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A Consideration on Maintenance and Conservation of Historical Civil Engineering Structures

Hiroshi ISOHATA™

In recent years, old bridges open to public transportation have been designated as national cultural property in Japan
in addition to traditional buildings such as temples and shrines. Quite a few local governments have been conserving
historical civil engineering structures because of their cultural value. The cultural and historical aspect of engineering
structures has been understood as important value as well as the structural function.

In this paper, conservation of historical civil engineering structures in services are researched to consider how
cultural and historical value is protected in conjunction with the structural functions.

15 historical civil engineering structures which are still in original services are selected to be researched. 10 domestic
structures and 5 structures from overseas are selected to be researched. Most of domestic structures are important
cultural property and all of 5 structures from overseas are registered as World Heritage site.

Old Ibigawa River Bridge with five 200ft. spans of wrought iron plat truss is a case of repair for the deterioration due
to corrosion. Both Kiyosu-bashi Bridge and Eitai-bashi Bridge over the Sumida River are cases of large scale anti-
earthquake strengthening. Nunoboki Dam, the first concrete dam in Japan was repaired and strengthened after the Kobe
Earthquake in 1995. Nagahama Ohasi Bridge is a case of repair and modification to extend the girder to cope with
widening of the river. Shiraiwa Dam and Hongu Dam are major Sabo dams in Tateyama Sabo system.

Iron Bridge and Pontcysyllte Aqueduct in UK are early iron bridge with long history of maintenance. Forth Bridge in
UK is rare case in World Heritage which site is composed of only the bridge structure. Vizcaya Transporter Bridge in
Spain is a wrought iron suspension bridge with many repair work including member exchanges. Rideau Canal in
Canada is a case of maintaining the canal function including changing all of the timber water gates. By examining and

comparing these 15 cases carefully, the way of conservation of historical structure is discussed and considered.
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Table 1 Historical civil engineering structure in service to be researched
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Fig.1 Old Ibigawa Bridge (photo; August 2014)
Corrosion of lower chords, especially parts near
bearing are progressing.

Fig.2 Pier of Old Ibigawa Bridge
Upper part of brick pier is covered by reinforced
concrete to strengthen the body against earthquake
force
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Fig.3 Diagonal member of Old Ibigawa Bridge
Wrought iron diagonal member is peeled layer and
corrosion is progressing in the groove

T, FEHEIIE WML R 2 & b %) BIRoEIZE
T, BROFTFETHHEDO T AOBEE, F) TS
VOB Z TG L, Fofuz 75 2 ML (Sa2
172) ok, Yo )y FTI54<w—, TRI*Y, UL

¥ OBEERET .

WL, REDE (RICIRE % 5 2 2 DI CTHEE
KRB IEHR) 12X o TRE N REEEE 2 74 R
BAHIRE AT LB WS EASH L2, L
L, 1970 £ oW TH <, BWHA»a > 2 1) —
TEbLN, HERNEORMTH 2 L v HEawE L)
HIdAD 2 ENTE LR WIRIZERWERORELE LT
FAFE L v, R, PSR Tl 7 < PSR
DRI 5 L CTHEOMEEEZ /R L, Kiioa >y
20— MEEERET A L E LA, BRI R X
RETH 5o

3.1.2 B (BI/,I5EiEE)

IHAE DI W R4 1 1896 (HHIR 29) 4RI S
72200t 75 v N NS A 2WEELIETH o 7275, 2009
11 AicwEk shzz (Figd, 5).

HIFED 7 v b b5 A 2 BIIEMO M BEERG & LT
BMHOHDOT, 4 F) ATEES M EZBHALT
1896 4 IZ B 0 At (L4 Tifif) OMHEIIGER &
LR SN, WBEOMEMIE D % - T 1928
T E SR IS R S U CHEBIE L LT 2009 4 F
T ENLY ., ZoHEFE, IHED F T 2 2D
T, MMoOBArEREEFas 5 2 & ThAREE
L LTOIHBEOMEOMAZ BRI L72bDTH b,

Fig.4 Old Egasaki Over Bridge with 200ft Plat
Truss (Photo June 2008)

Fig.5 Dismantling of the 200ft plat truss girders
(Photo September 2009)
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Fig.6 Old 200ft plat truss and rehabilitated 30m
truss
Relatively sound parts of 200ft truss members were
selected to reuse for new 30m truss

Old 2001t girders
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Fig.7 Trial assembling at fabrication work
(photo; November 2012)

