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A STUDY ON MICROTREMOR MEASUREMENTS
OF TIMBER STRUCTURE
ON SEISMIC RETROFIT DWELLING HOUSES
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SUMMARY

The 1995 Hyogo-Ken Nambu Earthquake caused a large scale of damage on wooden dwelling
houses in Japan. This damage showed us necessity of the new seismic design procedures
considering the severe earthquake and investigation on dynamic behavior of wooden structures.
Our research group conducted the field survey with microtremor measurement for seismic
retrofitting Japanese timber dwelling houses on a part of Tokai district, which is afraid of
damage by an expected Tokai earthquake or To-Nankai earthquake. We measured microtremor
measurement to compare between before and after vibration characteristics on seismic retrofit

effect.

As a result of these investigations, it was grasped that the natural frequency after seismic

retrofit construction was higher than before.
1. INTRODUCTION

The location of our research group is in Mino City, Gifu
Prefecture, JAPAN. This city has many Japanese
traditional timber dwelling houses. This city is on a part of
Tokai district, which is afraid of damage by an expected
Tokai earthquake or To-Nankai earthquake in recent years.
In the Mino city, our research group conducted a field
survey with a microtremor measurement for these houses,
and evaluated its vibration characteristics. It has started a
seismic retrofitting works to these houses. In Japan, There
are not seismic diagnosis and a legal system of the seismic
retrofitting at the wooden building. Therefore, this purpose
is to implementing seismic diagnosis and seismic
retrofitting at the wooden houses which used microtremor
measurement and confirming the effect of the microtremor
measurement.
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Figure 1 Location of Mino City
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2. LITERATURE RESEARCH

Relation between the constructed year and the natural frequency by microtremor measurment
which was gathered from the literature [1]-[4] in the past is shown in figure 2.
It finds that the natural frequency of the recent wooden house is about 6.66 Hz. In other words,
it finds that the natural period of the recent wooden house is about 0.15 seconds.
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Figure 2 Natural Frequency by Microtremor Measurement and Constructed Year

The one to have gathered a natural frequency and a destruction overview in experiment by the
microtremor measurement in case of full scale shaking table tests on the recent house is shown
in table 1. Incidentally, this full scale shaking table tests, it enters the earthquake wave of
JMA-Kobe-1995 which was observed at Japan Meteorological Agency by the Hyogo-ken
Nanbu Earthquake in 1995. The maximum acceleration is 818 gal of the horizontal direction
and 630 gal of the vertical direction.

It finds that a recently timber house is destroyed (similar collapsed) on about 3-4 Hz of the
natural frequency by the microtremor measurement and had slight damage on about 6 Hz of
one.

3. VIBRATION CAHARACTERISTICS OF TIMBER HOUSES

Relation between the natural frequency by microtremor measurment and effective wall length
ratio

is shown in figure 3. It is shown by the following approximate curve. The correlation
coefficient is 0.6628.

y = 5.5242 x¥ (1)

Relation between the damping ratio by microtremor measurment and effective wall length ratio
is shown in figure 4. It is shown by the following approximate curve. The correlation
coefficient is 0.4488.

y = 0.0269 x> (2)



Table 1 Natural Frequency by the Microtremor Measurement
and the Destruction Overview of Full-scale Shaking Table Tests

