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ABSTRACT: This paper reports the progress of our study on the seismic performance of a unique boat house with an 
oblique nuki. In the second part of the study reported here, cyclic loading tests were used to investigate the seismic 
properties of the boat house frame with the oblique nuki. Based on the test results,  a simple method was developed for 
approximate simulation of the frame. As an illustrative example of the application of the proposed simulation method, it 
was used to estimate the yield base shear coefficient—an indicator of seismic resistance—of an existing boat house. 
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1 INTRODUCTION 123 

In Part I of this study, the structural characteristics of 
traditional wooden boat houses in Ine district were 
investigated and clarified.  

In Part II, which this paper presently report, cyclic loading 
tests of a boat house wooden frame with an oblique nuki 
were conducted to determine its seismic properties. As an 
illustrative example, the experimental results were also 
simulated to estimate the seismic resistance on an existing 
boat house. 
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2 CYCLIC LOADING TEST 

2.1 SPECIMENS  

Three specimens were designed as shown in Fig.1(b) based 
on an existing boat house, the KT house shown in Fig.1(a) 
(see Part I). The KT house has the typical characteristics of 
a boat house in Ine district, and its frame size was suitable 
for the laboratory tests. 

The first floor and mezzanine of the specimens were cut 
out, and both edges of their columns had pin joints. The 
columns were made from cypress; and the beams, oblique 
nuki, and cotters were made from Oregon pine. The 
columns of this type of boat house are usually made from 
castanopsis, but considering the difficulty of sourcing 
castanopsis, cypress was used. The section of the columns 
measured 145 × 145 mm, that of the beams measured 360 
× 175 mm, and that of the cotters measured 20 × 20 mm. 
The oblique nuki was 25-mm thick and tapered toward the 
bottom.  

The oblique nuki of the specimens had different inclination 
angles, namely, 30°, 40°, and 50°, respectively, as shown 
in Figs.1(c)–(e). The identification of each specimen 
comprised “spec-”, followed by the magnitude of its 
inclination angle. Spec-40 was identical with the existing 
boat house, the KT house. The details of the column-beam 
joint are shown in Fig.1(f).  

2.2 LOADING CONDITIONS 

The loading setup is illustrated in Fig.2, and the loading 



condition is shown in Fig.3. The specimen was attached to 
a steel beam and basement. Steel bars were set up on both 
sides of the specimen to prevent its uplifting. All the joints 
were pin junctions. The loading system was an unstable 
structure, and the generated plain shear affected the joint 
with the oblique nuki. There was no additional weight 
apart from the dead load of the specimen and the weight of 
the steel. 
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Figure 1: Analytical model 
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Figure 2: Loading setup 

The vertical displacement of the top of the specimen was 
measured by a wire displacement transducer. The rotation 

angle R was obtained by trigonometry from the vertical 
displacement and the column length between the pins. The 
cyclic load was applied to the specimen such that the 
amplitude of the rotation angle R was gradually increased. 
The horizontal load was measured by a load cell attached 
to the jack. The shear force was calculated by deducting 
the P effect from the measurement of the load cell. Here, 
a column is identified as left or right column based on the 
reader’s view of the paper. 

Strain gauges were attached to both faces of the member to 
measure the bending moment. Contact-type displacement 
transducers were arranged around the joints to measure the 
deformation of the joint. Wire displacement transducers 
and the fluorocarbon sensors were used to measure the 
maximum connection deformation [1]. A scale for 
measuring the movement of the oblique nuki was also set 
up. 

Material tests were conducted on each member after the 
cyclic loading test. The determined values of the Young’s 
modulus and flexural strength are given in Table 1. 

 

Figure 3: Loading condition 

Table 1: Results of material test 

Specimen Member

Young’s 
modulus 

(kN/mm2) 

Flexural 
strength 

(N/mm2) 
Left Right Left Right

Spec-30 Column 10.09 10.00 77.32 78.04
Nuki 8.15 13.78 76.23 101.72

Spec-40 Column 10.52 11.44 73.22 85.72
Nuki 11.22 13.25 98.84 102.22

Spec-50 Column 12.10 10.94 90.82 83.64
Nuki 11.98 11.50 90.61 91.19

 

3 TEST RESULTS 

3.1 MAIN DAMAGE AND BEHAVIOR OF 
OBLIQUE NUKI 

In spec-40, the cotters at the upper left and lower right of 



the beam were damaged at +1/20 rad, and those at the 
upper right and lower left of the beam were damaged at -
1/20 rad. At 1/8 rad, the left column split at the column-
beam joint, and the oblique nuki broke near the beam as 
shown in Fig.4.  

