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The Evolution of Structural Systems & Construction Methods
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Housing & Urban Development Corporation
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Advances can be achicved in our field of techealogy only through metheds amd steal
egies formmlaved on ik basis of & continuing reassessment of past progreses and an
arder=tanding of presesd circamstanoes.

Having been a member of the Howsing and Urban Developmen Corporation’s 2troce
tural Commattee from its early dawys, | hove been able to follow closdy the developament
of the Corporation’s structues] snd building vechnologies.

The Corperation has been required 1o develop ihe standards, siructures and coestrs-
thon methods It nesds far fulfilling their role s the buikder of mumerous Smilar bousing
anitn, and becawse of this. they have continueasly engaged in wide rangss of tesling
actlviithes

Laookimg Back on the progress of these aciivithes, highlighied by ihe construcilon of a
large - scale test ballding on che premises of the ald Canstruclion Minisiry Building
Kewmrarch Laboratory in Shimjuku Okubo and conginuing owver 1% many vears foward
the development of new sructurnl and pew construction methols based on the resalts
il b rewearch, | am coovinced that the Corporation’s efforis have been enprece-
denbed evem from a global viewpoaine, and balieve that they hove been widely recogmnized
an mach,

Differently from the detailed reports an the results of research indo building stroc-
tures (ki have Been poblished in the past, the present booklet §s slgnificamt n thag {1
provides a reaby source of general informsition reganding tbe Corporation's accomplish-
ks in the sress of structural design and building construction methods. | sincerely
hape that this will help & brosd spectram of readers, including many whe are paot
lErectly eormected with the hossing imdusiry, to obdain a befter undersianding of one
agpect of the Housing and Urban Development Corpassison,

Hajimne Umemura, Professor Emmecites, Tokyoe Dniversay
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PREFACE

The Japan Housieg Corperation was established (n 1955 by the
Japanecss Govermment at & timse when bousing had become 8 major
palitical imue owing Er rising population in arban areas. Then In
1udl The Japan Housing Corporation was changed 1o The Housing
and Urhan Develepment Carpoeration (known as HUDCY. Since bs
incepilon, HUDLC has been comstrocting colleclive housing of a Eype
thai has become wilely Enown &s “"Kodan-Jvutaku” {Japan Housing
Corporaibon bomes). The iolal pomber of housing wmits consiracted by
HETTH wiocadds 1,040,006,

HUIX has alse conductesd wide-range researchs ard developments
mimmed nt enssting (he slesdy supply of betler quality Bomsses ot a
muderate cosl. Cust redudion assd the rationalization of consruction
wark have heen major resenrch sublects.

For ensuring ossistent |y high quality housing. HUDC has estak-
listodd comprehenshve deslgn paldellnes and comstroction management
manaaals. i

This pamphlet outlines HUDC's comstrection techmologies, which
focmses particularly on structural emgineering and conatruciion
mistheds, the two flelds in which major progress has been achieved
through the Corporatiog’s fesearch and develcpmmenl programe
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The vicissitudes of HUDC structural systems and construction methods (crwonslagicsl Tabie)
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Conventional Construction Mathods

HUDC's construction ranges widely from low-rise
to high-rige housing. Most of the collective housing
it builds employs either the "Bearing Wall Svstem”
or the "Rigid Frame System”, both using conven-
tional cast-in-site reinforced concrete construction.

Ralnforced Concrots Bearing Wall Systems

In its early days, The Japan Housing Corporation
comstricted collective homing of less than S-stories
hasged on the structural design code of the Archibec-
fural Institute of Japan. In 1959, a building system
for the S-story collective housing was developed in
cooperation with governmental organizations and
universities.

In order to increase the applicability of this sys
tem, HUDC established a standard design guidelines
for medivm-rise collective housing, and has im-
proved its structural systems through a series of
static and dynamic structural analvsis experiments
using full scale models,

Theze experiments were conducted mainly
hetween 1963 — 1970, With the B-stories building sys-
temm developed in 1972 and the 2-stories svsiem
developed in 1985, HUDC thus established a series
af stroctural design guidelines for the bearing wall
construction systems, from Jow-rise and high-rise

This type of construction consists of a box frame
made of cast-in-site reinforced concrete walls and
floors, with the walls being the principal bearing
members in supporting the vertical and horizontal
loads.

