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SUMMARY

I. Title

Development of manufacturing technique of glulam doorframe using small

diameter and low quality woods
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II. Propose and Necessity of Project

As it i1s difficult to import logs due to the effect of exhaustion of the
superior logs, the environmental protection movement and the resource
conservation policy of the country of logs production, the wood industry of
Korea will be affected, especially it is considered that the doorframe industry
which manufactures it using superior logs imported from the South Seas and
North America receives a severe blow. Therefore, in this study, to obtain
the superior wood materials economically and efficiently, various glulam
beams for doorframe were manufactured by reconstituting the longitudinal
direction using finger joint with a good jointing efficiency after eliminating
the defects such as the knots and decay from low quality and small
diameter logs. Dynamic and static strength test, bending creep test under
constant humidity and humidity chages were conducted, and the effects of
finger pitches and distance between fingers for the end joint part of glulam,
kinds of adhesives on dynamic behaviors, static strength, dimesional stability
and bending creep behaviors were investigated to grasp dynamic and static
behaviors for using as doorframe. Developement of a high value added
glulam-doorframe manufactured from domestic low quality and small

diameter logs was the main purpose of this research.

IM. Contents and Scope of project

1. Development of manufacturing technique and assessment of laminae

A. Research of assessment method of laminae by acoustic and
mechanical methods

B. To clarify the effects of profile and size of joint part on jointing

performances

C. Assessment of effect of drying methods on jointing performances

2. Assessment of mechanical performances and manufacturing
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properties
A. Assessment of machine process properties of various species

laminae
B. Assessment of the effects extracts and microscopic structure of lamina

with different species
C. Assessment of properties by static strength test method

3. Development of manufacturing technique of glulam for doorframe
A. Study on jointing technique of glulam for door frame
B. Study on distance and location of jointing parts of laminae

C. Study on optimum jointing condition for manufacturing glulam

4. Assessment of mechanical performances for developing glulam for
doorframe
A. Effect of kinds of adhesives on strength performance
B. Assessment by static strength test

C. Assessment of properties by creep test under humidity changes

5. Assessment and manufacturing of glulam-doorframe
A. Assessment of preference for shape of glulam-doorframe
B. Assessment of preference for color and pattern of glulam—doorframe
C. Assessment of creep behavior of glulam under humidity changes
D. Assessment of economical efficiency and manufacturing expense of

glulam-doorframe

6. Assessment of physical and mechanical performances of glulam-

doorframe

A. Assessment of plerformance by viscoelastic method under temperature

and humidity changes

B. Assessment of dimensional stability and occurring deformation, defects
caused by atmosphere condition changes

C. Assessment of effect of painting on dimensional stability creep behavior

IV. Results of Project and Suggestion for

— xiii -



Application

1. Development of manufacturing technique and assessment of laminae

In this study, the grade of lamina for manufacturing  glulams was
classified to manufacture optimum glulam. The classification method of
lamina grade used the mechanical method with reliance and acoustic
methods such as inforced vibrations of magnetic driver and impact hammer.
The effect of propile in jointing part of laminae on jointing performances and
drying methods of laminae for manufacturing glulam were investigated, and
the results were obtained as follows.

1) Bending strength performance for solid and finger—jointed woods was able
to assess using flexural vibration of impact hammer.

2) Bending strength performance for solid and finger—jointed woods was able
to assess using flexural vibration of magnetic driver.

3) Bending strength performance for solid and finger—jointed woods was able
to assess using flexural vibration of mini shaker.

4) Jointing efficiency for 4.4mm finger pitch was similar to that of 3.4mm

finger pitch, and most desirable distance between a tip and a root of finger

was 0.15mm.

5) Bending and tensile strength performances of stain laminae with drying

defects were lower than stain free laminae.

2. Assessment of mechanical performances and manufacturing
properties

In this study, problems and the solutions of the problems for optimum

condition of lamina manufacturing were given, the results of assessment of

mechanical properties for jointing process of laminae were as follows

1) Inferior materials for cutting of about 15% occurred in planer process of
spruce, and this problem was solved by finishing planer

2) It was not found that the difference for amout of chemical extracts
between spruce and pine

3) Bending strength efficiency of pine wood was slightly lower than that of
spruce, and the difference between tips and roots of finger had optimum
conditions for 0.15 and 0.2mm. Also, Resocinol-phenol formaldehyde(RPF)
resin had the higher jointing performance than in Aqueous vinyl urethane
(AVU) resin.

4) Tensile strength effieiency of pine wood was slightly lower than that of
spruce, and the difference between tips and roots of finger had optimum
conditions for 0.15 and 0.2mm. Also, RPF resin had the higher jointing

performance than in AVU resin.

- Xiv -



3. Development of manufacturing technique of glulam for doorframe
In this study, edge joints by pressing with oil press and torqwrench were
conducted to find optimum condition of doorframe-glulam, and the effect of
distances and locations of finger jointing part on jointing strength
performance was investigated. The results were as follows.
1) Wood failure occured for both pressing methods, and both methods were
found to be able to use for finger jointing.
2) It was found that the method of pressing with torgwrench was easy to
repress and was able to use regardless of dimension of materials.
3) The optimum condition for distance between finger jointing parts was 2.5
times of specimen thickness.
4) There was little effect of distance between finger jointing parts on
bending MOE.
5) The effect of distance between finger jointing parts on bending MOE
increased with increasing the distance and there was no rupture at
finger jointing part. The bending strength for more than 2.5 times
lamina thickness was similar to solid woods.
6) Bending MOR efficiency was higher than that of bending MOE, and both
efficiency values tended to increase with increasing distance between

finger jointing parts.

4. Assessment of mechanical performances for developing glulam for
doorframe

In this study, finger—jointed woods glued with RPF, AVU and
PV Ac(Polyvinyl acetate) resin using spruce and pine woods as raw materials
were manufactured, and the effect of adhsive kinds on bending strength,
buckling strength and bending creep performances were investigated. The
results were as follows.
1) For PVAc resin, bending MOE efficiency decreased with increasing
finger pitch. However, the difference for that between RPF resin and
AVU resin was small.
2) Bending MOR efficiency indicated a considerable difference with

species and kinds of adheives
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3) Maximum deflection efficiency linearly decreased with increasing finger
pitch, and the extent of decrease was higher in AVU resin than in
RPF resin.

4) The difference of buckling strength efficiency by finger pitch and the
difference between tips and roots was not found unlike bending
strength efficiency.

5) Creep failure occured in 106 hours for finger—jointed woods glued with
PV Ac resin, and it was not desirable for a structural meterial.

6) The slopes of creep curves of RPF resin and AVU resin were
markedbly lower than PVAc resin, and the difference between both
resins was small.

7) Relative creep decreased with increasing finger pitch, and the extent of

decrease was smaller in RPF resin than in AVU resin

5. Assessment and manufacturing of glulam-doorframe

In this study, , a questionnaire was made in order to investigate perference
of shapes, colors and patterns of doorframe made with glulam before
manufacturing of glulam-doorframe, and the subject of investigation was
someone who majored in forest produts technology, building construction and
clothes design. The results were as follows.

A lot of people prefered the glulam-doorframe with curved glulam arch in
a view of art and feeling, and most of people seleted cherry tree color for
the color of glulam-doorframe. A lot of people have concerned about
domestic woods. It was found that there was a good economical efficiency

of glulam-doorframe, and its production espense was 70% of solid wood.

6. Assessment of physical and mechanical performances of glulam-
doorframe

In this study, various finger jointed glulams and curved glulams were
manufactured, in order to evaluate physical and mechanical performances of
doorframe-glulam, the effect of humidity and jointing profile of
doorframe-glulam on bending creep and dimensional stability was
investigated. The results were as follows.

1) The shape of creep curves differed with humidity changes, finger profile
and adhesive kinds, and it indicated a linear behaviors beyond about
one hour after the load was applied.

2) Initial and creep defomation markedly increased with increasing humidity,
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and the extent was considerably higher in creep deformation than in

initial deformation. For 80%RH, the creep compliances showed 62% 82%
of initial compliacne, and it was similar to solid woods. the creep
amount was found to be greater in pine solid wood than in spruce
solid wood

3) The difference of creep behavior between RPF resin and AVU resin was
not clear.

4) Swelling and shrinkage efficiency of radial and tangential directions
linearly increased with increasing time, and the extent of increase

decreased beyond 114 hours after humidity change.

5) Tangential direction swelling was 1.872.0 times higher than that of radial
direction, and finger—jointed glulam showed the lower value than that of
solid wood.

6) Tangential direction shrinkage was higher than that of radial direction,

and There was no difference of jointing profile.

7) Swelling and shrinkage efficiency of solid and finger-jointed woods

treated with the perilla oil and oil lacquer increased with increasing time

until 114hours, and the vaues were lower than that of solid wood.
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<Flexural vibration> <Longitudinal

vibration>

Fig. 1-1. Schematic diagram of the flexural vibration methods of radial
and tangential planes and longitudinal vibration method by tapping of
impact hammer.
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Type 2035 Type 2035

Type 2035
9 9
ChA Ch.B
ny
4371C
Hammer
A B
<Flexural vibration> <Longitudinal

vibration>

Fig. 1-2. Schematic diagram of the flexural vibration and longitudinal
vibration methods of vertical fingerjoint and horizontal fingerjoint by

tappy of impact hammer.

1.2 2%

1.21 AFHEIHAB) o 3 £A9) FEQTH7

£ 1-18 2uF g 2z 529 Aego o dx 5 AH
MOE(MOEy¢t & 4AMOEMOEwg;, MOExr, MOEiy, MOExr, MOEns,
MOEny) el 37124 d 75 Hehfdch

Table 1-1. Summary of regression parameters for regression of density

on MOEs and dynamic MOE(MOEhRf, MOEhTf, MOEth, MOEhTV, MOEth,

MOE,) for spruce solid wood and pine solid wood by impact hammer.
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Coefficient of Correlation

Species Regression model
determination(R*) ~ coefficient(r)

Density vs. MOEg y=102247x+26859 0.25 05
MOEs vs. MOExgs v=0.9897x+18991 0.29 0.54
MOE; vs. MOExrty y=0.8912x+23397 0.21 0.46
MOEs vs. MOExgy v=0.046x+971.92 0.07 0.27
MOE; vs. MOEqry v=0.064x-530.68 0.17 0.41
MOEs vs. MOEn y=0.037x+7152.5 0.01 0.07

spruce  MOEs vs. MOEuy v=0.1104x+87707 0.00 0.02
Density vs. MOEwr:  y=163367x+19073 0.19 0.44
Density vs. MOEnry  y=146327x+23806 0.14 0.88
Density vs. MOEwry  y=11818x-827.73 0.17 0.58
Density vs. MOEyr,  y=8542.9x+339.67 0.07 0.27
Density vs. MOEw;  y=26414x-1498.1 0.06 0.25
Density vs. MOEy,  y=61600x+21358 0.05 0.22

Notes: MOEgs: Dynamic MOE calculated from resonance frequency induced by tapping of impact hammer for radial

plane,

plane,

plane,

plane,

MOExyr: Dynamic MOE calculated from resonance frequency induced by tapping of impact hammer for tangential

MOEjry: Dynamic MOE calculated from acoustic propagation velocity by tapping of impact hammer for radial

MOEyry: Dynamic MOE calculated from acoustic propagation velocity by tapping of impact hammer for tangential

MOE4£: Dynamic MOE calculated from resonance frequency induced by tapping with impact hammer,

MOE;: Dynamic MOE calculated from acoustic propagation velocity induced by tapping with impact

hammer.
7h FXE olgk w2 sAAT A AT BA
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Density vs. MOE; y=97329x+25161 0.16 0.39

MOE; vs. MOEgs y=1.2928x-204.87 0.46 0.68
MOEs vs. MOExry y=1.3909x-8769 0.40 0.63
MOE; vs. MOExgy y=0.0694x+171.74 0.26 0.51
MOE; vs. MOEqry y=0.0439x+2368 0.10 0.32
MOE; vs. MOE ¢ y=-0.0696x+15027 0.03 0.17
pine MOE; vs. MOEjLy y=1.2213x+5907.9 0.11 0.33
Density vs. MOEwe  y=255244x-37506 0.29 0.54
Density vs. MOEyy  y=332332x-80049 0.38 0.61
Density vs. MOEwry  y=10740x-234.57 0.10 0.32
Density vs. MOEyr,  y=12574x-1003.6 0.14 0.37
Density vs. MOEw  y=2702.9x+8162.3 0.00 0.03
Density vs. MOEw,  y=209429x-45265 0.11 0.33
160000 190,00
. |ves=09097 + 1801 —_ L |ves =0B91+2337

—~ " | R=0z0 t R =02128

RS G

Q12000 140000 -

5 2

= =

E 2

o 800 | =1.2008 — 2487 8

g R =045% =

4000
40000 80,000 120000 180000 160000
MOE(kgi/anf)
<I>

Fig. 1-3. The relationship between MOE; and MOEur«( 1) and MOEy7:(1I)
for solid wood of spruce and pine.
Notes; vps : Regression model of spruce, ypqa : Regression model of pine.
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Table 1-2. Summary of regression parameters for regression of density on

