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l  PURPOSE OF THE STUDY

鉢群総 温主解路t盤謝瀧拠距
nology during the years around the overthrovF Of the

Tokugawa government and tlle Metti RestoratOn of
1 8 6 8 . T h e  w a y  i n  w h i c h  J a p a n  h a n d l e d  t h e  c O n v e n ―
tonaltechn010gy and the advanced techllology oFthe

V V e s t  h t r o d u c e d  t o  r a p a n  h  t h o s e  e a r l y  y e a r s  c a n  b e

considered tO be one of the signFicant Factors IIl de_

にrmll■ing the direcdon and the character of the II10d_

ernization Of bridge technO108伊1

1n this studンthe ttuence of the vvest arlld the devel―

罫挑盤描!態鮮紹品撻選縄を「8f
The aim is tO gah an understandhg of the dttectOA

te温iをiざ苫揖i景号母:言景
CS°f the.nodernセatOn Of bridge

2  EVOLUTIoN AND TRANSFER OF BRIDGE

TECHNOLOGY

2.l EvolutOn Of Bridge Technology in the West

遼習態 撤群注総器鑑買;縫艦,
Paper lttst presented to dle lst lnternational and

継批:8],点:齢 5鰐
Entteげhg Httge

were the、vide―spread ofraユ way consttucton and the

advancement Of ironElakttg techno10gies.Fronl the

early years oF the centtl「/1nto itt latter half U.K.and
other advanced countries of the VVest experienced a

booIIl in rail、vay cOnstructon

Advances in ironmakhg provided bridge builders

私/ith large quanttles oF inexpensive structural lnate―

rials Specrically the development of tho puddhng

process′ a method Of refining pig iron、 vith coal

,rOuF祐3控r鱗辞提程乱野毬将8]主主盤毬
聯猛ゴ3魯盤をr札鷺:鞘盤:督鑑総 &
鵜ふ!令帽髄 盤群程∬辞錯乱:毬錯8P::者
譜:登舌艦 程程是鞘

uShed a車de by sttd h

2.2 The Tech■01ogy Transfer tO JaPan

The latter halF OF the 19th cenilry IIlarked the nrst era

h which bridge techn010〔汀was、Wide呼 “ansferred

躍鮮盤翻揖器艶岳鰈鞘縫
In the 1850s a number ofrailways were butttin lndia

startng with a lhe cOrlstructed by the EaStlndia Com―

3盤 鮮 ぷ 桃 論 野 1胡 監31慧 魂 1]も黙 ポ

°f hrge
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THE DEVELOPMENT OF BRIDGE TECHNOL① GY,… ― rs。れが,

The boom tt railVヽay conStructOn brought many Brit―

ish engineerS tO India and a number of these later

fOund employnlentin】apan′h additon to suCh COIIl―

monWealth colonies as才 へusttalia and Ne、守Zealand`

For example′ among those British ellgineersヽ 丁hO

、vorked on the construction of the Shinbashi―

lrokohama ran、faン cOmpleted ll1 1872 、vere Edmond

Nlorel(1841-1871)and〕Ohn England(1823-1877)both

Of、vhonl had been involVed in 30me railヽVay construc―

tloll ProjeCtS in 30uthern Australia and Richard V
Boyle(1822-1908)and ThOmas.R Shervltllton(1827-

1903)both Of WhOm in 1ldia2

1n this Waン tlle latter half Of the 19th Centuryドヽas an

era OF、vorld、vide sPread Of bridge constructon tech―

nologレ deve10ped h the European countries′ espe―

cially U`K, propagated first through the CO1011ies and

f r o m  t h e r e  o u t t O  t h e  w o r i d  a t l a r g e . 〕a p a n / W h i C h  h a d

j u s t  o p e n e d  i t s  d O o r s  t o  m P  O u t s i d e  w o r l d  h  t l ■
e 1 8 6 0 s

is a countty that was heavily ttnuenced by the innux

/ヽVestern bridge techno10gy

3 BRIDGE TECHNOLOCY BEFORE AND

AF「 ER THE MEIJI RESTOIIRATION(1868)

3.l Conventional Bridges before The 単 Ieili

Restoration

M o s t  o f  t l l e  b r i d g e s  c o n S t r u c t e d  b e f O r e  t l l e  M e t t i  R e s―
tOraton were made of WOOd and the structural ttpe
m  w i d e s t  u s e  w a s  a  t i l n b e r  g i r d e r  b r i d g e ( F i g  l ) 3  B u t

u.ere were several other ttpeS llke dmber arch and

canはlever bridge(Fig.2)for 10nger spans,Masonry

arch bridges γヽere constructed lnalllly in Kyushu and

Oklllawa.