Fig.8 Opening ceremony (photo; March 2013)
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Fig.9 Masonry pier of Misumi West (old) Port
(photo; June 2015)
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Fig.10 Nunobiki dam (photo; August 2006)
All parts of dam wall were grouted to repair after
the earthquake and the upstream side of dam wall
was covered by concrete to strengthen against
earthquake force based on new standard
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Fig.11 Minobashi Bridge of 113.0m span with non-

reinforced concrete towers (photo; August
2014)
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Fig.13 Concrete tower of Minobashi Bridge
Towers are to be covered by carbon fiber sheet to
strengthen
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Fig.14 Truss girders supported by main cables
through hunger cables
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Figl5 Water gates of Yokotone Lock (photo; July 2011)
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Fig.16 Kiyosu-basi Bridge during anti-earthquake
strengthening work (photo; July 2015)

Fig.17

Eitai-basi Bridge during anti-earthquake
strengthening work (photo; July 2015)

1995 4F o B i ¢ % K 78 A2\ ET S 7o i 22 i R
AT, HEEY OIS DTHHIERR R % 8 2 20 Wil B e
iz 5LV e, FEFICHRVIERZEEL, Ch
WF LT e IS E S 2 Wi B RE R K 2 5 LN
V2 O A% R TR EMEEREO KM L iz,

P HE I B ERE 2 FRAS L 745 0, TG, &IUIG I,
LAV LIZRF LTI, Wi e DI IB@EIEEEd sk
olzhs, LNV 2122o0nWTlE, £ <L O Tt i H
DFAT B L) Rl AR & vt

HMEIZOWTIE, B oEARTE K LT,
WA, EETOBMW EOK, BIUHEE LOIIKT
IS AT BRERARENT2, —H, ARRFIZOWT
&, FEPIHE, Mo —3, T—FV 7, B o3k
LRETIDHDBE T 2 2 EAVRE Nz ENE, KIUE
EHITHEAKFINC L 2R BBoOMRE LT, g
WEZEPZETICTELLEF ISR LTERESR
720

HMEIZOWTIE, LifkE & BEOMIZy >3 —%
WET A HENRE BN, FUyR—0EICL->T, |k
TR AR 3 2 MR IREE ) &, Je4 MBI X B K
MEZSHLTOWARWEBARICOABEIEL L L L,
BIML727 = DFHERRIIRD E B & L,

_7_



CREIKPEEA1GET S (TG0 T oMM
%A
T U= EMHEREE 30% L35 (FUEMO
HWEDERED D)
T RIS T BRENZ, BHEHZD 10,000kN
4% (=70000x1Gx03x%1/2)
COFEMHTTHEFOMBIFICIONTG Y ADBEND T
Y= OWY) MR 2 KD B LRI, TR 5
BHEANDOBED P SDF VS —OIRFED B L
720
78— O FEMEREE, RO MR RIS O OB A A
CLhwZ ex HZIZ, FHhrdizh 12000kN) &L, ¥
YN—DRBENVEIZITEDLZFEHEIHIMEDLLI L
R, RO T D720 D2, FBl ko
BLRLEWMELT, 1HBAEY720 1,500kN 0% ¥ 8—%

SARZRE L7 (Figl8), B, ¥y /N—=KRIkL 5>
N—HiEM I, SHROMFREEER LT, KMRE %
@@%ﬁ%& Lf:o

Fig.18 Installed STU (Shock Transfer Unit) for
Kiyosubashi Bridge (photo; July 2015)
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Fig.19 Original condition of bearings before
strengthening work
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Fig.20 Change of bearing conditions
Hinges at side spans are fixed and STU are installed
at abutments

B3 &

Fig.21 Isolation bearings a piers and abutments
All bearings at abutments and piers are changed to
isolation bearings
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Fig.22 Fixed bearings (before strengthening work

of Eitaibashi Bridge) (photo; April 2014)

Additional new bearings against horizontal
force at the side of existing bearings (photo;
November 2014)

Fig.23
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MERLTWize TOOERLEDRETIE, WK
WANDEBELELRLT ATy 7 TEPRH SN,
1970 4EACHE DR, RMMUEEKEE S, 7277954 ¥
D% O LEORET, L L TR %
FTHTLHEOERBRIFODE ORI OREXIETH 5.
2012 4E1213, REKGOM T, PR %I 8
MR SRS S OIS LEFEARBEE CTH L 2 & h
5, REMX (), WX (Ak) o¥ERi#d L
GhETY) Ry FTEICX2HREMONO—FERE, B
X0 EIF R, FRC, Rofis THErERSh
72 (Fig.24)

Fig.24 Nagahama Ohasi Bridge (photo; January
2015)

