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2 o B dAFdAME A #3A BE AP AHEHI e dAFAE dAst 5%, 24, =2
7], E7], A4 & F AEdE E3A HEd G 28 F dve EFHE JY, EAAEY oA FA
HEl(epoxy putty)E st dgiTh 7120 ALHIL Y =

A, 70 A3 Azte2 Q@ AR @4, =7 Aol o f8o wd

G FHoE Q% AAY T FAHE Hola Utk ol & sjAsky] A8, 12AH 0 R F3A BE A
g #@AZA 7 Bol AEEI & HolxE(paste)FElo] B ASE HAAY E4& dofd &
ol Hlu tiFe R dYsta, FA 9@ AsfAlet SHAY TR WE oAFA HEE Ndsianh A
H A FA HEE V& ARY ZAA 2 2 A 284S AYU7] Al AAER)e] oE FA A
SHAE 44 AR 24 3PS AAEHAT A7 2 2% BT Ho|2E FHE H3F AR 5~10
min W2 7]E& A5l va) o 3~100 A= Fol A4 A AF e Mo, dad
< Eo]7] Y% mR&E o 3] AT FHAA GA AL F JSE AT =g AY T A=
EH oY T B?HE BHad] A8 SHAAZ "A(tale)t WA micro-balloons H7F8te] AME F
£ o Yo} ZHAE = S E9FUS B ofUg AHP(coloring), A HA, AaE Fo] =2
A, A%, dagoe] 43 53 5Y Q85 /fdsiinh

Abstract: This study aimed to develop epoxy putty as a multi-purpose connection and restoration material that can
be used for material-specific restoration work such as metal, wood, ceramics, earthenware and stone artifacts by replac-
ing synthetic resins currently being used for preservation treatment of cultural assets. Existing synthetic resins have
the issue of cutting force resulting from high strength, deflection resulting from long hardening time, contaminating
the surface of artifacts through staining on tools or gloves and need for re-treatment resulting from material
discoloration. Accordingly, paste type restoration material most widely being used in the field of cultural assets preser-
vation treatment was selected and examined the property to select it as an object of comparison. Based on such process,
epoxy putty was developed according to the kind of agent, hardener and filler. For the purpose of solving the issues
of existing material and allowing the epoxy putty developed to have similar property, property experiments were con-
ducted by selecting agents and hardeners with different characteristics and conditions. The study findings showed that
both kinds are paste type that improved work convenience and deflection issue as a result of their work time of within
5~10 minutes that are about 3~10 times shorter than that of existing material. In regards to wear rate for increasing
cutting force, it improved by about 3 times, thereby allowing easy molding. For the purpose of improving the issue
of surface contamination that occurs during work process, talc and micro-ballon were added as filler to reduce the
issue of stickiness and staining on hand. Furthermore, a multi-purpose restoration material with low shrinkage, low
discoloration and high cutting force was developed with excellent coloring, lightweight and cutting force features.

Keywords: Mercaptan terminated polymer, Trimethylhexamethylene diamine, Epoxy putty, Cutting force, Restoration material
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3 FalE Wi Jom Wl ofyEl ARE HE A
2o o3 &A= WASHA "ot o]@A E4E R

T3AY BE A AT 7IHE 83 g A
59 WHEC] ALEH FA7FA HHE gfon,
1980t o] FHE= =29 HA A5 =Y HAE
e FHOE AAHo| HEAHA BE ATt o]
FolA gty 53 AdstE g A AN
o w s FAFA ARgo] WEA st A
T3 HE APz FAFAE AL HAo
2]. EFAE 7HEA, AE AR ARE, A4,
HISFEA 5ol o, 5 W] Qo AHge &
PO R sl A BHE Aol ol &&EoA
I Stk A w3k BE AP ARSE AL =
Ags BE A A T AT 2 545 93 &4
oAl AREEIL glom, AEZE celluloseAl, cyanoa-
crylatel, epoxyAl &9 AZE7F AMEEHI Yot 53]
ANFAA S FETAEL & AHS 7HAIL IA
9 A wstE Qg W o] I EI Ed
T Ay WEyE el ol= QI o|d3te] &
Az ALHZQ] AAY7E o] FofRA fFEo =T}
FobA AL QUTH3] EZF w2 AEE AT 739
A, 2 A F 0 A3t Ao R QIF Am A
F 88 2 =74 Al 2o frE EHe 294
7Ie 5 Be FAHEE =3I ATH4)

