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Tokyo Sky Tree reached its full height of 634 meters (2,080 feet) on March 18.
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The Great East Japan Earthquake and Tsunami that hit on March 11, 2011 not only
exacted a terrible toll in lives and property along the Pacific coast of the Tohoku
region, but damaged the Fukushima nuclear power plant, creating problems that will
take years to solve. We grieve for the thousands of lives lost in this disaster and
express our deep concern for the welfare of the survivors struggling to cope with
devastating circumstances.

Following the earthquake, the Nikken Group quickly established a Disaster
Support Headquarters responsible for checking the safety of all buildings designed by
the company and responding to the needs of society in the disaster-affected areas.
We are happy to report that all our staff and employees are safe and our company
facilities were undamaged. Since March 11, the company has received many
messages from clients and collaborators overseas and from people connected with
Nikken Sekkei projects both in Japan and abroad. Let me express here our deep
appreciation for your words of concern and encouragement.

This issue of Nikken Journal, in place of the originally planned content, features
articles presenting the Nikken Group’s views on the March 11 disaster along with
observations and reports on efforts made to address problems arising as a result of
the situation.

This is not the first time that Japan has suffered from a major earthquake in recent
history. We have the experience of the 1995 Great Hanshin-Awaji Earthquake (Kobe
earthquake) sixteen years ago to build on. As a group of professionals trained to
tackle the problems of architecture, the city, and the environment, the Nikken Group
will expedite reconstruction projects. We stand committed to supporting the creation
of a new Japan out of this unprecedented disaster.

Keiichi Okamoto, President and CEO Nikken Sekkei, Ltd.
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Features of
the Tohoku Earthquake
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2: Observation records of seismic motion.
3: Observation records of long-period seismic motion. ™
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The March 11 earthquake that hit Japan’s northeastern region
along the Pacific coast was a massive one, measuring 9.0 on the
Richter scale. How did it differ from previous earthquakes from
the viewpoint of architectural design?

The 9.0 Magnitude
The tremors that shook the earth on March 11 were probably
among the most powerful to occur in Japan’s part of the world.
According to the United States Geological Survey, they generated
the fourth greatest earthquake recorded in the world since 1900.
The earthquake on March 11 was an interplate shift triggered
when two tectonic plates that had been locked built up sufficient
stress to result in slippage. The epicenter of the March
earthquake was located in the Japan Trench, where the plate on
the ocean side slides under the plate on the land side. In this
case, the slippage along an expanse 500 kilometers long and
200 kilometers wide (see figure 1) caused a broad swath of the
Pacific coast to shake violently.

Extent of Violent Tremors

The shaking of an earthquake, like sound, has frequency
characteristics. The accompanying figures on the left illustrate the
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[Note] Observation records of the 2011 earthquake in the Pacific offshore of the northeastern region of Japan (shown in red
and orange): Ground motion recorded at the time of the earthquake and represents two orthogonal horizontal components
of motion at the same site.“Nikken waves” (shown in blue): This figure shows ground motion models for seismic design that
take into account a presumed quake epicenter and the ground conditions of a specific project site. Nikken Sekkei developed
the models drawing on achievements in seismology and earthquake engineering that have been used in designing

skyscrapers and seismic-isolation buildings since 2005.

[Source] 1: National Research Institute for Earth Science and Disaster Prevention, Seismic Source Process of the 2011
Earthquake in the Pacific Ocean Offshore of Northeastern Japan Using Records of Strong Motions (in Japanese).
2: National Research Institute for Earth Science and Disaster Prevention / JMA: Japan Meteorological Agency
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3: (a) Observation records on the ground surface at site of Nikken Sekkei Tokyo building; (b) Building Research Institute; B ERIRE S? biecre

and (c) Port and Airport Research Institute

intensity of seismic ground motions, with seismic period on the
horizontal axis and building response to seismic waves on the
vertical axis. Figure 2 shows the intensity of the shaking in two of
the most severly hit areas: the Miyagino district of the city of
Sendai (Miyagi pref.) and the city of Tsukuba (Ibaraki pref.). From
these charts we know that even the city of Tsukuba, which is far
away from the epicenter, registered —depending on the period
ranges— almost the same high level of seismic ground motion as
Sendai, which is much closer to the epicenter.

Long-period Earthquake Motion

Another feature of the March 11 earthquake was the long-period
seismic motion occurring in sedimentary plain areas distant from
the epicenter. Long-period seismic motion occurs when the
earthquake is so large as to generate long-period earthquake
waves or when the earthquake waves that spread outward from
the epicenter have long periods. The amplification of these waves
in thick sedimentary layers (such as areas on reclaimed land)
causes the ground to continue shaking with a site-specific period.

Strong Ground Motion in Major Cities

In Tokyo, Nagoya, and Osaka, long-period ground motions were

1: Seismic source area.

observed in certain areas depending on the ground conditions of
the sedimentary plain (shown in red and orange in Figure 3). A
predominant period of about 3 seconds, reflecting the thickness
and hardness of the sedimentary layer, was recorded in central
Nagoya’'s Naka ward, the same level as recorded in central Tokyo’s
Chiyoda ward. In other words, skyscrapers in central Nagoya with
a “natural period” (the time it takes a building to swing back and
forth once) of 3 seconds shook the same as buildings in central
Tokyo with the same natural period. The coastal area of the city of
Osaka registered strong tremors with periods of 6-7 seconds that
were almost as strong as those recorded along the coast of Tokyo
and is an indication of the quite vigorous ground motion observed
far from the epicenter of the quake.

For reference, we will also present the record of what we call
the “Nikken Wave” (shown in blue in figure 3). The “Nikken Wave”
is a simulated wave originally developed at Nikken Sekkei. The
charts show the simulated wave for projects completed relatively
near the sites mentioned in figure 3. While the epicenters
assumed were different from that of the March earthquake
(resulting in different seismic ground intensity), the ground motion
periods simulated by Nikken proved to match the predominant
periods of the ground motion recorded at the time of the March
earthquake. This match shows the appropriateness of Nikken’s
assessment of the ground characteristics at these project sites.
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1: Comparison of observation records

and seismic ground motion model figures.

