R AT HES T » 3 (2):199—120, 1988 — 99 _

o OE

AR B EERE R INT 2 D Pk o LA E AT RABEEH B BEORIE T AR IEE0s
1 > BEAE S M B EE i B R PR E A AR REER T R
¥ EERSE, B LRRERETER/AE » ERSHEMEPER KBS EIEHEET » Dk
GESEMEEE  BARS > BE - RERESETZEE » RRRHHNT |
OEE RS EPTEEETAZEhREE » BRI PRERK » ShRIEGA » BARTAT
LS L , .
@AGIZ B MBEERIEEE » A BHEER o EHGRE{E TR o
QERAEREEEH YRS SR EREAEMEEIE o
DoEEEEREA G R » Tt ERTER » BRI R » RHS spring
in $BHES spring back o MEARTLEALEMMAE T o
@R ERFR M2 BRI » HIXREEKE » FRIFRESE R o
BRI AR ¢ TOOREN ~ RIS dhoc s BT - IBRAEISE Y BREE o
FHilRG » 1088 ATHRE M2 AR  HWESBRFTHERSEET 0 3(2) © 99-120.

Studies on The Solid Wood Sieam Bending
Chin-Yin Hwang

{Sumniary]

The trend of Taiwan’s furniture industry is moving toward high-quality items. Upgrading the
processing technique is an urgent task. Bentwood furniture originated a century ago and is still
popular in certain foreign markets. The major limitation of Taiwan’s bentwood furniture makers
is poor bending techniques which lead to few defect-free parts and raised the cost of production.
The purposes of the studies were to evaluate the bendability of some local commercial woods and
the feasibility of producing defect-free bentwood parts from them. _

Chinese guger-tree (Schima superbg) and Taiwan acacia (Acacia confusaz) materials were
sawn and planed into test specimens 5.5 by 2 or 3 cm in cross section. The lengths of the pieces
depeﬁded on the bending curvatures. The specimens were kept in a water-saturated condition and
plasticized with 100°C steam at 1.5 kg/cm? pressure for 30 min. After steaming, the materials
were transferred quickly to a roller-type solid wood bending equipment, bent, then set and dried
under restraint in an oven for 20 to 22 hrs. Right after the molds were removed, the bending
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ratings and the kinds of failures were recorded. During the storage duration under room condi-
tions for eight weeks, the curvature deviations were checked periodically.

1)

2)

3)
4

5

The results indicated that:

The bending ratings of Chinese guger-tree were influenced by the thickness of the specimens
and its curvature. Percentage of acceptable bent stocks increased with decreasing thickness
and increasing radjus. The bending ratings of the specimens were similar, irrespective of
bevelling.

Chinese guger-tree was easier to bend than Taiwan acacia. It could be used to make good
quality bentwood furniture, provided its drying problems be solved.

Prolonged steaming may improve the bending ratings of Taiwan acacia.

At the start of storage, the percentages of curvature recovery (spring back) were roughly the
same for the iwo species. After 8 weeks storage they tended to differ as Chinese guger-tree
sprang in (decrease in radius), and Taiwan acacia sprang back (increase in radius). Statistical
analysis also indicated that the final curvatures of the bent stocks correlated with the degrees
of instantaneous recovery.

There were second order relationships between recovery and moisture content and storage
days, respectively.

Key Words: Solidwood bending, laminated bending, bentwood, recovery, spring back, spring
in, instantaneous recovery, creep recovery.

Hwang, C. Y. 1988. Studies on the Solid Wood Steam Bending. Bull. Taiwan For. Res. Inst. New

Series. 3(2):99—120.

—

o)

BERATEZRREABERE MEMEE
 FRTHAZ KR LHESE 2 BS » BROCHR2
G o ML —R » FATEZ BRE T H
SNEREARNEE  RAERHKELIEER
WinEEZRAER B RO 25 o

AR ARREREE  RERKBHESD
MZEEFMAEETR  LTHR HHUR B
MR —REEER  AEHMILEZTRNER
Z o EN BRI TR EERE » WRMNITFR
B ARG RERERE » HERERERE
MR AT ERED o

BT HAET » BIEHEH (laminated
bending) HEAEM (solidwood bending) ;
RERFRBDNEL » REREXREDEERTH
FAER » TRERRT c HEHFIAKS ~ &

B R ERM TR AR T @2 H % » T8k
KHﬁﬁUﬁﬁ%ﬁﬁ%owﬁﬁﬁﬁﬂlﬁﬁ%
LUR BHEARFREE ~ BRAHRRE » PREZEE
B o B AARREERRREE  ELEEER
HBEN ) MIHZIRE 5 FERMTE S InEE
HESIA » HEERHEE » SRHEIEKERHA 2
BR - EEREHAERTOARSBRETHR
Vi RBETHERN 3 ~ 4 o B RARERR
BE—/PEHGL » MARZEihRSH i EEYE
#E (HiEry » 1986) » ERMEREMAEEES
HREIR LA - AMNELBE » ERZIEH
HREE M EAEHABREEREERTS N
B DRMARAEREARBEEREL » ®
REFETIE » R P R — B -
EEBCAEIN 5 INFFI AR AR  FRINT
Bz RA » FARB iR ZE



