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Takamaro Maku* and Hikaru Sasaki* : The Rotating Bending Fatigue Strength
of Glued Laminated Wood.

RHF 2 i, B, R 7 S 2881068, ToMoOEHOTMHE L TERYT 55
BTHELTMOBHFIC L OTHRDHBCHEE LI % 53 T DBER D i,
WG CRBEE A & L TOERM2H LS EBRIh Lo, MENERSEFRE KR b
WU EEEDTE T D, Lo BICERM OB B 2B 5 o4 5 HifH Tl
HDo CO—HEREHTKFEORRA & XR& mEFRMBEELELST 20 b TH
Ho X ZTAPIETCHETRN S LOCHBEM OBEFRG 21T, oK X > TERM O
MAXEMLEISELebDT, ZEMEHEBY O, BEMO . 1V P OFM, T ofEH
IRENEITECED LS CHEES 02T bDTH 5,

[ M LOERMCEFERE

1L

Bl

1 =R
FH R H G TERD 1.8 mm, EE-E 0.38 Ot/ * EHSEDIHH» b Fig. 1 O
X5 T AR BT 5 & 5 CBIE L foo SERH BB 2 & TRA R & F—
ORI LB S 4mm, FEHOWH 2IED, *IZRHHOT RIS & O REBIRESH)
T47 74T, BBOBMESTATT 5 55 CERBIE L b 0T, Wb s BB 27T 55

R

N

!

Glue line in case of glued-lominated Specimen

T
e
\
>
lJ

_____________ Y. £ ¥ - [ 1%V
e —————————————— e SRS e a— 1ras
Pt (SRR A T T
80 40 : 860
- 200 [

Fig. 1. Test specimen.
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Table 1. Physical and mechanical properties of solid wood and glued

laminated wood used in rotating bending fatigue.

*% 0 * ¥
Density Annual Moisture Tensile |Comrpession| Bending
(air dried) | ring width | content strength strength strength
7 (g/cm®) | b (mm) u (%) oe(kg/cm?) | oe(kg/cm?) | op(kg/cm?)
Solid wood 042 | 18 14.7 1250 386 701

(u=15%)

Urea resin glued o . *
laminated wood 0.43 14.3 549 914

Phenol resin glued . - .
laminated wood 0.49 ' 10.1 572 950

* Averages of the strength tested by loads parallel and perpendicular to the glue layer
of specimens.

** Test pieces : solid wood—by Japan Industrial Standard, glued laminated wood—com-
pression 1.51.5X6.0cm, bending 1.5x1.5X2.0cm
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glued laminated wood.
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Fig. 6. Failures in rotating bending fatigue test
specimens of urea resin glued laminated
wood.
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Fig. 9. Test specimens of urea resin glued
laminated wood with scarf or butt joint.

Fig. 8. Microscopic compression failure of
solid wood.
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Fig. 10. S-N diagram for urea resin glued
laminated wood with scarf joint.
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Table 3. Physical and Mechanical properties of urea resin glued
laminated wood with scarf or butt joints.

Bending strength" (kg/cm?)
Tvpe of Density Moisture
YDE (air dried) content Scarf joint Butt joint
Specimen (g/cm®) (%)
& 1 / L
A 0.49 14.4 894 895 412 420
B 0.48 14.5 I 795 783 712 565
C 7 14.4 | 898 873 602 758
D 7 14.4 i 819 789 724 610
E
(without joint) 0.49 14.3 822 837 — —

1) Specimen 1.2x1.2%20cm, 4-ply 1 : 2 :2: 1,
2) Load applied is parallel to ths glue line of specimen.
3) Load applied is perpendicular to the glue line of specimen.
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S-N diagram for urea resin glued laminated
wood with butt joint.
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* Refer to Fig. 9.

Fig. 13. Failures in rotating bending fatigue test specimens with joints.
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Summary

Solid wood and 4-ply urea resin or phenol resin glued laminated wood (thick-
ness of the laminae 4 mm) of HINOKI (Chamaccyparis obtusa EnpL.) were shaped
into specimens shown in Fig. 1, and their fatigue strengths by rotating bending
fatigue test were obtained and their failures were observed. And specimens of
urea resin glued laminated wood with scarf joints or butt joints in the central part
as shown in Fig. 9 were also tested and the effect of the joints on the fatigue
strength and the failure were observed.

The results are summarized as follows :

(1) S-N curves (in semi-logarithmic graphs) of solid and glued laminated
wood are linear and their slopes are nearly equal in the cycle range of 10'~107,
and though there is no definite endurance limit, it seems that they exist in cycle
range of 107~108. The fatigue strength of the glued laminated wood is larger than
that of the solid wood, and there exist little differences between the S-N curves
of the urea resin and the phenol resin glued laminated wood.

(2) Using a ratio of the fatigue strength to the statical bending strength the
S-N curves of solid wood and glued laminated wood coincide well.

(3) Table 2 shows ratios of the fatigue strength at N=107 to the statical bend-
ing strength and compressive strength, and they give 0.21~0.22 and 0.35~0.39, re-
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spectively.

(4) The S-N curves of the glued laminated wood with scarf joints are shown
in Fig. 10, which informs that they are independent of the composition of the joints
in specimens and are equal to that of the glued laminated wood without joints.
But those of the glued laminated wood with butt joints depend remarkably upon the
composition of the joints as shown in Fig. 11. The differences in these S-N curves,
however, become faintly when the stress ratios to the statical bending strength
are used (Fig. 12).

(5) In case of comparatively low repeated stress the surface of failure of the
solid wood has its inherent flatness, but in case of high stress, it appears as jagged
in the central part. This tendency also exists a little in the glued laminated
wood, but, in this case, jagged surfaces are generally dominant.

Shear (or tear) failures of the glue lines do not take place in the glued laminat-
ed wood without joints and with scarf joints, but they take place in that with butt
joints.
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