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ABSTRACT This study aims to optimize the measurement conditions of handmade Hanji paper to
reduce the time required for measurement while meeting folding endurance standards, for various basis
weights. Thirteen types were selected, including 12 types of Hanji with grammages of 17 g/m? 30
g/m’, and 45 g/m’, and one type of 75 g/m® copy paper, and 24 sheets were prepared in the laid
and chain directions. Subsequently, folding endurance experiments at different load (14.72 N, 9.81
N, 4.91 N) and specimen width conditions (15 mm, 10 mm, 5 mm) were performed, using a 4-MIT
folding endurance tester. The results showed that, for specimen widths of 15 mm and 10 mm under
a load of 491 N, the folding endurance falls within the reference range (10~10000 times). In
particular, reduced folding endurance range and measurement time were observed at a width of 10
mm under a load of 4.91 N. Moreover, the endurance trend lines based on the average values of
load and specimen width ranges enabled the prediction of the folding endurance within those ranges,
according to the decreasing slope. Furthermore, for a specimen width of 15 mm under a load of 4.91
N, the folding endurance in the comparison group (35 to 17723 times) significantly exceeds the upper
limit of the reference range (10~10000 times). Therefore, the measurement conditions of 4.91 N with
a specimen width of 10 mm are proposed.

Key Words Hanji, Folding endurance, Load condition, Specimen width conditions, Measurement
conditions




690 | EZ1t5k3|X| Vol.37, No.6, 2021
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Table 1. Specimens list

Basis weight . Mechanical | Paper making .
Manufacture | Sample (@) Cooking agent treatment method Sheet layer | Drying method
Al 17
Single .
A A2 30 Natural ash Impact Owebal Stainless steel
A4 45 Double
B1 17
Single .
B B3 30 Natural ash Impact Owebal Stainless steel
B6 45 Double
Cl 17
C C3 30 Na,CO; Knife beater Ssangbal Single Stainless steel
C5 45
D1 17
D D2 30 Na,CO; Knife beater Ssangbal Single Stainless steel
D3 45
E El 75 Copy paper (Miilk, Hankookpaper)
Table 2. Experimental conditions
Classification of Load Specimen width o .
Items experiments N) (mm) Angle (°) Speed (N/min)
14.72
Condition 1 | Folding endurance 9.81 15
by load
4.91
135 175
5
Condition 2 Foldlng- endurapce Derived load 10
by specimen width
15
Table 3. Direction and cutting of the specimens
Classification of specimens by direction Cutting the specimen
Laid direction Chain direction Laid direction Chain direction

(LD, |) (€D, 1) (LD, |) (€D, 1)

== |

|
ch ABE FolAg AEANE Fa AU
al

=2 S TH(Table 2, Figure 1B). A|HH A2 Table 129 A|&ZH o
P

(Table 3, Figure 1A). WAE Z4& ABE 2Uo] 4 Table 39] WEW LD P4 L = Wi (Do) o
o 5 HSAEE A9 I, B 1758 A0 QWS A CF o] B7ISHTh Table 304 WEY LE 3
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3.1. 515 UWEE

B 17 gm’~45 gm’ 999] ex|o] djste 315
1472 N 270 WEE HAF g~ 2Hgh7H AT
£ 0~14043], C1E 0~18173], E1& 3~123] & 1}ehyt
ow 103] vjgre] Aurl H2k 17 g’ A1 12 B

