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6. The Study on the Durability of PC beams after
7 years’ Exposure in Marine Environment

Nobuaki OHTSUKI*
Osamu SHIMOZAWA **

Synopsis

In these years, the use of PC for port and harbour structures has become active. There-
fore, it is more necessary to get the information on the durability of PC in marine environ-
ment.

This paper reports the investigation on the three unanswered questions which are necessary
to be answered as soon as possible. The three unanswered questions are as follows:

(1) The question about the cover depth; Can we allow the cover depth of the embedded
steels in the PC members which are manufactured at the JIS factories to be less than that
of the ordinary members?

(2) The question about the new method of corrosion prevention of the embedded steels;
Is the epoxy resin coating on the PC beams or the use of admixtures for corrosion prevention
effective?

(3) The question about the joints and the anchorages;

Is the protection of epoxy resin mortar or cement mortar for the joints or anchorages suffici-
ent?

The PC beam specimens include such factors, as the cover depth of the embedded steels,
the method of tensioning (pre-tentioned or post-tensioned), with or without special corrosion
prevention method, and with or without joint.

After 7 years’ exposure of the PC beams in marine environment, mainly in the sea con-
dition of ebb and flow, the observation of the corrosion states of the embedded steels, the
measurements of the chloride contents of the mortar, and the electrochemical measurements
are made.

The experimental results obtained so far are as follows:

(1) The reduction of the cover depth of the embedded steels in the pre-tensioned PC mem-
bers cann’t be permitted from the viewpoint of corrosion prevension.

(2) The epoxy coating on the PC beam is effective for corrosion prevention, but the use of
admixture isn’t.

(3) The epoxy resin joint is sufficient, but the anchorages using epoxy resin mortar or cement
mortar isn’t sufficient for corrosion prevention.

* Senior Research Engineer, Structures Division
** Member of the Materials Laboratory, Structures Division
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DEFRIUE, 16 Feeh 12 S N (&< WARAD L
hixvy), 3% Lo (GHRZAROAEA), 1448 Ly
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TEMBERETERBLATVA IR a2V 7 Y — M) Of#AiEIR>WT

-9 FUREPTMOBREEEL (mV, vs, WHAELRER)

RI1A RIC RID RIE TIA O1A | é)g};;tﬁ y| OIB

1 —196 —463 —272 ~305 —393 —408 —514 —440

2 —19 —463 —272 —305 —284 —574 —514 —341

3 —19 —463 —272 —305 —39 —511 —514 —341

4 —160 —463 —103 —319 —396 —574 —514 —341

5 —200 —463 —100 —305 —458 —203 —130 —522

6 —200 —463 —272 —305 —225 —350 —407 —19

7 =200 —270 -107 —297 —500 —118 -121 —
— 8 —218 —469 —121 - 90 —514 —130 —
9 —481 —325 ~151 —330
10 — 66 —149 —145 —331
® 11 —500 —380 —121 —358
12 —291 —156 —110 —409
| 13 —476 —201 —109 —246
14 — 69 —496 —272 —191
15 — 36 —496 —121 —129
16 — 38 --515 —272 — 81
17 —200 —470 —107 —105
18 —200 —463 ~ 9% —298
¥ ZOoWVWTOFER X UEHERK

1204 RIA RIC RID R1E
F b2 —339 —280 —126 —294
ZIRE v 0.47 0.26 0.127 0.35

VA, BREEERIEL R ->TWw5, d: 3LALERE
LTWwity, TH5, SEEIE LA DODFE E-10 i
TTH, bIZET53DIEEALRL, 3, ¢, d T
TH5LDOBKREHThHo7co a, ¢, d DERWERE X
BTEC v, —[EoREL LT, a: WilEE ¢ 2
—10 pAlem*< S <10 pAfem® L E B A3 X % 500
mV LT TH3H0, d: WillEE ¢ # —0.1 gAlem?

<$<0.1 pAfem?® ¥ 75 BE 3B X % 500mV LLECH
5%0, c: a, b,d LSlDdbd, LLTES L, £
BRY £-10 TR T.

