 1918 R.13
8. Ring crush resistance |kgf/cm :
8.1 Outer liners 158 41.67 1.78 1.60™ 1.80 EL 0 1,754 0.09
8.2 Corrugating mediums 0.78+ 0.82" 0. PR 0.65 0.73 0.67 0.64™ 0.78  0.746 '0.07
8.3 Inner liners 1.83 ,1.93 1.8 g™ 1.99" 1.93 1.93 1.96 1.90 1.88 1.901 0.06
9. Edgewise crush resis- h EJ ’37” ﬂ m j w El';l)ﬂ ‘j M
tance kgf/cm I"Jﬁ 780 5.100 4.60" 4.60 4.70 4,765 0.15
o2 10.2 9.4
‘10 .Bursting strength kgﬂcw }E' 10.9 0.79
q P8 TEE
Remark : M = Maximum value o




Table 4.2 Test Results : Corrugated Fibreboard Boxes (Post-Shipment) of Kiang Hua Co., Ltd.

SNty of cost
Items of test Units — , —-‘
5 X S.D.

1. Dimensions of box mm.

1.1 Length 551 90,8 0.84

1.2 Width 217 271.:6 0.89

1.3 Depth 178 178.0 071
2. Overlapping of manufac-

turer's joint : mm. 26 - P8 1.30
3. Combined board thickness | mm. - T3 S 2.88 0.04
4, Number of flutes per -

metre : - 154 154 0

e guidnendnens
‘ C AMANINANINYIAY

0L



Table 4.2 (Continued)

Items of test

5. Basis weight
5.1 Outer liners
5.2 Corrugating mediums
.5.3 Inner liners
6. Puncture resistance
*. 7. Flat crush resistance
8. Ring crush resistance
8.1 Quter liners
8.2 Corrugating mediums

8.3 Inner liners

9. Edgewise crush resistance kgf/cm

10 .Bursting strength

Remark : M = Maximum value

m = Minimum value

Results of test
'~ Units 6 7 8 9 10 M D
16 TR S 20
g/m’

6.179.45 177.45 176.08 179.47 177.53 178.629 2.75
134.89 126" 27 50~ 132,83 135.537127.64 132.95 132.34 132,40 127.63 131.368 3.17
174.21 16 27 125 12717612 166.86 163.71"179.86 167.46 173.012 6.21
kgf.cm | 32.63 Mot WMok kL - ARy 3483
kgf/cm? | 2.10 e N 2.27  2.60% 2.10 1.9 2.21 - 2.254 0.20

kgf/cm
' A 5™ 1,73 167 . 1.73-°1.65 1.6760.08
0.7 71 074, 0.71 0.7% 0,74 - 0.736 0.05
Lag L. 31 1.31 1.23m 1.3, 1.50% 1,27 ©1.50 1,50 1,50 1.387 0,k
ﬁuﬂ?wﬂm?wﬂﬁﬂ? 4.45 4.75 4,95 4.55  4.455 0.44

o| 0.8 110 0.8 102 10.2 10.8 - 10.8 10,2 - 8.0"
kgf/c 10.43  0.80
an 10.6 10.8 10.6
- ]
~
—
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Table 4.3 : Comparison between Test Results of Pre-Packing and Post-.

Shipment Boxes of Kiang Hua Co., Ltd.

: Pre-packing| Post-ship-|Residual
Items Units
boxes ment boxes|strengths (%)
1. Bursting strength kgf/cm? e 10.43 95.69
2. Puncture resistance - 34.16 i 3981 96.63
3. Flat crush resistance 2.25 117.19
4. Ring crush resistan
4.1 Outer limers _ ot .ij | ; ‘v~:':L : 1.68 96.00
4.2 Corrugating medifimsy’ / 3 % " 0.74 98.87
4.3 Inner liners 1.59 73.16
5. Edgewise crush resi '
tance 4.45 93.49
6. Box compression %)
strength 1617 67.37
")
Remark : May the minimum require-
ment o :
Minimum qp irement of T = 2400 - 1617
= 19.82 kg,

ammnimwnﬂmaa



Table 4.4 : Test Results

2 Corrugated Fibreboard Boxes (

e~Packing) of Kwaung Paisarn Food Product Co., Ltd.