ol B AFoixe fet 2 AEEY EAHES
sfAdstr] 9l 2 P2 Aol 935k, 10 min
welo| A3yt o]FojAH, &of] EojubA] ool W
Lol HA @ TEAol % Hol2E FHE
ANZA HEE stz stk Add &3 &
& dFA HAEHE IHE FHY AFAA FAR
FA= diglycidyl ether of bisphenol-A (new japan chem-
ical, Japan Jil)¢} hydrogenated bisphenol A (mitsubishi
chemical corp, Japan jit)E AF&3IHom HsiAl=
mercaptan

terminated polymer (sc organic chemical,

Japan jil)2} trimethylhexamethylene diamine (evonik in-

o,
o
o

dustries AG, Germany jit) + T/FE AH&sta H7HA
g T8t B4 A3S AASIA T mercaptan termi-
nated polymer ZA3HAl= WH 3S)e] EAo wetA
Hlw A WA 7y 25 @S A9 wE A3t Al
AEdAH T U B4 FA7E st AEAE 4
A )21, trimethylhexamethylene diamine 73 3}A|l= A
ARe FASEE AxHJa A4 HlnAH wE A
ZEES g o] A8 ATS5).

M o ZA] HE e} 7]Eo AMEEA2 AEEH
o Hu AFS T3 A - DFHES FolRiuA IS
), o]& H&l AA EIFA BE A 7 wol Ak
S5 e ddFA " F dHol~E ¥ CDK
520 K (M=Z89 jil), Quick wood (PSI fil), SV427
+ HV427 (HUNTSMAN jit) AF 35S vl o
2 Addsidte]. d¥E 7€ ARES KS A4
A AlEE AFste] 97t 24 HAPS FEl

< FRIston, dPoEE HIAY, nfr
RS AZE IR s, A9 d3t A, A=

T 348, 45 Ax, FFES SHsAHT
ANZA HE mEI 7HA O] B AFE F
HolEl & vlg o g 7|E AsE7e] vl
of e o FA HES A, A,
3 At E3hA] BE Ao 28T
AEEA ] 78S Fels] BaAt skl

d

o 4

2. 4 &
2.1. A2
2.1.1. DM (MercaptanF] o ZA] 3 E])

mercaptan| ol FA] HEE FAe} BIAR o] F
o A= e 29 o7 FA|E= diglycidyl ether
of bisphenol-A®} 7 3}A|= mercaptan terminated poly-
mere] &3 £ J|HOE DM-1& AXFHoH,
o] 9o & HIlEs EFste FdsiHoer 4
8452 Table 19 Zth

ZASIAZ mercaptanAl & ©o] &3t I HEE W=
Al F7MAFHoH, FHAZ WA phenol A% mi-
cro-balloon (dupont jit)& FACE &3t HA &
A grzo] ot R SHal THAY Ao wek
A SRE HRE AT A3t 5= E35HA
HEAZ AMGHI e 71E9 A FolA £743
&2l Araldite rapid type (HUNTSMAN jil), DEVCON
(ITW DEVCON jit), Quick wood A|&F& thio = wf
24 AsE F J=F Axsion, H2Ee 7|E
A5E] H2E HY WollA HF=F Al =33 th
Az DM-12 SAAE EdstA &2 A% FE 9
dA DM-1 dhofl F=A ZAAQ micro-balloon<
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Table 1. Composition of DM-1 Epoxy Putty

=3+ Epoxy Putty?] 7k @ SAJo] @3k 139

Table 2. Composition of HD-1 Epoxy Putty

Resin wt% Resin wt%

- Diglycidyl ether of bisphenol-A 45.5 - Hydrogenated bisphenol A — Epoxy resin 60~75

- 1,1,1-Trimethylolpropane polyglycidyl ether 27 - (3-ethyloxetan-3-yl)methanol 10~20

- Acrylonitrile/butadienecopolymer (CTBN) 25 - Propylene Carbonate 1~3

- Epichlorohydrin 0.1 - 3,4-Epoxycyclohexylmethyl 5102

- 3-Glycidoxy propyl trimethoxy silane 2.5 3,4-epoxycyclohexanecarboxylate

Hardener Wi% - sulfonium salt mixture 2~4

- Mercaptan terminated polymer (Capture 3-800) 88 - AR A A 23

- 2,4,6-tri(dimethylamino)methyl phenol 10 Hardener wt%e

- Triethylene tetramine b - Trimethylhexamethylene diamine 45.0~55.0
- Trimethylolpropane tris(3-mercaptopropionate) 35.0~40.0
- Hydrogenated bisphenol A — Epoxy resin 3.0~6.0
- Phosphoric acid 0.5~1.0

Figure 1. Picture of epoxy utty (DM-1) resin and hardener.

