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In this study, a methodology was developed to efficiently manage civil
infrastructure by appropriately controlling the demand that influences the deterioration of
infrastructure (for example, traffic volume on bridges, as it is known that bridges with higher
traffic volumes deteriorate faster). Specifically, the methodology was developed to simultaneously
optimize dynamic demand control policies and disposal timing for two alternative bridges under
reduced demand conditions, demonstrating that the resulting policy can increase the value of the
infrastructure and reduce management costs. Additionally, to apply the proposed methodology to more
realistic situations, new proposals were made to solve the problem of combinatorial explosion, which

had been a challenge in optimizing management strategies at the network level.



B X C—19,. F—19—1, Z—19 ()
1. WFFEBRME S PO 5

WFEB AR S 417> HBUE, FFRICE 5 F T, mERFE RN RIS S NG, miEE g,
ETFKER EOEIEER (LT, A7 7) OBMEBRREL > TWnD (Bl xE, BHEx
HEEPE DB DB AROROMRFEE - HHf OfEFHE, 2023 4% : £ 5.5~6.0 JK
M, 2028 F-JE : %) 5.8~6.4 JE[T, 2038 4F£ : %7 6.0~6.6 JK[, 2048 F-JL : K 5.9~6.5 JE[T).
S5, THEERSDTFEELICE) AMAR BHEST, 10773 A b (DWW,
Ty RV ALN, AT THEFFER) ORE, RN A T TEEFICE 5 THERO
FREE 720, T E L CHENA TEERMENERE I N TE TS, 47 708 HE
PEDRD L, AT I AEREZRRETHZ ENEE LR, Bl EH (T2 L0
IZFREBEL &, 2P A L NEHOBEMCE Y A > 750 EBRHENR+FCE/mTE 72
SBRHAEMERHD. ZDTeD, v~ X VA NERHZNEHLT 5 Z LI FHAZTEROZ LD
Hhn (RIAEZEOEK) 2R Lo, FIHENLZRICA 7 72 FHARETH VT L7200~
FVA L NERZBEYNCHESR L TP KO R TRNEE LD,

B L DB E DA v 7 T~ A2 MIFJEE LT, B (RiEER L) I2 L 55ibfk
OEROMIIZEET 2 BEEM AN RICERBIN TV, D OBEEMRIEORIRIL, 177
DFFEOHIEZB L TA v 7 7 OHRBERSHFMEAHEH CE L 2R LTS, £ 2 T
FMOKRRE 72D ONE, “BIRFRERIE A2 E U7 B LR OFIE N A 7 T Rr T A N TEDORE
EARERDON, £iz, EOXHICHNEFEEFHEZE/HITIIERNON THY, ZOHRER
WFFERRE DT TRV ERE LT, BEEDA 7 TRV AV FMFRIZBWT, T4 794
I VEREFMEEL LIS - 2 A I U IR TIEE WoTmv 2 A v MR O B
LICBAT BB TFET D0, v~V A LV PEHAOKESCU A7 DK EWoTo A v 7 T~ %
DAL NOFEEALDTZOITA T T OEINTE RN 2 BRET 5 & 5 RBEEMRIXZ 2 E TEN
SN B TREITIZFEE Lo Tz,

2. WHEOHEM

FREOBERITIE, AR TITARNAZLULTO@Y &RE LT :

® (LT TTRVAL MIBITLETFEGEOA ML BEES 5

® LRI RIS T 2 BT A 0D fc i S H 7 R A AARBUICHRY £ LD D
IS HRZERIZ L5208 (FREHIE O R

#) &1L VBEHICHITT 5. AT =R : MEGEAST Y O%5ILBE
I, BE Gl 06 CTHIEE (e el BB REFBRLOSEEE
) PEBT HMRCMED LS A 2T g bee e S — VA
FEREELTVA. SLBRICIIREEMES g

