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Mew Cliffon Bridge ”The Dynﬁ mIC AVOH"

Suspension bridge techno]o'-__ ; |

i1 [Economy : Economical foundation structure that
§  Can be bullt on a precipitous slope

! Gy tiiting the towers to lean against 3 predpitous
siopa of the valiey, the force transmiltted through the
q towers can be directly Imposed on bedrock. This
1 makes the foundation structure of the bridge
extremely economical and compact.

Eiegance : Dynamic design to assert tself as a

Monocabie
The monocabla suspension bricge, In which cnly the
center of the bridge width Is supporied by a cabla, Is
an extremely simpia structure, This gves the bridge
3 sensa of opanness and 3 symbollc natura. The
monocable Induces kinking of bridge beams;

and the bridge from shaking.

Earth Anchor
Installing 3 backstay cable directly on solkd bedrock
sliminates the need for gigantic anchorge, thersty
raallzng economical and smple anchar.

3.1.6 ftifEm (1)
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[CHITDIEICEEY DAFE= (2)

requiring nefthes§upport nor bidge plers.

- The construction method {ifs affecs the s
environment-friendy. :
- Thie brick-stybe stabis maln towers serve to acantuaters
River that Niows siowty fhrough verdan
- The cabie fanming a qraceful e Suppy
the view, creating a gorgeous landscape.

On tha basls of the Teatures of the CBton Suspension Bridge, we pmopose 3
bridge that ‘axcels In eMosncy, economy and slégance by maiing wse of
curment migh-level technoiogy. ¥ .-

Elegance: Ansegantand highly transparent bricige thet sarves <3 bndrc
It s @ by fransparent bridge amid baauil natural landespe, senving 2 Brisofs Gndmark.
Efficiency: Rational installation
It s & wruciure that can ba installad atonally in 3 precipiows valley
Economy: Economically sound structure
% b an RCOTOmIcaly SOUNd sschurg consinctad with current high-leval secnolog

3. Proposal of a self-anchored PC composite truss bridge

Highly transparent bridge serving as a landmark

1) Devlces for downsizing

The salf-anchored PC composite truss brigge, as described later, excels In
strmmpemsmu In ackition, It can b2 Installed without

altering the nature of the vallay, ugnalummmmpemnct However, 25

the span s 150 meters long at this bridge sits, the siructure height at the

center becomes 13 metars, which can m

Tz cope with this, Ee BT su ribbon siab Is lted by Installing towers on

ks, theretny reducing the skze of the comiposite tniss strsciune.

The truss nnueu of a PC riobon slak, an upper siab and
uaelpq:uls !ransparent.tru to its thin components. To Increasa
steel pipes are set vertically to efliminate costructions of

3) Form for distinct force flow

The combination of towers with 2 PC suspended ribbon slab produces 3 new
of bridge that would serve 5 3 incal landmark In Bristol. The towers are
ned to produce distinct force fiow In order o show that the towers and

the PC suspended ribbon slab are connected via 3 single catenary curve,

underpinning the upper siab.

Rational erection method
Ecenomically sound structure

1) What Is a self-anchored PC truss
It 5 a truss bllclge MMWMHEE lw“'msgtl that sarves as road
surface, a PC suspended ribbon slab drawing a curve, and steel plpas that can
be constructad with the suspended erection method. Thi PC composite bruss
bridge Is a self-anchored siructure In which tension on the PC 5us

ribian slab genarzted by a load Is conveyed from one and of the bridge 1o the

pper siab.

2} Fealures

PC suspended ribbon structure 1s Instalied by using prestressing steel tacked

aqﬁmmawmtmm'ymmlng Instziiation even In a precipitous

valley.

Installation can be In one swmmer. Thus, It 15 advan s In

SI'II:MI]I' ammmﬁﬁmm s
|5n1a¢tupurmllmpunems,alml19mubemmuuctadmn

n'lne e erection SIte of Passanaways are Narmow.

171 )
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e Japanese Spiric* %, §a 8k * ~Yamato Damashi-

1. Introduction

Just 35 Brunel oesigned the Gover elevatad bridge In the past, thera existad a well-thought-out bridge
that was bullt with the objective of extending out a5 much 3s possibie, by making full usa of technology
avallable at the time In lapan. It Is the Hane-Bashl, represented by the San-hashi bridge and the Almoto-
bashl bridge. Utllizing the fusion of Japan's ancient bridgework technigue with contemporary
technology, we challenge the work of Brunel with the Japanese spirtt * 2 ganly’ -Yamato damashi-.

2.Deslgn concept
We propose 3 bridge that represants the Yamato
spirtt by means of the following thres "E":

Emniciency: Rational instaliation

It 15  structure that can/be/instalied rationally In 3
precipitous walley by applying Japan's andent
Dridgework techiique.

Economy: Economicity sound structure

It Is an economically sound structure by applying
CUrmEnt Nigh-leved tRCNogy A feady-made steel
matertal

Eiegance: An elegant and mighly transparent
Dridge that serves as a landmark

It Is 3 ighty transparent bridge amid Dezutif
natural |2 HIJS-EBFE, S-E"I"l"lﬂg a5 Bristol's [andmark.

3. Technical features

(1} Japan's anclent bridgework technigue - Hane-Bashi

The Hans-Bashl |s one of Ja|:G n's anClant Dmga\m 1a:nn||:|ues. One end of the main g1n:|er |]'|3I'|Eg[| Is Durled In 2 rock wall amd the ofher and owarha ngsa HIIE}'.
'With the protrudent girders from both banks as the base, another girder Is bullt horzontally on top. This eliminates the need for 2 temporry structure when
Conducting superstructure work and shortens the center span iength as well, making a rational and highly economical brioge possibie.

