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o
No | mave | BE
(mm)

1l 46.5 25
2 46.5 25
3 26.0 25
4 52.2 25
5 100.0 25
6 100.0 25
6-1 95.0 =
7 72.5 25
8 51 25

F-431.4 WET—4

(mm)
1 48.0 25
2 48.0 25
3 90.0 25
4 106.0 25
4-1 88.0 =
5 62.0 25
6 56.0 =
i 64.0 25
-1 60.0 =
8 68.0 25
8-1 60.0 =
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No. | B ey
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3 5.0 18
31 5.0 -
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41 | 400 -
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%-43.16 BET—2

avol)—k

No. | o U (mm) # A5 % (mm)
1 64.0 16.0~18.0
2 76.0 16.0~18.0
3 80.0 16.0~18.0
4 80.0 16.0~18.0
5 84.0 16.0~18.0
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I FEHE - 1R &b Y | MEY O ALE, i HOBEHIRELS DD EEXOND,
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PP e X OBER- R % #-5.1.2.1 (TR,

F£-5.1.2.1 hELRSAERER

. # & (mm)

Bt No. 0) @ ® ® | TuE
P2(BF) %1t 1 0.0 0.0 0.0 0.0 0.0
EEGRIET) (1|2 0.0 0.0 0.0 0.0 0.0

TiRm 3 0.0 0.0 0.0 0.0 0.0
P2(BRE) &1t 1 0.0 0.0 0.0 0.0 0.0
L& (RERT) (2) | 2 0.0 0.0 0.0 0.0 0.0

@ 3| 10.0 13.0 16.0 13.2 13.0
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W/C60%LA L : t=0.3(1.15+3x)C2/R2(x-0.25)2
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=0.3xX3.118X9,70.164=51.3 4= 50 4
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ghih D

EEA 5929292 TR, KOS

Y . EERED R
ZOfEIE,

HEREREFIZ OV T,

=) 'J!.L{cnft ﬁﬁj {ﬁ-_}k«bj HF #j:

BEERLTEY.

DR (4HD 65%REE TH) Thd,

[4-4.5.2.1 3 L OU4-4.5.2.2 |25 BRENHE

Ry i R OFiE R 2 3#K-5.2.2.1 |

WmuﬁHSFTﬁ WIS RIATRIL
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flkmmm%W@MﬁM¢%ELthnﬁ&U@%VW}TkaSWﬂﬁ‘

%£-5221 FEAOFTREZAHOEHBLNE (BEESSBRER) (mm)
Eiﬁﬁﬂuﬁ
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BAR BINME = BARE 2INE z
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@ YrE> DEEMTFEE) OBRSOERAEEE LT, TEFgtl. [ Mgk BLT 1<
P R E R BTN, (42 RS ITHENENRTOB L EbN LM LHET D L,
BEBTHO DN SEMEEHCIT T4 > Ftgk) 2ERALEZEREILND,

G AREEICAVLNIEGIT. SBAE D T PCEEO X ) @B TRV L HER
Xh. SE. OIE S ILAEICSHRROBRCHBIZS b INY L aTethiane
Bbhb, Lo T AEHE LRSI BRYE LR LR Tho b EXONET,

PLED L Do, #atkt SF BEEM LHET D L. HEETFE) ICLY, MECHVENZ
ERLTHEShELDOLHRINS, Thbb, REGBTHVWOREHIL, @ARIE I N
DHBHLEEE T 525, 1926 E(KE 15 F)YBOHFSE THRERTETH o bDOLEREN
%,

— . M OBBEEET S ICE. BOCHA THEBROEERLETH DM, R5233I0LN
iE. S SHIZP. S DHORMNBE L BRI L > THRESh TV S, IREHTOREAM TIX
A SHTH S P EEEN JIS ICHA LTWAZ EAFERSH, SIS L THRVA, SRRk
HOILEALTWA LD EEILND, E7-. FIRMERBRERIIBHEDOIM SR235 X S5400
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ABSTRACT

In Japan. the problem of premature deterioration of concrete
structures constructed after 1980°s was actualized. This is caused by the
lack of knowledge or mistakes in each stage of the design. selection of
material. mix and construction. Since then. the aged deterioration
problem of conercte structure has been drawn increasing attention and
related engineering developments such as the formulation of deterioration
mechanism, monitoring and forecast of deterioration. maintenance and
repair of the structure have been conducted. Moreover. advanced
coneepts of life evele cost which include the maintenance cost have been
proposed. However. these proposals have not been taken hold as
applicable technolegies to the maintenance of actual social infrastructures
vet.