PR TR & EH » 3 (2)1090—120, 1988

APREEEREER N T 2 BERAEE
2T o M BAANRERE A EEN -
IS I R E R B B e
BIRT2ET » BUARYERAEHZ BT
RS E T B o

— 101 —

BREBERT (Schima superba, {LEA) B
HEE (Acacie confuse fLE8EB) — 8l o i
EHRAEER  29RA ST RI0EFEAR o &
AT HRHERETES.5 (B) X3 (h) em ORH »
HED » REES.5 (b) x2 (W) em (RED =
BEE - BEAERETEN - K5 - ST E

_ . %‘: » prilr—d o =
- R BEBUH » (i CAURAE 2 I o B
HHEFRRL -
ORBAR
- - v B 3
Table 1. Characteristcs of material used in this experiment.
#t # Species EAE & = FHEMOE) FHEkaEER) &
R &% B R
B & = Origi Ave Dia. Grade Ave. Green M.C. Ave SP/GR Rings
Common name Scientific name gmn (em) (%) (Wo/Vg) per 3cm
A T B 62.8 =i 9
Chinese Schima Nan-Tou, Max. 64.8 No.2 & 69.64 0.515  Max. i4
Guger-tree superba Taiwan Min. 60.5 better (4.03) (0.005) Min. 7
piskit s BEEE 3.2 Z=FpE 7
Taiwan Acacia Nan-Tou, Max, 42.1 No.2 & 55.73 0.798 Max. 9
Acacia confusa Taiwan Min. 26.3 better (1.91) (0.014) Min. 6

(D)ERRBERENF o Value in parenthesis represents standard error.

(25 EB820 o Number of specimen is 20.

ERBRT®E

gl » AN EBERKEFER]1~2 BiER
fakE » REBERLI00°C » 1.5kg/cmBH R
BpEr o BMIGBRRTIERFLTEHEER (ten-
sion strap) + FEERHE LAZSH » = 180° AL (
$HD o RAEME  BERERTERRE > R
LR IN#20~22/ 005 » Z HITENERRIE  Peter
Kock (1972) 2 7B:ifaBilSR% » WHRBED
B (1961) 2 MRt aRih it o BB

BB (Spring back, recovery » @) »
BREREELEY c E LB A HBOT ¢
R—R'
R

HEARBEBEZMEPLE » R'ETEZ 4T
o FMBMN T 2 EGHNEL » B-RECER
BB 18—26 » R TER ~ TSR S Em
BIAIRAEL ~ 2 v 3 0

Spring back %= x 100%
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Table 2. Experiment design for bending & forming.

s B - | EREEEN 2R E BB $ g K A # E
Thickness of Radius of
Species Steaming treatment specimen curvature Forming temp.
_______________ Ry 1 G, [N S
.
) & 2 10, 15 €0, 80
Chinese  1900¢,1.5kg/cm?, 0.5hr.
Guger-tree 3 10, 15, 20, 25 60
€]
H R 8 . :
: : 100°C,1.5kg/cm?,0.5hr. 3 10, 15, 20, 25 60
Taiwan Acacia )
(B)

B1 TAT@RE

Fig 1. Equipment for solid wood bending.
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Fig 2. Rating system for bentwood. Fig 3. Defects in solid wood bending.
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Table 4. Rating & bending failure of 2cm Chinese Guger-tree.
Mmoo F 60 °C 80 °C
Rating R=10 c¢m R=15 cm R=10 cm R=15 cm
PCS % PCS % PCS % PCs %
10 16 80 17 80.47 11 56 13 65
9 2 10 2 10.53 7 35 5 25
8 2 10 0 0 1 5 1 5
7 0 0 0 0 1 5 O 0
6 0 0 0 ¢ 0 0 0 [V}
5 & below 0 0 0 0 o 0 1 5
3 Total 20 100 19 100 20 100 20 100
FERM
Major Defects 5 5 2,5,7 5
REGRRK 9 2
Minor Defects
LR Ef s 2 RE 2 The signs of bending failure quoted from Fig. 2
Ft5. 3om BB B A E RARTEE
Table 5 Rating & bending failure of 3cm Taiwan Acacia.
& & EEE4 (Radius of curvature)
Rating R=10cm R=15cm R=20cm R=26em
PCS % PCS o PCS % PCS %
10 0 0 3 13.64 9 34.62 12 46.15
9 3 12 7 31.82 9 34.62 9 34.62
8 2 8 2 9.09 4 15.38 3 11.54
7 7 28 3 13.64 3 11.54 0 0
6 3 12 3 13.64 0 0 0 0
5 & below 10 40 4 18.19 1 3.85 2 7.7
=t Total 25 100 22 100 26 100 25 100
RS
Major Defects 1,2 1,2 1,2,5 2,5
FEGRER
Minor Defects 5,7 5,7 7

LERBS O ERBRE 2 The signs of bending failure quoted from Fig. 2
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Fig 4. Bentwood of every radius of curvature in this experiment.
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cave side) BIKZEEMEN RE R ; FEHRETE
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s TS IRAZHE (B5) -RARECEE  type) HEEEMMTREMGE (end pressure
s ATERRA RGBT AZ EHMBERERAoller ) Bi# -

F
T EEEN
(Stainless tension strap) .

