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SUMMARY

This paper presents a brief description on standardization of method to
estimate seismic capacity of industrialized low-rise housing structures of
precast reinforced concrete construction. As one of the industrialized housing
structure in Japan, there is a precast wall panel structural system which is
composed of mainly medium-size wall panels and floor panels. By seismic
collapse test on a full-scale solid specimen by this system, it was made clear
that several kinds of components besides structural members in plane enlarge
fairly the horizontal bearing capacity of the structure. Basing on the
analytical and experimental results such as the above, authers introduced here a
standardized method to estimate seismic capacity of this kind of structures in
simplified and rational way.

INTRODUCTION

Recntly in Japan, industrialized housing systems are progressing year by
year. The medium-size reinforced concrete precast panel structure being
reported here was developed as one of the systems for low-rise housings about 25
years ago and houses more than 150,000 dwelling units had been already
constructed by this system. These industrialized houses are regarded as
buildings of sepcial strucutral system and they must be approved by the minister
of construction. For getting the approval and reducing the time to get it, it
is necessary to campile a method to estimate their seismic performance and also
to simplify it.

Further in order to ensure the adequate seismic safety to the regulated
severe earthquake design load, it is also important to standardize the rational
seismic estimation method by adequately counting principal seismic resistant
elements. Under the above-mentioned backgrounds, authors tried to standardize a
simplified and rational estimation method for the seismic performance of this
kind of structure basing on the test results on structural elements and the solid
specimen and the analytical ones.

HOUSING STRUCTURES BY INDUSTRIARIZED R/C
CONSTRUCTICON AND THE RPINCIPAL, ASEISMATIC ELEMENTS
In Japan where severe earthquakes occur so often, many medium-rise

appartments are of cast-in place or precast R/C wall construction and private
houses of R/C are also mainly wall typed ones. As not a few large or small
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opennings are used to be irregulally designed in wall planes, sgismic performance
of walled-type buildings have been mainly discussed experimentally due to
difficulty of theoretical solution(Refs. 1, 2, 3). .

Typical data of seismic experiment on large-scale solid specimens are shown
in Figs 1 and 2. Fig.3 shows the experimental and calculated average.umt shear
stresses at the maximum horizontal bearing capacity on thg typical solid
specimens. From these figures and so on, the followings are pointed out. )
a. Horizontal bearing capacities of solid specimens of R/C wall construction
being similar to the actual buildings are highly influenced not only by §trength
of structural members in plane but also by the elements normal to the direction
of earthquake action. )
b. Component of bearing capacity being carried by the strucatural members in
plane are only from 30% to 60% total capacity.

c. Out of the other effective elements, the most typical ones are the effect to
bending capacity of beams by reinforcements in floor slabs and the effect to
shear capacity of beams by concrete of the slabs. Especially, the effect to
bending capacity of beams increases as increase of horizontal deflection of the
sepecimen and reaches to occupy around 30% total capacity in maximum.

d. When horizontal load is statically applied to a plane or solid specimen
concentratively in compressive way, compressive forces act in beams and the
bearing capacity of the specimen increases fairly due to the increased capacityes
of the beams. This effect would be neglected in actual structures.

e. In case of the medium-size panel structures, bearing capacity of a solid
specimen is influenced by several elements such as effect by walls normal to
bearing walls, effect by continuous arrangement of bearing walls, effect by
sagging panels and so on. Resultantly the bearing capacity of the solid
specimen reaches to around three times the capacity being estimated only by
independent bearing wall panels.

f. On the other hand, plastic deformation ability of each specimen was generally
excellent and any distinguished dJeteriolation of bearing capacity was not
observed at around 1/100 of deflection angle. In order to get excellent
deformability, it is important to keep the average shear unit stress at the
maximum capacity less than around 0.1Fc (Fc : concrete strength) and to make the
calculated shear capacity larger than the capacity at the flexure mechanism.

QUANTITATIVE ESTIMATION OF ASEISMATIC EFFECTS

2s mentioned above, seismic bearing capacity of solid specimen being similar
to actual structures was made clear to be considerablely enlarged by the other
fact;ors than the structural members in plane. Therefore, it is necessary to
estimate guantitatively the effects.

As reported in the previous report(Ref.4), in case of the medium-size panel
structure, the following four factors beside the bearing wall panels were mainly
recognized to be effective to increase the bearing capacity of the whole
structure.

a. Bending capacity of bearing wall panels
b. Effect due to wall panels normal to bearing walls ("Normal effect")
c. Effect due to continuous arrangement of bearing walls("Continuous effect)
g. gfégt dge totl;endlng capaciif:y of sagging(horizontal) wall panels
. ue campression force acting in sagging wall i
horizontal loading e s being induced by
Out of these effects, the effect (e) can not be expected in actual buildi
ngs
under earthquake. On the other hand, the effect (d) tends not only to increase
the capacity but also to make deformability of the wall panel to which it connect
deteriorate. Therefore, it is usual to make it invalid by putting adequate slit
between the sagging wall panel and the bearing wall panel.
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Accordingly, it was desided here to account only the effect (b) and (c).
Fig. 4 shows a perspective view of the portion where the effects (b) and (c) are
expected and Fig.5 shows their quantitative estimation. As shown in these
figures, both effects are caused by the condition where top portions of the
adjacent wall panels are connected with earch other by the floor panel and where
vertical ribs of the adjacent wall panels are connected with earch other by steel
bolts. Accordingly it becames important to estimate their effective cross
sectional areas and the shear strength. Out of these unknown factors, there are
only few back data on effective extence and strength of floor panels. So, it
was desided here to estimate them conservatively as shown in Fig. 5. '

On the other hand, the effect due to normal wall panels is clearly
influenced not only by the above-mentioned factors but by the anchor bolts at the
base of the normal wall panels. Also concerning the effect by the bolts, the
effective extense becomes important and it was desided to account two bolts at
earch one side effective basing on the measured values of strain of the anchor
bolts.