BIEL, £ > 7 705 LIRE (L) otk
GEEIC S X mEEEA Y — ammc sl W
SHEAMEREEZEZD. 22T, 427 T O
MEMBGHEOBREEEZ L. AEOREEA |
BBz H71%, K1 IR T L1, SRR 2 N

HSx A7 T OBBERE B HIE LT e [ERS
D&, A7 T DFEMEENEMIIT ST HARER AR BRAWEm

HZETHA. \

*
: A i . BEHEA Y
3. BRREOIIE . Bl EESIEE L (YRR
BT T, A7 705 biEREEL~ /Lo }ﬁé@ f%’%%ﬂ%u#ﬁﬂ (B —2A)

TR L ORBBBRTEELE BT, v B

752 RAF A LOEA DAY T T ORIESED 3 Y HEHIH (N2 —2B)
YA 2T R RS B OB BB )

W7 L— AT — 2 ZRRE LT 4 FIE > A
EP, K2 IR L afiEtEobs 2 T »

ZIRWT, BEREDITHEVERE S TV X-1 ARAF7ED B DO EF

NWin—FHEBEET LR EE %, FEPFEIEH

A IV T ERHERREOVSAATRO D Z 2 E 2 5. HBROLILEIRIIAZEEITKGFET S &
L, BEHIENC LY, HEEEPHIETE AR EEETS. 20X 5 2RIk LT, &ER
DBEFEH A4 I 7, FHEHMN O KRR COFTEFE A Z —> (856 5OBRIZENTZ T DOZLHE
BAHET LI wRERELLT DL R hERE~ /L a 7R EBRBRICESERE L.
WFIEBREA M ANE, LR OB T EwE, LVEMRA L T TV AT A AV T Ty NT—7



A5 Z &2 EL TV, L LR \
5, RN A v T T Y AT AD R 21 M
v RV A MR EE T BRI, AT nn
B (AT TVAT LD L VELHINEE °
DETEDBER, 177 /XTAOMIEI/J 2
DA 7 ZIxTHHET 7 > = /@nf-ﬂ/\ " °
B OBEMEDIER) ORIENE L, AP P
L ORMBICET L. 207D, éfﬁ]@lﬂ? Sy W
FHMIZHE T OEEZ Iz, BINEEZEHIERT
BHEDIA L TTVAT A AT THRY JaN 7 V7).
R — 2Tk B R YA L bR =2 SR
MRy hT—27 L-ULD~ XV A v MMk b)) e icxt L CGEf e Tt 5 L 9 72,
MHATBROMMEFTIEDORBICEIRZELS L E L. B, K2 2355 L LI-BARTER L
METBRBAEDO OO FikimeAaGbE s Lok v, JPo 2 &SE8O BT EREE
H5.
FLEEIRRE DM TIE &

LT, EHEETLHIEE Bt B+l

R RE/ K 5 7 iR L 2314

—ZEY, AT TUR %%%%% = ﬁ%%%g{%
T b DORHE N R DR ZE ] &

gi j 5;{% gogji/ij fggfg SEQRECSL, FHREE SO BIEDRE

WO B S0 o . Bufic]
752 AF KK LT, 4@1@4@@4@@4@1@4@@;& e e e e
WX A NEHOBE 4 | 3 2|4 |2 114
RIEE-Ex &< (Teb

“LO, ﬂzw-(?*‘\/)(:/]\%ﬂ% DZ*@@ Z%%ﬁ‘ﬁ%
BEUATB) KOk - ; \ .