 

Figure 4: Damage of spec-40 joint with oblique nuki  
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Figure 5: Bending moment and damage 
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Figure 6: Deformation of oblique nuki 

The order of the bending moment and the damage of spec-
40 are shown in Fig.5.  

Oblique nukis tended to remain still at their joint with a 
beam. However, they moved significantly and stuck out at 

their joint with a column as shown in Fig.6. Figure 7 
shows the movement of the oblique nuki at each joint of 
spec-40 at +1/8 rad. It was observed that the movement at 
the joint with the beam was less than 10% of that at the 
joint with a column. The oblique nuki contacted the 
column or beam at the black circles and was observed to 
pry the mortises. The other specimens exhibited the same 
tendencies. 
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Figure 7: Movement of oblique nuki (spec-40, 1/8 rad.) 
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Figure 8: Shear force: (a) spec-30, (b) spec-40, (c) spec-
50 

(b) Breakage of oblique nuki(a) Splitting of left column 



3.2 SHEAR FORCE 

The shear force and its damage of each specimen are 
shown in Fig.8. Figure 9 compares the skeleton curves of 
all the specimens. 
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Figure 9: Shear force of spec-40 (positive) 

For spec-30, the shear force reached the maximum value of 
6.3 kN at +1/15 rad, and the oblique nuki broke at +1/10 
rad. However, the shear force did no reduce drastically 
thereafter. Regarding spec-40, the shear force reached the 
maximum value of 7.7 kN at +1/10 rad, and fell after 
breakage of the oblique nuki at +1/8 rad. Regarding spec-
50, the shear force reached the maximum value of 6.9 kN 
at +1/10 rad, but the oblique nuki did not break, neither did 
the shear force fall during the test.  

In all the specimens, the oblique nuki broke close to the 
maximum shear force, after which the shear force 
generally fell. Further, the differing inclination angles of 
the oblique nuki produced no differences among their 
skeleton curves. 

4 SHEAR FORCE ESTIMATION 

4.1 BREAKAGE OF OBLIQUE NUKI 

The oblique nuki model for the case in which the angle 
between the column and the beam becomes excessive is 
illustrated in Fig.10(a). The column and oblique nuki are 
considered as wire rods, and the beam is assumed to be a 
rigid body with sections. Based on the results of the 
experiments in the preceding section, the following 
assumptions were made: 

a) Because the oblique nukis tend to remain still at the 
joint with the beam, points A and B are the pin fixation 
and point C on the joint with the column is free edges. 
That is, the situation is the same as when the reaction 
force P produced by the column acts on point C.  

b) The deformation of the column is linear, thus the 
rotation angle of the specimen is equal to the angle of 
the joint about point X. Here, if the angle between the 
column and the beam becomes excessive, the angle   
of the joint would be negative.  

c) The resistance of the cotters can be ignored because the 
cotters broke when the oblique nuki broke in the 

experiment. Moreover, the cotters act as wedges after 
their breakage, and it is not possible to determine the 
effectiveness of the wedge using a retrospective 
evaluation formula [2]. Furthermore, the resistance of 
the cotters may reach the yield load because the cotter 
hole is shifted several millimeters to compact the joint 
[3]. 

d) Taking into consideration the embedment of the 
oblique nuki at points A, B, and C, the reaction force P 
can be calculated using Fig.10(b) [2]. The restoring 
force of the embedment is considered using the second 
inclination. The axial tension of the oblique nuki is 
obtained using a friction coefficient of 0.4 [2]. Where 
the fiber direction of the oblique nuki does not cross the 
beam or the column at right angles, a criteria 
expression assumes that the fiber direction of the 
members cross at right angle is employed [2]. 

e) The material properties in Table 1 were adopted. 

