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WVith the opening of the country brought about by the Atteiji Restoration (1868),

modern bridge building in」apan got off to start、w■th a full assiIIlilation of Western
technology.WFith a cOmparison of bridge―related technologies between 」apan and
other nations fOrming a contextual background,we exanine in this paper the history

of the establishment of bridge technO10gies ― ― or,IIIore specifically,bridge erectiOn

technologies__in modern(poSt… 1868)」 apant
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1,WESTERN BRIDGE BUILDING

TECHNOLOGY IN THE 19TH

CENTURY

The two deve10pments having the greatest

impact On the deve10jment Of bridge
buttlding technolOgy in the 19th century

were the 、 ■de_spread construction of

railways  and  the  advancement  of

ironmaking technologies. From the early

years of the century into its latter half,

Great Britain and Other advanced natiOns

of the Vヽest experienced a booln in railway

constructiOn.Advanceも  in ironmaking

provided  bridge  builders  、 ■th  large

quantities  Of  inexpensive  structural

lnaterials,SpeciFically,the deve10pment of

the puddling process,a lnethod of refining

pig iron 覇 「ith cOal, brought about the

industrial prOduction Of 、vrOught iron in

the first half Of the century.In the second

half, vrrOught iron, used in place of cast

iron as a structural material, wlas itseF

pushed aside by steel,produceα  in large

quantities and at low prices by the
Bessemer convertor process,a new method

of pig iron refining discovered by Henry

Bessemer, and by other advancements in

Steel車ユakhg technology.

Until the appearance of the first iron

bridge in Great Britain at the end of the 18

th centuryl),most relatively large bridges

、アere comprised entirely of lnasonry arches

and were erected utilizing false、vOrk over

their whOle length. SOme of the first

generation  Of iron  bridges too 、 vere

constructed 、「ith this method. However,

because of ttron's relatively high strength―

to―、アeight ratio,its ability tO be fabricated

intO large erection b10cks, the freedorll it

offers in terms  of shape peripheral

technologies,a variety of erectiOn lnethods

came to be developed.Indeed,the major

methods Of erection seen today 、 vere
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Fig。l Construction of Britania Bridge(Completed

in 1850)

(PreSented by Mr C R」 ones,Posford,Pavry&

Partners,U.K.)

already in use by the tilne that 」 apan

opened its doors to the outside、vorld in the

latter haF ofthe 19th century.

The Britannia Bridge designed by Robert

Stephenson(1803-1859),  an  early  box

girder bridge built in鞘
「ales and opened in

1850, 科「as erected by raising blocks pre―

assembled at near site2). The blocks ― ―

the heaviest of、「hich weighed 1800 tons ― ―

were cottposed of lnembers sent by barge

froln a shiわyard in London.This、 、
アas done

with  hydraulic  jacks(Fig.1). Similar

tubler bridge had been buttlt by Stephenson

at Conway tttO years before the completion

of the Britania Bridge.This bridge,still in

service has a single span of 400 feet formed

by two box girders 、 「eighting 1300 ton

respectively3). The Royal Albert Bridge,

designed by lsambard Kingdona Brunel

(1806-1859),  a  pipe  arch  structure

completed in 1859, was erected using a

silnilar lnethod4).

The覇 「hole arch spansヽ were assembled at

site and floated out by pontoons.The arch

、vas positioned bet rヽeen piers and lo、vered

to put on the piers by adrュitting the water

to the pontoont The archs were lifted in

increments of 3 Feet ateach end,followed by

the construction of masonry of the pier5).

For the erection of theヽ 4aria―Pia Bridge

in Portugalin 1876 through 1877 and of the

Fig。2 COnstruction of Grabit Viaduct(Completed
in 1885)

( S O u r C e : " L a  T o u r  E i f f e l‐U n l、在es s a g e  d e  1 0 0

ans Architecture,A/1ode,Peinture6)",Tokyo

Station Gallery,1990,p.53)

Garabitヽ /iaduct in France in 1880 through

1885, Gustave Eiffel(1832-1923) used a

large―scale implementation of the cable

erection method6). Already the method

had been established to erect arches over

deep valleys and inlets(Fig。2).

The Eads Bridge, completed by the

AInerican engineer」 ames Buchanan Eads

(1820-1887)in 1874,was the first to use

steel.For its erection the cantilever lnethod

was used (PhOtO・ 1)7).The cantilever

method、 ras also elnployed on a large scale

in the erection of the Forth Railway Bridge
262
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in 1874)

(SOurCe:

Issue)7)

"Civil Engineering(Special

ASCE,1975-77,p.45)

1932),whoヽ Vas studying in Scotland at the

tilne, participated in the prOject as an

assistant engttneer.He graduated lmperial

College of Engineering,TokyO in 1883 and

came to UK to study at CllasgO、v university

after  one  yё ar  career  of  Ra主 1覇ray

Departlnent of」 apanll).He Mras One of the

early  engineers  、 vho  made  great

contribution to modern bridge engineering

ln」apan.

