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TwizkEz b, EMEE I FHMEL 0.70g/cms, F/MEA 0.40g/cm3, i KHAS
0.93g/ems (LBE{REL 12.3%) T o7z, MY FIZFIMEA 0.012 (ZEHREL 35.6%)

T, BEo#HE?2Y LELL Twi,

H1 -3 1% AAMOME
BE cm ME BE ROGRN ROEHE =E @MYE

*x0 &8 ;xta (em) (kg (mm) (g/cm®)
EE 261 282 311 413 184 27 496 0.70 0.012
=/ME 20.1 221 243 397 17 13 2.30 0.40 0.001
mAIE 383 410 432 443 373 62 9.10 0.93 0.030
FERE%) 11.3 113 114 183 21.1 246 21.1 12.3 35.6
A 569 569 569 569 569 266 569 569 569
0.25
0.20 | 1 n=266
Mean=4.96mm
#H 0.15 CV=21.1%
i\:l- |
B 010 —~ H = |
8 |
0.05 H ‘
000 |—||I._1 |—|J L L i i i J:Inl_l
¢ LSS /¢

) Q © ) )
o

¢ 4 4 4 4 I4
N N N
& o & &8 @ N BB N & N
ROFHIE (mm)

w1 —3— 1K AFAKOKOEEHIE
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0.25 -
n=569 —
0.20 | Mean=0.70g/cm® = =
CVv=12.3%
18 0.15 — T —
¥t
E 010 - — . =
#
005 — E— —
000 ==.1_l:l1.[|_l_ 1 SNl | DUSEE ) JUNeSNV) ) JUSSRIY | 1..D..|..|:|.J
5 P Al
QO & QS ) Q ] QS \aS O \8) QO
NN N N N RN S N N N
% & (g/cm®)
1 —-3—-2K AFLAMOHE
0.25
02— [—
] n=569
= Mean=0.012
180.15 CV=35.6%
*F
E o1 — =
il
0.05 — 1 T
|
0 i | i | .‘ ‘.H._l.!_-_!_'_s_'l
O SR S N Y SR SR S SR S SR S |
8 88 353 5 35 5 8 38 & &
LY E
B1 -3 -3 AFALKMOH DK

.13.



1. 3. 1. 2 @y s 7 ik

AFHLKM OB > V7 RBOMWERRE S 1-3—4 PR T 569 KD T L
6.86GPa , Ht/Mitilt 4.05GPa | fr Kft L 10.8GPa, BRI 15.9%TH - 72, A
KM OBWY > 7R EE, WM KT 2 KRB E BV OY > 7R OFHH 7%
BETH5H2Y, SHLICHMBRICI>TY Y 7R EBEHmL ., BESGKSE 12%0850
YoV RBOBMNEIE 16~20%BETHL LMESNATVE2Y, ThLESHIC,
AHABOLKM P HBONL O SWOEHRBZEOY ¥ VREBCPIHEEHET 2 £ AK
MOBBY > 7158 E ) bR T~8GPa EIChbeE2bNE, T/, V&
WMoY v 7B AKROBEN > T EAT2EMICH Y, 1 KOHLAKDPTY
YV BRBSIERCERFELH OEREBEO MY > 78I WROBWY > 7V REBD
SERMEEHME ST WD 20, Zhid bz, ARBRTE L2 ALKH o8Ny
7RO /AME 4.06GPa B & U Al 10.8GPa 2515 5 2 LHiH O S MOk
OMTY v 7 e HETH L, ZhEh 3.5GPa, 9.2GPafeff& %%,

03 — — — —
025 = ———n=569 —
Mean=6.86GPa
02 [—— 1+ +—CV=15.9% —
e
Mois ——mHi—
4
# 0.1 L .
0.05 5 ‘ I
0 _.1.!' it i h-ll! !Ll:ll:l]—
[ S S S S Y S | ul_’ l
3 i: w3 g g 2 E ~ oo' :3 o: o: g ‘é‘::

Bp9 T RS (GPa)
Bl-—3—4 AFALKOWWBY > 7 RE
1. 3. 1. 3 @Yy > 7585y Eo g fet
BBl ) AFHAKM OB Y ~ 745580213, 4~10GPa fREDIE L2 X2 D500 5

