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Cracks that occurred at the center of sidewall of irrigation canal
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Map Cracks at the sidewall of irrigation canal due to frost attack

Fig.2-3 ASR 2 & D ZKESMIEE 2584 L 72 O UMl

Cracks on the sidewall of irrigation canal due to ASR
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Cracks according to external (vehicle) loads
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Sidewall and base concrete of irrigation canal that
coarse aggregates were exposed
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Exposed coarse aggregates due to abrasion

Fig.2-7 U¥ YDA SIS T T &7 b S I H

Losses in concrete cross-sectional area with progress of honeycomb

Fig.2-8 & & 2 b K

Losses in concrete cross-sectional area due to frost attack
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Deterioration of joint materials
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Loss of joint materials
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X, BATEERRZERT, 2008), £ 2 C, #MIFHIEAL
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DWTEHEEZT o

231 BEICHRELLBBICE T 2EREARKKOIE
SREOI R
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V3B BB OB EICOWTHMPAE 17572, UL
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EHIH -] CRILEBESS, 1984), B LU 1983 FEHAR
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TN X 2 BEERBUKEE OBIBIEREO IR, =60
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(1) BEBF139 5 (1964 £) FiBHE

1964 4E 6 A 16 2384 L2 3iBHE 1L, #riBdiode
LA 55km, X4 44km Z B & ¢ LB~ 7
=F 2= FNT750OMETH S5, [IFH 39 {EHEMEEE
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Fig.2-13  Hi2 5 Ok
Leakage from canal joint

B

Fig.2-14 H#i2> 5 O LR OW I LIS X 2 F ROk
Sinking of ground at the back area of canal joint due to
erosion of foundation soil

Fig.2-15 HiEIC X D HHEA YK & BV 72 IR
Opening of canal joint by earthquake

Fig.2-16 ML T2 X ) ARFEVLT L 72Kk

Differential settlement due to sinking of foundation
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KEGBERE o2 EHEEESNT WA,

BRI OWED ) LKW EL, #FiBRN7Z
FCH IR 757km, BUEAE 51 MEM (URFOSHE) 12
FMATND, BIKEEOBEZIE, 2O S KEEH
EED L OIERWED U7z [TIRBEE ], K
BEOLOIIIPWEIT VA, REEIC AT - B
He7 EOMILEBYIC X ) KB OMERT A B D ) H# b
RRIC R 2 &7z L7z [HReptd), BL U [WEOMSE
WE] 1IN TWA, ZTOMETIE, Fig 2-17 12K
T LU, [RRBEE] &Rk 74%, [HEREHE] 2
10%, [THEPEZE] 23 16% & 7> T b, [TRIREE] 11,
[KEESERS (B Kok +E5) ozt LT,
[gnd, TFERoRE] NEoALLL TEFH &
DIFH, [KBEOREREWEOLT ], KA
M, [E25%H% - THEAARE] % EDOBIAHITHNT
W3, %77, Fig. 2-18 ~ Fig. 2-20 IR L 9 12, W@
W2 B ED TN HitbDEE, PEOFEDICL ST
N, W70y 7 KBICBYAET Ty 7 OFER EDTE
BENTVD, —F, FARBOBEN OISR (HEiEH
DKBEIER I § 2B SIER D) 1, Fig. 2-21 |IR
FTEOWCE T > 7)) — PEKEOPERD 31% & ik
LIRS, a7 — b, arys)— MEE, Tuav
7RI 50% Ll EDOBSEE > THBY, #kigar )
— MK DM BESE N E DG 5,

(2) RBFN58 &£ (1983 &) BABHIHE

1983 4F 5 H 26 HIZ584: L7z H AR AR (X, FAH
BT O /4 100km, # S 14km Z 52 & 5 5 HiE
W~ 7 =F 22— F770OMETH 5 HILEFUF (1984)
BT o 7o SERDIRA (K EHE D EERIINS R L 2 5
Wik 2R R) 12X B, COMEIZL D EER R
OWEL, FHE - BHEHWIE O AR % O IR #
WRATEY, BHEISICHEEPERT L TnE, 20
I b EERBKEOWEL, 1791 » 7, 200 M (H4E
DEF) IR AEREIN T,

RILRBBOFTAEI L VAL 2L % o 2 BKEROHE
&R E T HE % Fig. 2-22 27”9, Fig. 2-22 X 1), FE
0 IKIEE % B < BIKER SR OB EILREL, [THIE] 7%
(R [ ] DIEE 2> TwWb, 2% KRS
IZABE, A - 7ay 7EKETIE [HE], a7
Y o— MRKESTIE [HIE], METIE [9R), 79 =—
ATIE [Fa% ] 2% v, Fig. 2-23 3 X 0" Fig. 2-24 (2B
KD ERF % 77§, Fig. 2-23 1%, #EOHIRILIZ L 5
LD EEDLNDEARRFLTIZE Y PEITFTICTWLIRET
Hbo F7z, Fig.2-24 1%, #HEN0 P K EE O JRK
BEEPSTNTHET LTV LIRETH D,

WA EBEHE R O EE A % Fig. 2-25 1R T K
BEERTRIBE AL, Mt - ARETOIEE 225
TWwb, ZOMEmIE, KEHEEFHICATORKTDH S,
WM OKEREEICB W THWE LSBT AL
s, WBEOWRILBRD B K DFENTH 5 L L

Fig.2-17 #riB I 51T 5 KO W ETLRE (A2 (1966)
L0 R
Damage classification of open canal by the
Niigata Earthquake in 1964

Fig.2-18 W& X 28R+, BB (LAY, 1966)

Gap of concrete body and damage of canal
joint due to the fault

A 4.}
Fig.2-19 HEEDFREVICX BT (LRSS, 1966)

Damage of canal joint due to uplift of canal body

Collapse of concrete lining
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Damage rate according to the structural classification of open canal by the Niigata Earthquake in 1964
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Fig.2-22 HARMEPHIEEIC BT 2 KOS EEE GRLRESS (1984) X ) /FE)
Damage rate according to the structural classification of open canal by the Middle Japan Sea Earthquake in 1983

Fig.2-23 ARKETIC X 28 E03FNh (LARFES
Shift of canal body due to differential settlement

1986)

Fig.2-24 HEND @EIZ?!S(D%T (i7l<

Falling of canal from a pedestal

, 1986)
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Fig.2-25 H AW EME 2B 1) 2 BIKES OIS E I EE S GALREBUS (1984) X 0 7R
Damage rate according to the geological features of open canal foundation by the Middle Japan Sea Earthquake in 1983

ENTws (FILREUR, 1984).
(3) Frk 19 (2007 ) FBE itz
2007 4E 7 A 16 HIZS8A L 723 L il s 32 0L, 39
IR EREONORE S 17Tkn e BIR L T AMERE Y 7
=Fa2—F68DMETH L, ZOMEIZL DHE i%ﬁ
WIRNICERLTBY, #E R R ERO GRS
&SRB OB K EITE 506 # HF, 209 %}E%ﬁﬁj(
B 277 #FTIC KA TWS  GHrid IR ER, 2007)
HWED» SR 2 7 APkE-7220074FE10 H4H~5HIC
B EASEA L 72 F1E RAA IR MR B R B I BT 5 L3
I BAZK B OB F IR 24T > 720 AL BIARES 2 51 5t
ELTC, M 17w, NI 1 » FTOFE 18 AT T

??’) f:o %ﬁﬁ@ffﬂé%, Z @ﬂt%ﬁcz_ J: éjKE%@?E'T%Li, @ Fig.2-26 Eﬂﬁ%gj ) — k 0)%[]%
Wi bar 7)) — FRKEKICB 2 BHEROEE, @ Stripping of concrete at a canal joint

ETH Y 7 KEIZBITAETE Y 7 O, @37
— MHEEIC B AWM OFTE, @3> 7 ) — b kI
KERIZB T 2 RED T, GKRERHESETOEEBIZLS
IKERIIEE 72 & DAF, ©5 KM 7 EAF RS ORI
BRSE STz LTI, FHREONEIZOWTHENS,
1) BFITHA7U— MEKERICH T 5 HMFHDOEE
Hig A ORER, 7 w@?@fﬁ%ﬂ’a a > r) — bEK
B2 BT Fig2-26 B L U Fig. 2-27 2R § X9 2 Hitb
a2z —so#ER, Fig. 2-28 [IRT L) RO UE
N LHHER S Tz BIGOEEIZ, H i o g1k
FEOWLENZZ b, 4B, HHMEAHEE L -3
THarrz)— FRAKBIEIETPFRHRICAELTED,
BB 0485 LM IZMEBEDME & R YA DFE LD 2 &0
ERVASYAY Y /NESTNCY (s Mol
2) BETOvYKBICHETZETOY DS Fig2-27 2> 7 ) — F2Sifi L CRIVE L 72HK7E
BTy 2 KBTI, WD L 2 ST RO Repeated breakage of concrete at successive canal joints
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Xr7uy 7O (Fig. 2-29) X, K LTI
WERNDPER LR U bR SR 7ay 7 ok
nHHY (Fig. 2-30) RSNz, IR7 T v 7 KEEIL,
HHEOEIL S VIZE ) 7ay Z7FEESEES N TS
7o, RIS D HHE O T RMERIGERETE TH%
L7zbobEZOND,