& 15 EALA ol A 221 = QlthTable 4, Figure 2A, 2B).
515 981 N o= WAE HL7F ATLE 0~40213],
CI1E 40~30113], E12 5~463]2 Uehdon 103 |
gte] AuprL HeF 17 g’ AL 153 ZARA] oA 89l
%] @l cK(Table 5, Figure 2C, 2D). 3}5 491 N 240 A=
WA M7t ATE 141~106363], C12 1450~9908
3], 1% 25~6943] & Ueh} RE AHoA YHE 7]
9] 10~100003] o] E3}st Ao &2 22l & QI tH(Table
6, Figure 2E, 2F). £3|, 35 1472 N 247} 981 N =7
Aol A st ot WARE 053]0 B F7Hel 2kgk
F-HYGTL O 2 Fho] R AR B 17 gm’ A
o] EHAL HHET ZAY 2 Aol et
(Table 4, Table 5). AAHOZ Bk 17 g/m’~45 g/’ Y
o AR WA= HLA(HE~ A= 85 1472
N 274 0~18173], 315 9.81 N 27| A 0~40213],
491 N ZAoA 25~106363] = =gl om, 2] A
SEAusEo 2 A9 dfjgfo] Htarlo] AT1E9] LD, C1&
o] CD7} 2 WAZ7} =9kthFigure 3).

3.2, AM[HEE WHE=

31 491 N A2 A A 88t AHEZH YA =
AR AT, HeF 17 g’ ~45 g’ {92 gz o] djztod
ARE 5 mm 204 WA HLA(F S5~ 2 A
7} AT 0~12533], C1% 0~14683], E12 3~163]2
verston, 108 wke] Aubr Feg 17 gm’e] ATE

%, CIE 135 SAA oA ZR1=|¢lcK(Table 7, Figure
4A, 4B). AIHZ 10 mm 7oA WAE 7L AdE
29~39993], C1% 87~43193], E1E 10~1343] &2 1}e}
5} O m(Table 8, Figure 4C, 4D), A|HZ 15 mm ZZAo|A=
YWAE HMY7t ATE 141~106363], CLE 1,450~9908
3], E1& 25~6943| 2 et Table 9, Figure 4E, 4F).

AHZ 15 mm, 10 mm 2ANA JHZ7} z2F 25~
106363], 10~43193] Mg Yeh} HEE 71249 10
~100003] o] ¥3}5}9t(Figure 5).

E} 174 ET Pk 71+ 9] 10~10000] o] -3+
aglong YWARS Y9 Zaet AT TEoleh=
HollA vl wstarat shoich A4S vlatel] $hA oehA|
LDYgFa} 4Fahghx| o] CDRakE 7|Esksitt WA e
735 AlEEH 10 mm 270] AJHZ 15 mm 270 tfH]
Y3 AAgo s AlL, A2L, A4L(2]93HA] 3% LD)
o] ZHzk 40%, 62%, 65%= L}ERF L C1C, C3C, C5C(At
812] 3% CD)7} 242k 21%, 50%, 56%= Q=] Qict. Eah,
Hatgk AaEA= AlL, A2L, A4L(LL3EHA] 3% LD)
o] Z+zk 43%, 51%, 55%= LJEFG I CIC, C3C, C5C(REt
3] 3% CD)7} 242 28%, 51%, 45%= 21 % QI THTable
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Figure 2. Folding endurance of Hanji according to load conditions. (A) A group and E group at 14.72 N. (B) C group
and E group at 14.72 N. (C) A group and E group at 9.81 N. (D) C group and E group at 9.81 N. (E) A group and
E group at 491 N. (F) C group and E group at 4.91 N.
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Table 4. Five number summary for the result of folding endurance at 14.72 N-15 mm condition

14.72 N-15 mm | AIL | AIC | A2L | A2C | A4L | A4C | CIL | C1C | C3L | C3C | C5L | C5C | EIL | EIC

Min. 3 0 190 | 12 | 362 | 40 0 57 35 | 381 | 190 | 555 5 3

Q1 17 0 592 | 35 | 605 | 99 0 125 | 71 | 496 | 271 | 797 6 3
Median 26 0 752 | 59 | 915 | 147 0 250 | 108 | 664 | 324 | 958 8 3
Q3 34 0 912 | 150 | 1021 | 331 84 | 523 | 194 | 711 | 373 | 1063 | 9 3
Max. 99 8 1289 | 573 | 1404 | 791 | 958 | 774 | 265 | 962 | 426 | 1817 | 12 4
Average 27 1 749 | 129 | 834 | 239 | 112 | 327 | 129 | 633 | 319 | 972 3
Stdev. 19 2 279 | 147 | 259 | 205 | 250 | 229 | 70 | 157 | 65 | 283 2 0

