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The Efficiency of Saw-Dry-Rip Pro-
cess on Reducing

- Warp of 35em  Schima superba

Sy-Yung Jai, Ching-Yin Hwang and Ming-Chung Lee
[SUMMARY]

The objective of this research was to evaluate the efficiency of SDR process in reducing
warp of 3.5cmSchima superba lumber. Five sample logs, 120cm in length, 53.4em (a.verage) in
diameter, cut from middle Taiwan, were used for this study.The study design was a 2 by 2
factorial using two sawing methods (conventional-sawing and live-sawing) and two d}ying

methods (conventional-drying and high-temperature drying).  Treatment combinations were:
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(A)CC==Conventional sawing/conventional drying (control).

{B)CH=Conventional sawing/ high-temperature drying.

(CISC=SDR live sawing/conventional drying.

(D)ISH=SDR live sawing/ high-temperature drying.

The final two cut size of the test boards were 3.5X9X 120cn and 3.5% 16 X 120cm.

The data show that for Schima superba;
1. Each treatment (SC,SH,CH) results in reduced warp. compared to the control (CC) treatment,
2. Live-sawing, whether with conventional or high-temperature drying, produces straighter and
flater boards than conventional-sawing.
3. High-temperature drying reduces quite a lot of drying time and energy consumption; but in-
curs severe drying defects, specially in honeycomb and collapse, It is evident that high-
temperature drying is not suitable for Schima superba.
4. The volume yield for live sawn material was slightly lower (about 13% in average) than those
of conventional sawn, however, the recovery of the material under 6.5£nm in warp for the for-
mer method was much higher (about 80% in average) than those of the later method, It

appeared to indicate that SDR process can increase the yield of acceptable piecess.

0. The relationship between M. C. and shrinkage in all of the treatments was in a curvilinear

BEE -~ ®iE% - ZHE—E S I A EHEE 3.5m REHE S Z ok

correlation.

Key words © SDR process, live-sawing, high-temperature kiln drying, Schima superba.
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SDR T AEETRAEHSREE o Fi
BB ( Rubber wood ) ERFHEE! ( Acacia ) ZH
FERTEN | RERLT SDR ' THGRSREHE
¥ BHBREANZE (BBE 1986 ; BRE
% 1988 ) ° Maeglin £ Simpson % ALl SDR L
& B ERE%E ( vacuum-dehumidification
drying ) * Bt Red oak * Sweetgum £ Blackgum
ETABZEREH SDREERBEERRES
65CZEHET » FRAFHREFR ZEFDE (
Maeglin et al., 1986 ) o

T2 e SDR B & TR IR
W RE:  mREEFRERE - ERRR
Bt o
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B FERAME | —BEKEHE (con-
ventional sawing ) * #RBER BB ( grade
sawing ) * BB RERFHEREHHEBEME
B B—BEAYME ( live sawing ) » BIZEST
- rEERAERREE—CEEEZBK(
flitches ) * EEITEBIL - EJRFERERE | —
BEHRER  F—EREEE « L EmEHEES
BT FINERE .

- (CC=1E#HE » EREL (HBH)
(2)CH=Efi# » SREE .
(BISC=3E#aM » HHEE ;
(4)SH=EREM » HIRER -

iy b9
AARAT AN B E A E B 2 R (

Schima superba) ° HBERS B » & 120em * F
HHER 53.4cm * HK 55.6cm * Brv)s 51.5em o« HERR
MREERR 1.

Sy

B ESEME CC & CH 2REK » THERK M
B4t ( grade-sawing ) ZEEEZEH 120enfz 2 F
AEBEE 35em/E » 9 R 16em W28 BHEER
RS FESBARZAE (CCRCH) &
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AEARHTE SC B SH Z2FRAK » TreiEAHEE
— 545 9enBT 2 “F4EM” ( opening face ) * &
BETHEEY 35mBE 2B - HEEETTH
BEETR ; A EORAR - FMERERRZ
BARZEA (SC R SH) - FiFHREZRHE
Elt5 K BERBEREERER 5C 2 mBlEPER
IR o
=