(2} The large-diameter Inclined calsson-type plle that minimizes changes In ground surface

One of the lssues In the construction of the Hane-Bashi s to Meate 3 pan of te main gindar on 3 rock wall without fail. To address this, we decided to apply the
large-diameter Inclined calsson-type plie that T8 1n.use In Japan. Using this construction method, we drill normally against the rock wall surface by applying NATM
and usa the whole a pl[:ﬁ tha Tnunnal:bn struciura. Nl:umnly ooes this meathod excal in l:DrISln.II:Ih'E pl‘tlp&l'tj' and ease of Installation, It also mindmizes the grl:u|||n|:1
SUITaCe range aMactad by-aniling; Thus it enzails-few changes in external appearance and xeepsnuuml:mﬁscape Intact. . :

(2} Cantll2ver method by means of the pler structurs requiring na temporary structure ]

As the figure shows, the upper plar structure i bullt whille overhanging the main ginder StrCtur of the side span ma sbepnllse manmear. The strscture whan
Installed will mof cHange when It 11 tnmpleie-:l. which elminates the nesed for a temporary structure. Thils Is'the maljor feature of this structure. Thus, significant cost
reduction |s expected.

{4) "Strut structure of the center span” Improving transformabiiity of the entire bridge

Transformation that oocurs when 2 load 15 applied |s conwveyed to the center span 25 an axlal forcs via the pin support point 3t both ends of tha center span. This
axlal fonce |5 abysorbed by the anch structure of the cembar span, wille the “strut effect* conveyed to the structure on the opposits bank halps give shaps to 3 rational
sfrusctura,

4. Construction procedures

STEP 1 Foundation waork by applying the large-
diamater Inclined deap calsson-typa plie wsing an
Inclined rallway transport.

STEP 2 Stepwise construction of the overhanging
structune of the side span.

I .

STEP 2 Large Diock erection of the centar span with
awanch.

3.1.6 RH/EM Q)
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MNew Clifton Bridge HSE Plpe ArCh BI’IdQE"

‘Whereas technigues and materials avallable at that
time were fully utiized In the construction of the
Clifton Suspension Bridge, we apply current Righ-
lewel technology and the latest materials to the
comstruction of 3 bridge that excel in emcancy,
BCOMOMY and elegance.

Elegance : It ks 3 structure that blends well with
beautifil natural landscape and represants strength
that sarves 25 the foundation of a bridge.

Efficlency - It Is a rational structura due to tha
combination of steel and concrete - 2 symbol of
modienn materials.

El:ﬂ'lﬂw <t I an eo:lml:ally sound struciure 35
the right materfal Is used In the right place.

Form and Structure

1} & bridge that can blend well with landscape
AN arch bridge that can blend well with natural
lanicscape I Dollt-ty- rediscing arch e to lessen
components, reallzing a simple structure. | Using
steel plpe COMponents, the—Dedge—tossts—of
modem, sophisticated detalls to exude a highly
aesthetlc taste.

2} A bridge that strength
The steel anch -bridge Inewiably becomes 3
cumbersome  structurs due o the connecting
membier that wene instatied bo ncease sde gidhy.
T address this probesmm, an arch ot 15 erdsrged at
the paoint of support to Increass side rigkdlty, and tha
connecting member are eliminated to smpiy the
structure. & bridge that clearly shows ls strength
can be bull by making the enfarged paint of
support a relnfiorted concret (0 structure;

|Material and Construction
1] Use of CFT [condrete filled steel tube)

LT

Primarily, an &zl compresslon force acts on the anch
rib; thus, reinforcement Is neaded o prevent
buckiing, the steef's weak point. A rational structure
can be made by taking advantage of materal
properties and using CFTs s stesl pipes to step up
compression reslstance, reduce the oss-sactional
area,and lessen the NUmMber of Components.

CFTs are Jointed by the simple method of sieeve
Joints that reguires nelther welding nor bolts.
Concrete 1s filed by the selft-filling method using
high-flow concrete and the relnfomcing bar
anchoning method |s employed In jointing the AC
struscture and CFT to simpiity construction.

3.1.6 RtifEm @)

3-10

In the case of the foundation structure, the tunnel
anchor construction mathod to which tha MATM
[New Austrlan Tunneling Method) s applled, b
empioyed to minimize diliing of rock face, thershy
preserving the natural envircnment.



(5) #EE
1) IEEHE

B3 E XYINEEIERS

B DIGERR A 3.1.4 [T T, FHMAELEBROIEERH Y, Ka X+ 5B LOES %2

I DB,
#3.1.4 HEHY
&g P IR e
D —HBERFY 118 #Efh
@ FHEEM 600 1E 5
Q) INFHEERFY
900 7Ef LA
@ rhEEE P
# &t 1,620 fESLLE
) /- AR O NFRIT AR
2) 1REZE

—REBFT T, BB 2 B T T b,

T, 1 REZ T, HEOEMFE (AR, K4, FTESIIRARTHIN, 2EZOEE EFL
THHAREMITEY) 12X, 4 118 OIEESOR N D 7T/ESN Y a— Y A & LTRESNT,
EEICHLYEENLLOEMR LI DY a— ) A MOBEIN, BEINT 7TIEME X 3.1.7 1257,

X3.1.7

1 REEEBER

3-11




BRTYAVICRITDIEICEHTIDIARER (2)

3) 2WEE

2YGRETIX, 1KIEBZEIE L 7EREZHRIC, KISEFIIR LT3 ADOHEMFEIZLS 10 57[H
DA HE2—DEBII, EORRICED 106 SMETHRESNT, A1 FEa2—X7TH6H,
TYVAMD TTYRARL AR B H—] THRESNT T7VRVAFE 200 BFTLEE] O
YH, ROF—T7 = ZRNCEM TIThoiL, TOMRITTHEBOGICBWWTERINTE, LrL, &
a— hURAMDTHERD DS 2/EMITAF Y RAESALLOMESL (AR, =7 h) THhY, EEE~D
HENERE EREECH S22, ENHICOWTIEBEERRIC L2/ v F ba—Lirole, BHEDOE
KT DA v F Ea—Tlk, THA a7 h eV ORI BERN R Sz,