Type A 1 Tadotsu

Natural Type B 1 Tadotsu Type F 1 Tadotsu
Frequency |NaturalPerbd before = /;
before the the Exciatbn
Exctatbn
Results of the fullscak shakhg tests of tro
story wodden dweIing houses
Hz sec
65 [~ 0154 [~
There & no damage of body most. There & no dam age of body m ost.
| the Istand the 2nd fbor; gypsum boards The hterbrand exterbrm ateris around
R _ arund opentg have slight crack. opentg have slight crack.
60 |~ 65 | 0.167 | ~| 0154 01 the 1st fbor north and south surface, There & no resilualstory drift most.
bearhg wals have shear crack.
There & no body damage most. There 5 no dan age ofbody most.
Cracks of gypsum board and mortazs develop. |G ypsum boards and silhg boards have a m fute
55 | ~| 60 |0182 |~| 0167 W rikkes are seen by the cross of the lvhg  |crack.
oo Roofng ties m ove. ‘ET
There i no resiual story drift most.
At thiee polits on the north sile, gypsum There & no dam age of body most.
boards have crack. A crack doesn’t devebp. U
- S ilhgs have a m hute czack. There & no resiualstory drift most.
BY || &0 |2 || = || O |G comn sttt o i e e s dmm, ﬂ
There & no residualstory driftm ost
On the north sile, brace hamware foat Cracks of gypsunm board and m ortars devebp. |There & damage of body.
01 the south side of Ivhg Toom, the hardware |Roofhg ties fuls partly to the east. The hterbrand exterbrmaterils around
fied bottom of cokmn defom atbn and sik. | There i no resilualstory driftmost. opening have devebped crack.
At the nailof base, there are cracks. There & no resilual stoxy drift most.
Mortars have cracks herease.
The connectbn arund the cefing on north sile
45 |~ 50 | 0222 |~/ 0200 1 the Iving room sile are dam aged.
40 [~]45 ]0250 |~ ] 0222
The hoX-down hardv ares are defomm ed. T the Lst fbor, 2/4 braces have a bucklng _ |The base at bottom of colmn Eactures on four |The braces have bucklng destruc ton.
The nailofbrace’s edge fbat. defom atbn. comers b the Lst fbor: The Hits ofbrace have tencil destructbn.
G ypsun boards have crack 01 the north sile i the Lrst for, 2/6 braces |The colmn fbat9mm on the northvestem  |There are m any base fractures.
S il boards have devebped crack. have a bucklhg destucton. comer. The naik of pit hardware fhat.
There & residualstory driftof 4nm to the east. |0n the north sile h the 2nd fboor, a brace have |There i no resiualstory driftmost. There & resiualstory drift about 1/350 radin.
the bucklhg deform atbn and bt destructon.
The 14 braces of X diectbn 1 the Tstbor |1 f’m‘fe_s‘iz”}? lfafdzdz' e B | e e T i
The one of them on the south is bend. T Nt &t pullout 2mm .
: : he washer of anchor bokt washer shiks to base, .
The one of them on the north & bucklng. i b e e At the east sile on the south surface, The nail
35 |~ |40 | 03 |~| 03 |The one of them on the north i tencil d of brace’s edge com hg off 3-8mm
destucton. There i no resiiualstory driftmost.
The one of them on m fidk street  como off a P
nail ‘%‘
01 the north of the 1st oo, the gypsum K
boards of the three phces have crack.
There are many base fractures.
There & residualstory driftof Tnm .
07 the southw estem comer, hol-down The 2/4 braces T the 1st fbor are bucklng _|The nailof the pkwood com es out 1 the There & heavy dam age of body-
hardware bose. defom atbn excitatbn directbn greatly. There are bt destructbn and a mem ber crack.
A bolt of hold down hardware curves a littk.  |The 1/6 brase on the northside 1 the Istfbor |Allthe fourholi-down hardwares tm a Ltk |There & residualstory drift about 1/50 tadin.
G ypsun boards devebp crack. & bucklng destuctbn. w ih tensbn.
There & resitualstory drift of 6mm . 0ne of braces have tencil destructin at the its |There i residualstory drift of 1/33 radiin o
top edge after the #s bucklig defomatbn.  |the east.
01 the north sile h the 2nd fhor, 1/2 braces
30|~ | 35| 0333 )~ 0286 are bucklng destucton.
The hardwares of bottom of colmn have a
defom atbn and the nail foat
The hut bundE on the east b the 2nd fbor
fhat
Two braces have buckIng defomaton on the |Most brace & bucklng by the com pressve
south sile h the Ist fbor. force, and 1 & com hg off of the nailby the
Two braces have bucklhg defom atbn, and the |tractive force h the EW directbn of the st
nailof the it ofone brace fbats on the north |fbor.
side n the Lst fbor: Four colimns of balbon fram g fractures h the
There & resilualstozy drift about 1/900 zadn. |git part
There is residual story drift about 1/46 radin tof
the east.
The natlof 17/ 20 sheets of phwood for the
25 [~]30 | 04 |~ 03 reiiforcen ent cam e out, and 4 sheets on them
fll
The nailof the pywood on the north surfice
comes out greatly.
Accekratbn B0t so bi as that
Allthe CPL hardware & transfom ed.
Two phces VP hardware of the south sile and
sk phees that of the north sile transfom .
There & resilualstory drift about 1/80 radin.
Brace does bucklng, and that pit & destoyed. There & heavy dam age of body-
3/6 braces of the south sile, 2/ 2 braces of the Each story is tansbm ed h the antbhase.
In 1ld¥ side and 5/6 braces of the north sile Colmn of balbon fram hg & bend,
destroy hn the excitatbn diectibn on the Lst
foor.
4/4 braces of the south sile and 4/4 braces of
the north sile destioy  the excitatbn diectin
~| 25 ~ | 0400 |on the 2nd fbor.
Story drift & antphase h the Lst fborand the
2nd foor.
4/4 colmn of balbon fram hig & bend.
There & resilualstory drift of 24nm.

