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This paper is on the seismic design of steel framed houses and outlines the re-

search activities for evaluating the seismic safety against severe earthquakes. To

investigate the safety level directly, seismic response analyses were applied in this

study. For the analyses, a hysteresis model under cyclic loading was developed and

dynamic vibration tests of real steel houses and shaking table tests of steel framed

walls were conducted. Based on these, the response of a typical steel house during

large earthquakes was analyzed. The results showed that the maximum story drift

angle was about 1/300 rad. These results show that typical steel houses have quite

high safety against severe earthquakes encountered in Japan.

1. Introduction

Light-gauge cold-formed steel-framed houses (hereinafter referred
to as steel-framed houses) are based on wooden two-by-four houses
(wooden houses)?, whose high earthquake resistance was demon-
strated in the Great Hanshin Earthquake of January 17, 1995. In com-
bination with the high strength and quality of steel members, the
steel-framed houses are expected to provide higher earthquake re-
sistance than the wooden houses. The dearth of the construction re-
sults, however, makes it difficult to validate the safety of steel-framed
houses. Currently, there are no design methods for properly evaluat-
ing and reflecting the seismic resistance of steel-framed houses. The
underlying wooden houses has few examples in which its safety in
severe earthquakes has been directly studied, and as a result, the di-
rect application of wooden house design methods to steel-framed
houses involves problems. Therefore, the establishment of rational
seismic design methods is an important issue for steel-framed houses.

Since 1996, the Steel House Committee of the Kozai Club has
been engaged in research and development efforts devoted to estab-
lishing design methods for steel-framed houses in cooperation with
the largest six steel companies in Japan. Through these activities,
comprehensive studies have been conducted by testing various struc-
tural ?compornents, conducting shaking table tests and performing
seismic response analyses?. Nippon Steel has played a leading role
in these research activities and has carried out shaking table test and

seismic response analyses. As a result of these activities, rational
seismic design methods have been proposed for steel-framed houses®.

The proposed design methods are developed by introducing a
definite criterion for the seismic safety of steel-framed houses and
are as simple to use as the conventional design methods for wooden
houses. It merits special mention here that the safety of steel-framed
houses in severe earthquakes is quantitatively and directly evaluated
by considering their structural characteristics through the seismic
response analyses and is reflected in their design methods. This re-
port gives an overview of the steel-framed house design methods.
As background information, the research results on the seismic re-
sistance of steel-framed houses are presented, and the seismic resis-
tance is quantitatively discussed.

2. Steel-Framed House Design Methods

Steel-framed houses differ from wooden houses mainly in the
studs and the fasteners used to connect the sheathing to the studs.
Steel-framed houses use zinc-coated metal studs with a thickness of
about 1 mm? and self-drilling screws®, whereas for wooden houses
timbers and nails are used respectively. Research to date shows that
these differences have little effect on the seismic performance and as
a result, suggests that the steel-framed houses can be designed by
methods similar to those used for wooden houses*?.

Of the two-story residential housing design methods granted gen-
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eral approval by the Minister of Construction in 1997, the portions
concerned with the seismic design of steel-framed houses are simple
and comparable with those for wooden houses as shown in Fig. 1%.
Like wooden houses, steel-framed houses can be designed by com-
paring the necessary wall length with the effective wall length. As
seen in Fig. 1, steel-framed houses can assume practically the same
wall length ratios as wooden houses. Steel-framed houses, however,
have had a sufficient consideration on the seismic resistance and fea-

ture the following:

1) Steel-framed houses are designed based on the wall established
seismic design method” for heavy-gauge steel-framed houses,

and on seismic response analyses'®, which are typically ap-
plied for the design of high-rise buildings in Japan. The seis-
mic response analyses evaluate the seismic safety of steel-
framed houses by a criterion that the story drift angle should
be held to a maximum of 1/50 rad in a severe earthquake. The
steel-framed house design methods of Fig. 1 are derived based

on allowable stress design where the base shear coefficient is
put at C,, = 0.2. It should be noted, however, that in the pro-
posed design methods, the uitimate state is inherently checked
by both capacity design and the above mentioned seismic re-
sponse analyses.

2) A check of the eccentricity, which is not usually performed

for wooden houses, is specified so that serious earthquake dam-
age should not occur due to torsional vibration. As a result,
full consideration is given to a well-balanced load-bearing wall
arrangement (see Fig. 1).