In Germany,Anton Rieppel(1852-1926)

tOo utilized the cantilever method to erect

theヽ在dngstener Bridge,an arch bridge.

The 、vork 、vas carried out from 1894

through 189712). This method wvas first

applied in 」 apan 16 years later in the

construttion   of   the   Agahogawa―

Kamanowaki BAdge in 1913(PhotO.4

appeared later on)13).

2.THE TRANSFER OF BRIDGE

ERECT10N TECHNOLOGY

TO JAPAN

Thelとtter half of the 19th century lnarked

the first era in which technology was

覇「idely transferred on a global scale. The

flow of bridge technology from Great

Britain, spurred on by exports of iron

girders and by the overseas dispatch of
ra主lway engineers,had a large impact on

bridge construction practices overseas.

There were a number of factors behind

this, including a desire tO stilnulate

demand for rail■ 7ay_related equipment,

an increase in export pressure brought

about by heavy investments in related

industrial facilities with a 6orresponding

rise in production capacity back home,and

ilnperialism policies.

In the 1850s, a number of ra主 lways、 were

buttlt in lndia, starting 、 vith a line

constructed by the East lndia CottIュ pany to

connect Calcutta and Delhi. Exporttt of

large girders for railway construction were

brisk.  For example,  in  1856  ヽ V.G。

Armstrong!免 Coo sent 4000 tons of 28 spans

in Scotland from 1887,hrough 1889(PhotO

2)3),3). The construction pf this bridge,

designed by」 ohn Fowler(1817-1898)and

Benjamin  Baker(1840-1907),  was

comlnenced in 1883 and both central spans

and side spans were extending Out from

central suppOrts. It is interesting tO note

that a number of items indispensable for

bridge  building  today  ― _  including

travelling platforms, an assortment of

cranes, saFety devttces and an incredible

number Of fttxtures __恥 「ere first developed

for  use  in  the  construction  of  this

bridge10).AlsO,Kaichi Watanabe(1858-

Photo.l Construction of Eads Bridge(COmpleted

Photo.2 COnstruction of Forth Railway Bridge

(COmpleted in 1890)

(SOurCet"Bridge AcrOss the Century8)",

Moubray House Publishing Ltd,1985,p.25)

of 150-foot lattice girders for tlが
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India Railway:  and  British  railway

construction companies,setting up shop in

such cities as Calcutta and Bombay,busily

built bridges、 「ith iron sentfrom the home

country14).  This  boOm  in  ra主 1鞘アay

construction  brought  many  British

engineers to lndia,and a number of these

later fOund employment in 」 apan, in

addition tO such Common、 「ealth colonies

as Australia and New Zealand. For

example, amOng those British engineers

、、「ho 、vorked on the construction of the

Shinbashi   _   Yokohama   rail、 「ay,

completed in 1872, 、 vere Edmond ヽ 在Orel

(1841-1871) and 」 Ohn England (1823-

1877),both Ofヽ Vhom had been involved in

some ra主 lway construction projects in

Southern Australia,and Richard.V.BOyle

(1822-1908) attd ThOmas.R, Shervinton

( 1 8 2 7 - 1 9 0 3 ) , b o t h  O f  W h o m  i n  l n d i a 1 5 ) .
In this way, the latter half Of the 19th

cehtury、「as an era of、vOrldwide spread of

bridge construction technology, developed

in the EurOpean countries,especially Great

Britain, prOpagated first through the

colonies and from there out to the、vOrld at

large,」apan, 、「hich had just Opened its

doors to the Oltside world in the 1860s,is

one country that was heavttly influenced by

the influx 鞘 「estern bridge techno10gy.

Indeed,this f10w of techno10gy into」 apan

can be cOnsidered as One of the mOst

significant technology transfers froni the

West to the non_WVest that has Occurred in

modern times.

3.THE DEVELOPMENT OF BRIDGE

ERECT10N TECHNOLOGY IN

JAPAN

(1)Bridge Erection in the Early Meおi Era

T h e  e a r l y  M e i j i  E r a  w a s  a  p e r i o d  i n  w h i c h

efforts were made tO quickly introduce

these rapidly deve10ping Western bridge

erection technologies by ttmplementing

construction projects under the direc↓ion of

large numbers of European and American

engineers、vorking on contract,by sending

students to study overseas, and by filling

out engineering education prOgrams at

home. In 1869, the KurOgane Bridge

(WrOught iron plate girder,spani21.8m),

the first iron bridge in」apan,私 ァas erected

in Nagasaki. This 、 、「as f01lowed in the

same  year  by  the  Yoshida  Bridge

(覇TOughtiron truss girder,span:23,6m)in

Yokohama.  No  records  remain  that

describe hOwr either bridge was erected,

although both Of them were fabricated in

」apan Mたth imported 鞘 「rought jtton from

Great Brittth.