e ISR U CAFLAMERNY » 7Rzl ca i, LEL
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HREWFLLZARMBL OO ERENELICAFT LKL, 2 LEMNY
YR BE ERICIEET 50 LR ERREARBEANK. TEoHED 0D ANF
EHEH, mM AR T L EE T 45, IhAS LERIECH ) Rz EHE NS
Lo THHY Y 7 REOMEEP TR THILE, HHTOBAOE, BRI X AH 72
WL %), BRADL R WHAMIBEBASYPRETE 2, 22 TCRIULHED X FH AT
O, BT Y IR ESEMER CROFm. ROEE, KOFRKIE, Mo=R) »
DHBEBIRICOWTI R TRz, TDORR, BY v 7 REEERE 1 % THE M
B0 bz HFik, MivEE (r=-043), KOEHIIE (r =—0.835). KK
B (r=033) Thotz ($1-3-5~1-3—TH), LALINLDMEITEMHICHS
LIRECEC L, HEMBEICLIAKOBNY v 7 BB BERSKST A2 &
BHELWEE DN L, FlRERM ) 2 CHENREIC L 2B0Y v FREOHEC
DVTRINETICD, ARLPKHIRED, HROVFEREED A FIHAEFHNT
BALL TH Y, KEERLIEFRFCETTH oo e WELTWBH LY 27,

12 ¢ (GPa)

—
(=]

co

RV LFTE
S (=]

y=-108.17x + 8.18 |
r = 0.43%% B

[p=]
|

o

0 0005 001 0015 0.02 0025 003 0035
DS

#1—-3-5 AFAKMOM Y R EBW Y~ 7RO BR
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12

10 P - y=-035x + 8.65

RV IFE
(=2}

0 2 4 6 8 10
RO F oS (mm)

£1—-3—6 A FAK DR IIE R & B Y > 7RO Btk

s (GPa)

10

oo

D

o

y = 0.052x + 5.50
r = 0.33%x*

FERIVAZTE

N

|

20 30 40 50 60 70
ROFEN (%)

o

=]
> +

F1—-3-7 AFHARM ORITERHE & BR Y > 7RO B th

1. 3. 2 WHEEHOME

1. 3. 2. 1 HWERUTCHITY>YI7REK

ML ORI DO VTHE 1-3- 8RS, (LM, £ - HEHE b, °F
BMEAHS 0.88g/ems & 7] U T EBRE D IEIZIEBL L T 7248 B0 - R AT I 0.40g/cms3
N ARSESE 2/ R A
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RAITHERIE AR O #hiF v > 7

035
RBOREFREE 1-3—9 . tﬁsﬁm . lokmEm |
AVG=038g/cm’ _lﬂ aanoyis

W $ o AW AR XK 0.25 | cv=785% —

) e HE- it _
OWIFY ¥ Z RS, PR 5020 e oo
AVG=0.38g/cm
CV=7.27% o A

= !’,1{0.15
7.76GPa., f/ME 4.91GPa, #

0.10
RAfE 10.31GPa, ZEHIRE 0.05
3 18.0%THh o7z, 72, & 000 Le= i ]
e i A (S S R N SRS SR SR
- A ERo Y 8§ 3 8 3 8 &8 3 % 3
¥ TRBUL. F¥E 7.09GPa, 5 5 (g/cm®)
/M 3.54GPa . fx KfE £1—-3—8K MWWIXHWOBEDSA
9.60GPa. ZEjHRE 16.2%T 05 s =
1Lt A . !
Hotze TOERENKMD 025 |02 o Sl !
] CV=13.0% LR i AL
B Y v VBB OWER RS 02 | Em-mEm N !

n=120

T 43 e e _ .
FOBAEORE D LR L b o [ VST
i3
ik (1. 3. 1. 2) o#f # 00—

[ .  —
o s |

e BT 5 L, A mEE 0.5 ——
L7l TR iF v > 7 4% 0

| S S S |
o ® o ;m, 9 1 o W o ®» o B© 9
~ 0 o o o O

Rid, COMBOAKM OB 48174 Rl (GPa)
Y v 7 EE R ORL T £1—3—9K WWEERDOHTY ¥ 7R D57
WhEWVR D, IEEERDOH

FEOBIEREL, ~KOUKPLEM SN0 ERPSERIEL/ICHERELTI A~
BN Lo L2 o THARDWBEMIEDITL DX PIBIIEWOMBEMRIEDIES DX (T
KMENFGwnweEZbNA,

1. 3. 3 AQEWHD LRI KM KU XD TR &

AQ HEEIZBWT, KA 3B/ /A VoM HEEIE E40 (3948 40 X 103N/mm?2, T
RAE 30X 103N/mm?) »HHESIN TS (F1-3-2FK), (1. 3. 2. 1) Ok
ROEBY . ALK HA B X CEE - FEAEEERO T Y v 7RSI 7GPa
EHA TV, £, WRAMOMITY v 7R E» L i LRGSR MITFY
YTREB L TIEE EROMTY > S REOMERFRTIE, R/MED 3.5GPa E &
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HMESIN, WICCOWIEREPRLOETH 1 —-3—-2% AQIZBI}A 3CLP
ELTHEINTH . E40 BT L THRE 30 ofifHiEX D