The authors aim to establish a maintenance management standord of
sovial infrastructures which acts as a measure ot the life span of
individual infrastructure and examine in the comprehensive maaner.
Picking up old road bridges “Bankokubashi™ and ~Negishi Bashi™ located
in Yokohama city tor a case studv. “Negishi Bashi™ is removed by the
road plan and has a new bridge buit.

We researched the ruler which measures the life of a superannuation
structure. For "Bankokubashi” and "Negishibashi”, the ruler of a life was
divided into the side "functional”, "physical” and “economical”. and was
rearched.

This paper reports the problem needed in order o establish a
maintenance  management  stindard  based  on the  investigaion  of
“Banhokubashi™ and ~“Negishi Bashi™.

1. INTRODUCTION

While the concern about degradation of a concrete structure hax
swarmed the mechanism. the prediction technique. monitoring, and repair
reinforcement technology are researched about degradation of a concrete
structure. And the concept of the life cyele cost of the infrastructure
containing the maintenance cost is proposed.

However. these technology about maintenance of infiastructures 1s not
extablished as technology applicable to an actual structure.
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Although it s a reason that such technology is also immature. since
the "performance” of the frastructure 15 not defined clearlv, it 15 the
greatest reason that it is not judged whether the target structure should be
lived long or not.

The performance required of cach infrastructure is considered to be
the performance which becomes settled from each side a "physieal ™
"functional”. and "economical” It is a subject how cach performance is
evaluated gquantitatively or how the relation of a mutual evaluation result
should be taken into consideration. Most hives of a mfrastructure are not
researched from such points.

For this reason. authors rescarched the life of two bridges in
Yokohama where the conditions are different. The concrete arch bridge
"Bankokubashi” which passed for about 63 vears. and the steel plate girder
bridge "Negishibashi” which passed for about 80 years were red. This paper
reports the result which researched the life of a infrastructure from the side
"physical” and “functional”. The subject tor this research 1o realize
executive asset management was extracted.

2. Approach of research of a superannuation structure life

Authors divided the constituent factor of the life of a mnlras
mnto “Physical. ~Functional . “Economical™ and ~Syvstem Design™. and
researched the life of the superannuation structure.

A functional life 15 the purpose of a infrastructure. The constituent
factors of a functional life are an accessing function. a user's safety,
functional usability and functional improvement.

A physical Life is the time which a infrastructure can mamtain
physically, The composition
elements ol a physieal fife Ao g

faxzen

are safety (stabilitv). Doty of u o

usability.  the  influence Avmey ey [ P A s

Trdl I [
The Aot af croaicsl et

nature o circumference
environment. and durability
about STANDARD
SPECIFICATIONS FOR
CONCRETE
STRUCTURES-2001
"hlaintenance” at reference.

An economical hfe s s
the time which a
mlrastructure can mamtain
ucan[)t‘»:;:igzlll)'. The e
composition element of an i Tow snsace ]
ceonomical life is the profit ey Shilliias
and profit and loss of a

Furcten

Ooretrasion ote e
soctal-capital structure. TRy et

T e e
vagRres [T

Irmvoairet At

Firg. [: Composition element of ruler of fite
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The composition ¢lement of ruler of life 1s shown m fig 1.
3. "Ruler” which measures the life of a superannuation structure
{Bankokubashi into an example. )

3.1 The outline of Bankokuhashi

Bankokubashi is a concrete arch bridge of 33.3m of bridge length
constructed in 1940 and the Yokohama Ports and Harbors Burcau has
managed it.

The present condition of Bankekubashi is shown in photograph
Fig 3.1. Bankokubashi connected the Shinkou whart which is reclaimed
land from the Yokohama carriage way. and was used as a bridge which the
cargo and the passenger of the foreign ship which arrived at the Yokohama
harbor cross for the first time.

Steel Girder Bridge was constructed over this place at the beginning,
This Steel Girder Bridge was used in the state of temporary restoration.
although hit by the Great Kanto Earthquake in 1923, However. il was again
constructed as a conerete arch bridge in 1940, Moreover. the sidewalk was
widened to the width member which is 4.0m in 1974

Constroction record of construction and a drawing have disappeared
by war devastation. However. many data remain in the paper. the
introduction report, ete. about an all-nations bridge. The drawing at
construction of Bankohubashi shown in Fig. 2.