WVork on the fttst railway bridge began in

1870.Back in those days,iron bridges wele

Fabricated almost entirely from impOrtod

materials,  which  means  that  the

introduction   Of   bridge   building

technologies began hPith thOse related to

assembling and erectiOn.The Shinbashi _

Yokohama railway,opened■ n1872,had a

bridge made entirely of wOOd Over the

Rokugo River(the Tama River).HOWever,

after three years in service,覇rork began on

the replacement of wooden girders,which

had already begun to rot, wれ th iron

girders;and,from about this time,certain
types  of  plate  girders  came  to  be

manufactured dOmestically.R.Boylも ,one
of the British engineers、「hO were involved

in the project, wrote an paper about the

project.16)In it,he describes how the work,
wthich extended over 17 months from 1875

to 1877, 鞘ras carried out h7ith 910 tons of

鞘Irought  iron  imported  fronl  Great

Britain,including 24 spans of 40‐ foot(12

m)girders and six spans of 100_f00t(30

m)Warren trusses.These members were

assembled by riveting at a yard near the

site then erection 、vOrk was done m7ith

goliath cranes,
William.F,Potter(1843-1907),another

British engineer 、 「hO participated in

ra主lway  bridge  cOnstruction  projects,

reported that, in the construction of a

railway between Osaka and Kyoto begun in

1873, 100-foot truss girders for a bridge

near Sojij主, were asselnbled by2'さ号を
eting in



a yard near Kanzak主 ]River Bridge, about

six miles distant, and transported to the

site over a previously laid tracks17).The

trusses 、vere then put into place 、 vith

、vooden ereCtiOtt girders.This is believed to

indicate that a yard created for the

assembling of the Kanzaki River Bridge

was also used to assemble trusses for the

b r i C g e  n e a r  S o j i j i  a s  t t e l l . A c c o r d i n g  t o  K .

Kub9ta'S TepOrt18),ve have".… each truss

、、「as assembled off the bridge and erected

into postttion by goliath crane.'' Truss

girders were also erected over the ヽ 江uko

River and other sites on a raユ way between

Osaka and Kobe begun three years earlier,

but no records of the construction methOd

reEnainc Even so,a photograph taken atthe

tilne 19) shows  trusses  girders  being

assembled on the ground next to the piers.

We can infer that,just as whth the bridges

on the Osaka― Kyoto railway ttd the

Rokugo River bridge on the Shinbashi_

Yokohama railway, erection was done

w■th gohath cranes and with the slidhg―

out lnethod.

Road bridges of the early A/1eiji Er江

include, Hl addition tO the Kurogane

Bridge  and  the  Y6shida  Bridge,  a

suspension bridge bu■ t in 1870 at the

Fukiage Gyoen section withiェ l the lmperial

Palace.AccOrding tO "Suspensiott Bridge

in the Attikado's Pleasure GrOund,Yedo,''

an article appearing in an 1873 issue Of ''

Engineering''20), the bridge had a tOtal

length of 234 feet(70。 2m),a breadth of 17

feet(5.lIII), a clearance of 60 feet(181n),

and a height of 64 ieet(19・2m).The tOWers

、vere mado of brick,and the、 wires、ぼere of

made Of zinc… plated wrought irono Storm
cables were attached. It is said that the

bridgё was erected by ThOmas,」 . Vヽaters,

British engineer, although the details of

the erectiOn method are unclear(Fig。3)。

(2)The Development of ErectiOn Methods

ln the early l,4eijtt Era, bridge erection

覇ras done under the direction Of wvestern

engineers  、vith  Western  technO10gies

S46                ENttNEERINC          〔 Mi``t il,3

8US,■ lr SI O lr コ■IDe■  iF TH■  ど iIム コOtS PL■ ■SE■ S O■ oUND阜  ド EDO.

Fig。3 Yanazato Suspettsion Bridge(COmpleted ill

1870)

(SOurCe:"sUSPENSION BRIDGE IN THE
MIKADO'S PLEASURE GROUND,YEDO",

Engineering20)",London,lVIay 16,1873,p。346)

utilizing bridge members imported frOm

the mrest. Yet, with subsequent efforts to

train」apanese engineers and to expand the

domestic ir.frastructure,various methods

of erection began to be developed along

」apanese lines. Outlined below is the

history of the devolopment of the major
erection methods.

a)All Staging Method21),22)

The all staging method was commonly

used to erect railway girder bridges.

Staging(scaffOlding)対 「as built from the

ground up over the entire length by

pOsitioning 10gs in an approximately l.8

meter square crisscross pattern.E)主 agonal

lnembers、 vere placed to provide rigidity,

and the structure was secured対 ■th rope,

bolt,wire or crュ mp. Bridge girders were

either asselnbled in place On top of the

Staging or else pre― assembled in a yard

and  pushed  into  position.  For  the

conditions of the Meijtt Era―_・■amely,

relatively  shallow  clearances  がnd  an

inexpensive supply of logs ―‐ this lnethod

was highly 一 effective  and econolγlical.

