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and Kiln—dried Timber. I. Differences in Relative Deflections of the Beams
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Summary. The main purpose of this research was to evaluate the bending creep of beams in

Japanese conventional structures (posts and beam constructions), known in Japanese as “jiku gumi.”

We built two wooden structures in order to carry out creep tests: one was composed of green timber

(G) and the other of kiln-dried timber (D). Each structure was composed of four sills, four posts, two

girders, and two beams. The tenon and mortise at specific locations in the members were processed

with a molding machine at a sawmill. Long-term design loads were applied at the top of each beam.

The deflections at mid-span were measured for each beam. Results showed that the ratios of total

deflection to initial defection (relative deflection) over a 878-day period were 3.75 and 2.26 for the G

and D structures, respectively. After unloading, the ratios became 3.04 and 1.50 for G and D, respective-

ly. The additional relative creep deflection (=relative deflection—1) observed in G were approximate-

ly two times that found in D.
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Introduction

In Japan, half of a million wooden houses are
built every year, and approximately 809 of these
are constructed using Japanese conventional tim-
ber structures' known as “jiku gumi”?. Many
houses have been constructed using green timber.
In these conventional structures, posts (105X
105mm or 120 X120mm) are placed on sills (105X
105mm), and beams or girders (2100 or 3000 X
105mm) are jointed with the posts. The joints are
tenon and mortise carved into various shapes,
such as dovetail or gooseneck. These conven-
tional structures, however, often face a common
problem : time-dependent deflections, in addition
to the effects of drying shrinkage, may cause the
second level floors of these houses to become
uneven. The deflection of wood structures in ser-
vice is important as well as duration of load

effects®*.
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Requirements for deflection are important in
design of timber structures, especially with regard
to creep deflections® and shrinkage. In the guide-
line on structural design for light framing struc-
tures®, the given ratio of total deflection to initial
deflection was 2 for air-dried conditions, and 3 for
cyclic humidity changes. The pioneering work on
mechano-sorptive creep by Kingston and Arm-
strong” (1951) indicated that the creep deflections
of beams increased rapidly in summer as the
effects of temperature. Grossman® reviewed
details of mechano-sorptive creep in 1976. In
addition, there are many studies on the behaviors
of creep : some studies have focused on creeps of
wood and wood-based materials®!® or creeps of
green and kiln-dried timbers'!, while some have
examined the interaction between viscoelastic
and mechano-sorptive creep*?>. There are, how-
ever, few studies on the creep of full-sized timber
in Japanese conventional structures.

In this paper, creep tests on the beams in
Japanese conventional structures composed of
green and kiln-dried timber were conducted to
investigate differences in relative deflections of

the beams. Then, a predictive model for creep
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Table 1. Dimensions, density, and dynamic Young’s modulus of structural members.
Structure Species Members  Width Height  Length  Density MC Ef (GPa)
(mm) (mm) (mm)  (g/cm’) (%)

D Hinoki Columns 105 105 1500 0.528 24.8 12.21

0.516 23.3 9.71

120 120 2400 0.413 175 7.93

0.522 21.5 8.95

Douglas-fir Beams 105 300 3964 0.485 13.0 11.96

0.499 14.1 11.29

Girders 105 210 2694 0.498 11.6 12.53

2678 0.458 124 9.64

Sills 105 105 3940 0.430 9.3 8.07

0.420 10.6 9.78

2694 0.646 20.9 8.36

0.577 16.1 7.46

G Hinoki Columns 108 108 1500 0.584 30.8 10.67

0.521 28.5 8.38

123 123 2400 0.535 28.2 7.28

0.516 30.0 8.22

Douglas-fir Beams 105 300 3964 0.550 24.8 10.22

0.642 32.0 14.83

Girders 105 209 2694 0.569 26.3 10.09

2678 0.507 18.0 12.28

Sills 105 105 3940 0.577 22.8 9.42

0.549 19.5 14.40

2694 0.489 20.4 7.98

0.593 26.0 12.07

G and D, structures composed of green (G) and kiln-dried (D) members ; Hinoki, Chamaecyparis obtusa

Endl.; Douglas-fir, Pseudotusuga menziesii Franco these values were measured before processing ;

Density ; measured using apparent volume and wight ; MC ; moisture content measured with electric

-capacity wood moisture tester ; Ef, dynamic Young’s modulus by the longitudinal vibration method.

behaviors will be presented in the next paper.