EREEREAZEER T4-B3 (RE2)
cBIBREZBERARRERESE ( mixture of
steam and air process ) * TIKIRE 110T + &3
BE8C MEnREEZERIXIHER
10% » MR EAR IR LIS R GHE R E o
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SC & SH MR REREAMAIR I
16enF 2 ilH » MEERRRSZHAE -
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HRHME » 8 ( warp ) BEEER (
crook } * SHE (bow ) * A5 (cup ) + Bt
B ( twist ) FEBEENY - —HHzAMBRE

BEZHEARNEZ -FHEELSAEE ( max-
imum deflection) 5t ° 4 + Bz AEHK 5
EFEE: » SB—REFIEMBIE T BITZ » F&R
FHEBRTZz  BLUEBEZEB (AR SHE
SC) RBEES T A K AL, o

2. BB ERE _

{1334 ( end checks ) : LR @S BEEE
ARMMBEERZRBRFESZ -

(2)E02Y ( surface checks ) : LIEIRTEEREA
PTG H BRAELZ -

(3)# H 24 ( honeycomb ) @ HIEHEE—E
0cmEEEEIRNRERH  GEFELEREEEHA
» EVEBRETEZ o

(4){&4 ( collapse ) : LAFRFMAE R AXEIGE
Bt Ez -
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Table 1. Characteristics of material used in experiment.

21D
ﬁ Species & E o B § & T FHEHO® FHEEOS Z}i-iffg-%gfﬁl‘}'
.2 XKE Shrinkage (%)

¥ @ B/ B £ Orgin Diameter Grade Ave. Green Ave, B o & A

Common Scientific (em) M. -C. Sp. Gr.

name name %> (Wo/Vg) Tangential Radial
A B Ave. 53.4 z=#Zpt
Chinese Schima @ # Max. 55.6 No. 3 and G9.64 0.515 10.69 §.21
guger-tree superba Nan-Tou Min, 51.5 better (4.03) (0.004) (1.32) (1.10)

(1)34888%5 19 © Number of specimen is 19.
(2HEM N EEBEREE o Value in parenthesis represents standard error.

2. 3bem FEEHMEFRBZERRERL—T—B3
Table 2. Conventionel drying schedule used for 8. Scm Schima superba lumber.

FRALT  ® R B & BoEE  sgpxa
(%> o QL)) (%)
3BLE 43 41 16.2
35 43 39 14.1
30 49 43 11.5
25 54 44 8.3
20 60 41 4.8
15LLF 82 54 3.3

HEEB E. T. 82 71 7.6

PEEE C. T, 82 , 78 14.5
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agitibdig BE /) emmEE A » A1 B5S © CC10.35% 3 CH
EZREBTRBHEEMGZBBERK3 - 29.03% ; SC 85.80% ; SH 70.60% o B¥ * SC =
B OC IR ( (BHERA » (HEE ) B 3.45% M AMEssiE i 12un 0 5 7.10% 3 SH 5 15m
A EFEM - Kk CH ( EHiEly » REER) ' 16 5.90% o i B BB A B 30mmE 0 CC fE
~ SC( AWM » HH(ZER ) ~ & SH ( Efi 13.79% 5 CH 5 3.23% » LB ET SDR EH14)
o BRER ) —REBEHRTARE o (A5 Atz ThEk o

& 3. SEEUMENE
Table 3. Warp percent frequency by treatment.

=i | B B mX Treatment
Warp cc CH SC SH
(mm) (%> (%) (%) (%)
0  3.45 0 0 0
0.5— 3.5 3.45 9.68 21.50 23.50
3.5— 6.5 3.45 19.35 64.30 47.10
6.5~ 9.5 17.24 41.94 7.10 23.50
9.5—12.5 _ 20.69 12.90 7.10 0
12.5—15.5 13.79 12.90 0 5.90
15.5-18.5 13.79 0 0 0
18.5—21.5 3.45 0 0 0
21.5—24.5 0 0 0 0
24.5—27.5 6.90 0 0 0
27.5—30.5 0 0 0 0
30.5 up 13.79 3.23 0 0
Total (%) 100 100 . 100 100