RAXAE  H3(Stop)

{Bevelled specimen)

A
(Mould}

Bs & A & K & & R

Fig 5. Demonstration of bevelled specimen.

. K6 SERENHPEIIEZARERE

Table 6. Angular transformed value of percentage of ratings involving No.9 and above for every treatment.

Bz AR} (Chinese Guger-tree) (1)(2) _‘ Taiwi Bl i)
Radius of 3em (TH{3) 2em (T)(3) ~ 3em(T(E)
curvature g -

60°C | 60°C 80°C 7 60 °C

(cm) (Nﬂjt B?velﬁd) (%vellﬁ) (’Ni:\;‘. tiﬁaeve@) (Nzt% -bﬁell?ii) 7 (I%Tﬁot ]:%velle b

10 41.25(4.42) 18.75(11.24) 80.19( 9.80) 80.19¢ 9.20) 14,10(8.31)B
pooled T 30.00(7.03) B 80.19(6.42)

15 66.05(8.41) 42.70(6.93) 90.00¢ 0.00) 76.72( 7.87) 43.30(6.77AB
poaled 54.38(6.TDAB - 83.36(4.35)

20 57.69(12.46)  65.47(19.26) _— 65.35(14.62) A
pooled 61.58(7.30A

25 62.89(9.29) 57.12(12.00) - _ 67.56( 7.98)A
pooled 60.00(7.11DA

(AHZEAMERIE#S o Value in parenthesis represents standard error.
(2)54 8 8718-26. Number of specimen is 18-26.
OV EHEEEFERATEAE » RTESETRFTLEBTERNTSREERE0. 05K ETHER

Comparable means followed by the same letter are not significantly different at 0.05 level.
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= BRI E R R 2 AR S o BRI
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Fig 6. Differences of bending failure between Chinese Guger-tree (lower) and Taiwan Acacia (upper) o
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BEAMN 2B REEEEm > MAREEHRD
HERICRE R EBTE S MR U BEREH 2§
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% 7 3cmABARMWEMAZSKEREEL

Tahle 7 Periodic change of M. C. for 3cm un-bevelled Chinese Guger-tree bentwood samples.

F BB BoZE & Fee)
Duration Radius of curvature
of
storage 10cm 15cm Z20cm 25¢cm
I # (Original ) (1)(4) 72.64(3.45)A 69.52(2-97)A 72.26(2.7TDA 70.25{3.06)A
TR (After steaming)  74.88(2.96) 72.14(2.70) 75.00(2.29) 69.31(4.34)
WA (After setting) (4) 35.49(1.43)A 34.92(1.65)A 33.78(2.23) A 31.08(1.61)A
=H 2D 34.37(1.32) 33.96(1.47) 32.32(2.31) 33.00(1.50)
—E 1w 30.96(1.37) 32.21(1.26) . 29.46(1.92) 26.91(1.61)
=E 2w 25,31(0.88> 26. 94(0 90 26.34(1.30) 24.42(1.05)
=@E 3w 20.77(0.65) 22.51(0.76) 22.56(0.99) 20.91(0.70)
mE  AW(4) 17.87(0.48)A B 19.63(0.65)A 19.48(0.81)A 17.65(0.45)B
il 5W 15.59(0.28) 16.82(0.42) 16.90(0.58) 15.61(0.37)
iE 6W 15.54(0.23) 16.19C0.300 16.29(0.41) 15.52(0.27)
LB W 14.62(0.19) 15.03(0.21) 14.97(0.32) 14.50(0.26)
AE 8W(4) 14.95(0.18) A 15.21(0.1NA 15.18(0.26)A 14.86(0.21)A

(1) BRIAEAEGRHERERNREY &7(5 o Original M. C. indicating M. C. just before steaming.
(2) $EWAE{ELFERER o Value in parenthesis represents standard error.

(3) HLE5%(18 o Number of specimen is 180

() FOEEEFHERTEL » BREHEEFSEREEITER L RE0. SRETER

Comparable means followed by the same letter are not significanily different at 0.05 level.
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Table 8 Periodic change of M. C. for 3cm bevelled Chinese Guger-tree bentwood samples.

F oo B Bho#E 4 FE))
Duration Radius of curvature
of
storage 10cm 15em 20em 25cm
[ &4 (Original) (1)(4) 60.13(2.60)A 63.16(2.58)A 64.54(1.80)A 65.03(2.550A
FERIERHE (After steaming)  63.32(2.29) 66.05(2.29) 67.24(0.53) 67.85(2.26)
BB (After setting) (4) 28.16(1.39HA 31.75(1.83)A 30.06(1.34>A 30.00(1.87)A
—H 2D 27.56(1.24) 31.16¢1.62) 29.95(1.22) 29.96(1.68)
—E W 24.94(1.02) 28.97(1.38) 27.88(1.06) 26.65(1.20)
= W 21.59(0.80) 25.57¢1.19) 24.43(0.91) 23.42(1.12)
= 3w 17.96(0.65) 21.93¢1.05) 21.11(0.67) 19.30(0.81)
PHE AW (1) 15.45(0.36)C 18.31(0.56)A 18.06(0.39)AB  16.64(0.66)BC
=E W 15.29¢0.31) 17.43(0.71) 17.2900,32) 16.21(0.563)
FE W 14.41(0.28) 16.09(0.29) 15.79(0.23) 14.89(0.44)
+iE TW 14.67(0.27) 16.09(0.25) 15.81(0.19) 15.05(0.31)
JNE OBW () 14.47(0.25)B 15.8000.21)A 15.56(0.18)A 14.81(0.30)E