(wt%)i SHe Hol~E FE o] AHE KS Tt
7—d|°ﬂ mE =4 Aol 9HA A& ThFigure 1)[8].
Hlal thak /\14% A kA ®HE Aol AMEEI
Ae AFA B FolA B liquid FER7F ofbd
Hol2~E FE oFA IF S CDK 520 K, Quick
Wood, SV427 + HV427 A% 3F<S ARSI o
Al FRe] a2 AlzARe] AR vl gl e A
o} AAE AT T3t 72 h HF3 Fo AFdS
Zlffﬁo}%lofﬂ 54 A AEE A 22 599

< Hxsbsta, FAskE AE 34, 43 & o
/\]ﬁi./] BZ7} 80]3l%= silicone ZH E< o] &3}
of AzZstRd. =3 BHod U3 e o] g** A
471 %%H AE gx %Pil L %% o]%aﬁ m]

2.1.2. HD-1 (DiamineA| °|ZA] H¥)

diamineA| o ZFA] HE= FA|&} AIA R o] FoiX
IHE FEo 29O F  hydrogenated bisphenol-A <}
trimethylhexamethylene diamine2] &% S8 FA|
738 A] &S 100 : 50 (Wi%)= 7]E O Z HD-1S A
Zateo] E3hA] BEA P AMREE HE - BEd& A
S5 HYstA AHEE F U FHol2E FHE F4
At A A= diamineAlE ©]£3+ DM-12t Z
AAoZ EAS FFAAFOH, FZHAZ micro-bal-
loon, &2, LA HAAE FAHOE S8t =4
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Figure 2. Picture of epoxy putty (HD-1) resin and hardener.

m

of mE M2ty F3 g W] S Ex=
A Z35} A thH(Table 2, Figure 2). Hlxl th’d Al5& A
w3 A BEA Y ®ol AMEHI e dFA #HA
FolA FHol2E FH oZF Al CDK 520 K, Quick
Wood, SV427 + HV427 A& 35S AAsIP e, o
ZA Gzl w7 AxzA d@AR vlge mer
FA L}t AEAE Sttt

2.2, AEHAH

3R REAE Al AEEE JHEY - BLAEAY
=4 H7HE fE AlEA PdE DM-13 HD-1, @A)

EU8& AR AHEEHD 9lt o FA] #HXI EAl
it A 2ARAS B4 AFAAE, tEE, F
3} gh-go ot 2% W3 A Ax, 39 AR, H
T, UF AL, FFEE SAHNAoH FHAALS A9
Aol ofg Mg M2 ESA4sAT10]. A =4
2 Az B 2E7|(PosiTesrt AT-A Automatic, DeFelsko
ihHE AHgste AR on, 43 WHOE+= KS M
ISO 4624(= 59} YAl 72 whg] Ag)e] Ao <
Aste] FA8E AT vEEE 54 2(COAD.101, A4
8}l E o]-83te] KS TFAKS M ISO 5470-1)° &
Aste] A& 10 cm, =°] 5 mm =719 9F A|HS
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Table 3. Physical Properties of DM-1 Restoration Material

|

Sample DM-1 (Resin only) DM-1 (Paste)
Adhesion (MPa) 297 2.23
Abrasion rate (%) 0.05 3.69
Hardening time (min) 5 5
Tensile strength (kg/cm®) 233 10
AE'ab 13.22 31.79
Surface hardness (Hs) 24.6 233
Specific gravity 1.140 0.468
Compressive Strength (MPa) 9.1 1.9
Shrinkage rate (%) 0 0
35
30
25
20 —
15
10 —
5
Sr“EN N N lr - L .
Adhesion (a)  Abrasion rate (%) Han;ldrir;mg ST(fg:iglteh AE*ab hs;g::ses Specific gravity Cosrv'\:er:gstsri]ve Shrinkage rate (%)
(min) (kg/eni) (Hs) (Fa)
] DM-1(Resin only) i DM-1 (Paste)
Figure 3. Physical properties of DM-1 restoration material.
2 A8t &= 70 rpm, 4E 1000 g, 3| A5 5003, AHg3led CIE L, a' FAHo = YeENIY &
ul2 2} Grinding wheel x 25 7|02 AHS 31T AT A&7 ](Showa 78‘1::_7] D Type, TECLOCK JIi)E
A3 e e =xe ~ulE AA(SMART SENSOR AHE3 JIS K 721590 o ASt ZA3H o A W
AR852B+, Intell Instruments™ jil)E AF&3tom F = 0~100 HselATh HIF FHAHL HIFTHWKS
AAE Hrlete] FAAC] Foll wet BAs= @3 M3821)& ol &ste APsIATh HFHE o] &3t