X103N/mm? % 7 1) 7§ 5 Wi & b T mIFv &%
B BEURMED R FA KD 5 VIR E (10°N/mm®)
EE#k  [FHiE | TRIE
WA, P HEEIC X 58P 21T7H 912 3CLP E125 195 100
REELTH, AQ Mk r 2y 7+ |E110 110 90
. E100 100 80
L2 3T aTEETH B, 7277 L EB40 1T RIE
T EETH ] E90 90 70
T THY, EHNTEOEFOBMMSE [EQOD 80 65
BETEXLOMIConTIE, Eos 1 vk [EZO 70 55
. EGO 60 50
- b“, ) Epﬁi A N
FESNTZ3CLP OMIF 2 FAET HLED E5S0 50 40
bho T, LEETHIMITURBERIFLL [E40 40 30

BmEER L CHRT 012, DERP
MRiE EW, WRETOER - FHPLETHLILIIFT) T TRV,

1. 4 %8

AF 37 a AR ) (3CLP) DEMEOMRELIBET A & X HBIZ, BERUER
MEZXFHARM B L CIRIE EROERBLHTE, V> 7R EOME IOV THER
L7z Z2A, LTOZEFHEHLRNE R -T2,

(1) AFAKMOBHY Y 7 REOFIHMEIL 6.86GPa ThH o7z, THHDAKE»
L/ONDL VD EROERBOY ¥ FRECEHME L, AAM OB Y >V 7R E L) DR
REVWT~8GPaBEICR B I DR SN,

(2) By v 7 RECEENRE MY, KOERKE, KOFEHEE) & omizE
B BRI REO N2, ERHICHETZELICEES 2L, RENBEICL S
AKOBY >~ FRBOXFIIRBETH S I,

(3) M EWo Ty v 7 RHE, FHEIZ > W LR A 25 7.76GPa 2 - .8
H %S 7.09GPa, fH/MEIZD W CALHET A 4.91GPa, EE - H.I5H 2% 3.564GPa T
2720 WL EMAE T HREIC X 2 BB 217D BCLP #AEELTH., AQ (BERAK
BB A SRAE B M AR AT AEYE) oM TR R BB 2 LR T TRETH B,
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F2E AX3IBI/ruRNRNAINVOETHEME L TCOME & T

2. 1 BExr&HMW

AFZRBIOANRAINVBIAFMOENFHO—2L LTHEEN, AFOXLDR
BREBRLOD AMICTAHZ ECRILEICOENRN & LT, BE R BERE D
LEWEHZED TWE, EIATHE, ERAMLENTHS 10 FEEPEB L. B

EIRH 3B/SAV]E LT AQ HEHFEM?2) S, RNLBEREDD L4 HD
SO bFEERVHFINTVE, 4%, HBAEOEME=— X B2, D, A
FOMMME LTOFMHARVOBAREEEBR S E TV 20Icd, IESZHH Lz
AFBEI7OANANVDIEANRZIEBLTBZEPBOTERETH S,

M ERGUED OB WMITHETH 5, B 1 ETIRARZ LB Y BEUEE A Xt
3, AX 3B/ UANSAINEZNTHETAQEEDOMITHIEEL 7 ) 7S5 2 LA
HRDEMETHD, LD LAF 37 T AN, EBICEORE O # TR (i
FY R, T E) 2ALTWEOR, FL T, BERLHSOME AT R
WEDEI RELTGZTVWEONICO2VTEWLMIER TRV, AF 3BT
ARSI NVOEEIIBT 5 E2HHBEHIIR B COMENHY OKF, EEBm) &L
TOFHETH ), WHMFEORENIBETH LM ITHELHOL2ICT LI LIZ, A
F3BI/OANANVOHENFHAZHELET 5 L THROTHEITH 5,

ZITHAETE, BHERNTHE, BEINTWEAF 3 B 7 a0 ANAVOHES

M e LTOME RO CICHMERELEHALCTAI LA HBE LT, /N2 VHKK

WRERHE, MiFYyy 7B, MRS 2 EEHN, FOBMITO VTR L 72,

2. 2 MERUOHE

2. 2. 1 MHEAHH

AERICHE L 72AF 37 a2 840 (LUF, 3CLP) &, MFEMEAEL Y72 (B
BRI ESNT) CHEE SN T A, B 910mm X £ & 1,820mm X & & 36mm O 1 i
B (FEAbHE) S L, AEHOE) 2y NOhALEEITKE I > 72 100 1 % 3R
& L7z,

.19.