RARIE. AXV A, TAVD, ZOMOE Y DFZRHEOT VYT v b EETK 500 AT Y
=TBRBIMNT 27 4 =B TIThi, ISEEOEHFEL L b, FEOa 7 MIET 2HANT
btz (ARLZ VT FORIZHOWTIE, FHEENHRHEEZIT-7),

Flo, 2IEZBIENLST, Ya— M)A MO TERITA VF—Ry FTHEAR I, — N HDA
SEBEELITbN, AKEEOFEMARMRIIARI TRV, 2RBETINVEZES L2t -
HYVRORIZHTHNRD—F @ N»->72L 9 Thsb (New Civil Engineer, 7 H 13 H5, 2006 4F),

BASINZEIIN T2, 10D SALETOEMEZ, K 3. 1.8 1R,

g fr o 147

: Youssef Ghali

CEBEE - V=T

=St

DR RS BREA DD, BOX I
RS BNERDE T 4=V T RBH D,

: 247

: Christian Frandsen (Cowi ([ZHE) .
Tun Shin Chang, Thomas Mew

: URS Corporation

XY R

CRWAEERIH LT O 2N s — T s A
T A EDTFA URRU,

VLo 3L

SAREL SRR KR

g T EAES

=N

CRABROL D EBI~OBLELELRNE
J e T =T VOB E L,

3.1.8 1{um i 3LETHEM

3-12



B3 E XYINEEIERS

B, BEZBIILUTO 34 ThoT,
» Michel Virlogeux (7 7 v AT HTF I —=8)
 Mark Whitby (Whitby Bird : &£&)
+ Jim Eyre (Wilkinson Eyre Architects : 5 4 L 7 #—)

(6) £&&H

THA v ar_EH L, EAREBEERLELTVDAXICE S TUIMMOE S EITBEVWEEICHZ 25
H LIV WA ZHUTORE DD 2 Rkl i 2 Th o T, EEMICITBEWE Z A, £t
AREMENTERZHE LD ZLDTED (HOWIHLRSEHERITIUTRERWN) #Ex LWERZROT
HD,

EATZHT, I<KRBTHEELEDNDIN, BBPEELROITLKRIZR-7-2 & Tidwy, 712
WZBWTHAILTH D, RBRTHZLICE s THIOTHMLASEGTXHZ 0, T ozt d
L, LA, THA LD A 2 0HENS 22, — IRV NR I & ALEDO R &
D, TS FIRBPLEL D, THA NIBT LB E 1T, EBEICH=b2EIE L, Zha ity
MICHRFEL T, S HICEEEMZ D, ZD#VIRL EFVOWRETH D, HELEZNEHEICL T
HBANENT A FT—=EREENTHDEN, THA L EWIITABRITHICTHLRRETH D, 7-72L., Ln
THA R LEY ERIRBIE, ERRO LI T A L ORBREZ BRI ERDLILERNH D, £ L
T, OIS ONLT A B AL NS DI, R OHESPFEEARETH > T, B AN
B ENS THIDLFRORITIUTZR BN E WD X ) RO b DO TIE W, HiZ, W bE'U AR
Holzb LThH, EAEWS | HTETHN 722V DRVEER & BEKOE EFoTE RV AIE, A
DT YA AANTHRAID BIANTNZRU,

WX, AR L WD | HIBR CHN 722 0SB R WV E R L BIEROME I F 2 EE LT HAABEE Y|
THA L OWREIToTVDIHRITH D, EAFHIFE L LTORENHY S xT1uX, LT, EilkL
TTHA L ORBREFEA S 2 THUE, THA L NEHITOT D2 L3k L THRE R 2 & Tk, K
WCHEZ D ETHIE, 2T VDD DHERD TARFFHDOZZ TN AT E DA B2 DVEN D D)
LThHAIN, ZON—RFNUIZNEEES TRV, REEZEZ2 L0 L0, RAEERESTH L
W) HREE NS LILRV,, WTIUZE X, EAEEROT VA iE, BERALRM L TnD R
Bl L Lo TEITBZE 5 Wirnk Bbh b,

EL N, YIS THIREL CE R LOEBOFIILHE LT, SEOTAT T ar~Zsiii,
YEHRORIH TH D ERTFA BT 5 3E T 205t e (H14 424 A~H16 410 H) | T
HL2EDarRERBRLTWDTD, ZTNbaEHD 5 E45ETIEHOHETH-T-, 4B X
FEROZICRRHEER T2 bHY, RENMEICSIMNTE I LT A RVD, BINTEHa
Bt o T L WRBRIC AR 572, (ZLODT AT TEMND, M TO@FKMmER T, WHEICHHNH
K ENoTHWMEREZRRT HZ L1E, 7 A V2 ESERWITEE LTERN»OHR R FTIETH D,

LHEIDa_TlE, HEREOEL DAr Y 2 — LLBROFRI b B0 . T A Sk Lo i#Em
RS ETEDT TIERDP TR, TOXIBRPTHE—EDRREZFL LN TELDITEETH T,
ARID = o ROERE, 5%, FEREPE LOHEFITMOENOETEHENTZ R TS LTIE £
DEE, L LTarNXZEMLIZENN, RYOERTERINTZEEZIADHTEA9,

3-13



BRTYAVICRITDIEICEHTIDIARER (2)

TEAMBOT VA B HFICEHT 25 %

e s Tir E8 Ofg %
R T 4w r7arvHrr2ovm ERE TR A
THERYE K¥F ESE Bl

BOT YA TREAMEOHRR THE LOT VA 2 EBIICHFT 5 2 ENEETHD. £ I TEELIT,
KOWREDOZ WL, HA TS LTEHE LERBICER L, TRXOEREL, i i ms
WERIET 2720, HBaELE T L THRRENRT A V7 e —F 2 070, AT, i LICEE
T 5 EMEE I T A VTR AL, BOFMEIHBZELHE LB ZE L TH B2 27200 FHAHIE

DT WA O Ew L.