MC C =GN » EHZRE
_ (conventional sawing/conventional drying).
CH=H%} » BSHEF o
{conventional sawing/high-temperature drying).
S C=0H » BHiREK o
(SDR live sawing/conventional drying).
S H =2t » BREEE o
(SDR live sawing/high-temperature drying>.
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REHAME (F4) » RERK(E—RE
LEE BTRERE 208% ) ZHEERE B
CCEA"CH&Z'SCRSHE/» BER
7 0.05 KHERE » HEHHTHRER CH~SC
R SH=EEZEZEE 005 KETEE - F5
M 2R » CC B CH FRKH# SC & SH » SC
B CC z MR ERG RS | EmEk (F—RAIE
) 65.17% 63 65.82% : AT 20 3BE ( B kE
) #ES 55.91% 52 60.26% © CH ¥ CC RERERE
B2 2 HEEEREREARHRBRRE
£ X ASIEFER ( permanent tension set ) TR
TR ZBEERTER -

el » SDR FaaiRfT RN EHEE
BHEMFEMNELE 2T - SDR BB XM kB
BARKBBEE ST REEMZIE o AR
B Huber { 1984 ) » Larson ( 1983 ) * Maeglin
(1983 ) RERE (1986 » 1988 ) F A5 IEL
Aspen * Yellow poplar » Paper birch * Rubber
wood B Acacia FAMETABZERER -

ORI R

BHERER - HEENFERAER - ERER
e RKER F BRI RE 0.05 KHERE o (LR
ATEHAMEEZRIZHIET—F » ME CC
HCHEEZEWFLHERKEHESNSER ' M
SCH SHABSESYEL » BEFSITERER
£ 0.05 KEFE - HRETAREEY (CCHCH
LI % SC 81 SH z =R 0.05 KEHTEE » CC
B CH Z R 19& K B8 SC A SH & 25%
Ef - RIS ABERERZEREZMHAMEES
EESEAK - KFEARTIERFT—3 » MirFES
ERAREFER o WHEHEW - aEEHIERL
Befd (326) DIREEERE o

LZEBZHEEFHEKE  BFBABEBR
7 0.05 KEETREAE - B HEXRE ~LE LA
FZLBERKEZERTIETE iz ERER
D ERTE 0.05 KEHTEE - KRB EREK
BEREZEORESER —KT -

TR RS - SC A CC #ERR—HE (
Fz2)» ASCHBEAK (HR) » 2R A%
PR S8 CC K49 100 7 « TEREZE SCZ

BRE -~ TEY - E8E % Hin T HEHEE 35m KRR EZ g

FiaaKEE CC BIE (25% ) - AR CC ZRiE
BREERE KX - EEIERA 34067 /[ \Erhit£E
473 DEFIEHF S SEE » T SC 7 243 /N
[EEEMH 20 N (6 ) o filffNH - CC T EHER
IHEAR SC BAKERT 005 KETEE - &
4 CC REHEKEMHSS CHETHE » AI CH
2 EIRREHE R CC 21455 s 4% SH BEMBE K
BHEEZ SCHETHE + Al SH 2 EREFHS SC
2V o ERIERELE » BR AT ITEREERE
0.05 KREHE r BEFEABER BT BEE
2 CH E SH » &#83$ £ 55 ERERZEZEF
HE  RTEHZEEZ CC B SC» EIBERE(K
» ERIER TR - RS EEEZREE
Rz SRRERIERT > FRE -

EREEERSE  CHE CC R SC» TATE
BHSINE 6364% R 2897% » ST B MBS RS
78.32% K51.42% « SH¥ CC & SC»* "IHEEN
SRS 7427% K 4974% > BB EBHE S U
85.68% & 67.92% » EXEBZREHE » £
BohEL 6~7 PR EEIRE  BESEHFR
R BAERREAERZEY o BREERE]
8 - EEMER 0.5 hREER (E5FE6) °