3) aAr7U— M ERICH T 2RO HETE

HHETIL, Fig. 2-31 1R 7 &9 2RO REA RS L
72 MR Z Db OORHRIZIZE A ER SN &b,
Fig. 2-32 (R T & 9 1T O g O 2T i T
EPRARRCEIE L 72720, HSH% L7zt E 2 b,
4) A7 — P ZREBKEICETIHEEOTH
ar ) — IR KBTI, Fig. 2-33 B X U Fig.
234 |\ IRT XD RO F ) REMIZ X B HME O
TSNz T2 7)) — FTREGKER L, BT
Hary ) — MREKBEET D E 1 /8L )V4720) 4K
RIEEAYE , BEE D i 20, ERAER, 20720,
WG L TEM LR <, B cIhizeELs
N5,

5) KEHEELTOBEICL BKEAELEDER
KRR CEE LT S KRBT, MENIZXS
OB OB 27T, [EEAEIEE L -5 (Fig.
2-35) %, MIBEDZETE L7256 (Fig. 2-36) HSE.H7z,

Fig.2-29 70 v 7 Otk
Breakage and collapse of concrete brocks

8515 (2012)

Fig2-30 70 7 OENHH)
Damage of concrete blocks

Fig.2-31 MHEIZ BT 2 MR O 1 %

Breakage and collapse of fence boards of a drainage canal

Fig.2-32  HIHE HHLOBEHERI

Damage to guard pile of a concrete drainage canal

Fig.2-33 T REEKEEIZ B 2 k031

Gap of a precast concrete canal
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6) AKMDIES

Ay KM BE DR & Fig. 2-37 1R, HIEICLD
IR EEHR AR ATHERT T B L, 3 AN L S 7
T2z EZONDL,

DL B oo sCHkR AT 38 & OVHT i U v bk i 58 o B A A
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HKFLEPWR L7272 EZ N5,

@BLFTHLa 7)) — MREKEE T, B> 2)
— NOBEBARL L RSN 2L, BHEBIZ 1K
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7)) = MPTHESNTHELRY, ik Loigite %
STWhlDEEZLND,

@E7 Ty 7 KEERMHE T, 70 v 7 RO §i 7%,
EHAH LRGN UL, HEEERC
ARFEFINZERL X9 & LK FELESHAL 2
THEEZLND, FRHIRT Oy ZKEEE, TaY
B EHMAEIZD 72N THESINTWE0,
BERHEOEORE 2T\,

232 A 7 — MHRKBRBMEBOESZA HZXLD
f#BA

231 Tl L H1C, FREFBIPHEICBIT 5 R
SEH BB OWE IOV CHIA 21T - 75558, B
Eary 7)) — FEKBIZBWTHMBEIZIEE 2 E L
TV LBEIRAHS 0 & %o 720 HHEEOIEBATERE
SITIKIEELE, Vg D EE 5 o> 224 DL S M i | S
ENTBY, fifEH B & B (150mm X 5mm) 2%
sm R THE SN Tz, HMbEAMEE L 72K O
M2 IR % Fig. 2-38 127”7
HHEEGOFKR & LCid, KEOMFEE L ORMEE #
BN L BKEIREANO B M EOEH A E 2 5
Lo BHTE 3 v 7)) — NHKESO HHENE, 1Rk DS
IREEARICHL DA E N TEIRE o T B 720, IEARIR
WX BEES T SN THEHC 2D, IRRBGE B2 &
FORIE RS> TV D, EIANWMBENDER L 724

H #5800 0 JRAR L D22 d 2 I 28R A IS &
D RIKACTERASH 72 o TW AR AR L 72 & %
ZbNb, 2O &L, HHEBAEE L-KEOHIZ,
Fig.2-37 |Z7R§ & 9 2K EEHRAR 2 D b D DS ERAERT /5 17]
B L2 L BN LERZET OO0 H 722 L0 b

Fig.2-34 “RELGIKEEIC BT 2 HIbOR &

Separation of a precast concrete canal joint

Fig.2-35 s ICunE L 72K IRIZ B U 5 B oo B1E

Collapse of canal sidewall besides a high embankment

Fig.2-36 @RI L 727K 612 81T B 1B O]
Deformation of canal sidewall besides a high embankment

Fig.2-37 KEEOZEHIC £ % 53K BHHIEE D385

53

Damage to a diversion device by movement of the building frame
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LA REL D, DOHNAMEBERMIC F CTE L THE
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T 7 kG 28 H OJEMETREE (L, 3 KD 34 33.3 N/
mm’ Tdh > 726
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» A 1 Fast Track 8800) |2 & 1) 1To 72, Fig. 2-42 12
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EMAAHZEICEY, HESAROBMKEIZBWTH
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RKEEEAT o720 LA L, BERICHEADIEEE L TL v,
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Fig.2-38 HMEEAMAG Lz > 2 V) — MK OEER 2K

Standard cross section of the damaged concrete canal
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The shape and size of test specimen (Type A)
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The shape and size of test specimen (Type B)
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The shape and size of test specimen (Type C)
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Table 2-1 1L/RAE H bk P10
Physical properties of the water stop and the joint material
1 KR H it
” v =/LHHE 74 7=
BlaEHR S (N/mm’) 14.7 0.98
SRR O (%) 320 200
Table 2-2 fidfko o> 7 ) — MG
Mix proportions of concrete
ey A=,
kel B I SN EZ L e 17 i (kgm’)
%
()| (em) v o | o K [ eor | wae | e [iom
20 8 60 5 44.3 165 275 810 1,030 0.688
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1) HERROHEFOWIERR
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Fig. 2-51 ~ Fig. 2-57 |Z7R 70 RO 51%, EEER
R TAMING, A2SWNINCZEM L7z L 2R L Tw
5o F72, BUEMAEORKILHMEIG )] % Table 2-3 12787,
E512, A Z A TOMRIRIC BT B EMICT & A E

Fig.2-42  fUEEER D IR

Destructive test

Fig.2-43 K A-1 OBEELIRN
Broken specimen (A-1)
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Fig.2-44 HEEUE A-2 ORI
Broken specimen (A-2)

L4

Fig.2-45 ftalk A-3 OREEIRN
Broken specimen (A-3)

Fig.2-46 ftE{fk B-1 OBIERIL

Broken specimen (B-1)

-

Fig.2-47 i B-2 OB
Broken specimen (B-2)

8515 (2012)

Fig.2-48 fitil14k B-3 ORIEIRDL
Broken specimen (B-3)

|'

Fig.2-49 HLEk C-1 DR

Broken specimen (C-1)

0

;-‘. i
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Fig.2-50 ftEl1k C-2 ORHEIRDL
Broken specimen (C-2)
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Fig.2-51 JEAHISTT & 2 OBR (A-1)
Relation between compression stress and displacement (A-1)
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Relation between compression stress and displacement (B-3)
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Table 2-3  fR KIEAMIIET)
Maximum compression stress
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A-1 27.7

A-2 28.7 28.2

A-3 28.1
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B-2 26.1 26.2

B-3 25.8
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Relation between compression stress and displacement along the
major axis (A-1)
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Fig.2-62 it (K 1 AT &+ 0 O OIS A IR

Occurrence of cracks during the loading test (specimenl)

Fig.2-63 ftatfk 1 OFER TR ORI

Destruction situation of the test specimen] after the loading test
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FEA )9~ 11 Nimn_)

Fig.2-64 fitEfk 2 O &b O O OFINFE LR

Occurrence of cracks during the loading test (specimen2)
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Fig.2-65 fitEk1k 2 DERFE OBIEIRI

Destruction situation of the test specimen?2 after the loading test
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Fig.2-66 HLEAME 3 O f & o O UNEI s A IR

Occurrence of cracks during the loading test (specimen3)

Fig.2-67 itk 3 OFER R OBIEIRIT

Destruction situation of the test specimen3 after the loading test
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Fig.2-68 fitElfk 4 AT R O OO EINFEEIRI

Occurrence of cracks during the loading test (specimen4)
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Fig.2-69 ft3tik 4 OB ORI

Destruction situation of the test specimen4 after the loading test

Table2-4  H KIEAHIST)
Maximum compression stress

fEatiR | BoAEMS ) (N/mm)
[N 23.0
HERAAR2 25.7
BERAA3 20.1
AEE A4 22.9
S fE 22.9
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Relation between compression stress and strain (specimenl)
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Relation between compression stress and strain (specimen2)
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Mechanism of occurrence of cracks

