
T/αれs Newcο 初¢れSθc., 72(2000-2001),91-113

Thc Early Dcvc10pI‐rlcnt Of

StrLLCtural Pilc FOundations inJapan

During thc h/1c瑚l Era 1868-1912
by

Hiroshi ISOHATA,Dr,Eng。 ,Wrember of」sCE,NKIこ Corporation,Tokyo

Tctsukazu KIDA,Dr.Eng。 ,単Iembcr of JSCE,Professor,Nihon University,Chiba.

ABSTRACT

Modern technology including pile foulldation cllginccring in Japan dcvcloped aftcr thc open―

ing of the country brought about by thc Mclii Restoration of 1868 under the influence of Wcstcm

technology, In this paper the deveiopment of the early pile foundation engineedng has been clari―

止ed and examined,covering from conventional wood Plles to iron pilcs tllrough mttOr cOnstruc―
tion prttectS in the Wieiii era.ThC devclopment of Pllc foundation technology was dttven by thc
construction of rallways,b点dges alld port ttcilitics such as jetties and picrs that played an import―
ant role in tte modemization of infrastructures in thc Mctti era,
Kcジッθ,ダデク,ど夕, sc″ ッ ク〃α,メbレιれ冴αすjοれ, 惚 〃〃α)あ r,どgビ,ブす助 ″ gわ んθ"S2, ざビαSガ cP形 ち 初 θ冴夕腕

■斡 αれ.

BACKGROUND AND PLIRPOSE OF THE STUDY

JaPan was opened up to extcmal influencc during thc WIctti cra,which had startcd from the
Rcstoration in 1 868 follo、villg the Edo period

The latter half of the 19th centutt markcd the ttrst era in which engineering technology was

M′idcly transfcrrcd on a giobal scale.The flow of thc technology froln thcミ ミst to thc other、vorld
、vas spurred on by cxports of engineering goods and by the dispatch of engineersl for various

infrastructurc construction prttCCtS

The boom in railway construction starting from 1850s brought manンBritiSh enginccrs to
lndia and a numbcr of thcse later found employmcnt other countries such as China, Australia,

Ncw Zcaland as well as Japan which had just opencd its dOor to foreign counthes.

The first railway in Japan corIImenced construction、vork in WIarch 1870,as proposerd by thc
B r i t i s h  e n g i n e e r , R . H . B n i n t o n ( 1 8 4 1 - 1 9 0 1 ) i n障宝arc h  1 8 6 9 , I n  t h e  c o n s t r u c t i o n  w o r k  B r i t i s h
cngineers were involvcd,including Edmond N/1orcl(1841-1871)and JOhn England(1823-1877),
both of whom had been involved in some rallway constttction prtteCtS in southern Australia and
Richard,V Boyle(1822-1908)and ThOmas.R Shervinton(1827-1903)both Of WhOm had
、vorkcd in lndia.

The innucncc of wcstem engineering had gradually spread through constttction prttects Of
rall、vay and many other fields of engineering in Japan

ln this study,the dcvelopmcnt of the early stttctural plle l~oundation in the Mtti era is to be
s e t  o u t  a n d  c o n s i d e r e d  b y  e x a t t n i n g  a c t u a l  m 菊o r  C O n s t r u c t i o n  p r t t e c t s  i n  t h c  M e t t i  e r a

91

87



E4沢 乙yDご ゼ駐 θPソ,イどハrr θF sttRyCrし r鳥4L Pダ芝 Fθ しェⅣDz4rrθハ4s

GEblERAL

Development of plle fOundation in Japan

Plle foundatiOIl as 、vell as direct foundatiOn is the most general cOnstrLICtiOn method for
structural foundatiOns and has becn used from ancient tiines.ふ/1ost of bttdge stluctures bcforc the
Me」i era were very simple sttuctures like timber girders that rested on wOOd_Plled bent pierst
httood was the most popular structural lnatcnal and wOOd piling was、videly uscd until thc rlllddlc
of the 20th century`Pine,chestnut,cedar,cyprcss and fir were used for structllral pllcs,pine being

the most popular.After the end Of theふ江ctti era the longleaf yellow pine produced in North

鮒瑞撚イ靴袖
1部

を猛雛 涌協錯
impOH調士om USA ttd宙胡y used ttr piles

l belo、v underwater level as grcen 、vOOd and the
supporting force、vas solely fnctional

The early iron plles、vere cast or、vrought iron pipes or rods、vith scre、vs,、VhiCh、vere impor―

温鉾&甘撤警幡略盤盟t摘猫1鮒18篭猟蟹鞘∫!岳
S揺
滝
1盤C盤

:鵠送幣
b占dges,

Concrete pilcs with square or hexagonal cross scction、vere irst uscd in Japall in the 1910s.
The first large―scale construction ttrk using concrcte piles was the consmctiOn Of the fOundation

of rallway viaducts bctween the stations of TOkyo and Mansci― bashi from 1915 to 1919,Thc total
number of piles 、vas 9,281, which were 18 to 50 ftt in length 、vith octagonal cross section. The
dcsign load of each plle was 30 tons3.The rlrst usc of concrete pipe plle formcd by rolung was in

thc 1930s. Prc_cast concrete plle 、vith pre_stresscd reinforcing steel, arstly used in Sweden in
1939,was introduced in Japan after Worid IVar II It M′as in 1950s that steel pile、vas l〃idely used
for foundation、vork in Japan.