The predominant seismic characteristic of the
bulldings constructed using these systems for their
high structural rigidity, While the earthquake resis-
tance is guite high, the ductility is not fully ade
quate [or medium-rise buildings. Although the col-
lapse mode is of the shear collapse tvpe, structural
experiments using full seale models show that the
structure s very safe.

For high-rise constructions, there have been devel-
oped @ design criteria which, by taking defor-
mability into account, convert the collapse mode
[rom the shear type to the bending typs

The main features of this structure system

1. Ease of the structural design; because of the sim-
plicity of the fundamental design rules

2. High space utilization; because of the use of thin
walls, and eliminating the need for beam or col
umin formation,

3. Ease of onsite work, which reduces construction
Ccosts
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Conventional Construction Mathods

High-rised Framed Wall Structure

The basic idea of this construction system is Lo
integrate the advantages of the rigid [rame struc.
ture and also the load bearing wall system, by using
rigid frames with wall-column in the longituding]
direction and shear walls in the transverse direction.
The cost of high-rise constructions was reduced by
eliminating the use of stes] members.

Thizs system was first applied to the construction
af 11-stories housing [n 1983 and then to 14-storles
housing in 1985, Also in 1985, HUDC established
structural design guidelines for medium and high-rise
housing built using this structural system. Later, in
1987, the Ministry of Construction circulabted a Moti-
fication (bulletin Mo.15%) setting a standard for this
tvpe of structure. Following this notification, the
application of high-rise buildings expanded rapidly.
Today this is the structural system most widely
used by HUDC,

Regarding seismic performance against medium
intensity earthquakes, the design guideling ensures a
story-drift angle of less than 1/200, along with ade-

guate dwctility and resistance. The collapse mode of
the rigid frame in the longitudinal direction is the
bend-preceding beam collapss mode,

The main features of this structure system

. Span enlargement was made possible by the use of
wall-posts, enabling it to be efficient and have
flexible space wiillzation

2. Possibility of realizing large dwelling units by
conpecting several structural bays in the longitu-
dinal direction.

3. To reduce the story height by using a smaller
beam than wsing the ordinary rigid frame struc-
ture.

4, Ease of on-site work and cost reduction; because
of the ose of beams and wall-posts of equal-
widths

6. Cost and the length of work is reduced in high-
rize construcltions by eliminating the need for
steel members.
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Conventional Construction Mathods

High-rise Reinforced Concretes Construction

High-rise buildings have relied mostly on the steel
reinforced concrefe structures.

However, the development of high-guality, high-
resistance concrete has made it possible to bulld
high-rize relnforced concrete structures at 8 reason-
ahle cost. This structural system has become as
populiar in high-rise congtruction as it is in the com:
posite constructlon system which combines the rigid
frame and the bearing wall systems

In 1988 HUDC bepan to build 14stories collective
housing wsing this siructural system, and proposed #
diegign guideline for 6-to 15-stories reinforced con
crete structures. Furthermore in 1988, HUDC began
building 15-steries collective housing using this svs
LesTL.

The structural concept of this cast-it-site reinfor
ced concrete construction is hﬁlﬂ., " ;%
with posts and beams inthe longit idinal di -
and with shear walls or wall-posts in the t

direction. In the longitudinal direction, the nﬁﬂthm

mode is & bend-preceding beam which collapses. The
primary performance is aimed to first obtain this
collapse mode, and to ensure adequate ductility and
seismic Tesistance at the same time.

The main features of this structure system

l. Wide openings and (lexible space arrangements
are enahled by the use of square posts.
2. Possibility of realizing large dwelling units by

commecling several structural bavas in the longiio-

dinal direction.