OO

HS A 7he) WE BLS o5 E =ASPTE A A
248 KS M 3006 (Zeh=ge] A4 =4 m@)oﬂ
A TASHE olEd 15 AFHEOE AFEHoH =

xél H]—lﬂ40 /\]?'547] E/\—gﬂt‘/] ol % 5:1: 5 mm/min
o= dtF s hetal, AlE¥o] FHEHAS WA e
shs& % sttt olw AlHe] Hu stgo] AlE
&0l 15~85%2] Helel =3 & Se As T
A& 7]7|(DAE YEONG PRECISION DYUL-2)E A}
BotATh A2 A A KS M 5982 (2859 =
238 Ag 39 - 3% UV ) E Faso
AZE 2 AIF7IE ARSI o ARl = Al
e Aol Ztzy 2, 4, 6, 8, 10, 12, 24, 48, 76 h =
SN & AT E3) A - F AR AR SHE 5
HA A== E33 S (Minolta, CM-2600d, Japan)S

|

cﬂri{é

25°CollA2] AlZ(50 x 50 x 10 mm) FAS IAF
2o wulef 2secolAe FRFY FAE SATH
I FAe H2RE AR HF 25 / 25°CE T8

) = A =HS KS M ISO 604 =AW oA
3ta], AlHe Zo](254 + 03 mm), YHI(12.7 + 03

mm), FA(12.7 £ 0.3 mm)e] Z712 AFsPa dol,
uHl, FAE 47 = vio]ZAZH|HE 0.01 mm7HA|
=435l 7] HYEE ARISHTE AFr] A=
23|29 o]F £% | mm/minlE 35 JFskaL, Al
ddo] FAHAE W stFE SAHAT FFHE
AE 75 x 50 x 0.5 mm 7|9 AL A Z sl
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& A A & FEHE SAFstL FF ¥MIES A

AT

OHT ofN I

=
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Table 4. Physical Properties of HD-1 Restoration Material

e AT 141

Sample HD-1 (Resin only) HD-1 (Paste)
Adhesion (MPa) 3.85 2.67
Abrasion rate (%) 0.33 391
Hardening time (min) 20 10
Tensile strength (kg/cmz) 162 54
AE'ab 7.85 22.48
Surface hardness (Hs) 79 55
Specific gravity 1.139 0.461
Compressive Strength (MPa) 6.54 4.28
Shrinkage rate (%) 0 0
180
160
140
120
100
80
60
40
200 —— — _k i | l ] ‘ i —
Adhesion (#2)  Abrasion rate (%) Ha:?rir;ing sTt,e::;teh AE*ab hs;;r::; Specific gravity Co;::)er“sgslsrive Shrinkage rate (%)
(min) (kg/crt) (Hs) (2)
»J HD-1 (Resin only) lJ HD-1 (Paste)
Figure 4. Physical properties of HD-1 restoration material.
3.4 % nE A BAT 5 YUk AT S5E T A A
B 5 mn2E 1IN, A A=+ 233, 10
31, M3 2 kefen’e] A3 @& UEhl FAe] Shao] wolds
3.1.1. DM-1 &4 23 Az} E QA A= ko] Vs AdE EUT 4 Ak
DM-12 e ZHAQ1 W19l micro-balloong AEE 246, 233 Hso A¥ S Uehdon, 34
7Veted F=A| - ASA HLeLS 1 12 ARgo] &old 9] Efo] ZolAF,E AE o]l YA Yol Ay
T2 A Fo|~E FEZ AZsYth 7= As £ T AU IS 1.140, 04689 A &
ste] olFo 2 vRgs ¥ A3k F 4Psy) 4 AT T AR AF AT 91 1.9 MPam &2l
=2 Azagon, 5 mn AL rapid BFgoz 2  ASP, SAAL el wEt A= gro] Fadhs A
ool MEAS FAANAT mak 2 Ao was= A T AT F5E A Ao F M
TH 0 W Zo] Zolux o= o] <lHAT) A BF 0%2 |37 A skt A2l A
1= Be Amole] vl EAS s Az  ATE T A WIS AEab 1322, AEab 31.79
sk, o) A% e Ueilol FAA7) vgE Awde wa
DM-1 Yz} ZA<Q1 Aol micro-balloon (40 2] micro-balloon®] FFLE AEab M2 gro] Ao
HI3)| 2 202 FATETHTable 3, Figure 3).

