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Utilization of Sugi(Cryptomeria japonica) as Laminations for Glulams.
Strength properties of logs, Laminations and Glulams

Kazuhiro CuiBa, Tadashi HicasHINO and Satoshi Kuj
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To investigate the feasibility of sugi(Cryptomeria japonica) as the laminations for glulams, and to develop a
stress grading system based on the modulus of elasticity, a series of tests was made;The dynamic moduli of
elasticity of logs were measured by longitudinal vibration method (Efr), Mechanical-grading was conducted on
the laminations, 5-ply and 7-ply glulams conforming to Japan Agricultural Standard (JAS) were processed,
Full-size bending tests were made on the glulams.

The results suggested were as follows:

) Laminations with a pith showed lower Efr than those with no pith.

) Efr of a log was coincide well with the average Efr of sawn boards.

) Efr of a log showed strong correlation with the average Efr of laminations obtained from the same log.

) Static moduli of elasticity (MOE) and moduli of rupture of glulams measured on the bending tests were

higher than the values regulated by the JAS.

(5) MOE of glulams showed strong correlation with the Efr of glulams and MOE calculated from Efr of
each lamination.
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Table 1 Properties of logs.
¥ g FOME S BE TR RGTR By o SRH
X5 N Dt TR SG ARW Efr
Bk ALK Ty 7*?131?@5( Tty x?)]lﬁ?\ﬁ Ty AERE T LEREK B EHEK
Log Sequences
Trees Logs Ave. Ave. C.v Ave. C.V. Ave. C.V. Ave. C.V.
cm /: % % g /et % mm % tonf /et %
£
All Logs 50 94 24.3 10.4 0.010 29.1 0.743 5.9 4.2 9.5 73.3 12.8
TE
Ist 50 25.7 9.2 0.012 25.5 0.733 6.3 4.0 8.6 71.0 13.9
2%E
2nd 40 23.0 7.1 0.008 19.8 0.753 5.0 4.3 9.3 75.8 10.7
FE
3rd 4 20.8 1.9 0.011 6.7 0.788 3.6 4.2 6.3 75.5 11.0
Legend . N . Number of samples, TR : Taper rate, (Db-Dt)/l, Db : Diameter at butt end, Dt : Diameter at top end,
1 7 Length of log, SG . Density of log, ARW . Average ring width at top end, C.V. : Coefficients of variation.
x—2 HBIAKOME
Table 2 Properties of logs sorted for use.
E FKOZE S Eidia T EGIE BV o SRE
Use of logs B ALK ¥ GBEH 7 GEGEC T ZBEE PH ZBRE TH LA
Trees Logs Ave. C.V. Ave. C.V. Ave. C.V. Ave. . Ave. C.V
cm % % % g /et % mm % tonf/cnf %
10.5cn B SEBLH
Glulam A 17) 17 23.7 10.4 0.009 23.3 0.744 5.8 4.2 8.6 74 .4 13.6
12em £ A
Glulam B 17 17 24.8 10.5 0.011 27.3 0.731 5.1 4.2 10.5 73.1 13.1
T R R
Glulam C 33 60 24.4 10.2 0.011 29.8 0.747 6.1 4.2 9.4 73.0 12.5
Legend N, Dt, TR, SG, ARW, and C.V. are the same as Table 1. Glulam A : Glulam with 10.5cm square cross-setion.
Glulam B  Glulam with 12cm square cross-srction. Glulam C | Glulam with 12cm width and 2lcm thickness section.
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Table 3 Sizes of sawn boards and laminations.

. s B~k ft BV
BB, EANRNOEFEHIFEL ERKoAROmIZE & ¥  Sawn board size laminations size
1/€chﬁci6§-ik%¢ﬁﬁ% QIE%L?’: rox @%qﬂﬁﬁ@% Use of laminations N bXhX1 bXhX1
mm mm
D7 IFOROREIZHNT L) dkl/3XKEOE 10. 5em 5 b
HEEL (7 IFOROEICT I FodR1/3XKHIC Glulam A 97  135X30X4000  120X27 4000
. . _ . 12em P AR
B KEPHAHRE L2 2OEPHEREDOT I+ Glulam B 108 135X30X4000 127X 25X4000
S = . HR T R R
DARHERIZHT 510) #R/EL T Glulam C 295  135X36X4000  127X30X4000
1. 3 E£BMORE .
Legend . N, Glulam A, Glulam B and Glulam C are the same

RHAMIAARHRBEAEICEC TREL 2o HELE

as Table 2.
. Width of sawn boards and laminations.
. Thickness of sawn boards and laminations.
. Length of sawn boards and laminations.
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Table 4 Outline of glulams.