3) Given the recent trend toward performance design, the calcu-

lation of seismic resistance is made possible for various inte-
rior and exterior finish specifications. The values of wind pres-
sure forces for heavy-gauge steel-framed houses are adopted
to make up for the lack of technical background in the wooden
house design, which have been traditionally using the smaller
wind forces.
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3. Seismic Performance Characteristics of Steel-

Framed Houses

Steel-framed houses are of bearing-wall-framed construction, and
the seismic behavior under severe earthquakes is governed by the
behavior of load-bearing walls. From this standpoint, this chapter
clarifies the seismic resistance characteristics of steel-framed houses
based on those of load-bearing walls, and discusses considerations
to be taken into account when directly evaluating the seismic perfor-
mance of steel-framed houses.

The plane shear test results® of a steel-framed load-bearing wall
(see Fig. 2) designated 2P (1P refers to a 910-mm wide wall) and
sheathed with 9-mm thick plywood on one side and 12-mm thick
gypsum board on the other side are shown in Fig. 3. The sheathing
and studs are connected by self-drilling screws at intervals of 150
and 300 mm on the external and internal peripheries, respectively.
The plane shear test results® of a wooden load-bearing wall are shown
in Fig. 4 for comparison. In this case, nails (2.51 and 2.87 mm in
diameter) are driven into wooden studs at intervals of 100 and 200
mm on the external and internal peripheries, respectively.

The steel-framed walls exhibit such behavior that the self-drill-
ing screw connections to the sheathing undergo bearing pullover fail-
ure'’ before they reach the ultimate state. The characteristics of the
load-bearing walls are strongly influenced by the failure characteris-
tics of the self-drilling screw connections. Similar behavior is ob-
served in the wooden walls. When steel-framed and wooden walls
are compared, the following can be said: 1) Both types exhibit rela-
tively similar cyclic behavior; 2) The steel-framed house walls have
greater initial stiffness and maximum strength than the same sized
wooden walls; 3) Both types exhibit pronounced pinching behavior,

“but this tendency is slightly greater for the steel-framed walls. The
change in the equivalent viscous damping ratio h,, calculated from
the loop of the second cycle at each displacement amplitude is shown
in relation to the nondimensional displacement (ductility factor) in
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Fig. 5 Change in equivalent viscous damping ratio with ductility factor

Fig. 5. The tendency that the damping effect of the steel-framed wall
becomes smaller with increasing displacement can be clearly under-
stood.

The differences between the steel-framed and the wooden walls
arise from the differences in the behavior of the connections between
the sheathing and the studs. With the wooden house, the nails are
low in strength but are greatly restrained by the lumber. When a wall
is subjected to shear force, the nails deform and yield due to the
shear force, and the nails themselves absorb the applied energy. When
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a steel-framed wall is subjected to shear force, the self-drilling screws
deform little, and the sheathing undergoes bearing pullover failure.

As discussed above, steel-framed houses may behave in a man-
ner similar to that of wooden houses on a macro basis, but exhibit a
somewhat large pinching behavior due to the failure of self-drilling
screw connections between the sheathing and studs. It is thus impor-
tant to study the seismic resistance of steel-framed houses by prop-
erly considering the effect of this hysteretic nature.

The behavior shown in Fig. 3 can be secured when the local defor-
mation and buckling of the studs do not occur before the failure of the
self-drilling screw connections between the sheathing and the studs in
the walls. The design methods proposed in Fig. 1 satisfactorily prevent
these local deformation and buckling by using fully strong studs and
paying attention to the details of the connections.

4. Seismic Resistance Evaluation and Study Steps

In this study, the seismic performance of steel-framed houses is
directly evaluated based on the seismic response analyses usually
applied only to high-rise buildings. Existing studies on the inelastic
response of small-scale buildings like single-family houses to earth-
quakes are limited in number'>'?. As far as steel-framed houses are
concerned, only research exists for non-load bearing steel-framed
walls', The seismic response analyses of steel-framed houses calls
for the development of a hysteresis model capable of simulating their
characteristic behavior. It is also important to accumulate basic data
like the damping ratio. '

