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Drying Rate and Drying Defects of Populus euramericana Using the SDR(Saw-Dry-Rip) Process

%2 *2
Jae Hyeon Sim . Hee Suk Jung

Summary

This study was carried out to investigate the drying rate and drying defects of Populus euramericana
using the SDR (Saw-Dry-Rip) process.

Flitches for SDR process were rough edged for compact kiln stacking, and then kiln-dried to 10 percent
moisture content with dimensions in the same run, using the kiln-drying schedule (T5-F4) recommended
by Rasmussen.

The results obtained were as follows:

Drying rate of dimensions was slower than that of flitches.

Final moisture content and moisture distribution of dimensions were lower than those of flitches.
Average bowing, cupping, crooking, and twisting were reduced 20 percent, 25 percent, 54.9 percent,
and 13.4 percent by SDR process respectively.

[ O

4. Bowing and cupping were more severe in dimensions from the area near the pith than in those from the
area near the bark, and for crooking and twisting the reverse was true.

Surface checking of dimensions developed less than that of flitches and end checking of dimensions
was similar to that of flitches.

W

Honeycomb, thickness shrinkage, and collapse of dimensions were similar to those of flitches.
7. The degree of casehardening of dimensions was higher than that of flitches,

Key words: Saw-Dry-Rip process, drying rate, moisture distribution, bowing, cupping, crooking, twisting.
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Table 1. Green volume specific gravity and
initial moisture content of dry-

ing specimens

o Sp. Gr. Initial M.C.
Kind of - -
. Standard Standard
specimen | Average .. |Average L
deviation deviation

Dimension 0.36 0.02 116.5 16.07

Flitch [ 0.36 0.03 1258 30.76
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Table 2. Kiln-drying schedule used for dr-
ying 50 % - thick Italy poplar di-

mensions and flitches

M. C (%) D.E?.T. WBT R.H. EM.C.
(c) (cy (% (%)
Green-T70 55 51 81 14.2
70 60 55 495 74 12.1
50~ 50 55 46.5 62 9.6
H0~40 55 41 43 6.7
4 -35 55 33 22 4.1
35-30 55 27 19 2.3
3025 60 32 77 127
15-20 65 37 78 12.6
-1 70 4z e 12.4
15 -knd 50 k¥4 82 11.9
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Table 3. Drying rate(%/hr.) of 50m-thick
Italy poplar dimensions and flit~

ches
Kind of |[Green~!|60%~ |30%~
. . Average
specimen 60 % 30 % 10%
Dimension| 0.71 (.41 0.21 0,41
Flitch 0.72 (.39 0.21 0.44
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Figure 4. Kiln ~drying schedule and mois -

ture content during drying of 50mm
- thick Italy poplar dimensp dimensions.
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Table 4. Final moisture content and distribution of moisture in shell, intermediate shell,

and core
Final moisture Distribution of -moisture
No content Shell Intetrréide)ﬁte Core
Dimension Flitch Dimension Flitch Dimension  Flitch Dimension Flitch
1 8.6 18.0 9.4 14.5 11.4 21.6 12.9 35.7
2 10.2 158 9.7 13.1 12.7 18.8 15.7 21.2
3 6.3 7.1 7.4 8.5 7.5 9.6 7.1 101
4 5.8 7.1 8.6 9.3 10.1 9.1 8.6 2.9
5 12.3 9.3 10.8 10.7 16.4 13.3 25.0 15.9
6 134 9.7 10.9 9.4 17.7 111 28.3 13.9
7 7.0 6.0 7.8 7.8 51 7.6 9.1 8.5
8 6.7 6.3 8.7 1.7 8.7 7.9 10.0 8.7
9 7.6 12.9 9.3 12.2 10.4 16.1 11.3 22.0
10 7.2 14.2 8.8 13.5 Y1 19.9 9.8 210
11 6.4 5.9 8.3 8.3 8.6 7.8 9.6 8.7
12 6.1 6.4 7.9 8.7 7.4 7.9 7.9 9.5
13 10.7 11.8 9.8 13.2 14.2 15.7 18.7 17.1
14 7.7 15.7 8.9 15.1 4.8 22.6 11.2 2.9
15 6.1 8.1 7.0 8.4 0.8 8.9 7.7 9.8
16 6.0 7.0 7.3 8.8 7.9 8.5 8.3 9.1
Avg. 8.0 10.1 8.8 10.6 10.4 12.9 12.6 16.3
Sud- 2.4 41 1.2 2.6 33 5.4 6.3 9.0
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Table 5 Amount of warping occurred

