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g Hl | 12.03 | 4.12 | 58.34 | 19.80 | 68.04 | 23.41 | 50.54 | 18.58 | 30.03 | 8.40 | 218.98 | 74.31 | 293.29
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SUMMARY

|. Definition and needs for Research Project
O Definition of Intelligent Green Bridge

o

Intelligent Green Bridge (IGB) is the eco-friendly bridge to guarantee carbon
Reduction of 30% and service life of 100 years.
In order to reduce the carbon emission and prolong the service life, IGB has the

intelligent strategies based on convergence of various state-of-art technologies
and is managed by proactive planning and management over the l|ife-cycle of a
bridge (i.e., Design, Construction, Operation, and Maintenance)

O Needs of Intelligent Green Bridge

(e]

Compatibility with national policy for reduction of carbon
Mandatory adoption of BIM to large construction projects

Needs for development of bridge management system (Design, construction and
maintenance) for longevity of the service life

Preparation of solution to rapidly increasing deterioration of existing and new
bridges

Needs for extension of economic perspective from construction cycle to life cycle

Needs for improvement of bridge management system in terms of environmental

effect by including life cycle assessment

2. Domestic/International trend and Analysis
O Political trend

(e]

Eco-friendly and I|T-convergence technologies are encouraged in the level of
government

Emerging needs for development of eco-friendly technologies in order to minimize
carbon emission during life cycle of bridge

Needs for the technologies considering public convenience

Needs for efficient and economical maintenance technologies to maneuver the
deterioration of the existing bridges.

Deficiency of policy and integrated system for structural safety and diagnosis
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O Economic trend

o

Mandatory adoption of BIM since 2012

[t is required to consider the costs such as maintenance, carbon emission over
life cycle

International efforts are focusing on the development of long-term (or prolonged)
bridge technologies due to rapid increase of maintenance cost

In the level of government, the budgets for maintenance/retrofit/repair is
increasing global ly

Although domestic market for maintenance is gradually increasing, the original

technologies are highly depending on oversees country

O Technical trend

(e]

Adoption of BIM is extended to mandatory for public construction in US and EU,
while the level of development is at a stage of infancy
Long-term and economic technologies based on higher performance and eco-friendly

materials is developing in US and EU, related domestic research is focusing on the
development and application of eco-friendly materials

Construction of bridge by using rapid construction is active in US, its

application is limited to new bridges. Their economics is not affordable to
in-site construction

International and domestic level of maintenance is limited to construction of

maintenance systems and measurement of data from the response of bridges

- Xii -



3. Organization of R&D project and research strategies
O Vision and research goals

VISION Intelligent green bridge for creation of premium land and maritime region
based on green growth
MISS | ON Contribute leading green growth and generating power of new growth
to field of future land and maritime
R&D e 30% reduction of carbon generated from bridge |ife cycle
GOAL e Guarantee long-term life time about a hundred year
e Five world best technologies
e Life cycle carbon quantization and reduction using LCA
Carb e Minimize an environmental load by the development of green and low carbon
arbon
. material application technology
Reduct ion . L . .
e Development of traffic control minimization technology for compression of
construction time and vehicle congestion reduction
STRATEGY e Bridge Life-cycle management and |ife extension based on LCC/LCP
Longevity |« Development of efficient management technology for growth of life cycle
cost due to bridge longevity
N e Preoccupancy of deterioration bridge market by development of fast
W
Gromth construction technology for deterioration and local damage
row
Powe e Development of |ife cycle management bridge paradigm considering
ower
construction supply chain

O Research goals of sub-tracks

Sub-Track 1: Intelligent Accelerated Bridge Construction for Partial Assembly and Replacement

e With comparison with conventional technology, increase service life of 50%,

e reduce carbon emission of 30%, reduce construction duration of 50% by partial replacement
e Development of economic technology for deteriorated bridges

* Reduce maintenance cost of 50% by partial replacement with comparison with complete one

Sub-Track 2: Green bridge technology using carbon-diet materials

* Reduce carbon emission of 30% by using low—carbon materials

e Guarantee service life of 100 years based on retrofit and longevity of bridge

e Development of the longevity technology for extension of life cycle and minimization of
maintenance cost

Sub-Track 3: Integrated intelligent—green bridge management technology

for preventive maintenance management

* |mprove bridge management system based on LCC/LCP/LCA/BIM to aid decision—-making
for management of bridge over life cycle

¢ Reduce the maintenance cost of 20% by improvement of |ife cycle information exchange

e Reasonable condition assessment and reaction to the collapse and local damage
during construction, operation, partial replacement

* Development of retrofit/repair technologies against deterioration and local damage by using
high performance and eco-friendly method

- Xxiii -




O Organization of R&D
o Research center: Sub—tracks (3EA), unit—tracks (11EA)

7E RS

Researc center Intelligent green bridge

_ Intelligent Accelerated Bridge Construction for Partial Assembly and
Sub-track 1 Replacement

1-1 Accelerated Bridge Deck Construction for Partial Replacement

Intelligent Design and Construction Technology for Accelerated Bridge Pier
Construction

1-3 Eco-friendly Partial Demolition for Deteriorated Bridge Structures

Sub—-track 2 | Green bridge technology using carbon-diet materials

2-1 Rebar-free PSC system using low-carbon steel fiber

2-2 Proactive low maintenance bridge system using long |ife materials

Application technology of high energy absorption steel to hybrid pier system

2-3 .
for enhancement of seismic performance
o4 Development of the FRP rebar commercializing technology for concrete member’ s
life prolongation
Integrated intelligent—-green bridge management technology for preventive
Sub-track 3 .
maintenance management

3-1 Next-generation bridge management system based on LCC/LC

3-2 Non-contact and wireless USN technology for collapse and construction monitoring

Eco-friendly retrofit and repair technology for low-carbon emission and high

3-3
per formance

Eco-friendly assesment of carbon emission and carbon reducing bridge management

34 technology

O Major Task of Sub-track 1

Intelligent Accelerated Bridge Construction for Partial Assembly and Replacement

» Carbon reduction and minimization of traffic blocking by
development of partial replacement and rapid construction
¥ Guarantee applicability of rapid construction by free-from precast concrete floor slab

¥ Optimization of rapid construction by procurement of economical precast pier system

¥ Minimization Traffic blocking by developing partially replacement

Precast floor slab x
i Partial
replacement

. f di 'I Free-f
E ical t pi Eco-friendly partia ree-form
conomical precast pier disassembly Peciick brldge deck
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O Major Task of Sub-track 2

Green bridge technology using carbon-diet materials

» Carbon reduction/longevity/Maintenance cost reduction by Eco-friendly

and high performance materials

v Carbon reduction and construction cost reduction by development of rebar-free PSC system
using low carbon-high performance materials

v Achievement of green technology cost reduction based on minimization of production and
maintenance cost using fusion technology of long-term materials

v Material reduction and life prolongation based on development of hybrid pier seismic
enhancement technology application on high energy absorption steel

Concrete member’s life prolongation based on FRP rebar

Low-carbon L ____________________________ J Low maintenance |
steel fiber J “ Bridge system

i
audega

FRP reinforcement
Concrete member

Enhancement of
Seismic performance

[reer— 1 P g 1 o

g .

g- ; =] -!l:' —

& &

% e e . Sp—==t.
Damping rafio 3% 21 8 A Dismping ratio 10% 8 Al
Riespons: Spockum Response spechum

O Major Task of Sub-track 3

Integrated intelligent-green bridge management technology
for preventive maintenance management

* Bridge DB advancement, smart diagnosis and performance
evaluation, eco friendly retrofit/repair/reinforcement, and realization
of intelligent life cycle maintenance technology

v" Realization of the bridge life cycle information management paradigm by using an advanced
design/construction DB

v Service life prolongation based on damage assessment and unusual condition monitoring of
collapsible regions using NDT and smart sensing technology

v" Development of eco-friendly retrofit/repair/reinforcement method using low-carbon and high
performance materials

¥ Carbon emission calculation model and development of its evaluation system at
types/constituents

Eco-friendly
retrofit/repair

Next-generation
Bridge management

Collapse Conctricton Carbone emission DB

monitoring monitoring
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O TRM
R&D Goals: Carbon reduction 30%, Service life of 100 year, new growth power

1%t year 2nd year 31t year 4t year 5t year
Accelerated Bridge Deck Construction for Partial Replacement

Sub-track 1 Intelligent Design and Construction Technology for Accelerated Bridge Pier Construction

Eco-friendly Partial Demolition for Deteriorated Bridge Structures |

Rebar-free PSC system using low-carben steel fiber

Proactive low maintenance bridge system |

5 ! using long life_materials :
G SUb traCk 2 Application technology of high energy absorption steel to
hybrid pier system for enhancement of seismic performance |

B Development of the FRP rebar commercializing technology
for concrete member's life prolengation

Mext-generation bridge management system based on LCC/LCP/LCA

Mon-contact and wireless USN technology for collapse and construction menitoring

Sub-track 3

Eco-friendly retrofit and repair technelogy
for low-carbon emission and high performance.