[Source] 1: El Centro, Taft: California Institute of Technology,
Earthquake Engineering Research Laboratory

2: Port and Airport Research Institute
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The structural safety against earthquakes of skyscrapers and
seismic-isolation buildings is generally calculated using computer
simulations. Such calculations require a ground motion model
that can be applied to structural design. Here, let us look at three
such motion models — the model formerly used when filing for a
building permit from the Ministry of Construction, the Nikken
Sekkei-developed “Art Wave,” and the recently developed
“Nikken Wave” model.

Old Motion Model

Since skyscraper design began in Japan in the latter half of the
1960s, simulations were usually performed by adjusting the
amplitudes of seismic ground motions recorded at several
adjacent sites. Until the 1980s, however, too few sites were
equipped to record tremors and the devices did not provide
adequate records of long-period ground motion. Long-period
ground motion is especially important for a building 30 or more
stories high which corresponds to a natural period of 3 or more
seconds (see figure 1). Reliance on such observation records
alone might result in an underestimation of seismic ground
motions.

NIKKEN JOURNAL 07 2011 Summer
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“Art Wave”

Nikken Sekkei’'s designs using the old motion model already
projected long-period ground motion calculations for each
individual building. In 1988, however, Nikken Sekkei developed its
own seismic ground motion model, “Art Wave,” in order to
remedy the underestimation problem. The new system was
designed to calculate the structural strength needed to withstand
ground motion at periods of 3 or more seconds. Since then
Nikken Sekkei has used “Art Wave” to design skyscrapers and
earthquake-isolation buildings (figure 1).

In 2000, with revision of the Building Standards Law, the
Ministry of Construction issued a notification stipulating the long-
period seismic motions that had to be taken into account in
designing super high-rise buildings. From then on, these official
specifications (called the “Kokuji Wave”) were applied to the
design of skyscrapers and earthquake-isolation buildings built
throughout Japan (figure 1).

“Nikken Wave”

Nikken Sekkei then developed a new earthquake motion
simulation system for structural design — the “Nikken Wave”—
aimed to take account for earthquake-inducing faults and other
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2: Tectonic plates around Japan. | 3: Mechanism of an interplate earthquake. |
4: Propagation of tremors.

ground conditions specific to different project sites. The
Japanese archipelago is subject to two types of earthquakes.
One is interplate quakes that result from slippage of one tectonic
plate subducting another in the ocean offshore (figures 2 and 3).
The other is shallow earthquakes occurring inland. The tremors
thus generated are transmitted through the bedrock and then
amplified by the sedimentary (alluvial) layer near a project site
(figure 4). The Nikken Wave model focuses on calculations
determined by the conditions of specific sites.
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Differences in Motion Intensity by Region

Figure 5 shows how seismic ground motions differ by site as
calculated by the Nikken Wave motion simulation system. Three
areas where a severe earthquake is expected to strike are cited
here: near Tokyo Station, near Osaka Station, and near Nagoya
Station. The chart in figure 5 shows how dissimilar the graph
shapes are for the three sites. The predominant period-lengths
of ground motion are also different: 7-8 seconds near Tokyo
Station, 5 seconds near Osaka Station, and 3 seconds near
Nagoya Station.

Such specific features affect the shaking of the buildings
built in each area. The shaking of a building also differs
according to the type of earthquake. For instance, the impact
on a 200-meter building model of an inland earthquake will be
similar to the ground motion of the earth on which the building
stands. The period of both the ground motion and the building
shaking is short. However, in the event of a Nankai earthquake
(a type of interplate earthquake) occurring offshore in the ocean
south of Japan, the ground motion will be of the long-period
motion type, in which case the ground motion will occur first
and the swaying of the building will follow with a slight lag. The
swaying will be strong and last a fairly long time. (See figure 6.)
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DPRVEHRENE T D BAERRERBRDOGEICIOTHEE
HOREHBREFHE CENIL BRBEE OB ETINZHEET D
ZENTEET,

SROEEE] 2RV 2l —2a>Z2F/RITERLTH
TlEWEEZATNET,

Utilization of the Nikken Wave and Future Prospects

The shaking of the earth varies greatly depending on the
location of the epicenter and the ground conditions of a given
site; moreover, the shaking during the predominant period of
ground motion may be greater than the official “Kokuji Wave”
figures. These differences need to be reflected in considerations
of structural safety.

The Nikken Wave system can be applied not only to new
building projects but also in ascertaining the seismic safety of and
needed earthquake-proof repair work for existing skyscrapers.
Since the Nikken Wave system can also make a relative
assessment of the performance of a building due to probable
earthquakes, a corporation can utilize the system to help decide
priorities in repair plans for all of its buildings throughout the
country.

The Nikken Wave will also be helpful for overseas projects.
Characteristics of specific seismic sources can be fed into the
system on the basis of data made available by the United States
Geological Survey and other organizations. Although data for
ground conditions may not be available for some overseas
projects, a site specific ground model can be developed by
surveying the deep ground conditions of a given site according to
Japanese standards.
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Nikken Wave figures near Tokyo Station projected
for South Kanto Earthquake of magnitude 7.9
KIRERIL(% . FE/BH#AR (M8.6) 2487 L 7= H R
Nikken Wave figures near Osaka Station projected
for Nankai Earthquake of magnitude 8.6

ZH R, REBHER (M8.2) 218 E L/ BK
Nikken Wave figures near Nagoya Station projected
for Tonankai Earthquake of magnitude 8.2

EHIK

“Kokuji Wave”

RERRE

Assumed seismic source regions

—— FRRE
South Kanto Earthquake

—— FBHER
Nankai Earthquake
(off the coasts of Shikoku island
and part of the Kii peninsula)

—— AR

e Tonankai Earthquake

e} ﬂ (off the coasts of Tokai region
and part of Kii peninsula)

5 il K HHEENIRREDIE, | 5: Differences in seismic ground motion by region.
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6: Simulated earthquake ground motion for a shallow inland earthquake of magnitude 7 near Osaka Station (left) and a Nankai earthquake (right),

as applied to a 200-meter building model with a natural period of 4.5 seconds.
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Power Saving