(1) S R EFIS R MR §7KE o Original M. C. indicating M. C. just before steaming.
(2) (ERRABEEEEHETR o Value in parenthesis represents standard error.
(3} 7EEH18 0o Number of specimen is 18,

(@) FHEEEEERTEE » TR E R SRRk ES R L R0 05K ETHEE o

Comparable means followed by the same letter are not significantly different at 0.05 level,

# 9 2emKREHAZ & KRB

Table 9. Periodic change of M. C. for 2cm Chinese Guger-tree bentwood samples.

EE BB BERETemp. of forming(2)(3)
Duration - 60 °C 80 °C
of it #i42 @ Radius of curvature g &4 E Radius of curvature
storage

10em

15cm

10cm

15¢m

I #& (Original) (1){4)

53.88(4.15)A

56.53(4.80)A

65.67(4.58)A

" 62.95(4.67)A

EEEES (After steaming) 56.32(3.78) 58.07(4.30) 67.18(3.96) 71.04(4.64)

B (After setting) (4) 32.48(2.500A 32.99(2.58)A 26.20(2.3H)A 28.72(2.3DHA
=H 2D 28.13(2.18) 28.81(2.33) 24.58(1,93) 26.88(2.05)
—# 1w 19.57(1.06) 20.05(1.11) 19.12(1.40) 21.13(1.61)
—#E 2w 17.23(0.53) 17.29(0.61) 15.65(0.56) 16.76(0.85)
=B 3W 15.09(0.20) 15.36(0.24) 15.03(0.44) 15.58(0.59)
FOE  4W(4d) 15.36(0.23)A 15.63(0.24)A 14.55(0.27)B 14.5000.38)B
HE oW 156.04(0.16) 15.27(0.17) 14.61(0.30) 14.74(0.36)
NE W 14.48(0.24) 14.84(0.25) 14.72(0.27) 14.58(0.30)
il TW 12.71(0.19) 13.03(0.21) 13.88(0.31) 14.18(0.39)
A 8W() 13.20{0.2)A 13.50(0.25) A 12.85(0.23)A 12.77(0.33)A

(1) RfeeXEHE#FREENRY S4Hio Original M. C. indicating M. C. just before steaming.
(2) IERABEREIEES o Value in parenthesis represents standard error.
(3) EAESH720 o Number of specimen is 20.

@ FHEREFRRTEE » RERE T TSR RIS E R0 05K ETEE o

Comparable means followed by the same letter are not significantly different at 0.05 level.
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"Table 10. Periodic change of M. C. for 3cm Taiwan Acacia bentwood samples,

% B OB

Duration
of

#oZ= A fE))

Radius of curvature

storage 10cm

15em

20cm 2bcm

FE#g (Original) (1){4) 51.46(1,79)BC

57.34(2.09) A

54.96(1.563)A B 49.02(1.89)C

FEETRY (After steaming) 48,96(1.68) 53.28(1.85) 51.68(1.43) 47.33(1.58)
B (After setting) ()  27.49(1.12)BC  30.05(1.48)A 29 64(1.0DAB  25.90(1.200C
—H 2D 26.38(0.97) 28.65(1.22) 28.06(0.99) 25.42(1,08)
—F 1IW 23.74(0.71) 26.72(1.02) 26.80(0.80) 24.31(0.93)
= oW 20.21(0.52) 23.89(0.80) 24.30(0.78) 22.04(0.80)
=@ 3W 18.07(0.34) 20.97(0.60) 21.42(0.55) 19.97(0.60)
WE AW(E) 16.83(0.33) B 19.690.50) A 19.96(0.46) A 18.89(0.49) A
#lE 5W 16.98(0.23) 18.22(0.42) 18.39(0.36) 17.69(0.39)
AE W 15.49(0.22) 17.43(0.32) 17.57(0.30) 17.17(0.34)
EE W 15.19(0.16) 16.67(0.23) 16.76(0.22) 16.59¢0.27)
AE 8W(@) 14.390.20) B 15.99(0.23)A 15.93(0.26) A 15.94(0.30) A

(1) FREABAREEEIIREATEH &K% o Original M. C. indicating M. C. just before steaming.
(2) FESRABHLREENER o Value in  parenthesis represents standard error.

(3) HEBH25 0 Number of specimen is 25.

) FHERFAARTRE TR TRTS BN ENEE R EREN. GAETES o

Comparable means followed by the same leiter are not significantly different at 0.05 level.