24 R

RETIE, BEHIY 27— MRABICBIT L TEAE

RO B L OZOFRER IOV TER L 72, RIZE

¥May 7y — MRKBICEETLIERD Y B, HEE
FHRETHEHBICER L, #BRICEELZBEICBITS
HBIEEO ST 2 1T-72, 3612, BTt ar s —
I B 0> H MU % 4545 L 72 BLal iR & RS L C it i an
12 & BRI TV, BB IR R 12 BT B
W7 EBEECTH 2T 5 3 > 7 ) — bR H 1
HHDOA N ZXLNZONWTERZEERTo72, TOME, L
T oGRS N,
(1) EB¥EHI 7)) — MREKEIZBIT 2RI, 2
7)) = MEMROOUEIN, BEICL AT ) —
MNERTOEMEL, 22270 — NRMKORITEH KA,
Bt ot - Bk, 3> 20— MRRDOZER - R
FIL T2 EDFETONL, FiZ, BRICLa0 7
) — MREMOEHERIL, FTARIZED TS VAN
WL, A LB EMCEL T 288 THD,
BEM Y 7)) — KRB 2ZEIRTH S,
T/, HHMOBLRhiE S BEHa 7)) — M
KA 2 ZIRO—2TH Y, KPP T Lo
Wt L atE o 2 &% v, FEIZ B D% ILRliE
X BRI, FAHMBEORE, B EORKE
E BMOBHLRE EETIESRI 20, BAalCH
1B %AT ) LED D 5,
(2) MEFITIEA LRI X B S B KR o B E
FEOMGR, LT O L) RERENHL P~ L o7z,
O + s EIZRE SN REEOSA, RIS
LB FEDRARREL AL Vs FFIZar 7)) — b
TG INEITEREOBEWS ODE L, |’
RALDEEE T T Wiz, HitToRED S
NH% v,

@K ICEE T2 D121, B AR

WAL LD T BT 5720, 7)) a—
L IKBERIBE DT BIE DS SR 5 5 o

@HHTHa > 7 ) — MK TIE, ALK
BNz & 0 BIEAGEH & o T 5
2, 2y y ) — bORER EDELET D,

@R 70 v 7 KEECAHE T, 5T A ACE 1)
WWERLE ) ELTTay 7 O 5%, &5
AR LPEAET D,

3) FBEFEMHEICBWTASNABHYITH T v
7 — MK H#EOBBGIEE L LT, DTok
IBIBH A AL DHSE L 572,

OIS &) AKEEHERT T B HEBAEAE S b
& &, IR ARERPENZHT LA NS L9 I
JEME S N A 7280, 1K IS 25§ %

@k &, LAWK EEAERT A TICETE L &
ALLTREYDay )= EMHLIETS LIS
HET 5o

BZ DfER, WKMo T > 7)) — MIE[R
SREE & 2 BB RIS A U C O g4 §
b

I WBAKREBICETZ2EERKEBNZXILOD
FeRERS TR I DB

3.1 B
LTI/ L DI, BEARMM R OKE > Ea >~
7)) — MK ZIZ LD ET BT 7)) — MEEWAS
HTBY, BUAMEETET LI v 7)) — MEEYTH
STOHLEHMICHhAHHAICE Y, DOEINRERELR &
Wex RZERDI AT B o BIRO PR O MR Z KT
XELH0LHY, FNRIhH) EUAMREEHERFL T
W7o, ERI R BRI AT & BRRERS TR
FhEC LD, ZREBENCRLL, ZRD MO HEREC



66 P AR e i s

HEBERIZTIOTHL0EDEHMT 5 LESH S,
T2, BAINLERPETEOS 25LTHL5E
LALDHEST % TS 5 72012, ZIROFSA TR IR -
BAEZ EREICFHIL, FE8RL T BEYNDH S,
BERFIEEE D D 6, MR HERE T d 5 R HKEE L
—ODOHHTOEEI B km BT h b, 2020, £
REBLEZ AT 5 EERKBEORIEZIEREIZIEZ RO
W & H N FET 5o — kIS, FEERKIEE ORERERZ TR
AU RE 2 RE N X IR IS PR S B 2%, JKAEHAKR
T¥MKE e 0FBGHRICB VT, WKTE 2HH
DR 2 S B H B L AL v, FRIS b AR
T AR, TAEEM OMA - B &I DR A TS
B72%, BHAKEEE I L CRAWRE 2 I3 2 b.
o7, ERFHOBIKD L IEKKRETHERO%
R, FUERDSURE R AN AL TN 2 B

—F, FLAREE L EORBBGRIE, A2Ear L
TATH FA (DUF i) L503) OFERSHEEEZ
WENL W, FIAIE, ar s ) — T LADEE 710
5 5 ORI, BHE Lo 2 & OBREFAEOFERMIZIL,
e 7 EORBBE RGO BEILETH Y, HELEH
LERBLDI B, TD2H, HHSTLERES
B, IRk - B EFHAS 5 2 & ST RE 2 A B AT A
Tl b,

mMETiE, FFRERMI Y27 — MEEDOIES
WHZ W SN B FHEHITIZOWT, HEFAE R E0fii5)
B 70 FRASHAN, g LR b2 H G L 2z ARty
W FE AT 2SR 7 W5 A 0F G0 L 7 A AT I 4 L
NS DHMOBURIZOWTHMN T 5o RIZ, EACIKEE
2B DKE N ¥ A VNERO IR S X T 5 DRI
DWTIRRD , fEk, HEACKREEIZBIT DK - ¥ Ao
FANIE, BRI RIC I Aa Ry M AT EDH
WHENTW e, Lo, BRI HROWE, HHEH 7
—TNVOESIZEY, TR HFSEE m R L
IR SN2 720, EEF Ekm 12d KAL) Kb~
ANVOFEEIMIITE A ERL7-5 %, 22T, Ki%
b Y AIVOL RN ST ISR RE 2 BRI T
KA X BB G Y AT 2 22T A, ZLT,
S LIRS A7 4%, B THWHILTWAKF
AR 12D CHI FERE BRI & 5 e O MGE & 17
V, SHROMBEIZOWTERT S,

3.2 BEKFIL V- MEEMOEEEZMATOIRRK

Wiy

BRI T Y 7)) — MEEYORERES NI, K%
BRI L IR 2 72D DFAlT R0, ZIRDOTZIK - HB % IE
FEVZEHI - R8RS 2 72D DFAT 2 &, Bk 4 2 SR A A A
b Twnd, & 2Tk, 206 OFEFITIZOWT,
OBEBRHALE L & OB H 7 FEFA, QOBRELLRhE
& B8 L 72045l @unEeii A )R 2 fiik & 0f 5
& LA L, FNE RO O & FR

8515 (2012)

[ZDOWTIHRRD,

321 BEHLAEREI

BEERF T Y 7)) — MEEw RIS, —ICATF
TELFHIERE A TS TR 2 F AL L
T, H#RAE, FIFEICIERAAE, Uy Ry
Y=l Xba 7)) — bOEMERERE, FUIVEICX
53y 7)) — NOFEALHENBIT O NS, DTIZIh
5 DR EOWE L IOV TIN5,

(1) BHR#EAZE

HEAAE, NREEYoIREL s> S Ao H
THERTLLDOTHY, OGOEN, 22271 — b OFHEE-
FFE, st Ta L vy A EO Y, R -
FLwoeL d OEIREMHRTE 5o FHIZOUEIIL,
Iy — MEEMIZICAONZERO—2THD,
R, WA, BiAMR EoBRT25 &R &
N Do TNEDIERIZOENIEIKE L 4513 L
FNCR DA D D720, Wil - HIROBEL OHER,
s - R L O®EIZL 72 - TIE, O UEED KN
WEELHMEEE 222 (HRKa V7)) — MY S,
2003) o

—i%lZ, OOENORAL, Fig. 3-1 [IRT LD %2
T 7 AT =& W TRRKOTENROMEZ 1T -
7 7 A= VI & B O UEIIIGO N E B E 2 3
THAHH, WEEIZ LAY 2234 U4 7% EORE N
Wb bo FOL T, MEIORES AT LIFERTT S~ )
Vav¥a—%—wfiivy, OOENIELY 0.0lmm EALT
FORTE, W7 -5 LBET— 5 %2/X—VFpary
2= —IZRAFTE L O UEINIEO W ELR DT S LT
W2 (HEEBP AL, 2007). 441329 L7t OMEH
XD, WEE T EOFMY EOFRER EEDIEL, 1E
e 72 O OVEIAUIR O W E & ME 7 — ¥ OAT - G AT RE
Wb eHEzHN5,

Fig3-1 7 7 v 7 2% — V|2 X 5 O UEUFOM
Measurement of the crack width by crack scale
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Measurement of concrete compression strength by rebound hammer
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Measurement of carbonation depth using drill
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Outline of continuous digital scanning system using laser beam
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Continuous digital pictures of irrigation tunnel lining using laser
scanning system
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On-site survey using CCD line camera system
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Continuous digital pictures of irrigation tunnel lining
using CCD line camera system
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Measurement of roughness of concrete surface using
mobile measurement system with laser range finder
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Result of roughness of concrete surface using mobile
measurement system with laser range finder
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Fig.3-11  FAH TR ORIEES (FF S, 2002)
Infrared image about a pillar of a headwork
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Fig.3-12  F2HKHIRKO AR T A 2 A% ViR (75, 2006)
Infrared line scan of concrete at the surface of spillway
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Measurement of a structure using 3D digital laser scanner