However,toward the end of the Meijよ Era,

railways began to extend out into more

rugged,   mountainous   regions   and

2ぅう
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、vider chOice of erection methods. As a

result, this method gradually fell intO

disuse. One large_scale applicatiOn of the

all staging method was the Amarube
/ヽiaduct On the Sanin Line. This bridge

was completed in 191223).

b)Gditth Crane Method24),25)126),27)

The gol主ath crane lnethOd、vas often used

to erect rをと主ユway trusses in the Meiji Era_"

for example, it was emp10yed in the

construltio早01 the bridge near SOjiji On the

Osaka― Kyoto rail、vay and in the gttder

replacement 覇 「Ork fOr the Rokugo River

Bridge On the Shinbashi _ YokOhama

rail、vay in the early 1870s. This methOd

was also ernployed in the cOnstruction of

the Araka、 va river bridge On the TOkyo―

Takasaki ra主lway in 188528). Fig.4 shO、 vs
the erectiOn Of truss girders  Of the

Araka、va river bridge by g01iath cranes.

V`hen  200_fOot  trusses,designed  by

Charles A.ヽ Vo Pownall, began tO be

erected lrter on,this methOd対 「as usually
employed fOr that tOO. In the early years,

an assembly yard wOuld usually be placed

on the river f100d plain directly underneath

the bridge site.Tracks hlere laid a10ngside

on the ground.Large cranes running along

these tracks、vOuld thёn be used tO lift the
assemblies intO place. The goliath cranes

used fOr this had wOOden frames,and the

gears,  racks  and  Other  parts  were
impOrted frOm Great Britain.Usually the

cralles、vere assembled Onぃ site.
TOward the end Of theヽ こeiji Era,thもuse
of American_style pin cOnnected trusses

with eye― bars became more cOmmOn.

Here,the cranes wOuld be run a10ng tracks

laid on tOp of the staging,Thも NO.l Kiso
River Bridge(span:91.4m.)on the chuO

Line 、vas built in 19o8 with this methOd

(PhOtOi3)29),30). As the erection girder
methOd came intO use in the rnid 191os,

goliath cranes、 rere often run On top Of the

erectiOn girders。

The gOliath crane method was the most

commOn foF the erectiOn Of trusses in

」apan fOr the periOd extending frOm

Fig.4 G01iath Crane MethOd used in the Arakawa

River Bridge in 1885

帽:器胎鉛:霊猷攻亨隅軌す紺
p,760)

Photo.3 COnstructiOII Of NO.l KisO River Bridge

(COmpleted in 19o8)

(Sourcel''NihOn nO]=ashi(revised version)
23)",」
ASBC,June 1994,p.77)

approxilnately 1870 t0 1920. Afterwards,

hO耶アever,the use Of Other methOds became

morecOmmon.

C)Sliding‐ Out MethOd31),32) (inCluding

Launchingヽ 空ethOd andヽ 在ast MethOd)
In the sliding― out mゃ thOd, girders
asselnbled in a yard near the erectt Site



are puShed or pulled into place on the

bridgeo There are several variations on

this,including the launching nose lnethod,

the  ''jurenshiki"Inethod― ―girders  are

connected temporarily while sliding out―

二, the erection girder method, and the

mast lnethod.In the Rokugo]River Bridge

girder replacement worl,begutt in 1875,

trusses assembled on the south bank、 「ere

prOieCted 9Ver the river for the outer ends

tO be supported by boats and pulled into

place to be erected by goliath crane33).
This is believed to mark the earliest

application of the sliding―out lnethod.The

jurenShiki method 、 vas used in the 1908

cOnstFuction of the Ohtaki River Bridge on

the Chuo Line, Two spans of 18.3-meter

plate girders対
「ere connected each other,fit

、lith counter覇/eights,and pushed into place

mrith locomotives. Likewise, in the 1927

construction of the Araka対 「a Bridge on the

TOhoku Line,seventeen spans of 60-foot

(18.3m)plate girders werp erected after
being pin― jointed and fit with a launching

noseo The mast lnethod鞘 「as used to erect

theいマo。2 Takikawa Bridge(」 Oetsu Line)

in 1920 and, in 1932, the Kanda River

Bridge between OchanOmizu and]Ryogoku

in Tokyo.

d)Cantilever酌 質ethod34),35),36)

From  about 1910 onward,  railway

construction gradually shifted from the

coast to the interior;as a result,more and

more bridges had to be erected in

mountainous   areas.   The   cantilever

method, along with the cable erection

methods describe later, was adopted as a

、「ay to cope nrith these new conditions.The

first application of the cantilever lnethod to

a rallwvay bridge in」 apan was in 191l at

the Aganogawa― Kamanowaki Bridge on

the Gan_etsu Line completed in 1913 37).