2. 2. 2 kBRI

2. 2. 2.1 AQEMEIIBTLAE - MEHEH

3CLP O /B VEpEaT ML HE (X, AQ 2E¥E [JRH 3g /S 2 V| 28 ITHE SR TV b,
ZOHMTRAE - RAEB L LT, O CEERB. OMTHER, O&FKREAR, O
HME, @MTHEENS. ©TENErflE s Twd, KR TEIMERAIZOW
TAQ® [KEME] %, MFHRICOWT THMITRE] 23 BT EMT 5 S
EZ L7,

2. 2. 2. 2 MEHRAEL
MERERBEEHEE L, BEICOWTIE 100 4K, HiFEIZ2WTIE 50 FiZow
THE L7z, HERRBEOTELERICE DV ER Lz, B, OHPSHEHL TS
DEIRERELET H/8FVORTME ME L7z, 3CLP IZBIF 5734 VR OHE O
ik, AQHHET [FIF LXEDOLWIDTHAI | s Thh28) JkilEL i 2
MERIED SN TWHRV, FZTRFFETIE, RBREO RS HID Yk 350mm [X [#
WHEAETAHEZRE L, RO ARE P 2ANZ/HiEL LT JIS1T SR %
FAWTHISE L7z, MER RS ZORMIZH T AHEORAMEWL T, Kmax), SERHE
DR &HIE O IHERH S AMIC 140mm ORI H 5 & Dk KMELL T, Cmax), H1R
350mm [X fICHEAE T 2 Bt % A L72EUL T Ksum) 2 R 7205 2—2—1 X)o

BaHM i
} 1, 820 %
@ |1 ¢ T
® 2 %
=]
p | TS 1

|

350

Kmax: EiFI(DEEFHQIFET DI HARE
Cmax: SBFAMDICHEHETHEDSBHRARE
Ksum: EiEI(DEFEHQIEE T HH RO SE

mo2—2-—1M 3CLP 1 0 & i 22 & By
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2. 2. 2. 3 BFMEAERER

S3CLP DT MERERERIE, AQ FHEDKERIHE [HITHE] 28 WHllEshTs Yy,
iy & 7R BT, MOENZ X o TRl & b, THICE B ERBEHIEEF, Ax
1,700mm(A /X Fm & FHAEH T E OMED 0° )ohiEhFEL L, WHANEL
REMEHMICLLDAEDENPS MOE 2 HHT A2 L ENTWVE, #2TH
MATIIZOBKICHE L CRIREIT) 2L L L, WHMTE 490N, BEHHE 980N &
MEED b HhEDOZPG, (2. DIZX Y MOE 28 H L7,

—%. BT S (LT, MOR) I AQ %4 L®x (Fp=Fy) x 107
MOE(GPa) = (2. 1)
T2 KD STV, €2 TR 4%bxh’x (yzyy)
T, AQ &M UABREM:, T#2bb AN 3 X Pmax X L
MOR(MPa) = (2.2)
> 1,700mm O A YL 4 i AR7 2 C Bl Lk 2 X b X h?
ERafr) Tk & L7z, RERITFERRER k=3 L: R/ (mm)
7 3 ! = Ay . Fi: WHARTE(N)
BB BERENY -7 357 F,: BT E(N)
i \ F- : . b: & (mm)
AG-100kNG) % I > 72 o I 3K 5mm/min - ()
T 3CLP T 5 F AL, Bbhr vi: RSG5 =hAHE(mm)
vo: Pl G T BTz A E(mm)
AERFER 2 S MOE & MOR #(2. 1B X Pmax: B ARTE (N)

Q. DX EBL,

2. 3 RMRRUEL

2. 3. 1 MEREBL IO TMEERBRE R

3CLP DM EIAL L OHMITHERERBROKELTE 2-3-1 EBLUHE 2-3—2 FL1
N BEIL Y 0.41g/em® TH V) | 0.36~0.46g/cm’> DEFIZH - 720 F 72 Kmax, Cmax.
Ksum O-FEMEIZZ N1 34, 23, 94mm TH > 720 MO TFH 15T, 1~29 1 F
TSV T Wiz,
%KN@EN@&Pmm@%ﬁﬁ@%n%ﬂmwmm4mMMJ9%Nf%oto
MOE, MOR D#§RIZ2W T, 3CLP & WEME S OV 35mm EE DT V7 — ¥ /54
YEMB LT —FEROMITHAEZY) 20 L IiET 5 L (5 2-3-35F), REBAE
RAJEICEWEDH 5, MOE ETHEDOHFHTMOR IZZN 608G %2 I - T,
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£2—-3—1%& 3CLPOHHY
RE Kmax Cmax Ksum ﬁﬁaﬁ
(g/cma) (mm)  (mm) (mm) ({&)