Items of test

Units

\\\‘ ?",.I‘ o f tgst

I

1 5 = §.D.

1..bimeﬁsions of box mm.

1.1 Length 554" 554 554.‘2' 0,45

1.2 Width 280" 281 282.0 1.87

1.3 Depth 1911 191 190.8 0.45
5 Overlappiﬁg of manufac- : £ .

turer's joint mm. 28.4 25.0 26.94 1.83
3. Combined board thickness| mm. 2.8 2.8 2.82 0.04
4, Number of flutes per '> — - :

metre - 154 v—_—"' T 154 154

Remark : M = Maximum valﬁe

= Minimum value

ﬂuH’J’VIEWﬁWEJ’]ﬂﬁ
qma\mm UAIINYA El
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Table 4.4

(Continued)

Items of test

Results of test

X s.D.

5. Basis weight
5.1 Outer linexs
Sk Corrugating mediums
5.3 Inner liners
6. Puncture resistance
7; Flat crush resistance
8. Ring crush resistance
8.1 Outer liners
8.2 Corrugating medium#
8.3 Inner liners

9. Edgewise crush resis-

kgf.cm | 34.16"

Units] 1 = , 6 7 8 9 10

: 11 — N 16 17 R 20
196.35 2&!!5'!'—'f "lo ;f 4.49.198.19 196.40 193.627193.82 195.25 196.992 3.0l
119.19% 125.61 121.55 122.98 122.27 126.59123.043 2.40
191.09 88.19 192.40 191.79 189.86 186.89"190.714 2.08

507 32l

kgf/em®|  1.49 3 A 1.49 1.8
kgf/cm
1.86™ 1.93  1.99
0 .58 < —r52—0-50—O=SR—fr ’£ 3.72M 0.52
1.83 8;@] LgE 467

39.65 - - 37.80 3,78

189" 144 7 1.9

M

1.635 0.19

2:16°. ' 2.03- 1.9 '1.991 0.9

0.62. 0,72~ 0.52. 0,364 0,09

M

1.93 2.19" 2,06 1.870 0.16

~tance kgf/cm ﬂ.ﬂ Eftﬂ) Q{]AEI:‘VI %#ﬁ gjlﬁl ijJM 4.60 3.80 ° '4.00 4.260 °0.43
.4 13, 4 9,2 12.0 13.0° 10.2
10 .Bursting strength kgf/cm o B4l 4,8
. 1 10.4 12.8 10.6
mmw B9 2P i8S -
Remark M = Maximum value i
o

m = Minimum value




Table 4.5 : Test Results : Corrugéted Fibreboard Boxes (Post-Shipment) of Kwaung Paisarn Food Product Co., Ltd.

j : of test
Items of test Units 2
: 5 X gD
1. Dimensions of box w1 o,

1.1 Length , 553" g 5557\ 55 553 553.6 0.89

1.2 Width 282 : =280 N\ 2810, 280 281.0 1.00

1.3 Depth - 192" 4 waal™ W 190  190.8 0.84
2. Overlapping of manufac mm. . ‘ e ol N i _

turer's joint 28.5 o O ML ' 29.5 28.70 0.67
3. Combined board thickness | mm. _2.8 2.62 0.18
4, Number of flutes per , :