wt%) S H71sle Hol2E HEZ AFS AlHe H
292 297, 223 MPa®] A3 ge yekilen, 4
Aol geFo] wolArE HAHo| Fad: AL

A& = ATt vhEEL 0.05, 3.69%=2 AT 5
Ao FHAL FFo] HolAFE wrgo| Fr)s)

»
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Table 5. Comparisons with the Physical Properties of Original Material

Sample L1 (Paste)  HD-1 (Paste) CDK 520 K Quick wood ~ SV427 + HV427
Adhesion (MPa) 2.23 3.96 237 5.33
Abrasion rate (%) 3.69 0.31 1.02 0.15
Hardening time (min) 5 90 14 70
Tensile strength (kg/cmz) 10 28 72 46
AE ab 31.79 22.48 21.13 27.09 15.33
Surface hardness (Hs) 233 55 70 55
Specific gravity 0.468 0.461 0.770 0.908 0.673
Compressive Strength (MPa) 1.9 17.0 48.5 323
Shrinkage rate (%) 0 0 0 0
6 5
5 4
4 I om-1 I om-1
M HD1 3 1 M HDA
3 [ cok-520k 2 +— [] cok-520k
2+ 71 Quick wood 71 Quick wood
1+ B svaz7+Hv427 1 +— B sva27+Hv427
0 0
Adhesion (Wa) Abrasion rate (%)

Figure 5. The adhesion of result of restoration material.

micro-balloonS H7}sle] FA| : AgA HIE&ES 1 : 1
2 Abgo] &olgt FHo]~E FE|E A|X3ATE 5 min
73318 rapid EFY O 2 Y A S AL
2 Aol AEtE EH oE W Eof] EoyA] &
= Ao kAT TE B A5t vlsgk
g9 FASIES Azt

HD-1 43 FxA0 MM micro-balloon (40
wi%) S H7tete] Hol~E HE 2 AZE AHe] A

282 385, 2.67 MPa®] A# & YEhdon, 3
Ao GFol Boldss Yo Fast= As &
AT 4 AT WPEEL 033, 3.91%= AT & 9]
orm o] mrgo] ypF ywgtom FAle] &
Fol WoldTE wE o] HopAE AL AT F

o

AT A3 == 77 20, 10 minS.E 1=
o, A& ZAEE 162, 54 kg/em’e AF S VERY

FAA Gl WOIAFE AF P gol EobA

o

= AY4E EIT F AT A== 79, 55 Hse 2
I #He yelhlon, A o] mold4E A
T ol A olxls AnE AT & JUTh H
F2 1139, 04619 AF Fs AT F dAoH,
AF FEE 654, 428 MPa® lE|o] FHA Y
Foll wet A= ghol dasHe AFRE FAT S Q)

Figure 6. The abrasion rate result of restoration material.

Atk F=E AF 2= F A AE BT 0%E
H3l7E JeRA] stk A9 2=AF AES B A
b W3l AEab 7.85, AEab 22489 AF} &
HojFQlom ZHA7F vigd Alde WA mi-
cro-balloon®] @3S E AEab Ax}b gho] Yle] H]s)
=& 20 E ATETK(Table 4, Figure 4).