S IP ROty e 3 TR X DAERE AL 0#E 2 )5

%%mﬁmb fE ) L —

WX D BUEM ARG ERER T2 RO D X O e HEmAE I T-ICIRE L, R L2fiEr L —
/vi AT T VAT AORGUIIG U T THREDERESNEEH L, FR~vX A NEH
DA EK D D THDH. FOWaRAZK-3 1277, Mo 1~4 O¥F1E, Hob ke
(1 23 b 4#&%%m)®wa%%waé l¢£&@%%ﬁ%ﬁb@ﬁAi,ﬁ
ﬁuqm%m% WX D EZMENET L TLEY, FR~EX VA N HORE RO
%o%ﬁk%<ﬁé.—ﬁf,Eﬁ?&@%%ﬁ%%@@%ﬁf@[%@f%%%%S@%y
TZIZK L TTMEELITO 222Xk, BRIV A NEH OS] TOAEL S E#ERE X
D, ABFETIE, ZOXIREBXFHEZHEAE~KRTOMK THERINDA 7T AT AIZHEH
AIREZR & DL *&Mttﬁ& Z, BfEO~/La 7 kERRE KBTI CTHZICEE L.

4. WFIERCR .
F-1 BT EHIE OBR

*2 TgﬁEﬁ Lf:?% v %_ ﬁ\%a I/ﬁ -
ST T O 1 SO COmEE
FEIEMIREIC O\ T, 12 fE2 L HEHY K SHES
R F AL T 15 O 5 R g A
ot gl LUESE: %%J 3,739,649 3,754,998 15,349
1X, BLFEA LRI A (A1 > 7 7 OftifE) (0.41%)
LT, x 8 L ) AT , >
SEA (R HIH A (4 3,711,374 3,728,982 17,608
LT 1 B (0.47%)
(RSO NN 13 R —— -
Bhr LG, o - AEFRF - OB - BEREELT 28,275 26,017 2,258

TIL, A > 7 7 Offifi (-7.99%)

R D WA RAR
Rl AT DML N TR Y, RITRT L OIS, BEFEC LY HIFRARIEMNT 5 &0
IRBFFONIZ. £, WFFRARIIESME A b E e, MBNRERERMN TH DHER -
B BEEEMIERT 5L, BINTRERIEZFE/mT LI &Ik Y, BENELY b 8hE M
ZIRMTED L WOMRNPGEOLNTZ. THOOMRIL, BNFEREOAMELZERL TR,
LOODOHMPER SN EEZDND.

ZD XD A 7 T OMEOEEINLE FRRIE, #RETFIEIC LV B S 707 5o B 1) 75 2L
MR L0 RIS L. K4 12RO ST RIEE TR ERIEER O —plzrd. FXKTE, k



REE~TH#E(,1) (1,2)

U712 1
EIBE 0.9
0.8

B40.7

$R0.6

m

i)
|MM
_0.2
0.1

U>72
EXBE ¢

(2,3)

(2,4)

(2,1)

(23) (34)

024638 101214161820225?36283032343638404244464850

(-4 368 B ) 7 22 AT 5 0D — )

S OREAE AT NI TR S L2 2 IR O
NTBNA, DB G4 EFTHRFIZATEII

FARREDO T 2R T, XTI, RIZ, e

(EHEER) %@Lt%é@%ﬁﬁf@mﬁﬁgﬂ@

w%%fbfwé Z DFEITH ,ﬁﬁﬁﬁwm%f Bl (V7 1) 2% oxEs (il
X KRR B EE) iy L, T0%k, 2 1B kb&b@%btw i 2 KRN RIS

mw@%Lt% LD e mBIET D XD ﬁ
é % (Z, Hlﬁilii@ﬁf'ﬁﬂi@fm’%f X, B Lo

WZHEGE 2 [T

71

-3 T L7z
v hU—27 L~
LD A b
e 5K f i Ak 12 D W

CEANICZRBREZRL DTS Z &l

IR5.