山鴫鮒嵐l縫鮮翻群操環~た舗程
S譜
轡:鮮盟艦S禅雛騨選or raII―ng、vas gencrally used before and cven i

was very silnple as shOwll in Fig.1`

Fig l.Eariy ram ttivers
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Fig.  2  Lighthouse  crccted  on

4ヽitchell's screw Piles, Fleetwood

On Wケ re,ref 4,Plate 2.

It was in Mcもi Cra that steam opcrated drop―hammcrs were ttrst uscd for placing plles in

Jap411. Single―acting steam haIImers 、vere used in 1910s and double― acting steam hammers in

1922.These bcgan to bc produccd in」 apan frorn 1929.Aftcr World WV笹 工,in addition to driving,
ramlning and screwing,the method of placing of plles was diversifled and jettittg,jacking,boring,

pulllllg do、vn, sand pumping, washing out and vibrating methods 、 vere applied according to the

conditions at sltes.

Development of lron Pile usAge Overscas

The iron pile with scre、v action、vas invented and started to be adopted as the foundation of

seaside piers and bridge piers froIII the luddle of the 19th century in Great Britain and other

雨亀stem counthes,ScreM′ plles and arlchors fOr lnooring、vere invented and patented by Alexander

獣盟b横七岳8輸艦ぜ温品i31子s堤諾盟晶塔魯魯督粗脳録ic鮮えPピ盟豊∬
告甘岳r鑑::8艦警摂鮮温',を1∬避嵐掛縄

n晶
皆謎錯程瑞s3驚塩まぷ七ゴ棋継fron the 1850s,

Rall、vay constluction in llldia,then a BritiSh colony,、ム′as an early examplc of the application

of iron pl19、か′ith screv/to bridgc piers on a large scale The construction of thc Bombay Baroda&

Central IIIdia Rail、vay 、vas startcd in 1854 and the northern half of thc railv′ay ぃ′as opencd in
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1860.zへstandardized dcsign of picrs for tmss girders with spans of 60, 150 and 250 ft.was madc,

】譜 ポ群 ど掛 押 温貫 鉛 品 篭部 fr and 9魚

にntth h hC actlld consmttOn wOlk crtt ron

ln the constluctlon of pier of the bridge designed by the 、vell―kno、vn bridge bullder, 2へlfred
Endco Neville,iron plle with screw was adopted,The design of the Gattbaldi Bridge was started

in May 1855 and thc bridgc crossing thc rivcr zttdigc in Bcrona was opcn in 1861; this、 vas onc of

the early examples of application of iron pllcs 、汀ith scre覇′ to bidge piers. The truss girders were

rested on thc intcrmediate piers composed of iron columns on scre、 v plles madc in England. The

screw was design by Neville in 4ft 6in diametcr, but this proved undttveable and smaller substi―

tutes、verc made in Venice9.

dame苫群t辞培津3謂81号培岳培iFf鷲啓ぎ程縄と選貫格響桂零1盟警1号ぢる汁
K.立edぷeS Of 3R

In the USA wood was the most POpular struclural matcrial,not only fOr plles but also many

othcr stluctural purposcs including bttdge supcrstluctures in the 19th century. ]Iowever, frorn thc

turn of the century, steel piling 、vas gradually introdLlccd for the construction of foundations in

addition to wood piling. Constluction using stccl and iron for structural purposcs including plling,

鑑桃ぷ母合還路
°
輩鑑還

f還
】
ri岳
&塩灘

S鮮
督品ほ品;輔 c辞魯t盤!艦
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言盤まと

Steel in 1908.

STRUCTURAL PILES BEFORE THE MEIJI ERA(-1868)

Most bttdges constructed beforc the Mctti Were made of wood and thc structural type in

灘品錨
e対

辞警i押号岳品響鮒ei驚斎留鮭i札器と:3'品灘l路t練協試
had been used for thc Edo cra.