WA KBS W2 RS ERR 2 &k
BISEIHE » AT & TR . 057k #i22 BoRERZE »
T B ISR A & KA 2 M2 1% o AT
WHEIE » KA RERSKELEY R 2 H %
s RS RUAIREAL » TIABS 2 &A% BIAEE
B E—5 A D E R R T 2
KETRE o btk RIER » RRMESEZ 3
HRE SR AED L TERB B2 KRS
KEE o FHKHFERIERER A R R AR

—RERE  BERETHTE 2R s —
BRLEREMRAZ EKE » (LB S
BEMBAERABHN KB 5 RERH LT
FRE—EARERE » ETRORBRIIE S 5
EERERETEHEINT » —EHEE—SHR o

£ERE S KEBRELET » BLARN 2 8%

» DHSBEER S » REBDT 288K GGl
J o
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Table 11 Regression equations of M. C. vs duration for bentwood after seiting in this experiment.

PEERAER(L) | EoxE R
Treatment Regression equation F R2
A-3-60-NB-10 Lny=3.8696—0.2915Lnx 84 89** 0.9238
-15 Lny=3.8789—0.2788Lnx 56.75%#* 0.8902
-20 Lny=3.7931—0.2560Lnx 55.47%* 0.8879
~-25 Lny=3.7680-0.2666Lnx 108,65%* 0.9395
A-3-60-B -10 Lny=3.5573—0. 2245Lnx 88.76M¥ 0.9269
-15 Lny=3.7235—~0.2343Lnx 62,24%* 0.8989%
~20 Lny=3.6691—0.2248L.nx 68, T4%% 0.9076
-25 Lny=3,6633—0.2406Lnx 93, 45%* 0.9303
A-2-60-NB-10 Lny=3.4476—0.2203Lnx 203.93** 0.9668
-15 Lny=3.4672—0.2204Lnx 194, 23%* 0.9652
A-2-80-NB-10 Lny=3.2924—0.1782Lnx 146, 41%* 0.9544
-15 Lny=3.4285—0.2124Lnx 232.39%* 0.9708
B-3-60-NB-10 Lny=3.4673—0.1915Lnx 193 .20%* 0.9651
-15 Lny=3.5757—0.1860Lnx 80.42%* 0.9199
-20 Lny=3.5634—0.1799Lnx 56.03%* 0.8889
-25 Lny=3.4165—0.14%)Lnx 73.28%* 0.9128

() REARFTEHE-FE-RRBE—RTHA—MBEPE
Sign "A-30-60-NB-10" and so on represents “species-thickness-forming temp.-bevelled

or not-radius of curvature.”

MERAA » ARBESBERER » BsE FRA-2-60-NBRA-2-80-NBz i » iBEA&=
REEEBEE » RETHRERSWEM » K HEPRETRERIN  BRATEE » BT
3cmE @A (A-3-60-NB) - 2cm 60°C (A-2  RBEH 2cm AWMAZE KEBLLMPLE
~60-NB) F2cm 80°C (A-2-80-NB)%=X@EH  #§A-3-60-NBE A-2-60-NB&Mizi@ > K5
BA s TRAMESLEZ S KESMBHTEHE ENELEAH—RES N SO T2REEEN
— g s MHERMER=1520 25cm=%% &L (REA7) :

Fe AR MRS KBS IR EREE o
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A-3 LnY=3.8276—0.2732LnX
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u“ A-2  LnY=3.4089—0.2078LnX
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Fig7. Relationship between M. C. and storage days.

2. ARETTE

HERZ AN E—BE 2B » ERERE
PIR ZI SIENEETE » 5+ —(BfRER IR ENMI A AR »
A A TR e THER #E X (B BB BE 2 BB B
BHDy o KM HIRENSBIFSH R MEEE » B
—BE 2 BEHE » MASTHRZEED c BAHR
B Ko EAMREEHREE » B2 ESTH
ZEBE A MRS SRS « AMRFREREX » T
BHER ~ KER - PREFSAMRG ZHEEE
Bk ( glass transition point ) BHE o InEARH39
Z100°C K + SRAEEAE RS BB » MIHH T
{5 B A+ B (D T B bR IR R » TS Fe T E il
N2 R o B i TR 35 B 4T BUE R ALK H
RENEERAR » SEHRBRRAMERGREE - Al
NEDBXEARMRG T TRERERES B
REIBEIRE » MR PRI » RM A
E4E drying set {FRIMGER (GHHE% » 19865 L

Bk + 198L) > THEAE MM I B4 FE o
BT IGEDIE (spring back ) BEREA
HREe2z—BERT » WEMLSHHAEA
SEM &S » RTALLERIL—H % o iR
EREARD » B ETEREIMETEE 2
IRER MR GRS » BETEEETRES
i TR 2B R 2 3 o FARY (1983) 7R
R I A2 R RERRTE X » REM
B » IRERER I ZBEMHEZIER ( convex
side ) ZERTUER (fixed strain ) 4 (i)
) CEEfE{R » concave side) ZHEEEIA (%
Be) MEhEPEMA » REFEBES™AEMHZ &
EEE D » WMz R A Ek » DB ESLE
W4 o E. C. Peck (1968 FRIEHAMEEHH
ZER  BEREGEAHT B2 REREY
T3 LIBERZ BRGA R S R0 » HeshEEED
1412 R AR AR B sy B R i B » iR B AR IR
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il i
FABUEEEM 2 ETEEMLEY - RE12
~15» aFh B 3Cm ANTRBRAET » %
REE=H2> REEE 4[58 (spring back ) B &
' T 3 ~ 4 HE#Bspring in, ScmigBERIA R
E#& (8i8#) B spring back o s> MEE
0 r KWLM ER PR e NS » Biskih spring back
WS spring in o ERBAGER » iR S KESH
R14~~16% R + hEEZ BT BT HEERE o
HEEEBRE A% 2ETH: (SBL 1 &
FERINR | LA A 5 BB 57 8 Mo Sem &
- BRBAKRS BB REREY » Mgz
B2 HEREO.OLKREE » KERSFIREIZRE