数が結撒鷲8辞畔ぜ難盤盤鱒嶺

:縄盟鮮鮮緯機灘:縫
not equipped tt lnany cases 6

Figure 2   ConvendOnal Tttnber Cantlever Bridge

雅鮒賛i諾私;鑑革現溢ゴぜ幣r8:::盤繰
〕aPan SOCietv Of Eng.ァヽ

アol 138.24

0verall′there、vaS little resistance to hOrizol■tal forces

縄溢群ir辞品』ゴ提:晶!営薔ぷ鮎登
a long tlme

The members of these tlmber bridges、 vere usually

盟群替盤樹盤貧]tttC艦謎艦縄錯
nalls

3.2   Modern Bridges aFter the Meiji Restoration

3,2.l  Examples from the early years of Meiji Era
(1860s‐1870s)

挽総辞紺品路艦濫鮮韻 私盤:
ber floor beams The iron、村asimported from the U K.

and fabricated in Yokohama.8 The abubnentt were llla―

i翻路品ゴ謎見総品ぷ禄督鞘鮮替貫錯P温督

押統齢群郎ぎ品選猛簿:を;独ど燃

Figure l Convendonal TiIIlber Cirder Bridge

This figure Was dra Vヽn by the authOr according to
″
Teibou Kyouryou Kunlitate no Zu(Drawings of

Levee and Bridge)′
′
18715

The tlmber girder bridges feature a sinlPie basic struc―

ture NIain girders cOnsistng of exterior girdersヽ 〃ith

yθ!ὶ,,1でGE 23′ 7999
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THE DEVELOPMENT ① F BRIDGE TECHNOL① GY… 一 rsθれがβ

each span length Of 30 ft(914m)91t Was an itlnported

bridge′designed and Fabricated byど へ Handyside&

Co.ofthe U K.Each Pier consisted of 4、 Arrought iron

scre、A/PlleS The Piles｀ Vere linked together、 Arith

bracings in order to provide resistance against hori―

zontal forces.

〕apan′S first railway bridge was the Rokugo River

Bridge on the lihe of Shinbashi―Yokohama′ opened in

1872.It、 vas a queen Post truss bridge lnade of cy―

press wood with sPans of 55 ft Because of excessive
deflection during construction′ queen Posts、 ハrere

added on the outside ofthe、 varren truss illitially con―

structed.9

9。14 m   x 3 span

5 . 4 9  m

i        l

Figure 3  The Koraibashi Bridge/1870/Osaka

This figure、 vas dra、7n by the author reFering to
′′
Nsrks in irOn― bridge and roof structures″ A.

Handyside&CO′ 18738

Next′several wooden truss bridges、vere constructed

on the line of Osaka― Kobe′ opened in 1874.One of

these bridges were the Togaga、va River Bridge shown

in Fig 4 1t was a single track′Ponン queen post′truss

bridge、A′ith a span length of32 5 ft。(991111).TheiOints
、Arere formed by tenOns bolts and splice plates

These tilnber railway truss bridges were replaced by

iron truss bridges a Fe、v years iater

The First iron rail、vay truss bridges、A/ere collstructed

bet、veen Osaka and Kobe in1874 They、 vere the

Mukogawa River Bridge(Fig.5)Kanzakigawa River

Bridge and the JusOuga、va River Bridge Those were

trusses with span of 68 ft 8in。(2093m)knoWn assev‐
enty― Foot Truss The bridges、 vere fabricated at

Darlington lron Works Co.in U K and exPbrted tO

〕apan 10

9 91 rR  X  2 sPan

Figure 4  The Togagawa River Bridge(Osaka―

Kobe′1874)

This figure was dra、vn by the author according to〃A

History of the Railway Bridges in】apan′193411

:匡
Plle With

1 5 拘3 m l

Figure 5  The Mukogawa River Bridge(Osaka―

Kobe′ 1874)

This figure was drawn by the authOr accOrding to″_A

Histott of the Rallway Bridges in〕aPan′1934.11

3.2.2  Examples from the middle years of Meiji
Era(1890s-1900s)

Fig 6 sho、γs a bridge designed by a JaPaneSe engi―

neer and erected in Cunma Prefecture in 1892(11).It

was a pony type Ho、A/e Truss bridge with a span of 72

ft.(21.95m).The upper and lower chords and the di―

agonal IIlembers、vere FIlade of、γOod but the hallgers

and tlle lateral bracings、γere lnade of wrought iron

rods.The pier、vas lnade oF w00d′and bracings and

diagonal plles、vere arranged to provide resistance to

horizontal forces】OintS Ofthe members wゃre combi―
nation of tenons and b01ts、A′ith irOn sPliCe plates
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図ヨ:

Figure 6 Timber Howe Truss(Gurlma1892)

恥鋪薔鮮零孟3路i軽掛Ⅵ拶'i鱗足
rttng的

:盟よ盟!雛薔胡電薯歴S齢縦
温鱒盤!品餅品軽量魂だ瑠操晋税
JaPanese engineer/Bunzo Sugi.These、 vere of the

Arnerican type and one of them′a 60ft Plate girder/

is sho、vn ill Fig.7.13

Figure 7   60-Feet Standardized Steel Plate Cirder

(1902)

This figure、γas dra、vn by the author according to″A

History of the Rail、vay Bridges in〕aPan′1934,11

4 CONSIDERATIONS

4.l Comparison of Bridges Constructed before

and after the Meiji Restoration

one ofthe biggest differences between conventional

監賛 働 緊 盟 鎌 温 ′モ撚 舷 ]f茸 試 盤 暑を持 :群

tural purPoses.The variety of structural types

should also be mentiOned as a difference`

寵 謎 ]鑑 騨 繋 i鰍 藁

r魯

灘

ences sho、A/the IIlost significantヽvゃstern i対luence

On bridge technology in lnodern)apan.

There are also clear differences in details of struc―
tures.Fig.8 shows the,oint of timber bridges of
conventiollal and modern bridges.JointS Of the
modern bridges are much cOmplicated than the

COIIVentiOnal ones`

Regarding substructure brick、 vell foundation′

brick abutlnent and iron pile、 vith scre、v、vere llever

constructed before the NIeiji Restoration

Because ofthe above developments′ the span length

Of modern bridges had increased even though the

live load increased due to rail、vays

The following conclusions can be stated based on

the results of the comparison:

・  The〕 apanese modern bridges erected in the

early years、vere basically constructed by car―

rying out a s、veeping introduction of Nestern

materials′structural technology and other ar―

eas of bridge techllology There、 γas clear

uncontinuity beFore and after the Nreili Rest。_

ration

The comparison of bridges ill the early years

and middle years of Metti Era shows that′ al―

though there were several changes′such as the

increase of domestic PrOduction ratio′tendency

of practical asPectin design and increase ofthe

scale of constructions′the develoPment Of the

technology、Aras basically a contil■uous process

without any radical departures.

The lnodernization process began、vith aggres‐

sive efforts to introduce advancedヽ /Vestern

technology in all areas of bridge construction

This was followed by the development based

on the same policン that is the s、veeping intro―

duction and full assiinilation Of Western tech―

nology This process deterinined the ultimate

direction of modern 】 aPanese bridge

technology

sPar1 18 29 m
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4.2.1 Recognition of the Advanced Characteris―

tics of Western Technology

The advanced characteristics of iron for structural

PurPOSes、 vas widely understood and accepted very

quickly in iapan.

Orihiko lshibashi′one of the cOntemPoratt Japanese

engineers′exPlained the benefits of using、vrought

iron as bridge construction IIlaterialin his book.14 The

allowable stress of wrbught iron、vhich、、アas applied

for design atthat hme wasfive British tons Per square

in.(790kg/Cm2).15 This is about 10 times ofthat Of cO―
niferous lumber/stlch as ceda′r、videly used for con―

ventional tilnber bridges′and if durability was con―

sidered it、vas Obvlous that iron、vas so much supe―

rior to wood.

As later evidence oF the contemporary understalld―

ing ofthe advanced character of /ヽVesten■bridge tech―

nologンthe shiftin their focus from experientaljudg―
ments to scientific judgments can be named′which
、vere renected in the aggressive raPanese attitude tO―
ward the study and masterin3 0fthe theory of struc―

tures and other areas oF Western engineering kno、vl―

edge.

This appeared in the publicatiOn of engheeringbooks

in Japanese.Bridge engineering books had started to

be published as early asin 1890s and the number and

contents、vere sharply increased and、videned after―

ward.16

4.2.2   Search for Rationality

The search for rational bridge structures began as a

result oF a sitFlifiCantincrease in design live loads due

to rall、vays.The maxiIIluln applicable live load of con―

ventional road bridges before the Melll Restoration

、vas assumed frorl■ the calculation based on span′

、vidth and cross section of a girders′ sho、vn by the

reference 17

According to the calculation′ applicable live load to

conventional timber girder bridge was about 440kg/

11.218 BeCause this is almost equivalentto 400 kan per

tsubo(455kg/T12)the liVe load stipulated in an order

issued by the I=Ome lvlinistry in 1886′19 it、γould be

incorrect to conclude that the prooF stress Of the su―

perstructure oF a conventional road bridge was nec―
essarily small in the vertical direction.