According to thc dra、 vings alld material lists in the book, the picr of a girder bridge 、 vas

composed of thrcc columns with a diamctcr of about 30 cm at the tip end supporting a portal、 vith

a cross section 、vidth of about 35 cm on 、 vhich girders 、ハ′crc rcstcd The columIIs wcre connected

Fig 3 The Tapti viaduct of bcnt plle piers、vith screws, 1860 ref 8,p85
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Fig,4.Ponte Garibaldi, 1861,卜 revllle's last tRISS bridge鞘 ′ith scrcM′ plles,ref 9,p86.

Fig 5 Conventiollal tilllber girdcr bridge with bcnt pllc piers in the Edo era,ref 12
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撤葉器穣鑑鍵縄・器要聴:韻船払盟i徹』志譜転s幣品tttF督努WaS adOpted.Thc lower cnd of the each cOlumn
was protccted by ``Nctutunu一 ita''(rOOt Wrapping platc)agaillst scOring.
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抑
ア
00D PILE IN THE MIEIJI ERA

Shilnbashi station and related facilities

The construction of Japan's flrst rall、vay M′as cOrnlnenced On 25 May 1870 at Sh10dOme
area,attacen,to Shimbashi,Tokyo.The transportation scrvice Of 18 1nilcs between Shimbashi aふd
Yokohama、 ハ′as started on 13 Scptembcr 1872.心71a」or structures、vith pile follndations at Shimbashi

Fig 6.The FllkagaM′ a ttlannen―Bashi Bridge in the Edo era,rei 14,p_15
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Fig 7 Arrangcment of pile― clLISter(right)and base stones for a locomotive turntable,ref 16,p5

ゲ

Fig 8 Excavated Plle― cltlster for

[COurtesy of Tokyo lvlctropolltan

a locomotive tumtable,

Govemmen[Archaeological Centre]
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Fig.9 General vie、 v of a locomotivc turntable, 1872,rcf.16,p.412

Fig。 10.Excavated foundation of Shi【nbashi station bullding and the Platfollll,rei 17,p22

[COurtesy of Tokyo l■IetroPoutan Govemment Archaeo10gical Centre]

●   ■    キ
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station 、vere thc station bullding, platforIIl, locomotive and wagon turntables, engine house, coal一

!苫蓋礼関踏d監∫
n鮒
群ず'SFr横3壇3群ctt S岳幣幣靴品

bttt部
3苦描岳

d品
:盤祐

Archacological Centrc fronl 1992 to 93.

For thc construction of the foundations of the locomotive tumtable, 1,828 pinc 、 vood piles

M′ith a length of about 2 mo werc d貞Vcn as a clustcr The turntable、vas in the shape of circle vヽith

a diamctcr of 12,5 m. and the plles werc driven at the centre part and otlter edgc、 vhcre the con―

centrated load of locomotive was supported.

The building of Shilnbashi statioll designcd by Arnerican architect,Rゃ R Bndens, v′ as coIII―

plcted on the 30 2代 pril 1872. Thc station bullding was in service for 50 years until it was
destroycd by the Kanto Great Earthquake H/hich occurred on l September 1923. The foundation

of the building、vas pine wood pllc with a length of 3.6m.A pair of plles、 パ/as dttven at intcrvals

of 30 to 50 cm for thc foundations of thc bullding and l,000 plles 汀ヽere llsed in total.

Fig, 11.Foundation of Shilnbashi station and

Piles_ref.17,p.21.T P ■ O m

TP‐ 1.52m

Fig 12 Gencral viev/of the Shilnbaslll station building)1872,rcf 16,p412
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▼Vood Pile fOr bridge substruclure

論縄 』監品艦 :t聯ミ欝縄 鑑 督
棚 ぜ腕 鮎野球贈聯潜群

Table l

Number of b五 dgcs by materials18

Fig_ 13.Thc Shinpu Bridge,

Gunma,c1891,rei 19.

Year Iron MFasonry Timber Others Total
今
４

ｎ
ｕ

ｎ
ン 85

(0.03%)

53,478

( 1 8 , 7 % )

232,227

(812%)

362

( 0 1 % )

286,152

(100%)
1907 114

(0.04%)

6 1 , 8 1 6

(20_4%)

240,868

(794%)

554

(0.2)

303,352

(100%)
1912 3 1 5

(0,10%)

67,935

( 2 1 1 % )

252,596

(786%)

623

(02%)

321,469

(100%)

