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Abstract

The damage to window glass in reinforced concrete buildings
during the earthquake of April 20, 1965 is investigated. In order to
interpret the cause of damage, the natural periods of the buildings
were measured and the deflections were estimated using earthquake
response analysis. The results indicate that the deflections are
ranged between 0.4 and 2.0 em which are between 1/5000 and 1/1000
in angle. From these results and the observation of damage it is
concluded that the cause of damage to window glass is not by large
displacement but by the “steel sash”, “fixed” and “hardened putty ”.

1. Introduction

In Japan comparatively little attention has been paid to the failure
of window glass in modern buildings caused by earthquakes, though
this kind of damage has been reported in foreign countries.

The earthquake which occurred on April 20, 1965 in Shizuoka
Prefecture, was not so severe but only moderate and caused minor
damage to wooden houses, roads, railways, etc. However, the most
remarkable damage caused by this earthquake was the failure of window
glass in some reinforced concrete buildings, and the question has arisen
what the main reason for the failure was. First of all, it was considered
that the large deflection of building frame induced during the earthquake
caused the relative displacement of steel sash which was large enough
to break the window glass inside it. The measurement of natural periods
of buildings were made to estimate the deflection of building frame during
the earthquake, together with the observation of damage to window
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glass and surrounding building elements.

In the present paper the results of the natural period measurement
of the buildings and the estimated interstory displacements are described,
and then, the cause of glass failure is discussed considering the above
results and the observation of damage.

2. Outline of the Earthquake and the Resulting Damage

2.1 FEarthquake
According to the Japan Meteorological Agency the outline of the

earthquake is as follows:

Origin time 8"43™, 20%, IV, 1965 (local time);

Epicenter 34.9°N, 138.4°E;

Focal depth about 40 km ;

Magnitude M=6.2 by Gutenberg-Richter scale;

Intensity IV: Shizuoka, Hamamatsu, Mishima, Yokohama,

Kofu, Omaezaki, Funatsu and Aziro.

2.2 Damage in general

It was reported by the authorities of Shizuoka and Aichi Prefectures
and Japanese National Railways and by T. Matsuda and M. Shibano of
ERI" that several wooden houses suffered minor damage such as fallen
roof tiles, cracks in stucco walls, concrete berm and conerete ground
floor, failure of window glass, ete., and that cracks in road and settle-
ment of railroad bed were found in several places.

2.3 Damage to window glass tn reinforced concrete buildings
It was also reported that window glass was broken in the following
four buildings.
Shida Hospital in Fujieda
Shimizu City Hall
Thara Middle School in Shimizu
Wateh Tower attatched to Hamamatsu City Hall
The outline of these buildings and description of damage both to window
glass and other parts of buildings are listed in Table 1.
It should be noted that there are many other similar modern buildings
in this area without any damage to window glass.

1) T. MaTsuDpA and M. SHIBANO, Bull. Earthq. Res. Inst., 43 (1965), 625-639.
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Table 1. Damage to window glass.

821

| Number of sheets of
' Damage
Name of building ﬁuggg i broken glass to other part
E Total “Fixed” type Of' building
Shida Hospital 5 t about 150 | mere thag‘z(}% no damage
o : fabout 60 55 | slight damage
Shimizu City Hall 6 \ ( 4%) (9%) | to structure
. about 30 | more than 20 | slight damage
Thara Middle School 3 ( 3%) ( 4%) | to finishings
Watch tower attatched Tower 41 26 | cracks in beams
to Hamamatsu City Hall (46%) (87%) | and columns

Note:

2)

Hamamatsu

<o

1) The structures of these buildings are made of reinforced concrete except

that the light gage steel is partially used in Shida Hospital and the
steel reinforced concrete is used in lower stories of Shimizu City Hall.
The figures in brackets indicate the ratio of the number of sheets of
broken glass to the total number of sheets in the building expressed

in percentage.
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3. Measurement of natural period of buildings

If a building has a long natural period, it will be subjected to large
interstory deflection which will give the forced displacement and resulting
damage to the window glass in the building even in case of moderate
earthquake. It was not unnatural to consider that the large deflection
of this kind was the main cause of the glass failure of these four build-
ings. To estimate the deflection of the buildings during the earthquake,
it is necessary to know the natural period of vibration of the buildings
and earthquake ground motion.

Measurement was made by recording the micro tremor of the build-
ings with a micro tremor meter which was placed on the roof or top
floor of each building. The fundamental natural period was determined
from the period-frequency curve in which a two-minute record was
analyzed. The results are listed in Table 2.

Table 2. Estimated interstory displacement.