Truss graders were extended and raised to cope

with widening the river
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DIREDOTDIMZ 5N TE 2, B 124EHD 1951 412
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B D REAFROBEFIRAH 21 BMEN TV S, ZDH%D
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W7z EOFAME 5N TEL Y,
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JEO—EBICREED A L 722 Eh 5, 1999 4EH 5 6 45
b7z 0 BALD 720 D TH b Tz, EiENHIC
WHI L7z 2 K0 F ¥ A VNERD 545900 AT > F —
ET =T WAV P EBRITO LR TR N,
NEERAREMZAA TS (Fig.25, 26) ).
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2L ODONEHALM ORISR TH L (Fig.27).
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Fig.25 Inside of the tunel for anchor cables to
stabirize the bedrock (photo; July 2015))

900 cables were installed to stabilize the bedrock

[ BENFEATS
1=
Fig.26 Image of stabilization to bedrock by anchor
cables

(Illustrated by author with reference to explanation
panel at site)

(Fig.28), 31, EX107m, S 22m T, ARAS
NipEofIzay 72 )= eR LAY 7)) —
MEEOENRTH B, 1935 (HF110) 4FIE TS,
=707 L—=r®ay ) — MRS O iE
T2k o ThF2 2E0 T TR 12 41255 T L2 Y,
AR R HU0K, B X 2BHEOMRET, X
PIDORSIEHE L2 E— R s h, S L TR
FHESHTWAIED, MBIk ShTWVb,
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Fig.27 Tateyama Sabo System
(Source: Efforts to Register the World heritage of
Tateyama Sabo, R. Ishii, 2014)
The Shiraiwai dam has a role of suppressing earth
and sand production at the source head, while the
Hongu dam has a role of storing the falling
sediment in the middle region
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Main dam and reconstrucrted No.l sub dam
(photo; October 2013)

Original No.l sub dam located just downstream of
main dam was destroyed by rolling rocks and new
sub dam was reconstructed few meter downstream
of the original position

Fig.28
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Fig.29 The Iron Bridge from left bank (photo;
November 2014)
FRGHMEE 2SN TW5,
CORBETIE, TAT Y7y VOMELD L —iH
T BN NS DD E LRI DD S
WANELRE D, TAT YTy Y ORERKOMER
TRAE, RFBRREMM s L LTHbhTwa,
INETOTAT 7))y IREORAEIZOVTI,
1784 IR D 7 T v 7 D3 SITLSk, KB %
Hils % & 7o DRI T b T b (Table2 ).
TAT YTy VDB LFER—WIL, AREOANLE
LHHET, RPORKIL, 17834 7 HIZEO ikl s

Table2 Variation and maintenance history of Iron

Bridge
EH IR, A DIRIE
17834E7 | FiA IR S 30m Ok % Hiik
1784 4E 12 H | AEMOEEICY 5 v 7 h3%ek
1787 4E~88 41 | MMM DYk b B 2
1791~924¢ | 7—F V) ZITHR &8 L Thiak
1792412 [ | A& o4l
17954E 2 H | ok Toki%k (fbofgixise)
1801 4% WEBEITT —F ORGITI) A0
1803 4 WOROBEBRORE LB L2 RESNARB LYy 2V T
KR
1823 4 AREM Vv 2NV % ET —F 14T 2
1845 4f- 7 7 a—=F DT —F Ol
1879 4 7 7 a—=F DT —F Ol
1843 4 HAERELR RS R
1900 4E4¢ ﬁég;@ﬁ&:;aﬁﬁ%k LCHigk7 L — A0
1911 4§ 77U —=F DT —F Ok
1934 42 E DR &R E S NHL O BT 1R
1950 4 Fuy TMICRE e ORIk
1969 4 Y E Y ORI RN, s TSR
1972 4E~T75 4% | fFBERAL, BHERML R, WBaW RC M
1980 4 ARSI L 2 HBETH
1986 45 G S
1999 4F FEAHERAT (Rifs, ®EEEH B X OFHFHA)

(Note: Table 2 is compiled by author based on reference 12 and 13)

N RS 30m DR % Hiak L CALR o ) A Z Bk
T2H5DTho7z. TN 200 4ELL RIZH Y ZIRD %
B ZNHT ARAEDVIEL EiTbhTE Y, B
ROTA T Ty DIHRE A OHilE, #im, 2R
5 EOREDIRWATEINZFHAR S 2 & B HETH
o TAT YTy IREKOBEIZOWTIE, $HgkilH
ZHUICETE, B, W E Vv o Z2BE 2B LM A
Rons (Fig.30-32)
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1805 4E (B3l L 72 K o 7 1 4 A 5 K Be A & SR 12,
2014 AEIERUTIE, B 1 T O BOLH O KR — b A3HiAT
L, 25000 AOHATHE AN O E % 9 5 HH TI2dh 5
TARMERETH 5. T EOTREHMPAILX, 4K 18km @
WL KRG TH Do RFIEP—FA - TV T +—F
(1757-1834) 12 & %,

KEEREE, EMPREEMZ L 720ICHERIND O

Fig.30 Misalignment of connection of arch rib at
approach span of right bank (photo;
November 2014)

Misalignment caused by land slide was spliced

without adjusting
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Fig.31 Surface of iron menber near bearing of
arch at left bank (November 2014)
Members have been seriously deformed by corrosion.
It seemed that the poor water handling near the
arch fulcrum has promoted member erosion for
many years.