100

96



ユ4沢二yDど ,4ごとθP舟イど舟T θ F SIRyCrし r鳥4L P/Lど Fθ DいrD″4TFθ ハrS

Fig 14 Thc lmaJuku Bridge,Gunma,

c 1891, ref。19

S
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盤 艦 辞 &堀 r鮪檻 ぱ を比81ぷ 母各品 嘉
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研 晩 "irOn説 ∝ 略 attacttd tt to pr如 盤 1摯昆堤 i:儲 ま品 灘 揺 呂 !島 紺
a trtlss gttder rested. The pier、vas composed of three vertical piles and twO diagonal plles 、vith
cross section of 12 by 12 in. placed into the ground by boring. The plles 、ム/ere conndcted with
cach other by portals at the top and just above the yound and diagonal bracing also connectcd to
the plles. Fig.14 shoぃ/s another example of a piled bent pier, Piles were driven into the ground

and connected to each other by portals arld bracings.Thcse t、パ/O examples、万′ere sittular to the con―
ventional bridgc substructures in the Edo era froIIl thc vic、vpOint Of matcttal, hOwcver they dif―
fcrcd frorll the conventional ones as regards structural design These t、vo bridges designed by the
Japanesc cnginccr clcarly sho、v thc inntlcncc of Europcan crlgillccring, which had been bullt up

ovcr 25 years sincc the beginning of thcヽ江etti cra
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Year MttOr WOrks

!868

870

872

873

874

875

876

876

876

884

887

892-94

902-03

906- 17

910s

r昴句夕McゲけRιS'θ,“ガθれ)

Koraibashi Bridge,Osaka(Cast irOn plle with screw)

First railway cOmpletcd,Shimbasi― YokOhama

卜 もOd pile_cluster,wood plled bent pier ctc No iron pllcs)

句 igaWa Bndge,Osaka(CaSt irOn Pile with screw)

Mukogawa Rallway bridge and other three bttdges

(lV‐rOught iron pllc with screw)

Haneda Lighthouse,Tokyo(ヽ /rought iron plle with scrcw)

Naniwa Bttdge,Osaka(CaSt irOn plle with screw)

Kobe Railway Pier(恥 ′rought iron plle with screw)

Rokugougawa Rallway bridgc(CaSt irOn cylinder)

Onohama Rお Iway picr,Kobe GVrOught tton Pilc with SCrew)

Nagaragawa Bridge(Cast iron plle with screw)

Yokohama Grea[Pier(CaSt iron pile with screw)

Osaka POrt Pier(Steel pile with screw)

Yokohama crcat PiCr,Second PhaSC

rr,浴r cθれc″rc Pど姥)

(Edited by authOrs)

E4沢 乙yDど ぜ乱 θP才ヽダ5VT θ F smycrし rR4五 PIとど FOtthり z4TrOハis

Table 2

Chronological llst of strLlctural foundations、vith iron piling

1870ぅref 14,P_27.

102

15 The Koraibashi Bridge,Osaka,
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IRON PILING

Iron has excellent properties as a strtlctural IIlatcrial The usc of the iron plle is an important

factor that shows thc trcnd of the developmcnt of modern plle foundation technology cven though

their usc、vas liIIIlted because of thc expense, Iron 、vas never used for structural purposcs, inClud―

ing plles, in the Edo era and all the materials and the relatcd technology 、vere introduced from

Europe.Table 2 shows chronologically early mttor COnstruction works with iron pile foundation.

The Koraibashi Bridge,Osaka,1870

The early application of iroll piling to bridge substructurc was the Koraiba一bashi Bridge

completed in 1870 in Osaka.Thc pile was cast iron pipe、ぉ/ith scre、v of diameter l ft.and 29 ft.in

average length. Four plles 、ム/ere screv/ed into the riverbed for each pier that gave a、vidc base to

support two plate girders 、′ith 30 ft. span. Thc bridge had eight spans in total and the roadway

was 18 ft.wide.This bddge was fabhcated by Andrew Handysidc and Co.in Engiand and expor―

歴 古警 鷲貫

。

まま通き縄 品 機晶押】

ro n  t t r  h e  t t e r  w a s  3 , 3的n s  T d  t t e  t t d  w d t t  O f t t O n

The contract for the importation bf this bridge engendered some conflict. This conflict was

the first example,follo、ved by a lot of silnilar conflicts, caused by the differences of custom and

the 、vay of business in Japan 、 vhich was meeting foFCign Countries for thc arst tiIIle since the

beginttng of the 17th ccntury.(See rCf.40.)

Cirder Length  21.29 8

P i ヤl e  w i

s c  r e w

Osaka)1874,ref 22,platc 18
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Fig 16 ぶ /1ukogawa Railway Bridsc)
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Fig 17 Haneda LightIIouse,Tokyo, 1875;rei25,p.21

Kobe Railway PieL ls7627

肺Iukogawa Rallway Bridge,Osaka,1874

The nrst iron rallway tnェ ss bhdge was
constructed 覇 /ith other three Avcr crossing

bddgcs bet、ム′een Osaka and Kobe il1 1874,

The Muko巨awa Rallway Bttdge was onc of
them_ The superstructure Of the b五dge 、vas
a M′rought iron truss girder u′ith a span of
70ft. For the substructurc Of the bttdge,

wrought iron pipe plle of a diameter of 2 ft.