FE#iE 0.41 34 23 94 15
mAE 0.46 68 55 210 29
&/ME 0.36 11 0 11 1

TAERZE  0.02 13 12 38 7
SABRIAS 100 50 50 50 50

B X RISOMmDEH [ ZHFAETHDEDEXNRELT =,

£2—-—3—2% 3CLPOHMIFTHEEKER
MOE MOR Pmax

(GPa) (MPa) (KN)
e 7.85 41.9 19.9
mAE 9.84 54.6 26.0
=/IME 5.12 28.5 13.2
TERFE 099 5.31 2.59
SHER{A% 100 50 50
£2—-3—3% 3CLPEIT-IAVER. 7-FEHRD T HEBE D H ik
NHES MOE MOR
(mm) (GPa) (MPa)
3CLP 36 785 (0.99) 41.9 (5.31)
ST —RIAL AR 35 557 (0.72) 220 (2.57)
S—F AR 35 9.60 (1.08) 34.8 (5.84)

HyaRIFIZRERE
JARANRIIVDRERE, PRESEFE
BRORAERIL. BEASIRIASD 1IRERER A K #EH

2. 3. 2 AQUUTHEREEMEICL B2 AF 32 1RGN OKAT T

AQH¥ETIXZ, MOE DF¥E L THRMEIC L A2EMFT T2 &N TS (E2—3—4
R) AMEARAL ZOREMICY TEH 5 & CFHMHIE AQIX 4 E70(70X 103N/mm?2)
B TH o7, MET, BEEEAFAKM KT ERDOMIFY ¥ 7RI T
PR, BBULEEM 2 5 13 FHET 7 ~8GPa OHITY ¥ 7R % A L7z 0 SR & iR
TELZE®WOLPITLAS, 3CLP ® MOE (2 &% AQ T IT#ER & IR 2 &
CDORNITRERIZOEMO MOE & RS KBLL TW5 EF R 5o—/ FIRAEIZ E60(50
X 103N/mm?2) #4 T, E70 @ F B (656X 103N/mm2) % 1[5 Z Ltk 5o 72,

.22_



L7z oT, WEAEIN TS 3CLP © 2 2—3—4F AQIZBUITAMITY

AQ HMITHERERMEIC X - THEATITT 5 &, v IRENC X BT
THRAED S B60 MM IR Sh2 2k BTV T &%
DBbirotz, BEDHET 4 v Tid, A (10°N~mm®)
) EER EWHE [TIRE
MRV EMOBEEREIC X 58X T4 D E125 125 100
nTwnhkwzers, 4HAFeEc |[E110 110 90
. E100 100 80
~ 3CLP DT L 0 & WA % H g
L7383 D HE D&Y % H iR E90 90 20
THE. HETHET MOE 12 X 55273 %147 ESO 80 65
%, MOE OfEViFE EHuaatmic e [E70 10 99
E60 60 50
R/ R SUETH D, T,
LCE R ED TLRPLETH F7 E50 50 40
3CLP Ttk |2 MOE 2 & -#j L. vy  |E4Q 40 30
FMEORERHHEL TV Z RSN EEE
AHND,

2. 3. 3 MELMmFHEREDMRE

3CLP O E & HFMERROBRICONTEHE 2—3-5 %, £2-3-1~2-3-3 K<
"T o MOE & MOR (2i& W IEDO MBI (E=0.72, 1%F EAKHE) 2D 61, MOE
75 MOR OIEIC %R V1§56, F7-%E & MOEX=0.51), %E L MOR((r=0.39)D [
b IEDMHB BR(%AE BAME) DR D & iz,

$2—-3—-5%& 3CLPOMELITIEREDEB

MOE MOR

MOE — —

MOR 0.72%x% —

BE 0.5 1% 0.39%*

Kmax -0.15 -0.21

Cmax -0.12 0.01

Ksum -0.17 -0.35%
k[ 1% BB JKE C 5% H BIKETL
NTNEETHAHAEETRT
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60
55
50
45
40
35
30
25
20

MOR

—— @
n=50 P ® B
L) — =
@  y=3 94x+127
| J r = 0.72%*
40 6.0 8.0 10.0 120
MOE (GPa)

#2—-3—1% 3CLPOMOEEMORDEMR

11.0
10.0

%

60
55
50
45
40
35
30
25
20

MOR

(GPa)

n=50 . o

: . y =28.2x-3.70
® F = 0.51%k

0.34 0.36 038 04 0.42 0.44 0.46

B E (g/cm®)
2—3—2K 3CLPO®E:MOE®EEFZA

(MPa)

