750 RT v — DR MR E TR IC BRI A af%E

TR EEERE (—EE)

BFZEHA ¢ 21~ 24

P T — L HVE - HUBBFSE 7 v — 7" it TR T — 4
WRFEHCSE B RARNE, R L

(E3=))

770y K7 o=, BARRIERU L, MEmE0OZEEZXL BB THO, 195 7THEICEPEICE
WCTEAZINTLK, TTIC5 0FESLEVOFHAEREEA L TWAD. ZOM, K LEI, Pasiiorfires
EOERMNBENRDHI, 199 0FMREYZL OBERAE CEBLHOL TS, Eiz, ARG S 2REEL,
TROFEICHEDILD L DI s TV 5.

L L, EETIET VH—088EVH (T2 RY) OErCRH - EHOLREDOEN R LS. Zhb
1%, AHA - BEEMEDREDI T DT, T2 —0F O EWTE T2 L 0 =2 o= RIF Tt A &
o, Lnl, 7 oh—ni L ENTRE-CREEMIL, *RFAORME - &Y & LTl i, HE OHER:
BWEOMGR L SND LD RinoTz. ZDD, T U — RS RO MG B A — 072 2
BEHINTELT, BENBE LG AICBSEEIINET 2 2 R E oz,

Z T, MNIATEE N EARBIZERT E AN B AT o —R1E, 20 0 84EIZ/ T U K7 v 1 —HEFFEEE
~=aT7 VEFRFIL, FT7U2 KT U —OHERFEBLOM 8 2 55 Lic, 7 2 1 — ORI IR B
AT 72f L LT, PRARRIR T E &R « BHERIZRNESPH NI/ 5 TWRNT &0, BUG TN
RIRDFERANCESE SN TVRNWZ EENRT HND. 22T, T2 —0OmERK E LTEERE ST\ 5
VFEROFTY, BEIEL VO RIS DM OBEE MR E LT, FHRAE L TH PR E L D4
A IV T TATRIT EDRREDNEPE LN D DD EMR AR ERAOENCTHZ 2B, T —0DEN
RO FBER 2 i L=, T OfEE, PC HFEAREHT v b — 1 T+ 2 Gt £ e 5 72 01iL, ER

(K D Wi RABDEL Y0 2 5 N B i 2 S s D BN 8 D 2 Lo T,

F—U—=R: 70 RTh—, MR, JBR, PisRmsch

1. [ZC®IZ

U, 7702 KT U h—ZBWCT o I —0OfllE
DFTEHE =HWEIZEN DN DH RPN LG TE T
Wb, T A—OBOERIFERIE, T A—DBFRET
b, TUAN—DFRIE, BEBASRIAZ A TT
H—IZBNTRERFECH 7203, B%G - fa THEHED
UGTRIC L 0 ZHERSMM TS X 912700 P RiseE
DUGESNT. ZORE, FROER COM TSI
(ZHIIN B X 91277 LovsL—J7 i, IEEICRY
BHgtH O EDI L SN D K 917> TETEY, K
ETIUSEIRSC L DT o — D RIS K & 2R
WD 2 ERTREIND.

7T KT U I—HERFE B~ = 2 TV T, EHIA
RRIZ &0 B DHER S NIGANTIE, A B
AEOHEFEEZRLTEBY, 7 a—IfetEcBb
DIRRDHER SN A EAITIE, et 2 3215 2
LElpoTWa, EEEMERE T, BisshoS BT

LHRELREER D 1 2L 72> TEY, BFhoH s
WS ST B B IBEIAB L T5 Z L IcE - 72 JFIA
ZED BRNZARIS, BT 2eBhsiih & At 5 2 Lice o
TWa.

Lol 7 v —IZxtd D EHHACHAD & B 72 5h g
T B NT 72> TR, B CLIFEMITIZ i
ISV TRV DDBUR TH D, Eiz, 71—l
BT DBERIE, FH7 B HRGI CA SIVABREE
TERNEZ D720, 1T & A CMMHIEE 2RIl
ORI WO BIRZGIZEZTZENH D0,
TEHRR CRE 2 HERT 5 2 LR G L 52 5.

Z 2T, AL CIIEAVIEE &\ O JE R K D1 oD
ARGl LC, TRIRIXBRICh Pt &
DEA I T THATRUNLE DRREDRING HALD DD
EMER D RA DN T D 2B, T h—0
A VRS DB 3205 2 Sl L 7=
2. 7Uoh—DENEIROBHEER



PV Z X 57 I —filr ok, R LT
T —DFEAFM AR5 2 L 2 B, PCHEONE &
RERAZERL, EATEORIER L OVERRABRADS|
RO A T 7.