6in.with screw was used.The pier was

ittagよ 転 ま骨器 堺 札ダ 野
°ttes宙 血 an

ヽア1lham Polc, Consulting Engincer in

England, v/as in charge of design and all

the   ironv′ork  v′as   manufactured  by

Darlington lron Works Cot and exPortCd tO

Japan.ThcOdore Shann,hired B五 tish engin―

eer,、vas in charge of the constluction,

Haneda Lighthouse,Tokyo,187524.25

The Halleda lighthouse was the first

lighthouse constructed on iron piles 、vith

scre、vs. Thc construction 、 vork began in

WIarch 1874 and was cOInpleted one ycar

aftcr卜 The lighthouse was 55 ft. high alld

eight plles were scre、ved diagonally into the

ground.

Thc dcsign 、 vas by the famous light―

house builders Charles 8こ David Stevenson,

who were Consulting Engineers to thc

Japanese Lighthouse DepartFnCnt,26 andヽ Vas

fabttcated in England for export to Japan。

The lighthouse was constlucted by the

Lighthouse Department, Yokohama, hcadcd

by R.BRIntOn.

At the end of Kobe station yard,a wrought iron pile pier、汀as run out into the sea.This pier
、vas the first rall、vay pier in」apan. Kobe station was opened on 30 2へp占1 1874、汗hen the railway
service bctween Kobc and Osaka started.At that time some facilities in thC StatiOn yttd had not

been complcted and it was on 27 June 1876 that the railway pier、vas opencd. The pier覇′as 450
丘. long and 40 ft, in M′idth; wide enough for four lines of track. The plle、vas 、vrought iron pipe
、vith a diamcter of 12.5 in. and the screw、〃as made of cast ironぉヽ′ith a diametcr of 5 ft.After the

picr、ハ′as completed,imported matehals for the construction of rallM′ay extcnsion、vork、vas landed
d崎 胡 y tOm tt tOthe五 町 mtt TttS撫

滞 t酬 縄 品 s鷲 仏鞘 I品 譜 静 汁
や
｀

yard、vas expanded and a ne、v repalr dock、万/as c(

Another pier、vas constrtlcted as a privatc sector in Novcmber 1884 in Kobe.Thc Onohama

llton Pier、vas 149 8 m.long and 12 8 m.wide for threc lines of track.
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Rokugogawa Railway Bridge,Tokyo‐ Kanagawa,1876

1n the fil‐st rail、vay constluCtiOn bctvヽccn Shilnbashi and Yokohama all the b占dgc piers v′ere

constructcd by bent wood piling.Thc life of these structures was quite short and some of thc piers

suffered damage causcd by rotting of the materials and scohng of the columns. い 、1l thc bndges

M′ere rebullt and せよs ぉヽ′ork was cOmpleted on 27 November 1876. Among the b五 dges the

Rokugogawa Railway b五 dge oVer the iver Rokugougawa was the longest.The ncw bddge was

盟 描 錯 程 魂 消 謎 督 冒 品 品 野

dd ttdgo and he p魅 噸 e conttα cd by he調 的u記 航 on

The b占ck、vell、vas of 12 ftも outer diameter and the cast iron cylinder、vas 8 ft. outer diam―

etett One pier、vas composed of a pair of bttck wclls or cylindcrs and after they、〃ere placed con―

crete v′as poured into the inside.This 、vork、vas based on the design of N(1liam Pole iEL England

andヽ lctts Boyle in Japan, and the iron、vork, 410 tons in tOtal, 、vas manufacturcd by HaIIlllton

ヽアindsor lronworks Company Lilnited.

Nagaragawa Railway Bridge,Gifu,188730

The Nagaraga、 va Railway B五 dge over the ttver Nagaragawa loc4ted bCtWeen Gttu and

Hozurlll on the line of Tokaido M′as opened on 21 」anuary 1887ぐThe bridge had a length of l,493

fto witt rlve spans of200 ft.in the centre and two spans of 100 ft.at either sides,The superstnic―
tllres were standardized wrought iron truss girdcr b貞 dges. The foundation of the abutlnents and

picrs、vcrc cast iron pllcs、vith screv′s

This b五dge was designed by thc hircd BAtish engilleer C.A.ヽア.Pownall(1849-?)and fabri―

cated by Patentshaft Ltd,in England,For the foundation of the abutlllents t、ム/o cast iron pipe pilcs

with a diameter of 3 1‐t. 3 in. and l 1/8 in. thick、vere used.For the pier of 100 ft, spans four cast