A, Cost and the length of work is reduced in high
. rise constructions by the omission of steel mem-

bers,
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Research and Development of Technology for Conventional Construction Method
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Industrialized Construction Methods

Since its establishment in 1955, HUDC has contin-
vously pushed ahead with research and development
programs and worked together with outside organi-
zations toward the development of rationalized and
industrialized systems for enabling collective housing
to be constructed with higher efficiency. In 1958,
HUDC started to build 2-tories collective housing
using the so-called "tilt-up construction method”.
This method had been developed by HUDC in 1956
and i now regarded as the origin of the Japanese
medium-rise precast concrete [PC) construction
method. Later, in 1963, HUDC established the Test
Laboratory for Mass Construction in order to pro-
mote research and development into rationalization
of housing construction methods. These efforts
resulted in the establishment of the standard design
guideling for S-stories collegtive houging in 1966,
Then in 1970 [on the basis of HUDC's standard
design guideling), HUDC and the government, work-
ing together with the private sector, developed a
standard design guideline for Standard Medium-riee
Mass-produced Public Houses, known as SPH. This

design guideline served as a trigger for the diffusion
of the PC construction method, which is now
applied to regional public houses all over the coun-
try. Prefabrication of the bearing-wall rigid-frame
structure resulted in the development of the WR-PC
canstruction method in 1989 in cooperation with the
private sector,

Ganeral HUDC strategy and goals in industriali-

zation

1. Promotion of the prefabrication of structural
members and enlargement of each precast stric-
tural umit. \

2. PC stroctures are built by assembling principal
building elements prefabricated in PC factories.

3. Achievement of enhanced economy in element
production by standardization of the floor height
and the dimenzions of bullding elements and
reduction of the number of component variations.

4, Improvement of structural joint characteristics
through simplification.

5. Shortening construction time through simplifica-
tion of on-site construction process.
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industrialized Construction Methods

Precast Conerete (PC) Construction Method

(Precast Concrete Bearing Wall System for
Medium-rise Buildingsl

PC siructures are built by assembling princi-
pal building elements prefabricated in PC fac-
tories. This iz the basic construction method un-
derpinning HUDC's industrialization effort.

HUDC has continuously worked to improve
gtructural performances and to streamline the
PC construction method. Today we have
achieved flexibility in planning on a par with
that in the conventional construction methods.

This method has the foellowing features in

regards to ita joint system.

1. ¥ertical joints are wet joints which are com-
pleted with cast-in-gite concrete after the
welding of reinforcement bars.

2, Horizontal joints are dry joints using plate
welding or slecve joints
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B-PC Construction Method
{Precast Concrete Bearing Wall System for

High-rize Buildings)

This high-rise PC bearing wall system was
developed during the 1970's by introducing the
concept of PC construction into the conven-
tional 8-stories bearing wall system. This cons
struction method focuses on reducing the nom-
ber of welding points, [n the early stage of the
development of this system, the principal build-
ing elements were, joined at mid-length of the
posts 80 that post-beam elements were H-
shaped. In order to improve habitability and on-
site workability, however, the joint system was
maodified in 1975 into the present one with the
joints joined at the foot points.

The joint system of this construction me-
thod has the Tollowing Teatures
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Industrialized Construction Methods

H-PC Construction Masthod
(H-formed Steel Reinforced Precast Concrete

Construction Syvstem)

The struciural concept of this method is
based on the use of steel reinforced concrete
rigid frames consisting of H-formed steel posts
and PC beams end incorporating H-formed steel
members in the longitudinagl direction and PC
bearing walle incorporating H-formed steel
beams in the transverse direction.

Construction is carried out by assembling the
wall, beam and floor elements prefabricated in
the P'C factorles. This system was developed
for the construction of 11-to 14-stories high-rize
collective housing, and was practically applied
for the first time in 1970, This initial applica-
tion opened the way to the industrialization of
high-rise collective housing construction.

Tha H-PC methed has the followlng features

l. H-formed steel posts are coversed by cast-in-
gite concrete. Elements for walls, beams and
floors are prefabricated in PC factories and
are assembled on-site.

2. Joints of the PC elsments are dry joints
w=ing welding.

3, Joints between posts and beams are made by
using high-tension bolts and welding.

4. The =teel plates are built-in bearing-walls.
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WHR=-FPC Construction Method (Precast Cone

crate High-rised Framed Wall Structure)

This is a4 new method in industrialized con-
struction that was developed in response to the
rising demand for construction technologies
capable of reducing labor and time require-
ments in the construction of high-rise collective
housing, Following the first application of this
method in 1988, HUDC grganized a research
group including private sector companies to
work on its perfection. The method is based
primarily on the concept of using prefabricated
elements of high precision. Thess alements are
pesembled on-site and are completed with cast-
in-site concrete. This method has the potential
for wide application to collective housing, from
medium-rise to high-rise
The joint aystem of thes WR-PC construc-
tion method has the following featurss
I. Horizontal joints between prefabricated ele

ments are made with mortar laid beneath
the PC elements after joining the extruded
vertical bars using the sleeve joint method
or welding, then covered by sheath filled
with maortar.

