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Maintenance and repair
- making civil engineers and world
sustainable -
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Life Cycle Management for Sustainability
YRT4FEVT 4 ZEKT H72DHDLCM

Sustainable world #5¥t Al RE A tH SR

¢ Saving resources and energy together with two
other pillars FiR& TRILF— DI (fhd2%k
HEICZ)

Construction industry ZEEREEZE
o Constructing structures with long lives, or &
EHLBENOEE

» Extending service life of existing structures Bf

FREYDER

Life cycle management 47947
s OF $7 (Lcm)

¢ Optimizing cost and impact-to- e
during service life  Z3KEEE%

HEPOBRERBELEED
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R4 G EHRTEEY IS
—ZNHIRE—
Structures Deteriorating
due to Various Reasons
- Reality -
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T A5~
J_lj\; E JBEIE Corrosion makes
CO rrOS|On - X8 #%1B7/4 5 Appearance spoiled

- M EEDIEL  Steel section loss
o BEYDEE  Structural collapse

Steel
structures

arvoyly—
~EEY
Concrete
structures

2 EFRMEO/DOREFAF I F—~WE v U—b~, 2018F8H21H, LAFRER 7

TILA Y BERIS (ASR)
Alkali Aggregate Reaction

ASRIZ & 2V UEIN SRARRRET
Crack induced by ASR Breakage of
. . reinforcement

N

s

RIS#DIEZRICE D, a> 7 U — h &8RE &R DIRE

Causing deterioration of both concrete and reinforcement due
to volume increase after ASR

« I¥ 2 )= bDUVUVEIMN Cracking of concrete
s KB DOF|RMWT  Tension fracturing of reinforcement

F2 A EFRMEO/ DRI I F—~ME a7 Y — b~, 2018F8A21H, TAFPRHEE 9

Fr & REICLDEEDL
Combined Effects of Fatigue and Frost Attack

EILZILYDFRE
Discharged mortar

WiREEAMM A E SICEY 5
Punching shear strength is reduced further.
- IR EEAMBIED, RBENPLVERBETLH
4 (dbiBE7% &) Punching shear failure happens in
highways with less traffic (such as Hokkaido)

2B EFRIMEOIHORBEH € I F—~EAv 7Y — b~, 2018F8[21H, TAFRME 11

W —av s u— MERER—
Fatigue - case of concrete bridge deck —

O UEINER iR = 2 AMTBIE
Crack propagation Punching out

IR &2 AT ORAD

Reduction in punching shear strength

« BEERTRIE T Under traveling load

« SBEIRET Under moist condition — |

https://www.kozobutsu-hozenjournal.net

F2E EFRMEOHOREAF I F—~FELa s U— b~ 2018587210, TAFEHEE 8
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/ﬁ (=]
Frost Attack
MR EET
Material strength ™
reduction T
—
BeDLIER l ——

Degradation in various ways

s VUEIN, Ry TTUN, RF—UvS
Cracking, pop-out, scaling

o 58 - @I Strength/stiffness reduction

o WEMIET  Reduction in tightness

52 [ EFRME OO OREI ¢ I F—~He a7 U — b~ 201858[21H, TAFREE 10

FEOMNRIEISE
Maintenance & Repair Works in
Counties

2 @ HFRMEO/HOBBAH L I F—~Fe > U — b~ 2018588210, LAFEME 12



AARDHRMIELEE

Maintenance and Repair Works in Japan

« BATIEHRBEMS RS LTW3 D, HRFHETSILER

4> L T UL 72 L No shrinking of maintenance/repair market
despite shrinking of construction market in Japan

»unsaIsons
”. Maintenance/repair ﬁﬁﬁi}ﬂ:‘ﬁ
- o - - HA M
worl Maintenance/repair < I .
- PR works (%) ncrease in
= ’94 L share of
o] fud g [y 8 maintenance
- =t £ [ ol = and repair
'~ mislixls
or il
=il b b | Lot RAXARA
» Lt _"‘ 1 ﬁwﬁlﬂls
~ ule Restoration
- works after
) {o
A East Japan
LLE B B R A B A B R R R E R B NI BRI L Earthquake
#1581 %/ F 77 7 Ref: Kenstsu-gyo Handbook (2017) |
2 @ EFRMED tIfF—~@Lav oY — bk~ 2018E8F21H, +AFEHEE