Dimension

Fli

tch

No. Bow | Cup Crook Twist Bow Cup li Crook Twist
() ’ (mm ) (mm ) {mm) {mm ) (mm ) [ {mm ) (mm )
i 2.0 1.0 .9 2.5 1.5 0.3 0.6 2.5
2 1.5 0.5 0.8 6.9 1.0 0.7 1.0 L5
3 0.5 0.6 0.9 1.0 (U0 1.1 1.4 0.0
4 1.0 0.5 0.8 L7 LU 0.0 1.2 0.2
) 0.6 0.8 0.8 2.5 1o ¢.Q 0.0 4.5
6 0.9 0.5 0.6 3.0 1.5 uo 0.7 4.5
7 1.6 0.7 1.2 2.5 0.4 0.5 10 L7
5 0.5 0.8 0.5 L2 0.2 0.0 0.5 0.8
9 15 0.7 Lo 3.2 12 0.2 0.0 2.3
10 0.8 0.6 1.2 2.5 1.0 U7 0 2.5
11 0.5 0.2 1.6 2.7 1.2 0.0 0.5 L0
12 1.5 0.2 L7 2.7 14 0.7 1.2 0.7
13 L2 0.2 0.0 1.5 G.E 1.5 0.0 1o
14 15 0.5 0.5 2.0 0.6 0.4 0.0 0.6
15 .8 0.5 0.5 5.5 0 6 0.0 5.2
16 1.2 0.6 1.6 5.0 0.4 0. 0.0 2.5
Avg. 110 0.56 0.91 2.53 0.88 0.42 0.51 2.19
- 0.47 0.23 0.46 1.28 0.42 0.45 i
KEBS &KHE 451 %A 1L3omd ok ~ 120
Feiale EEEM k4o SR REHES SN AR
B, BXEI®e] 20T FEE%oly Fig.d 3 SN
o FEEFRS BHEEL 8% SRS ~ 40r \b" te
GkE 510 %ol A 6.4 omgieh % ok 3 N@;‘*‘** WE
Felale] gakEd <3 S5 E 7 e Average length ] g
2 BETRT LY A% G . | 2 Mo dengih g
% A 38 emE HIEE lebdglon fRiEs é ¢ T e 6 g
lghals] bashr] Alabshel (R THE] - 3 7 N Y
yeb zel®m Gckel o E #zge] wslel gief 3 TR e
4 R el WSl SAE 510 %0 F — R |
ik TRl 19 = L o ‘
100 B0 1IU 160 200 240 250

McMillen(
B0E Dol skt
2 i ol Eme itk ¥ 5 (tensile straing

o

o

197

1954) 7 &
oA gL

aA vhepu-E #ES
FEel §lEdd

BEES

.

gus

Ay 75l

red oak & [#H%

ol M F b

Bhobzk o]

o) 71 FEHEIZE o

3

iigure 0

4322

A-FAE SR

Drying tir

Moisture

checks during

ne thours!

drying of

content and surface

{; mm -

thick Italy poplar flitches.