Table 5. Five number summary for the result of folding endurance at 9.81 N-15 mm condition

9.81 N-15 mm | AIL | AIC | A2L | A2C | A4L | A4C | CIL | CI1C | C3L | C3C | C5L | C5C | EIL | EIC

Min. 218 0 | 1618 | 94 |1265| 379 | 40 | 1023 | 650 | 1191 | 660 | 1969 | 17 5

Q1 422 0 | 1909 | 288 | 1858 | 811 | 94 | 1411 | 838 | 1469 | 765 | 2306 | 21 6
Median 656 | 19 | 2110 | 597 | 2456 | 1032 | 157 | 1565 | 921 | 1758 | 870 | 2449 | 25 7

Q3 901 | 107 | 2287 | 1195 | 2807 | 1361 | 2045 | 1756 | 1016 | 1923 | 936 | 2623 | 31 7
Max. 1569 | 248 | 2731 | 1907 | 4021 | 2185 | 2954 | 1926 | 1508 | 2465 | 1103 | 3011 | 46 9
Average 696 | 59 | 2103 | 749 | 2428 | 1146 | 833 | 1548 | 956 | 1747 | 867 | 2461 | 27 7
Stdev. 355 | 75 | 269 | 538 | 741 | 476 | 1030 | 254 | 206 | 353 | 135 | 288 8 1

Table 6. Five number summary for the result of folding endurance at 4.91 N-15 mm condition

491 N-15 mm | AIL | A1C | A2L | A2C| A4L | A4C | CIL | C1C | C3L | C3C | C5L | C5C | EIL | EIC
Min. 2672 | 141 | 3801 |2260| 3951 | 2783 | 1450 | 2278 | 1887 | 3690 | 1898 | 3416 | 187 | 25
Ql 3164 | 589 | 4459 2673 | 4381 | 3788 | 1658 | 2719 | 2497 | 4036 | 2107 | 4096 | 262 | 43
Median 3481 | 777 | 5125 3053 | 4854 | 4312 | 1803 | 3077 | 2776 | 4481 | 2294 | 4409 | 345 | 48
Q3 3829 | 1070 | 6717 [3431| 5671 | 4700 | 1938 | 3339 | 3090 | 4676 | 2498 | 6082 | 431 | 54
Max. 4970 | 1496 | 10636 | 4109 | 10277 | 6034 | 2416 | 3641 | 7251 | 5908 | 2847 | 9908 | 694 | 103
Average 3530 | 831 | 5987 |3102| 5586 | 4256 | 1835 | 3022 | 3126 | 4432 | 2325 | 5441 | 358 | 51
Stdev. 570 | 378 | 2092 | 527 | 1871 | 799 | 247 | 445 | 1300 | 542 | 257 | 2106 | 129 | 17
(Al o .
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Figure 3. Folding endurance of Hanji according to load conditions. (A) Total samples at 14.72 N. (B) Total samples at
9.81 N. (C) Total samples at 4.91 N.
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Figure 4. Folding endurance of Hanji according to the specimen width conditions. (A) A group and E group at 5 mm.
(B) C group and E group at 5 mm. (C) A group and E group at 10 mm. (D) C group and E group at 10 mm. (E)
A group and E group at 15 mm. (F) C group and E group at 15 mm.
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Table 7. Five number summary for the result of folding endurance at 4.91 N-5 mm condition