Values of the resisting moment due to each factor are estimated
guantitatively basing on these asumptions and shown in Fig.5. Both values are,
as understood from the figure, bigger than the capacity of one bearing wall
panels. Using this result, the two bearing wall panels shown in Fig.4, have
capacity corresponding to that of (2+1.04+1.18=4.22) panels in total.

However, it is very important for us to be careful so that the increased
capacity in this way might not injure the plastic deformation ability of the
whole structure. Explaining on the case of Fig.4, each bearing wall panel
should not collapse in brittle way not under the shear force corresponding to
flexure capacity of each panel but under the shear more than 4.22/2 times the
flexure capacity.

TO STANDARDIZE ESTIMATION METHOD OF BEARING CAPACITY

Basing on the above-mentioned items, sum of resisting moments My, of this
kind of building with a certain arrangement of wall panels can be expressed in
the following equation.

m
Mps = i Meoi * I (Onye Myi*ncs - Mos) 1)

On the other hand, total overturning moment Myyir at the base level of (i.th)
floor due to design earthquake load can be expressed by Eq.(2).

m
Moyi = &+ Dg* Co' i, (By" Agy- Wy hy) (2)

Here,

: number of the bearing wall panels at the i-th floor, in case when there
are several kinds of walls with different wall length, N shall be sum
of coefficients due to effective ratio of their bending capacity.

Mgoi: calculated moment capacity of the standard bearing wall panel at i-th
floor.
nyjr Ngj ¢ number of locations where "normal effect" or "continous effect" can
be expected at i-th floor, respectively
Myir Mgq ¢ value of the equivalent resisting moment due to "normal effect" or
“"continuous effect", respectively

Z : zone factor (0.7-1.0)
Dy : structural coefficient due to ductility of each structure (0.30-0.55 in

case of R/C strucure and 0.55 in this case)

G ¢ standard base shear coefficient to severe earthquake (1.0)
A; : ooefficient showing distribution of horizontal forces
RApi, W; @ total floor area and average unit total weight at i-th floor

VI-73



hy : height where horizontal force act measured fram the ground floor level

On the other hand, the coefficient F is requlated to be considered in the
actual seismic design basing on the eccengrlc distribution of horizontal rigidity
of wall panels in each floor and on their relative difference between each story.

Accordingly, seismic performance of each building is fundamentally disussed
by the following equation.

MIi 2z M::c:l. = Fe51 ovi (3)

On the other hand, equations (1), (2) and (3) can be converted in the
following simplified forms, respectively.

Mri 2 i Muoi® 9Nci (4)
Onci = Min[l+ 2 (an Fgs Mgy Moy ) ) (5
Ty = Npi/ngir Do = Neg/ngg (6)
My = Mg Mgosr Moy = MMy
Wy & Wy W, (8)
A: - Bes * Ws ¢ hs
hy; = Max [ 1 Bpic Wy 1] 9)
Wo + ZRgy
Mcvi < O.SSWO' l'lei 10
PNei® Nuoi = = (10)
Meoi * EZ'xfi Meoi
Mpei = Fesi® MNuoi® Muoi® Pnei = ZAfi (11)

Here, the valueoffbcishombyﬁq. (5) can be put in to a coustant as a
lower 1limit of the values being obtained on many actual buildings which were
designed following the structural regulations on the principle for wall panel
arrangement. The value of hei shown by Eq.(9) can be also put into a constant
for each story, because difference among the values on many actual cases, which
become different according to magnitude of snow load and ratio of weights of the
first and second floor, is not so large. Furthermore, Nyoir which means the
number of maring wall panels neccessaxy for unit floor area, can be put into a
constant using these constants, ¢ and he as shown in Eq.(10). Resultantly,
Eq.(12) can be derived from Eqs.(J> (4) asd (11).

N * 5 (i M * ei Moi) 2 Fesit Noi Onei © ZBgg (12)

Taking a building with the simple plans and elevations as shown in Figs.5
ard 6 as an example, actual method to count the unknown values in the left side
of BEq.(12) is listed in Fig.5. Moreover, the unknown value, F,q;, in the right
side of Eq.(12) can be calculated by a pocket computer with smaff capacity .using
computer program to calculate it fundamentally basing on the horizontal rigidity
of wall panels and their arrangement.

Thus, examination on safety to severe earthquake can be easily carried out
for each design example even by designers and even under discussion about
plannings with custmers.
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CONCLUSION

Authors proposed a simplified method to estimate seismic performance of low-
rise precast R/C housing structures without floor tie beams, considering that
their seismic property is influenced by various kinds of boundary effects.
Resultanty, authers showed that it is possible to examine seismic performance
required to each case of design by countering the number of existing bearing wall
panels and the boundary effects due to their arrangement.
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