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Bamboo 1s a renewable green material which has many advantages, including with
fast growing, short harvesting period, and high tensile strength. Currently, it
1s an 1mportant non-wood forest product, which has multiple and wide
applications. Nowadays, various types of bamboo-based composites, bamboo
fiberboard, bamboo plywood, bamboo particleboard and bamboo glued-laminated
lumber, have been developed. In this study, Bamboo scrimber (BS) in a novel type
bamboo-based composite that 1s made from bamboo strip or bamboo bundle. The maim
production processes of BS included splitting, high pressure steam treatment,
drying, dipping, assembly, cold-pressing and heat curing or hot-pressing, using
long bundles of bamboo strips for heat treatment modification at different
temperatures, establishing an optimal heat-treated bundle-shaped bamboo laminated
lumber process, and completed the discussion on basic properties and anti-
biological degradation in the past two years. The goal of this year (112) is to
discuss the research and development of engineering bamboo and 1ts bonding
method, classify the optimal Bamboo scrimber as an integrated element of
engineering bamboo, and evaluate the suitable adhesive type and bonding
properties (boiling Peeling test, gluing shear test, bending property test, etc.)
to establish the best processing procedure. In the evaluation of joint quality,
by exploring the effects of different pressing pressures and surface roughness
treatments on the glued properties of glulam, choose the most optimal one as the
production process of glued laminated timber (Glulam). The results show that the
bending properties, adhesive bonding strength and adhesive weather resistance of
both finger-joint laminas and glulam made by BS corresponded to the standard
value according to CNS 11031 (2014). Those results can solve processing concerns
such as heat treatment and poor bonding properties of high-density wood and
bamboo by the manufacturing process investigated in this research, and pr%gidq %E
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new type of building material selection for the architectural design industry. It
can also enhance the diversity and added value of bamboo industry products, and
develop green projects with market potential.
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[Abstract]

Bamboo is a renewable green material which has many advantages, including with
fast growing, short harvesting period, and high tensile strength. Currently, it is an
important non-wood forest product, which has multiple and wide applications.
Nowadays, various types of bamboo-based composites, bamboo fiberboard, bamboo
plywood, bamboo particleboard and bamboo glued-laminated lumber, have been
developed. In this study, Bamboo scrimber (BS) in a novel type bamboo-based
composite that is made from bamboo strip or bamboo bundle. The maim production
processes of BS included splitting, high pressure steam treatment, drying, dipping,
assembly, cold-pressing and heat curing or hot-pressing, using long bundles of bamboo
strips for heat treatment modification at different temperatures, establishing an optimal
heat-treated bundle-shaped bamboo laminated lumber process, and completed the
discussion on basic properties and anti-biological degradation in the past two years. The
goal of this year (112) is to discuss the research and development of engineering
bamboo and its bonding method, classify the optimal Bamboo scrimber as an integrated
element of engineering bamboo, and evaluate the suitable adhesive type and bonding
properties (boiling Peeling test, gluing shear test, bending property test, etc.) to
establish the best processing procedure. In the evaluation of joint quality, by exploring
the effects of different pressing pressures and surface roughness treatments on the glued
properties of glulam, choose the most optimal one as the production process of glued
laminated timber (Glulam).

The results show that the bending properties, adhesive bonding strength and
adhesive weather resistance of both finger-joint laminas and glulam made by BS
corresponded to the standard value according to CNS 11031 (2014). Those results can
solve processing concerns such as heat treatment and poor bonding properties of high-
density wood and bamboo by the manufacturing process investigated in this research,
and provide a new type of building material selection for the architectural design
industry. It can also enhance the diversity and added value of bamboo industry products,
and develop green projects with market potential.
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(2013) 2 &8 Rldp ARt A g2t 4 PR ARG 2R 2t B 4ad ik

Mgk fiae 7 59-88%2% 88-93%2 2 o grd P if 2 R% T P A 2

w‘w

BB AIE 2 T K £ RAIE L AT R £ AR ST R R
RHAILE o §RAA 3 PRHPG o AR S e PR LR B
P AR B ERL T 6 L AR TR S FR R R
S R ST R AL AL AL B 4 2 ki AR MRS
ZARAR A 0 A ARIEL R G A i (LT C)  170°CH A2
AR A (5D M) & I0°CRATLL LR R i (i H) - 2

_ 95 -
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B e L2 RIPFEESHFH (BRI UV) 2 A TRESHH (%5 UH) &
Gl Ramd oy iz o