1. [IL®IC
ENETBIGUEE L EbN S EKEDZ < X4
INZRNC RS T S EBEXoNETH D, Lol
BEMATIEICE T, ERBIZEEERGR2NED
72\, 22C, EFOIIEE LICERBENEHT
L THEICER L, TREIIEmE Lo AR
BID, HHAPEZONLBEMICHLENTHD
2, FTEHRXORBMTHLRREME I HILDH2)
REEZNX, BHINWARE 74—V RiEbok
IRV TH 5. B EiIcTEEENBEHT 28R
X%, THEDOT VA 2B THEORHEICE
BEDR L ALEH 2D LETHY, TERBOGFAER
FTAWDTHRE LIV,
2. TREERAOER
THIEXOEFREZIT 7. BREE FRTERE
R B 164 IR FB# S ATV DIl E 10 D
BRI HOWT, IR T — & 288 L7z (F1) .
7ok, SHAERHUIS, 166K TH D .

2BAR 94% 6%
EEEIELL TH7—7 & ol JEL
SRR 56% k5 217% Rkl [
TEEHTS HE O

iR i

E1 ERER AR
AR Y B RRAE O H FE S EEEIZZ . T
X, FEHE & A L BERICH A T RE 2R ERIE R OENL
PEEEREIT TR LTINS,
—JF T, FTHEIEXOHHEOEKE TORERFILER
BT 1%RETH Y, @AM 20,
ML, AR L7 AGmE EOROE S S A EL

LNTELZ LiIcEkBbDEELZLND.
3. THRABRELAROONDIEER

R212m3 K 9 2l &Rl 216 & % 2 T
5. ZOHA, BUAHERORHERREORIK 2 E 2 D
&, P TomEs N EL< 2512 E, BIHEKOE
FIIEL< ARy, DERMOBE EIFRKNEICRDRE,

B~ DN BE I THND .
L2

X2 EAEORTER

T oSS (G~ EH ) & T 55K
E LT, SRRAMTC/ XA 7 UM, 7L E— A
CICREFE SN D EHERIEOBREZ BT 2 003%)
RBTHD. LiL, ZHIEFEKMEDORCERMK
HitBIZH B &, — I LEHITS. 22T, &
FHolx, FTERAOBRENXICER Lz, THR(UEE
OfEEET, BEOFEETH DI\ v UG HEHE) <

S/IMOL Om (M S RHIEE < 1/37) , i LA (BRI )
45m O RCERARIES REARHTE
aom | —=— ROERHRIF & AR FEHTHE
e SAERRRRHTIE
o & FRERARAE _A

35m I a pCTLF Uk O—HiAE

30m F @ PCRRT U THIHE

: e PCIA TG
{E 25m & JUE—LITHE
4

% o \villitE A
#E 20m O HIEE o e
[ ]
1.5m » / o
@ o
1.0m - /S/M
0.5m o @]
0.0m
0 10 20 30 40 50 60 70 80
X f&(m)

M3 FLEEOCHEESE—ROTERAXEROBE R

F—U— R

THEAME ERES WG T BHRR B

W& SE - T290-8580  THEWL TR\ 7 H0m U 3 MRS B TR BEHE TEL:0436-43-8110

3-14



THIO0.5m ([F : 1/62) &, FEFIT/NSWETHDL (F
3B/ . 6L, THRABRE, ERAERO THE
BLDORELRD DD, [BHTEIHSOERIEE
KRERBETRNI E0 D, BEFENS S ENL2AE R
XThHhdrLE25.

4. THRIEORBLTYA U REOHRAME

T TS O — & ORI, Wi L& T D M
DI TIH 5. BHT HEEOHBIC L > TG L
26 DOBERZFLE L2 D0 2y, HEoRHE
WCEH> THRLAIREFEERLTWVLOTHD72D, D

TEARROMREER DAL 72 IR B DILE N LB TH 5 .

F7o, HIE LT DR, Bl OEHEICHEE
LR 720, 2o OBk 57 A
VEERE LU FICHET L TRz

(1) EHBRKROTHA oE
FHTROT A v ehFEE LT, ET7T7 0 VOE
RIZEIR L CTAHT. TRAEBOSE, M EmIZK
G AR S iz, BT T o L K
ThHLEM W, RUFET T UK, HE
MNMER, HEANER LS A0 B2 FIico>nT
MEELTI-AERTH .

R EISUCDERICEKDIRAADEL

B ZEN
- AN
L NS

Zokoiz, BT U E DT T TE
M EDOHIRIIRELSEDLDLZENbND. 12771,
WT DO GE T BRI DRV MANI B FUE &K C &4
D, W OW T EBENAE T DI 4R TH
5. FZTEAIFRACTRT LR ET T Uizl
mpkE 52 &%
/E L THhiz. il
L 72 W CEER L 72
THA LT RS
FOMNRHISR LD
BBINAETE D,
Zo%he, Wkoie

X4 phEOLEIS VD

B 3E XYINEEIERS

T EMTRER TR AL L L, RV RREC LD 7 T
VHOMEMAEZRET S Z ENEE L. kB, k
7 Yiihm e LA, EM IR X
UBDHFRERRI SR L H D.

(2) EMAKEROTH A VHE

TEHTOYA, H
DE R 5 EM % B
#EI D=0, —HRIC
B5(ZR3 K 9 7o Hfl &
MERDOBREDL Y
B\ D, ZOHA,
HE A D S 8L 0N JE A
W22 51 X0 0 T2 <, il P EMER EH O A ~—
ANMBLL IR DT DGR REL 2 5.

Z T, B CEHNMES CEIEE ST DG E
Bzl RT7AT 4 T71E, MBI X 5 EEREMm
FITFH LD L LEEbL 0D, EHN O G RCER
WZEDEENRAI R Th H A, FEH S VL E5E m
BRI REEEINDEE 2D (IK6) .