(3) WREHEOGE

SRR X VBRI Z RS, To&RE £-11
2R T,
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TEMGERETRREZLAET VA IVA 2V 2 Y — M3 b OffifgkiEiIR2WT

i

QARAR Latd

2%

CE 1)

B-10 (6) OlA No.7, ¥—R, ByEArsiEdhiR

(R2-v bRETHEELZLNSHD)

SRR WAkd

-5

B-10 (7) O1A No. 6, PC 83, ByEAL 5 fEdhiR
(H2-v dCBTBEEXLNDHD)

F£-10 BEMSBMROF -V

\\\\\\\\\\\fiiji\‘ R1A RIC RID RIE TIA O1A O1A* | O1B
HIE &

1 c c c c c a T c c

2 C (o] [ C [ [+ [+ C

3 c c c c c c c [

4 c c c c a c c c

5 [ [ c c a d d c

6 c d c c c d c c

7 c c d c a b b c

8 c c d d b d c

9 c d d d

10 d d c c a: BRLTVWSAREENKTH S,

1 c d c c b: AREPESERINLTWT, BRERES

12 € d d ¢ BT3B,

i ¢ ¢ ‘ © | o FUBORESBRTEVS, BRR

" ¢ ‘ ) ‘ FHRIE 7> TV B

15 c c d c

16 c c c c d: BLAXBRLTWVWEV,

17 c c c c EABLHT 5L 0.

18 c c c c

— 255 —



KEFEH-TR @

#F-11 SEEHIC X 2EAER (eAlem?)

s R1A RIC RID RIE TI1A 01B O1A r N
1 0.523%* 0.080%* 0.013% 0.389* 0.840%* — 0.507* 0.300%
2 0.523* 0.080* 0.013* 0.389* 0.840% —_— 0.507* 0.300*
3 0.523* 0.080* 0.013* 0.389* 0.840% —_— 0.507* 0.300*
4 0.523* 0.080* 0.047 0.389* 0.840* — 0.507* 0.300*
5 0.523* 0.080* —_ 0.217 1.016 0.285 0.018 0.001
6 0.523* 0.002* 0.013* 0.389* 0.042 0.081 0.020 0.067
7 0.523%* 0.080 0.043 0.378 1.994 0.094** | 0.032 0.07
8 0.243 0.004 0.047 0.109 0.284%* |  0.115 0.001
9 —_— 0.004 —_ 0.096
10 0.195 0.004 0.033 0.174
11 —_— 0.005 —_ 0.048
12 — 0.005 —_ 0.048
13 0.329 0.005 0.029 0.161
14 —_— 0.080* _— 0.270
15 —_— 0.080* —_— 0.039
16 0.410 0.080* 0.013* 0.652
17 0.523%* 0.080* 0.047 0.048
18 0.523% 0.080* 0.043 0.389

*HWRAL—Fy TRBUTHEMLTHS DO
o — R 0.0116 mm/y/,uA/cmf

T BT, 7TAX VB2 HAVR, REHicRRZz LA

5. PC 3V omfEkEICHT 3ER MEY Tem KBTS, FHEABOREIWIET,

KRR CESE, FMECHWTHS O &Y
OME, @: HLuva A TOREFHEOME, X,
®: EAWMEEHWOME, oW THEEENML 5.

5.1 MEYICOWT (&S, EEBIEFER)

FUF vy vERTIE, PCMXY&BE2ERT 5,
PC R DTk, RIBOEAESE FE LT WEHRANIC
HBo RETIE, 2HIVMEMLA, 5D 4em
DHDT, ALBREFEZHACTVWEVW O, 1
CrELTWHDDR D5 (B4, 2hE, F-—iEy
D&Y 3cm DERFFEETEHE, LD OMSER
HOBRDE L L5EME I,

LD EMMIITEAELTERETH 5 o

Fi, BAVFVY Y s VERICHETSE, FA LT
vy vERD PC L, o —-AKXVS/FY Mgk
> TREEhTWBZ LD, £<BEELTVT, 7
VI v yavHRO PCHIVBI VR EELTY
<o

D PCHIVIBOBTERREZ, BEHELBT- X
W/C=50%, 0:=400kgf/cm? @ 27 Y — + iz 5
BLREE (9mm HH) @ 10 £ERSRREREO
BERROLEET S, CORBREBERD 1%% £-12
T o TOEMBITHLED 2em, dem TRHRETFOEAMN
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THMBERETEREBLAETVAINVAR L2V 7 Y — M3 ) ok 2nT

®-12 FHOBARE (BHERIEAL D)