First, the edge stress intensity was used as an index for 
estimating the existence of breakage of the oblique nuki 
and the rotation angle at the point of break. 
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Figure 10: Analytical model 

Figure11 shows the change of the edge stress intensity of 
the two oblique nukis on spec-40 under positive loading. 
The rotation angle at the time of breakage of the nuki 



determined by analysis was smaller than the 
experimentally determined value. 
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Figure 11: Breakage of oblique nuki (spec-40) 
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Figure 12: Analytical model 

4.2 MAXIMUM SHEAR FORCE ON FRAME 

The bending moment of the column at the time of breakage 
of the oblique nuki was calculated, and the maximum shear 
force was estimated. 

The force P1 acting on the column-oblique nuki joint was 
determined from P, which was calculated in section 4.1. 
The stretching force P2 acting on the column-beam joint 
was determined from the geometric deformation of the 
frame as shown in Fig.12(a) [4]. Next, by combining the 
bending moment produced by P1 and P2 with the bending 
moment Mb produced by the tenon of the beam [2], the 
total bending moment acting on the column was obtained 
as shown in Fig.12(b). The shear force acting on the entire 
frame was finally calculated from this bending moment. 
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Figure 13: Axial force on oblique nuki (spec-40) 

0

2

4

6

8

0 0.05 0.1 0.15 0.2

Spec-30
Spec-40
Spec-50

S
he

ar
 f

or
ce

 (
kN

)

Rotation angle (rad)

Positive loading

 

Figure 14: Shear force of all specimens 

Table 2: Rotation angle and maximum shear force 

Specimen Rotation Shear force 
Test Analysis Test Analysis

Spec-
30

Positive 0.100 0.073  6.21 4.46
Negative 0.067 0.082 5.69 4.14

Spec-
40

Positive 0.125 0.073 7.43 4.80
Negative 0.100 0.082 6.91 4.85

Spec-
50

Positive 0.167 0.067 6.66 4.58
Negative - 0.064 - 4.55

 
Figure 13 compares the experimentally and analytically 
determined variations of the axial force on the left oblique 
nuki for spec-40. For both the experiment and analysis, 
when the joint angle was negative, a tensile force acted 
on the oblique nuki, whereas a compressive force acted on 



it for a positive joint angle. 

The positive skeleton curves of all the specimens are 
shown in Fig.14, and Table.2 gives the corresponding 
experimentally and analytically determined maximum 
shear forces and rotation angles.  
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Figure 15: Revised restoring force (spec-40) 

The increase in the shear force could be roughly re-atteined 
just before breakage of the oblique nuki, although the 
estimated maximum shear force was smaller than the 
experimentally determined value. This was partly because 
(1) the frictional force given at the time of construction 
was not accurate, and (2) the restoring force of the 
embedment given for a member in which the fiber 
directions do not cross at a right angle is not accurate. 
However, the decrease of the shear force after breakage of 
the oblique nuki as determined by analysis was 
significantly greater than that of the experiment. This was 
because, in addition to the above, sections of both oblique 
nukis suffered partial loss after breakage in the experiment, 
whereas the opposite oblique nuki did not break in the 
analysis.  

Furthermore, it was found that the different inclination 
angles of the oblique nuki did not result in any significant 
differences among the shear forces. The oblique nuki was 
distorted with point B acting as a fulcrum and point C (Cʹ) 
acting as a power point, as shown in Fig.10. However, the 
length between points B and C was the same for all the 
specimens, which meant that the lengths BCʹ and CCʹ were 
not changed for small rotation angles, and the reaction 
force P could therefore not be changed. 

Based on the above, the restoring force was revised. The 
estimation of the shear force before breakage of the 
oblique nuki was good; hence, only the restoring force 
after the breakage was revised to fix the maximum value. 
Figure 15 compares the revised restoring force with the 
experimental results for spec-40. The restoring force of the 
knee-braced frame, which is one of the load-bearing 
elements, is also shown in the figure for comparison with 
that of the oblique nuki. The knee-brace is the member 
positioned at 45° on the column-beam joint to connect the 
column and the beam by pins [5]. The restoring force of 

the frame with the oblique nuki can be observed to be 
higher than that of the knee-braced frame. 