Eco-friendly assessment of carbon emission and carben reducing bridge management technology

O Expected effect and Application

® To magnify application of rapid construction technology

Future countermeasure technology obsolescence bridge maintenance

® |[ncreasing the durability of structures and derive the design criteria for
complementary measures

® To achieve CO> reduction about 30% through long |ife more than 100 years

® Development and validation of long life technically fusion&ybrid complex

Technical structure technology to magnify management efficiency considering the life

Expectation cycle bridge based on BIM, real-time and three-dimensional bridge maintenance
and using step—by-step through the sharing inter organizational life-cycle
information.

® Through fusion and col laboration of advanced technology, Activating the
research and Constructing the innovative NDT inspection/diagnosis system

® To Localize the key technologies of friendly environment and mitigated
environment load reinforcement

® Expanding the effect of carbon and energy saving, by shortening construction
period and minimizing traffic control and material

® To prepare the green growth, development of a low-carbon and slimming method
of PSC bridge girder type occupying more than 30% of the market

® Contribution to carbon emission about 30% by reducing VOC due to painting and
repainting

® |mplementation of efficiency of maintenance policy and bridge inspection

® (Computerization and informatization of the construction technology by building
integrated management system technology

® |n accordance with NDT PROMOTION ACT, establishing specialized inspection
techniques and international competitiveness

® To build low carbon, resource recycling-oriented society and environmental
conservation consistent with environmental policy recycling bottom ash
industrial waste landfill that is mostly raw as a byproduct of the fine
aggregate to mortar aggregate

Political
Expectation

® Saving direct/indirect cost by maximizing rapid construction and optimizing
the design&construction

® To minimize maintenance costs allowing a partial response induction of
deteriorating bridge

® [ncreasing service life of structures, by ensuring optimal usability

® Reducing 200 million/year infrastructure costs by sharing 10%, 2 trillion won

per year market of bridge

Reducing national budget about 200~300 billion, cost reduction over 30% per

year based on bridge life cycle

® Minimizing bridge construction costs about 600~900 million/year , by extending
life of new and aging pier

® Through effective maintenance and reinforcement, Avoid excessive government
budget

Economical
Expectation °
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4. Plan of manpower and

O Plan of manpower

budget calculation

(Unit : count)
Sub-track 1%t year 2" year 3" year 4™ year 5" year Total
Sub-track 1 12 54 60 53 28 207
Sub-track 2 22 59 88 36 15 220
Sub-track 3 17 63 76 60 34 250
Total 51 176 224 419 77 578
O Budget calculation
(Unit : one hundred million)
Sub 1%t year 2" year 3 year 4™ year 5" year Total s
um
track | Pwlic | Private | Public | Private | Public | Private | Public | Private | Public | Private | Pwblic | Private
tr:udt: i 4.28 1.43 17.99 6 21.4 7.46 15.6 6.54 15.4 3.46 | 74.67 | 24.89 | 99.56
Sub
3.60 1.30 | 21.78 | 7.60 | 21.30 | 7.50 17.12 | 6.10 4.60 1.60 | 68.40 | 24.10 | 92.50
track 2
Sub
track 3 4.15 1.39 18.57 6.2 25.34 | 8.45 17.82 | 5.94 10.03 | 3.34 | 75.91 | 25.32 | 101.23
218.9
Sum 12.03 | 4.12 58.34 | 19.80 | 68.04 | 23.41 | 50.54 | 18.58 | 30.03 | 8.40 8 74.31 | 293.29
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2. Z2Ue s Y SEEH
18, 2L 3=
1. 2 & Z&
1.1 638 FH
O M Q& 2 H2 L Z&
o 2000 28 THEIA sMHARI|I2YH, HLOH &X, 20108 48 AIE3)

- HEgis sMENEARSG B4 &8 (2009 2216Y)

- NEA=sMHZAIIZ2Y(QF) HOIE: =Ii2 MEA sMHES e I H
FRM - ZSHZXNN SS Zeots 2RSS 8- A

o Global Green Growth Institute (GGGI)4)

- ME=29 MEtA, XEIts FAHMAEHED 06| "Green Growth'd2tsS =X&
= UALE UAER20HM ot Md2HO HHAHAR L HIIHYS Gl=
4SS A SH
i =—— T R 1

- 2010 62Ol HE€EUSH, 20128 eluetdt =Eols 2x=9 2HIIFR
2 dstE oy

- 30K =2 AtE It sHAALH (QFH) (2010~2012)

[E 2.1] GGGIS =2 AlYHA
FQ AMNHHIA SHAIALS ()
mam Ae |0 SOEE 01BN AONE R, 2ddll HHEY =H0 K
GGGl =4 2 e
=443y 24 o 228 =MAE HHBHA HE JHE L EDA OHE 22t
- SH=(0ICIRWOr, S2td, AU ==, A% ) o4
MNe= sMHE =MMHA OIAE S =8
HE =8 XA o 12EJLXl 100H= &t AOIE els, MIIASKH, B2 =
SMAT AI|EE NBLEFY 42
o 2g|Lick= 0ECD=II2A Il 825) (MU KIE2 CO, HHEE JIE=-09E D=, |EA)

O 2AIDIA ZHIS=0|L, WESAEA A 38J SILA==20 0(Jte

- 2008E Xl MIH 9RAHE K2ILiet OlAtetErA HHES 20| 2009E 0= & &
H O Asol AAH 8RIE JIZE. =22 0I= UK SHIIZC HUXIEE
A (EIA; Energy Information Agency)ol ZE0 M=%, 20090l ReluLtet
A BIESE OlAtSIEFAZFES 20080l HIGH 1.2% =0 5242,8132F E0|A
©SM, Ol= 19900l Hiol P 118%It&F SItst 2

- 2009 St=9| 101k OIAMSHENA HIEEE 10.9 E2=2 M, 12E 20145

3) sSMAHALAAG], http://www.greengrowth.go.kr/www/green/ls/is.cms
4) http://www.gggi.org/news

http://cafe.naver.com/idrf.cafe?iframe_ur|=/ArticleRead.nhn%3Farticleid=14&
5) JIZFBSHSAHTZA, http://climateaction.tistory.com/731
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EU= OECD=DJt S & & =0l CHot0d 2020 Ol 1990 CHHI 25~0%, JHE== 0l

CHotOd BAU CHEI 15~30% 2= =S+

O 20 WX I S86)
o OILIXIOIS RIS (B. MUK D2t SFII
° 1902 &= 0|% 2010EHKI 1% 1,785 AR =X
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4>
11t
He
A
r

o FaILY

Al X
V mun ane g OUXKEIENeAe | OHUGER SBS5
|| - 2ana ma Ha b
- H2)|Y, HYEN S
|4
- IS0l e Mg
T
- OHNXN (fUXIZEE
s IR B WAL
= 04 XI=2517.38 =BTU
- XiRo| 219 He =
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43 837 gl
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{ 1,7509HC LS
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ROLIK] EAl] S

(4ETOE) 240.8 (E1%] : wEk CO2) 620.0

2z .78
0.9%.