MOEs and dynamic MOEMOEws:, MOEw;, MOEnwywy, MOEwrw, MOEny,
MOE,1,) for spruce and pine finger—jointed woods by impact hammer.
Species Regression model Coeff,idem Of9 Corr.el'ation
determination(R”)  coefficient(r)
MOE; vs. MOEqvt y=0.9328x+6046.9 054 0.74
MOE; vs. MOEqn¢ y=0.8609x+13156 0.51 0.71
MOE; vs. MOEqvy y=0.2942x+1246.1 0.05 0.23
MOE; vs. MOEy y=0.1512x+14506 0.02 0.13
MOE; vs. MOEj v=0.0536x+16785 0.15 0.40
MOE; vs. MOEjLy v=1.007x+20672 0.03 0.18
MOR vs. MOEhv; y=0.0031x+317.41 0.29 0.53
MOR vs. MOEx v=0.0029x+328.54 0.23 0.48
MOR vs. MOEnvy y=0.0003x+561.04 0.00 0.02
MOR vs. MOEny y=-0.0001x+571.4 0.00 0.02
spruce  MOR vs. MOEu; y=-0.0025x+621.18 0.02 0.15
MOR vs. MOExLy y=0.0002+549.78 0.02 0.14
MOEqvt vs. Density — y=215149x-11911 0.40 0.63
MOEws vs. Density y=171677x+8042.9 0.28 0.53
MOEgyt vs. Density y=23347x+14551 0.00 0.07
MOEwy vs. Density — y=—62673x+53171 0.04 0.19
MOExis vs. Density — y=18971x+12939 0.03 0.16
MOEy vs. Density  y=280906x-19448 0.03 0.18
Density vs. MOE; y=107313x+33313 0.16 0.40
Density vs. MOR y=951.47x+162.39 0.23 0.48
MOR vs. MOE; y=0.0048x+182.55 0.36 0.60
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MOE; vs. MOE.v; y=1.1402x-5394.3 0.85 0.92
MOE;s vs. MOE. v=1.1476x-6527 0.82 0.90
MOE; vs. MOE.vy v=0.3051x-922.11 0.22 0.47
MOE; vs. MOE;xy v=0.3117x-1362.6 0.23 0.48
MOE; vs. MOEq¢ v=0.0536x+16785 0.15 0.40
MOE; vs. MOE;Ly v=0.3456x+71424 0.02 0.15
MOR vs. MOExvt v=0.004x+276.67 047 0.69
MOR vs. MOExqnt v=0.0039x+281.25 0.48 0.70
MOR vs. MOExqvy v=0.0022x+580.72 0.04 0.20
MOR vs. MOExny v=0.0038x+541.94 0.12 0.34
pine MOR vs. MOEj; y=-0.0028x+700.09 0.03 0.17
MOR vs. MOEjy y=0.0011x+522.46 0.13 0.37
MOEuy: vs. Density — y=222342x-29220 0.28 0.53
MOEw vs. Density  y=226309x-31875 0.28 0.53
MOEwLy: vs. Density — y=38415x+4077 0.03 0.17
MOEwy vs. Density  y=12676x+18084 0.00 0.06
MOE; vs. Density — y=38002x+2170.2 0.07 0.26
MOE.L, vs. Density  y=95447x+49062 0.02 0.12
Density vs. MOE; y=157220x-513.45 0.22 0.47
Density vs. MOR y=1242.9x-34.215 0.27 0.51
MOR vs. MOE; v=0.0051x+207.92 0.50 0.71

Notes: MOE,vi: Dynamic MOE calculated from resonance frequency for vertical finger joint,
MOEwus: Dynamic MOE calculated from resonance frequency for horizontal finger joint,
MOEwyy: Dynamic MOE calculated from acoustic propagation velocity for vertical finger

joint,

MOEy: Dynamic MOE calculated from acoustic propagation velocity for horizontal finger
joint,

MOE;Ls: Dynamic MOE calculated from resonance frequency for longitudinal axis,

MOE4Ly: Dynamic MOE calculated from acoustic propagation velocity for longitudinal axis.
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Fig. 1-4. Relationship between MOEs and MOE,vi( 1) and MOEuu(II) for
spruce and pine finger—jointed woods.

Notes; vps : Regression model of spruce, ypqa : Regression model of pine.
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Fig. 1-5. Relationship between MOR and MOEuyvt( 1) and MOEuu(I) for
spruce and pine solid wood.

Notes; vps : Regression model of spruce, ypqa : Regression model of pine.
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1740A), Universal Counter Timer(GSP, 5001)

43ar1 C

- Radial plane - - Tangential plane -

Fig. 1-6. Schematic diagram of flexural vibration by magnetic driver for

radial and tangential planes.

Universal Driver Detector
counter
timer

L1

Universal
counter
timer

L]

Generator LAG-26 Oscilloscope Generator LAG-26 Oscilloscope
<Vertical finger joint> <Horizontal finger joint>

Fig. 1-7. Schematic diagram of flexural vibration by magnetic driver for
vertical finger joint and horizontal finger joint.
2) "yol=ze] 23 3 AEW-Signal Analyzer unit(Type 2035), Power

amplifier(Type 4372V), Accelerometer(Type 4372V), Mini shaker(Type 4810)

43ar1 C

- Radial plane - - Tangential plane -
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Fig. 1-8. Schematic diagram of flexural vibration by mini shaker for radial

and tangential planes.

Type 2035 Type 2035
Ch.A Ch.B Ch.A
Type 4371C Type 4371C
Type 4391 Type 4391
M i n i M i n i
shaker shaker
type 4810 type 4810
<Vertical finger joint> <Horizontal finger joint>

Fig. 1-9. Schematic diagram of flexural vibration by mini shaker for vertical

finger joint and horizontal finger joint.

v, 23
D stadg=gteld & wyfolag o] & A IFHA & 249 2
=4 e97t

E 132 AuFAer Az o] spavE Eetelw By elaE o
&3 3 syl o Ux, FHMOEMOE,) 2 & *MOEMOEr;, MOEyq,
MOE:ir;, MOEyir, MOEuiry, MOEyi)Ztel 3424 235 el L.

Table 1-3. Summary of regression parameters for regression of density on
MOEs and dynamic MOEMOEyir:, MOEr, MOEgr:, MOEt, MOERy,
MOE,ity) calculated from resonance frequency by flexural vibration for

spruce and pine solid woods.

_27_



Coefficient of Correlation

Species Regression model ,
determination(R*)  coefficient(r)
Density vs. MOE; y=102247x+26859 0.25 05
MOE; vs. MOEirs v=0.9247x+23612 0.36 0.60
MOE; vs. MOEirs y=0.9565x+21007 0.40 0.63
MOE; vs. MOEirs y=0.4958x+12614 0.21 0.46
MOE; vs. MOEirs y=0.3915x+20039 0.08 0.29
MOE; vs. MOEyiry v=0.0353x+953.51 0.03 0.17
P.sitchensis MOE; vs. MOEyiry v=0.0109x+2548.4 0.01 0.08
Density vs. MOEyre  y=168864x+16774 0.29 0.54
Density vs. MOEyry  y=178337x+12370 0.33 0.58
Density vs. MOEirs y=102977x+3647.2 0.22 0.46
Density vs. MOEyry  y=61600x+21358 0.05 0.22
Density vs. MOEyiry  y=5254.1x+1202.3 0.01 0.12
Density vs. MOEyiry  y=3798x+1697.5 0.02 0.14
Density vs. MOE; y=97329x+25161 0.16 0.39
MOE; vs. MOEirs y=1.246x+1082.5 054 0.73
MOEs vs. MOEyity y=1.3598x-7182.8 0.57 0.75
MOE; vs. MOEirs y=0.5928x+18302 0.07 0.27
MOEs vs. MOEyity v=0.8832x-866.32 0.12 0.35
MOE; vs. MOEiry v=0.0519x-422.04 0.14 0.37
P.densiflora MOEs vs. MOE,iry y=0.043x+835.61 0.07 0.26
Density vs. MOEyirs  y=233348x-28042 0.31 0.56
Density vs. MOEyite — y=243465x-32926 0.30 0.55
Density vs. MOEire y=193577x-39604 0.13 0.36
Density vs. MOEyr:  y=209429x-45265 0.11 0.33
Density vs. MOEyry  y=13471x-3661.6 0.16 0.39
Density vs. MOEyi1y  y=5421.4x+1249.8 0.02 0.13

Notes: MOEyirs: dynamic MOE by resonance frequency of magnetic driver for radial plane,
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MOEyits: dynamic MOE by resonance frequency of magnetic driver for tangential plane,
MOEuirs: dynamic MOE by resonance frequency of minishaker for radial plane,

MOEyirs: dynamic MOE by resonance frequency of minishaker for tangential plane,

MOE;iry: dynamic MOE by acoustic propagation velocity of minishaker for radial plane,

MOE,iry: dynamic MOE by acoustic propagation velocity of minishaker for tangential
plane.

) spadEEgelnel 8 WEe @ 54 wAATY 4A wAATe B

Al

160,00
- Yps =0%247K +23612
% - = RR=034
- 4
Jom | |
O
=
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w80 |
(@] _
= Ypg =126 +10825
- R =058
4000
4000 800 12000 168000
MOE (k)
168000
. |Yes =OZEB+21007
% - R=038
000
O
=
3
L1 8000 Yoo =135 - 71628
O R =051
E -
2000
4000 oA D00 16000
MCE(g/ah)
<I> <m>

Fig. 10. Relationship between MOEs and MOEri( 1) and MOE () for
spruce and pine solid woods.

Notes; yp.s : Regression model of spruce, yp.d : Regression model of pine.
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Table 1-4. Summary of regression parameters for regression of density on
MOEs and dynamic MOEMOE,iv, MOEyn;, MOEvi, MOEum, MOE.ivy,
MOEyy) for spruce and pine finger—jointed woods calculated from resonance

frequency by flexural vibration.

Coefficient of Correlation
Species Regression model

determination(R®)  coefficient(r)

MOE; vs. MOE,iv v=0.9254x+22544 0.36 0.60

MOE; vs. MOEqit y=0.9315x+22211 0.36 0.60

MOE; vs. MOEqive y=0.3839x+13174 0.09 0.30

MOE;s vs. MOEyins y=0.7665x+21111 0.08 0.28

MOE;s vs. MOE.ivy v=0.0324x+1168.6 0.02 0.12

MOE; vs. MOEviny y=0.0131x+2457.9 0.00 0.06
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MOR vs. MOEyivt y=0.0027x+305.11 0.33 0.57

MOR vs. MOEyis v=0.0028x+303.75 0.33 0.58
MOR vs. MOEuivt v=0.0028x+446.18 0.23 0.48
MOR vs. MOEqi¢ y=0.0007x+507.16 0.07 0.27
MOR vs. MOEivy v=0.0022x+559.65 0.01 0.08
MOR vs. MOEqinv y=-0.001x+571.59 0.00 0.03
MOEyivs vs. Density — y=176547x+20452 0.18 0.42
spruce  MOEuus vs. Density — y=162267x+26689 0.15 0.39
MOE,ivi vs. Density — y=115228x-5587.3 0.11 0.34
MOEyiyr vs. Density — y=73731x+50278 0.01 0.10
MOE.ivy vs. Density  y=10137x-587.59 0.02 0.14
MOEuiny vs. Density  y=2793.6x-2303.3 0.00 0.05
Density vs. MOE; y=107313x+33313 0.16 0.40
Density vs. MOR v=951.47x+162.39 0.23 0.48
MOR vs. MOE; v=0.0048x+182.55 0.37 0.60
MOE; vs. MOEyive y=1.1675x+7225.7 0.83 0.91
MOE;s vs. MOE,ins y=1.2218x+2168.1 0.83 0.91
MOE;s vs. MOE,iv y=0.5865x-3125.3 0.61 0.78
pine
MOE; vs. MOEqint y=1.0312x-1874.5 0.50 0.71
MOE; vs. MOE.ivy y=0.0218x+1532.5 0.04 0.20
MOE; vs. MOEiny v=0.0331x+456 0.33 0.57
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MOR vs. MOEyivt v=0.004x+217.7 0.50 0.70

MOR vs. MOEqin¢ v=0.0038x+240.51 0.50 0.70
MOR vs. MOEqivt v=0.0046x+423.22 0.23 0.48
MOR vs. MOEqint y=0.0026x+418.85 0.27 0.52
MOR vs. MOEqivy y=0.005x+619.62 0.01 0.08
MOR vs. MOEqiny v=0.0491x+476.93 0.16 0.39
MOE,ivt vs. Density  y=236806x-22106 0.30 0.55
pine MOE.it vs. Density — y=245252x-27143 0.29 0.54
MOE,ivi vs. Density — y=103051x-9273.3 0.17 041
MOEy vs. Density  y=216537x-31763 0.20 0.44
MOE,ivy vs. Density  y=8178.2x-1038 0.05 0.22
MOE,iny vs. Density — y=8040.7x-1089.3 0.18 0.41
Density vs. MOE; y=157220x-513.45 0.22 0.47
Density vs. MOR y=1242.9x-34.215 0.27 0.51
MOR vs. MOE; y=0.0051x+207.92 0.50 0.71

Notes: MOEyiv¢: dynamic MOE by resonance frequency at both ends for vertical finger joint,
MOE.ins: dynamic MOE by resonance frequency at both ends for horizontal finger joint,
MOE.ivs: dynamic MOE by flexural vibration resonance frequency at one end for vertical finger joint,
MOEyi: dynamic MOE fby flexural vibration resonance frequency at one end for horizontal finger
joint,
MOE;,ivy: dynamic MOE by velocity at one end for vertical finger joint,
MOEyiny: dynamic MOE by velocity at one end for horizontal finger joint.
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Fig. 1-11. Relationship between MOEs and MOEivi( I ) and MOEyu(II) for
spruce and pine finger—jointed wood.
Notes; yps - Regression model of spruce, ypa : Regression model of pine.
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Fig. 1-12. Relationship between MOR and MOEvi( 1) and MOEu«(II) for
spruce and pine finger—jointed woods.

Notes; yps - Regression model of spruce, ypa : Regression model of pine.
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o vy4delas] @ A% 9% gRADSELRE P B4 HAARe) ¥
HEskel B
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2. 349 IAHY =4 FH

#F 1-5= wakst FA9ACd wE F7 dEHet AeE yEhddden, 19
1-102 2uFAE olgste] Ao IAHE =&& Hste] FAAA F I
Al (pitch) 3.6, 4.4, 6.8mmE ©]-&3te] &4+ 0, 0.3, 052 XA =-dH= 5T
FA o AR FAZ HEe AR ndd A3E YEr v

Table 1-5. Type and dimension of finger profiles.
(units: mm)

Type 3.6mm Type 4.4mm Type 6.8mm

ti—tz 01 0.3 0.5 0.1 0.3 0.5 0.1 0.3 0.5

L 173 173 17.3

t 08 10 12 09 11 13 10 12 14
tanf 1/757 1/13.48 1/1759

to 0.7 0.8 0.9

P 3.4 3.6 3.8 4.3 45 4.7 6.7 6.9 7.1

Legend ; P: Pitch, L: Length of finger, t;: Tip width t2: Root width, H: Slope

angle of finger.
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Fig 1-13. Effect of type of finger on the efficiency of MOR for pine jointed
with PVAc(I, polyvinyl acetate resin) and RPF(I, resorcinol-phenol

formaldehyde resin).
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Fig. 1-14. The machine of making finger—joint and profiles of finger—jointed
specimens.

