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Studies on Strength Reducing Factors of Lumber. IL*
Slope of grain™

Yoji KikaTa®?

The reduction of strength due to the slope of the grain (aim at the slope of growth ring) was ob-
served and discussed in relation to the slope grade (2/100~10/100).

1) Compression parallel to the grain

The reduction of maximum crushing strength was not particularly sharp. The reduction was limited
to only 4 g5 at the maximum. Significant strength reductions were observed at 8/100 and 10/100 com-
pared with other slope specimens (one contained no slope). Between other moderate slope specimens
and the no slope one, there were no significant strength reductions, but there was a difference of the
crushing strength between outer side (bark side face) and inner side {inside face) of the sharp (over
4/100) slope specimens, and all crushing occurred at the growth ring bouudaly of inner side of wood
(Table 1. Fig. 1, 2).

2) Tension parallel to the grain

There was a sudden strength reduction at between 4/100 and 6/100 slope specimens. In the sharp
slope specimens (6,8, 10/100 slope specimens), tensile ruptures occurred in storied form along the fiber
direction ; but in the moderate slope specimens normal tensile ruptures throughout the fiber occurred.
In the sharp slope specimen, the destruction was decided by the maximum shearing strength parallel
to the grain, and the storied form rupture along the fiber direction was like the shearing rupture
(Table 2,5. Fig. 3).

3) Static bending

In static bending tests, loading at cuter side and inner side of the flat sawn side, and loading at
quarter sawn side of wood were undertaken. In tests of loading at the outer side of the flat sawn side
and loading at the quarter sawn side of the sharp slope specimens (6,8,10/100 slope of the grain),
the storied form shearing ruptures occurred along the fiber directions. And in tests of loading at outer
side, the work reduction was very sharp.

In tests of loading at inner side of specimen, the compresswn failure was preceding at the inner side
(loading side), and the last rupture was a small tensile one along the fiber direction, because the cru-
shing strength of the inner side was weaker compared with the outer side’s one (Table 3, 4, 5 Fig.
4, 5).

R HAE L Ui 2/100~10/100 DHMR OB #1775 - 70 FEREBRCILERNT L 25 = DERIZ L
7 ¢ 8/100, 10/100 D HEHZ B\ CHBDOF DD b B4 4 BOE AT B, BIERERTIE 4/100 & 6/100
DEFOMIZEB W TRIB AR E OET 2R F. 6/100 B _EDOMHSHT ClEE#EH I % - 7cbifiiie T o, i
DHE AL OTCIEEWOFNHEI T L A 55 EMERERI T EICE 2, ThiZCOfEAOHES DKL & =TIk
HEZ 7 BT S0 X 2 B8 & R ET 20 b TH B, HITHERIZ S » T ARATES £ UIEE G
EEHGR T 6/100 DL E OB T F AR D HHE 5 1E1NC % - 72 BITIE 035 SRR ER ol & B o BlkaE =
CHEL, BRITITHEIRIE 2R AREATE CILXERM ORI D3 2 ASARFMNC L LI 3 \» 7o b FERE IS

T Report I: This jounal 15, 109 (1969)
*L Received Apr. 8, 1969
wopmERY: AESAE Faculty of Agriculture, Nagoya University, Nagoya




192 g ARAEES © Wi M 0% 2 EHC BT T8 (28D

BAATL A OIITHEEEKRE (A d, & JITHBOR E WHCOERIHHOMEITIEE L  Fitrnipmd

5 5RMCOMAEIZ £ - oM E BRI IR F B,

1. %=

HIRIZ B THENZ L 25 S ERIZ 2~ THEE TR
S7ehd, E2HIC - TILERNC X 25 X iz
WTHET 5, SEEENIC X 2B o TR
L 0% L oMEI AR Th T35, HEloaEo/E
HAL0°FRERC & 57z X 5 AR & L <OBREOHEH
TiEhie b DS DD,

2, % B A &

B 317 2 & BRI T D 35 x ¥
(Cryptomeria Japonica D. DON) %\, JIS 171
o 2em ¥R 7 A TOEM, 55, #TFEREZTAR-
7eo BERIL 20°C, G5B OEN, ERECITA k. &
ARFIZ12% CFEHERIEIZT R,

41 $2/100, 4/100, 6/100, 8/100, 10/100 2 1 %
R 2@ A L O CoRER L ITh -, SEEshe
X B0 SR & KD,

BHEMOBEL L LTUFERA 2 & - TEB R 0BEE
Tk of. ARRMEETI—ERAICE T L E#MHR
EFL L= d, EHRREE L - TEOF FlEET
LT ELFIZIRnEWDTH B, AXiZhThi 4