& telofz 331.0
228. [ seizy

oo O selm71E 2981

oluix|Ciad]| S Selo] MYTES BI| H7|H Z& 28

» 2A7IA viETE MA 9%, 1212 BiE 2 M7l 23%1(1IEA/OECD, '07)

« 2al7E~ 0] 0L X](84.7%) 2} A2IZ3(9.8%) 0 &=
w MR HLIXIAH]| HIS : (81) 55%, (O]) 26%, (&) 39%, (EU) 30%

[08 2.3] 2U HIUX 22 S&

o 2&JIA MeDlz, HiUX eS8, A tHXIZ 20158 =S 0 A
aHl OISl 5% M2(1,130 SHE)S SHZ ot ULH, 28 S AIHE
S 2 ANELH2 Ore 20l Helg

[H 2.2] S8 MY U8
S A AHE X3 2

o SHAAZ ATHAO0 Ol2 M 32 OUXIY2Z DRI (11E KOt
2002 M)l CHUIGH RIREM 22

[l

« 2O} SAIA UE SE LA W01 DN AT HYHE=
& Qs =)=
240tA Hel o IIIXRADIA 2= SHE A6H| Qo HEXY =220 et K&
e PIES o NAXKARA N2AIH(10E 6602) dst2ets Soll A
O 2 2 &8 S HE 2 H2H HE
o Z2EMNUYE= Green—up 30 (EAE VC-10)7)2 VC-102 FIE 0|2 XHAICH O
H2ENY J=S Z2HOIFOH, HEHto| EIZdE S XILolH dSol)| £
ol =EHY)E 222 401 HAFRJ(AHEI=H7R, NSHFRH, ET)|=
ARl HUYAHARR) O KAAN HESHS| A o US| &, S=XRIZAF AR A
. GSHA Js==22HE SO HES QAR EZ23 MEE 24, 20148 H 0|
0| 228 ==Y =&MW S0l ZEE VC-100 0l &= 10
2t ZEMHY ROE HEE Green-up 30 (EAE VC-10)S HEolIFS

7) http://www.cnews.co.kr/uhtml/read. jsp?idxno=201006211435378940521, &AM (2010.06.21)
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20204 =c TEilY IS F=d=
b & Green Growth Leader
- 51%—)90333 L 2021070 0 3%37% 3~5%
[O& 2.4] 2E6|Y RID L& &t

°  Green-up 308)2 DI =E HY S0k =M A& HO, Al 4 =2 EHES
It DIcHEHA! D= S SEZ 6lH, A4 20t= HUX D&2 - C0, N
22 st 604 Ol D=l 85 & 88 =2 =2 {e WIERKZA DIt
SOCAIE S 22D, XNs8 &&EA WeEk(Intelligent Green Bridge), &St
oHal ESA INGEHE (LNG-FPS0) D=, Xt

= 22l Jls, HMEE Ji=,

NItH =& SUEE Jlzs S2

30CH o2& 47|
(Green up-30)

il

or Hr o

sfojuz|s gstERE 712

opdpe] dElet 7

SHE &

HIERA 7|4 SOCAH= #E|7|s
X549 X=tA B (Intelligent Green Bridge)
Heb AR el 7|12

HHEE 215
HHFRA INGEFH

MM n =Y SIPEE 7|

E(LNG-FPS0)7| &

[O2 2.5] 2E0HY 300H OI2Hatal Ji= (Green up 30)

o EMNULR= M 4K 2ESEHE SFHE (2011~2020E)9)= A 12
272 =EJ|2Y HI12X M 480 26t 108 (HESd310 M 2243)
- J|I=H3 s ¥ MNEA SMHEE S MEZS2 2 ELINEES ZENHE
Off Bt. =M AIEE MEE 222 48
- J|= B30l thisSot) Mool CHHISHH 1TI|l=S 88 34 SS2UMAIA
8IS 15, (UA-SEA o™z MHAH 25
- N5 =2, =5 5 22 ASHHE Zstotld KNGt 258 2HEEE M
HA HES fst S2AE g L &5 F&, 3 229 Xss
9 FHCOSZ AE-0LMFI) E|g BT WS MHlA HE
8) A& DAl D= 1201 EE|4, Surveying & Mapping Magazine(2010.11-12)
9) M4x =EZ&HE —’.‘—@ﬁli(ZOH ~2020), CHstol= HE(2011.1)



- AE€=2 Mol ol S5 S 52 23, Mol S7A ME29 A
gt Jls 2 JHES <ol Mol SHA JHS

- EHWSHA(ITS) #EYN ADE SHOIRO0I 24(2018~2030E9 )2 wESEEH
7209 3lI ¥ wSHAM M) S C0. HE = ASH, ADE 6t0IH012
HEZo &+, SH(XSE) g 220 e W0l =&

[E 2.3] =R S2FHIIIZAHE

oo  EERIHDIENY  SEIHDIENY Xt 2| -
= | T(1908~2011) | £F = (2006~2010)  JI=HI (2011 ~2020)
27
_ o = EEZAHLE0H
‘E2A wes 2520 3£ qucey
CWEH qwe mue | SUoTS S | a2 s
=2 2o 7 =) WEHT S=8 Sog j sl
22y g2l olghEAAstRo | o A=
ey | TIET Eeegpe S oi2Bis o
sead | caxnyg IS S 3= mct oz g=e| A
SESIE TESE JIs o M Axs| TEZOF
S ITS S ommol eEsy | cod U
R -EEOOI;;IP Y ENSESE L3
DEC ZA

10) M2x S2FHIJ1=2H& (2011~2020), =EdH2=(2011.6)
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rTOkyU Climate Change Strategy_| — A Basic plan for “10-Year Project for a Carbon-Minus Tokyo”

[Basic Recognition of Climate Change]

® Climate change s the most serfous environmental problem caused
by human activity.

® Tokyo is facing climate change as a Clear and Present Crisis
® The next decade determines the furure of the earth

[The significance of Formulating Climate Change Measures]
® Turn Tokyos COz Emissions downward without delay

® TMG advances pioneering strategies on behalf of the Japanese
government unable to come up with effective and specific measures
ZTMG takes the lead in Japan's climate change mitigation measures

® Advance clear policy to excite public opinion and implement
strategies.

|
Five Initiatives and Main Activities |

COz2 Reductions

rprises’ Efforts to Ach:
® Introduce Cap & Trade System taz'getm.g large CO° emnmng business establishments

1. Promote Private

® Promots smaller measures through the introduction of the
Environmental Collateralized Bond. Dbllgunon CBOJ Program, etc.
® Call upon financial institutions to expand environmental investment and loan options and disclose

information about investments

eductions in Households in Earnest

® Wage the “Campaizn for Elimination of Incandescent Lamps” cesdessen: laup compact Sussescest lmp
from households

® Spread  photovoltaic

Change

power generation systems and Reduce maximum

0% of enerey

high-efficiency water heaters and revitalize solar thermal
market.

. Fcrmulate the world- le'\dmg energy efﬁclem) specification for the buildings and apply it to all

B A Basic Policy for Climate Change Strategﬂ

Create a Mechanism Whereby to Bring Japan's Environmental
Technologies Into Full Play to Achieve CO; Reductions
Facilitate a shift to a low-energy and low-C0;z society by making the most of
the private sector’s technologies

Create a Mechanism Whereby to Allow Large Businesses, Smaller
Businesses and Households to Achieve CO: Reductions in Their
Own Capacities and on Their Own Responsibility
All parties endeavor to achieve COz reductions in their own ways
* Create a mechanism that is mutually beneficial.

Carry Out Measures Strategically and Intensively During the
Period of the First 3-4 Years as the Initial Perlod of a Shift to a
Low-CQO: Society

Achieving the reduction target by 2020 requires a changeover in urban
activities at an early date

Utilize Private and Public Funds and Tax Incentives, and Carry
Out Necessary Investment Boldly

Appropriate necessary expenses boldly to essential measures far a shift to a low-COz
society

city-owned buildmgs.— application of “Tokyo energy efficiency design specification 2007 would
drastically reduce C

missions.
® Require large new buildings to have energy conservation performance

® FPromote the effective utilization of enerey and the use of renewable energies in local areas

#® Formulate the rules for the use of fuel-efficient vehicles to facilitate the widespread diffusion of hybrid

#® Implement & project to encourage the introduction of green vehicle fuel conducive to COZ reductions
@ Create a mechanism of support for voluntary activities such as the Eco-Drive Campaign

Introduce the CO2 Emission Trading System.

Create a program to encourage and support smaller businesses’ and households snergy-saving efforts .
Commence a study both in terms of tax reducrion and taxation to introduce TMGe own enerzy
conservation tax incentive (A study to be conducted by Tokyo Metropolitan Tax Research Council in the [
current fiscal year ) i

EETMG's Pioneering Actionsl l

» Apply the Tokyo enerey conservation design specifications 2007 fully to TMG facilities starting in the
current fizcal year

Formulate the guidelines for energy conservation and the introduction of remewsble energies (a
tentative name) in TMG facilities this summer

Create the “National Network of Green Power Purchasing” in collaboration with local governments
across the country

Replace all vehicle traffic signals and pedestrian traffic signals in Tokyo with LED signals.

Formulate meacures desizned to reduce CO2 emissions produced in the procurement procese of goods

(mcluding public work projects) “/Revision of (Global Warming Prevention TMG Plan

¥

¥

¥y

Promates “10-Year Project for a Carbon-Minus Takyo™

Hold stakeholder meetings.