HARMHRREIC & 5 2R0EE

i s SRER KL ik Japan Agricultual Standard (JAS)
Type of glulams Grade N WBXEEXHE Ty >~ 72 ML FEE
Size of glulams MOE of glulams MOR of glulams
bxhx1 T TRRE TR
cm Ave. Lower limit Lower limit
tonf/crf tonf/cn Kgf/crt
10. Sem A EHLH — 15 10.5X10.5%X300 75 - 300.0
Glulam A
12em BB - 15 12X12X 300 75 — 300.0
Glulam B
E105-F300 1 12X21X400 105 90 306.0
E 95-F270 6 12X21X400 95 80 275.4
F T T B AT E 90-F255 6 12X 21X 400 90 75 260.1
Glulam C E 85-F255 6 12X21X400 85 70 260.1
E 80-F240 4 12X21X400 80 65 244.8
E 75-F240 4 12X21X400 75 60 244.8
Legend N, 1, Glulam A, Glulam B and Glulam C are the same as Table 2. b ! Width of glulam, h : Thickness of glulam.

1 . Length of glulam. MOE . Moduli of elasticity. MOR : Moduli of rupture.
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Table 5 Laminations grades of Glulam A and Glulam B.
LRt OTEE 5 I FDER HFY o SRR
Type of glulams Grades of laminations MOE of laminations
tonf/crt
10.5cm B EERAF Grade 1 91.6 = MOE = 137.5
Glulam A Grade 2 70.8 = MOE = 91.6
Grade 3 43.3=MOE = 70.7
12cn f A Grade 1 92.8 < MOE = 133.7
Glulam B Grade 2 72.8 =MOE = 92.1
Grade 3 57.7=MOE = 72.4

Legend : Glulam A and Glulam B are the same as Table 2.
MOE : Moduli of elasticity.
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Table 6 Mechanical-grading of laminations of Glulam C by Japanese Agricultural Standard.

7 I FDER iy > 7 RE
Grades of laminations MOE of laminations
tonf/cit
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FEAEE RSB

Grade 1
Compression side
o Grade 2
Middle part
MR Grade 3
Inner part
B Grade 2
Middle part
5 [BREIRSVE Grade 1
Tensile side
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Fig.1 Laminations composition of Glulam A and Glulam B.
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L 50 50 < MOE < 60 . . . o .
L 60 60 < MOE < 70 i‘g—\ ﬁ#%ﬁﬁ@ﬂf&\ [I]E\ =N EE%(H“%L\ Eﬁ]%?
L 70 70 = MOE < 80 BOBEE KDz, K2, BEAMOKOEE 75 2F v
L 80 80 < MOE < 90 i
L 90 90 < MOE < 100 PNy —THEL, RGHAOKROEA SIEEMIZLD
1100 100 < MOE < 110 . - ot gk Sk £ 3 e
7 U / 3 P - ‘El
L110 110 = MOE < 125 47074y CHHPREHBTHHEEEZHEL, FF
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ERM OER E105-F300 E 95-F270 E 85-F255 E 75-F240 E 90-F255 E 80-F240
Grade of glulms
I I F O FOE N 457 X FAE R FOR N A7 X FRAE Rk EISOpa: 459 EISopiN A7
Laminations composition Symmetry Symmetry Symmetry Symmetry Asymmetry Asymmetry
AR IR L125 L110 1100 L 90 L 90 L 80
Compression side
HRE £100 L 90 L 80 L 70 L 80 L 70
Middle part
P L 80 L 70 L 60 L 50 L 70 L 60
Inner part
P L 80 L 70 L 60 L 50 L 70 L 60
Inner part
P L 80 L 70 L 60 L 50 L 70 L 60
Inner part
R L100 L 90 L 80 L 70 L 90 L 80
Middle part
5 SRR E L125 L110 L100 L 90 L110 1,100
Tensile side

R—2 WEEEERERM O Z I FOBK

Fig.?2 Laminations composition of Glulam C.
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Fig.3 Histgram of density of all logs(SG).
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Fig.5 Histgram of modulus of elasticity by logitudinal
vibration(Efr) for all logs.