The seismic safety of steel-framed houses was evaluated through
the steps shown in Fig. 6. 1) A hysteresis model is proposed for steel-
framed houses. 2) The damping ratio is set based on vibration tests
of a steel-framed house in infinitesimally small amplitude regions.
3) Steel-framed walls are tested by shaking-table to investigate the
behavior and validate the hysteresis model proposed here. 4) The
response of a steel-framed house against severe earthquakes is ana-
lyzed by the model developed after the above steps, the seismic safety
of the steel-framed house is evaluated, and then steel-framed house
design methods are proposed. The outline of research in each step is
described in the chapters that follow.

| Develop hysteresis model |

v

r Set damping ratio by vibration test of real steel-framed house l

v

|Shaking table test and verify validity of seismic response analysis I

v

r Analyze seismic response with severe seismic waves |

v

rSeismic safety evaluation and development of design methods l

Fig. 6 Steps for evaluating seismic safety

5. Development of Hysteresis Model

For analyzing its seismic response, the steel-framed house was
represented by a two-lumped mass system shear spring model (see
Fig. 7). The program used for the analysis is called shearms.f' and
was developed by Kumamoto University. The program shearms.f

can represent the restoring force characteristics of each story by a
parallel link of defferent shear springs and consider a variety of cy-
clic hysteresis characteristics.

The steel-framed house studied here is two storied and modeled
into Fig. 7. The data required for the analysis of the steel-framed
house are the weights W1 and W2, shear stiffnesses k1 and k2, damp-
ing ratios h1 and h2, and input seismic waves (ground motion accel-
erations). The weights W1 and W2 can be set according to the dead
and live loads for seismic design. For the shear stiffnesses k1 and k2,
a hysteresis model is developed that can more faithfully reflect the
shear test results of load-bearing walls. The damping ratios hl and
h2 are set according to the vibration test results of a real steel framed
house, whose details are described in Chapter 6.

The hysteresis model developed is described below. The steel-
framed houses have hysteretic characteristics with an envelope be-
havior that the stiffness gradually decreases without clear yield point
and a somewhat strong slip nature while retaining some energy ab-
sorbing capacity. These characteristics are observed in reinforced
concrete structures, and relatively many hysteretic models have been
proposed to describe them'®!?. This study has referred to these re-
search results.

The hysteresis model consists of the envelope portion of the story
shear force-story drift angle relationship and the hysteresis portion
that defines the unloading and re-loading behavior. The envelope
portion is approximated by lines that connect the origin, point a, point
b and point ¢ successively as shown in Fig. 8. The point a is the
elastic limit. The point ¢ is the yield point defined such that the enve-
lope of the story shear force-story drift angle relationship is replaced
by an equivalent bilinear envelope. The point b is established from
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Fig. 7 Two-lumped mass system shear spring model
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the experimental results as a point that can appropriately represent
the curvature between the points a and c. The slope of the line that
connects the origin with the point a is defined as the initial elastic
stiffness K. The values of the story shear force and story drift angle
at the points a, b and c are set based on the experimental results.
They are given in Tables 1 and 2 for a 1.82-m wide load-bearing
wall sheathed with plywood on one side and a 1.82-m wide load-
bearing wall sheathed with gypsum board on one side respectively.

The behavior of the hysteresis portion is modeled by the polygo-
nal line shown in Fig. 9. In the unloading process, the system is
assumed to maintain the initial elastic stiffness K of the envelope
portion until the load becomes zero. In the re-loading process, the
maximum displacement point f on the envelope experienced previ-
ously by the system in the loading direction is taken as the target
point. The system is assumed to move on the thick line d to e to f in
Fig. 9. The point e is the point that characterizes the pinching behav-
ior of the system and can be determined by the ratio k of K, to K
and the ratio d of U,, 4, to U, 4 in Fig. 9. Thus, k and d become the

Table 1 Parameters governing envelope
(1.82-m wide load-bearing wall sheathed with plywood)

Point Story shear force Q (kgf) Story drift angle R (rad)
a Q1 769 R1 1/606
b Q2 828 R2 1/541
c Q3 2,203 R3 1/106

Table 2 Parameters governing envelope
(1.82-m wide load-bearing wall sheathed with gypsum board)

Point Story shear force Q (kgf) Story drift angle R (rad)
a Q1 231 R1 112424
b Q2 355 R2 1/1,333
c Q3 748 R3 1/ 386

Maximum story drift angle
experienced by system

Reloading start point

Story shear force

d

Story drift angle

(a) Hysteresis model (overall)

Story drift angle

Un de
( Up.ar i

(b) Detail of hysteresis portion

Fig. 9 Modeling of hysteresis portion

Table 3

Parameters governing hysteresis portion

Sheathing

Plywood

Gypsum board

0.2

0.1

0.8

0.85

parameters that govern the hysteresis characteristics accompanying
the pinching behavior. The values of the parameters k and d set from
the experimental results for the plywood and gypsum board are given
in Table 3.