Experiments

Testing frames

For this study, we used two testing frames of
Japanese conventional timber structures. One of
these was composed of green timber (G) and the
other of kiln-dried timber (D). Dimensions, den-
sity, and dynamic Young’s modulus of each mem-
ber were measured on 23 August, as shown in
Table 1. The columns were made of Hinoki tim-
ber (Chamaecyparis obtusa Endl.), and the other
members were made of Douglas-fir timber

(Pseudotusuga menziesii Franco). A schematic

diagram can been seen in Fig. 1. The columns on
the left side of the figure were bigger than those
on the right side. The bigger columns were
modified as continuous colums.

Testing frames were constructed in the labora-
tory of Shinshu University on 25 August 1994.
Temperature and humidity conditions in the labo-
ratory were at ambient. The construction proce-
dure of the frames was as follows. Four sills were
placed on concrete ground in the laboratory. Two
bigger columns and two smaller columns were
erected on the sills at the corners. A shorter
girder, shown on the left side of Fig. 1, was insert-
ed into two bigger columns. After the beams were

placed on shorter columns, they were inserted into
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Fig. 1. Schematic diagram of structure for tests.

Arrows, loading points ; joint (a) and (b), see
Fig. 2.

bigger columns (Fig. 2(a)). Then the longer girder,
shown on the right side of Fig. 1, was subsequently
placed on the beams (Fig. 2(b)). The tenon and
mortise of the members were processed with a
molding machine at a sawmill in Kanagawa. The
joints of the columns and sills were tied with steel
plates, and the joints of beams and columns were

tied with “hagoita” bolt connectors.

Testing procedure

The applied load on each beam was a dead
weight of 1300kg that was calculated on the basis
of the long-term design load of 130kg/m? for
beams specified in the old law!®, which was
revised in 1998. Two concentrated dead loads
(total weight=1300kg) were applied on each beam
(the applied stress=4.91MPa), and the estimated
stress level was approximately 0.1 on the assump-
tion that bending strength of the beam was
50MPa according to the literature®. Two steel
hangers were set to support each weight. The
weight was supported on the forks of a baggage
carrier, and was carried down very slowly, and
was then placed on the hanger. The loading points
were one third points of span, and are shown as
arrows in Fig. 1. The loading started on 29 August
1994 (0 day), and continued until 23 January 1997
(878 days). Measurements ended on 5 March 1997
(919 days).

For practical purpose, the deflection at mid-
span was measured on the upper-side of the beam
using a strain gauge transducer (DT-50A, Kyowa
Co ; stroke=50mm ; accuracy =0.02mm). Another
dial gauge was also set near each measuring point
to provide unforeseen circumstances. The
deflection was equal to the change of distance
between the upper-side of the beam and the
ground. The deflections would include the shrink-
age of beam heights, and the mechano-sorptive
deflections occurs with the shrinkage. The mea-
surements were recorded automatically with the
data-logger and by personal computer. The
deflections measured at midnight were used since
temperature and RH might change rapidly in the
daytime. Temperature and relative humidity (RH)
were also measured using weather auto-recorder
(N0.7210-00, Sato Co.) which was set near the
testing frames. The cylindrical record papers
were changed every week. The moisture content
of all members was measured with an electric-
capacity wood moisture tester (Moco HM-520,

Kett Electric Laboratory) every week.

Results and discussion

Deflections of beams

The initial deflections of the two beams in
structure D were 4.94mm and 4.13mm, and those
in structure G were 5.31lmm and 3.96mm. These
values were greater than the estimated values
given by dynamic Young’s modulus data, as
shown in Table 1; 4.09 and 3.86mm in structure
D; 4.52 and 3.11mm in structure G. Since the each
value (total deflection) was measured at the center
of upper side of beam, then it included shrinkage
of beam and movement of beam at the joint. The
total defections were shown in Fig. 3 (a), and the
bending deflections of the beams, which did not
include shrinkages and movement, were shown in
Fig 3 (b).

In this paper, we chose the former deflections
for analysis because of practical purposes. Then,
the ratio of deflections to the initial deflection
(relative deflection) was calculated, and we discus-

sed creep behaviors using the average of the two
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Fig. 2. Diagrams of joints. Joint of column and beam (a), joint of beam and girder (b); joint (a),

“Hozo-sashi”(Tenon insert) ; joint (b), “Ari kake” (Hanging of ant shaped piece ; unit in mm.

relative deflections for each structure.