R EDHEFMIET 5

Maintenance and Repair Works in UK

HaonH HFFHBIETIH(ER > ) 40% for
maintenance/repair in UK (in billion pound)

52 ENFAEEIMND  Inlapan less than 30% and in Korea

around 30% for maintenance/repair > expected to increase up

to 40% o0

m AllNew Work B All Repair and Maintenance

Ref: Office of

PEPLEEIEES S LSO ES

2 A BEFRMEOLOORBIHN € I F—~#E a7 U — b~ 2018F8[21H, TARFEEE

R
Issues

3DDAE Lacking 3 points
- HEFHEATE  Qualified engineers

« 2Tk - 88148 Standardized methods and codes

 BUF O RHIEES  Long strategic plan by government

B2 [0 BFEMEO O OB I F —~#e a7 U— b~, 20185F8H21H, A

AL BBETIZN30% TEREL Y AR WS40%2E 1S 2

Around

Around

40%
National 60%
Statistics, UK

MR - S
Maintenance and Repair Works:
requiring excellent engineers and technology

o A3 % EH & F L Same as medical

REDHRMELEE

Maintenance and Repair Works in S. Korea

B TIEH930% 1 HERRIE TS

30% for maintenance/repair in South Korea (Road only)

B New Work

10,000
9,000
8,000

30%

7,000
6,000
5,000
4,000 Around
3,000 70%
2,000
1,000 |

[

1994 1997 2000 2003 2006 2009 2012 2015

Around

Budget (billion Won)

Ref: Yearbook of Road Statistics (2016), Statistical Year Book of MOLIT (2016)
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HEFFR1EIC B 2 3RE

Issues for Maintenance and Repair

2 IF -~ ar s Y — b~ 201858A21H, tAFRBEE
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ELBFRIHE

treatment for human Yy
b D7 DREFEHERE, FIkH S 0EE .y
To keep human healthy and recover from sickness -

for longer life

o EEIEEEARMB L HEERE  Medical

doctor is expert with good skill and knowledge

- EEIEEIE  Medical doctor is paid well Wikipedia m

o HMEFFFEME  Maintenance and repair

« RO ICHEEEE R, SLiRGEN SR m
18 To keep structure serviceable and restore
from deterioration for longer life
o MEFFRIERMNE b S EAMH L R BT
Maintenance engineer is also with good skill and
knowledge
o HERRBERNTE D EY LM b~
£ Maintenance engineer should be paid well

£2 B HEFRTE O/ HDEEAF 4 I F—~ea>r oY —t~, 2018588218, TAFRNE

S F -~y U— b~ 2018F8A21H, TAFREE 14



R TCOIERE
Problems in school
HEESEHBICEDL AR >7T-h Y ¥ 27 LHAE N

Lacking systematic curriculum for maintenance and
repairs, which require
s ROBEMMBZHES L-HEBHIBE  Synthetic
knowledge combining
« HENF  Structural mechanics
« MREE  Material science
o TRV AV b, 4 Construction management, etc
s RIS TOEFERDBHE  Experience on site needed
s BHENTIIAERTEZ AL Class lessons cannot provide it

320 % LHiTE O 28 ORHAH £ < 7 cavyy—t 2018%8[21H, tAFE

fERRE ik

Methods for maintenance and repair

« IS OUREST  Assessment of existing
structures
- B> ZFT AL Codes = not well established yet

o ZEOMFFHEIETR  Many methods for repair
and prevention
o SRS, SRROMES EEN LAV KEL
Many detailing and many material types 2 no
standardized method yet

2 [ EF+ LIF—~ear sy —b~, 201858A1H, LAFE

fib E7 /L3 — K 2020
fib Model Code 2020

R L BRSO =k
SEADOI— K First
international code for both new
and existing structures

¢ BITOfibETFNa— K
(Mc2020) IZEBHIICSE
The present fib Model Code as an
international reference (MC2010)