Notes; P @ Pitch, L : Length of finger, t; : Tip width, tz : Root width, H :
Slope angle of finger.
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Table 1-6. Type and dimension of finger.
(units: mm)
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Type M(4.4mm) Type H(6.8mm)

ti-tz 0 01 015 02 03 0 01 015 02 03
L 17.3 17.3
t1 08 09 09 10 11 09 10 105 12 13
tanf 1/757 1/17.59
1% 0.8 0.9
P 42 43 435 44 45 66 67 675 68 69

Legend ; P: Pitch, L: Length of finger, t;: Tip width t2: Root width, H: Slope

angle of finger.
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Fig. 1-15. The change of MC during drying period for pine and rigida.
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Table 1-7. The results of drying characteristics for pine and rigida by
Terazawa.

Initial Early  Deformation of
. Inner check
MC(%) check cross section
P. densiflora 91 No. 5 No. 3 No. 1 D3-Tg
P. rigida 136 No. 6 No. 3 No. 1 Fy-Ts

Table 1-8. The kinds and steps of defects and the relationship of drying
condition. (units: C)
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Kinds of Drying
. Steps of defects
defects conditions

NO. NO. NO. NO. NO. NO. NO. NO.
1 2 3 4 5 6 7 8

Early drying temp. 70 65 60 55 53 50 47 45

Different temp. of
Early check 65 bb 43 36 30 23 20 18
dry and wet bulbs

Later drying temp. 95 90 85 83 &2 81 80 79

Deformation Early drying temp. 70 66 58 54 50 49 48 47
Different temp. of

of cross 65 60 47 40 36 33 28 25
dry and wet bulbs

section Later drying temp. 95 83 83 83 7 75 73 70

Early drying temp. 70 55 50 50 48 45 - -

Different temp. of
Inner check 65 45 38 38 30 25 - -
dry and wet bulbs

Later drying temp. 95 83 77 77 71 70 - -
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Fig. 1-16. The change of MC during air drying for indoor and outdoor.
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Fig. 1-17. Effect of blue stain on the MOE and MOR of pine finger—jointed
with RPF and AVU adhesive.

R4S FESNN uW AVUZL RPFuY %& @8 Jehiglen, 52
AAn Fe fEa2 vehllel 2 9L ohuAw Fuel FadAF f
agd 9Fe WA

AZEAM AT AVUE A8 A A ws ok e
FE FEES dBglon, RPFE AgRam 72 AZAlel e 333
Se BFE FEES vEhlel F¥ol BFwel 43S vHh.

AVUSl #t) A9 fE&o] RPFEG 28 #E&S tehilon, T3 AVU
7} RPFRT & §R&S tehugleh

80
—— P cbufoatA4nmm B P cbuiaatZom
% —0— P agwflaalMUm—8— P ceeioalMU-am,
¥00) O B sarrMUhm A BsanPA+m ||
C
X
Zan|
O
C
o
30
o
240t
(0]
'_
J0
0 01 015 02 03
bt

Fig. 1-18. Effect of blue stain on the tensile strength of pine finger—jointed

_41_



woods glued with RPF and AVU resin.
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Photo. 2-1. Surface condition of spruce and pine after planer work.
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Photo 2-5. Surface condition of pine with blue stain after planer work.
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Table 2-1. The result of chemical analysis for P. sitchensis and P.densifolra.
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Et-OH Hot-water Klason liglin  Holocellulose

Average(%) 4.99 5.50 29.82 84.94
spruce
S.D 0.66 0.05 0.73 0.21
Average(%) 5.59 3.90 30.82 81.87
pine
S.D 0.50 0.11 0.16 6.16

S.D : standard deviation

100

OP. sitchensis M P. densiflora

80

60

Yeild(%)

40

20

Et-OH Hot—water Klason liglin Holocellulose

Fig. 2-1. Yield of chemical analysis for spruce and pine.
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Table 2-2. The bending strength properties of finger—jointed spruce.
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FIP sty MOE MOR (ksf/cr) Deflection(nm)

Mean MinMax Mean SD E(%) MinMax Mean SDE(%) MinMax Mean S.D E(%)

Solid
wood
044 64470 B0 7700 8343 100 467 67 609 2100 069 1.00 084 010 100
(cont
rol)
0' 0L 60 M MR 551 U 6B BORw 05 079 067 08 8
010° 042 70140 0560 7870 81 12 414 69 81 % 060 072 065 0.06
4];35 015° 042 61,000 0520 W8I0 964 1R 513 68 52 0w 057 080 068 007 8l
020" 043 4,750 89490 7430 1630 97 49 68 2l "% 036 072 058 012 69
030° 04 T W20 840D 659 16 54 66 51 % 050 066 0% 006 7l
RPF
0' 0L BB B0 TS0 BE B M 6T 6 ® 047 067 057 007 69
010° 04 480 B0 700 17R) 100 8 79 591 8 ® 0% 068 0.60 006 71

6% 015° o4 mOBI MK 8B 16 06 60 F 4 O 0808 0B 05 8
00" 04 W30 B0 HIO 6 12 57 68 I 5 B 0B 06 0H 0B

030° 042 60430 2340  8LM0 11610 106 419 613 59 64 D 030 063 0% 04 6

0 043 67120 80900 B30 510 B 52 600 505 a7 B 04 00 064 006
010 043 430 2300 B0 180 102 35 69 5 15 W 047 05 0% 009 D

015" 043 7AM0 B8 R0 736 10 58

B
&
=
g

0% 01 06 06 7

02" 041 61220 BP0 8LH0 1500 106 463

k=

51 H B 049 064 039 006 7

)

AV 030° 042 69200 91210 80,140 9911 104 410 513

=
&
&3

052 064 037 06 8

U 0 0B @I AW BH P 2 55 e F 3% 90 04 06l 05 06 6
007 04 e00 RN B 8 I8 46 65 x H 2 06 0 0B 05 6
6 05' 08 M0 M W S 1B G2 WX 3 8 06 0B 0D 0B 6

02" 04 69980 89540 77030 6600 100 & 62 02 68 91 048 064 04 006 64

030° oM 64010 650 B3N 83H 102 41 50 521 5 & 046 060 032 006 6

Notes; FJP: figer joint profile, Min: minimum, Max: maximum, S.D; standard deviation,
E(%): efficiency of each condition
*1: Tip width - root width = 0O, *2: Tip width - root width
root width = 0.15,
#4: Tip width - root width = 0.2, *5: Tip width - root width = 0.3

0.1, #3: Tip width -

) g As
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Fig. 2-2. Effect of t;-t: on MOE and MOR of spruce finger-jointed
with RPF and AVU adhesive.
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Table 2-3. The bending strength properties of pine finger—jointed woods.

Den .
. MOE MOR (kgf/cr’) Deflection(mn)
FJP sity
Mean Mn Max Mean SD E(%) Mn MaxMean SDE(%) MinMax Mean S.D E(%)
Solid
wood 054 53070 104300 84240 162700 100 693 90 7% 76 100 077 119 097 014 100
(control)
0705 62230 18770 8850 15210 106 438 T 668 117 84 043 059 052 006 54
010° 053 64770 106000 83610 16000 9 407 T 597 15 B 032070 050 013 52
‘[111-]]‘]1 05° 054 70830 113490 86660 14340 103 569 878 697 112 & 051 073 057 008 59
007 05  TAT0 104740 83660 11800 106 569 T 65 R 86 046 065 0% 007 58
00° 054 59010 109560 84630 17430 101 497 664 59 64 75 043071 054 010
RPF
0" 053 6910 B30 7480 11210 & 513 6B 8 62 72 04705 052 00
010° 05 72640 119370 89310 17290 106 50 729 69 54 8 037057 049 007 51
%];3 05° 053 6440 B0 010 12000 97 52 65 603 48 6 043062 049 006 5l
020¢ 05 7750 11480 ®50 12950 110 59 718 &2 43 8 040 054 048 005 49
00° 052 T8I0 100180 8920 13250 106 54 65 62 B B 040 056 045 006 47
0" 051 7330 W20 78W0 3700 9 54 68 67 B 7L 045063 0% 008 57
010° 05 79020 103450 90500 10080 107 509 7M 609 & 77 042052 050 005 5l
i-;l 05° 054 7810 W70 5000 820 1001 4% T 68 U 8 054071 062 008 64
020¢ 05 65060 100210 8620 13350 12 56 641 501 41 74 040 062 048 008 50
A 00° 05 68930 W70 2810 11260 9% 50 64 50 48 73 041 05 048 005 50
VU

0" 051 T30 L£2/0 /IO 370 9 54

2
g
2

045 063 055 008 57
010 05 7,020 103450 90500 10080 107 509 7469 & T 042 052 050 006 51

?ﬂf 05° 0% 56180 107,790 &160 1850 R 50 687 583 69 75 043071 052 010 54
020" 056 65060 100210 8270 13350 102 546 641 591 41 74 040 062 048 008 50
0%0° 05 68930 99730 2810 11260 B 50 64 59 48 T3 041 0% 08 006 0

Notes; FJP: figer joint profile, Min: minimum, Max: maximum, S.D; standard deviation,
E(%): efficiency of each condition
#1: Tip width - root width = 0, *2: Tip width - root width = 0.1, *3: Tip width -
root width = 0.15,
4. Tip width - root width = 0.2, *5: Tip width - root width

) 2g8AF

ad 2-3(1)2 & FAAe dddAs FEes el ez a4
2-2(1)¢] 2z Fa FAAA vsiM L2 AddAF F2E 89-110%E5 e
W At

0.3
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Fig. 2-3. Effect of t;—t2 on MOE and MOR of pine finger—jointed woods
with RPF and AVU resin.

B A" AgE FANYSARAVIIE Adete] 2RSS e A%
darE-dlE 5T A vsd FBe el F2E A A

golw AL go] FHsaielel AZAT

. JAZA=

1) Ad=x2
ANFAY wdg 202 FAAL - FAFEAAN EE7F 0.85-
1.00(g/cm™)Ql & & U5 (Quercus variabilis)E BAH A4 @27 0.4m
m7b H A sl9 &
e A0DZ AZF — 15mme =g g5y FAA g +49& &
2 % 2mme X & o83t dFxT 49 XS vF — T EHE 05m

m/min®] £E2 HAAse] AFFEN} AL E, HAAHAE FA

(17.6mmx*17.6mmx=x95mm)<= A sl <= 7HE & A (Loctit

Table 2-4 Tensile strength properties of pine and spruce finger—jointed

woods.
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spruce pine

Tensile Tensile
Density Density
FJP strength (kef/cr) strength(kef/cr)

Mean Min Max Mean S.D Mean Min Max Mean S.D

0 043 48 693 8 8l 054 456 618 B &
0107 043 2 66 55 711 052 497 516 5% R
‘]ﬁ 015° 042 2 79 2 12 054 30 597 4% ™
020" 042 502 66 603 &4 057 2 00 64 7l
030" 044 49 69 58 & 056 % 69 53 %
RPF
0! 041 P B M U 054 3% 59 46 91
0107 042 48 69 56 & 052 20 62 31 116
%ﬂ? 015 043 3B 6% 67 121 053 39 R 4T T
020" 043 461 69 8 T 053 400 617 MM T
030° 044 370 624 518 103 043 T 57T 46 1%
0! 042 3 T2 53 1% 055 58 666 613 4
0107 042 R 67 b5 6 05 39 M6 4 1R
‘[lﬂ-n‘ll 015% 043 HL o6 6 T 052 52 66 84 A
020" 042 93 72 58 121 053 57 713 84 0
0307 041 45 87 411 46 053 229 ;4 430 103
AVU
01 042 P4 M 3R 4 04 3 48 4% 5
0107 043 W 50 M8 B 054 403 63 512 B
%ﬂ? 015 045 27 607 B4 053 436 BT 4 4
020" 0.4 B/ 37 49 & 053 419 %7 42 53
030° 04 303 608 477 100 057 B a8 45 »

Notes; FJP: figer joint profile, Min: minimum, Max: maximum, S.D; standard deviation.
1. Tip width - root width = 0, *2: Tip width - root width = 0.1, *3: Tip width -
root width = 0.15,
*#4: Tip width - root width = 0.2, *5: Tip width - root width = 0.3
Y 24 2R QEAS PA 9A g WE AFFEES e

WAt
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Fig. 2-4. Effect of t;—t2 on tensile strength of spruce finger—jointed woods
with RPF and AVU resin.
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Fig. 2-5. The effect of t;—t2 on tensile strength of pine finger—jointed
with RPF and AVU resin.
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Fig. 3-1. Apparatus for edge joint by press.
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2) ARGA B A=A A= AR Aot FFIe] BAY
3) AATA # Aol A= FAAYL G A8k A

1.2.2 A3

7t AuFAe A4 RELT
D 8 gBXAs

Table 3-1> 22t B & 0.15mmE AR&ste] Aud FAFEA AHEH
HEA e} A 9o AAze] g dEet 3 BAAS, 3 AE % Howe

HAA)E 4 =4 3 AFE S Agste] H4, Ao, H 2 x28xE o

Table 3-1. Results of static bending test for pine finger—jointed wood.

A P Rt [ E, o, D
(mm) (Mg/i) (GPa) (MPa) (mm)

Mean Min Max Mean SD Ew(%) MinMaxMean SD (%) MinMaxMean SDZEx(%)

Solid 049 622 122 83 18 100 637 703 765 27 100 07320963 08% 0088 100
0 051 8% 839 838 37 101 630 646 638 b2 84 0530611 056 028 602

1 0572 432 126 815 341 9R2 3501 675 288 83 05470835 06716 0215 708

44 2 0506 6% 876 777 110 956 607 89 666 211 811 07980849 082 0429 862

25 0506 54 114 806 38 970 615 107 &0 322 109 08718119 106 0304 111

RPF 3 0562 567 124 864 367 1M 578 109 814 35 106 0811102 090 0320 %4
0 054 57 104 84 2% 102 M3 87 617 212 807 04170721 0538 0149 64

1 0567 612 110 839 302 101 518 B3 5 06 &7 0580118 0757 0367 M4

68 2 054 602 122 897 347 18 697 14 &6 313 109 072128 0%1 0327 97

25 05381 o83 836 T4 208 893 2781 BT 284 %63 0490116 080 034 %1

3 0521 708 98 848 306 102 0183 712 247 101 0826 1.02 0932 0267 976

Solid 0556 529 96 18 10 100 765 877 814 118 100 0815102 0907 0093 100
0 0541 620 108 813 28 103 546 82 664 201 85 05860681 063 0101 643

1 0523 652 9& 807 268 102 09 75 671 219 825 0614073 0685 0267 695

4 2 049 793 969 914 297 116 634 800 719 234 83 07080970 084 028 817

25 047 675 915 79 24 101 674 812 740 285 N9 07860966 0891 0280 %05

3 0540 618 989 826 302 16 02879 181 5 %0 0901179 1061 0368 108

0 0562 676 952 810 297 103 205633 96 26 W2 04010674 0559 0227 %63

AVU 1 050 691 993 812 265 103 536 &1 715 260 8719 06640973 085 029 %3
2 0520 674 105 84 306 107 8789 B4 W1 01 06107 0811 0278 823

25 0527 64 909 78 239 9l 612 815 726 287 892 074103 08% 0284 87
0530 672 977 832 32 106 745 895 821 299 101 090 125 L11 0427 113

Notes; Ax Kind of adhesive, P: Pitch R: Ratio of specimen thickness, ¥ Density, £ Bending modulus of
elasticity(MOE), @, Modulus of rupture(MMOR), : D: Deflection, Ey Efficiency of MOE, e
Efficiency of MOR, D Efficiency of deflection, RPF: Resorcinol-phenol formaldehyde resin,

AVU: Aqueous vinyl urethane, Min: Minimum, Max: Maximum, S.D: Standard deviation.
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Fig. 3-2. Effect of finger position on modulus of elasticity.