5 YIELD BASE SHEAR COEFFICIENT OF 
EXISTING BOAT HOUSE 

Using the revised restoring force obtained by the above 
analytical model, the yield base shear coefficient of the KF 
boat house was determined. Here, the KF boat house was 
considered as shown in Fig.16. The house is a one-storied 
structure with four frames, which have two oblique nuki in 
the span direction. 

 

Figure 16: Drawings of KF house 

The yield base shear coefficient was calculated by simply 
combining the restoring forces using the limit strength 
calculation [5, 6]. In the conventional method, the base 
shear coefficient at 1/3 rad is used as the yield base shear 
coefficient. However, in the present study, the maximum 
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base shear coefficient was considered as the yield base 
shear coefficient. Using the yield base shear coefficient as 
an indicator, the seismic resistance was evaluated. The 
yield base shear coefficients for the case of a frame with 
the oblique nuki and the knee-braced frame were compared. 
The weight of the house was calculated based on the 
timber volume determined from a drawing [7]. 
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Figure 17: Restoring force of frame (KF house) 
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Figure 18: Comparison of skeleton curves (KF house): (a) 
ridge direction, (b) span direction 

The revised restoring force of the frame with the oblique 
nuki is shown in Fig.17. The material properties were 
known because the column was made from castanopsis, 
and the beam and oblique nuki from Oregon pine [8].  

The maximum shear force was 5.17 kN, and the oblique 
nuki was observed to break at 1/8 rad. The restoring forces 

before 1/30 rad for the knee-braced frame and the frame 
with the oblique nuki were also found to be the same in the 
KF house, unlike the KT house of the test specimen. 

The base shear coefficient of the KT house is shown in 
Fig.18. Figure 18(a) shows the values in the ridge direction. 
There was no oblique nuki in this direction; hence, there is 
only one line in the figure. Figure 18(b) shows the values 
in the span direction. There were four frames with oblique 
nuki in this direction; hence, there are two lines in the 
figure. The yield base shear coefficient was 0.67 at 1/30 
rad in the ridge direction, and 0.22 at 1/30 rad in the span 
direction for the knee-braced frame; and 0.24 at 1/6 rad in 
the span direction for the frame with the oblique nuki. 

For small rotation angles, there was no difference between 
the base shear coefficients of both frames in the span 
direction. However, for large rotation angles, the base 
shear coefficient when using the oblique nuki was 
consistently high, whereas that for the knee-braced frame 
reduced after 1/30 rad. 

Many boat houses have some frames with oblique nukis, 
and the difference between the restoring forces is reflected 
as a difference between the base shear coefficients as 
shown in Figs.15 and 17. As stated above, the restoring 
force of a frame with two oblique nuki cannot be the same 
as that of a knee-braced frame because the restoring force 
depends on the shape of the frame and type of timber, 
among other factors. 

6 CONCLUSIONS 

This paper reported the progress of our study on the 
seismic performance of a unique boat house with oblique 
nukis. In the present part of the study, cyclic loading tests 
were first conducted on wooden frames with oblique nukis 
to determine their seismic properties.  

A method was also proposed for modeling a frame 
specimen with oblique nukis, and some experimental 
results were simulated to estimate the yield base shear 
coefficient—an indicator of seismic resistance—of an 
existing boat house.  

The following is a summary of our findings: 

a) The oblique nuki tended to remain still at a joint with 
a beam, but moved significantly and stuck out at a 
joint with a column. 

b) At about 1/10 rad, the left column split at a column-
beam joint and the oblique nuki broke near the beam. 

c) The oblique nuki broke close to the maximum shear 
force, after which the shear force generally fell. 
Further, there were no differences among the skeleton 
curves of the specimens with different inclination 
angles of the oblique nuki. 

d) The analytically determined rotation angle at which 
the oblique nuki broke and the maximum shear force 



occurred was smaller than the experimentally 
determined value. However, the shear force before 
breakage could be roughly re-attained. Hence, the 
shear force after the breakage was revised to fix the 
maximum value. 

e) Using the revised restoring force obtained by the 
proposed analytical model, the yield base shear 
coefficient of an existing boat house was determined. 
The yield base shear coefficients of a frame with an 
oblique nuki and a knee-braced frame were also 
compared. In the case of the frame with an oblique 
nuki, the restoring force did not decrease for large 
rotation angles, unlike the case of the knee-braced 
frame. 
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