BFAREER N 7, 1997

DHEIEVI EPWEDY ShATwbrZErs, 2%
E. 3FFEICBVTEMHEICED 2 REHAM OEI G
WieHtEZIbN 5,
2. 1. 2 BMSICLIAKDEYS THEED
zE
AKOBHY > 7REUIB -5 IZRLICE B, 44.6
~096. 1tonf/crt D FLPH T, FIYMHIX73. 7tonf/cni, EELR
¥1312.8% CTH - 72
Bl— 6 12" & 9 ICHKDOIFRME S 12X 2RO
Yo rRpBEoEE AL L, TEOBMY > IREIL 2
FEEOENY o Z R L VIR ERE R L, MROD
BT 2 HKOMBEOBRMIZ L 2B bE2H
10

e KA Max.
SEXE Ave.
09 #iz/M# Min.
08 R
% ’g ¢ 1 -
Q 5 07 -4
X O 1
R 2 g6
05
04
= 2EE REES
1st 2nd 3rd
AKNEE
Log sequences
H-4 BMEIILINKOFEEOES)

Fig.4 Distribution of density of logs for
log sequences.

140

KA Max.
]20 qzﬁjﬁ Ave.
/M Min.

= 100

80

0 g

40

AKOFTY > 7175
Efr of logs (tonf/cm?)
|
|

20

Ttk 2EE 3&EE
Ist 2nd 3rd

HROFEEHK

Log sequences

-6 HEMEILILHKROBHIY Y 7 RBOEE)
Fig.6 Distribution of Efr of logs for log sequences.



BFMETHER No 7, 1997

50
10.5emAERHHM  Glulam A
12emf LA Glulam B
40 N lfEERs  GlulamC
P
B 2
® g
=i
=
0 20 40 60 80 100
R
SKAR (%)
-7 F3FOLEANT OEREFELOH B 55
Fig.7 Histogram of multiple knots within a length of

15cm at full length in laminations (SKAR).
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Fig.8 Histogram of multiple knots within a length of 15cm
at central one third area in laminations (SKAR—C).
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Table 7 Properties of laminations.

e iy EEIEL
7 3T OfiE RU Y THRE LAy 1 /3 X
Use of laminations Jort Efr SKAR SKAR-C

g /cm tonf/cn % %
BAAE Max. 0.451 137.5 62.5 56.7
Ml Min. 0.311 43.3 0.0 0.0
10. Sem 4 £ B E¥fE Ave. 0.394 87.8 25.8 22.1
Glulam A IE#EEE S.D. 0.032 20.5 15.8 13.1
EEMRE  C.V. 8.2 23.3 61.1 58.9

5%TERME  5%N 0.341 54.2 - —
AME Max. 0.461 133.7 79.0 79.0
/ME Min. 0.315 57.7 3.1 0.0
12em £ I5H EyyfE Ave. 0.382 87.7 29.1 21.8
Glulam B EH#EE  S.D. 0.032 16.7 13.9 13.8
LERE C.V. 8.4 19.0 47.9 63.2

5% TRfE  S5%N 0.329 60.3 - —
w&AME Max. 0.486 133.4 87.9 87.9
B/ME Min. 0.311 52.5 0.0 0.0
T T SE LA THME Ave.. 0.383 87.6 25.4 18.6
Glulam C Ei#fE®%E  S.D. 0.029 15.9 11.8 12.2
TEMRE  C.V. 7.6 18.1 46.2 65.8

5% TFBRIE  5%N 0.335 61.5 - -

Legend . RU : Density of laminations in test, SKAR . Maximum group knot in distance of 15cm at full length
SKAR-C : Maximum group center knot in distance of 15cm at central one third area.
Glulam A, Glulam B and Glulam C are the same as Table 1.
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Table 8 Results of visual-grading of laminations by Japanese Agricultural Standard (JAS).