R 12 SemREARMHEIGE LRI

Rins—HARRR B> R

13 “EBBRHHR =10cm EFETHRN o
7 711 BR A A M B 2em A B 2 60° C R 80°C —
WAL Al RSP T AETEL TR RE S
WERE  R=10cm#R =15cm = L5452 hik
P DURZUIRE 80°C H1TIMHE o fF T B st
THZ G » e 3 cmA MR (A-3-60-NB
) BA2cmAf[60°C CA-2-60-NB ) » {8 e BB Y
TP ATEHTEO 01K AR ¢ I B A28 SB1
B » MBS R kS SBIRA o AR 4 fz
SR HEHARI 7R R=10cm X THR
o FRATIABL ok » MEERHELES
BIE » TOREEMESE 2 A o

Table 12. Periodic change of percentage of recovery for 3cm not-bevelled Chinese Guger-tree.

HEEE  Radius of curvature (1)(2)
# % %
10cm 15cm 20cm 25cm
—ZHB 2D (SBI)@3 1.24(0.3DB 2.39(0.38)A 2.71(0.25)A 2.25(0.26)A
—i# 1W (SB2) 1.35(0.40) 2,77(0.30) 3.61(0.26) 2.80(0.35)
=@ 2W (SB3) 0.11(0.50) 1.67(0.46) 2.69(0.39) 1.34(0.47)
=8 3W (SBY —1.37(0.78) —{.28(0.63) 1.09(0.41) 0.10(0.58)
ME 4W (SB5)3)  —3.42(0.82)B —1.28(0.750A 0.05(0.500 A ~1.34(0.71)A
B BW (SB6) —5.27(0.85) —3.2000.80) —1.76¢0.56) —2.82(0.75)
7B 6W (SBT —4.72(0.87) —3.46(0.80) —1.91(0.54) —3.09(0.83)
+# TW (SB8) —5.71(0.91) —4.50(0.80 —3.34(0.60> —3.90(0.86)
AE 8W (SBO@E) —5.04(0.92DA —4.14(0.80) A —3.05(0.64)A —3.45(0.85)A

(1) JEBRASERERER o Value in parenthesis represents standard error.

(2) EZAFE8E18 o Number of specimen is 18.

(3) FMEBEEBART I » RTEE TS S et i R RE0 05 KR o

Comparable means followed by the same letter are not significantly different at 0.05 level.
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Table -13 Periodic change of percentage of recovery for 3cm bevelled Chinese Guger-tree.
EE4RE  Radius of curvature (1{2)
B B
10cm 15cm 20cm 25cm

ZH 2D (SB1)}3 1.30(0.28)B 1.77(0.31)B 2.2900.200A 2.6000.28)A
—iF 1w (5B2) 1.41(0.45) 2.51(0.26) 3.01(0.30) 3.1000.34)
=8 2W (SB3) 0.106(0.563) 1.77(0.28) 2.26(0.36) 2.11(0.43)
=8 3W (SB4) -1 .36(0.5é) 0.3400.41) 1.27(0.39) 0.29(0.55)
P98 4W (S BE)3) —2.75(0.74)B ~1.23(0.43)A B —0.40(0.59)A —1.04(0.57)A
#;H 5W (S B6) —2.58(0.73) —2.09(0.47) —0.76(0.64) —1.17(0.68)
78 6W (SB?) —3.36(0.79) —2.98(0.47) —2.0000.72) -2 .34(0,68)
+# TW (SB8&) —2.82(0.75) —2.90(0.50) —1.86(0.69) —2.02(0.71)
A8 8W (S B9)3) —3.17(0.800A —3.14(0.51)A —2,11(0.7T4) A —2.18(0.69A

(1} EHAHEFEE%EZ o Value in parenthesis represents standard error.
(2) 9818 o Number of specimen is 18.

(B) PHERETHERFSE » ZrERHRFSERREEICERERE0. 05 ETEE

Comparable means followed by the same letter are not significantly different at 0.05 level.

£ WU ZemARH TR ZERELHETY

Table 14 Periodic change of percentage of recovery for 2cm Chinese Guger-tree.