AL W ez

Under revision

fib: EFEREED > 2 U — EE  International Federation for Structural Concrete

2 8] HF D7 - sy — k 201848H21H RS

ERTORA
Problems in industry

BEFHMIBEIEH>TEELRWVWI L TH- T
In the past, damages and deteriorations in structures
were “not supposed to be”
s ZTNWR, HLIBEEZRERT 2HRENH 7 Thus,
they tried to hide the facts o
- BRRINE ICHIEGE HE T S EED D - /-No
environment to educate qualified engineers on damages and
deteriorations

o MESEIE L F/ 00725 T L 275 > /= Maintenance and
repairs are secondary business
« TP R, IRTETIE At present, therefore
o FRICHBABURICHE WT, EiiZ 7 Lack of engineers,
especially in municipal governments
o TR S EL 2010 5 2/ 71 T L Z0 L) Engineers not

paid well

Lavsy 2018%8[21H, TAFZ 20

HEBEEYOiEtE
Code for existing structures

BEEEY OHERHEICHERIEEFE  Code necessary
for maintenance and repair of existing structures
« BEFRSEY OVERERT(E  Performance assessment of existing

structures
s HEFFIEIIADEET - B  Design and construction of
intervention for existing structures

XIS DIERERTM  Performance assessment of existing structures
o FEAEEY OMEEBE LB Similar to performance verification of new
structures
(’;‘;?1K LIBEDEEDFE  Assessment of influence of deterioration and
amage
o BIRDIETHEE OMEICRESFFMOEZRDOEE  Consideration of
difference in materials and structural details from current code

MRS T EDFKET L HEL  Design and construction of interventions
o FERBENOBEOMRCEIEHE L DERDER  Consideration of
difference in materials and structural details from new structures

« BLIZECEEOHBROZERDER  Consideration of difference in
constraints of construction (space and time)

52 [ EFRATE OO QRGN I F -~ U — kb~ 2018F8A21H REPRHE! 22

BiEmR e F D% ICEb 2IEHEOTRE
Lacking standards for repairs and after
repairs

o EEEACEIER®R ITEN LY No standardized
method for repairs
s ZREBEFEOTENOCREOTRZRIHEM  Need
to identify good method among many available methods
o FBIEEREOBENORIPIEREDEER  Long-term
performance after repairs still needs to be clarified
- MR IN/TBEEY OBMIEMmRIIEDHEIL
Method for repair of repaired structures
o EPRZAE (1S0) ALY No ISO standard
- aAY s U — MEEYORBEEICE T T LT a—
F (IS0 16311-3&£4) DA MIFIE  Only umbrella code
(ISO 16311-3 and 4 Maintenance and repairs of concrete
structures: Part 3 Design of repairs and prevention, Part 4
Execution of repairs and prevention)

52 [A] A FHTE 0 72 8 O IR 1 2> oY~ b~ 2018488218 =il 24
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BUR D = HA B

Long strategic plan by government

* FHH{RE  Preventive maintenance
« ZALEGHBEE T 2 BIICHEFFRIE repair before
deterioration and damage become obvious
cBF (Bie) OHINEAR S  Saving cost (tax)
« REIFE{LETE Long-term budget plan
« EFEMOFEHEN  averaging fiscal budgets over

years

s FRHREIETREIETEAEIIR  Preventive maintenance
necessary for long-term plan
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TATHATILTID XY MIRBBER
Public Policy for Life Cycle Management

- {EISFHEI3IF kD T HE & 4 S maintenance
and repair would be needed in the future
cREE LTERRLLFHRELDH D

corrective and preventive measures as options

Accum‘ulate‘d an‘nual Eost.(.m-illi.on yen)

Estimated annual cost (million yen)

‘ FHIREDAHEIR less expensive with preventive measure

ALIE T DB

2 6] #HF AT O 72 8 DR 1 vy )=t 20184:8A21H
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Annual budget

.
:
H

TATHATLTEIA Y MRDBER
Public Policy for Life Cycle Management

s FEDFE D MHE averaging budget needed
c BRERE (HEER) TIE, BRANMEEILICR
% fEB&MED B B risk of unequal distribution of
necessary budget if reactive measures would be taken

Annual budget
HRSUBOHNESCHE

' - raseas ¢ ZrasmusRaLT. 00
- ~MUEDI+ S THAL
= e v | 01~ NNEHEONREK
1 | HO ADURESRNIS
T RELT. DUITURCES
[ | p
13 /
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nllfnlgand, .. -uﬂﬂﬂu‘4~c“".
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ALIRH DBl
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8EKCTIC & 5 NEEE DA
HETE

* Computed Tomography (CT)

s AREBBET DR EE->T, REBOKTZBERLT
i BE, BBT 5 HICL > TELNIERIC
EOKEHETn w2 H 5.