491 N-5 mm | AIL | A1C | A2L | A2C | A4L | A4C | CIL | CI1C | C3L | C3C | C5L | C5C | EIL | EIC

Min. 0 0 322 6 82 23 0 15 13 | 225 60 | 757 6 3

Q1 20 0 667 16 | 366 | 92 0 290 | 26 | 350 | 139 | 975 8 3
Median 36 0 832 | 61 818 | 166 0 524 | 54 | 450 | 169 | 1119 | 9 3
Q3 55 0 945 | 109 | 886 | 494 | 224 | 642 | 100 | 543 | 217 | 1286 | 10 3
Max. 222 0 1253 | 551 | 988 | 780 | 666 | 864 | 239 | 1037 | 282 | 1468 | 16 5
Average 49 0 782 | 109 | 643 | 305 | 131 | 470 | 77 | 477 | 174 | 1112 3
Stdev. 51 0 262 | 152 | 313 | 266 | 214 | 251 65 198 | 63 196 0

Table 8. Five number summary for the result of folding endurance at 4.91 N-10 mm condition

491 N-10 mm | AIL | AIC | A2L | A2C | A4L | A4C | CIL | CIC | C3L | C3C | C5L | C5C | EIL | EIC

Min. 1322 29 | 1839 | 398 | 1245 | 1079 | 87 | 1541 | 822 | 1399 | 879 | 1926 | 36 10

Q1 1630 | 81 | 2551 | 784 | 2214 | 1410 | 378 | 1966 | 1363 | 1933 | 1193 | 2790 | 63 12
Median 2065 | 189 | 3079 | 1237 | 2416 | 1704 | 536 | 2134 | 1609 | 2071 | 1294 | 2990 | 73 13

Q3 2208 | 330 | 3301 | 1539 | 2878 | 2448 | 2520 | 2459 | 1715 | 2390 | 1563 | 3275 | 86 17
Max. 2971 | 1386 | 3999 | 2397 | 3636 | 3320 | 3113 | 2869 | 2246 | 2930 | 2026 | 4319 | 134 | 21
Average 2006 | 287 | 2948 | 1240 | 2488 | 1918 | 1190 | 2189 | 1565 | 2156 | 1390 | 2980 | 76 14
Stdev. 469 | 322 | 507 | 546 | 549 | 667 | 1141 | 333 | 325 | 399 | 320 | 577 | 24 3

Table 9. Five number summary for the result of folding endurance at 4.91 N-15 mm condition

491 N-15 mm | AIL | AIC | A2L | A2C| A4L | A4C | C1L | C1C | C3L | C3C | C5L | C5C | EIL | EIC
Min. 2672 | 141 | 3801 |2260| 3951 | 2783 | 1450 | 2278 | 1887 | 3690 | 1898 | 3416 | 187 | 25
Q1 3164 | 589 | 4459 |2673 | 4381 | 3788 | 1658 | 2719 | 2497 | 4036 | 2107 | 4096 | 262 | 43
Median 3481 | 777 | 5125 |3053 | 4854 | 4312 | 1803 | 3077 | 2776 | 4481 | 2294 | 4409 | 345 | 48