32. 7|1E SR8 MEo =4 A Ayt

NEE DM-13 HD-19] BlwE I3 Al =uiellA
T3A EH8&o R 71 @ol AMREHI e CFA
Hzl& dAste vla 248 AASHT Bl o
NEE2E NEd A5 FARE oFA] HE e
CDK 520 K, Quick wood, SV427 + HV427 A|F 35S
AP o Ay FA3NTable 5)& o3 2o

32.1. 24 48 49
H2E =4 29 71 A5 CDK 520 K= 3.96
MPa, Quick wood: 2.37 MPa, SV427 + HV427-& 533
MPaZ 7% DM-1 (paste) 2.23 MPa, HD-1 (paste)
2.67 MPaZ Quick wood A& F-AFSFA THFigure 5).
n2g =4 A3} CDK 520 K& 0.31%, Quick wood
= 1.02%, SV427 + HV427S 0.15%2] A3} &< e

FHE o A Al6H A45, 20154
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100
80 1 om-1
60 — M Ho-1
| E— [[] cok-520«
40 . Quick wood
20 +—m W sva27+Hv427
0

Hardening time (min)

Figure 7. The hardening time result of restoration material.

100
75 1 om-1
M HD-1
50 ] cok-520K
. Quick wood
25 1
W sva27+Hva27
0 d

Tensile strength (kg/ar)

Figure 8. The tensile strength result of restoration material.

40
30 1 I om-1
M HD-1
20 1 ] cok-520K
. Quick wood
10 B sva27+Hv427
0 p

AEx*ab

Figure 9. The AE*ab result of restoration material.

WAk Bl thAFel DM-1 (paste)S 3.69%, HD-1 (paste)
2 391%E 7€ ARET £& vEES Bl 47
243y HAo] o]Fod & duke FHS AT 9l
A THFigure 6).

733} vk AIZF A A3 32 Quick wood2] 14 min
o] 7k W 73} ¥kg-& JERI O™ CDK 520 K& 90
min, SV427 + HV4272 90 min®] YERSTE DM-1
(paste) 5 min, HD-1 (paste) 10 min®. 2 7|& A S H
o} w2 5k vhE ARES ER1E 4 A Th(Figure 7).

A B =4 A} S CDK 520 K& 28 kg/em’,
Quick wood= 72 kg/em®, SV427 + HV427- 46 kg/em’
2 UEPom DM-1 (paste)S 10 kg/em’ZE CDK 520
KRETH Ygtom, HD- I(paste)S 54 kg/em’®  Quick
woodBET Z5 2 A s ST F AATh
(Figure 8). A4 ZAboll o3k M4 wsl 4y A
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1 om-1

B HD-1

[] cok-520«
. Quick wood
B sva27+Hv427

Surface hardness (Hs)

Figure 10. The surface hardness result of restoration material.

1.2
1.0

1 om-1
0.8 B o
0.6 1 [7] coK-520€
04 - [ Quick wood
0.2 - B sva27+Hv427

0.0 -

Specific gravity

Figure 11. The specific gravity result of restoration material.

60
50

1 om-1
40 B Hp-1
30 1 [] cok-520«
20 1 [ Quick wood
10 - B sva27+Hv427
O d

Compressive Strength (Wa)

Figure 12. The compressive Strength result of restoration material.

CDK 520 K¢ AE‘ab A2 ws}eFe] s} ke 21.13,
Quick wood:= 27.09, SV427 + HV427-2 15.33¢] w3}
Fe Yehlz JAT JidE DM-1 (paste)> 31.79,
HD-1 (paste)S 22482 7]&9] oZA #A3} FAMS}
AY 25 =2 A3 FS HYtK(Figure 9). W A%
=4 A3} e CDK 520 K¥ 55 Hs, Quick wood&=
70 Hs, SV427 + HV427& 55 HsZ UERSTE DM-I
(paste)= 23.3 Hs, HD-1 (paste)= 55 HsZ 7]&9] A=
Hoes $AY H=3 29 Ax 32 yUehiddg
(Figure 10). Pl< 34 A3 CDK 520 K& 0.77, Quick
wood®] A} ZES 0.908, SV427 + HV4A27S 0.6730.2
NEE DM-1 (paste)e] 23 #420 0.468, HD-1 (paste)
o] A} el 0463HTE =& Az s YehAth
(Figure 11). 4= 4% 34 2% 2 CDK 520 K&
17.0 MPa, Quick wood:= 48.5 MPa, SV427 + HV427-&
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32302 UeldthFigure 12). 55
CDK 520 K, Quick wood, SV427 + HV427 3714 A=
5 0%= "3t §le Ag AT + ¢

2 dFolAe dA &3k BE Ao AMEEHIL
= AE oA BEd FAF ALHI A= AEE
Ta, °l& E4std BEAdAEAY EZFHEA, 7t
A, WA, 7194 e =A% F o2 E8§ o
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