°® o r = 0.30%*

0.34 0.36 0.38 04 0.42 0.44 046

%

B E (g/cm®)
9 3-3M 3CLPOHELMOROER
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— /i EifE & MOE,MOR O #H R IZ.Ksum & MOR CT& O M R (=—0.35,
BN A BB BOOL N2 (H 2—3-5F. % 2-3—4 M) ,3CLP DBATO 4TI,
BMPLIREEET, A—AKOVERPFEFE LTI Y 2N D EHAICE > T
5720, HGREEROEHMICER L CIHERZ e LITLIER DN S (3 2—3
—5)o Ksum & MOR IZBWTHODHEIEOLNA-Z LiF, 20X ) HioRE
7% 3CLP DT RIS B L G X5 TRENH LI EERBLTWVE, 2O L)Y
BT 5720, RIEEREERFICEBOAKR»SHB LN 0 ERERA LT, )
AHCHIPER L 2V L) KRBT 2GR TH5E, TR, M L hiFse
DHEBBRIC OV TRAEBEEFRD LN 728 2—3—-5F) AWML TIL3CLPE
Mo, £2HEMOPR 350mm XEIZHEET L2 EGRE L TR LT o720 45,
KMORSEEZRZ), HEOWESER CEHRH*MEI 2% 8128 > T, 3CLP 28
JAHMITHEREE E OBBREHL ML, AESMPMEOM EIcoRIFTn Tk
bBETHA 9,

20 | y=-0016x+46. 2
n=50 r=—0. 35%

10 — -

0 1 1 1

0 100 200 300 400 500 600
Ksum (mm)

F£2—3—4F Ksumé&MOR®DER
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#2—3-5 i b3 X AR B R oD i 0 B A IR

2.4 BH

AF 3B ANSRVOEEHAMBERM L LTOMEREEHL»IITLHI L2 H
e LT, SR NVHEAROTERCHE, iFHiER SEi, ZORBIIOVWTRIEL
7225, UTOZEFHLNE LR -T2,

(1) AF 37 aASERNVOMITIERECR Sy o E TSN E OARED 0° )
MOE, MOR & & (2 35mm [EDBEAF D ZER SR & MEL EOMBEZ /R Lz, 2K
Oy b AQRMEICHE D THMITLAE A, MOE TRRAED S E60 HIMMTH - 72,

(2) AF 3BT A% )LD MOE & MOR @ BIZIXEWIEDMHEERIRD & 1
720 =77, Ksum (3 350mm X BB IT 2 HEOEE) & MOR O BIZBA DI
FRATFRD 6, MG EWEE IS BT LRGN TOHOEF2 MR ICEEL 5 2T
WA TTREVEA R S 7z,
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BIE AXIBIZOANRNRINVOESHTHM & L CoREURME

3.1 BRLEHW

AF I 7O ANRFNVOEEHEMM & L TCOREIE, RHEALHEN & THMICKRT
HZENMED, LML W8 % 38 CRHniiMEd By, —Ji.
THHIHOLVLHOEMFHE S Z LR BETHBH, AW/ =T 4
JNVE—FE MOKREMBLEOBLVEAICELENTVWLI END, AF3EY
OANANVO T E LTOM 25 EMT7200FHFEMICE T L2REVEB LS
nTws

EXAHT, HEOEETEIREMESEEMR IN TV, RIREIEOM EICX b P
GENZROBRRBEIANVF-RVYFTE LT L0, RIRICIHA 2 TR
BENDBE I hotee —Ji. BRBKDIEREL, HFCEBREFEEZEDTHS
IHREEHILE—2DF—T— FL LT, BRELCKEICERE L-HE2RE ) CEH
PHERI->TWVELDEEZLONL, TTHICIRA GHEROBL Y AT AP REINT
VB3 38 3 RIERTCIREE .. TN IC 2mm ESOAREFH L, €OEE I
Wrsst 2 GO 1) 5 2 eI TH Lo IRIEE Y AT L1345 1H b B MO HIFE
TEHIEPb, AF BRI AANRZNVDFRIERD1-DIE T OFHE~NDBAE
B ICANT T — Y DEBPEHETH D,