BERAR I »ED 2em 25D dcm »EY Tem
A
YA L OEE N L H L H N L H
e S5
SR AU B 33 | o3 2/3 13 0/3 33 o3 | o3

W/C=53, 0s=366, Ri#HfHRE 104, HEaltk3 &

*®-13 =2v7 ) - MtRKkhoEELSER

) KiatkER (%)
AV I OEH »EY
FKEKER D | Bk D
2 1.63 1.40
EEELLISV/E
[=)plit]
oAy} 4 1.48 1.25
7 1.15 1.60
2 1.60 2.13
BaMELISVE
NSO 4 0.90 1.55
7 1.40 1.43
2 0.90 1.33
BHEF AV 4 0.64 0.85
7 0.33 0.87

BHOLNDH, pED Tem TRELBERADLAL
oke ThiX, £<FA—DRBEEHETICHS RIA 1
Yo PCHIX iR RBEN EOHRIRETH 5 & JKT
Shiz,

hobDZ Xy, 7vFvyavAROPCHXY
B, &M, KAV TV Y avERO PCHEE L
T, BEEFFERELRVETOERE IRDHE,
Wiz, PC lyhitiZiE T 58520 Td, BER
e FRICESE b M7k W/C=55%, 0:=400 kgf/
cm? O 3 v Y — FEREPOEFEERR (F-13) &
RT3, RRPUANT7ELI0FELRAE S D, HE
RBEHZIEETH S8, L PClRpOEELER
BOBNZ EBEBDLNEHR, KELERERV,
X5z, BEksEHIT oW T D, RIAEy iz
ER—FUYTZI0FRELA» LD 4cm, Tcm DR
=3, THBEALIS VY FEAV P BIXURERL b
SYFEAV P ERAVWRHRERD 4 FZTRTHECIE
L, #E R1IA © PC 31X 9%8 (14 % 13 ki c T
1403d) DD LIZERIBELZ L LA,

Zozrtxy, PCRBVWICHLREDIT VAL RD
HAZIhAEW2 V7Y —rRERERWVESBIZEL,
BRILFMTLER O 2 v 7 Y —  hOgHIEEF]
LIIEBDEE,

Doz X, Fvivyav PCRYARHKD PC
XV, S Y — P RROEE, ATV
2 avERPCIIDNED PC SEic X L COREA
LR\, 7, PC @M HREA & SIRICHAMER
LTk, LLOETD, HHERICX - TRSICHERT
THEVIREKYH S, S5, SEORRTIIMLED
dem THEMSEDORENS L, Tem THITEAERE
LTwiEnwe & k9, »ED 4om TRIEBEDETOR
EHBKREL, Tem TII/PIVEVS T LWV 5,

Thbb, IBULTH-TLIT VTV a v PCix
Dk PCOAXVBO»LED M dem TREBEFRHST
»Y, ¥k, RC CHELTHRLEERE VWS Z L1X4
BB LNRBE P ot TDRD, TVvFvyavER
PCixhAEio PC PX nifix, AL tdBEE D RC
HEEED O » £ (BEEKTIET 2585 Tem,
X5 ThRVERS Scm) BIERTHLERDS S,

5.2 HLWLWSY A TOBHEFEICONT

(1) =K+ PRRE (2v /7Y - RECRETS

EN2))

REOREHLDDDILOWT, =Hx I HIgRELAL
3® (RID) rEMEDO LD (RIA) OHEX{TS.

PC S1Xx v BoOBRRTICOWVWTIX, BE-4 X b RID
NIRRT N eH5oitstl, RIA ¢ Ly 5334, L.
MK1EDHD, =K+ VBIEREOBENRBD LN S,

BEREARITOVWTIE, B-6 X9, RID opHiciz
RIA EHETHLIFLALERIZELTVT, T
SBELTL, =K+ VREDOHRIFLVEV X 5,

THIT, ERILFEMEEIZEWT, HRTZEZRATIR
RID ok, fidr27 v+ 0 %<, Bratsts
BT, d#47 (BEALHBRLTVWAY) BT
5305 RIA © 1 izxfLT 5 THYH, xbiz, B

— 257 —



KEMEWE-TR @&

EIHREED R1A 22 0.1~1.0 gAlem?® BETH 5 Dichf
L, RID % 0.01~0.1 zAjcm? BETH Y, RID o)
BRI DINE 0,

Plozdxb, =#+UBlEREIFMEDOL S
OO OFELE L TWiRWEIET, BFREESIRSRDS
hs,

@ B & Al

REDOEEDO DI 2OWT, FHEFRIZEA (A —»
—fEER 3mEIRA) LAad oD (RIE) L EALAEO
(R1A) DRE#TS.