Notes; Rt: Ratio of specimen thickness, Eb: Bending modulus of
elasticity(MOE)
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Fig. 3-3. Effect of finger position on modulus of rupture.
Notes; Rt: Ratio of specimen thickness, ob: Bending modulus of
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Table 3-2. Results of static bending test for spruce finger—jointed woods.

Ac P R p E o D
(mm) (mm) (Mg/nd) (GPa) (MPa) (mm)

Mean  MinMax Mean SDEw(%) Min Max Mean SD (%) Min Max Mean S.D Ey(%)

Solid 0464 7%6 109 900 131 100 623 948 W1 115 100 0719 117 096 0143 100
0 046 o7 113 8T 403 970 325 &5 65 217 88 0H4 081 0610 0267 693
1 047 5H 113 887 308 986 14 84 04 A3 02 06483 0965 0761 024 W7
44 2 04n 987 9871 987 430 110 68 68 B8 313 B4 0927 0927 0927 0416 B9
25 048 546 123 8% 23 %83 #1100 742 187 %1 0714 116 099 0206 103
" 3 049 654 123 9% 3& 106 4 102 M0 305 101 0789 103 0897 035 98
RP 0 05 A 12 937 28 1M 03 749 04 182 02 030085 0609 0204 630
1 0463 731110 924 315 103 638 819 7l 65 U9 075 0837 084 029 813
68 2048 706 112 940 318 104 6L1 915 71 248 974 0691 106 09 03B 987
25 046 908 113 978 309 109 604 89 73 281 93 072 0941 0808 0240 36
3 041 673 115 934 327 1M 517 890 W5 B2 Y2 0612 102 0840 032 810
Solid
0457 5% 112 921 248 100 65 94 BT 199 100 D6 1D L6 0291 100
0 0462 806 112 948 342 103 517 B9 69 B3 B3 0360 074 060 0.170 616
44 1 048 85 104 9% 28 101 644 &0 W6 H2 1M 0634 0957 0837 0315 74
2 040 829 918 861 291 934 43 729 68 A7 Y43 04% 0906 0734 0272 696
25 047 832106 913 291 991 664 88 Bl 60 NI 065 120 108 034 975
304 816 960 906 313 983 612 77T 721 283 B3 0738 109 0923 0303 875
AVU 0 04% 694 103 8& 28 %7 31 675 612 177 88 0330 069 0515 0149 439
1 0558 762 1.1 952 339 103 617 89 B3 H6 68 0780946 0860 035 816
68 2 930 100 97 320 106 640 748 01 27 R7 035 074 0636 0163 603

25 0409 734108 928 327 100 674 87 749 281 9O 0348 134 LI5 04 109
3 0474 78 108 941 2% 102 699 85 HB7 218 100 0743 112 098 0211 &l

Notes; Ax Kind of adhesive, P: Pitch R Ratio of specimen thickness, i Density, £y Bending modulus of
elasticity(MOE), @ Bending modulus of rupture(MOR), : D: Deflection, E. Efficiency of MOE, @,
Efficiency of MOR, Dy Efficiency of deflection, RPF: Resorcinol-phenol formaldehyde resin,
AVU: Aqueous vinyl polymer solution isocyanate, Min: Minimum, Max: Maximum, S.D:
Standard deviation.
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Fig. 3-5. Effect of finger position on modulus of elasticity.

Notes; Rt: Ratio of specimen thickness, Eb: Bending modulus of
elasticity(MOE)
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Fig. 3-6. Effect of finger position on modulus of rupture.

Notes; Rt: Ratio of specimen thickness, ob: Bending modulus of
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Fig. 3-7. Effect of finger position on deflection.

Notes; Rt: Ratio of specimen thickness, Db: Deflection.
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Table 3-3. Results of static bending test for pine finger—jointed woods.
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Ac P R w» Ey m, D

3
(mm) (H)’m (M%/m (GPa) (MPa) (mm)
Men  MinMax Mean SDE.(%) MnMaxMen SD (%) Mn Max M# sp po
Solid 0507 5RO 94 21 10 5586 M4 107 10 OB 1% LB 0B 10

0 0512 651 105 8% 1% 9H6 %3 665 615 532 T4 040 0776 0621 0119 549
15 048 809 107 93 106 W1 647 806 M2 734 83 0689 109 080 0174 760

44 2 0541 6421147 924 209 976 70181 8l 121 102 L3 140 12 017 109

25 0547 829 107 942 097 100 T3 &6 M7 269 1M 0913 13 112 0122 9R9

3 0507 8% 103 948 08 %3 71 &6 &3 3% 919 0930 128 113 019 100

RPE 0 0540 TH 13 94 161 97 4 66 612 547 TI0 0480 0673 058 007 520
15 0521 69 100 8% 1371 B4 03681 00 88 3 0392 071 0628 0162 265

68 2 053 9117 9% 168 103 04 80 60 58 %7 064 108 080 018 761

25 056 770 103 918 128 970 642 BT 710 453 04 064 14 084 021 729

3 0549 840 106 971 117 103 75 %2 H6 18 108 080 137 111 026 Rl

0 0540 733 105 931 148 M3 %69 610 610 429 w3 006 070 0666 0100 583

15 08 6% 108 9 12 %4 57 81 740 146 931 070 081 0812 0067 718

44 2 0569 853 105 950 081 100 71182 06 78 100 0881 123 102 014 906

25 02 786 9% 918 092 970 691 M08 D2 5B U7 08 113 108 0114 914

AV 3 0514 824 115 963 137 102 714 B7 813 92 102 110 127 116 0077 103
U 0 0546 69 106 94 138 976 460 661 B3 8M 134 0523 0639 05711 006 205
63 15 052 706 113 937 18 B9 03 08 60 470 819 0537 089 06% 0140 605

2 0564 7% 105 9% 10 977 627 70 08 115 81 0624 087 0726 014 641
25 0538 78102 932 106 B4 2780 66 337 %5 0710 120 0970 0212 &7
3 0537 818 108 970 110 103 761 876 810 484 102 0868 106 101 0073 &0

Notes; Ag Kind of adhesive, P: Pitch F: Ratio of specimen thickness, p: Density, Ey Bending modulus
of elasticity(MOE), : Modulus of rupture(MOR), : D: Deflection, Ei: Efficiency of MOE, #f:
Efficiency of MOR, Dk Efficiency of deflection, RPF: Resorcinol-phenol formaldehyde resin,

AVU: Aqueous vinyl urethane, Min: Minimum, Max: Maximum, S.D: Standard deviation.
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Fig. 3-8. Effect of finger position on modulus of elasticity.
Notes; Rt: Ratio of specimen thickness, Eb: Bending modulus of
elasticity(MOE)
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Fig. 3-9. Effect of finger position on modulus of rupture.

Notes; Rt: Ratio of specimen thickness, ob: Bending modulus of
rupture(MOR)
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Fig. 3-10. Effect of finger position on deflection.

Notes; Rt: Ratio of specimen thickness, Db: Deflection.

4) 3794

sEAdAe AU 0 2 150 ASE BATA BFE w7 dojgA

Fig. 3-112 Z#~E o] &3to] Az AR oA FadAF9 &
&5 UERA Aolth frE&o WAV FFAC wel RPF BAF A 45
3719 24.4mm(S)ell A 91.0%-101%, 3719 216.8mm(L)oll A 88.8%-93.9%¢] =
S HFFEss Jvehddda, MPUS FAFFAS 49 FATAA 44mm(S)e
Al 91.3%-103%, B AT A6.8mm(L)ol A 91.4%-100%<] HFFEES YEFNA
ok Aot HFA Aozt A yEluA] gkokom Q3w HAA dFgom

LARGE £2 4FE UEET

fo

1

_81_



Table 3-4. Results of static bending test for spruce finger—jointed woods.

_82_



A P R (] Ey o, D

3
(mm) (mm) (Mg/and) (GPa) (MPa) (mm)
Mean Min Max Mean SDEw(%) Min Max Mean SD#e(%) Min Max Mean SD Di(%)
Solid 0433 612 104 107 18 100 487 716 638 102 100 0939 116 107 0102 100

0 0473 772 128 105 211 975 39 89 622 02 975 0391 0678 059 0120 493
15 0512 786 118 100 18 94 1 84 22 136 14 066 127 0973 0314 907

44 2 0446 793 16 9% 238 910 527 614 623 104 905 043 110 0910 0457 849
25 0431 821 110 98 131 %2 668 %2 725 8% 16 0703 127 098 0232 &3
3 05% 83 126 108 198 101 02 818 302 103 118 084 123 0991 0211 924
REE 0 0476 612 124 9& 270 919 5L7 664 604 729 88 4B 0819 050 019 %0
15 0458 416 98 LT 918 580 843 690 127 100 080 0992 0917 008 &6
68 2 0479 803 128 100 200 95 2 68 663 16 %4 0397 110 08453 0310 786
25 0473 832 10 952 111 888 660 79 737 608 107 103 14 12 072 17
3 0450 98 113 100 094 93 629 6 7.2 515 103 L2 130 12 0077 14
0 0432 7% 122 108 232 101 %4 666 624 611 N7 0471 0843 0617 0198 576
15 0415 73123 101 232 %2 5L0 673 6l9 738 %99 086 108 099 0139 903
44 2 0476 804 122 101 168 99 634 817 721 114 1M 0974 132 117 01% 109
25 0476 870 120 979 133 913 %85 911 ™3 135 109 09 13¥% 113 018 106
3 0493 108 112 110 028 103 69 842 806 513 17 109 118 114 004 106
AVU 0 0510 698 117 103 223 %2 5l 66 01 683 &3 0463 0702 043 0108 507
15 0472 78 19 101 1% 99 537 517 662 946 %2 064 0911 074 0132 635
6.8

2 04% 882 121 9% 138 29 587 &3 663 109 %4 0745 084 0815 000 760
25 047 85 111 98 106 914 601 749 697 684 D38 08 164 120 031 112
3 044 901 121 107 131 100 730 83 WO 467 113 099 12 113 0104 106

Notes; Ag Kind of adhesive, P: Pitch B: Ratio of specimen thickness, ¥ Density, £ Bending modulus of
elasticity(MOE), @, Modulus of ruptureMMOR), : D: Deflection, Ey Efficiency of MOE, e
Efficiency of MOR, Dy Efficiency of deflection, RPF: Resorcinol-phenol formaldehyde resin,

AVU: Aqueous vinyl urethane, Min: Minimum, Max: Maximum, S.D: Standard deviation.
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Fig. 3-11. Effect of finger position on modulus of elasticity.

Notes; Rt: Ratio of specimen thickness, Eb: Bending modulus of
elasticity(MOE)

2) 3=

e WEHATE AAFAe 258 o] Fel e et A9
&S Uehdeh JZ&AAC oA RPEH AVUOlA A9 A7F yehtA]

100 140
—H— spruce-63mmMPU i iﬁﬁﬁm}
—— spmwj.inm&[;% —o— sprucc44nmMPU
Spruce-4.4mn H
90 i ng o F ;\? 120 —&— spruce4.4mmRPF
3
s 80 =
2 5 100
2.
S E
£
60 | =%
50 I 1 L ! I 60 : : ; ' I
S 0 15 2 25 3 S 0 15 2 25 3
Re Rt

Fig. 3-12. Effect of finger position on modulus of rupture.

Notes; Rt: Ratio of specimen thickness, ob: Bending modulus of
rupture(MOR)
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Fig. 3-14. Selection of elements for finger—cutting of each species.

Table 3-5. Types and dimensions of fingers. (unit: mm)
Type M(4.4mm) Type H(6.8mm)
ti—te 0 01 015 02 0.3 0 01 015 02 03
L 17.3 17.3
t1 0.8 0.95 1.1 0.9 1.05 1.3
tanf? 1/7.57 1/17.59
to 0.8 0.9
P 4.2 44 45 6.6 6.8 6.9

Notes; P: Pitch, L: Length of finger, ti: Tip width t2* Root width, H: Slope

angle of finger.
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Fig. 3-15. The machine of making finger—joint and profiles of
finger—jointed specimens.
Notes; P : Pitch, L : Length of finger, t1 : Tip width, t2 : Root width, 0

. Slope angle of finger.
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Fig. 3-16. n-values and supported conditions of beam.

312 2 3

b #AE A=
At g 2xga PAHGFAY] F=AFE AF}E Table 3-6~3-7
A=A EFEES Fig. 3-17¢ vt &2uF 3AHSGA 4+,

FEdEFEES RPFR H&AT AAHFAANAME 1 ghol 84%~124% 9

ol e s uJEa, FAFA 0dAE BAFAX Tl wE

FEEY a7t YEdged, FAFA 0159 039dAM= st AES

GEFWU T, 2832 AVURZ F28 3AFdFANIANE FE/FE &0

94.4%~115%Z e o],

W

_89_



Table 6. Results of buckling test of pine finger-jointed timber.