« VYU —rDOREEE
s BEERENMEDND
c BB TONY FY v I EREOMILA EE
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HERF FR1E DRTEANT

£2 [ HEFREMEO-H0RHRAFH

> 7 —b~, 201858[21H, TARFERHS 32

AHIS Rl
RERBEIG, BERENOMH L BERBIRL LS RES
HHORS A DA

h 4

2 [ EFEAMED

EHEBELRKTEEAS
GG
e [

BITCTE Av/sU—bRETE

O ORI F—~B@Larsy

— b~, 20185%8A21H RFREE 34

Verification of heat & moisture transfer#h & 7k 5> &) DR FE ‘

EREEBES
Slowness (s/km)

7
7~

V.

X
,/ \\
JUN

Deteriorated concrete

Ultrasonic wave

(cracking, porosity etc.)

a7 Y — k0%t

transfer velocity
8 AR Hod

Mathematical
—] Model
Hoerer

Ultrasonic wave

Shortest Path Tracing
SP 1
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| Iterative Reconstruction Technique (SIRT) REE#ZEFE |
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1%

BEEWICELDIE, MESITTAL, BRE
BELH D

«fE3k, MRlOBEINBAINBE T

%-

RBSM simulation model X = L —¥ a »’RBSMEF L '*

N 1

CT imaging results CTEM@ARNTRE
2 EFRMEO/DOREFAF I F—~WE v U—b~, 2018F8H21H, LAFRER 37 F2E BEFRMEO/DOBFAFH I F—~WL v U—b~, 2018F8H21H, LAPRHES 38

Strength/Stiffness or Qefojfmability? Strength/Stiffness or Qefojfmability?
s - [IED T ERED 7 s - MDA T VERED 7

Sti th/stiffi €-> Fracturi trai
rength/stiffness racturing strain High strength/stiffness can be replaced

B - AE — WITES BHE - BEEBESRAZIENTES
(High cost) ¢ (Low cost) 2000 MPa strength |  EqQuivalent | 200 MPa strength
High cost (Bifl) — (BRI with 100 mm? = (i with 1000 mm?
g cos ou cross section “ cross section
T e / : Low cost HE#E100mm2T, ggEIOOOmmZ’C’,
arbon/Aramid: agnnl 200MPa
N srenath and ;,./"—______ P [E2000MPa
el {1/ Py ——— | I'Polyacetal, - s
;;E?’EI\ £ P! ¥ S AT Y T Po,zesten High deformability cannot be replaced
= = "7 | | bigh fracturing EULERMEREIRIES BRI OhE W
e 3 v v @ mom on | RUPERE—L, « Material with deformability of 10% strain cannot be
Ll RUIRTFL: replaced by material with deformability of 1% strain E#&
Figure Stress-strain relationship | BL\ B =4 10%DEFR DM EHE, EH1%OEREEOHFICEERZ
BHh—EHER Shiiy
2 [@ EFHEMEO/HORBMH I F—~FE 2> 7Y —b~, 201858H21H, tAFREE 39 2 [@ EFRMEO/-HDRBAH £ I F—~FL a7 Y —b~, 201858A21H RERBE 40

New Retrofit Method %%J i Coﬁ%@r%%% fo r\fN ol R%r%iﬁt'\gftmd
A AT AL WLINE LirC DX N
;FLﬁ [_/ L N ﬁﬁj‘%%ﬁ gﬁ ;f Competitive to conventional fiber material (carbon and aramid)