- metre - 154 154 0

Remark : M = Maximum Qalue

e gugingninens
IRIAINTIUNNIINGIAY

B



< r X E
Table 4.5 (Coﬁtinued)
Items of test Units‘ 0. X S.D.
;o 20
5. Basis weight 'g/mg
5.1 Outer liners 186.18 186.178 5.27
5.2 Corrugating mediums 124.26 “1272.077 241
.5.3‘Inner liners 181;39 180.887 3.51
6. Puncture resistance  |kgf.cm. 28.36 28.06™ 28.06 = - 31,947 4.79
7. Flat crush resistance kg_f‘/cm2 0.63 0.57 0.54 0.60 0.81 0.664 0.l4
8. Ring crush resistance |kgf/cm
8.1 Outer liners e i S TR TS TS S0 (R VR R Ty e
8.2 Corrugating mediums 0.67%4.0.72 -,h;.’*' ' e .84 0.78 0.83 0.79 0.66 0.744 0.07
8.3 Inner liners 1.41" d % O - 82ﬂ1 54 - LAY 195 1.90™ 1.48 1.658 0.19
9. Edgewise crush resis- | ﬂ : M 2
tance kgf/cm BEEQ wadw50wgﬂ ﬂ? 2:88 1.5k 3007 12.117. D66
. 12 4 1648 10.3 10.7 - 4J. 2.0 5858 - 20,3
10 .Bursting strength kgf/a Cﬂ"l a ﬁﬂ ﬁmu w "] la- ﬂ EJ "]1 a EJ v 11.79. 1,30
1 12.0 2 29 13.6
Remark : M = Max1mum value =

m = Minimum value
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Table 4.6: Comparison between Test Results of Pre-Packing and Post-

Shipment Boxes of Kwaung Paisarn Food Product Co., Ltd.

: . Pre-packing|Post-shipment| Residual
Items Units
Boxes boxes strength(%)
1. Bursting strength kgf/cm’ 11.61 |  11.79 101.55
2. Puncture resistance | 37.89 31:95 ' 84.3
3. Flat crush resistance 0.66 40.2
4. Ring crush resistance
4,1 Outer liners 1.75 87.9
4.2 Corrugating g 0.74 132,14
4,3 Inner liners 1.66 88.8
5. Edgewise crush res
tance 2,18 55.1
6. Box compression %) i B
strength 710 28.7
*) [
Remark : May ‘be the minimum require-
ment -h' C £ the box :
‘Minimum ‘:ﬂurement of = 2470-710
AU wﬂmwsmﬁ .
a- 179.41 g
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Table 4.7 : Test Results : Pre-Packing Boxes of Kiang Hua Co., Ltd.

; LY
2 st
Items of test N
Units 2 5 X S.D.
1. Inside dimensions of box mm '!:“::‘
1.1 Length AR \‘ 1 ss1 550.6 1.14
1.2 width 2 ,!‘3’ .é, 2 274 272.4 S 1.14
s ot “ '
1.3 Depth 18 13" 15% W18 179 180.6 1.14
2. Box compression strength N 7 4539.{:- ﬂ 07 2410 2340.0 168.34
e r a.:u g
W i ults of test
Ttems of test 3
5 1 ' i 6 7 8 9 10
Units : -t %
11 124/3 ofyis] = 16 17 18 19 20 s.D.
T
3. Basis weight S B A
3.1 Outer liners -'ﬁf\%n&-—m& 178.2{17 474.8 | 180.0 | 180.0 | 178.0 | 178.65| 1.57
3.2 Mediums g/’ fA35.0 [127.6 13 32.0 | 130.0 | 131.8 | 128.7 | 130.37| 3.27
3.3 Inner liners B.S 179.5 . . 8l.2 18 181.3 | 177.8 | 181.2 | 180.9 | 180.90| 1.51
4. Ring crush resistance P L .
4.1 Outer liners 1! IJ. Ej» | w EJ(’% ﬁ 1.50 | 1.50 |1.37 |1.423 | 0.061
4.2 Mediums kg : .80 .64 "1 0782 10.757] 0.7 0.7 = 0.82 0.78 0.65 | 0.753 | 0.064
4.3 Inner liners 1505 11.94 l.‘9 1.63 | 1.62 1,44 | 1.50 %0 1.41 1.41 1.504 | 0.076
: q | c} S0 le.2 »iLLER J 31 BN 1.6 ] 6o
5. Bursting strength / ‘ 7.215 | 0.76
q 8.5 8.2 6.8 6.9 6.9 6.6 6.2 1.7 8.5 8.5