HiEZERET & {maRETERFT
Nikken Sekkei M&E Engineering Department

BEEOBBOBHER
Normal daytime electricity consumption

BHDEAE
Volume of
elecﬁricity consurhption

(ol:53 6 FF 120§ 186F 248F

E—2Hhv k| Peak cut
E—UROBENEREDY b

Cut when electricity consumption
reaches peak

Volume of
i eleciricity consurhption

[0)i53 6 FF 120§ 186 248F

E—2< 7 | Peak-hour shift
E—UBOBENERERRE  BHICET

Shift of peak-hour electricity consumption to
night or early morning hours

-----

_____ s | |
----- | Volume of ; S
electricity consurnption

OFF 6 FF 12 0¥ 18 8F 248F

Holldays

OFF 6 FF QE?'f 125?} 18/ 24§

B4

1 ROENDEHBONR.
1: How to respond to the call for “Power-Saving.”

FHEEEADRAL. IROBEHESE
SEOBRKICKEBEZFICE\ T EHRGRENDPENTE
ICHLUTKIBICTRR T 20DERVELZ, BASHOMRIEEE
PHREICHLTHLTHERNRT BE BHRBOREMED BN
Mg KIEBZEBIENODHYET, COKFEIEBCP (FHii
) DERDOHH. TOBF2WEIATTH. REE2TEAMH
TRELVEMHEEICRT L R KEEEH<D
STEFEHDVIIABLREHEEZHEETDINRIIRALL TSI
PRESENET.

SETICRRBRLIEIEDRWETEFE] ICEDHmA DD
—REREYICHE VT, FTEFEEDLDED T DEEICH
ISUTWERWZEDZWDDPEIRTY, —MIICSETHREL
TWeBl & [SEOFHERFE] DBVERIDKEIICEX
SNET.

ZDEDIBVDS. EHEFEBICKH T 5. B HEOER LR
BINEEREZ, BXEROFEEERIIETEDHHICEYEIE
BHOEIEAMIT. BEFE A —LN—2 EICARLEL P13
B8], (http://www.nikken.co.jp/ja/news/pdf/20110318 _00.pdf)

ETE{EEICHLUTIE. %%z@#%ﬁ'(%ﬁﬁ?ﬁ@ﬁé@ CIImE
LUCLESEE. HEWD o CORBEOEAHNELICHED b
BIEXRTEMBDNER T HENDOERE, VIR éﬂ%rm XL
TEBMORBPREICEDOENVERLRE BHDR2MECHRIER
RELHEDBR TZADDERLARTNIRYEE A

ERSNEEEBIEIMREFNOHFEDP LK Th o/l L.

Preparedness for Planned Power Outages

and Effective Power-Saving

In the wake of the March 11 disaster in northeast Japan, damage
to electric-power generation facilities led to major shortfalls in the
capacity of the power supply companies to meet demand in the
metropolitan and surrounding areas of the country. From the
viewpoint of business continuity planning (BCP), it is hoped that
wide-area blackouts will be avoided by all means, but since
restoration of the previously generated volume of power will be
difficult to achieve in the short term, either planned outages or a
considerable reduction in power use over a fairly long period of
time are believed to be necessary.

1: Preparing for Unprecedented “Planned Outages”

While buildings are equipped to deal with various kinds of
anticipated outages, loss of electric power in the form of the
“planned outages” announced since the March 11 disaster are
something completely new. The differences can be outlined as
shown in Table 1. Because of the various differences, Nikken
Sekkei has created a website listing cautions pertaining to
management of building facilities in the case of planned
outages at http://www.nikken.co.jp/ja/news/
pdf/20110318_00.pdf (see p.13).
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KAFEBAEIRRETENHIGHDPRELUTZIEREDD. K
BREBZB T 2RRFRELTIE FTEFEEILRESIEE
SN ZORDYICKIBLREIEDROON DI EEBRVELTz, LD
LEtBEIE BT 2B o/zhIT TRV e SRR ZE
RIDBEDDHYIET.

2 ROONB[EE] DAR

INDEEAN\IT TR T BHE] 3. FESDE TxILF—xd
IS COBFHBHIBNDM G EIEETRERVEY, FRTERAT
DBNEBEHIBT Bt BEREFH CADPLVFIEEREZ
WOT . AE—EREDFHEENEZRST ELDEIBHRIESED

‘ SETHEL TV [{FE] Heretofore anticipated power outages

IWRICIIERNARREREBLE A . BIIE (EREH X EHERH-
TUNF I a5 T DTIFRL FEOBBICERAT2EA(TYN
FDEDEFOT EDEE] ITkDONET,

[E1E ] d. A SHICEAINDBHDPAZILZEEHICH0
T RBENOERAEHETREDLOICEHERRAOEIEEITOZ
ETT, E—THYN@EHT R DN R — TS TN E R TR
EBHEESHREEED) EV\ DT EDROONET [M1], BIHOE
BICFFEORE DM D BREEIR)ET, Y Cld. ZOMHEITS
BEYINEBAN. BFEEHDDIETHBITIR)ETY, £/ BAREE
HICESTRIEBNHZEIR T DI EEHRVBIRFE T, BAR
HDOLIBERDEAEEDT HRIETBCPICHDIEDET,

[§1E{$E | “Planned power outage”

NP HEF Fire or accident

{RSPEFPZUERF Maintenance or repairs ‘

M EEERE B AR HEOR DB,

Operable times TEAKERABIEERD 1 B RITZE DRSS
Emergency equipment operable for 20-30
minutes and fire-extinguishing equipment
for about 1 hour.

one day when electricity load is low,
such as when building is closed.

BYOLBERERLREBR DR, FHORYMERRFT.
1HERECREEBICRDDEEZITD. BHaWEET2EIC. SHEREEERO.
Electricity is turned off for as long as

Rather long or approx. three-hour
outage during weekday when building
is in use and electricity is needed.

SR FRICH T, FET1 EORERMFE,
Frequency BT TRIBIEFE>ERRIE,

Very rare electricity outages, less than once a

year; chances of repeated outages even lower.

FICNERE. filT TEET DI &G,
About once a year; not implemented
more than once at a time.

BREEEINDEREEDH D,
1HORIC2EREBTEDIEODHIES.
May occur daily; possibility of two

blackout periods per day.

F1BELTOWEEEEAEFEEOLE., | Table 1: Comparison of anticipated and planned power outages.

Even when a building has battery-powered backup
equipment, the batteries may discharge completely under
extended use. In-house power generating equipment may not
be designed to operate for extended periods and fuel on hand
may run short. In the case of repeated outages, there may not
be enough time to completely recharge batteries. These are
some of the issues that have to be kept in mind in order to
assure safety and minimum required functions.