AR BRI RRr B RARSEFHE - L3 BV L2385 §
R BREF ORIV EO LT CHE L2 AR P EFH(M )2 R B F
= "z 2 BB EISEEF - KD B2 A K fF 1 (665-687kg/m3); e S ek
HArEFt o 2 Bk kML R EHF T F L2 T ek (Shoreaspp. )~
S T F4 A (Intsia spp.) ~ ‘=% & (Tristania spp.) % #HE (A F= % > 2016) -
B & hn kg T @b 42084 -

RERTELAaARFPTRRHT > S 170°CE I (M) &2 190°CH# e
®(H®E)2 55K #HFH L iE 2 Fg 84 08k @ (Modulus of elasdticity, MOE )>
BP L2 A RAFELF o R AEERRET M 22 H B Rka A fHL
MOE &£ UV 2 UH A 27 & X B fHHFEEFL LR A g~ %2 R FD
Prd 20 dR B ST R PRAT G ¢ WARSABERFEBEZH A6 o uxd
e K2 T A R (R R R R AP SR 2 3 MOE (Hartono
etal., 2016 ; Dongetal.,2015) - MOR 3% 42 » & EdZ 22 170°C#L id® 2. MOR i
Rl 82 B fa4e4piT - MOR B2 #% 3% F R THREERE 2K > L
A A2 MOREE T " 2 Fimo gt I % 4 & hd 20483 8 B 2 FAJR iE
BB PR 2 S L@t aEfR g o8 ERAS 2 BREFT
Bit- HERPRE KRS R 2R P

b

H kM i (Percinetal., 2016) -
ST ARAEBH BT NP ARBE 2V AR - HEA Sy P REFHEH
Fd BRMRREER T 2 Bk A E R TR FERME 5 190°CEIZ(H
) 170°C#1 k2 (M ) stz (5.9% ) 354k :E ] CNS 15756 A 44 Fwv bk {438
BiE vV TRE 2 FORRRE (FERDF 13%UT ) T RF M- 2D B2 5
B (11.2%-15.0% ) 22 (% 2 ¥4 PR e 2. A a2 ¥rs 84 (18.9% ) o > = %
ARG AMSCE7 ZEA AR SRR 2 WA B ARG 2 EH

AREE G RIREL B G o IR GBI S b S R A B Y 700 kg/md 2
8
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EaHEE - T2 MBS % > = w i kB ks ? R 190°CHA
g (He) B3 M2 FRER S HFRERSF 5 46% 2 K4 %
ACQ 73 2 irtiif 4t (1.6%) 5 & °
AER (112#) 52827 E8g RFEF R KR ITL 120 e
MzPfege s R Rk n AR TS 1Ry Al b3 R F Y S
P S B bl PR ARP Y NA ARG E X H2 U
L% WAAT (2007) 2 ¢ e s AP RF 4 e PRREZ S A B
S r 3 ERELRESHE L eHHERELES N HP RELESHL
G3H - G2H ~ G1H /& » 4 %12 11.8GPa (L110) ~ 10.8 GPa (L100) - 9.3- 9.8 GPa
(L90) # & ~fp; BEuER 5 Gl doot g 4~ 137GPa(L125) &
*afgEa o p KRG 9.3-9.8GPa (L90) - H 5% % B > #4; GIH 22 MOR &
G3H -Gl 22t ¥ 43 > GlH ‘o fitz 48% > @ 4 44,2 GIH ~ G2H -

Gliefz MOR® I ERHF LR »d LR HF R R *RFWFEB2Z B2

9\

FERFLEIH - RFREAZAFRR 2 TREZ S (C) Bp ok
P bk MZEAA s DR E MOE 2 MOR z %% » 0 5 B 222
(Laminating effect) 2 8k # g * f & 10§ & 4 FRE > AKX §EPF R
L2 B 2E % (2010) § @ * riZpnid A4 A2 B~ %3
EZRAT R REEREHFRERE I T EEM R ALl 5 ET5
I EI20 5B RIS R AAARESE RS S LRTT O HHERE

BEAHE R SRR S H O RER T2 MOE® MOR 5% EM¥ 48 %

Rl

PAPFERFTELT RSt H2RmEV{ Aaf* LT 52 A1
B f A2 f1%ong o FAEE (2006) 2F75 ¢ o R R AL A2 4
#HHES WA 8 K ESH o frE A B G LI0/L0/L60/L60 (BEGL) -
L90/L70/L60/L60 (BEG2) ~ L90/L60/L60/L60 (BEG3) = faz 4 & ¥ B
T E %Mo 0 B2 BEG2 2 BEG3 e Wit b R L90 Faz f Ao