Discuss a direction of a revision and try to revise the ordinance in 2008,

Concretize "10-Year Project for a Carbon-Minus Tokyo™. {from surnmer in 2007 to winter in 2007)
Revise the Tokyo Environmental Master Plan. { within 2007)

[O8 2.10] 2t=2

|&S8A T2

ool S8 108 Z2XE

Technology Innovation Program (TIF)22)23)

= 280 BHOF Z2{ 9
Ol CHSt high-risk, high-

S Oh

infrastructure2t &=

=
=]

17042 A=10 &

OolI

HALH|IZ civil infrastructure®@ manufacturing

reward Z2HMES =3

E Monitoring & Inspection of Civil
Infrastructure

H Predictive Modeling

ki Process Scale Up

i Critical Process Advances

ki Advanced Repair of Civil
Infrastructure

[0 2.11] 2008~2010& TIPH X2

22) www.nist.gov/tip

23) National Research Council,

Construction Industry, 2009
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o 0|= &=&(National Academies) &tot =ItHAPE I3[ (National Research
Council)2l JIBrAIA & 2AA 2AZL(RIS| (Board on Infrastructure and the
Constructed Environment, BICE)NIA= S8 HEEII=HARA(NIST)2l X235t
O 18902l HPE Soll 200930 0= A4 &t WA L SESH A0
25t 2 A (Advancing the Competitiveness and Efficiency of the U.S.
Construction Industry)E ZH&

o 0] EOM0IME 8 0= HE AP0l X2l &H=(1,100 26, MX &=
oIz 8%, 20074E J|E) & GOPOI XtXlot= HIE(6,11042, GOP2l 4.4%,
2008)0] 2 AFHOIXI2H, 300iE SOt MARS (Productivity)2 XIESHCZ &

|

o
ot ACH, 2842 25008k gHIE D Ue &S 2H MIIE

o~
o = 2~109 LHO HE ArHO| MMM L Ss=4O| HILAHO! JHA0| JisE
2= e JIgIreICe=Z TSI 20| MAl
- BIM(Building Information Modeling)S 4ats 224 (Interoperability)sS JH&
SEJ|=2 ZHS 2
- AN/E2NA/MS/EH|/AE2 20 SHEQ HAHE St &8 284 A
- XES/EEIN/R2EF S XTIz L TZNAS HYHE AIS
- R&D AI=AIE (Demonstration Installation)l HAIX0O|LD ZEHS A2
- SAS XFolD 284S 01Z20HUWD| |t E0l du=sdutgol &=

O 2&9 |nnovation 2524)

o 2007 7B 12, 2= A2 Sof ¥ +Y

)
o 33X WE Iz JIE HEES HIEHOR 20250 s =SH )| M=
o BIIXl SE &, Safe and Secure Society)t & JI&E ML SHQ JHE
LTSN, Oteiet &2 MR Hss =&
- AIE & =019 ot Z MIZot)| 8 da 2 DLIHE F0¢F
- &dx"E e DZE ME & XoF AR 28 Jls 20t
- As8 nsS MAHE Sgt Ws &8 L e AL 242 S8t 00, HiE
2 2= HEs M

24) Science and Technology Policies in Japan, Asia Innovation in Spain (2007.10.10)

_23_



Long Term Strategy “Innovation 25"

Japan 2025 through Innovation

é i Long Healthy
Science and Technology | Sociery
Innovation -

Safe and Secure
Society

A

Multiple

Japan
Contributing to
Global Issues

Japan
| Opening to the

[O& 2.12] =29 |nnovation 25

O EUS| JI& 8 AIeIRA(EIT)?)
° RO N&ItsE SF U AWAS UcH 20084 3 R0

HO2 &

HF

o Strategic Innovation Agenda(SIA)
LHE2 Ottt s
— Human Life and Health
— Human Learning and Learning Environments
- Food for Future
— Manufacturing by and for Creative Human Beings
— Security and Safety
- Mobility and Smart Cities

25) http://eit.europa.eu/about/strategy.html
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2.3 }dl—?—jl%% gi"%ﬁt al xaf
2.3.1BIN 22 M S8
o AR EZR2MEZS L3
SIEH0 (et BIM R E
AAIHIAC BIM &2 RFAISS Allst 24

[H 2.6] ZHX BIM HE Atel

= OI2CHH| Z2RE JIEIE TZE2HE
BIM
. . e Preliminary BIM Execution Plan (/& Al)
[=13= ° ol x} - _
=T /\_| BIM Execution Plan (I:tE /\l) e BIM Execution Plan (L__||-§ S 0 O“—H)
QPALE
e BIM Execution Plan2 =t 2 BIM 2| [E Al]
2 st Ili' o FQ BIM =8 XX X QIEALE
o M2 BIM =8 =20t &3 X|& L AHA
(As—bui It %‘ E%EI s, QPAIE, |o MSE AZTEQN HH
SUNAM HBaiotelte 88, 22Ol |« ali?l BIM Execution Plan AN =6k=
A EE2H S) D2 NA, 81 M2f 80 8t S KAl
o BIM 28 X 2 = AKX} e BDC (BIM Document Center)ol Ta,
(BIM Integrator2l el 9l Ast) 29 ¢4
e BIM S92 8 & S Xl LU e |e %ﬂa“"*ﬂlol BIM ==& H0l CHst IR
BIM & =8 X3 (EHEAAMIAC HIE Al ZE AIE HH)
~|* BIM RElo] 22| gied [2E AH Al]
Execution |« AIZ BIM Modeling 2 » preliminary BIM Execution LHE
Planel | (EZ2MIA, LD, 22| B4l S) « CIXtO! BINS| EES 28t Met
gz arar|” BIM &2 Coordination, (LEED , &7 B2 = =g
2 AE Integration & Conflicts Xcl « AIZ SOl BIN R X o
. BIM ZE 25 (Quality Assurance)Ol (CIXIE M=, as-built, 40 S Z&)
2t X|1& o I}2Ol M= format ¥ IHY WE+ BHAl
* Clash Report 7—(.“3 =l o MY WSS s protoc |
o ZIE BIM M= 28 ¥ X& o BIM Il MBS &EX & 29 Mt
(BIM 2, Archlve, s W) o D= BIM EHXIS le* AEH & HEH
. BIM _3._4 Reportmg gtA (BIM =&, NE/FTL & Z&)
o ZUEXBIM T o EHEAX BIM =& 2|20 25 XA
24 (HAN S
e Sl TIOH - =) = _
S AEA S » & B0l =S BIM Toolol X
[ t=} (C &= _DF_
M= o |+ NBINS (National Building Infor-| & (Digital Project) &= S +&
= == : al BIM Tool 2l iﬁA
_ _ mation Model Standards nae o5 9= oo
stZ ILoH 0= ATTE9IMHS = o= s+ |® oI wets S OOl wat &
* = E*_h_T“mR‘— IFCS ?EDOHOF il HIB (L2 ife, SDNF Format =& )
e, xchange Requirement Document|, oE o) o=’ odf ZHO2 T=
o BINZ EZ&t IR ZTZAHIA HMAI
_ DoE =00 ocal 5t
« BIN Tool € T Sof 2y mre| (TS SO B 220 O
colg= BINS Eo ssisloior g R2CTT N 5 2%
oo 0 Isk MUY EREYUN = 28t IZNALS] & O|-|-$|')
= =T i _1_0“ EH _1,|_|_ jl_'_ =
£0| Atgt Al = —-= < = —|e BDC (BIM Document Center) A Y
_ _ 299 9|83} [tl:H: e A2 AHA
o BIMOI CHSt =8 X& %L 22| SR F Al =L 9 al o
Shx 2 Y SIEY A“‘EHIOi 24|
e £21 HAl, BOCS ?/\* oz o 3
22 H2 HAl)
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O 0=
1) National Institute of Building Science (NIBS)
NIBS= 0|=2 HEZZJ|& = Jt& SN BIMAH &A= JHX LD AL,

HEES ol & JI22=2MH 0l He H=T 28 2AM0UAM (S
Building SMART alliance, Facility Maintenance & Operations
Committee, etc.) XNEHHO=Z AHA A MUY 2 BIM AFRE o0 2t
O =2 20103 1028 "National BIM Standard-United States: Vol. 01"

O

—

E 225l MBEEOol BIMSl AJHRE Information Data Exchange & M
g X& KNEXHOZ National BIM Standard Vol. 02 &2tS ot AR
e & SH US

2) U.S. General Services Administration (GSA)

GSAE (0|=2 ZSUEE 2H=9 MRAHAE, B, KX L 222 2&GI=
JI2o2 K 2003E 0l National 30-40-BIM Program= XAl BIM JH0|=ctQl

I g=EHe N 27 AE8S dgg. S0l 2007‘—"‘=‘E1§ AH A AM
BIM CIXtQl Jj=2l LRE GSAS ZZNE £=FA F AE2Z XFH,
oF 3501 Ol&tel Z=Z=MENAM BIM de8|gn/construct|ona ot Z2 A
Ez A Z0 US

3) US Army Corps of Engineers (USACE)
USACEE =2 (|=¥2(2&H)9 ELS2 ZINEELH HE ZZ2NME))}X
g