Traveller cranesヽ げere used to erect the 91

meter long central span using the side

spans of trusses as anchors(PhO↓ 0,4). In

1928,the lmethod、 「as used to erect the lNo.

l Shirakawa Bridge on the Takamori Line,

one of the first large scale steel arch

Photo.4 Construction of Aganogawa一 KamanOwaki

Bridge(Completed in 1913)

(SOurCe:"Nihon no Hashi(reviSed versio■)35)",

」ASBC,JuIIe 1994,p.80)

bridges in」apan,a total length of 152.5 me

革「ith three spans incliding a central span of

91.51n38).

e ) D e r r i c k  C r a n e  C a r  M e t h o d 3 9 ) , 4 0 ) , 4 1 ) , 4 2 )

The derrick crane car method w「 as first

applied in 1919 as a means to continuously

erect a number of deck plate girderS for the

construction of the Nippo Lineo This was

an ilnprovement on an earlier method

utilizing  locomotive― mounted  derrick

cranes and first used on the Oita ― Usuki

section ofthe Nippo Line in 1913 by Mitsuo

Nawa(1869-1960)who first developed the

method43).  In  the  derrick  crane  car

method,each girder would be moved into

place ■
rhile suspended from a derrick

crane.That is,the front end of the girder

would be suspended in the air by th9

derrick booHl, while the back end would

rest on a cradle placed on the front of the

derrick car. It is said that with this

method,four spans of plate girders could

be erected in a day. It should be also

mentioned that the ShiI■ oyodo River

Bridge behveen Osaka and Tsukamoto was

erected by launching method merged、 vith

this derrick crane car lnethod i五193544).

f ) C a b l e  E r e c t i o n  M e t h o d 4 5 ) , 4 6 )

The use of cable cranes in the constrdction

of dams in」 apan goes back to late 1800s,

although it was not until the  1926

2ぅ7
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頼
Ｐｈｏｔ。 (COmpleted in 1926)

(SOurce:"NihOn■ O Hashi(revised

versiOn)45)",」ASBC,Junじ 1994,p.81)

bridge)in Gifu PTefecture that they were

first employed in bridge building(PhOt。.
5). ThiS was fOl10wed in 1927 by the

erection of the Shinanogawa Bridge on the

liyama Line in Niigata Prefecture and in

1928 by theゃ rectiOn Of the]NO. 3 Nagara

River Bridge On the Takayama Line.These

three bridges 、 vere comprised Of truss

girders,  Cable  erectiOn  method  、 、rith

vertical hanger cables 、 「as devised in

」apan and first applied in 1933 to 77.5-

meter  trusses  in  the  construction  of

the No.2 YoshinO River Bridge(TOsan

Line)47),48).

g)POnt00n Erectionヽ 在ethOd43).5o).51),52)

The pOntoon erection methOd utilizes

barges tO lrt the bridge sections intO place

by tidal actiOn or tO support One end of a

bridge section as it is pushed into place.

This lnethod tOO has 10ng been in use in the

West For the erectiOn of irOn bridges.

AccOrding to Kubota,in“ A HistOry of the

Railway Bridge in」 apan'',cOnstruction of

the Kttyosu Bridge and the]KotOtOi Bridge

over the Sumida riverin TOkyo was carried

Out in 1925 by placing the bridge sectiOns

on barges and lifting them intO place、 vith

the tide,This was dOne in cOnjunction with

、vork tO rebuild Tokyo after the 1923 Great

Kanto Earthquake.Kubota alsO clai]ms in

his wOrk that the Kttyosu Bridge is the first

‐pontoon erected bridge in 」 apan. Other

rail、vay bridges built 、 vith this methOd

illclude the Rokkaku River Bridge,a series

of 46.9_meter trusses erected in 1929, and

the ShiOtagawa River Bridge, a series of

62.4-meter trusses erected in 1980. ]BOth

are  on  the  Nagasaki  Line. After

assembling at a yard,the bridge sectiOns

、vere erected by plachg One 9nd On a

barge, pulhng it intO place durittg high

tide,attd then waiting fOr the tide to ebb.

The Chikugo River Bridge(1934)on the

Sage Lttne53)抽 d the Nagahama Highway

Bridge in Ehime(1935)54),55)were other

examples erゃcted by this methOd,

h)Side Removal MethOd and Flip

Replacement MethOd56)

These two methods were devised as

means tO Ieplace bridge girders.The first,

the side remOval lnethod,was used on the

ChitOsegawa(Chikugogawa)River Bridge

(Kagoshilna Line)and the Ogawa Bridge
and the NatOrigatta River Bridge(TOLoku

Line)in the early 191os57)。  staging、 ras

placed alongside the old girders, and new

glrders were assembled On tOp.The old

girders 、 ァere then removed by shifting

theEI Side、、「ays. 1,在any bridges have since

been rebuilt、vith this lnethOd.