LUTIE, S & FERRE R T DWW TE T 5.

2. 1. SEEREIE

PC SR B BRI T, BUGOR A BB 272012
PC SHFRICS (3RS & Bt LTZBRBE OB L 7=, $3A070 0
HAKGHI AR SNABEE F ORI E5 2L T, U
TOR TR & A - L DKM IS
FOIEREIUC X oW dEaE U S, Bl ol
T D PC SEOIMIZRED O & SO L S
LMW RE A FET 5.

Pl 2H + 26 — 2H — H,
0, + 2H,0+4¢ — 40H
ARG : Fe — Fe?™ + 2¢

HAMIZIE, ¢=32mm (BFE 15, ffi/7: 1,076 N/mm?’,
SRR E 11,219 N/mm?) @ PC ilfEiC 3882 kN (FERA |
BRIID 0.6 %) OFIBRIEMET ¥ »F THNFToIREET
Fv MZXVEEREICEE L) 2 @RS (B
B1) &1).

JERITEE, AR 14 FFE~17 ERE HANIZERT CENE
Uiz [7—RA7 I — O - fisiEcBi45
e (L DBEIAELRIUAEE Lz, AU —FRx
A MEOFREHZ 90°CD 20wt YohHERT > T =7 MR
AL, PC SO 150mm OREFTARRICIR T Z & T
SR ST PC S A NI IR RS 22 2 C
7114 &0 PC S A BRI (CLT, RBRAE L))
LRI % F TS A S 1 KD PC S Atk (UL
T, TR LD .) LT

7o, BRLUET VU H—0OMERERMONTZ L%
HIZ, SRERADS IR 3 Bra i L7 (BE-2). 5/

DERBRIE, JTRERBREE A TV TIT o 72 BIIREEEE, NIS
G 3109 [ZEWD BV TV D HUEHFZHPAN (19 5 N/(mm” -
sec) CHEMNZES F CRHBRIAIZF SR 12 N2 7=

50 cm

5? -1 B ERRTL

Kﬂiﬁﬂ
l | &
PC
\ fﬂ% /(EHF TyvX
§f (¢ 25 mm) . %
%%ﬁﬁ
Im -

Tl I: G B T
50 cm ‘
\

40 cm
/e °
MEY ¥ v %
s %
PCHkE i
(@ i
AT

-1 RV R

BE2 5B



BN, A TROT o — D RO TR
N Z &2 BRI, SRR ERIEE I K OWn
SKIBFROFHNA I Uiz, RS, WEkEE (B
B3 ZHWT, SR ABREIORBRAL (5D D PIEGHE
EORIEEFE L. £, WimdERE, 519 78
%0 PC SO OB L it L=, B
RITIE, BIE Y HBRED PC SRR 4 7
BT AT TR L (BEA), BRI L 2 W KA EHT
(GFEOEME) LoIR Y FFEIC L HHWiETT (5EO
JREE) OEfEHSRE 7 v E OB 2 2 & Tl
HL7-.

FEE-3 AIFEREE

FE-4  PC SBsOMiimEI{

2. 2. SEERREHR

VERLU 72 1 4 AROBRIADNE Bt SB7-fEpTOs M8l
HEESDEBY ThD. ZNH0RERADS RV 5k
L0 ELNT, WE-AMOBRER-2 ([TORT. 22
T, BROFES — U THI L 7= B MBI B R AR AT
OIPEOE SZRNFTAEE L, BhndES — ORIER
HOT= 10mm £ TEFRT 2. No.2~No.9 Difiik
I, BRI A1 & A B MR - &
DAIErd 5 = L AHER LTZ. SRBRIADIRAKB IR Y fiiE %
FRF B L, R-1DOLEBY LipoTz.

400
200
No.1 No.2
0
200 /
No.3 No.4
0
200 /
No.5 No.6
0
200
/ No.7 / No.8
0
200
No.9 No.10
0
200
No.11 No.12
0
200 No.13 No.14
0
0 5 .0 10
ZZ 451 (mm)

-2 5RO N~ ERERS
KB T T hASRU NV D3 DR ChiT

C oF D

o



F1 BRGIRS

I2oNGIL =) BRG]

(kN) (kN)
No. 1 659.2 No. 8 543.2
No. 2 651.8 No. 9 435.8
No. 3 650.8 No. 10 555.4
No. 4 655.6 No. 11 391.8
No. 5 657.6 No. 12 375.2
No. 6 595.0 No. 13 280.4
No. 7 552.8 No. 14 397.2

RERADB|9EV 3RERE D PC SRR & IR
PRI U7 VR CRRINT L 7= PC SFRORMINTIRI OO LEike 2
BE6 1ORT. BERITEETT-72 No. 1~No. 9 OBR{A
I3, RO Y IR 2 E & A RN, Rl
T ) DR OPRHE ChH D, — 5T, ERISEZTT
7273572 No. 10~No. 14 OFRERIARLT, AWM 2R D 23%
HONVFHE TS, BRG HEE L 7B VI Z X 0 fil
Wi L7= PC SRR G, ARBTEILSR Y 3 .