Maximumhdisplacef: ‘ I
s . ment at the top o nterstory
Name of building | Component Natural period the building rela- displacement
' tive to the base
sec cm ‘ radian

. . EW 0.29 0.42—0.60 1/2600~1/3800
Shida Hospital NS 0.27 0.39—0.66 1/2400~1/4000
Shimizu City Hall EW 0.45 1.3 —2.0 1/1000~1/1600
old building NS 0.45 1.0 —1.6 1/1500~1/2000
Shimizu City Hall EW 0.60 1.1 —2.3 1/ 900~1/1800
new building NS 0.52 X 1.9 1/1000
Thara Middle EW 0.30 0.36—0.54 1/2800~1/4000
School NS 0.28 ; — —

As is seen in Table 2, the natural periods of buildings are ranged
between 0.27 and 0.60 sec. These are not extraordinarily long compared
with those of the ordinary buildings which are ranged between 0.06 and
0.10 sec. times the number of stories.

4. Estimation of story displacement

The story displacement of the buildings during the earthquake was
estimated from the measured natural period and the earthquake record
with the aid of response analysis technique.

The earthquake record used in this analysis was the accelerogram
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obtained with the SMAC accelergraph installed at the surface of the

ground in Shimizu City.

Estimation of the displacement in Shimizu City Hall is illustrated
below.

(1) From the measured natural period of 0.45 sec, the maximum relative
displacement for one-mass system is calculated as 6=1.1 and 1.7Tem
for the earthquake record in Shizuoka and Shimizu, respectively.

(2) Assuming that the fundamental mode of vibration was predominant
during the earthquake, the maximum relative displacement of the
building is estimated as

y=Ppuo=12x(1.1~1.7=13~2.0cm .
Where 3 and % are the participation factor and the normal function,

respectively.
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Fig. 2. Accelerogram recorded on the ground in Shimizu city.
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Fig. 8. Accelerogram recorded at the basement of Shizuoka Administration
Building of Japanese National Railways in Shizuoka city.
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From these values the interstory displacement is obtained by divid-
ing them by the number of stories.

0;=(1.3~2.0)/6=0.22~0.33 cm ,
or expressing them by an angle
0.=0;/h;=1/1600~1/1000 .

Where h;=story height of the building in 4-th story.
The results are shown in Table 2.

5. Discussions

From the estimated deflection and the observation of damage, the
cause of damage to window glass in each building will be discussed below.
Shida Hospital —It can be said from the measured period that the
frame of this building is not flexible, and twisting would not easily occur
because of well balanced wall arrangement. The estimated displacement
is only about 0.5cm and the damage might have been avoided if a small
clearance existed between window glass and steel sash. Actually the
putty which fixes the glass in the sash was hardened excessively, and
this must be the main reason of the glass failure.

Shimizu City Hall — The estimated displacements in the old building
are 1.0 to 2.0em. This is larger than that in Shida hospital, but still
is not large enough to expect such a large percentage of damage in
ordinary glass with some clearance between glass and sash. In the new
building the estimated displacements are 1.1 to 2.3 cm which are larger
than those in the old building, but there was almost no glass damaged
by this earthquake. This difference in the degree of damage must be
attributed to the difference in the degree of hardening of the putty,
because the putty in the new building was observed to be still soft.
Ihara Middle School — The estimated displacement is almost the same
as that in the Shida hospital. The reason of the glass failure is also
attributed to the hardening of putty.

The Watch tower attatched to Hamamatsu City Hall — Although there
is no measurement of natural period of this building, this towery structure
consists of open frame rested on the wall construction, and apparently
this part vibrated severely due to whipping phenomenon during the
earthquake. The interstory displacement is estimated to be much larger
than those of other buildings from the fact that many cracks were found
in beams and columns. Damage to window glass would be mainly due
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to large interstory displacement rather than to other factors considered in
other buildings, but damage to glass in the “fixed”, “steel sash” type
window is more severe than that to other types of window glass.

Summarizing the above observations and considerations it is concluded
that the glass with high percentage of failure has something in common
with “steel sash”, “fixed” and “hardened putty”. This means that
because of “fixed” the deformation of structure was directly transmitted
to the sash, and because of “steel sash” glass could not encroach into
the sash, and because of “hardened putty” there was no clearance
between glass and sash. It was considered that the failure occurred
because the large amount of interstory displacement due to long natural
period caused the Jlarge displacement to window glass. However,
the period measurement revealed that the buildings did not have a very
long natural period, and the estimated story displacements are small
except the wateh tower in Hamamatsu. It seems that the elastic defor-
mation of the glass itself ean be expected to be very little. Although
this is suggested in the paper by Meehan and Bouwkamp® more extensive
experiments must be carried out.
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Fig. 4. Broken window glass is being Fig. 5. (,]ocsc -up of window glass in
repaired in Shida Hospital. (by courtesy Shida Hospital. (by courtesy of Mr. M
of Mr. M. Shibano) Shibano)

Fig. 6. Outside view of Shimizu City
Hall after repairing the broken glass.

Fig. 7. Front view of old Fig. 8. Front view of IThara
building of Shimizu City Middle School in Shimizu
Hall. (by courtesy of Mr. City. (by courtesy of Mr.

M. Shibano) T. Matsuda)
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