A k P ) P Oy Ope D k
(mm) (Mgm’) (MPa) (%) (mm)
Min Max Mean SD Min Max Mean SD
Solid 0.546 293 415 356 423 100 1.01 1.83 139 0281
wood
0 0.531 27.8 403 35.1 4.10 98.6 1.12 1.58 135 0.161
44mm 0.15 0.543 325 448 389 454 109 130 176 145  0.171
0.3 0.523 314 427 358 3.93 101 1.08 1.54 128  0.152
RPF
0 0.543 348 436 38.1 2.95 107 1.18 1.56 135 0.133
6.8mm 0.15 0.504 293 42.1 355 521 99.7 1.12 1.54 128 0.134
0.3 0.561 28.0 430 355 4.88 99.7 1.04 1.59 127 0221
0 0.553 27.7 459 383 7.03 108 120 1.58 139 0.131
44mm 0.15 0.522 26.6 414 35.0 5.05 983 1.17 1.49 129 0.134
MPU- 0.3 0.489 32.7 416 353 3.05 992 0990 144 122 0.171
500 0 0.546 254 37.1 315 423 88.5 1.08 159 142 0223
6.8mm 0.15 0.534 25.7 373 317 423 89.0 1.07 1.71 125 0220
0.3 0.520 26.9 36.6 31.8 2.84 893 0970 151 117 0.190
Notes : 4, : Kind of adhesive, P : Pitch,  : Fitness of a tip and a root width(¢,-¢,), p : Density,
oy : Buckling strength, o,.: Efficiency of o D\ : Buckling displacemenst, D . : Efficiency of D.
RPFe 2% §A43 232 deblch. BA0 A9 F7kel get
AEGEES  FbeE A% uedd @, szgsz g3e
BAHTA FE4%E FEES RPFE J29 3AFTAAA =
93.2%~111%, AVUR F2d JFAHGA AN = 885%~108%5 HEFHo] At
FE = £ESS UEUAou, 1 e RPFRUE okt ue @

Yetdl= Aol &l HAY. FAIAL]  Fre]l  wel RPFE Hzd
I gkol kAL, BAFTA 0150004 =
1 gkol Ak 2y AVUR HEE FAHGANAME FAY R 2 F7}o

ek kel #BAGle] FEFEES T FOoR Fhdte o] A
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Table 7. Results of buckling test of spruce finger-jointed timber.

A, P o p ok Cke Dy Dy
(mm) (Mg/m) (MPa) (%) (mm) (%)

Min Max Mean SD Min Max Mean SD
“S(;l(i)g 0.41 23.7 27.7 253 1.33 100 1.26 1.59 145 0.12 100
0 0435 259 384 313 4.59 124 1.27 1.66 141 0.141 97.2
44 0.15 0.377 193 29 213 1.51 84.2 0.72 1.83 1.15 0.423 793
RPF 03 0432 273 354 29.8 2.98 118 0.942 1.62 1.33 0.242 91.7
0 0421 2.1 29.8 26 337 103 0911 1.91 1.51 0.331 104.1
6.8 0.15 0.45 11.9 355 284 8.35 112 0.824 1.51 1.25 0.237 86.2
0.3 0.441 25.6 39.1 304 4.63 120 1.19 141 1.31 0.098 90.3
0 0428 2.7 352 274 434 108 0.96 14 12 0.17 82.8
44 0.15 0.375 21.3 264 239 1.8 A5 0.66 1.54 1.26 0.281 86.9
MPU- 03 0435 18.1 33.8 28.2 5.06 111 1.050 1.53 1.28 0.153 883
500 0 0.444 223 339 28.5 4.6 113 0.9 1.32 1.17 0.145 80.7
6.8 0.15 0411 26.2 319 29.1 23 115 1.16 1.31 1.24 0.064 85.5
03 0422 244 32.6 279 3.17 110 1.040 1.55 1.59 0.573 110

Notes : 4, : Kind of adhesive, P : Pitch, 5 : Fitness of a tip and a root width(# -7 ,), p : Density,
oy : Buckling strength, o, Efficiency of o, Dy : Buckling displacemenst, D, : Efficiency of D.
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Efficiency of deflection( %)

Efficiency of deflection( %)
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Fig. 4-1. Static bending test for spruce and pine elements by UTM.
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Table 4- 1. Resuits of static bending test for finger-joirted tinbers glued with three |

adhesives
Species  Ax  Pitch p Ey Ebe Ob Obe
(M) (Mgni) (GPa) (%) (MPa) (%)
Solid 0.508 11.3 100 78.9 100
RPF  44S) 0550 12.5 110 4.0 81.1
6.8L) 0530 11.2 9.3 53.1 67.3
Pne  MPU 44S) 0523 13.0 115 62.3 7.0
6.8L) 0530 13.2 116 60.0 76.0
PVAc 449 0539 10.0 88.8 539 68.3
6.8L) 0527 8.33 73.7 4.6 4.0
Solid 0.466 14.2 100 78.5 100
RPF  44S) 0504 13.8 9.9 71.5 q1.1
6.8L) 042 13.8 97.1 65.5 8.4
Spruce  MPU  44S) 0480 13.7 96.2 69.3 88.2
6.8L) 0477 13.5 A9 574 73.2
PVAc 440S) 049 10.2 71.9 520 06.2
PVAc 681) 0457 8.54 60.1 420 53.5

Notes; Ax: Kind of adhesives, p: Denstty, £1,: Bending moudulus of elasticity, Ei.: Eft

ob: Bending modulus of rupture, oye: Efficiency of 61, Dy: Beding deflection,
Dy Efficiency of Dy, MPU: AVU.
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Fig. 4-2. Effect of finger pitch on efficiency of MOE(%)
Legend : [ @ RPF, & @ AVU, A PVAc.
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Fig. 4-3. Effect of finger pitch on efficiency of MOR(%)
Legend : See legend in Fig. 4-2.
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Table 4-2. Results of bending test of elements for finger-jointing.

Species Density MOEy MOEwm
(Mg/m3) (GPa) (GPa)
Min 0.404 8.98 6.06
Spruce Max 0.555 16.5 18.4
AVE 0.488 13.0 12.8
Min 0.400 6.76 5.07
Pine Max 0.666 15.6 17.2
AVE 0.538 11.5 11.1

Notes; MOEy : MOE obtained by UTM, MOEy : MOE obtaind
by a manual method, AVE : Average value.
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Fig. 4-7. Relationships between density and MOEU, MOEM of spruce

elements for finger—jointing.
Notes ; MOEU : MOE obtained by UTM, MOEM : MOE obtained by a

manual method. ** : significant at 1% level
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Fig. 4-9. Relationships between MOEy and MOEym of spruce and pine

elements for finger—jointing.
Notes; MOEy, MOEy and ** : See note in Fig. 4-7.
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D(t) = 4bh *y(0)/Pa(3l *~4a ®)  (3)
oA7IA, P @ &k, 1 v =3, b ARHES F o FA, oy ¢ AZE ¢ ool
Aol o A .

Dc(t) = D(t) - D(0.008) (4)
o] 714, D(0.008) : A7t ¢ = 0.008hr(30s)ell YolA el e =Z 7 Zeo]d,

324 %
321 BAFEFA Y 2= FA
BARFA B A=z AP A4S Table 4-3~4-4] vhebla, 2 dEA<

AP E FAE Figs. 4-10~4-129] e
25 25 80
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2 L
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Fig. 4-10. Typical examples of creep curves for pine finger-jointed woods.
Notes: SP : Solid pine wood, S : 4.4mm of finger pitch, L : 6.8mm of finger pitch.
1.4 14 70
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12 12| MPU L 60 ¢ L
S
1 1 50|
::: 0.8 é‘f 08 :ﬂj 40|
S 06 % 06 é 30
56 0.4 Q 04} & 20 5
0.2 02 10
SS
0 0 , 0 A
32 0 1203 3 2 a0 1 2 3 3 2 a4 0 1 2 3
log ¢ (¢ in hr) log ¢ (¢ in hr) log ¢ (¢ in hr)

Fig. 4-11. Typical examples of creep curves for spruce finger-jointed woods.
Notes: SS : Solid spruce wood, S : 4.4mm of finger pitch, L : 6.8mm of finger pitch.
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Table 4-3. Results for bending creep performances of pine finger-jointed woods.

Type No Density D (0.008) D c(240) Relative creep
(Mg/m’) (10""'pa’t) (10"'pa’! (%)
Solid 1 0.451 9.70 2.20 22.7
3 0.547 7.99 1.23 15.4
4 0.569 6.60 1.10 16.7
AVE 0.518 8.10 1.51 18.3
SR 1 0.528 10.9 3.34 30.6
2 0.568 8.04 1.43 17.8
3 0.555 7.82 1.40 17.8
4 0.580 7.81 1.18 15.1
AVE 0.558 8.65 1.84 20.3
SM 1 0.518 9.88 2.84 28.7
3 0.573 6.81 2.09 30.7
4 0.584 6.76 0.971 14.4
AVE 0.541 7.82 1.97 24.6
LR 1 0.574 12.0 3.17 26.4
2 0.494 10.3 2.04 19.9
3 0.516 8.99 1.15 12.8
4 0.561 7.66 1.06 13.8
AVE 0.537 9.73 1.85 18.2
LM 1 0.546 12.1 2.55 21.1
2 0.492 10.8 1.80 16.6
3 0.505 9.54 1.35 14.2
4 0.663 8.57 1.12 13.1
AVE 0.552 10.3 1.71 16.3
SCH 1 0.455 11.6 creep fallure creep failure
2 0.527 9.86
3 0.490 10.4
4 0.608 8.06
AVE 0.520 9.98
PLCH 1 0.562 12.5
2 0.593 11.7
3 0.493 15.9
4 0.649 10.4
AVE 0.574 12.6

Notes : S : 4.4mm of finger pitch, L : 6.8mm of finger pitch, R : RFP,
M : MPU-500(AVU), CH : PVAc, D(0.008) : Initial compliance at 0.008hr,
D ¢(240) : Creep compliance at 240hr(D (240)-D (0.008)).
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Table 4-4. Results for bending creep performances of spruce finger-jointed woods.

Type No p D (0.008) D c(240) Relative creep
Mg/m’) (10"'Pa’") (107"'pa’) (%)
SS 1 0.419 9.34 2.24 23.9
2 0.449 7.97 0.995 12.5
3 0.521 6.36 0.741 11.6
4 0.519 6.55 0.766 11.7
AVE 0.477 7.56 1.18 14.9
SR 1 0.415 10.6 3.57 33.7
2 0.502 6.92 1.27 18.4
3 0.497 6.47 1.07 16.6
4 0.500 6.73 0.84 12.5
AVE 0.478 7.68 1.69 20.3
SM 1 0.452 8.66 2.81 32.5
2 0.473 7.50 1.12 14.9
3 0.527 7.36 1.30 17.7
4 0.508 6.43 0.84 13.1
AVE 0.490 7.49 1.52 19.6
LR 1 0.476 9.20 2.18 23.7
2 0.499 7.53 1.02 13.5
3 0.499 7.01 0.647 9.23
AVE 0.491 7.91 1.28 15.5
LM 1 0.502 10.9 3.16 29.1
2 0.503 8.94 1.44 16.1
3 0.511 7.50 1.18 15.7
0.529 6.66 0.683 10.3
AVE 0.511 8.49 1.62 17.8
SCH 1 0.501 9.63 creep failure creep failure
2 0.451 9.54 -
3 0.515 9.80
4 0.529 8.24
AVE 0.499 9.30
LCH 1 0.452 10.2
2 0.450 8.79
3 0.513 10.7
4 0.496 9.60
AVE 0.478 9.82

Notes ; S, L, R, M, D (0.008), D (240) : See note in Table 4-5.

Fig. 4-12. Typical examples of creep curves for finger—jointed timbers glued
with different kinds of adhesives .
Notes; SP : Solid pine wood, SS : Solid spruce wood, RPF
Resorcinol-phenol  formaldehyde, MPU(AVU) : Aqueous vinly
urethane, PVAc : Polyvinyl acetate.
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AFAA, N 2 AFS YeEbda, 25 §S Table 4-59 4-60] vepdich v
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Fig. 4-12. Double logarithm plots of creep deformation and time for typical
examples of each types of finger—jointed woods glued with
different kinds of adhesives .

Notes: 1 @ Solid wood, 2: 44mm(S)- RPF, 3 : 44mm(S)-MPU(AVU), 4 :

6.8mm(L)-RPF, 5 : 6.8mm(L)-MPU(AVU).
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Table 4-5. Values of constants N and A in the exponential regression equation between
creep deformation and time(D C(‘[)=AZN) for pine finger-jomted woods.

Type No N 40P R r
1 0.281 0.460 0.998 0999
Soid 2 0309 0.520 0.962 0981
3 0353 0219 0.949 0974
4 0.343 0.197 0.949 0974
AVE 032 0.349 0.965 0982
1 0.366 0515 0.969 0.984
R 2 0344 0253 0.956 0978
3 0334 0.258 0.878 0937
4 0.361 0.185 0914 0956
AVE 0351 0303 0.929 0964
1 0.364 0494 0.960 0980
M 2 0384 0.235 0932 0.966
3 0344 0.165 0.921 0.960
AVE 0364 0.208 0.938 0.968
1 0.365 0.488 0979 0.989
IR 2 0.306 0425 0.978 0989
3 0.281 0.26 0.679 0.824
4 0.383 0.151 0.898 0947
AVE 0334 032 0.883 0937
1 0.303 0499 0.992 0.9
M 2 0318 0.286 0.930 0964
3 0318 0.286 0.930 0964
4 0344 0.205 0.933 0966
AVE 0321 0319 0.946 0973

Notes ; S, L, R, M : See note in Fig.4-12.
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Table 4-6. Values of constants N and 4 in the exponential regression equation between

creep deformation and time(D c(t)=AtN) for spruce finger-jointed woods.