To accOmmodate an increaSing demand

for girder replacement ■ rork on 01der

bridges,the flip replacement lnethod was

devised in 1931 by an engineer wOrking in

the l aゞgoya正 )istrict.New girders,attached

、■th rails, wOuld be moved into position

upside down. Then, after being secured,

the unit、ぼOuld be flipped Over tO drOp the

girders intO place. After the war, this

method、 vas applied tO girder replacement

work On the Saruta River Bridge(Uetsu

Line)in 1951 and,since then,tO a number

of other bridges.

4.CONCLUS10N

Up until about the 1890, InOst2る
遇;idges



built in  」apan  tO  accOEImOdate  the

grOMれng ra主1、
アay netwOrk覇 ァere erected on

relative flat land. For this, the goliath

crane method was often employedi From

the 1890s On、vard, it became not at all

unusual for projects to be advanced by

domestically educated」 apanese engineers

alone;and the bridge buttlding technologies

that   they   acquired   through   the

implementatiOn  of  the  gOliath  crane

method served them、 vell in the subsequent

development Of Other,  mOre advanced

erection lnethOds,includttng som6 devised

ln」apan.

In the early Meijtt until 1870s,almost a11

the bridge design works、 vere carried Out

under the direction Of、 western engineers

and most Of girders were ittported from

、「estern countries. On the other hand,

erection 、vas the first mOdern bridge

technologies experienced by Japanese.

Erection of bridges as well as construction

of rail、vay needed a lot of 10cal people and

at the same tille it presented chances Of

training thrOugh the works.

In 1878,Kyoto― Otsu railway cOnstruction

was commenced by only 」 apaneseo the

Kamoga、 va Bridge on the line覇 「as the first

rail、アay plate gttrders designed and erected

only by 」 apanese. After 1890s, graduate

」apanese engineers educated by modern

engineering  system  started  tO  take

impOrtant par,.

From about 1910 onward, there was a

general tendency to build bridges in

mountainous regions in the interiOr.

Required  tO  handle  the  technical

difficulties    ttnvolved    were    mOre

sophisticated methods,such as the sl土 ding
―out method, the cantilever method, the

cable erection methOd, and the pontoon

method.In testilnony to the establishment

of」apanese bridge building technology,it

is interesting to nOte that the cable erection

method 対 「主th vertical hanger cables, the

crane erection methOd,and the derrick car

erection methOd、 vere all modified in one

、vay or another by 」 apanese engineers`

They did not stOp at silmply applying

developments in bridge technology thirty

years Or so after their Vヽestern originatOrs,

but instead覇「Orked tO develop and improve

the techniques tO meet their o、 「n needs.

These deve10pment of bridge techn010gies

、rere dependent On various industries such

as iron making, Inechanics and Others as

well, which had been also developed by

introductiOn ttrestern technologies.

The 、vOrk dOIle tO rёplace road bridges
damaged  in  the  1923  Great  Kanto

Earthquake   cOuld   be   called   the

cullninatiOn of the study and assilnilation

of technical knowledge acq“ 主red from the

VヽestfrOm the 1870s on、vards.

And, 10oking from the perspective of

erection technologies,we can see that the

latter half Of the 1920s lnarked the periOd in

m7hich」apanese bridge technology became

fir王1ly eStablished in its o― right.In the

background of this rapid deve10pment Of

erection technologies,we cannotignore the

will of independence of」 apanese engineers

from the western countries even thOugh

they relied On the、、アestern knowledge.

5.POSTSCRIPT

In studying the histOry of」apanese bridge

techno10gy, it is especttally important to

examine the cOnnectioll wrih the ヽ Vest in

ho対「 it relates tO the introduction Of

technolOgy.That is,the link tttth the West

cannot be ignored in any treatment of the

technological development Of」 apan.

When 」 apan Open its dOOr tO 、 restern

countries at the latter half of 19th century

almost 80 years had past since iron started

to be used fOr the purpose of structural

members.Railway 10cOmotive も ngines

wrere also nettl as live 10ad for bridges.

」apan had chOsen to intrOduce western

techno10gies in order to catch up 、 vith

fOrerunners.  This  、 vas  the  common

attitude towards the western advanced

technologies in every field and recognized

259

as national pOlicy.



Therefore the、 、「estern influence、 vas very

important factors for the establishment of

the bridge technologies in lnodern」 apan.

Here〕 to advance the historical study of

」apanese bridges, ヽ we must continue to

、「ork w■th our fello、「researchers overseas.

REFERENCES

l)COSSOns,N.and Trinder,B.:The lron Bridge,

在ヽoo■raker Press,p.34,1979.

2)SiveWright,W.」 .:Civil Engheering Heritage,

Vヽales andヽVestern England,Thomas Telford,

p.20,1986.

3)Backett, D.:Stephensons' Britain, David &

Charles,pp.139-142,1984.