Photo. 1 : Present condinon of

a_E ke
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Fig 20 Drawing of constriction of Bank
3.2 Examination of a physical life

The physical ife of BankokuBashi examined safety and usabibty. The
lite from safety was made into the limit of the safety performance by rebar
corrosion. The limit of a safe performance was made into the allowable
stress of rebar. the vield stress of rebar. and the ultimate limit. Since the
amount of carge of the Shinkou whart is decreasing, Bankokubashi s
presumed that large-size car passing also decreases. 3 is surmised that the
design load of gross weight 200kN is enougl as Live Load (TL20.TL1
which will pass through Bankokubashi from now on.

As shown in Table 1. the life which reaclies allowable stress of rebar
by TL26 or TL14 is about 20 years. The lite which reaches vield stress of
rebar is abowt 130 vears. The life which reaches ultimate limit state is about
150 veass,

Table {: The residmad lije by ve

it COPrOSIon (1wt year)

B-Live Load(250kN) | TL-14(140kN)
Allowable Stress 9 26
Yield Stress 129 140
Ultimate Limit State 149 157

The crack width of Bamnkokubasi can be estimated as less than
useable limits, However. it i predicted that rebar corcodes by the chloride
ion and oxveen which permeated the inside of concrete. The chloride wn
and oxygen to the inside of concrete are intercepted, and it is necessary to
raise the durability ability of Bankokubashi.

For this reason, in order to raize the durable performance of
Bankokubashi. necessity has the repair which intercepts the chloride 1on and
oxyeen to the inside of concrete. Repair must constder enough the beauiy
performance of Bankokubashi which is tourist attractions.

Therefore. il the maintenance which usability ability and a safe
performance secure is sustained. the physical life of Bankokobashi s
semnipermanent

3.3 Examination from a function

Bankokubashi was constructed for traffic of passenger and cargo 1o
Shinkou wharf including the bonded storage of Yokohama Customhouse.
Fig. 3.2 is the progress of the amount of cargo of Shinkeu harbor wharf,
From Fig. 3. the Sinnkou wharf has functioned as a teansportation way of
marine cargo till 1989,

New Technoiogies for Urban Sqfery of Mega Clities in sk
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Fig. 3 Transition of cargo of sinnkou

However. the function as a trapsportation way of marine cargo is
decreasing with reduction of the amount of cargo after 1989, Marine cargo
decreased sharply from the 19755 and this in bond warchouse was abolished
in 1989, Furthermore. the harbor railroad which connects JR Tokaido Line
and Shinkou was abolished in 1987,

Moreover, the trunk road (Kokusai Bridge and Kokusai mam street)
which will connect the circumterence to a new harbor whart in 1994 was
opened for traftic. For this reason. the cargo landed by the whart came to be
carried to the Yokohama street and domestic every place, without passing
through Bankokubashi.

Now. the in bond warchouse was redecorated in the commercial
institution and multipurpose hall of red brick. The Shinkou wharf serves as a
sightseeing spot of the port area which represents Yokohama united with the
Minato Mirai area. Passage trattic of Bankokubashi is decreasing from the
time of construction or sidewalk extension. However, Bankokubashi is
being set to one of the sightseeing spots.

Bankokubashi was functioning as a transportation way of the marine
cargo of a Shinkou whart from before the Second World War till about 1985,
After 1983, Bankokubashi is functioning as the sightseeing spot and course
1o sightseeing spots. And the function as a tourist's passage point will
increase with opening of subway Minato Mirai Hine.