H PR a4 it E85-F255 £ E65-F225 % sz e o fpigiiash B %
9
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?o R 741% bl ot HBURF e 2 IR Rl dpde e X AERIT
ALY P A B ARRE S Mo A AT 10 B S HAREHEH
BhF2iri AH U S EREHRAREE T 1Y SRR Y B
SHZAPM T ARG AL e

FEWL O LZFERARAKAHFTRESE AR A Y IFL LG R 2
AA Y LT ER A ER RN BT Ea 2 AR ¥R i g
BoA# o EERRARAME S A2 U RESTFR  BIZUSFF 5 H
Fedfd fattEfruzE bt o FERE-

R LRt
AEPE ARG TR IR M e R R A E R

SRR S R R RN e R R AL S Ik T R

AL B R A - HEUE S B I PHEERE AR (R A% ST

USRS -

(=) EdmrHL R

rERZPFY G 4 &4 2 F 7% (Phyllostachys pubescens, Moso

bamboo) » B~ * i ¥ S5 1 RS G BRI F R R A2 G P ¥ mig A
MAEAZ R AGR R SITL BRI A AR A NE N REF RN EFT2h 2
AERAILE > LF 170°CR BERAIL > RS HFHE T o
=) RRHEfAML flAe
BE d RS ENER T0°C2 4P 527 3 2k F % 2%is B~ Tz 0

£ i A PF APy (B354 70-78%) ¢ > & 7min {6311 > & = % 358 B 70°C2
E? ORI 2 oRF 2% > B R SAE N FREFARARST] - £
BRGE B2 A A% 25 150°C2 60 kgf/fem? - /&% P A A 445 & 10 min >

L Rk TR 2wl

10
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(2) RADEFHEF A2 BRI TLr2US
1L ARHEFHZPFRELTA

Aok P R FHAYL 20mm (5 A ) x100mm (% & ) x850 mm (& &) 2
B2 7~ 1395 CNS 11031 (2014) S* = HiR & 74 Bopsk » I ikpl
PP R TP RESELS ok L7 o P B U Al %
+ kP o
2. ARFEfFEHES WA

Red R DR BT Fp i AP gt modea > B9 qpik2 KT
iz 5 CNS 11031(2014)..“:;—%1‘;‘;’4+ FRMEREY SRR R AL & R
dpz Ao ALV B VTS5 T > X AT RN wd AR ARt 0 2
FEFEEZAEAERGG AP 2Rl A AR VR Y LIRS
oo dptER R G 20mm o dpEES Smm o FE 2 dpdala AL S 184 L
WA AEY BRI R Y 22 Y- fe-fe T fE £ %5 & A5 (Resorcinol-phenol
formaldehyde resin, RPF ) » i % & % 250~350g/m? > /& 4 % 40kgf/lcm 2z if g i3
ER R L b SR PN RS RATE AL hoif 1 4
FAE - AFFTRNEFV Y 25 Bk B 1977 0 ¢ ZapiEALs

i%@ﬁ(%%ﬂﬁ’Oww>ii%@¢iwﬁ(ﬁwﬂﬁ’eww%#fﬂ

RpAha L BREET LS PR BRIy 2 B iR e
EEERZPLHLE L LA BF R ALBREI AL WU A BREF AL
Bk £330 FLa 2 R o B Y X B RIEE CNS 11031 (2014) 4w
Bty CR&% Ml iRl 2@ P WER S p R EN e
WHY AL ET X TBWIEL FHER D5 R Xz AR PR E AR
P2 R R A 2 Al e
() WRPEFEHEFIHZBRMECKFEUR