BHERB o ZRRE (7))  #BHOW
EREREDH - MM - BENULEEIES » £8
£ 0.05 KAEHEE - HEBEREER | XHR
Ll CH B S8 E » CC» SC» & SH k. ; #3il
SH&ZEE » CHkZ » CCH SC & ; e HA
LICH BREER 14.75cm * SH (25 494cem * CC
B SC#iE » 5715 0.19an 2% ; §Hi87FLL CH &%
B % F5 0.76em * SH K2 S 048em * CC B SC &
55 029 & 0.34cm c HEEZ » LEASE
= S EHBES BN LG HRRR
g » HEAMERERERE -

BEU EERAE RS
EERE - BE%E (CH SH) LUEEF! - M
R MREGEHRE  SRTENEBARBFRATH
o - BEE A REE (1988 ) BhAHBEEZ BERE R
[ o MATEHER SDR I FHiE » LHRERES
H o

B A CH R SH BBz AMBEBRER
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HSHHFE113& (H2-H3) « SCR SH
BB EUGE IR L R s MMt S g CC
S CHZzEH » 55 SCHE SH hiERB Essls”
» BB R A KRR » IRWIAN REETIZ ALK
A BRTEF ( permanent tension set ) < BEE
Tz CCEHCH ( B5R%ER ) B » HFEE
WABERZ BB o

F* 4. DTl 3E » DRHCCRBZBETS R

Table 4, Warp average, renge, and percent reduction over CC treatment,

F oy @ YO §

Average warp

Ew HCCr BB K &
Range Reduction over CC

@ g(l)cm
E R E 28 #% E o E 20 8B 8B & BBk 20 8 #
Tr eatment after K.D.  after 20W after K.D.  after 20W after K.,  after 20W
(mm) (mm) (mm) (mm) (%) (%)
cc 15.36 A 14.47 A 40 37 — -
(1.82) (1.62)
CH 9.26 B 8.28 B 40 25 39.71 42.71
(1.18) (0.80)
5C 5.35 B 6.38 B 13 1 65.17 55.91
€0.78) (0.63)
SH 5.25 B 5.75 B 12 12 65.82 60.26
(0.67) €0.68)

1 CC={##34 + {H£158% o (conventional sawing/conventional drying).
C H ={&#: 85 » BB %% o (conventional sawing/high-temperature drying).
S C =BGl » (855 o (SDR live sawing/conventional drying). '
S H =@l » B{E%% o (SDR live sawing/high-temperature drying).
2 {FEE A CC=29, CH=31, SC=24, SH=26.
: Total number of samples per treatment: CC=29, CH=31, SC=24, SH=26.
3. BHEEEEERTESE » TP EF SRR R ERE0. 05K ETHE o

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

to Duncan’s new multiple range test.

4. f@EH 0 EEF|HF o Range is from 0 to value shown.
5. IEMARESIsEEHEM o Value in parenthesis represents standard error.
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Table 5. Comparisen of drying effect by treatment,

[ OEO B B SKE (%) Number of casehardened samples (EFEERPD F

BEp®exeo & & K & Final M.C.® #z OH OB £ &£ K = 1 B B m@ﬁwmu %wmm m .Maxs
Drying time Total Total

Treatment Number Initial ZR¥g@d £ FD L FP £2 R E 6+ SHEdL B ¢ 2 @ £ (kiln resi-  power il Drying rate

of M.C. . Not Slightly Reverse dence time) consu-  consu-
sample (%)  Average  Shell Core Differ- casehar- casehar- Casehar- casehar- (hrs.) mption mption (%MC/hr.)
ence dened dened dened dened (kwh) (L)
cC 5 81,95 A 9.61 8.98 9.86 1.15 4 0 0 1 460.67 1477 475 0.157 B
(9.2 (0.67) (0.42) (0.95) (0.45) . (0.017)
CH 5 B1.00 A 10.37 8.88 11.38 2.88 4 1 0 0 68.00 537 103 1.039 A
(6.26) (a.08) (0.38) (1.2 (0.57 (0.083)
sC 4 56.50 B 9.90 8.56 11.25 2,69 2 0 0 2 243.00- 756 212 0.192 B
(2.25) a.54) (.77 (@31) Q.55 (0.005)
SH b 56.50 B 9.46 9.04 10.00 2.39 4 0 0 i 50.83 380 68 0.925 A
{1.66) (1.70)  (0.88) (2.71) (1.50) : . (0.014)

(1)C C =l 5% » {§#{%E% o (conventional sawing/conventional drying).