Type No N Ac10"'Pa’) R’ r
1 0.445 0.115 0.943 0.971
Solid 2 0.318 0.147 0.949 0.974
3 0.472 0.074 0.964 0.982
4 0.347 0.412 0.976 0.988
AVE 0.395 0.187 0.958 0.979
1 0.445 0.308 0.984 0.992
SR 2 0.318 0.249 0.969 0.984
3 0.328 0.194 0.963 0.981
4 0.377 0.123 0.969 0.984
AVE 0.367 0.218 0.971 0.986
1 0.357 0.384 0.960 0.980
- 2 0.319 0.235 0.938 0.968
3 0.471 0.104 0.906 0.952
4 0.389 0.122 0.935 0.967
AVE 0.384 0.211 0.935 0.967
1 0.330 0.347 0.936 0.967
LR 2 0.358 0.166 0.966 0.983
3 0.413 0.081 0.963 0.981
AVE 0.367 0.206 0.955 0.977
1 0.403 0.390 0.976 0.988
M 2 0.337 0.265 0.946 0.973
3 0.418 0.133 0.977 0.988
4 0.447 0.099 0.882 0.939
AVE 0.401 0.222 0.945 0.972

Notes ; S, L, R, M : See note in Table 4-5.
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Fig. 4-14. Effect of finger pitch on initial and creep compliance.
Legend : M : Initial creep compliance at 0.008hr(D(0.008))-RPA(RPF)
@ : Initial creep compliance at 0.008hr(D(0.008))-MPU(AVU),

[1 : Creep compliance except for initial creep compliance at
240hr(D.(240)(D(240-D(0.008))-RPF,
O : Creep compliance except for initial creep compliance at

240hr(D.(240)(D(240-D(0.008))-AVU.
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Fig. 4-15. Ratio of creep compliance of finger—jointed woods versus solid
woods.
Legend : See legend in Fig. 4-14.
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Fig. 4-16. Relation between relative creep and finger pitch.
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o AEH(FE) 32009/AFo] X 15A}0] 48,000
o Q17H] 1 700090 /A17kx2 14,000
o AR 2,000
o 7z 500
o H-Oj7n] 1,500
o {=ol¢] 8,000
g A 74,000
-Note: 32 : 2100mm(H) x 900mm(W)x 150mm(T), (&7 54mm)
Table 5-2 4 &3 FEE AL 0E) (s 9)
o AEFEA AL 66,000
o AlgH]
shck 3,000
22 A 1,000
o A8 1,000
o Q7M1 7000 /A1 7E<1.5 10,500
o =o]9] 8,000
3 A 89,500
Table 5-3 JIAELE BAHFHAE) (9]
)
o AlgH]
- AE(HZ) 1000/A0] x17 17,000
- J#A 2700 2,700
o 917N : 70009 /A1 ZFX2.5 17,500
o AR 4,000
o St 1,500
o Z7HAZH] 1,500
o ol9] 8,000
3 A 52,200
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Table 5-4 JA}FEE A HH0E

(291 © )

° AAAEEHA 44,200
o A1 &.H]

- shgea 3,000

- AAA 1,000

o Q7M1 7000 /A1 7E<1.5 10,500

o A7E 5,000

o F-T 7] 1,500

o Z7HAZH] 1,500

o =o]9] 8,000

g Al 74,700

Table 5-5 HJJAAHEE AAMAAE) (9l - 9)
c HATE7HA 44,200
o AFH]
- YE(FAE) 32009/Ak0] < 4 12,800
- A=A 2700/kg X 2 5,400
o O17H] 1 70009 /A 7F*2 14,000
o AR 1,000
o Z7RZ] 2,000
o ol 8,000
& A 87,400
Table 5-6 *IJA}FEE AAMAAE) (9 = 9
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Fig. 6-1. Typical examples of creep compliance of finger—jointed

woods with different finger pitches under 30%RH.

Notes; PS: Pine solid wood, PSR: Pine-4.4mm(S)-RPF, PLR: Pine-
6.8mm(L)-RPF, PSA: Pine- 4.4mm(S)-AVU, PLA: Pine-
6.8mm(L)-AVU, SS: Spruce solid wood, SSR: Spruce-
4.4mm(S)-RPF, SLR: Spruce-6.8mm(L)-RPF, SSA: Spruce-
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4.4mm(S)-AVU, SLA: Spruce-6.8mm(L)-AVU.
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Fig. 6-2. Typical examples of creep compliance of finger—jointed

woods with different finger pitches under 65% RH.

Notes; PS, PSR, PLR, PSA, PLA, SS, SSR, SLR, SSA and SLA: See
note in Fig. 6-1.

Fig. 6-3. Typical examples of creep compliance of finger—jointed

woods with different fingerpitches under 85%RH.

Notes; PS, PSR, PSA, PLR, PLA, SS, SSR, SSA, SLR and SLA: See
note in Fig. 6-1.

Fig. 6-4. Typical examples of creep compliance of finger—jointed
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Notes; PS, PSR, PSA, PLR, PLA, SS, SSR, SSA, SLR and SLA: See
note in Fig. 6-1.

Fig. 6-5. Typical examples of creep compliance of finger—jointed

woods with different adhesives under 65%RH.

Notes; PS, PSR, PLR, PSA, PLA, SS, SSR, SLR, SSA and SLA: See
note in Fig. 6-1.

Fig. 6-6. Typical examples of creep compliance of finger—jointed

woods with different adhesives under 85%RH.

Notes; PS, PSR, PLR, PSA, PLA, SS, SSR, SLR, SSA and SLA: See
note in Fig. 6-1.
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Fig. 6-7. Typical examples of creep curves of pine and spruce solid
woods under humidity changes.
Notes; 30%, 65% and 80% mean relative humidity during creep test.
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Fig. 6-8. Typical examples of creep curves of PSR and SSR finger-
jointed woods under humidity changes.
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Fig

. 6-9. Typical examples of creep curves of PSA and SSA finger-
jointed woods under humidity changes.
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Notes; PSA, SSA: See note in Fig. 6-1.
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Fig. 6-10. Typical examples of creep curves of PLR and SLR finger-
jointed woods under humidity changes.

Notes; PLR, SLR :

See note in Fig.

6-1.
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Fig. 6-11. Typical examples of creep curves of PLA and SLA finger-
jointed woods under humidity changes.
Notes; PLA, SLA: See note in Fig. 6-1.
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Fig. 6-12. Double logarithm plot of creep deformation and time for
typical examples of each type of finger—jointed woods
under 30% RH
Notes; 1: PS, 2: PSR, 3: PSA, 4: PLR, 5: PLA, 6: SS, 7: SSR, 8: SLR,
9: SLR, 10: SLA.
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Table 6-1. Values of constants N and A in the exponential regression

equation between creep compliance and time (DJ(t)=At") for pine
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finger—jointed woods under 30% relative humidity.

Type NO N A(10""'Pa™ R r
PS 1 0.418 0.545 0.995 0.998
2 0.377 0.196 0.996 0.998
3 0.367 0.132 0.991 0.996
AVE 0.387 0.291 0.994 0.997
SD 0.0 0.2 0.0 0.0
CV(%) 5.8 62.4 0.2 0.1
PSR 1 0.405 0.450 0.997 0.998
2 0.341 0.311 0.990 0.995
3 0.358 0.175 0.996 0.998
AVE 0.368 0.312 0.994 0.997
SD 0.0 0.1 0.0 0.0
CV(%) 7.4 36.0 0.3 0.2
PSA 1 0.417 0.372 0.995 0.997
2 0.358 0.306 0.994 0.997
3 0.368 0.169 0.994 0.997
AVE 0.381 0.282 0.994 0.997
SD 0.0 0.1 0.0 0.0
CV(%) 6.8 29.9 0.0 0.0
PLR 1 0.424 0.407 0.995 0.997
2 0.377 0.307 0.99 0.995
3 0.369 0.212 0.990 0.995
AVE 0.390 0.309 0.991 0.996
SD 0.0 0.1 0.0 0.0
CV(%) 6.3 25.9 0.2 0.1
PLA 1 0.430 0.385 0.992 0.996
2 0.384 0.285 0.994 0.997
3 0.408 0.168 0.995 0.997
AVE 0.407 0.279 0.994 0.997
SD 0.0 0.1 0.0 0.0
CV(%) 4.7 31.8 0.1 0.1

Notes; PS, PSR, PSA, PLR and PLA are the same as in Fig. 6-1.

Table 6-2. Values of constants N and A in the exponential regression
equation between creep compliance and time (D.(t)=AfY) for spruce

finger—jointed woods under 30% relative humidity.
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Type NO N A(lO'”Pa'l) R r

SS 1 0.408 0.224 0.997 0.999
2 0.400 0.145 0.992 0.996
3 0.362 0.225 0.993 0.996
AVE 0.390 0.198 0.994 0.997
SD 0.0 0.0 0.0 0.0
CV(%) 5.1 18.9 0.2 0.1
SSR 1 0.425 0.313 0.997 0.998
2 0.422 0.167 0.986 0.993
3 0.362 0.233 0.996 0.998
AVE 0.403 0.238 0.993 0.997
SD 0.0 0.1 0.0 0.0
CV(%) 7.1 25.0 0.5 0.2
SSA 1 0.485 0.238 0.993 0.997
2 0.386 0.221 0.989 0.995
3 0.379 0.222 0.996 0.998
AVE 0.416 0.227 0.993 0.996
SD 0.0 0.0 0.0 0.0
CV(%) 11.7 3.3 0.3 0.1
SLR 1 0.461 0.316 0.995 0.997
2 0.412 0.192 0.993 0.996
3 0.411 0.191 0.996 0.998
AVE 0.428 0.233 0.994 0.997
SD 0.0 0.1 0.0 0.0
CV(%) 5.5 25.1 0.1 0.1
SLA 1 0.523 0.224 0.994 0.997
2 0.462 0.145 0.986 0.993
3 0.397 0.225 0.990 0.995
AVE 0.461 0.198 0.990 0.995
SD 0.1 0.0 0.0 0.0
CV(%) 11.2 18.9 0.4 0.2

Note; SS, SSR, SSA, SLR and SLA are the same as in Fig. 6-1.
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Fig. 6-13. Double logarithm plot of creep deformation and time for
typical examples of each type of finger—jointed woods
under 65% RH.
Notes; 1: PS, 2: PSR, 3: PSA, 4: PLR, 5: PLA, 6: SS, 7: SSR, 8: SLR,
9: SLR, 10: SLA.
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Table 6-3. Values of constants N and A in the exponential regression
equation between creep compliance and time (Dc(£)=A{") for pine

finger—jointed woods under 65% relative humidity.

Type NO N A00""Pa™ R r
PS 1 0.264 0.469 0.997 0.998
2 0.277 0.229 0.985 0.992
3 0.252 0.221 0.994 0.997
AVE 0.264 0.3006 0.992 0.996
SD 0.0 0.1 0.0 0.0
CV(%) 3.8 37.6 0.5 0.3
PSR 1 0.313 0.679 0.999 0.999
2 0.323 0.337 0.996 0.998
3 0.283 0.225 0.994 0.997
AVE 0.306 0.414 0.996 0.998
SD 0.0 0.2 0.0 0.0
CV(%) 5.5 46.6 0.2 0.1
PSA 1 0.302 0.372 0.997 0.998
2 0.295 0.306 0.996 0.998
3 0.244 0.169 0.999 1.000
AVE 0.280 0.282 0.997 0.999
SD 0.0 0.1 0.0 0.0
CV (%) 9.2 29.9 0.1 0.1
PLR 1 0.320 0.504 0.986 0.993
2 0.292 0.247 0.993 0.996
3 0.309 0.195 0.986 0.993
AVE 0.307 0.315 0.988 0.994
SD 0.0 0.1 0.0 0.0
CV (%) 3.7 42.8 0.3 0.2
PLA 1 0.295 0.615 0.997 0.999
2 0.279 0.356 0.998 0.999
3 0.295 0.220 0.998 0.999
AVE 0.290 0.397 0.998 0.999
SD 0.0 0.2 0.0 0.0
CV(%) 2.7 41.3 0.0 0.0

Notes; PS, PSR, PSA, PLR and PLA are the same as in Fig. 6-1.
Table 6-4. Values of constants N and A in the exponential regression

equation between creep compliance and time (D(£)=Af"Y) for spruce
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finger—jointed woods under 65% relative humidity.

Type NO N A(10""'Pa™ R’ r
SS 1 0.296 0.422 0.994 0.997
2 0.285 0.252 0.985 0.993
3 0.217 0.372 0.978 0.989
AVE 0.266 0.349 0.986 0.993
SD 0.0 0.1 0.0 0.0
CV (%) 13.2 20.5 0.7 0.3
SSR 1 0.314 0.379 0.991 0.995
2 0.354 0.189 0.968 0.984
3 0.280 0.255 0.980 0.990
AVE 0.316 0.274 0.980 0.990
SD 0.0 0.1 0.0 0.0
CV (%) 9.6 28.8 1.0 0.5
SSA 1 0.282 0.490 0.985 0.992
2 0.317 0.202 0.949 0.974
3 0.351 0.158 0.972 0.986
AVE 0.317 0.283 0.969 0.984
SD 0.0 0.1 0.0 0.0
CV (%) 8.8 51.9 1.5 0.8
SLR 1 0.315 0.497 0.986 0.993
2 0.321 0.279 0.992 0.996
3 0.290 0.243 0.994 0.997
AVE 0.309 0.340 0.991 0.995
SD 0.0 0.1 0.0 0.0
CV (%) 4.4 32.9 0.4 0.2
SLA 1 0.315 0.465 0.988 0.994
2 0.313 0.324 0.997 0.999
3 0.282 0.286 0.987 0.994
AVE 0.304 0.358 0.991 0.995
SD 0.0 0.1 0.0 0.0
CV (%) 5.0 21.5 0.5 0.2

Note; SS, SSR, SSA, SLR and SLA are the same as in Fig. 6-1.
0.9959] Hlell AT

Fig. 6-14. Double logarithm plot of creep deformation and time for
typical examples of each type of finger—jointed woods
under 85%RH.
Notes; 1: PS, 2: PSR, 3: PSA, 4: PLR, 5: PLA, 6: SS, 7: SSR, 8: SLR,
9: SLR, 10: SLA.
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Table 6-5. Values of constants N and A in the exponential regression

equation between creep compliance and time (D.(t)=A¢Y) for red pine

finger—jointed woods under 85% relative humidity.
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Type NO N A(10""Pa™) R’ r

PS 1 0.385 2.64 0.941 0.970
0.259 1.22 0.996 0.998

3 0.372 0.706 0.997 0.999

AVE 0.339 1.52 0.978 0.989

SD 0.06 0.82 0.03 0.01

CV (%) 16.65 53.85 2.68 1.35

PSR 1 0.368 1.91 0.951 0.975
2 0.266 1.43 0.993 0.997

3 0.331 0.809 0.998 0.999

AVE 0.322 1.38 0.981 0.990

SD 0.04 0.45 0.02 0.01

CV (%) 13.08 32.50 2.17 1.09

PSA 1 0.368 1.87 0.955 0.977
2 0.265 1.66 0.996 0.998

3 0.330 0.723 0.998 0.999

AVE 0.321 1.42 0.983 0.991

SD 0.04 0.50 0.02 0.01

CV (%) 13.28 35.20 1.99 1.00

PLR 1 0.376 1.57 0.952 0.976
2 0.249 1.10 0.978 0.989

3 0.341 0.619 0.995 0.998

AVE 0.322 1.10 0.975 0.987

SD 0.05 0.39 0.02 0.01

CV (%) 16.59 35.41 1.83 0.91

PLA 1 0.365 1.82 0.949 0.974
2 0.257 1.03 0.993 0.996

3 0.335 0.543 0.993 0.996

AVE 0.319 1.13 0.978 0.989

SD 0.05 0.53 0.02 0.01

CV (%) 14.25 46.50 2.11 1.06

Notes; R” : Determination coefficient, r correlation coefficient, PS, PSR, PSA,
PLR and PLA are the same as in Fig. 6-1.