M




CRE - 4 SDR(Saw-Dry—Rip) e BH S olvlel 222 HAY BRERS @8I 11
Table 6. Amount of warping for inner and outer wood
. Inner wood Outer wood
Kind of ) - :
) No. Bow Cup Crook Twist Bow Cup Crook Twist
Specimen {mm ) (mm ) (mn ) {mm ) (om ) (mm ) (mm ) )
1 2.0 1.0 0.9 2.5 0.5 0.6 0.9 1.0
2 1.5 0.5 0.8 0.9 L0 0.5 0.8 L7
3 0.6 0.8 0.8 2.5 1.6 0.7 1.2 2.5
4 0.9 0.5 0.6 3.0 0.5 0.8 0.5 L2
Dimension 5 L5 0.7 1.0 3.2 (.5 0.2 1.6 2.7
6 0.8 0.6 1.2 2.5 1.5 0.2 L7 2.7
7 1.2 0.2 0.0 15 4.8 0.5 0.5 55
8 1.5 0.5 0.5 2.0 1.2 0.6 16 5.0
Avg. 1.25 0.60 0.73 2.26 (.95 0.51 1.10 2.79
B 046 0.24 0.37 0.77 0.45 0.22 0.50 1.66
1 1.5 0.3 0.6 2.5 0.5 1.1 1.4 0.0
2 Lo 0.7 1.0 ) 1.0 0.0 L2 0.2
3 L0 0.0 0.0 4.3 0.4 0.5 LG L7
4 1.5 0.0 0.7 4.5 0.2 0.0 0.5 0.8
Flitch 5 1.2 0.2 0.0 2.3 1.2 0.0 0.5 Lo
6 0.4 0.7 0.0 5.5 L4 0.7 1.2 0.7
7 0.5 L5 0.0 L5 0.7 0.6 0.0 5.2
8 0.6 0.4 0.0 0.8 0.4 0.0 0.0 2.5
Avg. 0.96 0.48 0.29 2.56 0.73 0.36 0.73 151
ISJ;% 0.43 0.49 0.41 1.76 0.43 0.42 0.55 1.69
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Table 7. Amount of honeycomb and thickness shrinkage occurred

Dimension Flitch
. Honeycomb Z}l:rl fr}:;;gses (%) Honeycomb Z}?r]fnin:gg( %)
1 2 4.8 4.8 5.8 3 10.0 5.4 6.9
2 3 4.6 4.5 5.1 3 13.0 56 6.6
3 1 3.6 3.8 4.1 1 6.7 4.9 5.3
4 2 2.5 3.4 3.8 3 6.5 3.6 4.1
5 3 5.5 4.7 6.2 1 52 5.5 6.1
6 2 11.7 5.0 6.9 2 9.0 56 6.2
7 3 2.8 3.5 4.2 1 2.5 3.0 3.5
3 3 3.3 3.4 3.0 4 3.5 3.5 4.0
9 4 5.1 4.2 5.3 2 11.7 5.0 5.8
10 4 8.1 3.5 4.4 8 13.0 4.9 57
11 0 0.0 2.9 a.6 1 2.5 4.1 4.4
12 2 2.5 3.0 3.7 3 5.0 4.4 4.8
13 2 5.1 53 6.1 0 0.0 0.2 6.8
14 3 6.5 5.6 6.1 2 5.1 52 6.5
15 1 4.4 3.8 4.7 3 4.7 2.8 4.3
16 3 3.6 3.4 37 4 6.5 3.7 4.5
Avg. 4.6 4.1 4.8 6.6 4.6 53
pud- 2,64 0.84 1.10 385 1.03 112
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Table 8. Amount of collapse and casehardening occured