CH={EH%1 » HiREEE o (conventional sawing/high-temperature drying).

S C=EnH » HHER o (SDR live sawing/conventional drying).

S H = ##15 » B o (SDR live sawing/high-temperature drying), *
(2)FIERBAFER » SRBEMFHASKEHOER 22 R#E0. 058 o

After F-test, differences of the uniformity of initial M.C. between treatments are significant at 0.05 level.
G FERIEER » SRBAMRRTHERARHOBE 2 £R#E0. 06K ETHT

After F-test, differences of the uniformity of [inal average M.C. between treatments are not significant at 0.05 level.
(OB IRER » BEBHZZRE. 057K B AHHF o After analysis of variance, differences between treatments are not significant at 0.05 level.
G FESE kR RERTER T R SR A E AR AR 05 ETEE o

Comparable means followed by the same letter are not sipnificantly different at 0.05 level according to Duncan’s new multiple range test,
{(6)IER B 5 EEHEER o Value in parenthesis represents standard error.
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Table 6. Equalizing ard conditioning periods by treatment,
. ¥ i Periods
A w B8 B OB AooWm E O’
Treatment E_:'lualizing - Conditioning
(hrs) (Chrs)
cC 47.3 6.5
CH 29.5 7.5
sSC 15.5 6.3
SH 6.0

16.5

WO C=HmulH v (HZEE o (conventional sawing/conventional drying).

CH={B&5 84 + SR o (conventional sawing/high-temperature drying).
S C =Pt ¢ {H8ER o (SDR live aswing/conventional drying).

S H =MLt » HiE 2% o (SDR live sawing/high-temperature drying).

%K% (%} MOTSTURE CONTENT (%)

B 1.5 FE323 Som AM MAT IR 4R

Fig. 1. Drying curves by treatment of 3.5cm Schima superba.
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‘et £ (%) RADIAL SHRINKAGE (%)

AR (%) TANGENTIA

- RBEB - HiES ~ BHESBE—E SN T HEREK 3.5m KR8l ohik
B2, 7 Fl & I3 . Som ANt 4K T LS e i AR £ M 4R
Fig. 2. Relationship between M. C. and radial shrinkage by treatment for 3.5cm
Schima superba.
12
- O . SH Y =-0.0002508189 X? - 0.0499981 X + 4.80536
11 R2 = 0.775576
10 ~ A SC Y = 0.0000207381 X2 - 0,1224848 ¥ + 7.19529
R? = 0.8035482
%7 o CH Y = 0.0000108971 X2 - D.0897742 X + 8.08804
R* = 0.8604204
8 0.0000827280 X2 - 0,2136017 X + 10.27580
7 0.0041694
6 —
5 pu
4 -
3 -
2 -
1 -
0 ; . . . . ;
0 20 40 60

4% (%) MOISTURE CONTENT (%)

B3 . B FE3 . Sen A A SR F R B R 2 M4

Fig.3. Relationship between M. C. and tangential shrinkage by treatment for 3.5cm

Schima superba.

a SH Y =-0.002008019 X2 - 0.0309826 X + 5,79378
2 = 0.8671251

& SC Y = 0.000186712 X* - 0.2059297 X + 9.80238
= (.8467173

© CH Y = 0.000433588 X% - 0.1371524 X + 12.47543
R2 = 0.8855157

0.001788882 X2 - 0.3282924 X + 15,43244
0.2485801

1 1 1 ¥ [} L]

20 40 60
47k % (%)MOISTURE CONTENT (%)
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Table 7. Check, honeycomb and collapee data by treatment.
ﬂ(l)(Z} § ﬁ(a)(‘i) ﬁ [IE&HILH] (63105 3Hcdy

= Surface check End ég!%eck ﬁIjIn:%:&y%ﬂﬂb Colla%se
Treatment (cm) (em) (em) {cm)
CcC 27.70B 4,86C 0.19C 0.29C
( 6.41) (1.00) (0.12) (0.07)
CH - 85.04A 20.12B 14,75A 0.76A
(16.88) 2.9D (1.66) (0.05)