=
Ol CHoll EE AMXLIKHE AMHIAE N30t L=
OHXIE2 LREH BIMS JIXIE X6t N YUE2 o0 £3.
£5| 2006 =0 &2t "Building Information Modeling (BIM) A Road
Map for Implementation To Support MILCON Transformation and Civil
Works Projects within the U.S. Army Corps of Engineers" (ERDC
TR-06-10)2 USACESl &5, = LZMEEZ & BINS 7% =4
dell SEI| HES g@H

¥
00

9

ol

4) State of Wisconsin Department of Administration Division of State Facilities
WisconsinF= ZX2| O=2FHERIIACZAN FEHE H2 ¥ =100
sStn A= s9 HA=2 22lol=0dl BINE &E=2&8o=2 HZ6tl] ACH, Sol
2009 6E U =AS XF&2| BIM guidelines & standardsE & 2tat] 20094
/22H &=0t= A FHE dx TZHESY (PMESZ & ZA
Hl US $5Million OlAS] P& AMR/EBZ2A, SZ2AHHl US $2.5Million &7
2A ZZHE) ot BIMS HY ZHOZ 7o) Al&E

0 o rH

rin

He

=

™



5) State of Ohio Deparment of Administration General Services
@ol0lF=E JER= 20102011890 Z2™H =832 20 AM BIM

O T
implementation® S ot ] =20 State of Ohio BIM Protocol=2 &
2610 =S YFo 2d= TZ2NMEQ X, HE & 222 T

BIMS| X2 & =&

6) Department of Transportation (DOT)
20083 Florida DOT, 2008%= Wisconsin DOT, 2l 2011E California

DOTO Al= AutodeskAt2] Civil 3D softwareE =4! HEHOIH FTAHE &=
O] Road and Highway design projectsOlA SHEIIEOZ BINS ASES =

HIStDl AIXSIAS

2.3.2 Ed AT EE 2d FY g
o MEA HYH W 2AAHGHH 02, R (ZE=)0| LG & =2 2
Fotd USH, 2 JIEZ Ot 22 S0l US
[ 2.7] 2018 MEA 20 02 28 JH 5§
7 =2 = U& BE 20k
« g EHYE 2, SEN HIOIQUES,
« 0= 2Hi0t_ BF2 0/=2 JX IGCC S AFD|Er &=
ael] Y NBIASS 2 o g5 1042 HEHOUUX A0 1,500
Ol ]| OlTgtAIY FAHE g gy EX
e W& HAA FX2=IH 0|8 e FHNA Highway for LIFE, FHWA R8&D on
=9 W A4 HE 8 Highway Infrastructure, TRB SHRP2-R19A
SUHAM T8 wef 2t o3 >3
o 2020EKl UKl DN&2 20%H 12, |« =7 AbO| %N= i
o o PADEN 20 2=, TSI 2 Ak |t oot M0 OIEEL 1ZhS sustainable
7 8. O Transpor to HIAS development 2 OOl S At
XNEI)hsst ngoz 83 . (2002~2006, 17.5 Billion)
o RAIIA AR 9 J|SHa IS
o JIBIAIE 29 otd 2 Had S8
e PNE W 5| J)[UF A| A O =
S |- DES0HAIL =4 HIE 2F B oF i GfE S ASRE A
o T2, WSS 0|8dt= A AFZSGHA &
= T A 2 SF0C FEE EAst

O 0=
1) 0= 2HI0F F£2| 01=2 EAl A2D| & DSEES RIS QT2IAIY FEHE 28
o A0 XIHZE (Advanced energy initiative)S ZEoIH HE EHLH
@&, SEH HI0IQUENS, IGCC & HRIIE &=
o S5 10E2t EEWUX AEO 1,500 Ee EX
- & iUXIArE AIE & A7 X2l 50080 HE
- A UK &H] 2R3 HEE A&t & WX = AMMHHUEX Hi
=2 201289 10%, 202583 25%JF Kl SHCHE H &=
- D23} 43t Nes FE (O2F) 1008 Jt3 HE AIY =&
o O|HYUE=ZH(FHWA)OIA DI=ESSH3 (ASCE)0l ESQITZ2) SEXIA &
DA (Infrastructure report card) & 9|2
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‘css" (MES3)
M2

- 012 Dl o NSHIF 0 HLE ISR w2 o] US
- DI2U DY SX24 HE2 £2 0y 220 258

el ola ¥ 02X

WES 218 TR EF o4 $17020/E THHl 42 ol & $10524/

2) FHWA Highway for LIFE

°©  FHWA Highway for LIFE E20&2 0|=2 DEXE2Z2 0 &0l =35&
ANEZ2W Sottle nEMS2 22 (150,000 W2 1/401 ==3 &, Of
40,000 QIHAAIQ] QUE) 2EZ LIFECE NB=SEE AA6IH JI=
e, AMEAIS, 3280 229 A& T2 g, Jsu s, 2te Al
=0 AZ3t el 23 JH e EE2H =0l 52 52 o

o EHCH AD|EZ2 0|80t Ao Y NETZ PERSO| A I|EHAIE(S0C)
O A=E ®lof =2 & WOl =210 SEH0IH &S IS AlA

- “Longer lasting” / “Using Innovation”
/ Fast construction / Efficient and safe highways and bridges
o "Get in, Stay in, Get out, and Stay out" HI& =&
- D12 AIS-E 52 SAIE & AIGHH CHAl SAIGHA 2&S HS2H & A
2ot 2= S&Z sl e
- &9 24 AL
- B HZE 2T &=

- SM2 SE & S5AME S

3) FHWA R&D on Highway Infrastructure26)

o oYY =2

- OKEGID|, MEY, HAY, MHKLOl IS0 HIBOl SBHQ TE
- 2t JIWRIAIMS SEXO SXVLUE S HBAEXS 27 HZ
o SAFETEA-LU W2 DIBFAIE 231 IROfY ZXF
- JIE PE29 BEAY AF (F4Y X =2)
- Pxg0 A4, B4 2Y, DA A
TAZ Ol P8 FAS (BHE, 23YY S)
HHE PESO MUN HIE/ED X
j2Hel BIEIOKE 27 AS0I CHIB RES0IMS 0121 BsHONM)E oIS e

0
- 2starE THHOl CHHIS 28/, 01s2 o &80 s
o Transportation Research Board (TRB) W& J|BIA|A 2t HAPIPE MESE
- FPEA29 &J| 8= (Long term infrastructure performance)
- W34 =X (Durable infrastructure)
- 2= AlZ (Accelerated construction)
- XA X (Environmentally sensitive infrastructure)
- A3J18 JIE (Performance based specifications)
- JY PX20 2H 22| (Comprehensive & integrated infrastructure asset management)

%
for

26) Highways of the future :Strategic plan for highway infrastructure R& (2008.07)
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4) TRB SHRP2 (Strategic Highway Research Project Phase 2)-R19A
o JHR : O|= Transportation Research Board (TRB)OHM 2SO0l HI2XF D=
CE MO NHOZAN, DE=CZ2U0AHE WEAIDR ISEN HEE =
=2 ot /AS. =2 20t= Safety/ Renewal/ Reliability/ Capacity S&
° R19A +100E &Y WEII==0t
- iR FX2Q %, 82 HMotole &2l
St performance, protection, accessibility
MoHoIH X229 H4YH &5
- +100Y¥ Service design |ifeE &2& %= A= 4
D EEEs st dAgtE & 2 41008 HAxY wEo As) WHRA "It
gt ol It
- W3RH0| 48 M2 E32d g
_ LH—_r"g‘ SI:/\I- __rlI/\I-A-”O| Hl:él—
- J|IE P2XRO URH &4 got =&
- &, D8 S SEHQ N Y
ZARA 2L (X122 201) N AIAES It
- SS9 BMAT W2 durability design for long life Jl= <&
- HAXMATC Service life design & Al (Europe)
- 2o HE2XA HdsMolgsh) 229 J|gkst durability for service life &H
HoLIEE 2H2 SE2Y W XS0 240 X2 otol =
!