Partly because the planned outages that were carried out
had a tremendous impact on people’s lives and partly because
the power companies managed to partially restore the power
supply by mobilizing its petroleum-fueled generators, further
planned outages have been canceled for the time being.
Instead, businesses and private citizens are being called upon
to cut down on their use of power as much as possible. The
possibility remains, however, that planned outages may still be
scheduled.

2: How to Respond to the Call for “Power-Saving.”

The power-saving needed to cope with the electricity supply
crisis the power companies are facing since the March 11
disaster is rather different from that aimed at energy
conservation and reduction of CO= emissions. Cutting down
on power use after regular work hours, reducing standby

power-use (for copy machines, etc.) and other measures that
help reduce annual power consumption are not very effective
in coping with the present crisis. Rather than reducing the
volume of electricity used annually (amount of power used x
number of hours = watt hours), what is required in the current
situation is reduction of the wattage used during weekday,
daytime hours.

In other words, electricity use must be reduced to less
than the greatest amount of electricity that is being generated
during the time periods when electricity consumption is
greatest. The peak cut (cutting demand during peak hours)
and peak shift (including operations rotation, night shifts, and
working at home) methods of power-saving must be utilized
(figure 1). During the summer months, power reduction efforts
will be especially crucial in the daytime on weekdays. Air
conditioning of buildings cannot be turned off completely, but
the thermostat can be set higher than in past summers. Using
as much natural light as possible is an effective means of
cutting down on illumination energy consumption. Making the
most of natural resources such as light is an important
element of good business continuity planning.

1"
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BICOVWT— IERROHSEELSFRIBAZEET

ERICEDBAHBTREDED. A BIFEFAZMIIEREE
RIFIUSRERLBVEL T, BEDPROOEREESNEELR /R
MEEBENTEERLED . CIDDSEDPREREZERDER)
FEBVDOEFFTERBDETFATEET, BHHEBETBITH
BAOWAEHEENRRA TN, FEE THHREENIXIL
F—BYDOEFEL TV EZEICHMBE D Ho/eDhELNEY
Ao BRFHRICAFT THEE IR F—OHIEB HZEL T\
ETEHIELED. BICABRBEODFICHENTIE 28N
PIo7zBE A P Re /2 072k DT,
IR JISTEDONT=F T« ADHRIREIT 750Ix LI TY,
CIE/ISOEZE[E500Ix T DT, 750X IFHAMICR TEHALS
WBET. BAORBEREMBIES TZX2EOMHDHIET. £
DIER. —ICEYMA THESND IR F—DOO6RBAH L
H2ENE13H20%ICBRY. BRI F—DEIRITEMEEAN
DEENEVERBINERFHLEABITTOEERZ—7 VA

ESNTOET, HIBEHEDO—FleL T BEERET RREICHE N
TORERE 750Ix TOBEBFIRMICIDRERDIER. @R
ICRARRICEDIREZ 00 IXICHIRES E/2HE/ . B4 DIRBAT
FIF—DHIBIRER 2ICRLET ., BEIFANHEER L TH
35%DHIFZNRDHo/cl EDFER TEET B, IREZ 3001
EELIEBAICIE. KUBWKIE8%DEIRMRDP RiIAD DI IS
RET,

ZDIDRRERE ISHIRIZRRA IS ISR VEDTDHD
CEFIBIEBEEINTVDDOTY . ERICIE, #HEEEZTRED
EPERNDREDP NI —EBRDUATZRBEL T EREEDHE
BIREEM/T JOICRETEN TV BDDIRIRTT.

™

22

. BRI —T THRHEICEWHA TH [p.20-2188] . BE
AR T SIBHROAZVRIABEHOHIRKICAITT
HIFEEERATBE 300 I ITHHL T REOHEAILTWET, &
DEIBICEKY) 26%DEBHEIEN TEEL/Z (N3], BREEDIE
TRHVETH. BRSNEREZREERIGEE TOEWEDT
T, /XA RDDERKICESLIRR. BREFTEESHN T

—IREERT T AGEN B R E DKL) ‘

Offices in general (without lighting control systems)

QBT TORIR(BAFIORRREERLEIL)
(DPower saving by automatic luminance control (at the
Nikken Sekki Tokyo Building before the March earthquake)

@ BBRA300 IX 34 TE (AR EREIL TORE)

|
|
|
@ lllumination assumed to be set at 300 lux at the ‘

Nikken Sekki Tokyo Building

Hf AT EFAWNT 1 BXAAHI# | Daylight responsive lighting control

I #VHASBERIESI | Initial ilumination compensation control

BBYREEHIE 750 (A ERE [ BHAH—FEY | Allillumination reduced during lunch time

[ BBEETE | Setting the illumination level

Hfau’:XTJr

RYTE 300Ix ([CHANERTE W 7£/AREFI | Lighting control using human-presence sensors

M2 AR ERREINCEBERRAICH T DHEE TXILF—EIER. | 2: Energy Consumption Reduction Effect of lllumination of the Offices of Nikken Sekkei’s Tokyo Building.

Power Saving:

Learning from the Social Experiment of an Emergency

The power supply shortage caused by the March earthquake
has forced us to rethink our lifestyles. With the coming of
spring, there has been less demand for heat, easing our
concerns about a power shortage. When Japan’s hot
summer begins, however, we will not be able to cool
ourselves down with air conditioning as freely as in past
summers. Damage to power plants is the immediate reason
for the shortage of electricity, but part of the problem may be
users’ heavy consumption of power. Now, in addition to
reducing energy consumption as we aim for a sustainable
low-carbon society, we need to use power for illumination
less lavishly.

The Japanese Industrial Standards (JIS)-recommended
illumination intensity is 750 lux, a very high figure compared
with the 500 lux called for in international CIE-ISO lighting
standards. Electricity accounts for approximately 20 percent
of all energy consumed in buildings, so cutting down on
illumination energy has been an important target of designs
for the low-carbon society.

Figure 2 shows illumination energy reduction for the
Nikken Sekkei Tokyo Building as an example. Even before the

March 11 earthquake, the building’s automatic luminance
control system had made possible a 35 percent decrease in
illumination energy. When the illumination intensity is reset at
300 lux, as shown here, a much higher reduction rate of
approximately 58 percent can be achieved. Currently, the
intensity of the lights in Nikken Sekkei’s offices is reduced to
300 lux and window-side lights turned off, cutting down on
electricity use by 26percent (figure 3). There seems to be no
apparent problem as far as the employees and staff are
concerned.