8L
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Table 4.8 Test Results : Post-Shipment Boxes of Kiang Hua Co. \
: of test
Items of test Units —
= A2 Ab S.D.
1. Inside dimensions of box mm \ ‘ -
1al Lgngth 5 5 \ -;_;K 553 §51.2 1.79
1.2 width 27 A [ ‘Z_Q 1 \ 277 275.6 1.14
1.3 Depth 2 3 183 4 184 183.2 0.84
2, Box compression strength N 15, 50 ‘:_:-'I iﬁ_ 1680 1532.0 97.83
i ) = )
Items of test Units : — TN ts of test .
2 SN 4 6 7 8 9 | 10 > Remark
.~ X
11 | Gl L 15 16 17 18 19 20 s.D.
3. Basis weight A ;l-r:-_;
'8 . };&’f—u "ff »
3.1 Outer liners L 3.5 172._5 1 _.5 Jrr:i 4.6 | 178.4| 180.2 | 177.8] 180.1/175.82 | 3.10 | A3, A4
o . -y .
3.2 Mediums g/II.\2 33%. . 7.8 129.4 | 131.2 | 134.0| 128.4/131.33 | 2.56
3.3 Inner liners HBBM‘ ' 3.4 172.0| 181.0| 176.5 | 174.8| 180.2|176.95 | 3.03
4. Ring crush resistance i
4,1 Outer-liners 1';‘3!& 1,37 1.37 .40 1.41 4232 '} 131 1.44 1.31 1134 11,357 0.048|
i
4.2 Mediums ﬂu EJS:J w& % 0 .67 o 0.67 0.60 0.72 | 0.62 |0.648 0.055| A3
4,3 Inner liners u 1.37 1.37 P 1.37 1.37 1.39 1.3l 1.37 1.45 1.86: 1132 11.376 0.044
2 7 . 8.1 8.4 8.0 :
5. Bursting strength q qa 7.985 0.608] Al
; 3 ] ) 8 8. 89| 8.2 115

6L



80

- Table 4.9 i: Conp’arisonbbetween test Results of Pre-Packing and Post-

~ Shipment Boxes of Kiang Hua Co., Ltd. (after research)

Remark : RSC-type

for lin

AugIneningans

1y

: Pre-packing Post-shipment Residual
‘Items Units : 7 e ; strength
; boxes boxes
: %
1. Bursting strength kgf/ Zx” * P05 7.98 110.7 |
_2. Ring crush resis- ' /‘/Z’
. tance - ' #
2.1 Outer liners 1.50.. v -1.38 92.0
2.2 Corrugating 0.65 86.7
mediums ""‘ ‘
= wv—l
2.3 Inner liners m‘g; 1.36 95.8
§ z FITF N .
3. Box compression é‘{f‘;n: 1532 65.5
e i
strength ..Mf__
'; _‘_.-:-:
"'.1-"‘..""I ','.-‘:l'r

is weight is 185 g/tn2
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Table 4.10 : Test Results : Pre-Packing Boxes of Proposéd Boxes (Top-L

-

Items of test Units
; 1 2
1. 1Inside dimensions of box mm
1.1 Length 542 S
1.2 width 270 27
1.3 Depth 180 181
2. Box compression strength N 1620 6 1
' o N
Items of test Units . g o8 "
1 2 ST ]a 3 7 8 9 10 e
Lol X s.D.
11 12 P 37 18 19 20
P =1=
3. Basis weight iy :54:_:_.1_- HFEY
3.1 Outer liners 150.2 | 148.3 16}}?@@;; 148.8| 146.7| 148.4 | 147.8 | 151,2| 147,14 | 3.27
i =l
3.2 Mediums g/m’ 126.15;32’}.32 128.7 m.( 126.3| 124.5 | 126.8| 127.9 127,17 | 2,02
-
3.3 Inner liners 125.5 . 5 120.5 1 122,5 | -322.51°122.79 }:2.12
4. Ring crush resistance m y a
4,1 Outer liners 1.18 224 1.11 L.31 1.18 1.08 k1l 11,10 1.10 1.08 1115 0.076
4.2 Mediums kg/em 2 | 0,57 {0.59 | 0.59 | osé 0.59 | 0.62 [0.62 | 0.69 | 0.77 |n.64 | 0.092
2K | | r )
4.3 Inner liners o 514(%}‘ }.w 87 @4 0.8 L90. 0.78 0.86 1 0,83 0,043
; g 6.5 5.9 8 6.3 o5 6.1 5.5 6.5 6.6
5. Bursting strength . o 3' a 5.94 0.471
6.0 % . 9 lﬂi . 5 5,7