% ﬁAb&wﬁfﬁﬁwﬁ BT DT
BEAZ <MD L, EFEIEY A I v 7 THLNHEE L7 RE

B Wibw&% VTR EENS) L) el s — o RN EHEINTWD
HBEBLTC, SHINT-K

LD (Thb
5. InbDE

T B AT IR R O 22 51 2 iRl U, SRR 7 AR O A M 2 B L

9,000,000

8,000,000 r

T, BORIERE  F 00000 |
B4 5. 100 B o

Mgk CHERR B gﬁ”""”w '

AT TYAT A L | %
Wt LT, PR A Q ' .
D FEh HFIEIT XY "\ 4,000,000 *
ERwFXVA L ®oq
#BHOF#LE X K 3000000

5 &0 kR ul

~ b a7 RE R
ZWRLTERREL
72, -5 120, 7%
FIEEBETFETIED
NRr—h7m o7
4 T Ol R A
Y. BT, T

2,000,000

1,000,000

0

CBEFE QOERT OICHE)
REFE (FHREICEDIL—L)

e
.

9,500

9,700

10,100 10,300 10,500 10,900

A4 784 o NEROHRFE

9,900 10,700

11,100

£ 7 A 7 LEH X-5 ETIEROCBFTEONNL— 7T 47
OWIFRHE, Fk~ =%

DAV NEROSEBOELSITME BB E LT, ELa B LIRS 2 RiEfii %
K, BEEMERICB T D74 794 7 VERAOMHEEOER~ XY A NEROSEORM
R —bh7a T4 7L LTORLTWS. RRICRT X910, BBEFEL BN, #EFE
DFFWN, TA 7Y A7 NVEHOYFHE L R~ 3T A > NEROSEO RIS LE FIChET
HEIOR R VAL MEKABHTAZENTETEY, BEFIEICLY, EREHOFELE(E
EOBRNET7A4 7 A7 NVERBIRBT DXL 9~ A 2 MaRPRED L9 2ERBES
ni-.

BETHEOAIMEZRIET 272012, BETECIVEHIN RV A MaRE28RA L

%A, BT ;D%ﬁéﬂtvz/%/b%%%ﬁﬁbt%ﬁ%ﬂ%hmﬁbf,%V%
InayIal—ya Al VERR A MERAEREBE LZ X6 (21X, BEFETEICLD
SN KE~ YA Y MERERA LEZBEOFER~ 3V A NERAORRINELE T T
InmayIal—raryORITIEIORLTWS. RKIRT L 91, BEfFFIETIE, FR~ X



VAV NEHDE
BIEIC xR LT, HuE

FLEE DAY~ % P ] I — 1
A2 NEHO L

AT %5 R L7 T ﬁ

Stz BT I, 0

BEOL&MT, BEF 6000 |

Bl vERI
TR~V A
it 5 A& H L 7=
BRDOER~ R D A
v NEHORR Y
Tl EE T H L
gy al—33
Y ORITZ LR ‘
T, FIKNRT XD il /

o

o

=3

o
T

3,000

ERvHRIAY NEA
S

2,000

i, BEFEE AN 1o%o

Lk, 94

T A 7 NVERD % 2 4 6 8 0 12 14 16 18 20
W B0 T HE N BER

TAHLOD, R~

ROUTVRIO e s S fL o S
458 A g 2 AR Tk 6 E}Eﬁq‘:{ffﬁﬂj éhfuﬁ@%f@fﬁkaZ A }x%ﬁﬁ
FB LD R R

A 2 b RE SR A 8,000 : : : : : . . . x
T&ETWahrZ &N

DND. T D5y 7,000 | |
rEBUT, LT

BICE Y, FR~ xR 6,000 |

AV NERHOR
FE 72 5l 2 Il L
AR+ i e S
A2 b i R & R
LT EWNTEDLZ

& B FHEAEHYIZ HERR
L7z,

I I TR 2,000
W~ A N
A O NYAEALIZ B 1,000
HAxy bhU—27 L
NI DT R A 0
I it 5% e AL T 1 0
DA h, SRR
WMTEERT 7 n
—FIC kA E K-7 FERETIECTEH SN MER COFER~ R A N
85 D 7L %

ARG TIEBAFE Lz, BRI DWW CIE, MRS E L ORI~ OFmSINEEZ SR Iz, K
WHED 2 2@ BT d 2 B F5 28 0O 5 S 5E 7 R DR Rz TiE, *y hv—7 1
NN R T A MEKEEAGREIZE T 2B EOMESBO CEE L 25, #HO X

IRy T =7 LD RV Ay MaRE(bFEZRE T2 L0, BH0FEEHIHE
D it Fhte 5 R OMRICITE T 5D X 5 e R3S oni-Ex o b.