1123070
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PREAARTRLEAfPE RN KT S 2 kg S (1985)
17 2 AT RICA] > 2 R R 6 R MR 2 W 195 2
B B ez B HCHECR B RR B S ML SRRSO AR R ARS R TS
BRREAEDEFHLFELELEFI BRI L FERE SR AR I RIRE
B o B 2o SRS il > 2 A CNS 11031 (2014) Fr 5 & & =0 44 2 Fs* 14 it
AR (2 2)? “THBZBAEZEEFTELWTAL > bl4ck S HFFREMSHEE 9.5
GPa > Rk 105GPa ) Eﬁéﬁé E95-F315 &2 & = 413K 3+ o
ERESHEAG G o RA R FHE SRR RRGERLEERE &
FRRITES > §RABEEFRE G B MR RILE 2R TE RS TR
BAEE G SARTR 6% (M2) BEAEr T Y- B0 s e
B (RPF) - 98 5 2500/m? > 4 & = N0 B L (B 3) > 4 RiEE 5 10
kgf/cm? -
() ARDKHRHESHZ BRI
AENEFHES AT 2L €87 58 52 FHBA L RKRP &
BB R34 CNS 11031 (2014) <& (7 B = 4 2 $2%* Afs ~ R K4 3ids
AR B ET I FR-THERINERR IR ERARETZ A ML
Z %&£ CNS11031 (2014) z i A B & f o

T B EE
(=) dRsEFHRRE S 22 AP ER

BEACT AR S K FH LA > AR R 5 170°CH AT 2 K dk B Sl
FPBAIL AR SR B R PR AN (i) 2 B AR Wk
TEIFA B ER L RET VA g A T RS 2 BB
RO R S AT S M E (BB Grlype)r MAEIR & W 4 4G 2
SRS LR RN AIE T W G gk TR 4 B S ST AR b R B

el iR g dp ikt 2 e CF B350 Ctype) 268 > 13f Y
12
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AP HHEHES LR 2 B ARG -

BAGL AR AR it dpde b 20 Cdm b rif 2 B % dod 3477
C-type &p L140 & & 2 MOE 2 MOR 4 % % 14.8GPa 2 101.5MPa: L125
BBz MOE 2 MOR 4 %] % 13.2 GPa 2 97.2 MPa ; G-typ = 2 L140 &
%4 <2 MOE 2 MOR 4 %] % 14.6 GPa 2 101.0 MPa » L125 % & & = 2. MOE
%2 MOR 4 %] % 13.0 GPa 2 97.7 MPa - Z X% & if 2 fpse st R L3 0 &
CNS 11031 (2014) {8 #r& fz fifiita &F (£ 1) £ %58+ <2 MOR
T N L LR R A T5% 5 4F KB T 2 95% T rUiE (4FpkE ) @ C-type
2 1140 g L125 B & Achpigtss B T UE A 4] 5 93.1 MPa ¢7 85.3 MPa ; G-
type 2. L1140 %7 L125 & & < ch$ess B T *LE A §) 5 62.4 MPa &2 66.0 MPa>

PERBTRLHRBE LI HEAE R (£ D) F- HFREBRET 2
MOR &t F sz g R THE2 W 5 » » ¥ F IR 282 #5907 il
HfpL a2 b oo

51 percentile value = Mean - K x S.D (1)

-5 BAET RDEFH SRS PERANL > F P B k2 R

AR B adpUR A R A e vt AR RZER D P

P

o AT AR R A ARA R AL LA D2 cARURAE
LR ASIRRI S A AR A AL 2 w2 BB ARG EHAME 2
iSRRI B R TR Rt B2 A e d ABLR A KR S i
RERg 2 pT w2 Mg P hiEEFE MRE L RAEA R EMA L2 5

HE R e R AR 5 06k Rdp s R M0 R AR ST i &% 8
BERDPE O ABERMALH T R 22 B o

LigE s B A ARG T blae A 3 97T 0 F IR Ctype £ R
Mgz R AR e RE ST 27 G 18%6 T a AAURAIE 0 b A A ¢ A
A A Bl ik 46%¢7 36% 0 2 fgE B iH A 2 dptk A 2 R % (d Al); G-type R

FEZT a A B AN 0 b Al ~ ¢ 3l d AIBUE A& A S E 50% ~ 42% ~ 8% o b
13
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5 :‘Fﬂﬂ » i C-type & G-type 2. > #iczd ¥ 357 @ & CNS 11031 (2014) &
Fork f2 BAAREPRAMLE R & Gtype BARNE G L 2 2R
THEEALG  EEL PR Y N AZD AR B SR 2 i AT