Figure 4(a) illustrates relative deflections for
the whole experiment period. Temperature and
relative humidity are shown in Fig. 4(b). It is clear
that relative deflections in structure G were
greater than those in structure D. For structure G,
relative deflection rapidly increased in 100 days
after loading, and the rate of relative deflection
gradually decreased. After 400 days, relative
deflection became stable, but it moved for the
period between 600-680 days in summer. For

structure D, the increase of relative deflections

were smaller than that in G in 100 days after
loading, but it waned subsequently similar to G.
The values of relative deflections were tabulated
in Table 2. The additional relative defection (=
relative deflection-1) in G was 2.2 (=2.75/1.26)
times that in D. The instantaneous recovery of
relative deflections in D and G after unloading
were 0.71 and 0.76, respectively.

In Fig. 5, the relative deflections for D and G
were set on horizontal and vertical axis, respec-
tively, for reasons of comparison. During the ini-

tial 100 days, differences between G and D in-
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Fig. 3. Deflections of beams. a total deflections, fat and thin lines, test structures composed
of green (G) and kiln-dried (D) timbers, respectively, b Deflections of beams.

Table. 2. Values of relative deflections during creep test.
Days Date G D  Notes

0 29/August/94 1.00  1.00 Load is placed
7 5/September/94 1.60 1.26

30 28/September/94 225 1.47

100 7/December/94 2.84 1.69

365 29/August/95 3.70  2.10

647 6/June/96 398 — Maximum in G

649 8/June/96 — 243 Maximum in D

731 29/August/96 3.79  2.23

878 23/January/97 3.75 2.26 before removing the loads
879 24/January/97 3.04 150 after removing the loads
919 5/March/97 3.00 1.43 Final measurements

G, D: see table 1.
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creased steadily, and the slope of the regression
line was 2.85 by the least square method. In this
period, the increment of relative deflections in
structure G was 2.85 times that of structure D.
After 100 days, the slope decreased : the slope was
1.37 during 320-400 days and 0.93 during 400-878
days.

Effects of relative humidity on relative deflections

The initial 6-day creep behaviors were shown
in Fig. 6(a), and temperature and relative humid-
ity (RH) were shown in Fig. 6(b).

deflections tended to increase rapidly when the

Relative
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temperature increased or when the RH decreased.
To investigate the relationship between relative
deflections and RH, values of equilibrium mois-
ture content were determined using Simpson’s
formula' with temperature and RH data at first.
The formula is:
EMC={K/K:h/(1+ KiK:h) +(K2h/1— K2h)}

X 1800/W (1)
where EMC is the percent of moisture content, 2

corresponds to relative vapor pressure (relative
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Fig. 8. Relationship between creep rates and EMC
during whole loading period. Filled and open
circles, G and D, respectively ; EMC (%) was
calculated by Simpson’s formula.

humidity/100) and W is molecular weight of the
polymer unit that forms the hydrate. Equation (2),
(3), and (4) gave the values of K;, K,, and W,

respectively.

K;=3.7304+0.03642 T —0.0001547 T* (2)
K,=0.6740+0.0010527 —0.000001714 T** (3)
W=216.9+0.01961 7 —0.005720 T°* (4)

where T is temperature in degrees Fahrenheit.
Fig. 7 shows the relationship between the EMC

and creep rates, which are expressed as changes
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in relative deflections per hour. The deflections
increased rapidly when EMC was low, and vice
verse (EMC is low during the day, and high at
night). Correlation coefficients between EMC and
creep rates were —0.442 in G, and —0.311 in D at
the 194 significant level.

Similar relationships between EMC and creep
rates were observed throughout the whole loading
period, as shown in Fig. 8. In this case, EMC at
midnight and creep rates as changes in relative
deflections per day were used. Correlation
coefficients between EMC and creep rates were —
0.472 in G, and —0.551 in D at the 19§ significant
level. These results suggest the possibility of
predicting chganges of relative deflections using
EMC data.

Effects of temperature on relative deflections
The relative deflections seemed to vary greatly
when temperature was high as shown in Fig. 4.
Differences in the relative deflections of G and D
were plotted against temperature in Fig. 9. In the
initial period along the arrow in the figure, the
differences increased greatly. But the plots were
finally on a straight line. After 400 days, the
correlation coefficient between temperature and
the difference was 0.937. But the slope of the
linear regression line of the differences on temper-

ature was very small (=0.00385). Additional study

#
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will be needed in order to analyze the phenome-

non.

Conclusion

The results of the bending creep test of beams
in Japanese conventional structures are summar-
ized as follows. The two test structures were used.
One was composed of green timber (G) and the
other of kiln-dried timber (D).