Table 1 Compression parallel to the grain
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Slope Maximum crushing strength (kg/cm?) Modulus of elasticity (kg/cm?)
of - —
grain mean max. min. reci_l;iitéon mean max. min redgciz:ti;on
0 267 282 250 1.00 78000 85400 70000 1. 00
2/100 274 300 261 1.02 76700 87000 67200 0.98
4/100 282 309 254 1. 06 83400 95600 71300 1.07
6/100 276 293 240 1.03 82900 92100 78800 1.07
8/100 263 277 245 0. 98* 77800 91500 70700 1.00
10/100 255 262 240 0. 96% 76300 93900 73900 0.98
*  Significant reduction
Table 2 Tension parallel to the grain
Slope ‘ Maximum tensile strength (kg/cm?) Modulus of elasticity (kg/cm?) Slope
of = = angles
grain I‘ mean \ max ‘ min | redrgfic(:)on mean max., min. reit;gitéon (measured)
0 i TRl ‘ 729 648 1.00 75200 87400 62200 1.00 0°
2/100 | 628 730 510 0.92 73300 87100 62200 0.97 1°30/
4/100 | 592 639 489 0.87 76600 89000 65700 1.02 A
6/100 ‘ 470 528 428 0.69 74100 78800 65300 0.99 3030/
8/100 | - 439 | 495 381 0. 64 78900 98000 67600 1.05 5°
10/100 | 405 | 479 324 0.59 73500 81600 66300 0.98 5°30/
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Table 3 Static bending tests

Slope Modulus of rupture (kg/cm?)
of Loading at outer side Loading at inner side Loading at quarter sawn side
grain mean ‘ max. | min. mean ‘ max. ‘ min, mean max. min.
0 l 495 536 457 495 541 461 588 629 540
2/100 l 491 519 433 500 524 481 571 588 556
4/100 480 516 429 504 537 466 556 587 492
6/100 403 440 357 507 538 483 510 558 397
8/100 407 422 390 468 520 425 500 502 497
-~ 10/100 387 400 357 433 462 I 406 486 519 462
Modulus of elasticity (kg/cm?)
0 56200 62300 48100 54400 58400 47000 ' 64500 I 66900 535
2/100 54900 58300 53000 55000 60900 51200 ] 65400 69700 611
4/100 56900 59000 55000 54800 58300 51500 | 61900 65900 558
6/100 54700 | 59100 50800 54900 57900 52600 56300 64500 420
8/100 53200 | 53300 53100 53900 59600 48800 57800 59600 564
10/100 51000 i 55400 48700 49500 53900 47400 56500 58800 548

Table 4 Modulus of rupture, modulus of elasticity and work reductions in static bending
by slope of grain

Slope Reduction ratio Reduction ratio " Reduction ratio
p Modulus of rupture Modulus of elasticity work
of Loading | Loading |Loading at| Loading | Loading |Loading at| Loading | Loading | Loading at
grain at at quarter at at quarter at at quarter
outer side | inner side | sawn side | outer side | inner side | sawn side | outer side | inner side | sawn side
0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
21100 0.99 1.01 0.94 0.98 1.01 1.04 0.70 0.92 0.98
4/100 0.97 1.02 0.93 1.01 1.01 0.99 0.78 0.92 1.03
6/100 0.82 1.03 0.89 0.97 1.01 0. 96 0.33 0.84 0.81
8/100 0.82 0.95 0. 80 0.95 0.99 0.89 0.34 0.78 0.94
10/100 0.78 0.87 0.83 0.91 0.91 0.83 0.33 0.75 0.93
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Examples of fractures of compressive specimens with varions slope of
grain to the load direction (0/100, 2/100, 4/100, 6/100, 8/100, 10/100)
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* Slope of grain
Fig. 3 Examples of fractures of tensile speci-
mens with various slope of grain to the
load direction (0/100, 2/100, 4/100,
6/100, 8/100, 10/100)

Table 5 Maximum shearing stresses along
to the grain directions (kg/cm?)

Slope  |At tensile| At static bending test**
e goin | tesr |[Toodgal] TonmER
. 0 0 0 =
§ 2/100 | 16.4 12.8 2
il 4/100 16.9 12.5 o

6/100 | 28.7 21.2 28.7
8/100 | 38.2 28.3 2.2
10/100 | 38.7 40.2 45.3

* Calculated from the each maximum
tensile stresses
. *% (Calculated from the stresses at the first
breaking point (Fig. 5) in bending test
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# Slope of grain
Fig. 4 Examples of fractures of bending spec-
imens with various slope of grain to
the edges of the piece (0/100, 2/100,
4/100, 6/100, 8/100, 10/100)
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Fig. 5 Examples of load-deflection curves of

bending specimens with various slope
of grain to the edges of the piece
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