LR LGS A B Y F RS LA E R TR e e

(Z) dEEFHES A2 PRIELTLALEIRAY

# % 170°CHE gk v siorflli®am 2 d Rk » K &+~ > 1945 CNS 11031
(2014) e T Bskis » L BB X A2 B APN AL (£ 1) B4 L
BAA RES RIS T BAMIEAFE I HZ ARAEHHE S
Ao BT 390 5 10.6 GPa AT gk B K AR B S 2 F g R
BTioE 5 122 GPa s H ¢ q Rk A 40w L100 &2 L110 & g fb 4 &t 6 o
A G 34.7%% 38.8% B Rk v A it L110 & L125 S s iha &
Bl A5 48.8%%7 34.1% 0 AT B % B2 B ML m ARG %2
R Eaz F AT o

AR A B RRTERI S G 0 AT R Tk A (1985)
v ord 2 R IE R A e F AR o F 2 2 s k1 (Flexural
stiffness, Eprel ) ¥ 5+ F 1 & F2 2 B B 22§ Bl om K8 (3
2) 10 R 2 B RE L S E A G BT R AT L
VR E R 2 B IR W M SR SRl AR
2B AHABLT K o ABTT 0 B A R B AT PR A N2, B
EBZ Gt PP R K ESH2 B BT RE (Epe) 25 (4 3)0

Eprel = X (gjl5) (2)
> (gl
B =100 (3)
12 eibti®  eb(t®- %)  esb(ts®- 1)
2Bl T 12 T 1z )
14
-3
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:>Epre:ea-(ea-ez)(t—i3-(ez-e1)(%)3
ARRF2ZEAH LT AR ESESHopE RPE RS AR B R
S d bt L L B PP EER A K AT B A R
Jﬁﬁl'%“ PRSP RS AR T E T A e P TR R B (Epre)
BP MRS TR TR o BB TR 2 £k Epedrd 4907 o B d Rk B A A
HESH > el i LlOOﬁéé‘ ¥ LllOT%ié? TREIF5ESH Epez T2
B4 %% 10.7GPa~118CPa; e /ad@ ik kM E <+ > 5 > fed 5 L110

WA L1254 42 7 K 8B 34 Epe 2 T35 4 9] 3 12.1GPa~13.6 GPa-

(=) ARBAEMAHE S HR R LR ERPET

= Hh iz B CNS 11031 (11031) #5338 744 A Bk (6 - “F 7 L 3 5%
B et (1) 78 L2k 242 MOE 22 MORS% ™ *UiE - 5k %% (% 4)
BEom o Aok v R i+ 2 L100 2 L1104+ % 2 MOE § il i ch® 35 & & & 11.0
GPa %z 11.7 GPa» MOE % | &2 5% *Tig A % % 9.7GPa 2 10.5GPa* MOR *
¥aiE 4 % 5 105.0 MPa 2 111.9 MPa-MOR 2 5% "2 i& 5 91.5MPa % 95.1 MPa;
BASZ AR P K 2 L110 2 L1254 & % 2 MOE § i chL 35i 4 %] 5 125
GPa 2 13.8 GPa > MOE % il itz 5% 1 4 %] 5 11.6 GPa # 12.4 GPa > MOR
T 3o 4w 5 90.3MPa 2 98.4MPa>MOR 2 5% '2i& 5 67.4MPa % 85.5MPa-

& MOE =+ & » d Bk # K f 11 (L100 = ~ L110 #= ) * # kT ik 0 &
fith (L1104 ~ L1254f = ) 2 FEiRl & (Bpre) 2R RIER HL B F & 5 4 B 5
3.6%~0.8%~3.3%~1.5% & w R L B30 M P RERP > FAEAHE
FR S ERT S SR RV R T oS e A AR R AL 2
ABEFHE S DHEEE SRR RRAE S 6 R FRE TR
ATHFRBHFILAHLT T

B MOR 6 » i LI10 P S 2 %347 > 7 L RAIL 4GRS A f#

15
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HAREOT &k 7 & 4 0 MOR F ™ "% 2 484 o % Percin % (2016) 3 2 47 3

Podp o ARF R R 2 BRI IR B R e R 2R B T LA F R R

Sk,

FoRERAL 2 G PEREFTRE- HERPEF LMK GEF B s B EY
PR - A% 2 ER (111 &) 27 8% 0> 1 170°CH AT 2§k
“ A fiH > 2 MOE £ MOR Ap gt A S B AL > & B F L fiet = 2 T 5 2 48
o BAERZEIAPRELTLZ LA PRSP RERLEE T AP AR -
B BRI AR PR AR RO A S BT F 0 $57 MOE B 7 # 2 #
B2 48% > MOR ER|F %2485 % F BABRELTLAHE F 3%
R G dp e RIERRET 0 RPNA 4 332 kb R o 11345 CNS 11031
(11031) % F a2 s an A B L R (£ 2) 22 WA 2 RASEFH
L100 4= % ~ L110 #f = F ~ #ASZ 4k © K M 11 L1101+ % ~ L1254 = 4 »

L] ¥ & & E105-F345 & ~ E105-F345 % ~ E120-F375 & ~ E135-F405 ‘& & = {4 2.