FITABETHE, AFZBIZ7OANALVD 36mm EWVWIHIESIZEHL, FEHTH
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& Bt 71 X (0.2/Ds) _[Pux(0.2/Ds) [kN 1503 | 21.05 15.34 | 1714 | 16.27
PN GPA Pmax kN 44.71 44.31 48.39
& Bt H Pu kN 4118 | 36.96 | 44.74
K kN/rad 1969 2367 1483
Sy rad 0.0146 [ 00106 | 00171 | — | —
Sv rad 0.021 0.016 |  0.030
du rad 0.045 0.071 0.059
u 2.16 4.55 197 _—| _—
Ds 0.548 |  0.351 0.583
PO kN 16.27
Pa 4.32
$b—3—2%k&  BEEEREEE (EEs AT
F i fE x
Bifsr @ @ ® EHE | 50
_ i
1/120F R B iiit h P120 kN 15.22 | 11.49 17.76 | 1482 | 13.99
2/3Pmax 2/3Pmax___|kN 2540 | 2000 | 2034 21.91 21.09
2 4R firt 23 Py kN 20.08 15.44 19.80 18.44 17.68
BBt H x(0.2/Ds) [Pux(0.2/Ds) kN 15.38 11.68 15.44 | 1417 ] 1348
B[ 7 Pmax kN 38.10 | 30.00 [ 30.51
R R 5 Pu kN 3246 | 2564 | 27.70
[k K kN/rad 1486 1083 1693
fR{RZE {1 Sy rad 0.0135| 0.0143| 0.0117 |
BER R EELT Sv rad 0.022 0.024 0.016
RBER Su rad 0072 0073 0072 — [ _—
EdEES u 3.31 3.10 4.38
SRS Ds 0.422 | 0439 | 0.359
SRR AMTA |PO kN 13.48
EIEES Pa 3.58
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Summary

Wood-based materials have gathered much attention in order to create a
recycling-oriented society, because these materials are sustainable forest
resources. Sugi (Cryptomeria japonica D.Don) wood is one of the most abundant
forest resources and has been used for many kinds of wood products in Japan.
After World War I, huge areas of Sugi forests were estimated in Japan. Nowadays,
the time has come for utilizing them. So, many trials have been attempted to
convert Sugi wood to environmentally-friendly industrial products. It is necessary
to propose new technology for developing the items suitable for the modern
life-style by using Sugi wood. A smart application is the three-cross-layered panel
(3CLP) which will be applied for housing construction such as wall and floors. The
3CLP is a kind of wood panel which consists of three woods panels accumulated
orthogonally with the direction of fiber. The 3CLP are produced as follows. First,
laminae of 16 ~17mm thickness are sawn from Sugi logs. After artificial drying,
laminae are shaved to a 14mm thickness, and the element panels are produced by
edge-joint of laminae. The element panels are shaved 12mm thick, and the three
element panels are accumulated orthogonally with the direction of fiber.

Nowadays, many consumers and builders are interested in the 3CLP, because
3CLP has a woody texture and is healthy and safe (uses a non-formaldehyde
adhesive) for habitants. In order to gain support for 3CLP from consumers, it is
necessary to evaluate the performance by utilizing 3CLP in actual housing
conditions.

The purposes of this study are to clarify the physical and mechanical
performances of 3CLP as housing members, and to propose the architectural skills
which are necessary for the utilization of 3CLP. Especially, first, the physical and
mechanical properties of Sugi logs and the element panels were investigated. The
bending properties, the thermal properties, and the warp behavior of 3CLP were
also investigated. In addition, the newly developed method of “OTOSHIKOMI Wall

(a bearing wall which panels are dropped in between column slits)” was proposed,
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and the 3CLP wall performance was experimentally studied.

1. The physical and mechanical properties of Sugi log and element panel for SCLP

production

In order to clarify the quality of the raw material Sugi, ring width, density and
the Young’s modulus of Sugi logs and edge-jointed element panels were examined.
The obtained results are as follows:
(1) The mean dynamic Young’s modulus of Sugi logs was 6.86 GPa. As the result,
the mean of the dynamic Young’s modulus of dried Sugi lumbers sawn from the
logs was estimated to be 7~8 GPa.
(2) The mean dynamic Young’s modulus and the indices of visual wood quality
(such as number of tree rings at top end tree logs, mean tree ring width, tapering
rate of the logs of Sugi logs) showed significant correlation. However, this
correlation was not so high on practical use. Therefore, it would be difficult to
estimate the dynamic Young’s modulus by using visual indices.

(3) The mean Young’s modulus of the element panels was 7.76GPa in the case of
the surface panel, 7.09GPa in the center and back panel. Thus, even if the element
panels were not classified by bending properties, we can estimate that final
products of 3CLP would be able to exceed the Approved Quality (AQ) Standard of

Japan Housing and Wood Technology Center.