Table 6-6. Values of constants N and A in the exponential regression
equation between creep compliance and time (D(t)=Af") for spruce

finger—jointed woods under 85% relative humidity.
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Type NO N A4(10""Pa™ R’ r

SS 1 0.377 .11 0.940 0.970
0.222 1.08 0.990 0.995
3 0.400 0.467 0.988 0.994
AVE 0.333 0.886 0.973 0.986
SD 0.1 0.3 0.0 0.0
CV(%) 23.8 33.5 2.4 1.2
SSR 1 0.380 1.11 0.932 0.965
2 0.253 1.30 0.996 0.998
3 0.380 0.729 0.996 0.998
AVE 0.338 1.05 0.975 0.987
SD 0.1 0.2 0.0 0.0
CV(%) 17.8 22.7 3.1 1.6
SSA 1 0.394 0.991 0.941 0.970
2 0.254 1.20 0.995 0.998
3 0.392 0.444 0.990 0.995
AVE 0.346 0.877 0.975 0.987
SD 0.1 0.3 0.0 0.0
CV(%) 18.9 36.2 2.5 1.3
SLR 1 0.382 1.14 0.944 0.972
2 0.256 1.08 0.996 0.998
3 0.346 0.723 0.993 0.996
AVE 0.328 0.978 0.978 0.989
SD 0.1 0.2 0.0 0.0
CV(%) 16.1 18.6 2.4 1.2
SLA 1 0.380 1.01 0.955 0.977
2 0.231 1.37 0.993 0.996
3 0.338 0.935 0.993 0.996
AVE 0.316 1.11 0.980 0.990
SD 0.1 0.2 0.0 0.0
CV(%) 19.9 17.2 1.8 0.9

Notes; R® : Determination coefficient, r: correlation coefficient, SS, SSR,
SSA, SLR and SLA are the same as in Fig. 6-1.
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Table 6-7. Results of bending creep test for pine finger—jointed woods under

309 relative humidity

Type No Density D(0.008) D.(240) Relative creep
Mg/m®)  (10"'Pa") (10"'Pa™) (%)
1 0.541 10.2 5.09 50.0
PS 2 0.589 6.39 1.52 23.9
3 0.631 5.64 0.943 16.7
AVE 0.587 7.41 2.52 34.0
SD 0.0 1.7 1.6 12.5
CV 6.3 23.3 63.1 36.7
1 0.510 9.54 3.95 41.4
PSR 2 0.516 8.67 2.00 23.0
3 0.597 6.76 1.19 17.6
AVE 0.541 8.32 2.38 28.6
SD 0.0 1.0 1.0 8.8
CV 7.4 12.1 42.2 30.9
1 0.498 8.39 3.46 41.3
PSA 2 0.499 8.77 2.16 24.7
3 0.628 7.05 1.22 17.3
AVE 0.541 8.07 2.28 28.3
SD 0.1 0.6 0.8 8.7
CV 11.3 7.9 34.9 30.7
1 0.513 8.96 3.96 44.1
PLR 2 0.513 8.34 2.38 28.5
3 0.578 7.16 1.52 21.2
AVE 0.534 8.16 2.62 32.1
SD 0.0 0.6 0.9 8.3
CV 5.7 7.9 33.4 25.9
1 0.514 8.30 3.80 45.8
PLA 2 0.516 8.43 2.30 27.3
3 0.573 6.91 1.48 21.4
AVE 0.534 7.88 2.53 32.1
SD 0.0 0.6 0.8 9.0
CV 5.1 7.5 33.0 28.1

Notes; PS, PSR, PSA, PLR and PLA are the same as in Fig. 6-1.

Table 6-8. Results of bending creep test for spruce finger—jointed woods
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under 30% relative humidity.

Type No Density D(0.008) D.(240) Relative creep
Mg/m’)  (10"'Pay (10"'Pa™) (%)
1 0.431 7.22 3.19 44.1
SS 2 0.424 7.42 1.85 24.9
3 0.427 7.96 1.75 22.0
AVE 0.427 7.54 2.26 30.0
SD 0.0 0.3 0.6 8.5
CV(%) 0.6 3.6 25.1 28.3
1 0.423 8.12 3.06 37.7
SSR 2 0.433 7.17 1.70 23.7
3 0.465 7.64 1.61 21.0
AVE 0.440 7.64 2.12 27.8
SD 0.0 0.3 0.6 6.3
CV 4.1 4.4 27.1 22.8
1 0.418 7.82 3.09 39.5
SSA 2 0.452 7.12 1.93 27.1
3 0.443 8.46 1.77 21.0
AVE 0.438 7.80 2.27 29.0
SD 0.0 0.5 0.5 6.7
CV 3.3 6.1 22.5 23.0
1 0.439 8.19 3.71 45.4
SLR 2 0.427 7.66 1.86 24.3
3 0.414 8.30 1.74 21.0
AVE 0.427 8.05 2.44 30.3
SD 0.0 0.2 0.8 9.3
CV 2.4 3.0 32.1 30.9
1 0.426 7.93 3.65 46.0
SLA 2 0.450 7.38 1.85 25.0
3 0.427 8.06 1.90 23.6
AVE 0.434 7.79 2.46 31.6
SD 0.0 0.3 0.7 8.9
CV 2.5 3.2 29.4 28.1

Note; SS, SSR, SSA, SLR and SLA are the same as in Fig. 6-1.

Table 6-9. Results of bending creep test for pine finger—jointed woods under

65% relative humidity.
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Type No Density D(0.008) D.(240) Relative creep

(Mg/m?) (10"'Pay (10"''Pa (%)

1 0.490 8.90 1.91 21.5

PS 2 0.535 7.32 1.03 14.1
3 0.643 5.55 0.86 15.6

AVE 0.556 7.26 1.27 17.5

SD 0.1 1.2 0.4 2.8

Ccv 11.6 16.4 31.3 15.7

1 0.477 10.58 3.71 35.1

PSR 2 0.516 8.98 1.94 21.6
3 0.532 6.75 1.05 15.5

AVE 0.508 8.77 2.24 25.5

SD 0.0 1.4 1.0 7.1

Y% 4.6 15.5 42.9 27.9

1 0.523 9.05 2.33 25.8

PSA 2 0.530 8.95 1.88 21.0
3 0.601 8.22 1.83 22.2

AVE 0.551 8.74 2.01 23.0

SD 0.0 0.3 0.2 1.8

Y% 6.4 3.7 9.8 7.6

1 0.491 8.59 2.70 31.4

PLR 2 0.523 7.85 1.21 15.4
3 0.583 7.12 1.05 14.7

AVE 0.533 7.85 1.65 21.0

SD 0.0 0.5 0.6 6.7

CcV 7.2 6.6 38.9 31.8

1 0.519 9.80 2.94 30.1

PLA 2 0.542 8.64 1.64 19.0
3 0.558 7.12 1.10 15.5

AVE 0.539 8.52 1.90 22.3

SD 0.0 0.9 0.7 5.4

CcV 3.0 11.1 35.3 24.2

Notes; PS, PSR, PSA, PLR and PLA are the same as in Fig. 6-1.

Table 6-10. Results of bending creep test for spruce finger—jointed woods

under 65% relative humidity.
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Type No Density D(0.008) D.(240) Relative creep

(Mg/m?) (10"'pay (10"'Pa™h (%)

1 0.423 8.38 3.19 38.0

SS 2 0.419 7.53 1.85 24.5
3 0.445 7.09 1.75 24.7

AVE 0.429 7.67 2.26 29.5

SD 0.0 0.5 0.6 5.5

CcV 2.7 6.0 25.1 18.5

1 0.442 7.53 1.99 26.4

SSR 2 0.436 7.10 1.29 18.2
3 0.455 7.50 1.20 15.9

AVE 0.444 7.38 1.49 20.2

SD 0.0 0.2 0.3 3.9

CcV 1.7 2.3 20.4 19.2

1 0.441 7.68 2.11 27.5

SSA 2 0.444 731 1.23 16.9
3 0.443 7.60 1.05 13.8

AVE 0.443 7.53 1.46 19.4

SD 0.0 0.1 0.4 5.1

CcV 0.3 1.8 27.4 26.1

1 0.437 9.11 2.52 27.7

SLR 2 0.444 8.16 1.66 20.3
3 0.430 8.20 1.16 14.2

AVE 0.437 8.49 1.78 21.0

SD 0.0 0.4 0.5 4.8

CV 1.3 45 27.3 22.8

1 0.446 8.71 2.39 27.5

SLA 2 0.419 8.53 1.81 21.2
3 0.428 8.14 1.33 16.4

AVE 0.431 8.46 1.84 21.8

SD 0.0 0.2 0.4 3.9

CcV 2.6 2.4 20.3 18.0

Note; SS, SSR, SSA, SLR and SLA are the same as in Fig. 6-1.

Table 6-11. Results of bending creep test for pine finger—jointed woods

under 85% relative humidity.
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Type No Density D(0.008) D.(240)  Relative creep

Mg/m®)  (10"'Pa) (10"'Pa™) (%)

1 0.487 11.67 17.62 151.0

PS 2 0.475 8.09 5.06 62.6
3 0.485 6.33 5.40 85.3

AVE 0.482 8.70 9.36 107.6

SD 0.0 1.9 5.1 327

Ccv 1.1 22.1 54.1 30.4

1 0.529 11.10 11.87 106.9

PSR 2 0.514 9.48 5.99 63.2
3 0.611 7.30 5.10 69.8

AVE 0.551 9.30 7.65 82.3

SD 0.0 1.3 2.6 16.7

Ccv 7.8 14.5 34.0 20.3

1 0.562 10.84 11.59 107.0

PSA 2 0.531 10.79 6.96 64.5
3 0.608 6.74 4.48 66.5

AVE 0.567 9.46 7.68 81.2

SD 0.0 1.7 2.6 17.0

&Y% 5.6 17.6 33.3 20.9

1 0.495 10.33 10.20 98.8

PLR 2 0.549 8.91 4.21 47.2
3 0.626 6.94 4.24 61.1

AVE 0.557 8.73 6.22 71.3

SD 0.1 1.2 2.4 18.9

&Y% 9.7 13.8 39.2 26.5

1 0.517 10.64 11.18 105.1

PLA 2 0.539 8.41 4.11 48.9
3 0.602 7.05 3.71 52.6

AVE 0.553 8.70 6.33 72.8

SD 0.0 1.3 3.0 223

Ccv 6.5 14.7 46.9 30.6

Notes; PS, PSR, PSA, PLR and PLA are the same as in Fig. 6-1.

Table 6-12. Results of bending creep test for spruce finger—jointed woods

under 85% relative humidity.
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Type No Density D(0.008) D.(240) Relative creep

(Mg/m?) (10'Pa) (10''Pa™) (%)

1 0.531 9.07 7.23 79.7

SS 2 0.516 8.15 3.72 45.6
3 0.586 7.80 4.66 59.7

AVE 0.545 8.34 5.20 62.4

SD 0.0 0.5 1.3 12.1

Ccv 5.5 5.6 24.7 19.4

1 0.440 8.71 7.34 84.3

SSR 2 0.433 8.84 5.20 58.8
3 0.416 8.10 5.90 72.9

AVE 0.430 8.55 6.15 71.9

SD 0.0 0.3 0.8 9.0

Ccv 2.4 3.3 12.6 12.6

1 0.457 9.09 7.14 78.6

SSA 2 0.438 9.01 4.91 54.6
3 0.442 7.86 4.09 52.0

AVE 0.446 8.65 5.38 62.2

SD 0.0 0.5 1.1 10.4

Ccv 1.8 5.6 20.8 16.7

1 0.438 9.31 7.58 81.4

SLR 2 0.432 9.16 428 46.7
3 0.424 8.24 5.17 62.8

AVE 0.431 8.90 5.67 63.7

SD 0.0 0.4 1.2 12.3

Ccv 1.4 4.6 21.3 19.3

1 0.436 9.13 6.83 74.9

SLA 2 0.439 8.36 4.84 58.0
3 0.438 9.15 6.30 68.8

AVE 0.438 8.88 5.99 67.5

SD 0.0 0.3 0.7 6.0

Ccv 0.3 3.6 12.1 9.0

Note; SS, SSR, SSA, SLR and SLA are the same as in Fig. 6-1.

Fig. 6-15. Effect of finger pitches on creep compliance of each type of
pine finger—jointed woods under various relative humidity.
Notes; PS, PSR, PSA, PLR and PLA are the same as in Fig. 6-1.
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Fig. 6-16. Effect of finger pitches on creep compliance of each type of
spruce finger—jointed woods under various relative humidity.

Notes; SS, SSR, SLR, SLR and SLA are the same as in Fig. 6-1.
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Fig. 6-18. Effect of adhesives on creep compliance of each type of
Spruce finger-jointed woods wunder various relative
humidity.
Notes; SS, SSR, SSA, SLR and SLA are the same as in Fig. 6-1.
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Fig. 6-19. Effect of finger pitches on relative creep of each type of
red pine finger—jointed woods under various relative
humidity.
Notes; PS, PSR, PSA, PLR, PLA, SS, SSR, SSA, SLR and SLA are
the same as in Fig. 6-1.
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Fig. 6-20. Effect of adhesives on relative creep of each type of red

pine finger—jointed woods under various relative humidity.
Notes; PS, PSR, PSA, PLR, PLA, SS, SSR, SSA, SLR and SLA are
the same as in Fig. 6-1.
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woods under 85%RH.