-\\]-

M AR E R

ZRh% it RAEREMT ARBE R ELPEZ RN o

Elubig sk dp B RBAIEIH ERE F 1 MOR 7 ' %

V=35 iR A HEURA B W T T R Ak Y A
Fas A R AASE ARG R FHE R Y A I S K 2 A Em % (R Tas
Bl 7c) &5 R MR = e pfog 2 3051k Rl2 foad W ey (B 7b),
BRI R RN R FEHE S M PSS F AR R R A e (R Td) >
FHSEETASH TR AR EITIEE LD G VR E N BRI R
PR LRl FE  ERIFIBHEY 2 X 2P AT E G FT- Y

BALE R SGAZE 0 AR RE A e B o

(z) IRHSEFHFHESH2ZBELRE" BRI
AFEPDRFEHESHERPREHRE ERBREEM L E 2N iR 8
T YT B KA R - AN RRRE "HERNERR R T RFHR

£ o TR %4k b
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* w2 WL PR A TIEE L 127 MPa® 12.0 MPa ~ A LS 555 80% ; #4 AU
R v B A $H L110 & L1254 % e 2 9 & P 5 & T35 5 9.9 MPa &
10.1MPa~ A g3 5 80%%2 700% o F it & % v 3 > FURIT g 2 4Rk B K A H
2P E P TR R T 4 A pi k2 BBRRC] o BT R fr2 AR iE £ (170°C)
P 0g PR R P S S A2 o SRR B S R R A
RERRP e RA ARk L ER (111l #) 2 RS EBHAHLTEE RS
2] % 2 CNS 11031 (2014) 13 ¢ A ff A ~ A ~ LS~ A ~ 3 7 A (B8
TAMELE) 2 A BRNAp N B R LT e R R AR AE A YL
9.6 MPa £ 60%> » % 74 A2 4,k kMBS H £%HALRAR2 5 170°C
BALE A LBROFT LA Ko
Ak B EEAE S R o B kA E AR TR
WER2 B RArd 64T o dSR W A H B S L100 2 L110 H S e 2 ok A
PRI 2 TiE A w L 0.8% 0.0% 0 FALHRK AT 2 TIHE s B L
2.6%:27 0.0% ; #AIL k% 7 & fh 1 H % H L110 22 L125 = ez ik 4 i s
A I 2 TIHEHL 49% F A ERER A ST 2 TI5E L B 5 4.2%E 4.0%-
DHBERN R AP EERLAA S WL WA SR T B2 Rk M
B4 BHEASHEEILZE 170°C§‘u§@“’ﬂ“ R LR 2 mtiz (T ek RiD
& CNS11031(2014) 42 2. & F (a4 & 5% p ) » 7 & * »> CNS 11031
(2014) #R3 @ “rp b2 LR * o fap 4 £ e p #4120 #&02 (170°C)
RGNS L E R 2 M IATE RS L AR E (5%)  BEom A KRBT L
ARFBEFHTE AL E S B TS 2R F BHE R W i
ZRGERERE RS LG AL FARERIRER N FBRL X F S
O EASL AEY N FEREEL 2T - 26 0 B TR
BTioEe oS ®395<01mg/l ¥ 5 & CNS 11031 (2014) ¢ F1 % 2

S (T¥E 5 03mg/ll T s kL g s 0.4mg/l T )

17
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I~ BH
APE Nz ELPRET RS RN T e 2 WARE RS HNRE R

(3B 2R (112 &8 ) 27 £ 8 bRARDEFHFTE 1Y B4 2

BRra 2EERHBFFAT ARG AR R L B X e- H Y

FEIHFAORAERHE S 2 2B 0 iEL AR PRI %1 2

WM EERPEZ 23 23 cRIPRERL L AP F e P2 A Ko

1o 2 dok ok Mg & L2 A plis > 2% %% Ctype £}
B it2 MOR 2 MOR 7 'Uig » o j{BUR 3| & 745 ) Ctype £ § S22 & &
R RENET B SH AR MEERF LSS e FWE o