0
2
X
Qﬂ

-

SteAol olg MHote LA A (RAHMA - AHAHAZY)
- fib bulletin 34 “Model code for service life design” (European Commission),
The International Federation for Structural Concrete (fib)
- FEuropean JIE2=Z FEOIK M= =2 (U 0L ZOEHZW RE),
Splash, submerged, CHII=Z zone 72 (Y32 BHAESE, =E, L38)

4

O =8

1) S8ds (EU)2n

° 2007EH=H 2013 JHKl EU Research & Innovation policy 7th Framework
Programme(FP7)2 =&3ol0 2&IIAE Mot HFFHWUXE 38

o Strategic Energy Technology Plan (2008.01)
- 2020E LAl OIAKI &2 20% &, 2401A 20% 2=, MAUHUEX 20% AlIE2E2 =S
o2 AsHst
- A TS Sofl X0 S22 FNMHE =PI} JIsE et o=
HItsst H4, HI0ILAE, NMMESE, MUAUIISHUA & 2222 dTAE2=Z2
HH
°© EU Transport2 H|I& Looking for sustainable transport
- S80/H dHEC OlsAlAE oz =288 L A= 0lsd M

27) Research & Innovation — Building Europe's Future Looking beyond tomorrow (2006)

Progress on EU Sustainable Development Strategy (ECORYS 2008)
Communication from the commission to the council and the European Par|iament
: Progress report in the sustainable development strategy (2007)
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2 gd= NHI)ise =0tz &

& 44% 52 3% cHalols, B 10% 3% LISS20 i)
SH 0ls 81% &=, 6% 2%, 8% &3)

- FO0F0ASl CO, 22 EU MM 2o 28%2 I ER

(
(

- :‘JF R8D OilACl 12%S sustainable development 200 SEXF (2002~2006, 17.5 Billion)

2) ¥=2 - Highway Agency28)
°© Toward a Sustainable Transport System 2007

/L —

o WE ZSO0IHIAME =2 H|&: Toward sustainable transpor

o 2050EMHA etHHZ JIgte] MEMAS 2E SAAIRICHE 8l S

-

g Jl

system

=13
=

Jor
aa

o Supporting economic growth in a low carbon wor Id (Depar tment of transport)

o 201448 =H=2Z 52 N sSHEH
- Maximize competitiveness and productivity
- WS ZO00lASl XS SEAIZH0 Uit =Sadd2 Atal & =
- Address Climate Change, JI&H 3 IS L 24IJIA 2
- Protect people's safety, security and health
- Improve quality of life, &2 & &kA
- Promote greater equality of opportunity
o =Q OrAH

- Climate change & growthE & olZ2& %= U=
- Planning for Uncertainty Olciel S&AMHS B

° Transport =02 60 M SEH

— Support national economic competitiveness and growth, by delivering

reliable and efficient transport networks

- To reduce transport's emissions of carbon dioxide and other greenhouse

gases, with the desired outcome of tackling climate change
D 2A0IA s 2 JIFHE s

- To contribute to better safety, security and health and longer
| ife—expectancy by reducing the risk of death, injury or illness

arising from transport and by promoting travel modes
beneficial to health: ot&, ot XA

that are

— To promote greater equality of opportunity for all citizens, with the

desired outcome of achieving a fairer society

- To improve quality of life for transport users and non-transport

users, and to promote a healthy natural environment
c s Y OASIIBEAIE L] AFZ AR HIAIZ XS] &2l & A

, WS 0|Sot= AIE D AFE0HAI 2= =8 Atg & &
o~

o Fﬂ
luall HU

Em

28) Evidence and Research Strategy — Dept. of Transport, London (2006)
Delivering a Sustainable Transport System: Main Report (2008)
Britain's Transport Infrastructure Motorways and Major Trunk Roads (2009)
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2.3.3 22 X8 L 25 A2 Jl=s od MM =&
O o=
o Yt Z 22|E FHWA (Federal Highway Administration)2l Research,

Development and Technology A = Infrastructure SANWA W& 7

R0 2HE LHESE US

O Eeu
o L=oE W Uit 22 2 WXHe 242 2Xotl A2 Olo
ot AMgtat= HAlotdde S0 US. SFEH0I LD ALY S =+
U= JHHC WSAAES o) fet s EXL US
[E 2.8] 20tE no 22 i s&
= JI= Ys Y 8sE0t
o HUYGCZ 22|H (FHWA)2 Ctst 88 H0A wel AMEHE HsE = U
] = Z2 ]S e
=2 |+ FHWA Highway = 0l= DT 22 z0f &otol 235 & A2 SOt =
o NSHS2 HZES <ol JI=sg, 28 M= AZ5 52 252 =3
g | DIECEHUANE T2 E22 =3 W st 22 2 WHe E
= o Y ZIYE T Al
e WERUHAME XNBIIsE nE =, ASZEXH0D M0 SEE = U2,
JHEQ NSAAHZE HE= HE FHMOz WS QI SSHAN O
Sol0, RetPetaloz NE QIgE PEE HEY
S | o AFEA L= HAIS A B0 BHS BIIE HAIES AMBAIE MW
ol e HIOIOE F= XA S22 AE8 SHA30] JIsotEs XMooz X
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1-93 Bridge Replacement Anticipated Construction Date | Status

Riverside Avenue (north) June 3 —June 6, 2011 Completed on June 5, 2011
Salem Street eastbound (north) June 10 —June 13, 2011 Completed on June 12, 2011
Salem Street westbound (north) | June 10— June 13, 2011 Completed on June 12, 2011
Route 16 (north) June 17 —June 20, 2011 Completed on June 19, 2011
Valley Street/Fellsway {n|orth) June 24 - June 27, 2011 Completed on June 26, 2011
Mystic River Center Span (north) | June 24 —June 27, 2011 Completed on June 26, 2011
Mystic River Back Span (north) July 8- July 11, 2011 Completed on July 10, 2011
Webster Street (north) July 8 = July 11, 2011 Completed on July 10, 2011
Salem Street westbound (south) | July 15 —July 18, 2011 Completed on July 17, 2011
Salem Street eastbound (south) | July 15 —July 18, 2011 Completed on July 17, 2011
Valley Street/Fellway (south) July 22 —July 25, 2011 Completed on July 24, 2011
Mystic River Center Span (south) | July 22 = July 25, 2011 Completed on July 24, 2011
Webster Street (south) July 29 — August 1, 2011 Completed on July 31, 2011
Mystic River Back Span (south) July 29 — August 1, 2011 Completed on July 31, 2011
Riverside Avenue (south) August 5 — August 8, 2011 Completed on August 7, 2011
Route 16 (south) August 12 — August 15, 2011 Completed on August 14, 2011
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CHH| &2t 8.03 2R L2 202 XAlE
o CLEH MY OlA BIE20 AHAE ZS 0l A2 L HJ4e
9
FXRg SO Tet g7 £ ol 2 THEH|, AP It S8 £§
MO Nt oY £ oAt MY XY 720 EEGHA
HHEZ 0 Ys Ao 248
[E 4.7] Xy 2sd N JsHLE |t A0 AH(OH)
(9 :2|)
1XE < 2xtE & xET AxE T 5xtE s g A =
2 | o | ms | o 2 | oz 2 o | "2 w2 | m32 | oz | @)
AR 12.03 | 4.12 58.34 | 19.80 | 68.04 | 23.41 50.54 | 18.58 | 30.03 | 8.40 218.98 | 74.31 293.29
1S DHA 4.28 1.43 17.99 6 21.4 7.46 15.6 6.54 15.4 3.46 74.67 24.89 99.56
1_1‘: 2.70 0.90 8.79 2.93 11.40 3.80 9.80 3.27 6.40 2.13 39.09 13.03 52.12
(HIAIL)
I_Zu 1.58 0.53 6.20 2.07 7.00 2.33 6.20 2.07 4.00 1.33 24.98 8.33 33.31
(HIAIS)
1-3 B B B B
(KIAIS) 3.00 1.00 4.00 1.33 3.60 1.20 10.60 3.53 14.13
2KIS DRI 3.60 1.30 21.78 7.60 21.30 7.50 17.12 6.10 4.60 1.60 68.40 24.10 92.50
2_1‘: - - 6.00 2.10 8.00 2.90 7.00 2.50 4.60 1.60 25.60 9.10 34.70
(HIAIL)
2_2=, 1.52 0.53 8.48 2.90 6.00 2.00 4.32 1.50 - - 20.32 6.93 27.25
(HIAIS)
2_3‘: 1.48 0.50 3.50 1.20 3.50 1.20 3.00 1.00 - - 11.48 3.90 15.38
(HIAIL)
2_4=, 0.60 0.27 3.80 1.40 3.80 1.40 2.80 1.10 - - 11.00 4.17 15.17
(HIAIS)
SHIS IR 4.15 1.39 18.57 6.2 25.34 8.45 17.82 5.94 10.03 3.34 75.91 25.32 | 101.23
3_1=, 1.73 0.58 7.07 2.36 9.65 3.22 6.67 2.22 3.84 1.28 28.96 9.66 38.62
(HIAIS)
3_2=, 1.94 0.65 7.16 2.39 9.75 3.25 6.75 2.25 3.85 1.28 29.45 9.82 39.27
(HIAIS)
3_3‘: - - 2.38 0.80 3.27 1.09 2.55 0.85 1.30 0.43 9.50 3.17 12.67
(HIAIL)
3_4=, 0.48 0.16 1.96 0.65 2.67 0.89 1.85 0.62 1.04 0.35 8.00 2.67 10.67
(HIAIS)
s N
O 24 e
o ANEIEAIZAF OHA AP0 CHEH ZMA ol AU A=
H2l H2S HlWotH olE APl HAE JIXIJF e E &1}
E ASE 2 TE= 201 MR 2HAM OIIU6te 2122 HI2
Hol=2 M (Cost Benefit Analysis)Olct) 2&
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Response Spectrum (El Centro Earthquake)
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(exzal, ZIXE4(28]) 28.2 7.5% 33.8 13.8% -20%
s HESHEHE 45.2 12.0% 27.1 11.0% 40%
SH) 2HOHE A 37.2 9.9% 22.3 9.1% 40%
nes Hetma 2 -18 —4.8% -10.8 —4.4% 40%
ZAM -128.8 -34.3% -77.3 -31.4% 40%
EE 375.4 100.0% 245.9 100.0% 35%
O &=+%3 St + =5A3 SUS S0t + HEL AT &8 Sit
Z84+y 20l mE .
Fzea3z NeZ3 T‘QT%‘T%' :%?—‘5 BN & ad CES
e B e B
T 2T 184.2 49.1% 110.5 52.0% 40%
2321 65.1473 7.0 242 11.4% 63%
H=ze2s 11.4 3.0% 6.3 3.0% 45%
=& 4 1.1% 0.0 0.0% 100%
o 3.8 1.0% 23 1.1% 40%
23 1.4 0.4% 0.8 0.4% 40%
nz/2s 83 0.4 0.1% 0.2 0.1% 40%
SEUH2S 0.2 0.1% 0.1 0.1% 40%
L 0.002 0.0% 0.001 0.0% 40%
HEHESS 35 9.3% 21.0 9.9% 40%
neHI2S 33.8 9.0% 20.3 9.5% 40%
Py 33.4 8.9% 16.0 7.5% 52%
BEANS et XI= 26.0527 6.9% 156 7.4% 40%
TE 6.6 1.8% 4.0 1.9% 40%
e M= (28]) 6.2 1.7% 0.0 0.0% 100%
(exzal, ZIZE4(28]) 28.2 7.5% 33.8 15.9% -20%
s HESHEHE 45.2 12.0% 231 10.8% 49%
) 2HOE A 37.2 9.9% 223 10.5% 40%
nes HEH a2 -18 -4.8% -10.8 -5.1% 40%
Z2HO -128.8 -34.3% -77.3 -36.4% 40%
Bl 375.4 100.0% 2126 100.0% 43%