60°CQ)2) 80°C()(2)
" % =
10cm 15cm 10cm 15cm
—H 2D (SBl) 2.43(0.25) 3.22(0.28) 1.95(0.24) 1.99(0.10)
—i8 1IW (SB2) 1.23(0.42) 1.88(0.55) 0.22(0.33) 0.9500.19)
—#E 2W (SB3 1.15(0.51) 1.75(0.67) —0.6000.57) —0.63(0.44)
=@ 3W (SB4 —0.04(0.78) 0.44(0.92) —0.67(0.58) —0.63(0.50)
Pl 4W (SB5) 0.87(0.67) 1.27(0.86) —0.87(0.72) —1.48(0.71)
B BW (S BG). 0.50(0.86) 1.17(0.96) —0.57(0.62) —0.84(0.66)
7<E 6W (SBD 0.26(0.61) 0.90{0.81) —0.35(0.64) —0.93(0.73)
@ TW (SB8) 1.42(0.68) —0.57(0.87) —1.24(0.65) —1.28(0.59)
B BW (SBYD —0.38(0.62) 0.29(0.88) —2.37(0.80) —2.73(0.71>

(1) EHRAREEGEREE o Value in parenthesis represents standard
(2) ZFEBE20 o Number of specimen is 20.

error.
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Table 15 Periodic change of percentage of recovery for 3cm Taiwan Acacia.
HE4E  Radius of curvature{1)(z)
B ox B
10em 15cm 20cm 25em

=H 2D (SBL)}3 1.53(0.32)B 1.82(0.19AB 2.41(0.193A 2.07C0.12)A
—iF 1W (5B2) 3.04(¢.32) 3.14(0.32) 3.82(0.22) 3. 51(9.19)
—i# ZW (5B3) 2.98(0.30) 3.77¢0.30) 4,72(0.23) 4.21(0.16)
=R 3W (SB4) 3.20(0.40) 3.61(0.35) 4.73(0.26) 3.75(0.20)
EE 4W (S Bb)3) 2.66(0.38)C 3.85(0.35)AB 4.67(0.26)A 3.72(0.19)B
AB BW (S B6) 2.51(0.42) 3.38(0.38) 4.29(0.26) 3.17(0.22)
~E 6W (SBT) 2,37(0.40) 3.41(0.38) 4.2000.27) 3.26(0.20)
+E YW (SB®) 2.12(0.45) 3.0100.43) 3.87(0.29) 2.91(0.22)
AE BW (SB9OY3 1.34(0.38)C 2.55(0.38)AB 3.34(0.2MHA 2.40(0.17)B

(1) %ﬁ?ﬁ@zfﬁﬁ%}ﬁﬁﬁ Value in parenthesis represents standar error.

(2) B8 o Number of specimen is 18.

®) FHEEFFRATAE » FREHTRFS SR RE SRS R0 OGKETES o

Comparable means followed by the same letter are not significantly different at 0.05 level.

REFESAREEMER 2 T (SB5) H
SBIE {52 #% » A-3-50-NBEE A-3-60-B>
B BANETEENMELEHERE (12,
13) » (BLAMELE R =10cmZ. SB5 §/r o 2cm
AFHRESBL [/ » FHREPRAETEEMRE
BB » 80°C & spring in T 60°C{AhEspring
backe Hhd A-3-60-NBEE A-2-60-NB » {524
BHRETREMFEZHERE » EER3cm &
Espring infTEE &2cm#E {ffspring back o #
B MBEPEZSBOH# RE1S » HLR=10cm
BEItER D o BARMEHBEZ HERHEER »
MEBLE R BE 2 FASEBEY » AT spring

In TiHEBEBER#Espring back o

NBRERBZETE (SBY) #EEl » |
L2 5 HBEEATRZESR ) RS BEA
-3-60-NB 2 A-3-60-B Bl L RAETEZR
BHIEERE + ML AREAS spring in #HEHKE
A7 FeEE A ~ REAENEPEZSBY 4k
TR o W SBIRSBSE M S B i R R &

B RAZ S » ¥ENSBIZFERS »
Bl EENRZ » BARRRACZEBETF A
REEFANEGRIEF NP » SREUERES
B AR BRIERRGZ » MR M e
HREMESZRELBZHRNET 2 » dm e
B HHEBEEERS » BRAREERBREE
BTl 282 » TR B 2 J0E o BRMELK
BREZE% » UM S ERRHEFR 225 o AT 2
cm A+ W MHEPLE 2 HEREE MR NRE
EAZE » I%80°CHR 60°C 1555 spring infif Ll 80°C
BRE - EREELYE » 8RS B A-3-60-
NBE A-2-60-NB7RE % SBS » LB LEHRT
HiMEERAEERZE » (h1) SemBLspring in BF
FEE o HEMEMEPR » SBY 2B H AR
HERNE KARS RWRISHR » HASBMHILS
BS #th o AFTERAESBOZ Lt RSB »
ENHZRA R R T B 2 U » A Rspring
in M#ABE{HSspring back o

fd B AR S © RS RERT SR
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EONSRETERREE 2SS  EABBEE
B2 B HEAEZ NSRS R R

FAREWI % » A% I spring back » fhEseRRlE
h  BE LS 5 FHIRIE spring in - TR
HEEE/IE Rspring inBiRE 3 #HHBspring
in» {HEMEPRY @t o REBREZEE
3R RE » ZEW A Sspring back » LIB0°C 2T
HRHE 3 EPﬁESd“C%Spring in, 6G°C {mBspring
back } ZEHR » BI60°CEspring in42Fspring
back o fiil} 80°C2 spring in BBk o By
HE » EWHREEAEETER/D » i 3cmB
spring in Ti2cm{FSspring back » ##HI3cnE
spring in# B o th L2 RETWHIE TS
» EERRRB2EMERET » lEE KD Z#%E
& REERE M BEPER 48 Sspring inBspring
in 7 BERFERTEEEREREE » k@A
s R —HERRREEI A PELERAE
Bzl RERZENERAEREZTES
KERESE 2 EE o