Therefore. the life from the function of Bankokubashi is
semipermanent by changing the function of a bridge

3.4 The conclusion from examination of Bankokubashi

Since Bankokubasi was built by the technology and wisdom about
material. construction. and structure at the time of construction, it is
maintaining the healthy state still now which passed for about 65 years. For
this reason, if suitable maintenance which durability raises is carried out, the
physical life of Bankokubashi can realize a semipermanent lite. Therefore.
the conclusion of Bankokubashi will have suggested that the life of a
semipermanent structure is realizable by the minimum administrative and
maintenance expense. if a mfrastructure is built by a sufficient design .
construction. and management. Bankokubashi was located in the knot point
with the Yokohama arca from Sinnkou port opening, and was the inportant
place of the traftic to a Shinkou whart. It is the oldest bridge also of the tour
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access routes 1o the present Shinkou wharf, Bankokubashi was [unctioning
as a transportation way of the marine carge of a Shinkou wharf from before
the Second World War till about 1985,

However. the function ol the transportation way of marine cargo is
timshed with abolition of an m bond warehouse, and it is functioning as the
course o sightseeing spot and sightseeig spot. The life from the function of
an all-nations bridge changed the form. and brought the result of bemg
semipermanent. The hife of the funcuon of Rankokubashi 1s senupermanent by
changmg the use form

Therefore. while claritving the purpose and the form of use of a
milrastructure and carving out accountability to citizens. 1t is necessary to

en. construction. management and maintenance of the inlrastructure
which can realize the semipermanent life by the mimumum maintenance cost.
4. Dingnosis of investigation of Negishihashi.

des

4.1 Outline of Negishihashi.
Negishihashi was three span continuous plate girder bridge. and 1t was
constructed on the moat crack river in Yokohama City 79 vears ago
* Parameter: 26.9m in length of bridge and width 10.0m(6.0m in the
roadway and pavement 2.0m 2) .
«Strueture: Three span continuous plate girder & RC slab bridge
<Term of works: March, 1926-December, 1926

+Construction expense: 42,959 27 ven{at the time of Narch, 1926)

The construction purpose is a traffic safety measure by making to
barrier-free by the mmprovement like the mmprovement of carthquake
resistance by rebuilding matched to a superannuation measures and a
present standard. the pavement widening. and the road mchnation. cte. and a

bridge stuft mtersection improvement and a road linear review.,
=y ‘

Photo2: Negishihashi current state photograph

tupstrean side: Taking a picture m June, 2003)
4.2 Outline of investigation of Negishihashi

To judge the soundness evaluation and longevity generally. the
investigation is done. In the research in 2002 - 2003. the item of the table
below was shown as a component of the longevity seen trom a functional.
physical. economical side

Tabic2: Componeitt of longevity

New Technologies for Urban Saten of Mega Cities i dsia
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Treade 1item

Funchionl side AnCess Safety of user Uise Funclion
function Huprovenent

Physieal sule Safety and Lhag gmment - Dueahility
stabality it

surotmding

Earmings | mi 1
profiability pr

et
tabslity

Profit T Admigstrative  Removal cost | Improvament
andd foss | comstrustion and expense

| martenance

| expense

The Ministry of Land. Infrastructure and Transport enumerates
securing "Safety”. "Use”, and "Restoration”. shows the state of the limit as a
basic demand performance of the structure, and close lumit (safety),
application limits (use). restoration limit (restoration). and "Basis of the
design that hangs to engineering works and construction (October 21,
2002y are shown.

Safety )
N - N Tt

The safety ete. of 4
the lfe in  the
inside and outside i
of the structure are
secured  for  the
assumed action. i

Lise Apphication bmits - Restoration lmtt Clase imit Deformation
The function  of
the  structure I8 Fig 4 Image i state of each limit
appropriately

secured for the assumed action.

The restoration: Continuous use is enabled by restormg it within an
appropriate technology that can apply to the assumed action and the range
of expenditure and the period

After the appearance, the necessity of the function improvement and
the superannuation of the bridge possibly chuefly guess the reason for
rebutlding Negishihashi to be remarkable.

Then, #t was assumed that it paid attention to a physical side and the
evaluation of the endurance lower performance was tried. When soundness
and longevity, ete. were evaluated. the following investigation items were
selected.

13 R.C.Slab crack mvestigation with digital camera

2y Internal defect investigation by infrared rays  thermography

method

3y Vibration investigation

4.3 Diagnosis result of Negishihashi

4.3.1 Investigation result with digital camera

Your Paper Title
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It took a picture dividing the object side in the Negishihashi alcove
slab into several picces with the digital camera. The image of the color
adjustment and the lens warp correction was processed. and the image data
made and made out the development image by the mmage joint. Remarkable
damage was not made out as an investigation result

However, there 15 a possibility of not making damage easy to
understand due to the trregularity of the strike patch of the conerete floor
version when the ruggedness and the pavement is widened by the mtluence
ol the type frame when the floor version is placed. too.

o 3 Tisible image Benween (G4-(52

4.3.2 Investigation vesult by infrarved vays thermography method

The detection of the defect that occurred i the floor version deep that
influenced durability by the infrared ravs thermography method was tried.
The result staved in the detection of a partial loatage of the surface. Tt is the
one by the ditference of the emissivity caused 1 a shade of the material like
the repair mark ete. of the floor version concrete difference though an
irregular temperature is seen i a part of the thermal imaging.