18



Table 4.11 :

Test Results : Post-Shipment Boxes of Proposed Boxes (Top-Loading)

Items of test Units
s.D.
1. Inside dimensions of Box mm
1.1 Length 0.894
1.2 Width 0.707
1.3 Depth 0.548
2, Box compression strength N 115.24
Items of test Units 7 ’
lﬂﬂ!ﬁ H&L\ A R S
X S.D. Remark
l A ‘, 18 19 20
3. Basis weight
3.1 Outer liners 144.0 138.5 | 140.1 |140.0 | 142.35| 2.95 83,84
3.2 Mediums g/mz' ©122,6 128.8 | 130.1 [125.8 |130.43 | 4.56
3.3 Inner liners ! ,,;i ' 125.6 | 127.1 |124,4 | 122,26 | 3.09
4. Ring crush resistance :
4.1 Outer liners _ 1@ ms 111 | 1.6 | 1,10 1.07 |0.093 | B3
4.2 Mediums kg/cm 0. 0.75| 0.81| 0,82|0,8 | 0.85 | 0.85 | 0.86 | 0.78 | 0.77 | 0.81 | 0.043
4.3 TInner liners oeo'rﬁa 0.85| 0.67 0.82 | 0,7 &za 0.75 | 0.85 | 0.80 | 0.062
: n
ii g 7d> I 2 50|06 ad) 5.9 | 6.3
5. Bursting strength kg/uﬂ 6.12 | 0,493 Bl
545 6.24 6.1 | 6.4 5.7

I

oD

8
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Table 4.12 : Comparison between Test Results of Pre-Packing and

. Post-Shipment Boxes of Proposed Boxes (after
research).
‘ Pre-packing | Post-shipment| Residual
- Items , Units
boxes ; boxes strength
%
1, Bursting strength 6,12 103,06
, 2, Ring crush
‘resistant
2.1 Outer liners 1.07 I 950
2.2 Corrugating 0.81 126.6
mediums
~ 2.3 Inner liners 0.80 96.4
3. Box Compression — 1364 78.2
strength

Remark : RSC-type bbx
g/m?‘for 1 Her and 125 g/m"~ for mediﬁﬂ!

. AuInenineIng
CAEIAMNINUNINYAY

,“basis weight is 125



Table 4.13 :

Test Results : Pre-Packing Boxes of Proposed

sults of
Items of test Units
1 3 4 5.D:
"\
1. Inside dimensions of box mm N iy
. c 5N ‘
1.1 Length 27 3 .8 0.84
1.2 width 1 r 180 18 0.55
L] '
1.3 Depth > 5 42 1,00
2, Box compression strength N 135 1¢ 29‘::) ) .0]55.41
4 | -\A E L
T el ’ '
Items of test Tnits —— N N test
1 sy sh| e 7 8 9 T
—— SR E XN
1 2 f35as< | s | 16 17 18 19 | 20
T T
3. Basis weight __;‘:_.3&:,;‘4:_:, A
3.1 Outer liners |ds.s e | 1 42,3 | 140.7 | 145.8 | 142,9 |144.96(2.31
- -
3.2 Mediums g/n’ 3.8 | 123.2 | 25.2 | 124.6 | 127.6 | 130.2 |126.692.66
3.3 Inner liners 15110 129, ’ 12}1 131,5 | 129.6 | 130.5 |127.3 |128,17|2.21
4, Ring crush resistance ¢
|
4,1 Outer liners ﬂ 1Jﬂ # m ElY 1,16 1,16 | 1,152}0.030
4.2 Mediums kg M . . 0.67 0,72 | 0.674]0,044
4,3 Inner liners 0.95 0.92 ‘0.88 0.82 0.82 | 0,879|0.048
o & s 5y | 58
5. Bursting strength / 5.97 |0.371
i q 6. 6. 6. 5.6 5.6