Turlling to rail、vay bridges′ the situation、vas differ‐

el■t There、vas nO such thing as a rail、γay load before

the Mfetti Restoration.Thelocomotives running on the

Yokohama‐ Shinbashi line that opened in 1872

weighed 23.08t′which was a unit length of 3.09t/
1112.19 since the estimated maxilnum applicable live

load ofroad bridges consttucted beFore the W廷巧i Res―
toration was 440kg/m2aS′Shown above′if it is as―
sumed that the width was 2 ke早 (36m)′ whiCh Was

almOstidentical to the、vidth of a single track rail、、アay

bridge′then the applicable live load Per unit length

was l.59t/m2.

This means thatthe live load of early railway bridges

、vas equal to tttArice of the apPlicable live load oF con―

ventonalroad bridges.This clearly sho、vs thatto cope

with the double live load was all extremely difficult

task Forthe conventional bridge building rnethod and

it was essential to pursuё structural rationality.

4.2.3   Durability and Economic Efficiency

lt has been already Pointed out thatthere、 vere cases

、vhere bracings to resist horizOntal forces were not

PrOVided in superstructures nor in substructures of
conventional bridge technologン But when the Korai

Bridge was consttucted cast iron plles were braced

together tO resist horizontalforces such as the impact

of boats.This is a clear indication of a ne、v concern
、vith design resistant to horizOntal forces.

For other evidence it shOuld be mentioned that con―

temporary bridge bullders were abandoning the past

vie、7 of bridges as temporary structures and begin―

ning to treat them as highly durable structures for

longゃr life tilne.

This can be seen in the rePlacement of wooden girder

bridges、γith stOne bridges as、γell as iron bridges in
Tokyo tO protectfrom Fire′ even though stone bridges
、vere very rare in eastern part ofJapan・

A total of ll bridges hcluding Mansei Bridge(1873)′

Kyobashi Bridge(1875)and Edobashi Bridge(1875)

、vere rebuilt durittg a periOd of five years by skilled

masons from Kyushu.

車車車車『日］　】

①

の

③

④

⑤

③

〇

③

寺

か
否

Fittre 8 〕ointS Of■mber Bridges

This figure was dra、γn by the author. l to 7 areioints

of conventional bridges and 8 to ll arejointS Of mod―
ern tilnber bridges`

4.2 Considerations

But、A′hy did the inodernization of〕apaneSe bridge

techno10gy take place in this、vay?The Follo、ving at―

terllPts to answer this question.

207
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This shiftfrom thelong―established belieF that bridges

、ハ/ere temporary structures to the permal■ent struCture

vie、γ of bridges cottorrned、γith the princiPleS Of arL

economic society,one、 vhere the durability of struc―

tures is improved in order to increase econornic effi‐

clencI

4.2.4   Consttuction System

The direction of lnodernization、 vas sitt■ificantly in―

fluenced by bridge construction system.This system

、vas based on the leadership of hiredヽ ハFestern engi―

neers asinstructors the so―called′
′
foreign experts sys―

tem″.21

R.H.Brunton′ 、vho desittted the Yoshida Bridge′ was

One of the first VVestern civil engineers hired by the

Japanese goverrlmPnt

During the early andてniddle years of the Meiji Era

British ellgi4eers played key roles in tle COnstruction

of bridges′malnly on Honshu.The engineers assigned

work in Japan tO Others who remained back home′

and fabricators in Britain forlned an organic system

to consmct bridges in iaPan.

This、vas silnilar Pattern that、vas adopted in lndia′

Austtalia′and other countties where rail、vay construc―

tion、γas also inauenced and developed by Britail■.

DuFing the period、vhen the rvlukO River Bridge and

other first generation modern rail、vay bridges、vere

eFected′John Engiand(1822-1877)served as a chief
engineer and Playett a key role in British―〕apanese
bridge construction system.Based on Engiand′ s basic

designs′へ、Pole(1814-1900)″ 、vhO had a contract to

sewethe〕apanese Governhentas a consultant h 1871′

prepared detail designs in U K. The bridge rnembers
、vere then fabricated by British rnalluFacturers and ex―

POrted tO〕apan.