27 RAEFAZPRELTL QR TE PRREIAPRELT L ZE
Sdn o AR A H B S A2 B a0 L1100 ¥ L110 A & vt 5)(34.7%-
38.8%); BAST A AP B A Az R E sy L110 22 L125 b3 &L 5
(48.8% ~ 34.1%) -

3y AR AEFHZEIHBAR? 2 WG xRt P RELL G R
B P AGR S KM L1000 L1042 2 b 5 B A H e SAIT R 6 K
i L10~ L1252 b S5 S > £3- 44808 450 -

4 I EIPZMTATREK BRSSO BH GRS HF A H AL
AP EFHE S BRPFEROETER G e P RPN A4
TETR R B APRBHRE R TR GOV B EEETE K2 L i e
A BBRRIZAGR AR B E S AR RLZRERG T B RPN S GR
M2 ABE s G B E LR A AR BIFL S b2 B
CREE R R R AR LR RN R Y R AR R A

2

18
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21 F5FHAPTHAES A2 5% A Ea A% (CNS 11031, 2014)

R A MOE MOR (MPa) s & (MPa)
EEE 3N (GPa) T3 Torgggl T 3o T g
L.200 20.0 81.0 61.0 48.0 36.0
L180 18.0 72.0 54.0 42.5 32.0
L160 16.0 63.0 47.5 37.5 28.0
L140 14.0 54.0 40.5 32.0 24.0
L125 12.5 48.5 36.5 28.5 21.5
L110 11.0 45.0 34.0 26.5 20.0
L100 10.0 42.0 31.5 24.5 18.5
L90 9.0 39.0 29.5 23.5 17.5
L80 8.0 36.0 27.0 21.5 16.0
L70 7.0 33.0 25.0 20.0 15.0
L60 6.0 30.0 22.5 18.0 135
L50 5.0 27.0 20.5 16.5 12.0
L40 4.0 24.0 18.0 14.5 10.5
L30 3.0 21.0 16.0 12.5 9.5

Li g B4 2% CNS 11031 (2014) 2 2 54515 » 95917 + 2 3 B T *LiE Ju 15 £ %t

BEEzZ R TIUER 2 fiE -

19
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%2 FE5ES 2 2% (CNS 11031 > 2014)
5% 5814 H#c(GPa) PR T

K 4 #e TN "
T T =
E190-F615 19.0 16.0 615
E170-F540 17.0 14.0 54.0
E150-F465 15.0 125 46.5
E135-F405 135 115 405
% E120-F375 12.0 10.0 375
8 &4 E105-F345 105 9.0 34.5
(4% 112 ) E95-F315 9.5 8.0 315
E85-F300 8.5 7.0 30.0
E75-F270 75 6.5 27.0
E65-F255 6.5 5.5 255
E55-F225 5.5 45 225

23 ARBEFHRBRES ALRP CRRETETLRPETY

MOE MOR (MPa) &
ERE WS s 23 S
(GPa) Timg g (%)
14.8 101.5
L140 . 93.1 100 2
gf,g?;n] X (0.2) (3.4) a 18%, b 46%,
(C-type) 13.2 97.2 c 36%, d 0%
L125 85.3 100
(0.5) (5.1)
14.6 101.0
L140 62.4 100
A 5 (0.4) (15.0) a 0%, b 50%,
(G-type) 13.0 97.7 Cc 42%, d 8%
L125 66.0 100

(0.3) (13.2)

PO R EREL

2N L B R GHETE B PP A LE P S B U T R R
LRPHRATION . LRI ARFVRE I HF L B RRLF A S o

*a b~ Cd w BRI B S 4 ST 0 T A A L BRI 2 Y e

20
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A RRAPARHE SRE S HERP ARSI L RPRT S E

E MOE (GPa) MOR (MPa)
i e
(GP)  2yp  swTwE Tiom  5%T i@
10.7 11.0 105.0
© L100 ## . 9.7 91.5
o (0.1) (0.4) (4.3)
Zide 11.8 11.7 111.9
1 L110 = 10.5 95.1
(0.1) (0.4) (5.3)
ehsr L1104 12.1 125 e 90.3 -
; F (0.0) (0.3) ' (7.3) '
dpe v
ki L5 #e 13.6 13.8 o4 98.4 o5
‘ ¥ (0.1) (0.4) ' (4.1) '

PO MR
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