%8



Table 4.14 : Test Results

Items of test ~ Units g
X S.D,
1, Inside dimensions of box mm
1.1 Length 270.6 | 0,894
1.2 Wwidth 180,2 | 0,447
1.3 Depth 540.8 | 0,837
2. Box compression strength N = 7 o 720 46,37
= Vol WA WY
oy ; . &
e S t Lest
Items of test Units e S g‘ﬁ .
o e ' 6 7 8 9 10 e
L [ ¥ s.0. Remark
17 18 19 20
3. Basis weight
3.1 Outer liners 141,2| 140,5 | 141,5 | 142,.8 | 143,56 | 2,61 C3,c4

3.2 Mediums S/Inzl" _:_;u:.-_;:_::_;,ﬁ 130.4 | 128,7 | 124,5 | 122,4 | 129,55 | 4,01
3. 3. Ioner 14ners a '_ 129, 126.8 | 127.4 | 125.6 | 129,1|126,74 | 1,61

4. Ring crush resistance I o lu

4.1 Outer liners 1,08 |1.20 11,20 [1.24 LoY&i hil6? 0,047 | €3

4.2 Mediums 'l.njw 0.78 |0.75 | 0.82 |0.75¢ | 0,067
.88"10.95 |0.85 |0.86 | 0.93 |0.893 | 0.052

4,3 Inner liners

7.1 6.0 W4 6.3 5.7

P R, P 6.06 | 0.501 | c1
|5EJ % El 6.0 | 6.8

5. Bursting strength

S8
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Table 4.15 : Comparison between Test Resulté of Pre-Packing and

Post-Shipment Boxes of Proposed Boxes (after research)

Pre-packing |[Post-shipment| Residual
Items ' Units o1 | '
o ' boxes boxes strength
| | %
1. Bursting strength 6.06 101.5
2, Ring crush resista
2,1 Outer liners - 1a 17 101.7
2.2 Corrugating med 0.76 113.4
2.3 Inner liners 0.89 101.1
3. Box compression 720 57.2
strength

Remark : RSC-type boxes le, basis weight is 125

g/n’ for| Timer—and—i25-g/m —for-mediu For mediur.

AUEINENINYINT
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Table 4.16

Test Results of Materials of Boxes

P

g f test
Items of test Units = T
1 3 4 ) 8 9 10
¥ S.D.
3 § 14 ' 17 18 19 20
1. Linerboard (KI 185)
1.1 Basis weight g/l!l2 88,7 | 191.5{190.5 [192.2 |186,99 | 3.46
1.2 Ring crush resistance kegf/em 24 2,61 |2.61 (2,65 [2.61 |2,627 |0.,026
2 .0 8. .8 4.1 2137 kO
1.3 Bursting strength kgf/cm ' 3.825 | 0.192
. 3 3 o 4,0 3 7 |4.1 f4.0
2., Linerboard (KI 125)
2.1 Basts watght g/n? 126.5 125.5{129.6 (1269 | 130.0{129.4 |128.4 |128.56 | 1.756
2.2 Ring crush resistance kgf/cm 1.70 56 [1.44 [1.44 1,73 |1,73 (1,52 |1.585 | 0.119
: o 2.8 2.9 |2.9 2,97 129 -13.0 :
2.3 Bursting strength kgf/cm : 2,815 |0.189
: 8 2.9 2.8 2.5
3. Medium (CA 125)
3.1 Basis weight s/n’ 5.7 “11125,71126.3 | 129.0/125.9 [130.1 [126,6 |1.70
3.2 Ring crush resistance kgf/cm 1,37 [ 1,61 [1.36 | 1,39 [1.41 [1.37 |1.44 |1.34 |1.37 1,373 | 0,046
: ; . 2423 (2.4 p3
3.3 Bursting strength kgf ‘ I . T O2.235 | 0,131
| 2. .3 4 Q2.4 2.2 ]S ‘
{
‘ -

’QW']G\‘“IﬂiﬂJl
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