室

a ～α l 」「面日面4即l

Fig 18 Kobe Railway Picr, 1876,ref 27,plate 23
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iron pllcs、〃ith a diamcter of 2 ft. 6 in, and l in, thick、vcre used and for the pier of 200 Ft. span,
ave piles of the salne scction wcrc used.The cast iron pipes were jointed by inside flanges to get
the required length of columns.メ fヽtcr they、verc scre、ved into the ground or dvcrbed concrctc、 vas

poured into thc inside of the piles The columns、 vere connected to each other by T,shaped poAals

群縛群環糧:鯖品料現を鞘ま塩!8播ng穐坑品,替謎荒el齢群潜簿胡登
completcly collapsed.Thc columns of thc piers、 vere broken by strong horizontal forccs or ground

movemcnt and the ends of girders fall to the ground, Most of the collapsed columns、 〃erc broken
i珀匝lcdiately above or below the nanとe jointS near the ground level.

The substrtlcmre of this bridge was reconstructed by bttck 、 vell methods and reoperled for
service onc year after.The bent plling pier mcthod was not selected for the constRIction of bddge

substructures after this disaster.

Yokohama Great Pieも 189432'33

From the beginning of the Metti era the export and import of goods by marine transpottation
was increasintt rapidly and expansion of the port facilities of Yokohama harbor was envisaged

T h e  c o n s t r u c t l o n  O f  Y o k o h a m a  p o r t  w a s  t h e  f i r s t  s u b s t a n t i a l  p o r t  c o n s t r u c t i o n  w o r k  w i t h  i r o n  p i l c s

in Japan.The first design of the Yokohama port、vas made by R,H Brunton in 1873 and later the
Dutch engincer C.J,van Doorn(1837-1906)and the British Royalメ せmy engineer,H St Palmer

(1838-1893)submitted designs Palmer's dcsign was adopted fOr the actual constrLlction wOrk34

106

Fig。19.The Nagaragawa Railway Bridge,Damaged Piers of cast tton cOlumns,Gifu,1891,ref 30.
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The main parts Of the construction of the port were the breakwater and pFer in which more than

500 1ron piles with scre、vs パヽ′erC uScd and took up 20%Of the total cost of the construction.

Thc pier、vas composcd of three main scctions.Thosc were a bridge section at the coast, the

intermediate section and offshorc scction Thc lengths of the sections、 vere, respectively, 50 ft. of

bridge section,345 ft,of the intcllllcdiate scction and l,500 ft of offshore section;the total length

of thc pier was l,895 ft,The bddgc、 vas placed to retain boat transportation along the coast.The

、汀idth of thc picr、vas 39 ft,in thc intcrmcdiate part and 62 ft. 6 in.in thc offshore scction、vhcrc

ships anchored

Thc abutment of thc bttdge on land M′as masonry and the picr on the other sidc v′as bent pil―

ing composcd of 3 iron columns of diametcr 24 in. and of lengths from 42 ft, 9 in. to 30 ft, l in

、vith scre、v in the tip.rrhe three piles、vere connected by diagonal bracings,The girder、 vas 50 ft.

wrought iron Ho、 vc truss and cedar M/ood、vas used for the deck.The arrangement of pilcs in the

intcrmediate scction M′as 22 ro、vs at intcrvals of 15 ft, and each row ムヽ/as composed of three pilcs,

The lengths of plles were from 47 ft. 6 in, to 54 ft. In the offshore section each row was com―

POSCd Of fiVe pilcs and therc M′ ere 101 rov/s in total. Thc lcngths of pllcs 、 vcrC frOm 54 ft,to 63

ft.

Thc piles in thc intcrmediate sec―

tion and offshore sectlon 、 vere common

and the desigll 、 vas standardized. Each

picr、メ′as composed of fotlr ttnds of stan―

dardized parts. Part A was used for thc

highcst part of thc colum早 , 、vhiCh had a

conncction with a crossbeam_The second

was part B with flangc joints at both

ends.The lowest was part D with dowcl

joints at both cnds,upper end for part C
and lo、ver cnd for thc scre、v. Part C con―

nected with part B by a flangc joint and
with part D by a doweljoint.The lcngth
o f  p a r t s  A , B  a n d  D  w a s  9  f t . a n d  t h e
length of part C varied according to the
depth at the site to attuSt the total length
of thc column, The matehal of the pilc

鞘/as cast lron and both ends of each part

、vere inished by malhine processing

The screw with a dialneter of 5 ft,was

conncctcd with part D by a dowel joint
and fastened by a wedge pill. The col→

鑑 と揺 t黒檻 塩 唱r暑魂 鱗

釘 by T

Pttor to the pllc foundation 、vork

the cxa■lination of the grouttd bearillg

capacity was cancied out. It 、vas started

in 貿へugLIst 1890 at Kanaga、va to、ハ′n ncar

the site 、汀here there v′erc silnllar ground

conditions, 貿へ tcmPorary picr M′as con一

structcd 、vith iron pllcs supplicd by

Phocnix Cast lron Company in England_ Fig 20 Yokohama Grcat Picr, 1894,Iron Picr Cross

Section,ref 34,Piate II
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Irth(?)trading arm was awardcd the cOntract of the supply of thc irOn pier and Barrow
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rallぉヽ′ay truck材/ork on the picr.After the complc―
tion of the work the pier was expanded frorn 1906 to 1917 as required by increased transportation.