2. Vertical joints are made with cast-in-gite con-
crete after welding of the extruded horizon-
tal bars then covered with sheath filled with
moriar.

1. Half-prefabricated elements for beams and
floors are completed with cast-in-site cone
crete after the seiting of the required rein-
forcement bars
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Industrializad Construction Methods

Super High=rise Housing Complex Construction

HUDC refers to buildings higher than 20stories or
60m az super high-rise buildings. In Japan, the use
of swch tall structures for housing complexes emer-
ged in 1970, and the number of such complexes has
increased gradually since sroond 1982, In recent
years, under the rising pressure for effective land
utilization in wrban areas, the number and the
helght of such collective housing structures have in-
creazed rapidly, Since its first building of 20-stories
collective housing structure in 1971, HUDC has built
more  than 37 tall buildings with approximately
10,006 dwellimg units,

Seismic performance, wind-resistance, water resis-

tance, thermal and scoustic insulation are building
performance factors of particular Importance in
guch tall collective housing. In the past, the steel
reinforced concrete structure was the most popular
for realizing such performance. However, récent
advances in reinforced concrete technology have
enabled sconomical use of reinforced concrete strue-
tures for such tall buildings. Since HUDC congtruct-
ed ts first 25-storvies collective housing structure
using the reinforced concrete structure techniques in
1884, this has bhecome the structural system with
which HUDC uses most often [or tall constructions
up o super high-rise height.
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Maw Developmenia in Gonstruction Systams for
Maedium=rise Collective-Housing

Social treénds are forcing builders of mass-
produced housing 1o revise their design policy from
ope that emphasizes the canventional standardiza-
tion to one that is flexible enoogh o respond to
the individual tastes of the occupants, Even the
structural systems are being affected

In order to satlsfy cuspomer requiremsents and to
improwe the productivity of constroction work @it
the same time, HUDC embarked In 1985 on the {ol-
lowing two research and development programs {or
ereating mew structural esncepts to overcome the
shomicomings of conventionn] stroctural systems.

Development of Medium-rise Wall-Flat Beam
Structure

This siructure 18 now being developad on the
basis of the conventional bearing wall box frame
gtrocture, In the longhodinal direction, bearing
walls breadth and beam heights are being minim-
ized through a strict study of the bearing walls and
beams. Bnd in the tansverse direction, the idea of
coftingons series of bearing walls are belng
introduced,

Advantages and features of this structural
systam

1. Wide openings for full beight from the foor to
the celling mahke it possible to reallze open,
Hyht-illed rooms.

2 Whhout the resirictions coosed by beam helght,
enarmous flexibility con be obtnined in dwelling
anil planing ond focade desipn, and even bin
regards o the future changes in the room
mrrangeEent s,

1 Because of the very simple shape of the struc
tural members, productivity In the constrdetlon
process should be high.

{. Bocause of a thicker slab depth than in ordinary
stroctural systems, higher acoustlc insulistisns
can be obtnined.
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Mew Developments in Construction Systems for
Medium-rise Collactive-Housing

TRI Column Structurs

The structisral eoncept of this relnforced con-
crite construoction method 18 characterized by
the "THI Column Frame,” an independent frame
unit for the longitudinal direction composed of
one main post standing from the basement
beam and two attached posts with a beam con-
necting these members, Such frame units
are arranged in the range allowable by
the structural requirements. The transverse
direction is made up of a séries of bearing
wills and are attaced to the main post of the
THRI Column Frame.

Advantages and features of the TRI Column

System

1. Wide openings can be obtained by the reduc-
tion in the number of beams in the dwelling
urits.

2. Dutstanding flexibility in the frame arrange-
ments allows versatility in dwelling plans,
gitractive facade design, and emsy renovetion
of dwellings and building service equipments.

1 High component independence facilitates the
industrialization of the construction process
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