Dimension Flitch
No Collapse Casehardening Collapse Casehardening
Max\. Min. Diff‘. a b \ (%) 1’\/1a>§ Min. Diff. a ' b ‘ (%)
(mm)  (mn)  (mm)  (mm)  (m) (mn) — (mm)  (mn) (@) (mm)
1 47.1 46.5 0.6 34.0 28.8 15.3 479 47.1 0.8 36.5 35.9 1.6
2 46.5 45.8 0.7 33.4 25.7 23.1 431 476 05 32.8 3Lt 52
3 48.9 46.4 2.5 34.9 30.0 14.0 47.9 47.3 0.6 34.0 286 159
4 48.5 47.5 1.9 35.3 30.0 15.0 475 47.2 0.3 34.8 280 195
5 47.7 45.9 18 32.6 26.1 19.9 45.9 44.3 1.6 33.7 248 264
6 47.5 47.0 0.5 29.1 27.5 55 46.4 455 09 33.5 217.8 17.0
7 49.1 47.3 1.8 34.5 27.4 20.6 47.6 47.3 0.3 354 318 10.2
4 477 47.2 0.5 339 24.1 28.9 | 483 47.7 0.6 336 304 95
9 48.7 46.0 2.7 34.9 24.6 29.5 48.4 47.5 0.9 318 30.7 35
10 48.8 46.6 2.2 33.4 26.0 22.2 480 45.8 2.2 30.7 29.2 49
11 491 47.9 1.2 35.0 30.6 12.6 48.1 46.0 1.9 33.9 30.8 91
12 482 46.4 1.8 34.7 26.6 23.3 41.7 47.1 0.6 34.9 28.9 7.2
13 47.8 47.6 0.2 344 27.3 20.6 | 468 464 04 32.3 255 211
14 47.2 46.4 0.8 34.2 26.7 21.9 47.6 47.1 0.5 33.8 33.6 0.6
15 48.7 478 0.9 34.2 28.2 17.5 48.8 459 29 335 274 18.2
16 483 46.9 1.4 358 29.5 17.6 48.7 47.8 0.9 34.6 30.8 110
Avg 1.3 19.2 1.0 1.9
- 0.77 6.05 0.76 7.65
4. BESIA A oA Aolwa vulF
5. i Se WOV FAEMY Ay tasigled
HFuiEa v W ey Frbslgch
eiefel ZEete] Foofdel FelAE HAFE 5 B REHRS oe 2x Uasidn
T8 —F45 M&sted TKE 10%702 A Lizgk GAF 451%e0A BAREHRE, FdAe 6%
CPCRESH EREIEE TSt mERe 54 WY 3 BAE SL0%A BRASRESRS U
BE 22T Hwd ohEa Zu spulddel FAARL RESREE el XEE
L BB By HEEEEs 041%/hr3le 2 ]» A dkay ﬁ}“* D}

= FElx 8 T BEsEs
el a2 HBGHBESE R

2. BANEME EREKEL 8.0 %ola
10,1 %5=t, FABHY SxEihhc
T35 104 %
g 2] 2 Q?ZK?Z*?Z:'?}"/Q;%?
% ;}_

E‘ ’%7‘ =) 74(%;“\0?

£3 88 %,

l =

xé
v 20%,

% Zbs gtk

SDRFE

vl Fa

& B
25 % flEsg

1 E
,

044 %/hr. 24

EE - =1 3
Hula]g]

Bl oy o}
54. 9%,

_)L
o
%Iﬁ
Eﬁ
&
@

%J%:”OI ‘%é

Bopfastsh oA EER, A ke
2 oxaede 42 use Agke Jehhgich
8. F/hmibte REB(LES 192%24 Fe3F
o} |EBEILE 119%2ch Hch



14 % g 5s

A14H3% 1uRe6d

6.

11

. Arganbright,

. Koch, P, 1971,

Literature Cited

DG,
Gorvad, 1978.
growth ponderosa pine studs dried by different

J.A. Venturio, and M.
Warp reduction in young-

methods with top-load restraint. For, Prod. J.
28(8): 47-52.

. Erickson, RW,, T, Larson, and H.D. Petersen,

1983, Taking the
crook out of the stud game. Proc. Joint Meeting
Western Dry Kiln Clubs and PNW Section
FPRS; 1983 May 4-6; Corvallis, OR.

Saw-Dry-Rip processing:

. Flann, I.B., SM. Pnevinaticos, and J. Whittaker,

1975.
hard maple dimension stock.
25(12): 4348,

Sawing pattern effect on warp loss of
For. Prod. J.