4 ) V a u g h a n , A . : I s a m b a r d  K i n g d o m  B r u n e l , 」o h n

MIurray, pp.215‐217,1992.

5)Beckett,D.:Brunel's Britain,David&Charles,

pp.109‐114,1980,

6)La Tour Eiffel ‐ Un MIessage de 100 ans

Architecture,Mode,Peinture,Tolwo Station

gallery, p.53,54,67,1990.

7)Wayman,w.」 .:James B.Eads and his St.Lous

Bridge, ASCE : 0わ 況 五れgれβgれれg rSP2cゎ ι

rss秘り,Reprinted from March and May 1975,

」uly,1976すOctober and Dece配 aber 1977 issues of

Civil Engineering‐ASCE,pp.42-45.

8) WesthOfen,  W.:The  FOrth  Bridge,The

Centenary Bdition, 空ヽoubray House Publishing,

p.63,64,1989。

9)Allen,N.:Bridge Across the Century ― The

Story of the Forth Bridge_, MOubray House

Publishing,1 pヽ.24,25,1985t

10)PaXtOn R,: 100 years of the Forth Bridge,

Thomas Telford,pp.85-90,1990.

11)"100 EEinen↓  Civil Enginoers in 」 apan

(Sequel)",お ∽ , アヽol.69,6,p.23,June 1984.

(Note,Also Watanabe's ICE admission form

(15 December 1887)kept in lcE Library,

LOndOn lnentions his career,)

12)Rippel,A。:Die Thabrtcke bei Mungsten,der

Zeitschrrt  des  ver,  deutsch.  Ing.  1897。

(Klassiker der Technik,VDI verlag,1986)。

13)JASBC:"Nihon no Hashi"(Bridges in」 apan),

(reViSed version),Asttra ShOten,p.79,80,」une

1994,

14)」alneS,J.G.:Overseas Railway and the Spread

of lron Bridges,cど1850-70,pp.16-17, 1987(note;

Comprising Part 2 of The Origins and■ l‐orld―

mde Spread of Warren‐ Truss Bridges in the

Mid‐心rineteen centurys Part l "Origins and

Early Examples" was appeared in IIistory of

Technology, Vol.11,1986(Mansell Publishing

Co.,1987),pp.65‐123).

15)θ抗れαげ げ れθttbersげ あsじこれ抗θれザ αυ材

Cれど'れθCrs, ICE Library. "Edmond h/1orel",
"」
ohn Englを md", "Richard V.BOyle" alld "

ThOmas R.ShervintOn".

16)Boyle,R.V.:"The ROkugo River Bridge and

Foundations on the TokiO‐ YOkOhma R基 lway,

」apan",コ″↓れ“をcs o/ProCCCJ↓れgsrω  No.1685,

pp.224-225,1882.

17)Potter,w.F.:"Railway work in」apan",〃,乃胡サes

O/PrθCec抗電sr(フ,NO.1587,pp.2-5,1878.

1 8 ) K u b o t a , K . : A  H i s t o r y  o f  t h e  R i a l w a y  B r i d g e s  i n

」apan,』 ″Z[αあ Vol.22,No。2,況 θs2arcん 0"Cθ

ユ甲aれθs夕Cουcrれθ乃↓景aj吻 ,TOkyO,p.75,1934.

19)"Wagakuni Reilneikiniokeru Tekkyou"(The

D a w n i n g  M e t a l  B r i d g e s  i n 」a p a n ) , J S S C , V 0 1 . 7 ,

No。69,p.24,Sept.1971,

20)力 SuSpension Bridge in the MikadO's Pleasure

GrOund,Yedo", 2矛 %克れθθr,れg, London, p.339,

346,347,Wiay 16,1873.

21)13),13.77.

22)18),p.73,75,80.

23)Miake, J, and Okamura, S.:"Repor↓  on the

Amarube Railway Viaduct on the Sanin Line",

拓o2gaん″‐ア的↓sん,rt/oレrれa3げ ゎ aれSOCをゥ げ

醜岳じれθgrれg),V01.350,pp.167‐17,1912.

24)18),p.75,90。

25)Kono,T.:Report on the Construction対 Ⅳork of

the Arakawa Railway Bridge,Xo2gaん 協―娩 ↓sれ'

r t / o t t r れαιヴt / a p a れS O C 形りげ】れg あ9 9 r れg ) , V 0 1 .

48,pp.712‐ 722,1885,Vol.49,pp.751-779,1886.

26)16),p.225.

27)13),p.77.

28)25),p.759,760。

29)13),p,77.

30)19),p.27

31)18),p.73,74,78,80,81,87-89,93.

32)13),p,77,78.

33)16),p.225

34)18),p.76,83,84.

35)13),p.79,80.