X5 TERHTDEmHEMD B

X6 BhEMEEEECERASEAA—DK

5. 8hHYIC

ARG I N EMIREIZE B Licm EoNE @iz
BT 2UET VA N OWTIRE L. BB LT
WA NI FEBUZWT THEAR DR D METH D03,
ZOXIBBEEETIIRITNTHZ LN, 5%D
SOHRDEHICORNDHLDOLEEZI TN,

¥, AREmONEIL [HEEITsts BRT A
BT D 3 EICET RS (2) (ak 21
FHETRERFRFGERR) | NOT—F% 2 7 70—
FICBWTHRH SN 02D L7
HDOThHD.
B
AMEHZRBWTIE, WAV o Zras g oA
EEHK, JFExP=7 U ZHOARKREERK, B3
aPAE Y MROH EERRICTBEZH W, 221
LR L BT

(BE )

1) A AR LR 172« Design Data Book,2001.9.
FL)PCEERR ¥ W e « PCIEBEAG A Hv=271,1997.3.
http://www.prebeam.jp/index.html : 7" L & — AHRHLE

3-15



BRTHAVICHITDIEICET DR

e (2)
XM E o T

TEAMEIY, BammaR<mz sy
AL ﬂbfﬁﬁ%&7%4/77n—?%ﬁﬁ5w.

7 Y A vk E

WEBNMER S B 720 T <, BE EICTEEENE
L LIEEKE & L C FBHHE 2 5HE 2854020, B

BT 5 EE (FD2)
R T 4w avELrLovl ESE ORE RBAe
WK ExB kR &
PEE /M=y Ml ERE JEE ER
FEKRFERFRE ERE ARHER
WEMM T PWE
JFE S0 AR %

T 5 2 & DAEDOF

ORI RCHEE EOBENRH Y, ZNETEHASNBRDRN. K, ZhboE LoREAdEEL, 7
PA VRO S 5 FHAMIEOREEZT O bOTHD.

1. [FCHIC

EHOIX, ZHE THEBIBROR LGSR T T
DIEFGRIE 2 G & LT, FEBXUMEom Ak
WTHRZERTE . FREAHIGIL, ZoXXMEIC
DA B P IR D O A AR T £ COME S &/ S
{TEDZ LMD, HimblROE L WIS T To
WAMEREW. L, i bofASROES, E
i DBEEIVEE 72 & O F AN THGERA ORdE T~ & R
MENZ LR ENEH, HidmblRO B UWARESRMET
THHEABNLE < 220, Kiw T, MR Dics| & &
THAHEOMBEIE Y MLA, W D MG D
FHA o DOHEMHICONTHREDZ L & L.
2. THBXHMEORE
21 BHO2—4Fy b

ATl fBEDS 30~40m FLfE & B &3 5 PG
T, BEHICH - CTRES S L TV 572 E K
BEMIMRSINZ 5 2 & 2RO LN DEMESRMT T OB
REMET D, 20X RGEAITE, SREHHESA
47VXFVVVV7PC%%,7Vt~A%ﬁﬁ&®
EAHTEAG CRIB SN D Z E RN —IIICE V. KGRI Z

ﬂ%%ﬁ%%%?—ﬁybkbfk%zk%ﬁfﬁb

22 BEMREOEE

(1) EAHT OB AL

JEfE 7 7 2 IR O 72 TSR G T, MO
BINVEERRE L T=—7 L —X L IHIN L EHH %8
m+s. Zo=—71L—2F, $HEBICLHVHND

(BE-1)7, HEET b
IXEA B RS G T -
ORMAHRE TS, i 2
SR B |
HHER &0 i

. CHEEIRSHT O IS B0, Bx CRMT
BRERHT S Z & &5 2. BHIERX I 72 &
IHTICELE S D 2 & D, ST ZIC e~ R 22
EToXVRELZENTELHELDD.
(2) PRI &

TEEAMAE OIRRIE, EMTHREDEN T & 2B FAHTH
TR BIC KR S5 2 Lok D, HilftofiEiR
2 BAROERGE & L CRHE Té%ﬁ;Sm&V@Eé#
WL L 70 % ZORE, IRIUTHPERIC SR S D g &
%0, %ﬁk?%E@f%~fybﬁ$@?6@W&@
% A=z, FRIUHEE BRI & B 2 B3 % < 7z
Jons. % WA i OB TG R LA IEIZ D78 )
<L, TETEHAREROBRA bR S Tns. &
Folx, ZOMEICH L THRMELZERBL, PC T LT
iz ORI E 25 2 CThD 2 EIC L.
3. PC 7L T Ui AW =-THRHTEOKRES

— By 7e FEEEMTE OB 8m LA & 7D Z LT
FHL, 8% iz A8 EOR D IZE-1 1R
T LR NEKMHO PC LT v a vk (BLF, PC
TLTMEND) BEHWAZ L EEX-. PCT LT
UHIIZEOEEMO EmAEme LTHEMNT L Z &M

F—U—F FEAHIE EEES W 7Y IR PC LT v a AT

K

T163-0730 HURESHE X PEHTE 2-7-1 /N7 (v 7 aL Pz oM E RS

¥ TEL:03-3344-1303

3-16



AREL 725 Z &M, BEMTAS RIS % Heda 2 FIl i ps
Hb. FIHMTONTEIT 400mm BRETH D Z LD,
SR D BEFICHAS TRz 52 L TED.