BE6 PCMEHEmE DL

F72, BE-TITRT L DI, No. 1~No. 9 DRBRIA L Bl

W S C o D

L7 DRI L 7= B B CRilr L 7= PC SRRl 3dm L
CREOWIRIREIMAET 5. 72, TE-8 1335k
TR &[RRI ZBRIR ST A N 2 T RAE OIS BT A1 TV Ml =
FTEST= PC HifE L Hi7 DR U T B Ui CRlsr
L7= PC SitEOBIFEm Oz R34, Ebobib@l
THED S B CEAO72EI ) D725 Cd. Wik KBS
0 ZpEOIR OIS L C, ARFEBRITERSC
HER S IV TV DB EDOIWTEREZ L CE TD &
EZD.

Biig

FE-1 PC D KARREAT

SRER (K (BElT)

FE-8 PC HlDAiEfT

WIZ, 5100 FERATORERA CREMRGHE 2] L
b o R TV Y - Rand Byl T T)Gi= = <ttt M N
(-3 | Z Wi KRR & R O BIR A B TR
[FIBNR U7e & 9 I R sR & sy, v 7
> OFEERFABIRED 0. 5 FREE 2 ARV VHBEBIRZ =R L T
%. BRVVEBSMEA R ERER & LTI, SRR PC
RO RN R R D YERE T DN, ERIZED
Wi KR SRR R D2 L & LTI R NN 2 &
MEZ BID. AR CEROREZFHIE2 BRI,
T =DM &L Z L ThD. T, AR
Db FIOEFTOR B AR L LD XS IZEHIT 5
DNIABOBEE LT, EROFEOHIEII VTN
XA L, ISR o RB IR & D
BIFRAHEBR LT, -4 13 RARR & oK |9 B OO
DEROBRER LB O THD. ERIZE DIHKT 3R
HOMTIE, Wi RO IR TREV . fil20F,



il TR ED DT v R OFFRZIRY 7)

(HUEERF 0.9Tys, Tys:BRIRBITRY 17) A RS [IRATEAS
TIRIS 220D BITHRETT D701, WRRI KRR %
(72720 D IR DN DD, —FH T, AW
ZERT CHIRFENE U 7t SRR & 2 Wi R
ORFNZBTT 2SN TR & BIYER8R T, /NS IBm R
HEORENTEAEE L E WS IENH Y, SO
Thb.

RS [HRAFEE IR T 23 R IR DR FIZ TR E
VO, ISEFRNFERTHD EBZ DD, TIT,
ISR ORREE 2 R I IR o Z LA F ORI LD
KDz

0. =0max/(Crax )0

Ot ATRBRIRDIRE IR I(N/m?)
(Gma)o © A ITEIRE D D FH S A AR

5 3RS I(kN/m?)

»-»-cv
— ey

B-51%, Wi KR & IE R DBIfR AR LT b
DTHD. RIBROBEEFEECIL, AWK
TV, IIERRE R 72 AR R LTV 5.
7z, Wi ABDY 1 BT CAE U Q2R I o i
THEU TR AT, IEERMRESEmL 72D
AT, iU, PEBSOARETET 2 2 & Tk
TICSIERNEX A0 LB oN5. 12720, 38
ROEDVHI2L, T BDBROMICOWTITAEZD
INHTH 5.

Fo3 DR & Wi KRR

Vp (/s) Vp (ms) Wi R R

(ZERANE] | [FHEAEE] (%)
No. 1 5206 5248 0.2
No. 2 5178 5251 1.0
No. 3 5194 5226 4.2
No. 4 5194 5241 4.2
No. 5 5204 5226 0.4
No. 6 5199 5206 125
No. 7 5204 5228 9.2
No. 8 5145 5204 21.7
No. 9 5263 5205 5.1
No. 10 5230 5247 0.0
No. 11 5210 5197 0.0
No. 12 5186 5231 0.0
No. 13 5209 5244 0.0
No. 14 5247 5225 0.0