3.3 BAREICH T 2REAKE b RIVREBOZEIKEHE
BV AT LD
Ji= i I 7 e NV = G A B |7/
WES DB A HERR T & 97, 2238/ % Kiis D 3 %  (Fig.
3-14) 7% SN2 X ) WiKABEET B fElRtEnid b 2 L b
EHH RS MDA TR TH Lo L L, KEHK
TR & DILHMEFE & 2 o T2 2 BESEAKERS, it

8515 (2012)

B, HUSH K 72 O 72 1 ZaBAEK LT B B EE K
B, FEEFREIMOK L CREZIT) 2 L WEETH 5,

FIT, BERAKE N A VEMNSE LT, EAKK
BECTh My AVHATOZER A BB 7 10— F
GBI EBEICLDREL AT A2 T 5, 2LC, H
WFEFRERIC LY, B LMEY 27 20RO
THRET 2. S 612, MmikEICH 2~ ¥ ARt 1 5k
YOFEFME LT, BFEoKBORYy b AT OmH
POV THREES 5o
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Collapse of a tunnel concrete lining
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Cracks at the surface of a tunnel concrete lining
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Floating apparatus for taking continuous digital view of tunnel lining
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T2 ICX ) BEEHZ2ELT 2, 2612, il
THNZE, FlERORELZESE, POMEH Y
BICTREL R EESRAEE L 22 LH I VFERIO Y
4 Y EFDAFT TS,

3.3.3 HMETHRRICLZ 70— FREGIEHZEBED
T RERERT

9, FKEIZB W TAREEOEAMERROM R %
fTo7z0 ZAMREMRRCIZ, OEBHNIRKLZ W
Z &, QEBEBNLLGIENT, »pou—1) y IETICE
ELTHFT 528, @FEBEIKFEFIANI RS § 2%
LCMTFT5AZE xR L7 FKEEIZEBIT B HARMERE
MR B ORI % Fig. 3-17 12" 30 RIZ, ERICHA
ENTWDEENKEE N A2 2T BWTE IR
HEREAT 5720 LTS, BMEIARBOREEIZ OV TR

X5,

Fig.3-17 BAZKES T O IEANMEREMERR AR O IRIL

Check test of basic performance on an open canal

3.3.31 HHEIHERO

(1) HEEOME

HEHLRBE O RE LK N AV, 2R =
1.7m OFEHEBRIZ T, 2K 791m Th b HEEHKZT
T, KERKRLMMBERICSFAHI N TS Z L
5, WKEEMATRESNTHWAKE N Y 2V THD, K
B OV A B e 5 BUKER I BV CllE L
7o E IR 1.2m/s T, KRR 70cm TH o 720 KEE b
YAV EFRIOL Y 7o — FREGIREEE Y AL
TERYTO O EEE S 5 BN TRHIILL 72 (Fig. 3-18)
kB, AKEEN Y ANVTIE, BEFIZL—-F—0E v
7o ERE T W (S A FEM L TB Y, S HEEIKE CCD
H AT o TV UEIN S & OZROMIE % g5
B EIZE o T MM RE R O OB R & & BGE L 72,
(2) HERHER

T3, AR NICE 280gx 2 MERi L 720 3 FICE
L7-BENE, 1REAS 145418, 2B EA 1445538
THolze Thir7u— bAXEEEFED O T2



72 P AR e i s

WHT 2L 09m/s THY, Gk 1.2m/s £ D bATEN
HETHNZR T L2Z L3005,

5 N2EIKE CCD 71 A 5 DG % 58T L 72455,
IKEE N 2 R OVNERT 7 B — N SRR B AR
23 EEE L 722 LAV L 720 S AU, I SR D
HABEICER L 72 & &, JedmE e e LTl A 46O
L720THDH I LGS Nz L L, M) & DREL
DOF FTH T AEERIZE L, 3 CICHIME H D WidfE
ABME LR olze SO ENS, FKITININT 2 K8
TEWITENZ EPRER SN,

Fig.3-19 |Z A% Tl L 72K b > v Efdi %
5 407m O HLT OFEKE CCD 4 A T Wit %, B\EEIC
FEREL 72 L — =R L pEEm MG E L L ORY . L
— =% v 72 G RE T M (e s 0 O VB AU AR
DROVENNE 02mm L ETH AL Z EIZRL T, 77—
b BRI £ 5 O USRI SRR 1L O OV S UiE
2mm LA ETH o7z REEIC L DI mEE, L—
=M & DI R L KT 5 L REEEIR S B0, APED
DK % L 72 O VEINRRe, JRKEE- 7200
L, RFHOBERIRI & OBPHRL L 0EHNTHN
W E 2mm RO O OEINTORMITEETH L Z L

Fig.3-18 I ¥ 3V COHMFEIERER DRI
Onsite survey

CCD % A F OEhE
L(TZra— 1R

Fig.3-19 CCD 71 A W% & L —F —JuHi{§ & DK
Comparison between a picture by CCD line camera system and a
picture by laser scanning system
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ol B, TKEOHSI Y7 ) — METIE,
FI O O OE UG 2mm BLE (HAKZES 2005a), B
FZKEE b > AV Tld, O OENIE 3mm DL (RS
2000) ZHsEdkiE L U CRERMEITIEZ: &2 FHE L Tw
LEBDH Y, 7u— P REGRFEEEIC L ARERT
DRREER L TWD LHITTE 5, —J, KPHBOHK
M, TEKOBHEAME , BEM % fER T X 5%
e TE Lol

By 7T =@ EFH L A EREICOWTE, Pt
JVOIEE 791m (2xF LC Ky 79 —#EFT O M ERE R0
LEELZERE (M AIVNEIHRE) 25 648m (2 [1]
WEDEIGMH) LR E o7z TOBEKNE LTI,
BB CTHEL L 723582 12 M Y AVEERIZ B O R
v 7T REEFPZETEY, ZOMOEFIIFRIA
I2& B Z D HER SN,

@) ATARDEFICL 2HAEREDME LXK

Aok TR TR, 70— b REGR L E a6
L, 80BN EIROREE L ED5ET W REMEL ®
Bo Tz, WAL bk, 7o— BRI E
DT THE D HL D720, EEE CCD 71 A T CTridk
L72Bl 2 S8R BT 5 2 EWEEE 22 5, 22T
70— R EBO R Z IH 5 & & I
BELZ G T 2720, EERHICK) 5L VR E2FEE
L, R ZF L Aotz BRI S —ElE Tt
DL Cot T &85 N CHEIERBZ 1T 720

COFFR TR L 7B & AT L 72k $, 7o — bR
G HEEEO I3, ABRRTHIRICERT
E{EDORN S A7, TR E MR TS A EEHE
HNTze 72720, FEOG THE L HAKDGHE L ) AR
VISR LA, b YAV EARICELND D B
Wi ClEmAROEIAKRE L 2 ), EEPIELIIRSO N
LBGEEL, WMENRND 2 LRSI,

3.3.3.2 EMEIHERO

(1) HEBEOBE
BHELRBEOFRE L2KE > AL, 2R =
49m OEHREBEFIL T, &K 3,400m THh b, AKX b~
IVIE, KERKSLTERAKEOLARGE R>Th
D, DR 40 GER, —E LKL CoOREEITo
7o W%, EMEABEIRmOE I N T h oz,
JEBOWEIRIL S, KEE b ¥ RV E T A DTS
LTV AERIER &0 o 72728, Wikitcos A\ H M
TN oM 7 v — MR R E R A L7
AIKIEE b ¥ AV BT B FEFEHR T, EERAD S A
I E TOFER A 58 47, K&+ v A VaEE,HHHE
L7201 F 3R 1.0m/s Tdh - 72

(2) HERFER

Fig. 3-20 |2 7 11 — M B2 EETE 12 X 2 W{g & W
KEBHAREO T ¥ VI A G ERT . W liE
T BRI S 3,170m 135 (BEAE ISR BB AR
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Fig.3-20 71— Pl EmfgE L 72 4 v A 7 g
DI
Comparison between a picture by floating apparatus
and a picture by a digital camera

TR L 7-ME) ORIGNETH S, 70— b AREETES
BEBILOFTZVH A TONTROW G5 b HEON
Hil % £k 5 BFUIRO O BN HERR T & 726

50, AR AT, 7a— AW GIRE
LEICHAABMGT AL, T L HiERIEE, W
PRUEH AR, Wi bKkFEB L O —ER L S % R -
FUER L 72o BINARICHERR L 727 — 4 TlX, MERIREIE
18.6 ~22.6% T V), MRFEXRZAE % LB A O %4
HMETH D 18% UL EAHER SN T VD Z LA S 2
ol T2, WALKELR EOEHT A LA E N h
72728, ABABUTRRRVEERR TH 5 2 L PR S
N7z