AARMBIEI & 2EHERM O 5 3 FDFR

Laminations grades in JAS for use as structural glulams

S FolR ALHEIE 0 48 P BcAE HE 7 F SR bt
Use o\f laminati;)ns Makeup pillar Structural glulams
ERT AT 1% 2% 3% 4% Fot
Useful Useless Gradel Grade2 Grade3 Grade4  Out of grade
" SKAR=25% 25% <SKAR SKAR=20% SKAR=30% SKAR=40% SKAR=50% 50% <SKAR
10.5en 4 E MM Glulam A HiZRZE Frequency % 48.5 51.5 34.0 24,7 20.6 15.5 5.1
12em FEERH Glulam B Hi3RE Frequency % 43.5 56.5 25.9 30.6 24.1 12.0 7.4
T4 AT Glulam C HI3HZE Frequency % 55.6 44 .4 34.6 33.6 21.0 8.5 2.4

Legend : Glulam A, Glulam B, Glulam C and SKAR are the same as Table 7.
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Fig.9 Histogram of Efr of laminations for glulam
with 10.5cm square cross-section (Glulam A).
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Fig.16 Relationship between Efr of logs and Efr of
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F—9 /NRTEHERSM O ITTEEEEE
Table 9 Bending properties of Glulam A and Glulam B.
=i Fo—FAv T F-AU—F
RE &kE BIMcEs ®@m < ks ey KEo  WEIR BTDiE
WE  RKER Wry>s Yyr @ves vrers #gves s £
Hia K ¥ R %% 1R#% 2%
DL N RU MC  MOE-GL Ef MOE-G  MOE  MOE-1 SPL MOR
g/ci % tonf/cii  tonf/cm  tonf/em  tonf/em  tonf/ed  kgf/en  kegf/cnt
WAME  Max. 0.441  11.1 105.0 93.6 100.2  100.9  104.4 479 673
®/ME  Min.  0.351 9.7 97.4 82.4 87.9 83.6 83.8 364 456
o EE O T e 0391 104 1013 88.4 93.0 94.3 95.3 416 568
10.5em FEERAT  PL Bi#EEL  S.D.  0.018 0.4 2.5 3.3 3.1 4.5 5.8 30 68
Glulam A EHRE  C.V. 4.7 3.9 2.5 3.7 3.3 4.8 6.0 7 12
5%THRE 5%N  0.361 9.7 97.1 83.0 87.9 86.8 85.8 367 456
’ﬁf 1 0.371  10.1 9.9 85.0 90.7 86.4 88.9 439 576
BAfE Max. 0.395 11.0 102.2 94.5 88.2 95.1 106.3 456 633
B/AME  Min.  0.342 9.8 97.8 82.0 82.9 89.8 90.7 327 415
_ EH 1 FgE Ave.  0.373  10.4 98.6 88.4 85.8 92.6 96.5 406 522
12en ERH  PL EZHEE  S.D.  0.013 0.3 1.1 2.8 1.6 1.7 4.5 35 51
Glulam B 8 C.V. 3.5 3.1 1.1 3.2 1.8 1.8 4.7 9 10
5%TRE 5%N  0.352 9.9 96.7 83.8 83.2 89.9 89.1 348 438
7{{f 1 0.399  10.8 104.8 94.3 89.5 95.5  100.5 399 460
Legend N, Glulam A and Glulam B are the same as Table 1. RU : Density of glulam in test, MC . Moisture content of glulam in

test. MOE-GL : MOE of glulam calculated for Efr of laminations. MOE-G . MOE of glulam measured by gradingmachine.
MOE-! : Modulus of elasticity measured at constant moment section. SPL . Stress at proportional limit. S.D. ! Standard
5%N . Lower 5% exclusion limit of the distribution assumed to be normal.

DL . Direction of load, PL i Perpendicularly load for surface of laminations piled as glulam. HL : Horizontal load for

diviation. C.V. . Coefficient of variation.

surface of laminations piled as glulam.