E BAXNY S DY =] JE
o B - - > 2AY =% iyl
MY HI& EEk HI& EIESS .
g8 ALY
EETS 249.3 66. 4% 134.8 63.4% 46% 114.6 30.5%
MH/28 90.002 24.0% 51.1 24.0% 43% 38.9 10.4%
EENE 66.1 17.6% 35.6 16.8% 46% 30.4 8.1%
=8 116.8 31.1% 79.2 37.3% 32% 37.6 10.0%
NS -146.8 —39. 1% —88. 1 —41.4% 40% —58.7 —15.6%
SHAl 375.4 100. 0% 212.6 100. 0% 43% 162.8 43.4%

fol
[
+
(il
I

NS U3 S+ HEA AT &8 st + s88t

DRADN X =2
=Q2nH HE2H E%Taﬁﬂrg%gg ik 2L
E Hlg EE Hlg
2T 184.2 49 1% 99.5 49.5% 46%
Heds 2321 65.1473 17.4% 24.2 12.1% 63%
N 11.4 3.0% 5.6 2.8% 51%
=) 4 1.1% 0.0 0.0% 100%
EE] 3.8 1.0% 2.3 1.1% 40%
23 1.4 0.4% 0.8 0.4% 40%
A=/2s @2 0.4 0.1% 0.2 0.1% 40%
ZRU2S 0.2 0.1% 0.1 0.1% 40%
e 0.002 0.0% 0.001 0.0% 40%
HH2s 35 9.3% 21.0 10.5% 40%
nez2s 33.8 9.0% 20.3 10. 1% 40%
ot 33.4 8.9% 16.0 8.0% 52%
BEAIB HISE X = 26.0527 6.%% 15.6 7.8% 40%
) 6.6 1.8% 4.0 2.0% 40%
. HEH(23]) 6.2 1.7% 0.0 0.0% 100%
c= TRPA(28]) 28.2 7.5% 33.8 16..9% ~20%
(X2,
S12) HESHEHE 45.2 12.0% 23.1 11.5% 49%
LHHENA 37.2 9.9% 22.3 1. 1% 40%
. H}f*&ge -18 -4.8% -10.8 -5.4% 40%
ETE] -128.8 -34.3% -77.3 -38.5% 40%
R 375.4 100.0% 200.8 100.0% 47%
JE BANZ 31 13 — =
e gy e way e argy | 2PF 28 v
a2y 24
EXYS, 249.3 66. 4% 123.7 61.6% 50. 4% 125.6 33.5%
R/ 25 90.002 24 0% 50.4 25 1% 44.0% 39.6 10.6%
HEAIR 66.1 17.6% 35.6 17.7% 46 1% 30.4 8. 1%
zs 116.8 31.1% 79.2 39.4% 32.2% 37.6 10.0%
EE -146.8 -39. 1% -88. 1 —43. 9% 40.0% -58.7 —15.6%
ERl 375.4 100. 0% 200.8 100. 0% 46.5% 174.6 46.5%




2= C

NSMHE A0 A AE

O 1 IS 2
[1-1 KAIS3HA]

(29 sipig)
1% 2% 3% 4 5%t _ A
H = =]
He E1= He HE |e (%)
1) e1Ab| LH/2l5 o1H| 108.00 351.60 456.00 392.10 255.90 1587.90 30
EES)
IR 71.28 232.06 300.96 258.79 168.89 1048.01 19.8
2 Al&H|
SAEH|
ANRE
M=H| 90.36 294 .17 381.52 328.06 214.10 1328.54 25.1
R=H
Tzl 28.80 93.76 121.60 104.56 68.24 423 .44 8
2) =¥l ol 28.08 91.42 118.56 101.95 66.53 412 .85 7.8
484 2
o N 7.20 23.44 30.40 26.14 17.06 105.86 2
gsH| RS
JeEE
8.28 26.96 34.96 30.06 19.62 121.74 2.3
=
AL 0.00 0.00 0.00 0.00 0.00 0.00 0
3) 2t&Hl 18.00 58.60 76.00 65.35 42 .65 264 .65 5
& A 360 1,172 1,520 1,307 853 5,212 100
[1-2 HAI2 A ]
(9] Bipil)
1% 2% 3% 4 5%t 28U
H = 3
HE HE | HE | (%)
1) el1Ab| LH/215 o1 H| 63.30 248.10 279.90 248.10 159.90 999.30 30
S
41.78 163.75 184.73 163.75 105.53 659.54 19.8
2 A&
QIEH|
ARE
M=H| HE I 52.96 207.58 234.18 207.58 133.78 836.08 25.1
Tzl 16.88 66.16 74.64 66.16 42 .64 266.48 8
2) =EHl (e:1:]] 16.46 64.51 72.77 64 .51 41.57 259.82 7.8
AgHI aQl
o e 4.22 16.54 | 18.66 | 16.54 | 10.66 | 66.62 2
| T
Jleaz 4.85 19.02 21.46 19.02 12.26 76.61 2.3
iyl A A A A A A A
[ =4 0.00 0.00 0.00 0.00 0.00 0.00 0
3) 2t8Hl 10.55 41.35 46.65 41.35 26.65 166.55 5
& A 211 827 933 827 533 3,331 100




[1-3 MIAI=2tAI]

(Et91: OH)

1%t 2 3xt 43 5 24|
H = 2
HE | HE | HE (%)
1) 1| W/2ls elAHb| - 120.00 159.90 144.00 - 423.90 30
AR X
IR - 79.20 105.53 95.04 - 279.77 19.8
L A&
IE|
NEE
TH=H| - 100.40 133.78 120.48 - 354.66 25.1
A=
M 4| - 32.00 42.64 38.40 - 113.04 8
2) MFH| (:1:]] - 31.20 41.57 37.44 - 110.21 7.8
AgHI [=]
o b * - 8.00 10.66 9.60 - 28.26 2
S| T
Jle3de
=3 - 9.20 12.26 11.04 - 32.50 2.3
S=H|
AL - 0.00 0.00 0.00 - 0.00 0
3) 2t&Hl - 20.00 26.65 24.00 - 70.65 5
g A - 400 533 480 - 1,413 100