PC JLTUHT

E-1 BHIZPC TLTUMERAVSEAR)
L2 L, WBRERIZ PC 7 LT Ui a % &AM E
HARE L, MG BEZT TR, FiEfE~o
WL ISR D, T T, dHEPCHEO 2 A MoK
ELTEENSZ D PC 2V RiGoOMEE2512, K-2
DI RUBEREEZZTHI

PC #x

PC LT 4T
®-2 PCaVRiBICkDRIREEE (B )
BRITAZRICHATHHIE LTHWDL T LT U0k
BEEARRE L DN, IEMZRMEL TR 60 e
Ezonbd. L, AR BREREGICENICTT T 7>
h7p E OIS N L TSI 5729, PC 7 LT AT
DHEBEZZETDH L, EHICIRERALVE—AL |
MWAEL DT TR, ZOT 77 v hOWEE Tl H
NG E YRS, 2T, SOICEEEEZT,

I

&

WRT LD it LTHWS PC LT UHTa

4
EHEFEHOT 7 7 o VICEEERAT 2 REE X

PCHo—J L

H-3 #EiEEMTEICREETHECRE)
C BORMTITIEMNTZ L% LIRICHRET 5720, T
TH2LMm EFSZ 82 s. 2O L9 RYGAE, PC
MIRIE CHW LN 2RI TIENSE T D LA
bivd. AETIE, BEMECENFICT VT Ui
M, EMT EEESRE U CEIEIALE £ CTRE) L 47

WO LBAEO L T2 inSEliEe A A — L,
-3

B 3E XYINEEIERS

CEET D, MffOREREIIAHIKRE Y KEWo T, %
BRICEBLAIREDN E O NS BROMFNT L D, Z O,
R CIR AR ZEL, 4% LFPNRGEZ LEE T 503,
ZOXOIBRT TR —FERKTHIET, WTIUGEOF
AFEIHEO S WS ERORMEEZ ATRRE T2 D &
BEZTWD. AEOHFERRICHIRF L7z,

4, T ToMEHETICAWV-TERIMEORE
UbEOBBNEEZERE 277 LT UMz AT v
7= FEAHTEIL, B4 O X 5 BRI IS A
A—UPHIEICRND T A & TDHENTET.
Fio, EMizhET 52 LT, BT Do A
OWERT 7 Nl b, EBIC, HETIIERER
FHIDBEOFAE IR FIRSIT S, BOFHEIC
WD L AE G2 DT VA UREHTES.

E-4 TLTUHMEBEHTICAV-TERXHIE

5 hYIC

TERAORETH DRNENMES M2 5N D508,
7o, M LI EMEEZBEH L, BoRAEICEE
LML HEGZDHIENTELZ LB 2E, A
ENDHRET 4= RiEZbo LIKWITTHS. 5%
LR A ERTNEZNEE X TS,

¥, REmONEL THIGEINIIES BRT 1
BT % 3E BT 258 = (2)) WTHRET SN b D
TR ELDELDTHD.
SE XM
1) # W TEAMNBOT VA v S&EICET 25
22, TR 61 BIFE R 2, 2006 4F9 H.
2) KGN RERIEIE 2 35 58 L 72 A LA RORIR &
AT 5 2 EHRHEOIRE, EAFRE 60 [BHERFAINH#
T2, 200549 .

3-17



BRTYAVICRITDIEICEHTIDIARER (2)

IaSDR

A CASE STUDY ABOUT IMPROVING THE CIVIL
ENGINEERS’ ABILITY OF AESTHETIC DESIGN

BY DESIGN COMPETITION FOR BRIDGES OVER CHEONGGYECHEON

ABSTRACT:

Engineers designing public facilities such as bridges must take into consideration Efficiency,
Economy and Aesthetics. Nevertheless, many civil engineers are challenged to learn Aesthetics.
The research group to which we belong decided to participate in bridge design competitions to

practice improving ability of aesthetic design.

Our aims through these challenges are summarized below: 1) To master perspective drawing
techniques as a tool to consider. 2) To get interested in various things on a regular basis and
store ideas. 3) To gain experience in refining form by participating in competitions and working on
practice exercises. 4) To improve presentation techniques so that viewers can imagine an

attractive use of a bridge.

KEYWORDS:

Aesthetic Design, Civil Engineer, Design Competition
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1. INTRODUCTION

It takes a long time for public facilities such as bridges to become a part of the local landscape.
Therefore, civil engineers must pursue Aesthetics in addition to Efficiency and Economy. However,
civil engineering departments in Japanese universities tend to place more importance on
Efficiency and Economy than on Aesthetics in their educational curriculum [1]. In companies, a
specialized landscape examination team designs for any facilities which will play an important role.
In contrast, however, engineers without enough knowledge of landscape are forced to engage in

designing through studying guidelines and manuals by themselves for other facilities

Currently, we belong to “The Subcommittee of 3E in bridge design of JSBEA, Japan Steel Bridge
Engineering Association” [2] consisting of young practical engineers. Only 4 out of 22 group
members have had practical experience in aesthetic design. As a result, we felt the need to study

at both the theoretical and practical level.

To improve each member’s ability of aesthetic design, we participated in the design competition

for bridges over Cheonggyecheon sponsored by Seoul Metropolitan Government.

The present paper discusses important points for engineers to improve ability of aesthetic design
as well as future issues which we have learned as a result of: creating entries for this competition,
a questionnaire survey conducted with members, and our analysis of the outcome of this

competition as well as two subsequently competitions.

2. OUTLINE OF THE IDEA COMPETITION FOR CHEONGGYECHEON
BRIDGE COMPETITION

A part of the river was covered up with concrete for six kilometers and used as a road.
Additionally, an elevated highway was built above this road. This place became the most heavily
trafficked area in Seoul. Afterward, the Seoul Metropolitan Government planned a project to
remove the elevated highway and restore the river. This river is called Cheonggyecheon (Figure
1). According to the theory of the configuration of the ground ("Pungsu” in Korean),

Cheonggyecheon is the most important river in Seoul and everybody knows its name in Korea.