PLEDfER, REEZHOFIHRELERTL 2
EWZ &Y, WiKkEOH N BRI O % &R b I
HT&X2Z &nhoiz,

3.34 KkHORyY b HXTOTIRFEEAMREEHRR
WAIREIZH D~ v AV A R OFAEITH LT
X, 7u— FREGHECCEEOBHIIATRETH L, €
CT, TWFIREEICH B N U R NVRY A K Y OEIRTAR S
BT, Fig.321 IR L) RKF IRy b AT D
FHEIZ DO W THREE R AT 5 720 KPP TRy M A T1%, ¥
PR E CREICRE. STV R ZIGH L2 b
DTH Y, PKATTE W LD ERIETEH KD
KPP EBHE L TIER2BAH STV D,

S ETERBR I 72K ORY b XT3,

Fig3-21 /KRy by x5
Remotely operated vehicle

i

Fig3-22 KO Ry bARAFIZWROFT/22 Ty 7 A=)

Remotely operated vehicle with crack scale

AFER Y b A7)
M2 0 2z

B,
=l s

Fig3-23 AKfuRy bH A FI2EDT 4 KOOV ENHE
R
Crack survey inside a siphon by remotely
operated vehicle

Fig.3-24 ZEHEOKWIIAK T TCOKRFTRY A A FI12L5
i %
A picture by a remotely operated vehicle under
the condition of low transparency
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134 YFCCD W A7, Fhds Oxarvsv7) 34
WedEFHA T A Y — ARRZEM L CTBY, HHEHRICILD
K 150m BEN7-GEAT O RETH 5, BT
BRlzb47-0, KoKy bA A 712 Fig. 3-22 127" T &
VT Ty 7 A — VR AT, O OEIIEOMERRAS
T&Eb LIl 7

B EFERBEoONRE L2V AR, 1.25m x
125m DR v 7 AET, &K 6lm Th b, KPR
v M AFIZE BT AR OOENOFEIRN % Fig.
323 IR0 KA BV R TT 5 REMKITEHE
DE L, AR VBRI L TR T A2 LI2E D O
CEINEOFE%24T) 2 L3 T& 72, La L, 3.33.1
Tl AR7ZBHIFEFEABFOIZ BT 5K b 2 AV Tyt
T DFKEE CHoe B2 T o7& 24, KD EHE
MMEL (BIES58), B ATOEIIKE LR K
DRFERT A L3 TE Lol 2O L EDOWEHEIE
% Fig. 3-24 |27R” ¥,

3.3.5 BEKIRRBICH T ZERERKE > RIVAZBOE
REES 27 LOFRE
70— b AEGRZEEIC L D EKRETOEER
KN VANV DORAEY AT JIOWTIE, Bl SRR
ZE LT, UTOL) RHEIHL 0L o 72,
OBEKIR T RO 7 DLW OYEHIHAT Z 37, B
[ZE R L 72 E, EEDREAIICHER L, #AH
RO RIEE L e E0S5ET DD 5o
@K ™ > A VAT OZEIRE BT 0 IEE 7 7 i e HUBL O
FEPHEETH 5.
@it N EE DS A L ELER IR O i S H T B
5o
OIKFEROFEAI TR DO EIE DS TV HEEE T
H5bo
D072, E LG S N5 SEEHIEEARN, i
DRE % T 2 WHEARE A 2 E oW D B A
BLSd B o
F72, KHFORY PHXFIZEDL Dy AR AR
DRI DWTIE, FAKRDBEHEDE KB TOMIIC
REES NG E V) ENRDH L, 72720, KFBFORy b
AZITHHICHERET 2B TE 5720, flzITEEL
A= R, BEEICEAL L CORKERAR L, W
GBI LI OB RE A G HE D Z L2 L Wk TO%
KHBIIEACTEAWREDSH 5, Z07-0, BEifEEE
VSO ZERGEANFA OWFFE % 6D 2 DS 5 6

3.4 &R

AETIE, £7, BIEFEKFIY 7Y — MEEH D
FREEZ NIV & N2 M 9 2 AT, BRI - &)
A% B8 L 7oAy, rBE R oS R B 720 fisk 12k his
L 72BBEBAM OBURIZOWTHOM L7ze IZ, EKIREE
2B BKEE N ¥ R IVREBOZEIR IR REZ: 7 10— b

8515 (2012)

NG EBEIC L 2HES AT 2L, BELE

P AT L OWEEE & EREDMGRER RO W Tk,

E 512, WIIREEIZ S BKEE b v A VR A kv OFE

Fefire LC, BEFoKRFORY M4 2T O#EAEIZD W

THGFER 4T o720 L C, RS L7z 7 u— aliiging

EBRICLDHEY AT L, BXOWHFEOKRTORY 7

AT ZIKEE S ANV OREREZ I ~EH T 5124725 TD

EIZDOWTEE Lz, TO#E UTokmnrson

720

(1) SR REFMmoHEFE LT, HBHHFAE &%
W2 EBERFALE, VNI Y SNy~ —=12LBa vy
) — b OJEMRERA, FULVECLLZI Y
— MOHFEALTHAES BTSN S, BIE T, IR
7 O OEINIROME & WE T — & DR - HH
e M ER R R, Mo HEICT > 21 — b
DIEMEEEOHEEL L KRB DR E - HEED
FRIS T RE 2 #E B O W ERZR S HE SN TB Y,
SHRIETO L) RBEROEHICL Y, o IE
ERREZHATOEIHFETEX S, $72, &
AL - (L% Big L 22 oHe & L,
L —H— I & % BETH W {8 fe i 5ilf, CCD 7
A Y H AT X B EETE R E AR R, i BUH
BEREEICL D7) — MK O ERE
HeBH DTSN B, TS OFEEM OWEH
2L, WiAKEERIASBE & L5 Fif 2 BT b Ry
HCHEOE A DOE/AFFTE 5, 512,
VTR AS AR 8 7 B 1 e L 7 A AN o )
ELT, MR- T 74, 3RIEL—F— A
FxF— FP—FNVAT—TarEIFEHLEZEIR
PEHM T N L. FIHRT—E 7T 7 113,
RESGEHFICE YD FHEAFHIRES NS SO0, KER
BREEW R ADRBEZIED T 2 WEINIIB T 5l
T ENOFHAPRRETCE L, 3RICL—F— X
Fr =R N—=FINVAT—T a3 IZDOVTY, #
NALED S D VEIIUEZ FEMICEHCE 2 2 &
EREEP ORI R ERRELTETHY), &2
RUHE T 7 & RKHBH R OBRGEZ Wi A~ D1 H
PR T E %,

(2) HAIREEB S 5 BEHIKEE b >~ AV OZIR % f0E]
REZ 70— P REGREEEICL 2L AT L4
L7z, BIHEERBOKR, RKEBEO OV
FIR RS X O OV EILIE 2mm PLECTH D),
HIK % o 72 0 D EN R AR Z - 72 O Ol 7
& EBOBEEIRG & DR B O UEINT
HUZ, WE 2mm KD O OENT L HRHTRETH
LIy hotze 7z, A NHB AR O AR
BEEHWFMAEEEBTLIL10ED), H#E
HADF W EZEMEERICDIEHTE A2 &
BTz,

=77, UFO L) LEErMHL N E ol
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OB T HAD D EEOLSHEATES, Hl
BEICHAM L 785 f, HEAVKFERIICEEE L,
BIZSIRD BFE L U EHSEES B TREED D 5 6

@IKEE b > A VAT OZEIREE FT 0 TR 72 (7 15 <2 HASE
DYFENHEETH .

Qe T AR AL RLER S O 5T SR T d
%o

O DTFAL TR D EHHEED R < 7 VT UL IR B
TH5b,

DD, S RE

WA, RO E Y

DN LETH b,
S50, WIRIKEIZHE P AV A RO

AT E LT, BfFoKkpaRy M 2T O

PIZOWTHRIEL 728 25, EWEOBEWHAKHTT

i, BEMICEO L CHog A2 8108, ODUER

MEORHNZITH) 2 &N TEL T EDMHRTE, 72

721, BRI §RE S W T H

L7200, IREEN 7 & OB DPIEMBA OB D3

BThbo

L 72 &3 5 L B S8
ST e WG IRE R 2 &

NV RFEAMEEROFHETRFEDEE

4.1 &R

FESEKFER (6 L Col ) e B RE SR 2t 3 & 9 %
eI, HILOHEITIHE ) MR OEREIL T A, v,
EOLXWVICET LA TUMT LI ENEETHL, %
{LOMELTIIMERE O T HIBRBE R SRR & S
b7, MRLT DRHOHERE LT L, S
INZHAETFHFEERET LLEND L, B2, 25
a2 70) — MEEWOLERETH B L L REICD
WL, BB AT 5 TORBCRMEL 2 5 ML
RERTALA v Evio, IMEAEEROa Y 7))
— MANOBAICHETL2FMETVPREEIN TS
(AR, 2007),