BREOSMK (K%, TIIF) LUBTBLHENNDHD Carbon case is
also expensive.
—B—  A&P Jacketing RERMHE D5
* PET sheet shows good performance — B Jacketing with Aramid ‘ & &Y B
PETS — P B LR R T grnow ST
. . Y ~ % 5
— Confining cover concrete 7°.8'1 3> < 80,000 -\ < 80,000 \
7V —bERER Z 60,000 8 60,000
o o
c c
— No fracturing FE#T L I < W 2 40,000 \ £ s0000 |\ \\—
In a specimen we found a fracture of é 20,000 S g 20,000 S—
steel tie reinforcement but no g . 3 .
fraCture Of PET Sheet 8 2.0 3.0 4.0 5.0 e 2.0 3.0 4.0 5.0
— 4t 5 n 4F ik o o b3 I Shear span to depth ratio, L,/D Shear span to depth ratio L./D
< 021,“3\2{715”( &, ﬂﬂﬁ?'ﬁﬁ%ﬂﬁ?ﬁ E&l’fﬁ b 800800 mm section 1000 % 1000 mm section
Lzt BHh T, PET— b ITERE p=1.00% p,=0.21% 0y=1.0MPa p=0.86% p,=0.17% 0y=1.0MPa

B2 [0 BFEMEOH OB IS —~#e > U— b~ 201858A21H, TARFRME a1 52 B HEFRITE O H ORSHFTt I F—~ME YU — b~ 2018F8A21H, TAFRHEE 42



Practical Application of New Retrofit Method
EBEEY~DH L WINERR T EDEA
There are practical applications. 2 EY) ~ D EHEE
N %
— Seismic retrofit of railway viaduct $%38 52218 O i E 458
— Design guidelines $KE=ZRIEFH D KETIEET

JR Shin-Sapporo station

Tobu Line JR Osaka station JRHTHLIRER
R PE JRABRER
2@ EFRMEO-HOBEAFLIF—~HE a7 U — b~, 2018E8H21H, tA¥EHESE 43

RINHGE | & 2 fsR %

B3 7@‘@ [ﬁﬁﬁﬁ
=2
:'? AN
h.- “_N '-_ _* 1
Pa A 7'1' NAFy TN
.:.;Eni @) )
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RINRUHE 1C & DR %

Sch /\/H‘ﬁ%ﬁ | WARP 1 ;ay WEFT 1 lay
G e
. @J;H_(\ :/ - 21 4 r ? ;

b AYEEHT  ware2 lay VI\IEFT 2 lay

LTz |

WARP 3 lay WEFT 3 lay
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RIRMHE IS £ DR IE

o NTHii#EE B L T
o 22
o HERICEL UL

BRI L > T Lo B
o THE (flax)
« B (jute)
. fih
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Fibres Denstty (g/cm3) Tensie strength (MPa) |Young's modulus (GPa) |Elongation at break (%)
1.125 248 3.2 25

RN B0
I~ & 518
8 Tk

w

23V ROMH

1150, 70, Flax|

600, 20, Jute

400, 12, Cotton
PEFB
A HILRR TENSILE STRENGTH (MPA)
(wikipedia)

[E] FE F AT O 7 OBEAF+ T F Mearsy—t~, 2018%F8F21H, TAPRHES 46

mm% Ay ik M

fcs /\/[iﬁ‘%ﬁgﬁ = 300 WARP & WEFT —Control
o [ TR, B 0 =W IETERE —WARP
mﬁ.za &;&\ﬂ/ 3 1lay
lea=hN ; 200
e 150 - WEFT3lay
*
H 100
3
> 50
o ‘ ' ! ! T T ]
0 2 4 6 8 10 12 14
HATRUBECOBEAELEME (mm)
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RINHAE 1= i%ﬁ@lﬁ
__Eﬁﬁ% 4 —

~%ﬁ7w— m
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% 7= (43 3

Shear Failure(3%) + Fracture
B3 Shear Failure(3) + Fracture

BEL THX N el
= g
B6( Bl) BS Debonding + Shear Failure
- 4 B6(B1) Shear Failure + Fracture

B4 Shear Failure + Fracture

3in the other shear span
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ZENLBIEIC L AEE T E

«FRPAIEM E A2 7 U — b EDREICT L&
IEEZmAT 2Tk
c ERATESHIR CEROER

cEEEEENEC LD L, EEBIRE O AR
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BB TOREMEEES OEBNEE
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Bond strength — adhesion layer stiffness relationship

KINBHEIC L 2R T %
—EM (P 2— )
A WrfEsR

EmEmOL Y KEL
RN

- L

-
= Original capatity

|
| B - -
Residual capacity
- = L o> 1
. PO S —— HAMTEIE S ¥ 7213 ) ORRE DA
(EREMALYVRECH>TWND)
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Bond stress — slip relationship
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