. Harpole, G.B., 1983, Economics of manufac-

turing structural lumber from hardwoods using
the Saw-Dr1y-Rip(SDR) concept. For Prod. J.
33(6): 39-42.

. Hallock, H., 1965. Sawing to reduce warp of

loblolly pine studs. USDA Forest Serv, Res.
Pap. FPL 51, For. Prod. Lab.

, 1969, Sawing to reduce warp of
lodgepole pine studs. USDA Forest Serv. Res.
Pap. FPL 102. For. Prod. Lab.

., 1972,
plantation red pine studs. USDA Forest Serv.
Res. Pap. FPL 164. For. Prod. Lab.

., RR. Maeglin, and E. H. Bulgrin,
Yield comparisons between 4/4 lumber

Sawing to reduce warp in

1981.
and S5-D-R studs from small woods-run yellow-
poplar logs. For. Prod. J. 31(3): 4548,

. Huber, H., R R. Maeglin, and D. Bozaan, 1984,

Commercial evaluation of S.D-R (Saw-Dry-
Rip) ~ using aspen for door parts. For Prod.
J.34(11/12): 35-39.

Process for straightening and
drying southern pine 2 by 4% in 24 hours.
For Prod. J. 21(5): 17-24.

... 1974,
load substantially reduce warp in southern
pinestuds dried at 240°F. For. Prod. J, 24(11):
30-34.

Serrated kiln sticks and top

1‘1

[,
(75

14.

15.

16.

20. Rasmussen, E.F_,

2. Maeglin, R.R., 1979.

. Malcolm, F.B,, and H. Hallock, 1972.

C. McMillen, J M., 1954,

2. Weckstein, S.A

Could S-D-R be the
answer to the aspen oversupply problem?
Northern Logger and Timber Processor 28(1):
24.25.

, and RS, Boone, 1980. High quality
studs from small hardwoods by the S-D-R
process. Proc. of the 23th Ann. Joint Meeting
of the Midwest and Wisconsin-Michigan Wood
Seasoning Associations, pp. 36-51, December
1980.

, 1981. Manufacturing

quality structural lumber from hardwoods using
the Saw-Dry-Rip process. Proc. of the 9th Ann.
hardwood Symp. of the hardwood Res. Counc.:
2945,

, 1983, Manufacture
of quality yellow-poplar studs using the Saw-
Dry-Rip(SDR) concept. For. Prod. J. 33(3):
10-18,

. 1983, An evaluation
of Saw-Dry-Rip(SDR) for the manufacture of
studs frdbm small ponderosa pine logs. USDA
Forest Serv. Res. Pap. FPL-435. For. Prod.
Lab.

TF. Layton, and
W R. Smith, 1983. S.D. R.-Red alder anyone?
Proc. Joint Meeting Western Dry Kiln Clubs
and PNW Section FPRS; 1983 May 4-6: Cor-
vallis, OR.

Effects
of three sawing methods on warp of hard maple
dimension cuttings. ror. Prod. 3. 22(4): 57-60.
Drying stresses in red
oak and hardwoods. Proc. 6th Ann. Meeting
Western Dry Kiln Clubs, Eureka, Calif. (May
13-15).

1961. Dry kiln operator’s
manual. USDA Agr. Handbook No. 188.

. Simpson, W.T., 1982, Warp reduction in Kiln-

drying hardwood dimension. For. Prod. J.
32(5): 29-32.
and W.W. Rice, 1970. A

system for controlling warp when kiln-drying

33

plantation-grown red pine. For. Prod. J. 20(9):



ih#g - A | SDR(Saw—Dry~Rip)fjiE s #HT olve] L8 K EREES LA 15

70-74. 24, , BR. Weik, J. Schroeder, and
23. Wengert, EM,, and R.C. Baltes, 1974. A R. Brisbin, 1984. Practical drying techniques
“pinned” sticker to reduce crook in kiln-drying for yellowpoplar S-D-R flitches. For. Prod.

lumber. For, Prod. J. 24(8): 23-24. J.34(7/8): 39-44.