The occurrence of a floatage of the surface that influences the third
party and the horizontal crack m the floor version s not admitted from the
investigation result. It seems that the healthy condition is comparatively
kept . considering elapsed vears as for the RC tloor version.

|

Fig 6: Thermal nmagimg Benveen G4-0Gi3

4.3.3 Investigation result by vibration measurement

1) Measurement plan

In the main enumeration. the acceleration when freelv vibrating after
the velucle was passed with an accelerometer was measured, and the
vibration characteristic of the Negishi bridge was evaluated. The position in
the superstructure where the accelerometer is set up is shown in Figure--4.3,
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upstream side
153 = 1010 £10
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downstream side

Fre 7 Measwrmg instrument tool insiallation position (superstiichire)

A row. B row. and C row were set in the direction of the bridge axis
on the alcove slab. and the acceleration measurement of the superstructure
was assumed that it was Nol. 2. 3. from the right shore side respectively.

The accelerometer was set up A-1. 2 and 3 under the upstream side
bridge railing. B-1. 2 and 3 downstream side walkway curbs. and C-1. 2.
and 3 under the downstream side bridge railing.

The measurement did the free oscillation after the heavv-duty truck
had been passed at the same time by nine points.

(2) Measurement result

The measurement resull is shown in Frgure-+4.6 and Table-4.2. 1t was
expected that the number of same. peculiar vibrations was obtained from a
current experience with all Measurement pomts in the same span.

However. a both equal by nine points value was not able to be
obtained this time. and the result in which measuring (each A, B. and C
row ). putting. and indicating an almost equal value in the direction of the
same bridoe axis.

The character frequency obtained from the measurement result did not
come to become 13.67~19.04Hz and to conclude the character frequency.

It thinks about the measurement trequency and few ete. are thought
the acceleration in the lree oscillation small because this measurement is a
measurement by the general traffic car, and _cause.. seeing the measurement
point that cannot be measured.
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Novensher 2006, Phuket, Thadand

(o Fenrier transform of a change with the lupse of time of the accecleration

anef cadonlale.

Table 30 haractey freguency O SUpCrsrucitre

A B C
{ 2 k] t 2 | 3 1 2 3
Ist (1904 1904 1833 faiture fatlure | 14.48 | failure
2nd | unexeeution 13.67 | 13.67 | 1807 | 18.07  18.07 | 1807

< oof the superstructure was amalyzed by the FEM analysis based on the
As a result, the charscter frequency of the superstructure beeame 13 88Hx

Mote: The vig
blueprint

4.5 Summary of dingnosis result

The possibility of the superstructure that health ix kept is high when
analogizing from the investigation result of the limit Because flaking off and
the floatage presumed to be dependence in the pier on the comrosion
espansion of the reinforced concrete are generated, the substructure has the
possibility that the load power has decreased by the influence of the salt
damage.

It is scheduled that the material i3 cut out when the existing bridge is
removed by rebuilding at current vear and a detailed analysis is done about a
subgtructure.

S ILLUSTRATIONS
Although there are physical lives of enough of Bankokubashi and the
function as a transportation route of marine cargo was lost from the request
of the time. the form of a function is changed and it 15 used still now.
Negishibashi built on the other hand by the same tlime as
Bankokubashi is removed, and a new bridge Is constructing it It is because
the function as a road cannot be achieved from shortage of a width member

ete.

Super structure of Negishibashi is maintaining soundness. Although
sub-structure has received damage from chloride attack. it is conjectured
that safety is kept by repair and reinforcement.

From research of the example of Bankokubashi and Negishibashi. the
raler of the hife of mfrastructure hus suggested that it has been ndependent
at a function and safety (physical side).

For this reason, research of a ruler which measures a life is further
advanced from comparison of Bankokubashi and Negishibashi. And it s
plunning creating the simple diagnostic chart of infrustructure from research
of the ruler of a life.
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