The analytical results with the hysteresis model and the experi-
mental results of load-bearing walls are comparatively shown in Figs.
10 and 11. The hysteresis model developed is found to be capable of
appropriately reproducing the cyclic behavior of the experimental
results. The model proposed here does not take into account the
strength degradation under cyclic loading. The model may also be
applied to the design of wooden houses by changing the values of
the parameters concerned. '

6. Vibration Test of Real Steel-Framed House'®

The seismic response of a building is strongly influenced by the
damping effect of the building. Fig. 12 shows the effect of the damp-
ing ratio based on the results of seismic response analysis (as per-
formed under the conditions described in Chapter 8). It suggests that
proper evaluation of the damping ratio of a building is important.
Damping ratios are generally set at about 2 to 3% for the analysis of
steel-framed structures and reinforced-concrete structures. Few data
of damping ratios are available for single-family houses!*?,

The damping ratios of steel-framed houses were investigated by
model houses built in Nippon Steel and other steel companies®. High
damping ratios of about 4 to 10% were obtained. It was suggested
that the damping was affected by the interior and exterior finishes
used. If this effect is properly evaluated, steel-framed houses can be
designed more economically.

The present study investigated the vibration characteristics of a
typical steel-framed house in each construction stage and quantified
the effects of interior and exterior finishes and other materials'®. The
steel-framed house investigated is owned by Japan Development Co.
and is a two-story house with a total floor area of about 132 m* and
an equal floor area in each story as shown in Photo 1. The steel-
framed house was examined in three stages as shown in Fig. 13. At
the first stage, the house had plywood installed in the load-bearing
walls, floors, and roofing. Gypsum board (excluding ceilings and
some walls), roofing and some eastern and western external walls
were installed at the second stage, and at the third stage, gypsum
board (including ceilings) and exterior walls were installed, and in-
terior finish was completed. The steel-framed house was tested by
three methods: microtremor test, sweep test, and free vibration test'®.
To investigate the effect of the magnitude of the exciting force given
by vibration devices, small, medium and large levels of exciting force
were set at maximum velocity of about 10, 50 and 120 mkine, re-
spectively.

The relationship between the damping ratio and the natural fre-
quency is shown for each construction stage, test method, and excit-
ing force magnitude in Fig. 14. The damping ratio ranges from about
2.5 to 7%, and the natural frequency ranges from about 6.4 to 7.8
Hz. The damping ratio and the natural frequency are found to in-
crease with the progress of construction. This is because the installa-
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Fig. 12 Effect of damping ratio on seismic response

tion of interior and exterior finishes increases the stiffness and damp-
ing effects of the house. Increasing the exciting force increases the
damping ratio and decreases the natural frequency. This is probably
because the increase in the exciting force damages the sheathings,
finishes, and their connections at a microlevel. The damping ratio
obtained at the large exciting force level in the completed stage is
about 5.5 to 7% and is considerably large.

As discussed above, the damping ratio of the steel-framed house
is strongly influenced by the presence of interior and exterior fin-
ishes and the level of the exciting force, and is considered to assume

-1t -

i

i

Photo 1 Steel-framed house subjected to vibration test
(owned by Japan Development Co.)

a relatively large value. Based on the above findings, it was decided
to set the damping ratio at 6% in the seismic response analyses.
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7. Shaking Table Test and Validity of Seismic Re-
sponse Analysis?V

Steel-framed load-bearing walls were tested on a shaking-table
to directly examine the seismic behavior and to verify the validity of
the model described in Chapter 5.

The specimen shown in Fig. 15 consists of two 910-mm wide (=
1P) steel-framed house load-bearing walls set facing each other and
loaded with mass placed on their top as the dead and live loads. The
input seismic waves were those of Taft EW 1952 and were intro-
duced to produce a maximum velocity of 50 kine (maximum accel-
eration of 497 gal). Displacement transducers and accelerometers
were placed at the positions shown in Fig. 15 to measure its dis-
placement and acceleration.