As a starting point of this project, an idea for a competition for twenty bridges that would connect

roads on either side of the river was held. The aim was to attract the interest of citizens as well as
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seek ideas. The application period was from December, 2002- January 2003.

e
e

et B\ _ TR
1950s Before restoration Restoration

Figure 1: Plan for restoring Cheonggyecheon [3]

The twenty bridges were required to be designed as a symbol in the area with artistic and
architectural beauty so that they could be well incorporated into the surrounding area. The
locations of the 1st-6th upstream bridges were in a historical town. The 7th-13th bridges were in a
commercial town and the 14th-20th bridges were in a new residential town. As for the bridge
dimensions, the width was set to six meters for pedestrians for five bridges and the roadway width
was set to 16-40 meters for 15 bridges for vehicles. The length was set to about 30 meters for 16
upstream bridges. These were smaller in scale than four downstream bridges. The lengths were

either 60 meters or 70 meters (Table 1).

Table 1: Bridge dimensions

Area 1: Historical town 2: Commercial town 3: New residential town
Bridge No. 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20

Type* clclp|clclclclclp|lc|Pl|lc|lc|lpPpl|lc|lc|lclc|c]|ep
Roadway | 5 | 35 | § | 38 |16 | 18 | 32 | 26 | 6 | 20 | 6 | 20 | 38| 6 | 36 | 16 | 20 | 20 | 29 | 6
width (m)

Bridge length

(m) 26 | 28 | 26 | 30 | 26 | 26 | 25 | 28 | 28 | 28 | 28 | 26 | 26 | 30 | 30 | 36 | 60 | 70 | 60 | 60

* C: Pedestrian/Car Bridge, P: Pedestrian Bridge

The entry’s layout was set to an A2-size single panel (Figure 2) including a design viewpoint, a
color perspective at a bird’s eye view and a side view, and a free design (such as a drawing and a

night scene). Entries for 1st-20th bridges were respectively judged. Awards were given as follows:

The First Prize: 20 Bridges, The Second Prize: 20 Bridges, The Third Prize: 2x20 Bridges
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Figure2: Entry’s layout

3. DISCUSSION OF THE STEPS FOR THE CREATION PROCESS OF
OUR ENTRIE

This section discusses important points to improve the ability of aesthetic design along each step
of the creating process of our entries. We followed the conventional process of creating aesthetic
designs [4]. In other words, the first step is to think of creative ideas. Then, make form. Next,

refine form. Finally, consider presentation.

STEP 1: THINKING OF CREATIVE IDEAS

This is a step for creating ideas about what kind of bridge would be ideal for the site. Each of our

members created at least one design. Figure2 shows the designs contributed in the beginning.

Since almost all the members had no experience in creating an entry for competitions, they drew
one ordinary-looking bridge. In addition, they had a tendency to use a drawing to express the idea.
On the other hand, those who had experienced competitions had a number of novel ideas and
used a perspective drawing technique or three-dimensional (3D) computer graphics to express

the idea.

This competition sought out bridges which could be regional icons that have artistic and
architectural beauty. Unfortunately, many of the designs created by our inexperienced members
were not suitable for this competition. Thus, the designs were reviewed following our experienced

members’ advice.
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Table2 Designs contributed in the beginning

R Y < Ll

1: Historical town

2: Commercial town

3: New residential town

3-22




B3 E XYINEEIERS

Important points to improve ability of aesthetic design at this step are summarized below:
(1) To master a perspective drawing technique

In order to create the ideas of novel structures and groundbreaking bridge space, it is necessary
to draw many perspective drawings and see the image in three dimensions. Therefore, it is
important to master a perspective drawing technique as a tool to consider.

(2) To store ideas on a regular basis

It was difficult for us to create ideas about novel structures and groundbreaking bridge space and
maintaining structural rationality. It is important to get interested in various things on a regular

basis and store ideas.

STEP 2: MAKING FORM

This is a step to describe ideas in drawings. We understood that this competition aimed to seek
ideas. Nevertheless, we decided the bridge proportion and dimensions of elements, thus, trying to

make our design feasible from the engineer’s point of view (Figure 3).

This step took considerable time since the ideas of the structural form were different from those in

our usual work.

E@mE #EE

Figure3 Examination of bridge proportion

In order to make our design feasible, important points at this had to be considered, such as,
getting interested in information regarding new technology and storing knowledge on a regular

basis.
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STEP 3: REFINING FORM

Refining form is a step to imagine the form in three dimensions and elaborate the details of the
bridge proportion. Ideally, all the members should refine form from their own design. This time,
however, only experienced members participated in this process because of time limitation. As

they were used to this process, many good ideas were obtained.

In this step, members could quickly understand differences in the forms by comparing the idea of
before and after. Therefore, it can be said that ability of aesthetic design will be improved as we
gain experience. Table 3 shows completed perspective drawings.

Important points at this step are shown below:
(1) To master techniques for perspective drawings or 3D computer graphics

In order to imagine the form in three dimensions, each engineer must master the technique of

perspective drawings or 3D computer graphics.
(2) To gain experience

It is important to gain experience in refining form. However, it is difficult for engineers who usually
engage in structure design to do this kind of work continuously. Therefore, they are required to
participate in competitions or work on practice exercises in order to get such an opportunity.
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Table3 Completed perspective drawings [5]

1: Historical town

2: Commercial town

3: New residential town
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STEP 4: CONSIDERING PRESENTATION

Considering presentation is a step to create images and panels for submission. As for the
application method, the layout guideline was provided. In order to attract the judges’ attention
towards characteristics of our bridges, we thought consideration for the angle of the perspective
drawing and the content of a free design which would indicate its characteristics are important
(Figure 5). Unfortunately, we couldn’t get enough interest for our designs because of the time

limitations and lack of experience.

Important points at this step will be shown in section 5 titled “Discussion of our prize-winning

Figure5 Panels for submission [5]

4. DISCUSSION OF THE QUESTIONNAIRE SURVEY CONDUCTED WITH
OUR MEMBERS

A questionnaire survey was conducted, by asking each member to choose the best five bridge

designs among our submitted works and write down reasons for the selection (22 respondents).

The highly-vaunted works were 14th bridge (9 votes), 13th bridge (8 votes), 4th, 12th, 20th
bridges (7 votes), and 1st, 7th, 9th bridges (5 votes) (Table 4).