Fig.32

Crack of longitudinal member near span
center (photo; June 2015)

Since corrosion is observed inside of the crack
groove, many years have passed after the crack had
occurred. Similar cracks can be found in other part
of the bridge.

T, MEO2EOEE L 18D HEFH AT A %
1B58m D 19D T —F %Lz, ZOLICE34m, &
E16m D b7 7 HROKED W 7-HEE (Fig.33) TS
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AV NTHERIIE, RV FTEFBENTYS, 12
N0 T 71, 11 HoE 7 x> s g
NTws, RIFBRLEZE LT SR VARV N, BITHEAL
THINC, MOHE, KOBERIZL>TE7 AV MIE
EIEETHO0ET —F oMz sl Lz LRAE LT
%o

R T HH R T KRGO KBBREIE, 1975 F125%
REN2858 T —F DWW ORI TH %, fifs i,
B8k T —F 2B HHOMT —FANOWMBTH o721,
CNDHOERT T, KEEDOM % 5 0E 1.2m O b 7%
Z (ki) BT —F, I T7BIUOTFEHECLE
DIFEAEPEZRBYODDOBEDLNT W5,

1999 4E 2 & 2000 4E AT T, 1 AN V52 W52,
—HD T T OEEDRA SN, MFEOT =, R
Frofftl bz, 75 A MLE, WL TF

@ 15810 T
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—
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(TYPICAL SPAN)

Fig.33 Main span of Pont Cysyllte Aqueduct
Sources: Reference 14) p.17, Figure 3)

An arch rib is composed of 3 parts and a girder is

11 divided trough girder

HALEL o> 2, W SN 7ze 200 J& 4E W @ 2003 A 5
2004 4E I AW 2 s THB T bz, RO
BizowTid, kKisrs 70750y, #PEHEES
COfEFT CHBMATE % (Fig34).
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Fig.34 Upper part of web plate was repaired by
patching work (photo; June 2015)

Similar repairing works can be found all over the

girders

3.23 T #—RXKERE

7+ — AKBIEIE, &K 25287Tm TH v FLN— |
FADAIN I 521.3m T, BRMIRARETH 72,
1880 4EAR I Sk 2 S M~ DORATII T, ¥ebk, &% &
DALORERE S BFIRS LU TIRF I T D o 7GR0 8 TR
AR Z M L 2ORZ D7 + — ARE/TH -
72 (Fig.35). #Hk 1 51,000t, VX bi% 650 73 AR A3l
Hani,

Fig.35
Before starting maintenance project (photo; April
1993)

Forth Railway Bridge

BWWEDORY P T—2 L A4V (Network Rail Co.) 7%
1999 2 S L2 e7u Y 2 F i, ST
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TOfifi % ZE#H L CED SN TEA T, BIEHKICHDY
T SN BEMEEN O &M O — i #E S TR
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O/NBIRIOFTH R ) Xy M ERDD 2 b oixmE s n
FHONFEORIV b, Fx v THREORL MEIIRHE S
Nizo BEIZOVWTIE, 75 A MULE (Sa2 1/2) ok,
VIV FTIL4v—, TRFY, vLF¥ BT
D&%z DER S 2" (Fig.36) .
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Fig.36 Removing old paint films by blasting (Photo;
June 2005)
Horizontal members at tower are sealed for blasting
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YA VG, AL VATEEEOE R 7 ¥ OH T,
ANEF VDY R =B INALE T 5, A
TI2dH 2 EWAETIX18894F L T.C, AR ETH S
(Fig.37).
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Fig.37 Vizcaya transporter Bridge (A view from
the right bank, photo; June 2015)
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w5 (Fig.38),
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Fig.38 Strat of tower of Vizcaya transporter
Bridge (photo; June 2015)

Thickness of the web plate seems to decrease by

corrosion
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Fig.39 Connection between main cable to hanger
rods (photo; June 2015)

Upper end of hunger rods are connected to a piece

of member which rests on main cable. These parts

are governed by live load (wheel load) directly and

exchanged regularly.
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Fig40 8 water gates at the entrance of Rideau
Canal from the Ottawa River (photo;
August 2015)
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Fig.4l Arch dam was constructed for slack water
methods (At Johns Falls, photo; August
2015)
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Fig.42 Repaired wooden gate (At Johns Falls,
photo; August 2015)

Both sides of the wing wall were repaired by

exchanging the material from original masonry to

concrete
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