5C 8.37B 3.22C 0.00C 0.34BC
( 2.34) {0.91) €0.00) (0.03)
SH 28.76B 44.38A 4.948 0.48B
' ( 7.65) (7.12) (1.05) (0.04)

()C C =W#8 » B4R  (conventional sawing/conventional drying).
CH={#%# » BREE (conventional sawing/high-temperature drying).
S C=F#%H » BiZE (SDR live sawing/conventional drying).
SH=3§H » 5GEEY (SDR live sawing/high-temperature drying).
()& Al 1 CC=20, CH=31, SC=24, SH=26.
Total number of samples per treatment;: CC=29, CH=31, SC=24, SH=26.
OFSERFERHRTERES » FRBTEHRSEEERIEERE R0, 05K BT

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

according to Duncan’s new multiple range test.

(ANZMARAMRISE S o Value in parenthesis represents standard error.

(AR

£EBEMERBEREHRE S - BERFE
RS MRS R MG RIGEERT A o AL
KEFHEm > SCHSHHEMR CC R CH BRE
BEEEARNME UREEBEERST (35X
9cm * B 35X 16em ) Z#8L5 » WEEEX (R
9emE BBk ) » TAIEBEMBHE ( live saw )
HRIREE 35mZ WA (flitch ) » MEFEREE -
(B S M - SC B SH XWHER CC R
CH » FH# SC ¥ SH PR T 285125 » B
TR 9em L2 R BIBR A - BB Z IRIEIR T VIBR

» il CC BB CH PRARGZKSREHE ( ERldE
et ) 0 WATEIEREE -

SCEHSHZEHRKER » THE CCHECH
IE13% A4 (#£8) - WA SDR IMLHEEL
R ELRMR » (BMEEAMERE - AIFTRZ
R o FEBERAMAMBEEER 6.5mZ BT 5
£ 1 CC10.35% ; CH 20.03% ; SC 85.80% + &
SH70.60% (32 3) « HHHETRERUER MY
B ASEBRZEAMESNE | CC0.021n ;
CH 0.066nf ; SC 0.124r7 ; SH 0.097nd’ © FRELATAT
SDR 2B &M o
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Table 8. Yield of 8.5cm lumhber by treatment.
1 5] P . =] % % ﬂ %
B RO RAHH EHAHE a2 0Y g ERSHRER Sl Rl V%lld?a fi‘::l‘ Bt
ol. of zero
Vol. of saw Vol. of green Yield of greer Vol of dry  Yield of dry warp cfry
Treatment logs lumber lumber lumber lumbr umber
(m?) (m*) (%) (m%) (%) (m®)
CcC 0.317 0.211 €6.56 0.211 66.56 0.004
CH 0.334 0.228 63.26 0.228 68.26 0
SC 0.273 0.218 79.85 0.144 52.75 0
SH 0.245 0.221 80.95 0.137 55.92 0

(DC C ={GFc%HF » {128z o (conventional sawing/conventional drying).
CH={##H} » HIERER o (conventional sawing/high-temperature drying).
S C=iEmif » 5% o (SDR live sawing/co.nventional drying).
S H=3E#11 » BBE%E¥ o (SDR live sawing/high-temperature drying).

o B

(ISC (EMmELH » MitER ) » SH ( EHE
o ®IBEE ) > B CH ( S i - BiREs)
FREBZ THEMBEEHRBA Y CC ( Sz
BRET ) REAE -

COEREH (live-sawing ) TRIGTEERE
MEL » BEEREH ( conventional-sawing )
EEES 2 FERY - SOR MLk AERESD
2 D o

SRR R TR RN SHEEE - BE

BHBEMEH > BIRRYTISEDE o A
ME * SDRMLAELBRTEAEERE o
EERELS I R R BE A EHRH B (
TIEER 13% ) o BEAMBEEER 65 m2H R
W& SaimnEAE SR ERRH  ( FEEY
80% ) - HCHEMEF R RE AN ZHBE -
EEEEZ TR EES RSB L
RREIFRARRE o BEMBEA 2 iR s e s
B
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