Keywords used to state their reasons for the selection were extracted from the results. The best

five keywords used for the highly-vaunted works are shown below in order.

1st place Novel form to become an icon
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2nd place Structural rationality
3rd place Innovative use of space
4th place Harmony with the surrounding areas

5th place Decorative effect

Table4: Results of the questionnaire survey

Number of Number of
Work Reason Work Reason

A|B|C|D|E A|B|C|D|E
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Total of Number of Reason| 25[13| 9 | 6 | 2

* Number of Reason; A: Novel form to become an icon, B: Structural rationality, C: Innovative use of space,
D: Harmony with the surrounding areas, E: Decorative effect

Novel form to become an icon and structural rationality were highly placed.

As suggested in Step 1 “Thinking of creative ideas”, it is necessary to store ideas on a regular

10

3-27



BRTYAVICRITDIEICEHTIDIARER (2)

basis in order to come up with a design equipped with novel structures and groundbreaking bridge
space as well as structural rationality. These criteria were confirmed as a common perception
among the members. This questionnaire survey also enabled us to understand both strong and

weak points of each member’s work through evaluation of others’ works.

An important point in this section is to see future issues by evaluating others’ works.

5. DISCUSSION OF OUR PRIZE-WINNING WORKS

The judges for this competition consisted of 11 academic experts, including a professor at Seoul
National University, fluent in: design and aesthetics, history and culture, structure and
construction. The number of entries reported was 455. The first prize was given to four bridges, all
of which were pedestrian bridges. The second prize was given to 13 bridges. The third prize was
given to two entries per each bridge. Thus, the total number of entries which won the prizes was

57. Among these, we won six prizes (table5, 6).

Focusing on the features of the prize-winning works, it could be noticed that modern and light
forms such as suspended structure and truss structure tended to win the prizes, even though

some of these works would be questioned about the structural rationality.

The reason that 22 of 30 first and second prizes expected to be given to road bridges were not
actually given to any work would be that many designs failed to grasp structural aesthetics
because of the road bridges’ broad width compared to the bridge length. The works which won
the prize of road bridge designs included ones innovatively designed with side forms of girder,
handrails, or floor plates. As for our design of the 13th bridge that won the second prize, its huge
arch structure and gate-like monumental design which bears close resemblance to
“Dongdaemun” were considered to be highly evaluated. Likewise, our works of the 12th bridge,
with a highly monumental design and the 1st bridge, with an innovative use of bridge space, won
the third prizes. These works were also highly evaluated in our questionnaire survey and it can be
said that our evaluation criteria were similar to those of the judges.

11
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Table5: Prize-winning works (First Prize and Second Prize) [5]

First Prize Second Prize First Prize Second Prize
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Table6: Prize-winning works (Third Prize) [6]

Third Prize

1st bridge

2nd

3rd

4th

5th

6th

7th

11th

12th

13th

14th

15th

16th

17th

18th

19th

20th
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On the other hand, our designs of the 17th, 16th, and 19th bridges also won the third prizes
despite the low evaluation in our questionnaire survey. It is assumed that, although these designs
did not fully satisfy the requirement of the structural rationality, their monumental designs,
innovative use of bridge space as well as sophisticated designs would deserve such high

appraisals. The high quality of the overall perfection is more important than anything else.

Panels of the prize-winning works had a technique to attract a lot of attention of their features.
Presentations with modern, light, and monumental forms, attractively decorated facilities on

bridges, and an effectively use of illumination tended to win prizes (Figure 6).
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Figure 6: Panels of the prize-winning works [5]

Important points in this section are to come up with a presentation method which enables viewers
to imagine an attractive use of the bridge and to design details of the bridge such as a handrail or

a pavement.
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6. RESULTS OF TWO SUBSEQUENTLY COMPETITIONS

We patrticipated in two competitions after the Cheonggyecheon bridge design competition as part

of our continuing group activities.

We submitted two entries to the Ebisu Bridge design competition by Osaka city®. Among 217 total
entries, three works were selected after the initial screening where our entries were rejected. In
comparing these three selected works with our works, our ideas were quite similar to them. We

confirmed that we had moved toward the right direction of thinking creative ideas (Figure 7).

ﬁ m‘ LU LA TRE e

macamerei .

No.2 |
PERSPECTIVE |
DRAWING

sams s i ‘misgs i i £ '
Our Submitted works: Rejection Prize-winning works
Figure 7: Ebisu Bridge design competition Submitted works and Prize-winning works

We also submitted four entries to the Clifton Crossing Competition 2006 by Bristol University and
NCE, New Civil Engineer, the English journal”. Among 118 entries in total, our work won the third

prize (Figure 8).

Consequently, this experience has proved invaluable in gaining experience and links directly to
improvement of ability of aesthetic design.
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Figure 8: Clifton Crossing Competition 2006 Submitted works

7. CONCLUSIONS

Through our participation in these competitions, we have gained an entirely new viewpoint and
learnt future issues that we missed in daily design work. There are a variety of options to choose
in a process of putting together ambiguous images into one form. Our job is to seek the most
appropriate option by using a perspective drawing technique or 3D computer graphics. This very
process is design. Through this process, our design ability has improved._To sum up, important
points at each step required to improve ability of aesthetic design are shown below.

Step 1: Thinking of creative ideas

To master a perspective drawing technique as a tool to consider
To get interested in various things on a regular basis and store ideas

Step 2: Making form

To get interested in new technology information and store knowledge on a regular basis to make
feasible designs
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Step 3: Refining form

To master technique of perspective drawings or 3D computer graphics in order to imagine the

form in three dimensions

To gain experience in refining form by participating in competitions and working on practice

exercises

Step 4: Presentation

To improve presentation techniques to help viewers imagine an attractive use of the bridge

In order to improve ability of aesthetic design, it is important to gain experience. However, it is

difficult to find such an opportunity in Japan. The future issues are summarized below.

To increase opportunities to participate in competitions in Japan.

To offer more practical classes in university level.
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