The relationship between the shear force calculated from ceil-
ing-level accelerograms and the relative displacement is shown in
Fig. 16. When shaken, the specimen entered the inelastic region and
reached a maximum story drift angle of as much as 1/32. It did not
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Fig. 15 Schematic of specimen

collapse, however, and was confirmed to retain strength at the end of
the test. The predominant failure mode was the bearing and pullover
failure of self-drilling screw connections. The failure modes were
similar to those observed in static loading tests. Unlike expectation
in actual houses, the response tends to be large, probably because the
specimen had no non-structural members and other vibration-reduc-
ing elements. The overall shape of the hysteresis loops is governed
by the input of two or three large waves.

The experimental results were compared with the results of analy-
sis. For the analysis, the envelope portion was approximated by po-
lygonal lines from the experimental results of Fig. 16 and the param-
eters k = 0.2 and d = 0.85 were set for the hysteresis portion, in order
to simulate as close as possible. The damping ratio h was assumed to
be 0% because the specimen had no exterior walls and interior fin-
ishes. The results are shown in Fig. 17. The overall behavior of the
specimen is simulated relatively well. Especially note that the story
shear force-the story drift angle skeletons are determined by a few
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input waves as seen in the test. These results indicate that the ana-
lytical model shown in Chapter 5 can accurately evaluate the seis-
mic behavior of steel-framed walls if appropriate parameters are se-
lected.

8. Seismic Response Analyses of Steel-Framed House

Based on the results discussed in the preceding chapters, here are
presented the analytical results of the response of a standard steel-
framed house to severe earthquakes.

The analyzed steel-framed house was typical of the Kozai Club
Type A steel-framed houses structurally approved by the Building
Center of Japan. The Type A includes a two-story house having a
total floor area of 500 m? or less and intended for construction in
areas without heavy snowfalls. For the house analyzed (see Fig. 18),
the total floor area is 128 m? (75 m? for the first floor and 53 m? for
the second floor), the weight is 18.8 tons for the first floor and 5.83
tons for the second floor, and the story height is 2.5 m. Structural
plywood and gypsum boards were used as sheathing materials.

In general, the wall length arranged in actual residential houses
is considerably greater than the required wall length by seismic de-
sign, because of the floor planning. In the standard plan studied here,
the actual wall lengths on the first and second floors in the span
direction are 3.17 and 7.55 times greater than the minimum required
wall lengths, respectively. The actual wall lengths on the first and
second floors in the ridge direction are 3.28 and 5.15 times greater
than the required lengths, respectively. The second floor has more
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Fig. 18 Steel-framed house analyzed

load-bearing wall ratios than the first floor.

The damping ratio was set h = 6% and given as stiffness propor-
tional damping. The input seismic waves were the standard seismic
waves Taft EW 1952 and were adjusted to level 2 magnitude with a
maximum velocity of 50 kine'?.

Since plywood and gypsum board differ in hysteretic character-
istics, the quantities of plywood and gypsum boards required for the
first and second floors of the house were separately calculated, and
the plywood and the gypsum board were considered as independent
elasto-plastic springs. The parameters k and d that govern the hyster-
etic characteristics were the same as those of Table 3. The quantities
of plywood and gypsum boards calculated directly from the plan in
Fig. 18 were increased by 1.5 for analyses, in order to consider the
resistance of small walls around openings and restraint effects be-
tween the walls.

The analytical results of the standard plan in the span and ridge
directions are shown in Fig. 19. Since the second floor had more
walls than the first floor with respect to the minimum required wall
length, most of the damage was caused on the first floor. Focusing
on the maximum response values, the maximum story drift angles
were 1/320 and 1/279 rad in the span and ridge directions, respec-
tively. These values were much smaller than 1/100 rad commonly
adopted as a target story drift angle for high-rise buildings. It can be
thus understood that the standard steel-framed house is sufficiently
safe in a severe earthquake.

Since the seismic response of buildings is known to be signifi-
cantly influenced by the type of seismic wave applied, the results of
the effect of input seismic waves were examined (Fig. 20). In addi-
tion to Taft EW 1952, Hachinohe-NS 1968 known as waves with
long-term period components, Yokohama® as artificial waves with
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Fig. 19 Seismic response analysis results of steel-framed house with standard plan
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a long duration of principal shock, and Fukiai-x 1995 recorded in the
Great Hanshin Earthquake were considered. These input seismic
waves were each adjusted to produce a maximum velocity of 50 kine.
The house of the standard plan exhibited the largest response to
Fukiai-x 1995 in the ridge direction; however, the house designed
with the minimum required wall length as described later exhibited
the largest response to Taft EW 1952.