Q3 3829 | 1070 | 6717 |3431| 5671 | 4700 | 1938 | 3339 | 3090 | 4676 | 2498 | 6082 | 431 | 54

Max. 4970 | 1496 | 10636 | 4109 | 10277 | 6034 | 2416 | 3641 | 7251 | 5908 | 2847 | 9908 | 694 | 103
Average 3530 | 831 | 5987 |3102| 5586 | 4256 | 1835 | 3022 | 3126 | 4432 | 2325 | 5441 | 358 | 51
Stdev. 570 | 378 | 2092 | 527 | 1871 | 799 | 247 | 445 | 1300 | 542 | 257 | 2106 | 129 | 17
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Figure 5. Folding endurance of Hanji according to the specimen width conditions. (A) Total samples at 5 mm. (B) Total
samples at 10 mm. (C) Total samples at 15 mm.
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Table 10. Comparison of folding endurance for derived conditions (folding endurance)
Items AIL | AIC | A2L | A2C | A4L | A4C | CIL | CIC | C3L | C3C | C5L | C5C | Mean
s Max. | 4970 | 1496 | 10636 | 4109 [ 10277 | 6034 | 2416 | 3641 | 7251 | 5908 | 2847 | 9908 | 5791
mm
Mean | 3530 | 831 | 5987 | 3102 | 5586 | 4256 | 1835 | 3022 | 3126 | 4432 | 2325 | 5441 | 3623
0 Max. | 2971 | 1386 | 3999 | 2397 | 3636 | 3320 | 3113 | 2869 | 2246 | 2930 | 2026 | 4319 | 2934
mm
Mean | 2006 | 287 | 2948 | 1240 | 2488 | 1918 | 1190 | 2189 | 1565 | 2156 | 1390 | 2980 | 1863
Max. reduction | gy 7 | 69 | 4p | 65 | 45 | 29 | 21 | 69 | 50 | 29 | 56 | 38
rate (%)
Mean reduction
o 43 65 51 60 55 55 35 28 50 51 40 45 48
rate (%)
Table 11. Comparison of measurement time for derived conditions (folding endurance)
Items AlL | AIC | A2L | A2C | A4L | A4C | CIL | C1C | C3L | C3C | C5L | C5C | Mean
Max.
15 mm | Time | 28 9 61 23 59 34 14 21 41 34 16 57 29
(min)
Max.
10 mm | Time | 17 8 23 14 21 19 18 16 13 17 12 25 14
(min)
Max. reduction | 4, 7 | 62 | 42 | 65 | 45 | 29 | 21 | 69 | 50 | 29 | 56 | 38
rate (%)
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3.4, LWHE ZA 7|187]

a5 WA E Ay ATiel NRBY YaE AET
o] HaghE 71&3t] =AY Uh 2AAS 2t
o A A0 vwatgct WA, 55 YHE =
AT ABEY YAE A 49 7 718717} SARE
AC Ueiston] shgd Wik FAel 2SR

W AEEY YAE 2440 AHAR) ltor *l
HEY YHE FA4] Holeo] 2] QX Ao

glE it skl AR A 4 71271 AL -
1751, A2L 2620, A4L 2376, C1C ~1347, C3C -1900, C5C
2235, EIL -1758 el a AJdEs Yae 244 7
27]87)%= AL -1741, A2L 2603, A4L -2472, CIC -

1276, C3C -1978, C5C 2164, E1L -174= ZQ1 =it} o]
B35k Ak 491 N~14.72 N #9] Ul B 17 ghnd, 30
g, 45 gh? 2|9 WHES o 235171 AJHE 15 mm
~5 mm ®9| U BeF 17 gn?, 30 g, 45 gim’ x| 2
YHE o2 g3t 7| 2ARE S8E 5 9lon ATE
o] CDW, CLE2 LD A= 7ha 7]2718 2
& WL S Thselt 53], AEEE 275
Az7l0] 3l%e A 2ARART YHE )

4
o
24 St 2A fed AR aEth(Figure 6).

o M o
e K

4.1, StX| LB EHxA

Z7} 2A% oarza) 3] 3%, A2 $H1] 350
et B 17 g, 30 g, 45 ghm’of| Ao WHEE 2
AFAe} v WYL o 315 491 N 27, AJEZ 15 mm
AlH o] WHE7} 35~177233] W92 vy WA 7]
219] 10~100005]5 27 4F3]she] Ald 17§9] S4A]
o] Zdf 100:Z0] 22 FUc}. whebA, sl% 491 N, AlH
15 mm 235 7|8 202 AR Hoe yd=
749 10~100003] Hat ZGAI7e] @42 a1esh
e W 3k 491 N, AlEZ 10 mm 2719 WA= 24