1. After 878 days, ratios of total deflection to
initial deflection were 3.75 and 2.26 for structure
G and D, respectively. After unloading, the
ratios became 3.04 and 1.50 times for G and D,
respectively.

2. Rates of creep deflections tended to decrease as
relative humidity increased.

3. Differences in the relative deflections of G and
D increased as temperature increased after 400
days, but the changes of the differences were

small.

Acknowledgments

We thank Dr. Takuoki Hisada (Forestry and
Forest Products Research Institute, MAFF), Dr
Hiroshi Isoda (Shinshu University), and Dr. Mori-
hiko Tokumoto for their advice how to plan this
experiment. We also owe thanks to Chugokumok-
uzai Co., HOWTEC, and Sanei House Co. for the
rich insights as well as for their financial support

of this project.

References

1) Forestry Agency (2000) Annual Report on
Trends of Forestry Fiscal Year 1999 (in Japanese).
Japan Forest Technical Association, Tokyo, pp 81
-113.

2) Sato H, Nakahara Y (1967) The complete
Japanese joinery (translated into English by KP
Nii). Hartley & Marks, Vancouver, pp 221-251.

3) Arima T (1991) Performance of timber as struc-
tural materials (in Japanese). In: Nihon Mokuzai
Gakkai (ed) Timber Engineering, Buneido publish-

ing co, Tokyo, pp 86-88.



TAKEDA and ARIMA : Creep of the Beam in Japanese Conventional Structures 25

4) Morlier P, Ranta-Maunus A (1998) DOL effect of
different sized timber beams. Holz als Roh-und
Werkstoff, 56 : 279-284.

5) Hunt DG (1994) Present knowledge of mechano-
sorptive creep of wood. In Morlier P (ed), Creep in
timber structures, E & FN Spon, Devon, pp 73-97.

6) The ministry of construction (1998) Guideline on
structural design for light framing structure (in
Japanese). Kogyo Chousakai, Tokyo, p 55.

7) Kingston RST, Armstrong LD (1951) Creep in
initially green wooden beams, Austral. J. Applied
Sci, 2: 306-325.

8) Grossman PUA (1976) Requirements for a model
that exhibits mechano-sorptive behaviour. Wood
Science and Technology, 10 : 163-168.

9) Arima T, Maruyama N, Hayamura S (1986)
Creep of wood, wood-based materials and wood
composite building elements in changes of loading

conditions and its application (in Japanese). Bull.

Fac. Agr. Shizuoka Univ., 36 : 43-50.

10) Arima T, Sato M, Mashita K (1981) Studies on
evaluation method for long-term performance of
wood-based materials and elements. Report of
Building Research Institute, 95: 1-94.

11) Aratake S, Arima T (1996) Creep of Sugi full
sized members 2. Behaviors under various loading
conditions of loads and estimations by deformation
models (in Japanese). Mokuzai Gakkaishi, 42 : 755
-761.

12) Hanhijarvi A, Hunt D (1998) Experimental indi-
cation of interaction between viscoelastic and
mechano-sorptive creep. Wood Science and Tech-
nology, 32 : 55-70.

13) The ministry of Construction (1993) The building
standard law of Japan (in Japanese). Ohm, Tokyo,
p 111.

14) Simpson WT (1971) Equilibrium moisture con-
tent prediction for wood. Forest Prod. J. 21 : 48-49.

EMBRUANTEZEMOMEICE T ERD ) —T(1) ROBKIbHIZEITEER

HHZEER" - BEEmE"
“EMNK B AR R

T E IR R A B > 5 —

3 o

AWFFEOEE 2 B, EREHBECBT220MF 7)) —72HOMITEIEThHS, 7V —7R
BREfT5104725C, 2 00KEBEREZAR LT, 1 23EMODAT, b5 1 D3 ATEEMODO AT
R U Tzo BRERRIL, 4RDEE, 4RO, 2K, RU2RKOBTHRSNL TS, HBHORED
MBI H 251 ZFE X, THOENLY TIL L, RPREHEL2 ZNZWORO FHICEHEG L T, FRDX
N D b s 2 RIE L, STSHBEOWMIz b AT 2/ -b A (M zbA) 1F, 2hEFhGE
D T3.75, 2.261C7%% 57z, BT, 20FNG EDT3.04, 1.508 %572, A2V —F72b
B (= ba—1) 1%, GRERDOK2fELE %57,

F—T—FR i XH 7« V=TT 47« 7 V—F, IE, HEHEE, BE