Other lnaior British engineers hired by the〕 apanese

Covernmellt and、 A/ho helped compose the system

were R,VBoyle(1822-1908)22R.Shervinton(c1827‐

1903)′W.F Potter(1843-1907)23 and C A Pownall

(1827-?).

4.2.5   Engineering Education

Engineering education、 vas also a proof of people′s

a、Arareness of the advanced nature ofぺ 電stern tech―

nologンEngilleeringさducation′including bridtte en_

夢neerhg′beganshortly aftertheMttiRestorationand
hstitutes and schools、vere established accordhgly

One oF the earliest ones was″ Koubu:Daigaku″ (the
linperial College of Engineering)establiShed underthe

iuriSdiCtion ofthe Ministy ofEngineering.Hen「 F Dyer

(1848-1918)Piayed a key role in the establishment of
the curriculun■of the college.241t、ハ′as recognized that

education inヽ /Vestern technology、 vas supported by

驚繍総1二l二どど盟紆話ど:景ilを苫者eir鱒:対
Metti PeriOd of 230由 an(Clan)SChOOls′ cOuntless pri―

vate schools and other institutionst

5  CONCLUSION

The moden■ ization ofJapanese bridge technology、vas

I■ot initiated by blending traditional bridge building

methods withヽ /Vestern technologンbutrather through

the introduction of Western technologン

This process、vas clearly driven by changes in design

concepts、 マhich occurred as a consequence of all

a、vareness of the advanced state of Western bridge

technologン the superiority of iron as a structural ma―

terial and the rationality oF structural lnethods The

aPproach、 vhich〕apan follo vヽed For the development

of bridge technologン and the、vholesale introduction

of ttVestern bridge technology、vere part of the mod…

ernization et‐forts to increase national production and

strengthen the nation by introducing the industrial

strength of the siStern countries,

Another factor was the ability of the people at that

tilne to quickly assess Japan′S COnventional bridge

building methods and gain an accurate understand―

ing of the newly inttoducedい たsterll bridge technol―

ogン

ThiS ability owes a great deal to the positive attitude
Of the people of the earlyいvfetti years′itself a product
of their enterprising sPirit alld unfettered emPhasiS

on practicalitン
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JASBC Nihon nO Hashi(Bridges in〕 apall)′re―

vised version.Asakura Shoten′ 1994!9′15/23,Ac―

cording to reFerence lNo.5′PileS A`′ere not braced

together Bllt in the case of ″ Fukagawa

W【annenbashi Bridge′
′
′
′′
Ryougokubashi Bridge′

′

and″Settuohasl.i Bridge″shown in the paintings
of Fugaku 36‐ Kei′Piles、A/ere braced together.
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Kubota K′A history oF the railway bridges in Ja―

Pan・Research OfFice〕apanese Covernment Rall―
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OP cit Kubotai43

Noza、γa F,Dra、γings of tilnber bridges′ スヽo12

Kogaku Shoin/1893.

Op.cit,Kubota Fig.12
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amPleS Of Sttuctural lronwork)tranSlated frOm

The practical designing oF structural iron、 vork.

Hertry 2代dams 1894.Kougaku Shoin 1897

0P Cit NSrksin iron

Ma10r early books of this kind are,Isibashi Y et

al The Civil Engineering Lectures′ 4ヽo14′14.′

Kogaku Shoin′ 1890-1896′Ok↑da ll Bridge theory

Koudankai 1893.′ Civil Engineering,Bridges′

4ヽols l &2 Kenchiku Slloin′ 1896′and Sakaoka

lvI.Bridge structures theory&application.

Kenchiku Shoin′ 1898

0p.cit Dobokuryo

帝=ィbh2σ/」ど2x%x%=489地/m2,
Wei陀 =市 ―Wdead=489-刃 ≠々θ唯 /m2

where′B:Road ttVidth/7.2m′ nt Number of Gird―

ers′5′ bi Width of girder/24,2crn′ hi Depth of
Cirder 39 4cm′l Span′8.Om′:σ,P【1lowable Stress′

90kg/Cm2
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Boyle R V The Rokugo river bridge and founda―

tions on the Tokio一Yokohama railwaン JaPan.ふ江in―

utes of ProceedingsICE′No.1685′ 1882,1685i224-

225.

Potter W F Rallway、vork in】apan.Minutes of Pro―
ceedings ICE′No.1587′1878,1587′:2-5.

Herlry Dyen The education oF qivil and lnechanl―
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