PC@HrvigomaRin (B4 X9, RIA TR,
Li 2334, Lo 8 1&KTHd0I5tL, RIE Tz, L
B13F, Lo B2k ThHh, RAROHEATIX, BHlF
FIHPHELEEFEZED Sh s 57,

5.3 EAHEERIBCOVT

1) #E&%ionT

EHETIE, KR FFVYY 2 VERD O BiTRWWT,
TATVAPVAORYT (HRESEICIZERES %
o THD) T, =KF U2 10mm FicRD
EAWEER L,

EAMEETSL 0 (01A%) L EEHORVDHO
(O1A) DHEE%ETTSo

EERREZRET 5L, OlA & OlA* o5, ¥ —
A% LU PC SBOBARITCIE, 13 LA SRS L
ote Thbb, FHBIT Y —AOBRIREIZ L T
»0, PCHEE N Thoto

BALEWAECRE VTS, BAEWEBL, BHEBEMS
RS XUBRBRTE L b RERETT VW,

DAEDZ &p5, KMFOFEATIE, =K+ Hig%x
BWrkESHIEEREREVW LI Eh 5,

@ EHEETOWT

FUFVYa VERTIER, = FKEoilgeErz,
AviEALZALNTRD, MEEHIS 2cm BEDEL
LTk D, SEBFHED PC X b #IX1E b ik
DLDTHBELTHEEN S WERBD bh i, Lkds
T, BEOESHLESETHE LRMERS 5,

RAPMF VY 2 vERTIE, BEHOS% 1 TRBIUX
FEHRPELLBELTEY, BHELMERD 5,

IhHORERE LT, ZMETHRBEORIFTH »
o= K UBIEREX EARLRTHETZ LB¥E XL Lh
%,

6. #5 E

PR, O TEMIVIRBHMTHBZE, @
WidERTETRAR (WE)IRARR) Tfi-kzE, &
I, @ RYCWARLEESZRFTHI8F00D
NEREXEhhP T L, REOHETT 708, &
DOEERNTRDZ EBWVE XD,

1) 7vFvyavAERPCYAH O PCHIIE
13, PEORFE—~Da2v 2 Y — O, FRA TV
vaVvEFRPCIRYO PCEESLIHELTERELYT
Ve £D®, Fl—mL5hRX h/NERsED TE, I
BRUATCH-THITVvFvyaVERPCRVIIFREL
TR EHBiSh, S EBBEEOSMH v 7 U — Db
SO RERTHILERD D,

2) BYEBCHBILA=R+ #ilsR%Ex, =2v2Y
— ' E~DOEFEOERER ICEMOBEEZL L, R
EEERBD LN, T, 2V /Y — MY ¥R
g aE55E (SEMEHA LD, BBV A
FEHEERD oW TREHESED BRI -7,

3) = HKFUHIBESRMTFOTbhEREI RV
BT PC Mk X0y —ADBRAE WS BE»SRFA

LS TRVWED 5T, ¥, BE—BMWICHVWLHRT
WAEERMORHBEH B X BHRIF+H5THD, XD
MR GRESEEZAV D LERD B,

(1982 4 3 B 30 B%A)

E =

A&, TEMCRSRPABROBRERD ELD
b DTHB, RRDERTTEDOERS LTI AOR
ez, BIK (RfaBX%E, THEBIRER) X
CHEMER PS av sy — 1+ (K), THEEIHE
EWHEE) BEMR L. YFTOmEKERBROIAS X
CHIKBERAME OB X, FEEZK (7 ¥ 7EHRBHRT,
THRABLIHARER) ORAR LD LI AHBREV, %
7o, BESE-EXTEMRER LCHRFAR (FHRET
HxABR, THEEIMRER) C3RBRTE, 84
OBERECHLTERRENE 2 VWi vi, &5
2, BAROMR: - EEIX, TMRAOBREXRK,
HEgE—-K08, MEMCEY Lk, 22, ZThbohx
CHATKBOBEELET,

Z % X M

1) B %, b & EUMmKkEREZET L2V
Y — X OO Ubht NEEHOBRICOVT,
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