Notes; PS : Pine solid wood, SS: Spruce solid wood.
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Pine Spruce

Type No SW (%) SWe(%)
R T R T
1 1.92 3.53 1.71 3.11
2 1.87 3.74 1.45 2.69
Solid wood 3 2.39 3.89 0.93 2.44
AVE 2.06 3.72 1.37 2.75
SD 0.2 0.1 0.3 0.3
CV 11.3 4.0 23.8 10.1
1 1.93 2.61 1.47 2.56
2 1.77 2.71 1.77 2.29
SR 3 2.45 2.86 1.47 2.19
AVE 2.05 2.73 1.57 2.35
SD 0.3 0.1 0.1 0.2
CV 14.2 3.9 9.1 6.6
1 1.20 3.22 1.93 3.03
2 2.62 3.08 2.04 2.49
SA 3 2.25 3.38 1.82 2.50
AVE 2.03 3.23 1.93 2.68
SD 0.6 0.1 0.1 0.3
CV 29.7 3.7 4.7 1.3
1 1.41 2.87 1.42 2.56
2 1.63 2.24 1.61 2.51
LR 3 1.80 2.46 1.44 2.09
AVE 1.61 2.52 1.49 2.38
SD 0.2 0.3 0.1 0.2
CV 9.9 10.3 5.8 8.9
1 1.77 2.93 1.88 2.92
2 1.41 2.76 1.16 2.91
LA 3 1.35 2.38 1.88 3.08
AVE 1.51 2.69 1.64 2.97
SD 0.2 0.2 0.3 0.1
CV 12.3 8.5 20.6 2.7

Note : R @ Radial direction, T : Tangential direction.

2.2.2 85%RHO A 2U% 9 2z~ FAAGAY A2AH] g B8

= ik

Fig. 6-22. Swelling efficient (SWg) changes of PSR, PSA, PLR, and

PLA finger-jointed woods under 852%RH.

Notes; PSR: Pine-4.4mm(S)-RPF, PSA: Pine-4.4mm(S)-AVU,

PLR: Pine-6.8mm(L)-RPF, PLA: Pine-6.8mm(L)-AVU.
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Fig. 6-23. Swelling efficient (SWg) changes of SSR, SSA, SLR and
SLA finger—jointed woods under 85%RH.
Notes; SSR: Spruce-4.4mm(S)-RPF, SSA: Spruce-4.4mm(S)-AVU,
SLR: Spruce-6.8mm(L)-RPF, SLA: Spruce-6.8mm(L)-AVU.
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Fig. 6-24. Shrinkage efficient (SHx) changes of pine and spruce
solid woods under 85%RH.
Notes; PS : Pine solid wood, SS: Spruce solid wood.
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Table 6-14. Shrinkage efficient (SHg) of non treated solid and finger—jointed
woods under 65%RH.
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Pine Spruce

Type No SH (%) SH (%)
R T R T
1 1.42 2.36 1.22 2.40
2 1.63 2.65 1.27 2.69
Solid wood 3 2.11 3.08 1.37 2.31
AVE 1.72 2.70 1.29 2.47
SD 0.3 0.3 0.1 0.2
CV 17.4 11.1 7.76 8.11
1 1.98 2.57 1.38 2.18
1.58 2.22 1.49 2.14
SR 3 2.02 2.66 1.58 2.77
AVE 1.86 2.48 1.48 2.36
SD 0.2 0.2 0.1 0.3
CV 10.8 8.05 6.75 12.7
1 1.53 2.56 1.58 2.47
1.69 2.26 1.49 2.61
SA 3 2.52 3.25 1.78 2.97
AVE 1.91 2.69 1.62 2.68
SD 0.4 0.4 0.1 0.2
CV 20.9 14.9 6.19 1.05
1 1.63 2.41 1.38 3.20
1.49 3.29 1.49 2.02
LR 3 1.97 2.90 1.71 2.13
AVE 1.70 2.87 1.53 2.45
SD 0.2 0.4 0.1 0.5
CV 11.8 13.9 6.54 20.4
1 1.53 2.61 1.48 2.41
1.78 2.72 1.59 2.26
LA 3 1.99 3.44 1.55 2.93
AVE 1.77 2.93 1.54 2.54
SD 0.2 0.4 0.0 0.3
CV 11.3 13.7 0.00 11.8

Note : R : Radial direction, T : Tangential direction. .
2.24 85%RHA A AYUfF @ 222 JPAHIAY AZHAF A E +5

=3 3}

Fig. 6-25. Shrinkage efficient (SHg) changes of PSR, PSA, PLR
and PLA finger—jointed woods under 85%RH.
Notes; PSR, PSA, PLR and PLA are the same as in Fig.6-22.
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Fig. 6-26. Shrinkage efficient (SHg) changes of SSR, SSA, SLR
and SLA finger—jointed woods under 85%RH.
Notes; SSR, SSA, SLR and SLA are the same as in Fig. 6-23.
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solid woods treated with a perilla oil under 85%RH.

Fig. 6-27. Swelling efficient (SWg) changes of pine and spruce

Notes; PS : Pine solid wood, SS: Spruce solid wood.
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Table 6-15. Swelling efficient (SWg) of solid and finger—jointed woods

treated with a perilla oil under 85%RH.
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Pine Spruce

Type No SW (%) SW (%)
R T R T
1 2.59 2.58 2.06 3.07
2.44 2.68 2.01 2.66
Solid wood 3 2.17 3.37 2.14 1.66
AVE 2.40 2.88 2.07 2.46
SD 0.2 0.3 0.1 0.6
CV 8.3 10.4 4.8 24.4
1 1.06 2.01 2.06 2.49
2.10 2.55 2.35 3.02
SR 3 1.48 3.00 2.07 2.58
AVE 1.55 2.52 2.30 2.56
SD 0.4 0.4 0.1 0.2
CV 25.9 15.9 4.3 7.8
1 2.38 1.98 2.14 2.69
1.79 2.88 2.17 2.95
SA 3 1.21 2.90 2.34 2.95
AVE 1.79 2.58 2.21 2.86
SD 0.5 0.4 0.1 0.1
CV 27.9 15.5 4.5 0.5
1 1.72 2.23 1.56 2.34
1.67 3.10 2.18 2.65
LR 3 1.56 2.54 1.92 2.80
AVE 1.65 2.62 1.89 2.60
SD 0.1 0.4 0.3 0.2
CV 6.1 15.3 15.9 7.7
1 1.09 1.76 1.72 3.21
2.43 2.01 2.22 2.95
LA 3 1.82 2.99 2.41 2.43
AVE 1.78 2.25 2.12 2.87
SD 0.5 0.5 0.3 0.3
CV 28.1 22.2 14.2 10.5

Note : R : Radial direction, T : Tangential direction.
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Fig. 6-28. Swelling efficient (SWg) changes of PSR, PSA, PLR and PLA
finger—jointed woods treated with a perilla oil under 85%RH.

Notes; PSR, SPA, PLR and PLA are the same as in Fig.6-22.
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Fig. 6-29. Swelling efficient (SWg) changes of SSR, SSA, SLR and SLA
finger—jointed woods treated with a perilla oil under 85%RH.

Notes; SSR, SSA, SLR and SLA are the same as in Fig. 6-23.
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Fig. 6-30. Swelling efficient (SWg) changes of pine and spruce
solid woods treated with an oil lacquer under 85%RH.

Notes; PS @ Pine solid wood, SS: Spruce solid wood.
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Table 6-16. Shrinkage efficient (SWg) of solid and finger—jointed woods

treated with a perilla oil under 65%RH.
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Pine Spruce

Type No SH (%) SH (%)
R T R T
1 2.11 1.90 1.45 2.10
1.76 1.80 1.29 1.89
Solid wood 3 1.30 2.20 1.29 0.819
AVE 1.72 1.97 1.34 1.60
SD 0.3 0.3 0.1 0.6
CV 17.4 15.3 7.4 37.5
1 0.785 1.45 1.60 1.87
1.79 1.72 1.53 2.23
SR 3 1.09 2.00 1.42 1.65
AVE 1.22 1.72 1.61 1.83
SD 0.4 0.2 0.1 0.2
CcvV 32.7 11.6 6.2 11.0
1 1.43 1.67 1.23 1.77
1.44 2.55 1.35 1.97
SA 3 1.53 1.91 1.47 1.96
AVE 1.47 2.04 1.35 1.90
SD 0.0 0.4 0.1 0.1
CV 0.0 19.6 7.4 0.5
1 0.768 0.969 0.974 1.58
1.36 1.42 1.37 1.77
LR 3 1.22 1.61 1.22 1.87
AVE 1.12 1.33 1.19 1.74
SD 0.3 0.3 0.2 0.1
CV 26.8 22.5 16.8 5.8
1 0.618 1.27 1.33 2.36
1.55 1.24 1.57 2.16
LA 3 1.12 2.15 1.69 1.72
AVE 1.10 1.56 1.53 2.08
SD 0.4 0.4 0.1 0.3
CV 36.5 25.7 6.5 14.4

Note : R : Radial direction, T : Tangential direction. )
19 6-31 % Table 6-16°] gF7t=dA 2 LAUFFAFFA BHES UE
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Fig. 6-31. Swelling efficient (SWg) changes of PSR, PSA, PLR and PLA
finger—jointed woods treated with an oil lacquer under 85%RH.

Notes; PSR, PSA, PLR and PLA are the same as in Fig.6-22.
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Fig. 6-32. Swelling efficient (SWg) changes of SSR, SSA, SLR and SLA
finger—jointed woods treated with an oil lacquer under 85%RH.
Notes; SSR,SSA, SLR and SLA are the same as in Fig. 6-23.
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Fig. 6-33. Swelling efficient (SHg) changes of pine and spruce
solid woods treated with an oil lacquer under 85%RH.

Notes; PS @ Pine solid wood, SS: Spruce solid wood.
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Fig. 6-34. Swelling efficient (SHg) changes of PSR, PSA, PLR and PLA
finger—jointed woods treated with an oil lacquer under 85%RH.
Notes; PSR, PSA, PLR and PLA are the same as in Fig. 6-22.
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Fig. 6-35. Swelling efficient (SHg) changes of SSR, SSA, SLR and SLA

finger—jointed woods treated with an oil lacquer under 85%RH.

Notes; SSR, SSA, SLR and SLA are the same as in Fig. 6-23.
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Table 6-17. Swelling efficient (SWg) of solid and finger—jointed woods

treated with an oil lacquer under 85%RH.
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Pine Spruce

Type No SW (%) SW (%)
R T R T
1 2.00 2.67 1.05 1.78
2.00 2.10 1.79 2.26
Solid wood 3 1.64 2.37 1.45 2.01
AVE 1.88 2.38 1.43 2.02
SD 0.2 0.2 0.3 0.2
()% 10.7 8.4 21.0 9.9
1 1.68 1.45 1.19 1.45
1.16 2.48 1.23 1.72
SR 3 2.23 2.28 1.71 2.09
AVE 1.69 2.07 1.38 1.75
SD 0.4 0.4 0.2 0.3
CV 23.7 19.3 14.5 17.1
1 1.38 2.16 1.40 1.87
1.50 2.12 1.08 1.09
SA 3 1.35 2.22 1.55 1.97
AVE 1.41 2.17 1.34 1.64
SD 0.1 0.0 0.2 0.4
CV 7.1 0.0 14.9 24.4
1 1.09 1.29 1.35 1.76
1.65 1.92 1.19 1.61
LR 3 1.66 2.27 1.66 2.24
AVE 1.47 1.83 1.40 1.87
SD 0.3 0.4 0.2 0.3
()% 20.5 21.9 14.3 16.1
1 1.56 1.92 1.62 1.55
2 1.40 2.17 1.04 1.75
LA 3 1.96 1.66 1.61 2.17
AVE 1.64 1.92 1.42 1.82
SD 0.2 0.2 0.3 0.3
CV 12.2 10.4 21.1 16.5

Note : R : Radial direction, T : Tangential direction.
3.2.4 85%RHAA SAEYAT 24 2 BAAGAS AQAH g &

% W3

Fig. 6-36. Swelling efficient (SHg) changes of pine and spruce solid
woods treated with a perilla oil under 852%RH.

Notes; PS : Pine solid wood, SS: Spruce solid wood.
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Fig. 6-37. Swelling efficient (SHg) changes of PSR, PSA, PLR and PLA
finger—jointed woods treated with a perilla oil under 85%RH.

Notes; PSR, PSA, PLR and PLA are the same as in Fig.6-22.
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Fig. 6-38. Swelling efficient (SHg) changes of

PSR-FJ

PSA-FJ

finger—jointed woods treated with a perilla oil under 852%RH.

Notes; SSR, SSA, SLR and SLA are the same as in Fig. 6-23.
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Table 6-18. Shrinkage efficient (SWg) of solid and finger—jointed woods

treated with an oil lacquer under 65%RH.

Pine Spruce

Type No SH g(%) SH (%)
R T R T
1 1.55 2.04 0.928 1.58
2 1.44 1.65 1.43 1.59
Solid wood 3 1.14 1.73 1.00 1.50
AVE 1.38 1.80 1.12 1.56
SD 0.2 0.2 0.2 0.0
CV 14.5 11.08 17.9 0.0
1 1.19 1.28 0.768 1.17
0.885 1.71 1.02 1.47
SR 3 1.47 1.47 0.969 1.48
AVE 1.18 1.48 0.919 1.37
SD 0.2 0.2 0.1 0.1
CV 17.0 13.5 10.9 7.3
1 1.04 1.66 1.07 1.57
1.02 1.71 1.12 1.12
SA 3 1.02 1.70 1.32 1.82
AVE 1.03 1.69 1.17 1.50
SD 0.0 0.0 0.1 0.3
CV 0.0 0.0 8.6 1.6
1 0.768 0.969 1.07 1.27
1.36 1.42 1.11 1.37
LR 3 1.22 1.61 1.37 1.32
AVE 1.12 1.33 1.18 1.32
SD 0.3 0.3 0.1 0.0
CV 26.8 22.5 8.4 0.0
1 1.23 1.53 1.54 1.17
1.12 1.56 0.967 1.51
LA 3 1.20 1.27 1.27 1.61
AVE 1.18 1.45 1.26 1.43
SD 0.0 0.1 0.2 0.2
CV 0.0 6.9 15.9 14.0

Note : R : Radial direction, T : Tangential direction.
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