鶴 糠 猛 権 撤 :盈
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血e山 ∞ l SCpt c m t t r陽 .Acco r d理 的 he
D broken with b五ttle fracttre near the jointS Close

to the seabed level, v/hich 、vas caused by the natLlre Of cast iron, The concrcte columns used in
the cxpansion work had relatively small damage coppared with iron piles,

Osaka Port Pie恥 190338,39

0saka Port Pier 、vas constlucted following the Yokohama Great Pier, In the constluction
work of the pier,steel piles、vere adopted for the F~irst time in Japan.

The total length of the pier was l,500 ft.and the width was 75 ft with w00d deck on which
、verc two track ways and One crane track. The pile 、vas steel rolled round btt Of a diamctcr of 6
in,and connected in thrce 20 ft.long parts.The average length screv′ed into the seabcd、vas 24 ft.
Both ends of the steel round bar were forged in hexagonal cross secton,which were joined by
coupling with the attacent part or with the screw.

― ―
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Fig 21 0saka POrt Pier, 1903,ref 38,plate 2
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The plle was screwed into the seabed by tuming the wheel attached to the top of the plle.

Small boats v′ere anchorcd around thc plle and 、 vorkers tumcd the turning wheel by v/alking

around on the staging on the boats. Thc screM′ing of thc pllcs was started in March 1902 and all

of 678 plles were anished to place by Jantlary 1903. ァヽccording to the rccord on the svork, the

maxilnum number of piles placed a month、 vas 107 duttng sumtter tirne,

Pttor to the plle placing 、vork thc betting forcc of the pile was exaIIllned on site. 12 pllcs

were used for tcsting and concrcte block and rails、vere loaded on the piles,The tcst load starting

from 26 tons was increased to 64 tons and thc beattng force of the ground、vas estilnated at l.6

tons per square ft.at a depth of 23 ft.belo、v the scabcd,

4,134 tons of stccl and 88 tons of bolts and nuts were manufactured by Johnson &Rafrin

(?)in PittSburgh,USA and imported tttough Hunter trading iェ 11l of Nagasa臨.

From thc end of nineteen一 centutt to the beginning of t、 ventieth―centutt the exporting

countltt for iron products including pile to Japan moved froln Britaln to USA,Thc Japanese manu―

facturer, Locomotive ふ江anufactuttng Co. Ltd., manufactured l,013 tons of cast iron coupling for

the connection picccs of Steel round bar. Pille、〃ood for thc deck of the pier 、vas imported from

USA.

CONCLUSION

W o o d  w a s  t h e  m t t o r  m a t c r i a l  f o r  s t r u c t u r a l  p i l i n g  t h r o u g h  t h e  M e t t i  e r a  a S  i t  h a d  b e e n  i n  t h e
Edo era. 内`/ood ▼′as easy to procure and process for strllctural matettal。 もヽod 、vas produced in
Japan and from thc end of thc Metti era American pincwood lumbcr started to be impoltcd for

pllc foundations to support heavier and bigger supersttuctures, Though、 yood M/as still thc IIla」or

matedal for structural piling, the method, the specification and the design for structural piling

wcre changing during the WIe」 i era under the influence of European technology.

Strぃctural plles of thc rall、vay rclatcd facilities in Shmbashi Station had nevcr been experi一

enccd in the Edo era. Thc pile― cluster of thc locoIIlotive turlltablc was the ttrst sLlbstantial struc―

tural Pile foundation in Japan.The solid structural pllcd bent piers like the bhdge substrtlctures in

Gunma had never constrtlcted befOrc in Japan

On the other hand, 血 c introduction of iron Piling that had nevcr bcen used bcfore marked

apparent feamres Of thc modemization of plle fOundation technology,Thc application of the iron

pile was lirILlted since the cost of importcd tton pile was much greater than wood plle. Ho、vevcr,

application of iron for pile foundation、vas an ittnportant factor,〃ヽhich sho、ved thc progress of thc

dcvclopment of structural plle foundation technology.

Iron pile has a strength of lnore than 10 tilncs compared 〃ヽith that of、vood and it is possible

to manufacture in spcciflc shapes and diIIlensions.For constluction、 vith iron plling,rclated indus―

trial technologics were required such as proccssing by machincs, handling cquipmcnt alld design

technology.