5280
0 BERSA
5260 1Ll B = A
59
5240 o
i I S
§ 5220
= #]D D O
% 5200 = = °
b 7 @
B 5180
_,‘H_‘l O
B
5160
]
5140
0 5 10 15 20
W T A8 2 (%)
-3 i cHR L R DR
60
. ( J
2 40
H °®
4 L4
= ®
S
@ 20
i ( J
i o
K
B,
0 20 40 60

W T SR 43R (%)
B4 W AR & RS IR E OBR

NG
[N

25

@® single defection
O multi defection

20
» 18 o)
& 16
i e ©
R O
h o
=2 14 No.4
3
1.2

o
O
8

0 5 10 15 20
ETE R B (%)

5 AR & RS SRR ORISR

25



F7-, B-6 | TRERRBRIR OIS A BRI ) D RIET
2D ETO PC JROOT HOEAEZ R LIZHDTH
5. OTHOMEE, DR - BITESTZOTHT—
DIEDFE Z . OFTHBEHNIA LT 5018, E
(b= —FZ L DIREBA O L B2 D,
PfEFE LT, I AIERH GRS B ITHE O A
W95 (PC BIRRIC AT 7= BRES0Sir S0 5) BT
PHERTE D, Fio, BRI DERNZOT D)
HEDNES 72 AR TE D, OTHOZALEND
FEUBEEIZ K A0 TIRERMRET 57201, =X
U T EAROBITRICOWT B A% OFNETH 5.

4000

3500
e o o
3 .
e
) 3000 m %ﬁ x
2500
0 100 200 300

B (hour)
B-6 WERERADOOT HOZA L

AMROEY , FEFET A —7 ) CHlEF ST K 0 A3
% faftt 2 [AhRET % 72 0121F, FE I X DI R
B\ E DN DMER DY, B FEOREIESTC
IETIROBFINREE 2 BISR L2 5. FDT=0, Ptk
DA TERINFRE L, T R0 DEREREN /2
BARNWE D ITHERFT 572 EOIENEETHDH L £ 2D
n5.

3. F&oH
TRARIXIR L Cdo DRhHIIAHLE D2 A I 71T
ZNXE DR DHRDMGFHALD DO EMR 20 R
SINTTHZ LA HHINC, 14 AK0D PC #8225
ZIRAECIBAN 22 TUSA S, SIERE, Wik
KA FH LT, FepERIIL T oMby Th o,
« T U I — DR IRAEOMK I, Wik AR
WZHEARTRE .
TG~ (B 2 S AN WA D5 T A NN AN -7
Ba RIFTZ EDHERS . 2T, ISITERR
KThdLEZ LS.

EAUBEEICBI L QUL BREEY ) Tl S falR
PEA AR 572121, BRI K Wi 4B %l
BLHRNNANT HLENH Y, B ORI T3
WO TFIKOBHNKEECH D, BURTIE, BAEROR
Pz EHIECER L, T RO DA S
TRNE D ITHEFF T 27 EORIGNEETHD EEZ D
nos.

SE X
D Ol TABERT, (b BATY U —Ws 7o 7 R
TR B~ = 2 7L, 2008. 7
2) FIP state of the art report : Corrosion and corrosion

protection of prestressed ground anchorages, 2008.7



Study on efficient maintenance method of ground anchor

Abstract:

Ground anchors are used for the purpose of stabilizing natural slopes and cut slope. Fifty years have passed
since the initial ground anchors were constructed in Japan in 1957. During this time, improvements such as
the materials, construction technology, and anti-corrosion technology was improved, and many ground
anchors were constructed in road slope from the 1990's.

However, problems of tendon’s fracture or slope’s deformation were found in recent years. These problems
may cause not only slope stability but also third party damages. However, slopes/structures which are
constructed the anchors, are treated as proofed slopes/ structures. These slopes/structures are less likely to be
maintained and preserved on a daily basis. Therefore, a uniform maintenance concept had not been showed.

But, uniform maintenance concept was showed in maintenance manual which was published by Public
Works Research Institute and Japan Anchor Association in 2008. Since quantitative and qualitative effects of
prophylactic countermeasures are not revealed, such precautionary measures are not being actively carried out
on-site. Therefore, as the target in the form of breakage due to corrosion of delayed fracture, we conducted
experiments to imitate delayed fracture of the anchor to clear the qualitative effect of preventive
countermeasures. As a result, it was found that in order to avoid the risk of PC steel bar is broken at the design
anchor force, it is necessary to replace the corrosion protection oil before cross-sectional defects reaches a few
percent.

Key Words: ground anchor, maintenance, corrosion, corrosion protection oil replacement