O 2 A2

NN

[2-1 HIAI=2HAI]

(E91: Woigl)

1%+ 2 3xt 43 5 24|
H = 2
HE | HE | HE (%)
1) 1| W/2ls olAHb| - 291.60 392.40 342.00 223.20 1249 .20 36.0
HRI|X
IR - 0.00 0.00 0.00 0.00 0.00 0.0
L A&
1A
NEE
TH=H| - 187.92 252.88 220.40 143.84 805.04 23.2
A=
M 4| - 121.50 163.50 142.50 93.00 520.50 15.0
2) MFH| (:1:]] - 12.15 16.35 14.25 9.30 52.05 1.5
22H 2
o b * - 9.72 13.08 | 11.40 7.44 | 41.64 1.2
| T
ey
- 22.68 30.52 26.60 17.36 97.16 2.8
SEH|
ARLg - 29.16 39.24 34.20 22.32 124.92 3.6
3) 2t&Hl - 135.27 182.03 158.65 103.54 579.49 16.7
g A - 810 1,090 950 620 3,470 100.0
[2-2 HIAI2DHAI]
(S+9): WOLR)
1%t 2% 3xF 4%t 5 _ 2 4H|
H = =%
HE | HE | HE (%)
1) el LH/2ls o1l 73.80 409.68 288.00 209.52 - 981.00 36.0
HRI| X
IR 0.00 0.00 0.00 0.00 - 0.00 0.0
L A&
1A
TH=H| A= E 51.25 284.50 200.00 145.50 - 681.25 25.0
A A A A A A A
Ml 30.75 170.70 120.00 87.30 - 408.75 15.0
2) MFH| (1:]] 3.08 17.07 12.00 8.73 - 40.88 1.5
L8H ¥
o o 2.46 13.66 9.60 6.98 - 32.70 1.2
= 5.74 31.86 22.40 16.30 - 76.30 2.8
gsH|
[SEE=y 3.69 20.48 14.40 10.48 - 49.05 1.8
3) 2t&HI 34.24 190.05 133.60 97.19 - 455 .08 16.7
g A 205 1,138 800 582 - 2,725 100.0




[2-3 HIAI=2tAI]

(E9l: worR)

1x 2%t 3%t 4%t 5xt IAH|
H = =]
e e He e He (%)
1) QI W/ele el 71.28 169.20 169.20 144..00 - 553.68 36.0
AR K|
IR 0.00 0.00 0.00 0.00 - 0.00 0.0
L A&l
SIE|
ANEE
TH2HI 45.94 109.04 | 109.04 92.80 - 356.82 23.2
HIZtH|
HEHI 29.70 70.50 70.50 60.00 - 230.70 15.0
2) HEH| (:1:]] 2.97 7.05 7.05 6.00 - 23.07 1.5
AgHI Q
AR TAA * 2.38 5.64 5.64 4.80 - 18.46 1.2
S| T
Jlade
&3 5.54 13.16 13.16 11.20 - 43.06 2.8
gs=H|
ApLg 7.13 16.92 16.92 14.40 - 55.37 3.6
3) 2t&H| 33.07 78.49 78.49 66.80 - 256.85 16.7
g Al 198 470 470 400 - 1,538 100.0
[2-4 HIHIS2HAI]
(Et9l: SMpHR)
1x 2%t 3xt 4%t 5xt _ IAH|
tH = A
He He He (= He (%)
1) QI W/ele el 31.32 187.20 187.20 140.40 - 546.12 36.0
S| XHXH
0.00 0.00 0.00 0.00 - 0.00 0.0
2 Al&HI
SIE|
TH2HI NEHE 20.18 120.64 120.64 90.48 - 351.94 23.2
R . . ) . ) .
L] 13.05 78.00 78.00 58.50 - 227 .55 15.0
2) =FHI ol Hl 1.31 7.80 7.80 5.85 - 22.76 1.5
+2H %
AR aa 1.04 6.24 6.24 4.68 - 18.20 1.2
&sH|
pIE2=1)
2.44 14.56 14.56 10.92 - 42.48 2.8
sl
ARG 3.13 18.72 18.72 14.04 - 54.61 3.6
3) 2t&H| 14.53 86.84 86.84 65.13 - 253.34 16.7
g Al 87 520 520 390 - 1,517 100.0




O 3 A=A
[3-1 KIAIS 3R]

(Et91: WOH)

1%+ 2 3xt 43 5 24|
H = 2
HE | HE | HE (%)
1) 1| W/2ls olAHb| 82.47 336.65 459 .46 317.37 182.78 1378.73 35.7
HRI|X
7T 12.71 51.87 70.79 48.90 28.16 212.41 5.5
L A&
1A
NEE
TH=H| 14.32 58.47 79.79 55.12 31.74 239.44 6.2
A=
M 4| 34.88 142.39 194.34 134.24 77.31 583.16 15.1
2) MFH| (1:]] 8.78 35.83 48.91 33.78 19.46 146.76 3.8
~2H ¥
o A 6.24 25.46 34.75 24.00 13.82 104.27 2.7
S| T
Iy
12.47 50.92 69.50 48.01 27.65 208.55 5.4
gH|
AR 12.94 52.81 72.07 49.78 28.67 216.27 5.6
3) 2+8Hl 46.20 188.60 257.40 177.80 102.40 772.40 20.0
g 3 231 943 1287 889 512 3,862 100.0
[3-2 HIAISDHAI]
(Et9l: worl)
1xF 2 3xt 43 5 _ 24H|
H = =%
| |e HE He E1= (%)
1) eIl W/els olAHH| 85.47 315.15 429.00 297.00 169.29 1252 .68 33.0
eSS
15.80 58.26 79.30 54.90 31.29 231.56 6.1
L A&
oA
TH=H| A5 E 17.35 63.99 87.10 60.30 34.37 254 .33 6.7
A A A A A A A A
Ml 43.77 161.40 219.70 152.10 86.70 641.52 16.9
2) =F| ol 9.32 34.38 46.80 32.40 18.47 136.66 3.6
L8H ¥
o A 7.51 27.70 37.70 26.10 14.88 110.08 2.9
HEH| T
JexE
13.21 48.71 66.30 45.90 26.16 193.60 5.1
gsH|
AR 14.76 54.44 74.10 51.30 29.24 216.37 5.7
3) 2t&HI 51.80 191.00 260.00 180.00 102.60 759.20 20.0
g A 259 955 1,300 900 513 3,927 100.0




[3-3 MIAI=ItAI]

EHef: WHpHRl)

1%t 2 3xt 43 5 24|
H = 2
HE | HE | HE (%)
1) 1| W/2ls elAHb| - 117.66 161.32 125.80 64.01 452 .51 37.0
eSO
- 17.17 23.54 18.36 9.34 66.04 5.4
o L A&
=Te NEE
TH=H| - 15.58 21.36 16.66 8.48 59.93 4.9
A=
M 4| - 52.15 71.50 55.76 28.37 200.57 16.4
2) MFH| (:1:]] - 9.86 13.52 10.54 5.36 37.91 3.1
AgHI [=]
o b * - 8.90 12.21 9.52 4.84 34.24 2.8
S| T
Jle3de
=3 - 15.90 21.80 17.00 8.65 61.15 5.0
S=H|
AL - 17.17 23.54 18.36 9.34 66.04 5.4
3) 2t&Hl - 63.60 87.20 68.00 34.60 244 .60 20.0
g A - 318 436 340 173 1,267 100.0
[3-4 HIAISDHAI]
EH9: WHOIRl)
1xF 2 3xt 43 5 _ 24H|
H = =%
| |e HE He E1= (%)
1) 1| W/els olAHH| 23.68 96.57 131.72 91.39 51.43 481.37 37.0
eSS
. 15.92 21.72 15.07 4 79.36 B
o A& 3.90 5.9 5.0 8.48 9 6
oA
NEE
TH=H| 3.20 13.05 17.80 12.35 6.95 65.05 5.0
A=
H&ul 9.92 40.46 55.18 38.29 21.55 201.66 15.5
2) =F| ol 2.05 8.35 11.39 7.90 4.45 41.63 3.2
L8H ¥
o A 1.73 7.05 9.61 6.67 3.75 35.13 2.7
HEH| T
JexE
3.26 13.31 18.16 12.60 7.09 66.35 5.1
gsH|
AReg 3.46 14.09 19.22 13.34 7.51 70.25 5.4
3) 2t&HI 12.80 52.20 71.20 49.40 27.80 260.20 20
g A 64 261 356 247 139 1,067 100.0