In the constl‐uction of the Osaka Port Pier, steel plling was used for the first tilnc and cast

iron parts were manufactured in Japan,The first domestic supply of the ron for pllCs、 vas suppor―

ted by the development of the iron industry as the background, in v/hich Ya、 vata lron Works, the

f~irst national iron、ム/orks started operation in 1901.

In H/estern Japan iron piling had been applied to thc foundations of rallv/ay bridge substrtlc―
mres since the beginning of the WIetti era,WrOught iron pipc plles with screw were applied to the

four rail、か′ay b五dge substl‐tlctures including the WIukoga、ハ′a Rallぉヽ′ay BHdge in 1870's.

Thc application of iron piling to rail、vay bridgcs 、vas decidcd by local sitc cOnditions As

many rcady―Inade matcrials as possible 、ム′erc uscd to avoid problems duc to unknown conditions

at sitc and unknoM′n、vorklnanship of unskllled local labors,か、t that tirIIe surveying techniques had

not bccn established and it、vas not easy to procure cquipmcnt fOr surveying in Japan lt llvas quite

10b
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natural that B対tish engineers in chargc of the constrllction of the rall、vay b五dgcs prcferrcd to usc

as many ready― madc materials as possible to shorten the constiuction pcriod at the sitc 、 vherc

therc were unkno、vn and unfanllliar conditions for them.This situation、vas supposed to be siIII1lar

in the consttuction、vork in other countrics such as IIldia at that tilner

ヽ【th the groM′th of the domestic supply of bricks, ccment and other related materials and

equipment for the construction of foundations, the w。 1l foundation method became a practical

alternative to bent plle foundation.The bcnt pile pier method became one rcserved for foundations

needed when the constluction was cattried out in a short pettod. In case of the re～construction of

the Rokugouga、 va Rallway bddge foundation, the cast iron cylinder method、 〃as applied as well

as the b占ck、vcll method_ The design consideratlon for the application of cast iron cylinder 、vas

the same as that in cast iron pile mentioned above.The re― construction became necesstty after a

short pe占od because scottng of plles or rotting of、vood materials had already damaged the exist―

lng bridge in service.

Thc earthquake was one oF the imPortant factors which attected the development of the

foundation technology in Japan.The structurcs in the Edo pcdod like traditional timber towers in

tcmplcs had a strllctural namre tO absorb the energy of carthquakc by dovetall joints with slight
flexibility due to the namre of cedar wood. Ho点zontal forces on wood structures due to earth―

quake were relatively small compared with the iron s仰はcturcs in the Mtti era because of the light
dead load.Cast iron columns jointed by flanges wcre strong enough for vertical compression;
however once they werc affected by dynarIIlc forces or ho占zontal forces due to cattquake they
becalne quitc insufficient structurcs.Especially the joins of the plles became fatal weak points to
suffer bdttle fracmrc. Thc typical example was the Nagaragawa Rallway Bridge destroyed by thc

earthquake in 1891,froln which a lot of lessons were lcarlled.After this earthquake disaster,cast

iron bent pllc piers、verc seldom used and the bttck、 vell method or direct foundation became the

general method for railway b五 dge substructurcs.

The bhck wcll foundations wcre firstly adopted oll a large scalc for the substrtlcmre Of thl
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By contrast,bent iron pllc was developed as gencral IIlethod for offshorc or lnahne construc―

tion、vorks.Because of the regulations for constiuction on the sea,the alternative method was llln―

ited alld bent pile using prefabricated Piles、汀as superior in meeting the regulations.The basic idea

of ths method is still etほciellt at prescnt and carly expedence of the bent iron plle pier wヽas fol―

lo、ved by many other pier constluctions,which still use the present steel plle mcthods.

Pile foundation technology was developed by thc strong influence of westem engincering,

especially froFn Btttain, for thc execution of acmal constluction work. MIany Bdtish engineers

、〃ere involved in the consmctiOn 、 vorks and the 」 apanese accumulated their experience and

learned through the works.い /1atehals and equipment for constructioll that had been imported from

Europe 、vere gradually superscded by domestic products. ァ 1ヽl these processcs were magnificcnt

examples of technology transfer for structural pile foundation as well as in other ttelds of engin…

eenng.

British enginccrs' contttbution to the dcvclopmcnt of the plle foundation in Japan should be

specially mentioned. Raiふ way Departments or other organizations of」 apanese govemment hired 4

lot of Btttish engineers for the constrtlction of rail、〃ays,p9rts roads,bddges and many othcr civil

works. They carrled out thc construction 、 vorks with the support of industり  and Cngincers in
BritaiII.

It should be recognizcd that the technology transfer、was transfcr of the systems as wcll and
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