—7, BEEARMMEICOWTIE, HHar Yy — M
IR DREHEN 22 PEREAC T iR Cd 5 [HL— LR ] 7%,
BREAEDOFIIEOFTREN TS, B Ll
1, BEMOKER S AN 7 B TG L 72 B RERS WG R
ERETLIER S 5 2 LIk DER S B L FRE T LT
Hbo WHEREDTFE T, EBEOLBILTMIIBWT,
8 4 O OWRES WG RIS & H— bl %
IELCTRROMRMET 2 HEE T 2 HikEd b & LTw
5o LAL, BIERMFERXICIE, $a > 27— MRK
BLUAMZE, 4 7T A4 2 KRS AV, F o BHE L,
FAHEARBES, KPTE Vo 7ot 4 e TREDSHATE L, HidED
Ty 7)) = MEAFTHRL, SREES TS R Sk 4 T
HbHo EHIT, ITNH ORI T 2 R F R B
e, EHMR EOBRLAET S, 00, ek
LA - R D BT RE R B LT FEOML 2B T

HbHEEZ D,

RETIE, 9, BEFEKRFMERE DS O M5B O 5D
2B 2B TFUFEOBIRIZONTHITT 5. KIZ,
SEE 7 BB CAT o 72 B3R RIS DO B RE RS Wi S 2 H
WC, BB, ST A2 KBS v, A BHE T,
FHEARBES, KM, BE, EE, EXEMiconT,
~ a7 A LS ETFIME TV EER T 5. 7
LT, BABRY AL Vo2 THRAS, TR R
MR &\ o 72t K BN B UEI O 21T 9 o &
512, <o 7T )L & B blifiic X 2417
WETNVOLEERIT) L LI, LY KEOEWHILT
B FLE ORI 72 5B OPEIZOWTERT 5,

42 ABFOEHBEYICH T B HETFEFE

RIS B 2 S B o EY T, ek
SHALTEFEIC OV TOZEIHED LN T 5, FFIC
HEEOTECIE, BILTFMETVEIERL, FEBEOHM
FEHFHOKEIEH L CW 28D 5, LITFIZ,
B OHEpl L LT, ERAE, SIS X OV L
BT BHEF T O FEIRIIC OV TR RS
(1) BREBICH T 5HETFAFE

BEHEEICBT 25 FMETIVE LTIV 78
ETNUNH D, ¥V TEPETIVIE, HDHIREDNH K
OIRTEIZH DHEEZ L o> THB TR 2T FETH
H (a7 EEETIVOFEMIZOWTIE, 43 Tl
%) WA T7EEHETIVEERIEA L TV AHA L
LTIE, 72D HIBT BEEN LIEROMEFRERL Y 2
7L Tdh D [PONTIS] %% %5, PONTIS & ik, 77 ~
FECHEEEM T S [PONS] ICHKT 2 (B - milll,
1995)o PONTIS [2BWTIE, 24ETEICFE I N LGSR
D SR RN D  FHM OEBE 2 W o015 T
YOG T A I o TSR L T b, F
LT, &%BET v 7 WERERD T EICBBEEORE W
TR AT HMER, 2FEMTRE A5 IR
REjICRATS I Py (HERIERS) ZHWTELTWD
(AL, 1997). %72, PONTIS Ti&, & 55 Lofif A
W ORGERFATE OFEER % 312 LTS -850 Tl
ETFNVERCLY, 2 B EOBRLERT — & HHEES
N5 & HFYIC GG 21T, BESLTFHE T L2
BIEENEHMAI R > TWD GEIE - AT, 1995),
2F Y, HREEDHE R D T EIZHBETHE TV OT
DA 52 812k %,

PONTIS (2 B1F % RC IRIRDIBHHLETT T M OB %
Table 4-1 (2753, Table 4-1 DFIA 5, BEHLHILELT
PEETH - 72IRIRDS, BHERT#ES T L ITRKE 2
BET ¥ 7 OEDLEEGDHEI L T A5 5 %,
72720, ZOLIETHETF VL, B EEEOTHM DL
FETEHDTIE R, BEOBRIZBIT S RCIRR
HEENRE LT THDZ LIZBETALEDND S,

—7, FEOENCBIT L EHEOSILFMFERICE, d
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Table 4-1 BEFZALAETT (RCRRD (BEH: - HiJIl, 1995)
Deterioration progress (RC slab)

(BT : %)
. BOHER (FF)
A i® 0 10 20 30 40 50
1. XA 100 73 56 40 30 21
2. W& Ty 7 E TR E R 0 7 19 15 11 8
3. BRFHEEH, Wrim KR 0 6 8 7 6 4
4. SIHICHITLIHEE 0 4 2 16 17 13
5. fAsE 0 0 5 22 36 54
Table 4-2  FERERF O M4 FERTAAAE  (lbiFE LR, 2006)
Soundness evaluation standard of bridge materials
?ﬁ{g}_ﬁ Y1 Y SR AR ey AN
Kaiiny AR SR 2T
I BERFE L, RBLEMROZIFEL 228015 D, 1
I ERRE < FEMFRA % FEhE LATHE - AR oS DR 2 )
TOBENRD D,
I HERRD O, BIHEELTOMLEND D, 3
v BENRD LIV, EOREZFET DLEND D, 4
0K SRIRORERP B BT B, 5

BRI L 2 b DD D B AL E R OFHITIE,
M DS (HRESE) * aEEr B ohe
BHEHEXSICEDE 1 ~ 5D 5 BRBECIHMIIL W5
(Table 4-2) , HALTHIE TN OVEKIZ Y725 T, 7,
JeHEE R Tl RSB S NGRS REE H W T,
R4S O L ICROBAE T L OBIERMR £ L, &
SRR EANOFHFEE R RO TN DL, 2D LT,
& HIR SO EEEH A D LI TR L S
WA E RO T, HILHBEHEL T2,

2004 4E 1 F TIZER S WA HEE R OGBS
B0 L, PCHE 658 1G5 DR D Ml &E 7T — 4 %
i L TR L 721Vl 7V 6l % Figd-1 127R$
ZOHLTFMETIVIE, OHBILERPEFETE R WS

5

\\

4 \\<
® 3 \e\
&
g
£,

1

0 S 10 15 20 25 30 35 40 45 50
(ESIEEES
Fig4-1 PCABEMOLILTIE TV (LiEEEESS, 2006)

Deterioration prediction model of PC slab at a bridge

REEN B HILENIC L 25LOBE T L FHAHE,
@MEBAGEFROFM T L BRI DTHEENIZEE TS
%, OFEROBREIZLMRCMEN 7 LI L) T —
¥ xS 5 2 L CTHREOR EARE, Lo 7ohE
BhHDb, L L—HT, SHBREESEOSMOE -7
DL TV B2 0, FFEFITEOTIHME L
RO WE Vo 2 N D L & LT\ b (bR
. 2006) o
(2) ERHEICH T EHETFAHFE
BHEEOSHICBWTIE, RIS (1990) A3~ )b
THEEET N EHNTT A7 7V MO 26
HOBREE KRB L, sSEMHIZE) SiZopRREOH
BETUTALTEZREL TWE, BAMIZIE, UOE
N bHIZHIMNGES B X UK Y= oRE T — 5 »
LA SIS PSI (Present Serviceability Index) & IFFIE 1L
LIRIEE W CHiZEOIREL S BERF O T > 7 TEHMI L
KT 27 OHODEEVRAENICHER T 2 K0 %, <~
a7 HEPEEHNCFHIT L0 THD, PSIOFEEX %
X (4-1) 12, FliZE DO IRRED P A4 % Table 4-3 |Z7R 3,

Table 4-3 HfHEDREOF M (Kilin, 1990)
Soundness evaluation of pavement

Z 0 PSI xfhis L5
1 4~ -
2 3~4 -
3 2~3 Eqinpus
4 1~2 R
5 ~ 1 Tz




PSI=4.53 - 0.518 logs — 0.371y/ C— 0.174D?

o MR IMO MYE O ERFAE (mm), C:
OUBNE (%), D:DIEBINE S O3 (mm) TH %o

)»b—,
=

— -

BN a2y ) = MKBEOBEH B X O SIS LEIC T 2% 77
DHHMERALED 7 — & 2 A L TER L 72§ RKE 0
MRt OfEAEZAL (10 4£[H]) % Fig. 4-2 127" ¥, Fig.
42 L), DRI IRRED S R 4 LB MESR T L
TR L 0050

(4-1)

F72, RIS (1990) 2%, R A WAL TR (L)

(3) BERICH T 2HLTFRIFE

10 - BT BU B HFWTREL LT, IS (2003)
&, wova 7 ESEE gk T 2 2 — b RGBT
TOFBATHMETVEREL TS, LT, HILT
% 8575 WE TV ORI G 72 ), B D% LR % RIS Rt
LR 221 SEHILE0 ~HLEV £ T 6 BRI CRHEL TV A
= . (Table d-4)., FRAAEAIZIET S, AHHEIIT 5 4%
a5 71 LEOHHROEE (FHESH) LTV,
FIBEA A & 35 4EAHEB L 7= HABRRL O~ L 2 7 3K E

0.0 -

1 2 3

Figd-2 S IRREDHERBIERORBAELZAL

4

TN X BTl % Fig. 4-3 12789, Fig. 4-3 X1 1)
TEWAERUAE - THILDOHEAT L 72E 5 OB G55 4 121
LT MERD 555 o

5 6 7 8 9 10
HEAEEK

Secular change of transition probability of pavement

Table 4-4 FAEOHILEEHIERLEE (RIS, 2003)