9. Seismic Design Criterion and Seismic Safety
Evaluation of seismic performance by seismic response analyses
and development of seismic design methods require establishment
of an appropriate seismic safety criterion. The maximum story drift
angle in an earthquake becomes a general index of seismic safety.
For single-family houses, there are no information concerning the
limiting value of the maximum story drift angle. It is uneconomical
to design single-family houses in the same way as high-rise build-
ings with large axial forces; therefore, residential housing requires

-14-

an appropriate criterion. The ultimate displacement of earthquake-
resistant elements in low-rise buildings is typically specified as a
maximum story angle of 1/30 to 1/15 rad®. In addition, a story angle
of 1/60 rad is applied as a repairable displacement limit for houses'?.
Given these information, here was established the criterion that the
maximum story drift angle of steel-framed houses against seismic
waves with an intensity of level 2 should be held within 1/50 rad.
The experimental results of the steel-framed wall specimen shown
in Fig. 2 indicate that the wall still retains sufficient strength at 1/50
rad. This supports that the 1/50-rad criterion assures satisfactory seis-
mic safety. The seismic design methods for the steel-framed houses
described in Chapter 2 are developed using this maximum story drift
criterion, based on the seismic response analyses. i

Fig. 21 shows the change in the seismic response in the span
direction of a steel-framed house in Chapter 8 as the wall length on
the first floor is gradually reduced to the minimum required wall
length. Fig. 22 shows the cyclic response given by the analysis when
the wall length on the first floor is the minimum limit required.

In Fig. 21, the ratio of the actual wall length to the minimum wall
length on the first floor is plotted along the horizontal axis, and the
maximum story drift angle produced by seismic response analysis is
plotted along the vertical axis. In the seismic response analysis, the
wall length on the second floor is reduced at the same rate as the wall
length on the first floor. The lower horizontal axis in Fig. 21 also
includes the corresponding base shear factor C for allowable de-
sign. The maximum story drift angle increases with decreasing the
wall length. When the wall length is the minimum required limit
given by the design methods described in Chapter 2 (i.e., ratio = 1
and C, = 0.2), the maximum story drift angle is about 1/60 rad. This
shows that the 1/50-rad criterion is satisfied. Since the wall length
has a direct impact on the magnitude of the maximum story drift
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angle, providing the necessary wall length is most important in as-
suring the seismic safety of steel-framed houses.

10. Conclusions
This report outlined the results of studies conducted by the Kozai
Club on the seismic resistance of steel-framed houses and quantita-
tively discussed the seismic resistance. The findings obtained are

summarized as follows:
1) The design methods of steel-framed houses were proposed
based on the direct evaluation of seismic resistance by the seis-
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mic response analyses. Holding the maximum story drift angle
to 1/50 rad in a severe earthquake was proposed as a criterion
for steel-framed houses.

2) For proper evaluation of the seismic resistance, a hysteresis
model was developed that properly reflects the hysteretic char-
acteristics of steel-framed houses. The model appropriately
considers the pinching behavior of a steel-framed house in the
cyclic hysteresis portion. The validity of the model was veri-
fied by comparison with the shaking table test results of load-
bearing walls.

3) Vibration test of an actual steel-framed house was conducted
at three stages of construction. The damping ratio was found
to exhibit a relatively large value due to the influence of inte-
rior and exterior finishes. According to the results of the vi-
bration test, the damping ratio was set at 6% for the seismic
response analyses of steel-framed houses.

4) The response of a standard steel-framed house was analyzed
to seismic waves of level 2. The steel-framed house exhibited
a story drift angle of about 1/300 rad as maximum response to
severe earthquakes and indicated that it had high seismic per-
formance. When the steel-framed house was provided with
the minimum required wall length, its maximum response was
about 1/60 rad and was smaller than the established criterion
of 1/50 rad.

The research work on steel-framed houses was carried out at the
Kozai Club as a joint effort by six steel companies (Kawasaki Steel,
Kobe Steel, Nippon Steel, Sumitomo Metal Industries, Nisshin Steel,
and NKK). The seismic resistance studies reported here were
condected cooperatively by Nippon Steel and NKK.
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