F£—10 WIHEERS o # TSR GE
Table 10 Bending properties of Glulam C.
o AU
IhE kR WItticks B T X o eHIRR B2
S AER vy vor Y 7 WFvrrs  ERE R
Grandes ¥ 1R¥% 5344 % 34
N RU MC MOE-GL Efr MOE MOE-1 SPL MOR
g/en % tonf/cit  tonf/ci  tonf/cdi  tonf/cd kgf/ent kgf/cmt
E 105— F 300 1 0.386 10.6 120.5 107.0 109.9 116.2 440 498
wAfE  Max 0.395 10.8 108.2 95.2 101.6 111.7 457 572
B/ME  Min 0.365 10.4 107.6 92.6 92.4 98.5 363 521
E 95— F270 6 TIME - Ave. 0.387 10.6 107.9 94.0 98.2 106.0 411 551
EHERF  S.D. 0.011 0.2 0.2 0.8 3.2 4.6 34 18
TERE  C.V. 2.7 1.7 0.2 0.9 3.3 4.3 8.3 3.3
5% TIRfE 5%N 0.370 10.3 107.5 92.7 92.9 98.4 355 521
A Max 0.389 10.9 101.4 91.0 95.4 100.6 146 606
H/AME  Min 0.365 10.0 99.0 88.2 91.0 94.1 352 519
E 90— F 255 6 THfE Ave. 0.381 10.5 100.2 90.0 92.6 96.8 409 558
miEfEE  S.D. 0.008 0.3 0.8 1.0 1.5 2.1 34 28
TEMRE  C.V. 2.2 2.9 0.8 1.1 1.6 2.2 8.2 5.1
5% TIRE 5%N 0.368 10.0 98.8 88.3 90.1 93.3 354 511
wAME  Max 0.418 12.2 97.6 84.7 91.1 97.3 404 580
&/AME  Min 0.371 10.4 96.7 82.6 88.2 91.6 310 412
E 85— F255 6 FHfE Ave. 0.384 10.9 97.1 83.6 89.6 94.4 365 495
E#EFEE  S.D. 0.016 0.6 0.3 0.7 1.0 1.8 34 50
TEIRE  C.V. 4.1 5.9 0.3 0.9 1.1 1.9 9.2 10.2
5% TREfE 5%N 0.358 9.8 9.6 82.5 87.9 91.5 310 412
&KME  Max 0.380 11.4 88.5 80.2 82.1 89.0 379 509
f/ME  Min 0.370 10.3 87.1 77.4 80.8 81.9 330 403
E 80— F 240 4 TIME  Ave. 0.375 10.9 88.0 79.1 81.3 85.7 355 451
E#RE  S.D. 0.004 0.5 0.5 1.0 0.5 2.9 19 40
TEIRE  C.V. 1.1 4.3 0.6 1.3 0.6 3.3 5.2 8.8
5% TIRfE 5%N 0.369 10.1 87.1 77.4 80.5 81.0 324 386
BAfE  Max. 0.382 10.9 85.2 72.0 79.4 83.0 381 502
f/ME  Min. 0.365 10.5 85.1 70.9 78.0 76.8 310 354
B 75— F240 s FHME Ave. 0.372 10.7 85.2 71.5 78.6 80.1 342 426
EiEEA  S.D. 0.007 0.2 0.0 0.4 0.5 2.2 32 54
rEfRi  C.v. 1.8 1.5 0.0 0.6 0.7 2.7 9.4 12.6
5% THRfE 5%N 0.361 10.4 85.1 70.8 77.7 76.4 289 338
Legend N, RU, MC, MOE-GL, MOE-G, MOE-1, SPL, S.D., C.V. and 5%N are the same as Table 9

Glulam C is the same as Table 1.
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Notes : PL and HL were the same as Table 9.
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Fig.27 Relationship between MOE measured by

Grading-machine (MOE—G) and MOE of
Glulam A and Glulam B.
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Fig.29 Relationship between MOE and moduli of rupture
(MOR) of Glulam A and Glulam B.
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Fig.31 Relationship between MOE—GL and MOR of
Glulam A and Glulam B.
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Fig.33 Relationship between MOE and MOR of Glulam C.

Notes . Solid line in graph showed lower limit of MOR and
dotted line in graph showed average of MOE in JAS.
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Fig.35 Relationship between MOE—GL and MOR of
Glulam C.
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Fig.32 Relationship between MOE—G and MOR of
Glulam A and Glulam B.

800 n=27
700 | Yy=4.885x +85.84
—_ r=0.67
B E 600
& 9
® :‘50 500
@ L
5 400
9 0 E105-F300
= 300 ® E95-F270
2 E90-F255
200 A E85-F255
100 0 E80-F240
m E75-F240
0
0 20 40 60 80 100 120 140
vk
Efr (tonf/cm?)
B—34 HFRIEERM OB LR RS TR
DR

Fig.34 Relationship between Efr and MOR of Glulam C.
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