Turning off lights and reducing illumination alone, however,
cannot resolve the situation. If overall illumination is thus lowered,
some ingenuity may be needed in maintaining a sense of
adequate brightness or providing more intense light where
needed. The shorter the distance from a source of light to the
subject illuminated the more effective the electricity saving. For
those who are reading documents and other texts as the main
part of their office work, “task lights” can be used to shorten
illumination distance. Conventional designs, which aimed at
providing uniform illumination strength for every part of a room,
clearly need to be reconsidered. Efforts should be made to opt
for adequate light where it is really neaded.

The call to turn off lights and save electricity in the wake
of the earthquake has made people more aware of the light
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FU7eD FEICZ DR DIEREZITIEHTNET,

EFVAL FEHSHE VT TR F—DHIREBREL TH.
HAPHAZATNERNEWSEDTRHIEE A BIREICEK
EETHOTHNE. BABSRAREICERL (EEEBEEES
HBLRDPUBBEESNTVET, T, L ETERLREEZHOANTH
MREDZAICE. REZBOHDIEXFHREDRPTALDH. P
BIEERICIESREDPBEESNET T, COBBICIE. RATZ
A NERWTRSTERMER T EXEREEZS<HEL T
HEERREE TR F—OHIRIERIBEERUE T,

DFY RARRPICKIERDOEDE D THI—(ICHERES

HRLEIDELTUVEREHIHEREKRDDNE T, [BERED
BICBBEENZNRL] 20D FNIE BE T IILF—0DR-L
PIo7HIRD Pl REE B BD T,
BT EPRESNEBERB D INEELOTHHD. BHER
TITHNTOVDIBIT RO M I DEISRVEE AL TTICRD
TLEIDBLNEELEA. — AT SEOEHBICHDIBII T H5
TN TL2EHEDP R DDOHVET, REDKRE
Lid. BSTETONTVSHAEBR CHHEBEAEDOTT. €
LT, CORER BEIFICRRO/ZRRETD D ABICMED H DR
EIDROENDEDFRELRDRIREM D D E T,

HIFEIRE 001 EREFE TS/l EEMIBICETEE
BABRTT, CORERRZ . ARRRLICEFIEREHTEDL TN
TEZATVET,

H—— REISRDSIRETEANDERBED 2 FICK AT

they really need. Quite unexpectedly we are conducting a
kind of social experiment in finding ways to decrease our use
of light, and it is one that may help shift architectural design
away from heavy reliance on standards and toward greater
focus on qualities we really value.

201053 BRFZIBIF9 | Average by hour in March 2010
W 201153188 %AE1E | Electricity actually saved on March 18,2011
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3: Electricity saving at the Nikken Sekkei Tokyo Building.
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Nikken Sekkei Website

“Cautions for Dealing with Planned Power Outages”
[http://www.nikken.co.jp/ja/news/pdf/20110318_00.pdf ]

BEREKBHIESZThZED

FRHBATIC [RTEEBICHD XK TR RFICDOVNT PEE#EEINT
WET DT P TIHB TS,

(BETRIEBAT http://www.tfd.metro.tokyo.jp/ji0311/07 .html)
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) RIBEE BRI ERLET,
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DT ERTE,
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HABBEBREDEERA
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The Nikken Sekkei website is available in Japanese only. The
main contents are cautions about dangers to watch out for
regarding emergency-use power-generation equipment,
elevators, and gas-fueled devices, and reminders about possible
damage to equipment that can occur in the case of sudden
power outages. We urge building supervisors to take this
occasion to remind their personnel to review equipment manuals
with regard to power-supply related risks and raise awareness of
the impact of power outages on pumping and other facilities.
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A2 RIRLIRKRUCDULT
The Soil Liquefaction
Phenomenon

HEREt e
Nikken Sekkei Civil Engineering Ltd.

10 BRA - IRBRARR KBS R—D S —1BHEY DIET . R—
NoAF—EREDOHELT . HERERITHIELCY O
TOKDHIRICIEH  ERR ) | DEDIST., BEFCHE A
40cm ik U7z, (199541 BRR

1: Subsidence at the base of a pier supporting the
Port Island Liner (“Port Liner”) rail tressel.
Immediately after the Kobe earthquake,
groundwater mixed with sand gushed up through
the ground surface and flowed along the road like a
river; the ground simultaneously sank 40
centimeters. (Photo taken January 1995)

BRh-RBERBRADSOHMR
ZZTIE EBHBHRPEON TVDHBORIR I RICDONT
AL E T

DY ETHEOBIRTRDOUBEEN T SINIZDIE. 1964
FIURHETL/Z, THIC3TFEHRD 1995 Ffr i KR AE K%
#BCIRETIE HBORIRMEICEL TROMBZEFETWET,

1 RIRME T DR REIED & 1RO TR D ERTICHIFI TE DKL

DNz,

2 RIS T 2B R DB DRI SN /2.
INBEDOMRIE. SEORBEICENTEHEDPSNTOET,
1 1B TR
B - RER KR KRS, E#BRIIRIRIL P MLt E

BB ZIL | Minatojima Tunnel —//’/ Ll &S
| (i Sand blow areas
R TR OB
Cohesive soil
and sand blows
=1 YRR —>
Sand drains
3 7Lo—k

Pre-loading

ﬁ'lv_- "-It.. €2 wmED

Vibro-compaction

The greatest devastation of the Great East Japan Earthquake
(also known as the 2011 Tohoku earthquake) resulted from the
high tsunami waves immediately following the powerful tremors
that occurred off the shores of Japan’s Tohoku region on March
11. At the time of this writing, detailed data on the impact of the
earthquakes and tsunami are not yet available. Therefore, in this
issue we will look at the soil liquefaction that occurred following
the quakes in many areas and for which a relatively large amount
of data has been obtained.