3 6 ) t / a p a t t  S C たり げ 晩 れg g r れg r " M c ぢj K 蛯妙O S ん↓

rA ttsむ。ヮげあれSじヮれ〃窃↓,舞砕↓肋aD/り
″,

26o



p.242,1929.

37)Tomita, Y.:"Report on the Ag狐 ogawa‐

KamanOwaki Bridge On the Ganetu Line',

拓θ4ga角秘_拓抗sん↓r」o″″協ぁげ ユ呼αれSOC↓?り 0/

どれgれθer↓れgid韻 >ジ,V01.369,pp.6‐74,1914.

38)Kawanishi,S.:"Report on the COnstruction Of

the First Shiraka、va Bridge",SS∽ ,v01.14-4,

pp.337‐347,1929.

39)13),p,78.

40)18),p.78,81,88.

4 1 ) K u r O d a , T . : " D e r r i c k  C r a n e  C a r  f O r  t h e  E r e c t i O n

of 28-inch Plate Girder",t/sω ,V01.7-4, pp,1

-12,1921.

42)Okochi, K.:''Report On the ErectiOn of Plate

G i r d e r  b y  D e r r i c k  C r a n e  C a r " , ブs α , V 0 1 . 7 ‐5 ,

pp.1-35,1921.

43)Na、va,M.:"ErectiOn Of 70ft S↓eel Plate Girders

on the Saeki Line", 何 θじたOた“_Tθと″ど0"‐F魚と,sんう

r t /。協r警″げsO C t t t D / 0 /駒″θれaι t t aああり,, V 0 1 . 1 6
-2,pp.49_63,1909。

44)ヽ 在atumura,T.:On the Erection oF ShilnOyodo‐

gawa River Bridge", Proc22び ↓れgs θれ じんで Jrど

C O ガ2 r θれC 2 o / t / a p a t t  S o c ↓の 0 / 晩れθθれれg
`CLυ↓ι喚 、立〕わ.サ,pp.194,196,1936.

45)13),p.81.

46)18),p.77,91.

47)Asama, I.and lnaishi, Y`: On the Cable

ElecliOn Of YoshiIIOgawa Railway Bridge,

Dosanhokusen",tttS切 , 1/‐01.20‐5, pp.357‐ 367,

1934.

48)Inaishi,Y.:"On the Cable ErectiOn of Bridges ill

these days",PrOcccどうれgs Oれじんθ3rJ Cbttereれcc

ザ 3碗9aれSoc↓θり げ D哲 あθgr↓可 raυtt z可.

ヱ)わ.),pp.98-99,1936.

49)13),p.81.

50)18),p.77,90.

51)Takeda, R。 :"On POntOOn ErectiOn MethOds",

PrOcceび ↓れgs Oれ とん2 Jrど 00式 erθれCθげ 駒 αれ

駒C j のげE れ算れθθr 加どr a υ↓ιt t g . D わ. ) , p p . 1 7 6
‐178,1936.

52)Fujii, M.: 'On the POnt00n ErectiOn OF the

Bridges in theSe days",Procθ?J↓れgs oれ'んo Jrど

∽砲F ? r g れc e げわ a れs o c サの o / ゴ可↓確 r を

`αttι弧こ.Dわ.),pp。185‐186,1936.

53)Ishida, K.:"On BrectiOn Of ↓he Chikugoga■7a

River Bridge On the Saga Line",ProcecJ↓ れgs Oれ

じ施 Jr」 COがgreれc? げ め αれ Soc彦り o/
EL算れcerぁg`αり材Zを・Dわ.),pp.94-97,1936.

54)Takeda, R.:"On the POnt00n erection Of Steel

Truss, utilizing the tidal Range , Of the

Nagahama Highway Bridge",t/sCF,ヽ ア01.21-5,

pp.665‐67511935.

55)Takeda,R.:"Report On the Nagttama Highway

Bridge iII Ehilne prefecture",JSCE,V01.21_10,

pp。1449‐1460,1935。

56)18),p.77,92。

5 7 ) F u j i s a k i , S . : " R e p o r t  o n  t h e  R e p l a c e m e n t  O f  t h e

Natorigawa Bridge and the Oga■ 7a Bridge On

the TOhOkuhOn Line",SS∽ ,、/01.3‐3, pp.567‐

596,1918,

(Received NOvember l,1994)

近代日本における橋梁架設技術の発展について

五十畑弘 ・榛澤芳雄

本論文では近代日本における橋梁技術の確立の過程について特に架設技術の面から欧米からの技術導
入の影響を考慮しつつ歴史的な考察をするものである。先ず我が国開国前後までの欧米における橋梁架
設技術について述べ, これらがどの様に丼欧米諸国に技術移転されていったかを論じる。次いで, これ
らの技術移転の一つである我が国の技術導入が橋梁架設技術についていかに行われたかを明らかにする.
その後,各 橋梁架設工法ごとに架設技術の発展について述べ,最 後に近代日本の橋梁架設技術の経過に
ついて考察する。
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