s
= |
z



698 | E&115t3|X| Vol.37, No.6, 2021
AL ALC AlL ALC
y=-1751.3x +4920.1 y=-4154x+1127.8 y = -1740.5x + 5342.5 y=-415.7x +1204.2
3530 R?=0.887 R*=0.8028 3530 R?=0.9948 R?=0.9691
2006
831 831
= = 2= 0
B DA — R
491N 981N 14.72N 491N 9.81N 14.72N 15mm 10mn s 15mm 10mm smm
5087 AL A2 5087 A2 A2C
y=-2619.5x +8185.3 y = -1486.6x +4299.6 y=-2602.6x +8444.4 y = -1496.4x + 4476.2
R?=0.9279 3102 R?=0.8984 R?=0.9907 3102 R? = 0.9805
40
129 109
491N 9.81N 14.72N 491N 981N 14.72N 15mm 10mm snm 15mm 10mm smm
AdL A4c AdL Aac
5586 5586
Y =-2376.4x +7702 4256 y = -2008.3x + 5897 y=-2471.5x +7848.9 4256 y=-1975.4x + 6110.6
R?=0.9652 R?=0.9088 R?=0.979 R? = 0.9889
8
18
239 305
491N 9.81N 14.72N 491N 981N 14.72N 15mm 10mm smn 15mm 10mm smm
ciL cic ciL cic
y=-861.6x +2888.2 y=-1347.4x +4088.7 y = -852.3x +2756.5 y = -1275.6x + 4444.9
R?=0.8711 3022 R?=0.8851 R?=0.9808 3022 R?=0.9613
2189
1835 1548 1835 1%
12 2 N B S
T T ) T
491N 9.81N 1472N 491N 9.81N 14.72N 15mm 10mm smn 15mm 10mm 5mm
L ac =18 c3c
y = -1498.5x + 4664.3 4432 y = -1899.7x + 5806.4 y=-1524.5x + 4638.3 4432 =-1977.5x +6310.3
3126 R?=0.9979 R?=08132 3126 R*=0.9998 R? = 0.9924
56
1747 1565
129 77 477
491N 9.81N 14.72N 491N 9.81N 1472N 15mm 10mn smn 15mm 10mm smm
csL csc csL csc
5441 5441
y=-1002.8x +3707 y=-2234.7x +6895.9 V= -1075.2x + 3446.5 y = -2164.3x +7506.5
R?=0.6993 R?=0.7325 R? = 0.9944 og0 R =0.9938
2325 2461 2325
1390
972
9 174
491N 9.81N 14.72N 491N 981N 1472N 15mm 10mm smn 15mm 10mm 5mn
ElL EIC ElL E1C
y=-174.8x +480.31 y=-23.9x+68.028 y=-174.1x + 495.85 y=-23.9x +70.583
R?=0.7902 R?=0.8047 R?=0.8876 R?=0.9126
358 358
‘ ‘ ‘ ‘ : ‘ i R A S
491N 9.81N 14.72N 491N 9.81N 14.72N 15mm 10mm smm 15mm 10mm snm

(A)

Figure 6. Trend line for folding endurance results of total Hanji. (A) Load conditions. (B) Specimen width conditions.

Hgket Aoz perEn. o, 712 A8 15
q 491 N 237~9.81 N v]gt oA 24

Aoz ErKFigure 7).

Aol M detrfHe] ditt WHES HESIAL 4

B
At el M ¥R FHo=

=}
WEE 478 SYsge

U Wi E S Qlo] ], FeHA], A LS| &

Al&o] Aol whel 491 N, 9.81 N 3138 &

83t

=170

UX o (Jeong et al., 2015; Shin, 2014) A& 13T
o RE 208 3Esitnt B4 AL 4 itk v
Al AQES 8k 2T AIHE 229 A0 97|



20000

BRI L 2= AlRlel SEEA wioh/ 2, 2RI, &ols, Fuist| 699

oo, &

18000

~— 16000

mes
[
F
[=]
o
=]

= —
o N
=] =]
=] =]
=) =)

8000

6000

Folding endurance (ti

4000

2000

ALLALC AZL A2C AQL A4C C1L C1C €31 C3C C5L C5C B1L B1C B3L B3C B6L B6C DAL D1C D2L D2C D3L D3C

Samples

Figure 7. Folding endurance of Hanji at 4.91 N condition (total samples: A group,

B group, C group, D group).
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