Lessons of the 1995 Kobe Earthquake

The urgent need for measures to prevent soil liquefaction was
recognized for the first time in Japan following the major
earthquake that shook Niigata prefecture in 1964. Again,
following the Kobe earthquake of 1995, two major advancements
were made in civil engineering technology. One is that experts
identified what materials used for landfill projects are most
susceptible to liquefaction, and the other is that they ascertained
that certain ground improvement methods were effective against
liquefaction. In the wake of the Great East Japan Earthquake,
the technologies developed utilizing these findings were proved
effective.
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NEAE —m Bl e BRI | Sand blow areas
Rokko Ohashi Bridge

P> RRL—> | Sand drains

@ 2 > k02323 | Sand compaction

1: Land Reclamation Material

Even before the Kobe earthquake, the fact that liquefaction
occurs in soil-fill foundations but not in clay-fill foundations was
well known. At the time of the Kobe earthquake, two artificial
islands, Kobe’s Port Island and Rokko Island, clearly differed in
terms of the damage they suffered depending on the type of fill
with which they had been reclaimed (figures 1 to 3).

To be more specific, Port Island, where there were
widespread sinkages of 10 to 40 centimeters, had been created
using decomposed granite soil. Rokko Island, where no
conspicuous liquefaction occurred, had been built using landfill
clay-rich rock and tuff (volcanic ash; figure 3). The central part of
Rokko Island, where the base material was decomposed granite
soil, did sink an average of 10 centimeters and the soil had
liquefied (figure 4).

2: Ground Improvement

Figure 2 shows how the central part of Port Island, which had
undergone ground improvement, had relatively little liquefaction.
This success demonstrates that despite the use of decomposed
granite soil, if the ground is improved then liquefaction can
effectively be avoided.

RDPHYVELTe, THOE BRI T D BICHE Y L HBWREHE
B INESIREICEB TE DI EDKRIENEL 2.

RAXAERICH T B8 OBHIREK
WE. TERBR. EREBABZIELD. HEBEHRZREL TLVARN
B HIC BN LERICRRIEDRELEEDPERSNATY
£7, TORRIICEKY FHHEREICHEDPELCEL 2 RERS],
FAT AL T ETFKDRIRCIC R EREL <R T
ROBEEEIHEDPECELE,

THZOMBORIRCIT. HRENCKVR DDA E DY)
N PRIDIKRITZ OV EIRBEICARD Z &I K AELCE Y DRENSG],
CDFER . WDZ ATV ERENSH T KICES EBAD LT
M2, tEOENEHISRKIPH EICEETHDTY,

= EROKFEEE
_ Horizontal displacement of the caisson foundation

ar
HAOBARC LT
Ground liquefaction and subsidence

BIEIET
Forward tilt and subsidence

X4

2IR=NTFASUNHAORRCEE S HBAROEHE. | 3 KET7ASUNORR(E
DHEHBAROER. | 4 ANBET7ASVNOEER D, KEOBRDORRLICK
UXFNDEDN., Fio. ERBOBRRICEIDLEDIMICKERED RS RN
Ufz. ZNUICHOERBEORZEML . ERLEBHREDRBAICH/IOTHRET %
fEREIDT,

2: Map of liquefaction and ground improvement areas in the Phase |
construction (1966 -1981) area of Port Island. | 3: Distribution of liquefaction
sites on Rokko Island and ground improvement areas. | 4: Embankment shift
on Rokko Island. The embankment lost support due to liquefaction of the
replacement sand beneath it. That loss of support, together with the increase
in earth pressure resulting from liquefaction of the earth behind the
embankment, caused a major displacement. The movement of embankment,
in turn, led to further displacement of the ground behind it, paralyzing
important functions at the port over a long period.

[HiER]1- 4 THERERET OB — PRk K IC 5 NIKKEN SEKKEI Report 1996.12)

1-4 | Source: Anti-seismic Design and Technology: Lessons from
the Kobe Earthquake. Nikken Sekkei Report, Dec. 1996 (in Japanese).
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o K| Water

BHIF | Sand particles ‘ ’
)
—> g @
EANC)

HEZEF | After an earthquake
FIBRKDEANTHAE VDI AIIRAE

Sand particles are loosened and

HiEEHT | Before an earthquake
BRFDHHE N UIIRRE
Sand particles tightly pressed together.

X6

due to pore water pressure increases.

5 RERKBRKICKDRIKHE. BIRCICKRADELR. ILTICHOREMER L. | 6 BRIRIRRDOXH =X LA,

5: Liquefaction-induced damage. Muddy water from liquefaction spouted out when the ground sank. This koban police box ended up on a tilt.

6: The liquefaction mechanism.

Liquefaction Following the Tohoku Earthquake

In Urayasu (Chiba pref.) and Kiba (Tokyo), soil liquefaction
occurred as a result of the Great East Japan Earthquake (Tohoku
earthquake) in areas where no ground improvement had been
done. The liquefaction disrupted some urban functions (figure 5),
and the water supply and sewer systems ceased to work,
affecting the daily lives of many people in the city.

Soil liquefaction occurs when the contact forces between
sand particles are reduced by the earth’s shaking, causing these
particles to be buoyant (figure 6). The load that had been
supported by the sand exerts pressure on the groundwater (pore
water pressure) instead. As a result muddy water spurts up
through cracks in the ground surface. The sinkages that occur in
conjunction with this phenomenon are called “sand boils” or
“sand blows.”

Mitigation of Liquefaction through Ground Improvement
One method of ground improvement that mitigates the effects of
liquefaction is to bring about the prior release of pore water
pressure. This strategy limits the increase in pore water pressure
that would otherwise result in sand eruption and ground
subsidence (figure 7). Another effective approach is through a

combination of a seismic isolation structure, ground
improvement, and a piled-raft foundation. The effectiveness of
this method was demonstrated by the Ishinomaki Red Cross
Hospital, which has maintained its functions and has served as
the focal hospital on the front lines of the disaster (figure 8). The
hospital is located in the city of Ishinomaki (Miyagi prefecture),
which suffered massive damage due to the Tohoku earthquake.

In designing the foundations of the Red Cross Hospital,
Nikken Sekkei and Nikken Sekkei Civil Engineering collaborated
to secure both safety and economic efficiency by combining a
seismic isolation structure with ground improvement techniques
(based on know-how accumulated since the Kobe quake) and
the new piled-raft foundation system. As shown in figure 8, the
piles used in the piled-raft system are shorter than usual and do
not reach the underground bedrock. Instead of the conventional
method of transferring the weight of a building to the support
layer (the bedrock) using foundation piles alone, both piles and
improved ground surrounding them work together to support the
foundations of the building. This combination approach was
proven very effective in the recent Tohoku earthquake.