HHBBAR B RERBE spring back » HE

% 16 HEREEKEZEFIER
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BIEBEN - ERMTSERENEERRERE

ﬁ@%@%’ﬂ%uﬂﬁ$&&¢%@ﬁ&&ﬁ°
FRAF R 2 ol » EPPBERAREE »
BRIHAHREE 2R > HYERKEHR 2 B2
T BBEEEE (instantaneous recovery) B2
BB (creep recovery) ZHREE » MLE
HEMBESENE » BE2HERMZEA -
AR A AR 5 HT B0 A =
SR RGN » B8 BH—fl o B
BEEFHERZFEE » BaAH 2 EAEITE
‘(spring in ) E—#/NEENSELTTHTHBR

- i o HERABIERSHESR » BkA-2-80—NB

SHSEETEE L A RN « ERET

 PRRRREZ AR BES T REREFAE (E9
O EID o AFFUHRZEATR > BlAeR iR

ZIEMA » R EREERN » FEmEeT
AR EE AR A » 2R » B2
REWEG o

Table 16. Regression equations of percentage of recovery vs M. C.

BEEER0) | om oA B R
Treatment Regression equation F R?
A-3-60-NB-10 Y=-—21.845941.4353X —0.02223{* 494 9%+ 0.9240
~15 Y =—19.5988-+1.2979X —0.0190X2 795.29%* 0.9962
-20 Y =—21,6663+1.6372X —0.0270X? 270, 27+* 0.9890
-25 Y =—21.10464+1.5678X —0.0260 %2 316, 20%* 0.5906
A-3-60-B -10 Y=-16.1095+1.1816X —0.0197¥? 296, 46%F 0.9900
-15 Y =—23.2406+1.7412X —0.0209X? 414 58%%* 0.9928
-20 Y=-22.8090-+1.8622X —0.0339X? 5§59, 30%* 0.9947
-25 Y=-—19.5394+1.5754X —0.0277X? 443 . 58%% 0.9933 '
A-2-60-NB-10 Y =—10.2088+0.9796X —0.0189X2 22, 7ok 0.8837
-15 Y=— 8.4355+0.8374X —0.0151%? 27 .78%* 0.8025
A-2-80-NB-10 Y=-10.9891+0.9352X —0.0168X2 26.11%* 0.8969
-15 Y=—12,5187+1.0476X —0.0190X?* 57.3gk% 0.9503
B-3—60—N.B—10 Y=—16.8468+l1 9801 X —0.,0486 X2 27.62%* 0.9020
-15 Y=-—14.6761+1.7187X —0.0397X2 39, 74%% 0.9298
-20 Y =—18.5607+2.1809X —0.0507X% 36,21%* 0.9235
-25 Y=—28.1841+3.1130X —0.0751 X *. 18.20%* 0.8585

O EBAMERTEHE—HE—RERE -2 FEA—MERE " Sign “A-30-60-NB-10" and so on

represents ‘‘species-thickness-forming temp.-bevelled or not-radius of curvature.”
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Table 17. Regression equations of percentage of recovery vs M. C.

R0 | 28 5B R

Treatment Regression equation F R?
A-3-60-NB-10 Y =2.7121—0.2752X +0.0023X? 47.53% 0.9406
-15 Y =3.7081—0.2198X +0.0012X? 67.93%* 0.9577
-20 Y =3,9865—0.1508 X --0.0003X 2 47 98** 0.9411
-25 Y =3.5778—0.2159X +0.0014X? 58.94%* . G.9516
A-3-60-B -10 Y =2.3486—0.2281 X +0.0024 % 2 57.96%* - 0.9508
-15 Y =3.0556—0.1651 X 4-0.0008X? " 40.00%* 0.9302
=20 Y =3.3910-0.1337X 4-0.0005X? 38, 294 0.9273
-25 Y =3.8258—0.2021 X 4-0.0016 X2 46,18%* 0.93%0
A-2-60-NB-10 Y =2.1308—-0.0755X +0.0005X 2 7.90%+ 0.7247
-15 Y =2.9017—0.0927X +0.0008% ? 8.26%* 0.7336
A-2-80-NB-10 - ¥ =1,2072—0.0810X +0.0005 X2 6.72%% 0.6914
~15 . Y =1.6977-0.1232X +0.0010X 2 12,19%* 0.8025
B-3-60-NB-10 Y =1.9486--0.0838X —0.0017X2 7.45%* 0.7129
-15 Y =2.068240.1183X —0.0020X2 11.16%+ 0.7881
-20 Y =2.6793-+0.1301X —0,0023 X2 10.97%% 0.7853

(1) EERREZREHE-EE-RURE -2 5HhA—Mmeg”
Sign “A-30-60-NB-10” and so on represents “species-thickness-forming temp.-bevelled
or not-radius of curvature.”
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Fig 8 Relationship between recovery & M. C.
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Fig 9. Relationship between recovery & storage days.
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