* Each Shaking Table Test is referred to the [4]




Relation between the damping ratio by microtremor measurment and natural frequency by
microtremor measurment is shown in figure 5. It is shown by the following approximate curve.
The correlation coefficient is 0.7363.

y =0.1139 x5 (3)

Relation between the damping ratio of torque by microtremor measurment and natural
frequency of torque by microtremor measurment is shown in figure 6. It is shown by the
following approximate curve. The correlation coefficient is 0.6962.

y = 0.1237 x ! (4)
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3. SEISMIC DIAGNOSIS WAY

It proposes our seismic diagnosis way
which is shown in figure 7.

The first step, we made drawings in on-site
survey, which were consisted of each story
plan, elevations, and framing elevations.
Simultaneously, = we  investigated a
condition of foundation, joints of frame,
bearing walls, and horizontal diaphragm.
The state of the work is shown in
photograph 1 - 5. And we measured
microtremor measurement to grasp natural
frequency.

The second step, we made a proposal for
seismic retrofitting of the timber dwelling
house, for filling the client's demands,
which is handy in their life, for economics
in their income, for seismic effective of
their house and etc. We analyzed natural
frequency, damping ratio, and other
vibration characteristics by fast Fourier
transform of value of microtremor
measurement.

The third step, the house was retrofitted in
our proposed way. We supervised the
construction work and the management of
work progress.

The fourth step, we measured microtremor
measurement to compare between before
and after

vibration characteristics on

seismic retrofit effect.

. Condition of Foundations

2. Condition of Columns

3. Condition of Joints of Frames

4. Condition and Construction of Bearing Walls

5. Condition and Construction of Horizontal Diaphragm
6. Microtoremor Measurment

ach Story Plan
2. Each Direction Elevetion
3. Each Framing Elevation

v

[Proporsal for Seismic Retrofitting
1. Client's Demand

FFT Analysis
. Natural Frequency
2. Damping Ratio
3. Other Vibration Characteristics

. Construction work
2. Work Progress

v

[Microtremor Measurment and FFT Analysig
1. Natural Frequency

2. Damping Ratio

3. Other Vibration Characteristics

v

|Compare Seismic Characteristics|
1. Vibration Charactaristics
2. Structural Strength

Figure 7 Outline of Seismic diagnosis
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4. EXAMPLES SEISMIC RETROFIT OF JAPANESE DWELLING HOUSE

It gives the case of the seismic retrofitting which used microtremor measurement. It considers
about the usability of that.

4.1 A-HOUSE

This one-storied house, which is shown in photograph 6, is a typical traditional house in Japan,
and has built 100 years before. In the hangar back, a sericulture has been done ever, and a
straw and soil are spread. These total weight is about 85kN.

It disposed all of these and there was to make the Table 2 Characteristics of Vibration

weight light, and it implemented to increase a —
Direction| Before | After

effective bearing wall ratio. Effective bearing wall ratio | Width | 0370 | 1580

The characteristics of vibration before and after (ld/ln) Length | 1012 3960
_— o S Natural Frequency Wdth | 3223 | 4688
seismic retrofitting is shown table 2. This seismic i) Length | 3223 | 4980

Tarque | 5468 | 10.156

retroffiting change 3.2 Hz of the natural frequency e T (o0

into 4.7 Hz of one. This seismic retroffiting change Damping Ratio Lenath | 0037 | 0.024
0.046 of the damping ratio on width direction into Torque 0023 0013
0.029 of one.

After
Photo. 6 Before and After Seismic Retrofitting A-House

4.2 S-HOUSE

This two-storied house, which is shown in | Table 3 Characteristics of Vibration
photograph 7, is a typical traditional house in Japan. : : __| Direction| Befare | After
It implemented to increase a effective bearing wall Effective (bLe:/rrr%wall ratio L\/::;hh glgg gggg
ratio. This seismic retroffiting changes 3.0 Hz of the Natural Frequency L\/\Ad(tﬂhh 2%2 xgg
natural frequency on width direction into 3.2 Hz of (Hz) Tﬁ?&up a1y 114083
one. This seismic retroffiting changes 0.036 of the Width | 0036 | 0043

. . . . . . Damping Ratio Length | 0028 | 0036
damping ratio on width direction into 0.043 of one. Toraue | 0002 | 0020




Outside of Entrance, Before

Inside of Entrance, fore Inside of Entrance, After

Overvie;zv of ie on the 6 Side, After
Photo. 7 Before and After Seismic Retrofitting S-House

6. CONCLUSIONS

In this report, it implemented the way of increasing wall quantity and the way of decreasing
weight in a seismic retroffiting. The rise of the natural frequency could be confirmed after
seismic retrofitting in the both way. Because the client could be shown value after seismic
retrofitting by the microtremor measurement, it was possible to have consented to a client in
any case. We were able to propose effective seismic retrofit based on microtremor measurement
of timber structure.
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