ARFGETHTE LT Fikin g, 4k, FEBICEEL TP IThizo> T, FlxiE, K-2, M-3%
NI L THRE L HFIERZMAMICHNT, BEOT By bV A MIET A LD
RV A Y MR AZEH L, THOEREDTZDDLEERIY A EIT> Th ZENEEL
5.

o

o

=3

o
T

3,000

ERvHRIAY NEA
S




14 13 3 12

Vol.78 No.3
ETC 2022
D3 pp.105-121

DOl
10.2208/jscejipm.78.3_105

Daijiro Mizutani and Xian-Xun Yuan

Online Early View

Infrastructure deterioration modeling with an inhomogeneous continuous time Markov chain: A 2023
latent state approach with analytic transition probabilities
Computer-Aided Civil and Infrastructure Engineering pp-1-19

DOl
10.1111/mice.12976

2023
D3 -

DOl
Yuto Nakazato, Daijiro Mizutani and Shunichi Fukuyama
Optimal repair policies for infrastructure systems with life cycle cost minimization and annual 2023

cost leveling

Journal of Infrastructure Systems

DOl




Vol.76 No.5

2021
D3 pp-1_1-1_19
DOI
10.2208/jscejipm.76.5_1_1
Vol.76 No.5
2021

D3

pp.1_233-1_240

DOl
10.2208/jscejipm.76.5_1_233

Vol.78 No.1
2022
F4 pp.51-69
DOI
10.2208/jscejcm.78.1_51
2022

F4

DOl




2022

F4
DOl
Vol.76 No.2
2020
D3 pp-196-202
DOl
10.2208/jscejipm.76.2_196
Daijiro Mizutani, Yuto Nakazato and Jinwoo Lee Vol .120
Network-level synchronized pavement repair and work zone policies: Optimal solution and rule- 2020
based approximation
Transportation Research Part C: Emerging Technologies 102797
DOl
10.1016/j .trc.2020.102797
Guru Prakash, Xian-Xun Yuan, Budhaditya Hazra and Daijiro Mizutani Vol.4, Issue 2
Toward a big data based approach: A review on degradation models for prognosis of critical 2020
infrastructure
Journal of Nondestructive Evaluation, Diagnostics and Prognostics of Engineering Systems 21005

DOl
10.1115/1.4048787




Vol.1 No.J1l

Al 2020
Al pp.261-269
DOl
10.11532/jsceiii.1.J1_261
2021
D3 -
DOl
13 0 4

Daijiro Mizutani, Yuto Nakazato and Shunichi Fukuyama

Optimal repair policies for infrastructure systems with life cycle cost minimization and annual cost leveling

The 4th International Symposium on Infrastructure Asset Management

2022

5 JAAM

2021




5 JAAM

2021

64

2021

64

2021

Yuto Nakazato, Daijiro Mizutani and Jinwoo Lee

Determination of repair and work zone policies for road sections by optimizing a simplified rule

The 7th International Symposium on Life-Cycle Civil Engineering (I1ALCCE 2020)

2020




Daijiro Mizutani

Optimal intervention policy of bridges considering earthquake occurrence probability increasing over time

The 7th International Symposium on Life-Cycle Civil Engineering (I1ALCCE 2020)

2020

Wataru Ueno, Daijiro Mizutani and Makoto Okumura

Benefit of traffic control in maintenance /disposal decision of substitutable bridges

The 7th International Symposium on Life-Cycle Civil Engineering (I1ALCCE 2020)

2020

61

2020

62

2020




62

2020

62

2020

2021

(Okumura Makoto)

(00194514)

(11301)




(Yamaguchi Hiromichi)

(10786031)

(13301)