The heroic efforts of all those currently working in medical
and other relief activities in Ishinomaki and elsewhere merit our
deepest support and respect.
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Ground improvement using sand piles
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7: An example of ground improvement by strengthening of the ground with sand piles.
Sand piles driven into the ground release pore water pressure, thus preventing liquefaction.
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8: Ishinomaki Red Cross Hospital has continued normal functioning even after the earthquake. Pile foundations and piled-raft foundation. In the case of piled raft
foundations, the piles disperse the weight of a building over the surrounding ground. For the hospital’s foundations, the surrounding ground itself was improved.
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How Buildings Stand Up
to Earthquakes:
Testimony from the March
Earthquake

BiZREET B SRAED AEF—L
Nikken Sekkei Disaster Support
Headquarters Survey Team

1 —IREVEEYHE. (AT CRON/HEEARTRBR
PECIRY. | 2 —RERRIHE. RAZOET (L5
). | 3 —fREVEEBMRE. HOADMIR.

1: General building damage. A building with
diagonal cracks in a non-structural wall (Sendai)
2: General building damage. Ceiling parts have
fallen out. (upper-floor room). | 3: General building
damage. Broken window glass.
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According to the Japan Meteorological Agency (JMA), the
powerful tremors that shook the Pacific coast of the northeastern
region measured a weak 6 and above on the JMA seismic scale.
The JMA scale runs from O to 7, with 7 being the strongest and
describes “the degree of shaking” (shindo) at a point on the
Earth’s surface. Most areas in that region were shaken on a scale
which could cause poorly designed buildings to collapse.
However, the New Anti-Seismic Design Code (1981) stipulates
guidelines on “secondary seismic design.” In order to protect
human lives, “secondary design” is aimed at designing structures
that, even if partially damaged, will not collapse in the event of a
weak 6 to strong 6 earthquake.

The tsunami damage is quite serious and extensive and the
tsunami level was far beyond the expectations of engineers and
researchers. However in this report, we will examine the
performance of earthquake resistant buildings during this
powerful earthquake.

Building Damage in Hardest Hit Areas

About two weeks after the earthquake, Nikken Sekkei survey
team entered the central part of the city of Sendai that had been
shaken by tremors measuring a weak 6 to a strong 6 in intensity.
What we saw there was quite unlike the damage seen in the city
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of Kobe after the 1995 Kobe earthquake. We were impressed by
the fact that, although there were cases of fallen tile, shear
cracks, crumbling masonry, and other minor damage, relatively
few buildings had toppled or collapsed. Judging from the cases
of exterior damage we saw, we concluded that instances of
serious structural damage were minimal.

One possible reason for the buildings’ stability is that Sendai
has been hit several times in the past by major earthquakes.
Buildings designed under the old anti-seismic design code that
had been deemed dangerous had already been demolished.
When the March 2011 earthquake occurred, most buildings had
been built in line with the new code or had been recently
reinforced.

A closer look at the damage to buildings not only in
Sendai but other areas that experienced strong seismic
intensities reveals that few of those designed according to the
new design code of 1981 sustained serious structural damage.
In this sense, the New Anti-Seismic Design Code has fulfilled
its objectives.

Of the buildings designed by Nikken Sekkei, none — except
a few designed under the old code —sustained any major
structural damage. The seismic isolation buildings, like the
Ishinomaki Red Cross Hospital designed by Nikken Sekkei,
continued to perform their functions even in the hardest hit

BOUZYT RAMOET KRB OFE ELTEHORIR
BRETE IS, BELTEMPRMEHSRICOVTIL, TOHEIRNR
Do, B EBREDIEBICRE LA B VTR S AKTFINRE
DELCTEBDEHRAENET,
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oA KU MREESD IR ERERBIREL TV EL .

SR BYICHIT S, BEE- IFEER - RBERFTOEM
EEgELNILEEbE. B4l TOREHAMEEEN
PICEASETVDY . INETULICERLREICRDEER
TWET

areas, demonstrating anew the excellent earthquake-proof
performance of seismic isolation structure.

Non-structural Damage and New Challenges

On the other hand, among buildings in general in the most
severely shaken areas, we frequently observed damage to
nonstructural building components, such as interior finishing,
glass, expansion joints, partition walls, ceilings, equipment, and
rooftop structures. Regarding rooftop structures and equipment,
in particular, it can be presumed from the observed damage that
very high horizontal acceleration occurred at rooftop level.

In designing even non-structural elements, Nikken Sekkei
has long been using, in addition to official design guidelines, its
own original specifications for enhancing seismic performance.

It will be increasingly important to secure comprehensive
earthquake resistance for an entire building by adjusting seismic
performance levels for all structural and non-structural elements
as well as machinery and equipment.
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BERADRYiH#A Nikken Disaster Measures
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1: Ishinomaki Red Cross Hospital (at the time of its
completion in 2006). | 2,3: The exchange event
provided a venue for sharing and networking.
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1—Disaster Support Center Established
Immediately after the main earthquake on
March 11, Nikken Group set up a Disaster
Support Center at its main headquarters in
Tokyo. By the following day, we had
ascertained that all Nikken Group employees
were safe, and confirmed that Nikken’s offices
in the affected area would be able to continue
normal business operations.

Regarding damaged buildings, the
company has been doing its utmost in
inspection, assessment, and design of
emergency repairs, with priority given to the
more severely hit districts.

As of April 28, of the approximately 3,000
buildings Nikken Sekkei has designed within
the disaster area, there have been no cases of
building collapse. Some buildings sustained
structural damage of varying degrees, but
none serious. All efforts will be made to
expedite repair of buildings in the disaster
zone.

We are pleased to report that, thanks
partly to its seismic isolation structure, the
Ishinomaki Red Cross Hospital (built by Nikken
Sekkei in 2006) (photo 1) suffered no serious
external or internal damage. There was a
blackout lasting three days starting on March
11, but the hospital was able to continue
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medical care activities by switching to its
in-house back-up power equipment. At what
is now Ishinomaki’s sole emergency medical
care center, staff are hard at work providing
much needed services. We have further
confirmed that all of the medical facilities
constructed by Nikken Sekkei in Tokyo and
northward were undamaged by the quake.