Deterioration evaluation standard of a pier

RIERH
A 1 1T 1T I\% Y
STV ERE o oeries
HEH L CAsRbRE R g BEEEL EGHELL
(BRI £ 365
. B L 7= gk o Jg
e . B L~ gk Lk B LERBOR i < i
SEFRER NS EGITR NS DI S b LT
Hons o
I o 2T HE0.0SmmE 2 A T mmp, |-
Z e 3 Az £ A N N . N
0 mL JICOUBRE IRCOUBRT L poomnan 000 -
o biD S
5 _ _
N . il 57 1A {2 0.05mm difly 5 [] LZ s lmm L
Az £ nz NE]
o aL f%ﬁg;g”” f%g?%ggg PEOBEROVHE  EOBEROUER -
L BROD
TATTRERERR e REAR ORI
WK L WA ~SHE o B - -
BEROIS %
. BB %, # 20~S0% R DTE  SO~T0% RO 0% O,
s - pe SL =L B - HVES RO X, REE- FI%EAY X, HEE - HITEA R - HESRLS
: % 0%k HEnD Rbns na
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HALEIV
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LIS OFBEL ()
Figd4-3 FHABRMOSCHET T AR (hNS (2004) % —EREIE)

Result of a prediction of deterioration progress at a slab of a pier
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4.3 BEKIEHOHIETFRETILOER

B E DL TFEE TN O IZ 472> T,
Wik B & B LA HINC LR R RR AR 2 b oAk
AT IR T — B Do SNETILE
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Comprehensive evaluation standard of wide area master plan survey
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Table 4-6 A IdSEAAL AT WM A O REL 7 — ¥
A number of soundness data of wide area master plan survey

i 5% X 53 TR XSy T — 2

27 464
7K FH 65
KEE (BAAKES) 1,797

tok K (A4 FF10) 1558 4712
K (ko) 229
AN 167
L 432
27 1,753 208
K 493 ’

HE poss 0 2,598
HE T 282
5 441
JHE T 82

B & Tfl 937 937
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Table 4-6 LIS FEMEAEARETI A O T — ¥
A number of soundness data of wide area master plan survey

P (X, =C) Ipy 00 1
am =\ PX,=B) || pr l-pp 0| 0] 47
P (X,=A) 0 p» 1| |0

P EOEMFICEDSE, HALTFMETVEIER L7z, £
FNDVERIZ 472 5 Tld, Table 4-7 |28 T K LEEHER
REMER L7z MERMHREOPEIX, FEHHEY 7 2w
B LICE ERMEET ATITLEEHBILEOLD S
EEATHEIYIZ Table 4-7 DA CTHEIBEI N L L) ICL
2o BB, HEHLEDOEDLEEDOET—FIZDTIE
Fig. 4-4 1 X U Fig. 4-5 O HAEH R HILEZE D E & % H
WA S, Fig. 4-4 3 X OF Fig. 4-5 TIEHA L% 10 £/
TOILXYP > TnbH7, ZEHIEEREGIEE 10 ER O
HFREICBITLbDE LT,

HERBMEROPIEIZ L 725 TE, BEHILED D LHE
MWEF— & OBMEIZED < X 9|2, Table 4-7 D ALFE
HeRFE T [EEOMERERDO AT — HILEEA
OFEEEET— 5 OWRE] OfEELHY KL, FHEME
BET— 5 OHILEEE I E I %2 2R TER
L7zo #ERBMEREEOBMLEHI L LT, A (IKR) 12
B 5L OHERETESMEH % Table 4-8 127779,

HERSTRESRDBEIZ S 72 o TUE, /D REE AT
BIEEOMAE DY T L ICHLES GO REM L FET—
¥ O E R T IERBEFE L, FEREA R D & <
7 BRI R 2 EE L7, HILESHEGOET— ¥ LR
fiE D P EARRIE B % Table 49 I27RT, ZDk X, &
— S BROD I HSEROEE L 20X DX %
KT 4720, HHERT DT -7 HO KRNI L D E
AFT AT 72 1T, PEREEEE L, BAEMIZIE
Table 4-9 DD, @, IR T L H 12, HEe s HD
HEIZBWT, SMHERENENOT -5 BE KT —
T ORED _FeZe KIZT Uiz IV CRHEER 1T 720

Table 4-7 Z{LEEHERE F D)

Example of transition probability

R 4 4% 0 1 2 3
HHALED C 100 99 98.01 97.0299
5 EE B 0 1 1.97 29107

(%) A 0 0 0.02  0.0594

HEBTES (CoB: 1%, BoA : 2%)

Table 4-8 Fil7REE (LA) OFHCEHERRER BN
Temporary transition probability for a prediction of deterioration
progress of open canal

HEB i CoB (%) HEBiEE BoA (%)

2.2 32
2.3 33
2.4 3.4
2.5 3.5
2.6 3.6
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Table 4-9  FH/KEE (A) 12515 B REFREIE B

Example to calculate determination coefficient for a prediction of deterioration progress of open canal

BT (CoB ; 2.2%, BoA ; 32%)

B ?*‘ Z A @i@g S ETF—&x, FHEEY, (g’ 0y’ (XX ) V7Y )
BN QOERIR)  (PRIE) (%) (%) N D N @ N @
A 218 0-9 5 0.9 0.7 229071.9 232624.2 230841.2
A 364 10-19 15 1.6 5.9 365432.7 274763.1 316871.3
A 455 20-29 25 6.6 14.1 325335.0 168762.9 234317.0
A 550 30-39 35 25.5 23.6 34141.1 52283.3 42249.4
A 195 40-49 45 37.9 333 41539 0.1 -17.4
A 14 50-59 55 28.6 42.6 317.5 1211.0 -620.0
A 0 60-69 65 0.0 51.2 0.0 0.0 0.0
A 1 70-79 75 0.0 58.9 1111.1 651.4 -850.8
B 218 0-9 5 2.3 9.9 210035.2 120116.3 158835.3
B 364 10-19 15 12.6 22.5 155909.1 42611.0 81507.4
B 455 20-29 25 25.9 28.6 24910.6 10261.0 15987.7
B 550 30-39 35 384 30.5 13917.4 4377.2 -7805.1
B 195 40-49 45 28.7 29.9 4153.8 2248.8 3056.3
B 14 50-59 55 50.0 27.9 3888.9 406.1 -1256.8
B 0 60-69 65 0.0 252 0.0 0.0 0.0
B 1 70-79 75 0.0 223 1111.1 122.0 368.1
C 218 0-9 5 96.8 89.5 877804.2 687082.0 776610.2
C 364 10-19 15 85.7 71.6 998731.4 533808.5 730158.5
C 455 20-29 25 67.5 57.3 530296.5 262272.4 372937.2
C 550 30-39 35 36.2 45.9 4462.7 86930.2 19696.4
C 195 40-49 45 33.3 36.7 0.0 2275.8 0.0
C 14 50-59 55 21.4 29.4 1984.1 214.4 652.2
C 0 60-69 65 0.0 23.6 0.0 0.0 0.0
C 1 70-79 75 100.0 18.9 4444 4 209.6 -965.2
Xy Vg 2D 510 EiiO)
33.3333 33.333 3791212.75 2483231.349 2984088.187

72, Table 4-8 DHERIEFROMAEHE 5 x 5=25 #
DIZD W CHER R 898 L 7245 - % Table 4-10 [Z7R
F o Table 4-10 £ V), BRI O R KM L R® = 0.9496
Th), oL xoHRERIL HLEC>BN
2.4%, HILEB > ADI34% L% o572,

P EoFNEIZED X, Fig. 4-4 B X U Fig. 45 O fit H
EHNBILEOE S IOV THILTFHET V2R L
720 BT NVOMERIC NS5 TlE, R 2ET—5 D
HOLMHFHMETE L, MRERIIERNIHEFET
—EL LT,

72751, BREMICOWTIE, TR L L it
HAEFDE 20, AMEO AR O Eh THE S
NDHTENL v, ZO70, HILTHEETIV o
IZ2WTIE, Fig. 4-5 [ IR 4 TOES MO U4
MBILEDEE %2 D &2, 204FE~304EE L7,

<V a7 A L CER L 2SI TFlE TV &
Fig. 4-7 B L ' Fig. 4-8 IR ¥, B, ET7—2 LDl
o728, Fig. 4-4 1 X UF Fig. 4-5 O fit FAE ALz
DA BERAEDETIERL TV D,

Fig. 4-7 B3 X U'Fig. 4-8 |IZ7” 3 L 9 12, HfLFillET
WERERST A LT, L)WM TREX SR, RERX s
MOGALEPDFEETE D L) oTze FIZIE, TA

TEEMR =Y (D*@) = 0.945862415

Table 4-10 ERFER O PRI E B
Example to calculate determination coefficient of a transition probability

HEBHEE BT

CoB  BoA  RERKR

(%) (%)