2 . The mechanical properties of 3CLP as a housing material

The mechanical properties of 3CLP were investigated. The bending test of 3CLP
was carried out under the centralized loading. Then the MOE (modulus of
elasticity in bending) and the MOR (modulus of rupture in bending) were
calculated, and both values were compared with knot length, density and so on.
The obtained results are as follows:

(1) MOE and MOR of 3CLP were 7.85GPa and 41.9MPa respectively, and were
the same as that of coniferous plywood of 35mm thickness. In addition, the

mechanical grading class in 3CLP was ranked as E60 based on the AQ standard.
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(2) The relationship between MOE and MOR showed positive correlation in the
1% significant level.

(3) The relationship between Ksum( sum of knot length in the central 350mm

section ) and MOR showed negative correlation. Therefore, the series of knots on

the element panel would have a negative effect on mechanical properties.

3. Thermal properties of 3CLP applied on the housing under-laid panel

Thermal properties (temperature and power consumption) of the 3CLP which was
applied beneath the floor heating system as an under-laid panel were investigated.
3CLP of 36mm thickness was compared with plywood of 12mm thickness, a
particleboard of 20mm thickness and a Sugi edge-jointed panel (element panel) of
12mm thickness. Small scale panels (300X 300mm) were made as the test pieces,
and a heater(200X200mm) was installed between the color floor and the panel. In
addition, an insulation box was installed on the flooring. Temperature of the
heater was set up to 50°C, and the test system was heated continuously for 8 hours.
The temperature (in the box, surface of the flooring, surface of the under-laid
panel) and power consumption were measured. The obtained results are as
follows:

(1) In the case of the panels only, it was found that the heat retention of the
heating system with 3CLP was better than the other systems, and power
consumption of the system with 3CLP was less than those of the others.

(2) The insulator fixed under the panels reduced the differences of the power
consumption among the floor heating systems with the different under-laid
panels.

(3) The properties of the heat retention and power consumption reflected the

thermal capacity and the coefficient of heat transmission of the under-laid panels.

4 . Warp behaviors of 3CLP applied on housing floor and wall materials
The characteristics of warp behavior of 3CLP under usable conditions of different

temperatures and humidity were investigated. The 3CLP was installed in a
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testing machine which could control temperature and humidity independently.
Each side of 3CLP had been exposed under different temperature and humidity
conditions for 72 hours. The obtained results are as follows:

(1) The amount of warp of the 3CLP increased at first 8 hours rapidly, then it
continued to increase gradually up to 72 hours. And 3CLP didn't produce a big
partial warp.

(2) The behavior of the warp of the 3CLP showed big difference between each
side because of the difference of the equilibrium moisture contents in each side of
the panel. And the 3CLP showed large warp under the conditions when one side of
the panel was absorbing moisture and the other side was simultaneously releasing
moisture.

(3) The behavior of warp of the 3CLP was almost the same as that of the
combination panel with a commercially available color-floor of 15mm thickness
and a structural plywood of 12mm thickness.

(4) The under- laid panel of Sugi nailed to 3CLP to reduce the warp was
effective.

(5) The amount of warp was dependent on changing the thickness balance of the
element panel of 3CLP. The combination of 9mm (surface board)-18mm (core
board)-9mm (back board) was most effective for the reduction of warp in width and

diagonal direction.

5. Shearing properties of “OTOSHIKOMI” wall applied on 3CLP and utilization
for wooden architectures of 3CLP

The shearing properties of “OTOSHIKOMI” wall was examined by full-length test
walls. “OTOSHIKOMI” wall is a bearing wall which panels are dropped in between
column slits. In this study, 3CLP were used as the panels of “OTOSHIKOMI” wall.
Two types of the walls (1.82m module type and 0.91m module type) were examined
by the static push-pull cyclic loading tests. The obtained results are as follows:

(1) The multipliers of 1.82m module-type and 0.91m module-type were 4.32 and

3.58, respectively, and both types showed good shearing performance.
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(2) After the static push-pull cyclic loading tests, the pulling of the nail, the
split of the sill and the plate were confirmed on the bearing walls. On the other
hand, the fracture and the delamination on 3CLP were not confirmed.

(3) “OTOSHIKOMI” wall is a good construction for the application of the

characteristics of 3CLP.

Based on these experiments, 3CLP was revealed to be a very interesting product
having many attractions and possibilities. But these results are no more than a
part of many attractions. The technologies of a metal-connector, adhesive, and a
design are evolving day by day. It is very important to grasp a new trend in the
technology of architecture for production of 3CLP, and 3CLP has to be suggested to
consumers as a product dealing with new technology. The wood industry, research
organization, and government are expected to make good use of this knowledge
and technology for the utilization of Sugi and activation of the region in the whole.

The utilization of domestic wood-based materials will help the creation of
comfortable housing amenities, will contribute to development of the wood
industry, and to maintain healthy circulation of domestic forest resources. I have

expectation that this study will contribute to the above-mentioned efforts.
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