2—“Power-Saving” Disaster Relief Funds
The Nikken Group has supplied disaster relief
funds via the Japan Red Cross, and in
addition, has organized the following effort to
create further relief funds.

The March 11 disaster resulted in a
shortage of electric power supply not only in
the directly affected areas but in the
metropolitan Tokyo and the surrounding Kanto
region. The power shortage has had a far-
reaching impact on society as a whole.

Power conservation is a long-established
priority of the Nikken Group companies, and
these efforts have been further strengthened to
cope with the current situation. We have
meanwhile established arrangements whereby
money saved from further power-conservation
efforts at Nikken Group's offices throughout
Japan will be set aside for a “Power-Saving
Disaster Relief Fund.”
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This way of setting aside funds will allow
the Nikken Group to contribute to the relief
fund-raising effort over the long term. It is our
hope that this mutual assistance idea will catch
on among other companies.

Power-Saving since March 17 at the Nikken

Sekkei Tokyo Building

1: Interior illumination power-saving

[1] All overhead lighting in the building is being
turned off at 8:00 p.m. instead of 10:00
p.m. as was the previous practice.

[2] The intensity of light on all floors has been
lowered from 750 lux to 300 lux and
lighting during daytime is adjusted using
human-presence sensors to switch on
lights only as needed.

[3] The two rows of lights closest to the
windows are turned off during the day.

[4] Lights are turned off in areas unrelated to
work such as the 1st-floor entrance, the
parking area, and corridors.

[5] The number of lights used in the second-
floor reception area and conference room
space has been decreased, the intensity of
illumination lowered, and the lights turned
off after 5:00 p.m. when there are no
visitors in these areas.

2: Power-saving for temperature-control and

other facilities

[1] Room temperature settings for each floor

2011 Summer
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are lowered from 25C to 22°C on wintry
days and room temperature kept at 2°C
above or below the initially set temperature
in inter-seasonal periods.

[2] Floor heating on first-floor turned off.

[3] Heating water for restroom sinks and toilet-
seat warmers turned off.

[4] Except for those in the reception area and
pantry, beverage-dispensing machines in
the Tokyo building are all turned off.

[5] PC standby power turned off (equipment
unplugged).

3—*“Special Open Desk” Program
In the wake of the earthquake and tsunami
disaster, the beginning of the spring semester
at some universities in the disaster-affected
region has been postponed until late April or
May. Working in collaboration with Tohoku
Institute of Technology, Tohoku University, and
Miyagi University, Nikken Sekkei held “Special
Open Desk” sessions for students (in
architecture and urban planning-related
departments) registered at universities in the
disaster zone as an educational support
program. During the two-week program, there
were 36 registrations for the program.

This Nikken Sekkei initiative inspired other
architectural design firms endorsing its spirit to
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hold similar programs, helping university
students whose studies have been interrupted
by the disaster to channel their energies.

4—*“Special Open Desk”

Student Related Events:

Cooperation with “First Public
Brainstorming on Reconstruction” Event
On April 17, an exchange event mainly for the
students who had participated in the “Special
Open Desk” program as well as students from
outside the disaster-affected zone was held at
the Nikken Sekkei Tokyo Studio Hall (photos 2,
3). (The event was organized by students
participating in the “Special Open Desk”
program.) The event provided a venue for
exchange among students from the Tohoku
region who had directly experienced the
earthquake and tsunami, with students and
others from the Kanto and Kansai areas who
were not directly affected but wanted to think
about the issues involved. Its aim was to
promote sharing of information about the
disaster and create a platform for continuing
future-oriented discussion. Volunteers from
among Nikken Sekkei staff planned the event
and made the arrangements for the venue.
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BRIFVRTHLDREA Reconstruction Proposal Grand Design
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Image of community-sensitive emergency temporary housing.
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Reconstruction in the wake of Great East Japan Earthquake
requires the speedy restoration of the lives of the victims,
rebuilding of the Tohoku industrial and economic centers in the
disaster zone, and reorganization of the regional structure over a
broad area including the disaster zone.

Nikken Group has been considering reconstruction
planning for this unprecedented disaster. Based on the
concepts of “broad-area strategic objectives for mutual
cooperation among administrative units for the advancement of
reconstruction, regeneration of a new, safe and secure Tohoku,
and a grand design to inspire and revitalize the nation as a
whole,” we have begun the formulation of a Grand Design for
reconstruction with a dual emphasis on the critical issues of
“rebuilding of lives” at the initial stages and “resurrection and
development” maximizing the regeneration of the plentiful
resources of the Tohoku area. The grand design must give due
consideration to the following seven viewpoints. (In Japanese,
further details may be found at the following website: http://
www.nikken-ri.com/fukkou/index.html)

Viewpoint 1: Reconstruction program through a problem-solving
model (including taking up the challenges of declining birthrate
and aging population / energy security / efficiency of urban
services)
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Viewpoint 2: A regional structure easy to use in normal times yet
strong in case of disaster (clear land use planning policy and
zoning specifically sensitive to regional characteristics)
Viewpoint 3: Regeneration and creation pivoting on maximum
practical utilization of regional resources (planning for succession
and preservation of human resources, industry, history and
culture and fostering of civic pride)

Viewpoint 4: Regeneration of industry / better-than-before
reconstruction (industry regeneration planning to encourage
creation of appealing places of employment; practice of business
continuity planning—BCP; formation of dependable supply chain
portfolios)

Viewpoint 5: Formulation of regional structures through broad-
area mutual cooperation and synergy (regional partnership and
cooperation for sustainable region-building; a region
management program)

Viewpoint 6: The application of diversified financing and
business methodologies to attract investment (the carrying out of
reconstruction operations through PPP and other fiscal actions
not solely reliant on easing of regulations)

Viewpoint 7: Steady yet flexible approach to restoration and
reconstruction phases (“process planning,” PDCA cycles,
streamlining of project management through a one-stop
organization)
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P.P.P. (Public Private Partnership) IC&B# &1 /772 RIAUP:
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Smart city (smart grid, clean green energy. etc.), Silver “new deal” (new silver
industries and employment for seniors), Disaster preventative and convenient
land use system, Institutional trust (succession and preservation), Industrial
structure adjustment (trans-pacific partnership, etc.), PP.P. (public private
partnership), One Stop Organization, Special reconstruction district, Diversified

financing, Community-sensitive emergency temporary housing
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