2.2 3.2 0.9459
2.2 3.3 0.9462
2.2 34 0.9461
2.2 3.5 0.9456
2.2 3.6 0.9448
2.3 3.2 0.9488
2.3 3.3 0.9493
2.3 3.4 0.9493
2.3 3.5 0.9488
2.3 3.6 0.9480
2.4 3.2 0.9489
2.4 3.3 0.9495
2.4 3.4 0.9496
2.4 3.5 0.9492
2.4 3.6 0.9484
2.5 3.2 0.9460
2.5 3.3 0.9468
2.5 3.4 0.9470
2.5 3.5 0.9466
2.5 3.6 0.9457
2.6 3.2 0.9404
2.6 3.3 0.9409
2.6 3.4 0.9412
2.6 3.5 0.9409
2.6 3.6 0.9400
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A deterioration prediction model (1)
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Patching of irrigation canal surface by plastering method
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Fig.5-4 Ly ar 7)) — b3V LEOREAERTT X
Typical cross section of resin concrete panel lining method

Fig5-5 LYy ar 7)) — b3t )V LEOfE TR
Irrigation canal repairing by resin concrete panel lining method
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Fig.5-6 KIEZHRMC X % Hib#liis Tk oM ZE (B AL EUR, 2008)

Joint repairing method by water swelling materials

Fig.5-7 JKIZHRMIC X 5 BB Tt TR (B R B,
2008)
Joint repairing method by water swelling materials
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50mm

Fig.5-8 IG5 /HnAE H b Tk O BEAET i 1]
Typical cross section of joint repair method for concrete canal by
rubber elasticity

s e R

Fig.5-9 I/ut%aE H #h T3k o TR
Construction situation of repairing joint method for concrete canal by
rubber elasticity
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Fig.5-10 23 FIKEE O T 2 280K
Mainly defective events for irrigation open canal
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Fig.5-11  HH##isICH 515 Tk

Joint repairing method

Fig.5-12 & X ¥ N EV Y VREHEMIC X 2 #ilsERT 02k
Defective events on repair materials (cement mortar)
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Fig.5-13 ¥ — V) ¥ FMIC & 2 #fiEE T 28Ik
Defective events on sealant materials

Fig. 5-14 IORTHIETIE, TAHAZ T I ¥ —1C
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UZ v FALE < 7K & A8 7K T
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Fig.5-14 U 7 v ML AL #ifs Tk
Repair method with by cutting a U-shaped groove

Fig5-15 TA A 754 05—
Disk grinder
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Repair method with a structural bonding tape

Fig.5-17 BA3S L 728505 — 7
Developed structural bonding tape
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Mechanism of water-stoppage and elongation
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Water leak amount test
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(a) B Hi~ > i TR L

8515 (2012)

4

(bR L 7 Sk

Fig.5-20 B K T K S 7= 55k
Water leak amount test at canal joint
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Determination of peel strength:180° peel
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Elongation performance test
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Water leak amount test in irrigation canal
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Result of peel strength test of sealant:180° peel
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Result of peel strength test of structural bonding tape :180° peel
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Training for farmers to repair canal joint
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Condition of structural bonding tape after two years and four months
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Studies on Technologies for Function Diagnosis and Simple Repair
Methods for Concrete Canals

MORI Takehisa

Summary

Stock management is a system for appropriately maintaining the functions of the vast number of irrigation and
drainage facilities in Japan. Carrying out stock management requires research on and development of technologies
to diagnose the functioning of irrigation and drainage facilities, methods to forecast their deterioration, and suitable
repair and reinforcement methods. Therefore these studies are aimed at the following: (1) Analysis of defects arising in
concrete irrigation canals, (2) development of a technology to investigate the inside of irrigation canal tunnels as water
is flowing, (3) formulation of a method to predict deterioration of irrigation and drainage facilities, and (4) development
of a simple method to repair small concrete irrigation canals.

In Chapter 2, analysis of investigations of damage to irrigation canals from past earthquakes revealed the following:
(1) Rising and uneven settlement due to liquefaction were common in irrigation canals on sandy ground; (2) when there
were high embankments along a canal’s sides, canal sidewalls deformed and collapsed; (3) in cast-in-place concrete
canals, concrete cracked and fell off near joints due to the effects of water stops; and (4) with precast concrete blocks
and concrete panel canals, blocks and panels collapsed, and canals as a whole were deformed.

Breaking tests with specimens simulating a canal joint revealed the following mechanism of damage to canal joints
by earthquakes: (1) When joints are compressed lengthwise along a canal, water stops are compressed in a way that
pushes them into the canal body; (2) when the water stops are compressed, their ends tend to deform laterally across the
canal, leading to tensile strain that exceeds the concrete’s critical elongation strain; and (3) as a result, cracks occur near
the end of water stops.

In Chapter 3, a float-mounted imaging device was developed to discover defects inside irrigation canal tunnels as
water is flowing, and which was evaluated for the performance with field tests. It was found that the device is accurate
enough to detect cracks of 2 mm or greater width, and that it can also be used to detect toxic gases inside tunnels and
otherwise confirm a tunnel’s safety before visual inspections by people.

At the same time, problems remain to be solved: (1) the device sometimes overlooks defects when its horizontal
orientation changes; (2) it is difficult to accurately determine the location and size of an defect; (3) analysis of recorded
images is difficult when the water is flowing fast; and (4) underwater images are affected by water transparency.

These problems necessitate, for example, future research on attitude control technologies to enable us to obtain
stable images, and imaging technologies that are not affected by water flow velocity.

Further, an existing underwater robot camera was evaluated for the performance. And it was confirmed that it
was able to measure the width of cracks in canal walls in highly transparent flowing water, but that it had difficulty
taking images when transparency of the flowing water was poor. It is therefore necessary to research other inspection
technologies such as sonic water leakage detectors.

In Chapter 4, analysis of the current state of techniques to predict the deterioration of bridges, pavement, and port
facilities revealed that many deterioration forecast models use Markov chains. And a deterioration forecast model that
applies Markov chains was created by using results of function diagnosis of irrigation and drainage facilities throughout
Japan. The deterioration trends of irrigation and drainage facilities were analyzed with this model, and this analysis
revealed the following: (1) The ease with which deterioration proceeds in the following concrete structures is indicated
in order from greatest to least: Irrigation canals, pipelines, canal tunnels, pumping stations, head works, sluice gates,
and dams. (2) Although the tendency for deterioration in mechanical equipment from greatest to least is dams, pumping
stations, canals, and head works, differences in deterioration rates between structures are small, and mechanical
equipment deteriorates at a faster rate than concrete structures. (3) With respect to electrical equipment, except for
dams there is hardly any difference in the probability of transitioning from deterioration state C (sound condition) to
deterioration state B (slightly deteriorated condition), and it is therefore about the same as mechanical equipment. Again
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with respect to electrical equipment, the probability of transitioning from deterioration state B to deterioration state A
(seriously deteriorated condition) was far greater for canals and head works than for other structures, which indicates
that much equipment is replaced soon after having been found to be deteriorated. (4) Buildings exhibit roughly the
same deterioration as concrete structures.

Further, comparing the Markov chain model with a quadratic curve type deterioration forecast model found that
both models showed the same deterioration trend; that is, the more deterioration proceeds, the faster it proceeds. But the
Markov chain deterioration forecast model has some problems such as difficulty in forecasting for certain parts. This
will necessitate accumulating year-on-year function diagnosis data categorized by facility and material, and creating
deterioration forecast methods tailored to individual deterioration mechanisms.

In Chapter 5, analysis of the defects seen in small concrete irrigation canals and the existing repair methods revealed
that most defects are damaged joints, and that the materials mainly used to repair joints are cement mortar and resin. It
was also revealed that places repaired using cement mortar materials often deteriorate again, as when the repair material
cracks or falls off. This is probably due to the inability of repair materials to keep up with the expansion and contraction
behavior of the joints in response to temperature changes. And it was also revealed that cracks and other deterioration
occurred again in places repaired using resin sealants. This is probably due to UV-caused deterioration. Further, existing
joint repair methods require widening joints with a disk grinder, showing that procedures must be made simpler.

Next a simple joint repair method using a sealant combined with a covering tape was developed, and which was
evaluated for the performance with laboratory and field tests. These tests revealed the following: (1) Leak tests found no
leaking in laboratory or on-site irrigation canals, showing that the method has good sealing performance. (2) Comparing
the adhesive strength of sealant alone found that polyurethane resin sealant is better than silicone resin sealant. (3)
Covering the polyurethane resin sealant with the covering tape improves the adhesive strength of the sealant. (4)
Polyurethane resin sealant combined with the covering tape has the ability to expand 6.92 mm. (5) The developed repair
method is simple enough to allow farmers with no such repair experience to perform the operation in a short time. (6)
Field tests found that the developed repair method has enough durability so that defects will not appear for two years
after repair.

Future research will determine the adhesive strength required of the sealant in combination with the covering tape,
and will use a follow-up study on repairs made in the field to verify whether the developed repair method has the
intended number of durable years (three to five years).
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