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New Live Load and the Verification of Existing Bridges
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The Honshu-Shikoku Bridges have been designed by the live load B, since March 31, 1993. This paper introduces an
interpretation of the live load B and a basic idea for the structural verification of the existing Bridges for this new load.
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Approach to Clarification of the Paint Aging Mechanism in Long-life Coating
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The Honshu-Shikoku Bridges have employed a long-life coating system for enduring harsh offshore environment of
corrosion. This system has superior performance for both corrosion and durability owing to its contents of zinc-enriched
paint.

A maintenance and repair work standards of coating must be established because the Ohmishima Bridge, which was first
constructed in the Honshu-Shikoku Bridges, has been aged 15 years since its opening to traffic, and has been repainted totally.

Therefore, a long-term investigation on the coating film, in which criteria to select study items and methods have been

standardized, has started for the almost all of the offshore bridges to clarify the aging mechanism of coating film.
It is expected that this investigation will clarify the mechanism and help to establish the criteria to identify optimum timing

for repainting and to select optimum method for repainting.
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Tab.l Coating specifications for initial painting and repainting
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Tab.6 Corrosion shape survey for defected part
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Fatigue Test on Diaphragm Structure of Steel Box Deck for Suspended Bridges
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The Kurushima Bridge and the Tatara Bridge are of suspension type and a cable-stayed type respectively, and both
employed steel box deck system. This type of steel box deck suspended by cable system carries the traffic load through the
crosswise structure, which is composed of a diaphragm (lattice members) installed crosswise between the cable supports of the
box deck. Similar type of bridges, such as the Ohshima Bridge and the Ikuchi Bridge, carried out the fatigue test focused on
this type of structure, and its results were reflected in their detail designs. The fatigue test was also programmed for the
Kurushima and Tatara bridges with a model of diaphragm structure. The test could reveal a shortcoming in the diaphragm
structure at the cable support.
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Photo.1 Scene of fatigue test
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Construction of Fill-up Concrete for Foundation of Akashi Kaikyo Bridge 1A Anchorage
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The foundation of 1A anchorage of the Akashi Kaikyo Bridge is a cylindrical rigid foundation measuring 85 meters in
diameter and 63.5 meters in depth; it is filled up with plain concrete. Plain concrete was employed due to low level of stress
inside the foundation, and constructed by Roller Compacted Concrete method, in which the non-slump concrete was spread
and compacted. Although this method is similar to RCD method used for dam construction, RCC method adopted the
maximum size of coarse aggregate of 40 mm, and thus the work was carried out after various experiments. This report
summarizes construction procedure of mass concrete work with RCC method, including large-scale field experiment and

laboratory tests.
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*-2 PEIVIU-tOREESE
Tab.2 Quality standard of filled concrete

REWERE ERE (KE) 3. BEOOHOOHI#E,
51T CURE L

2.2 ERMHS L UERAETE
fi& OFER . HEMEEATE 40mm 12 X33 2 KiEN
BN &5, RCD LikBdirast () ITHEUTITR » /e,
(1) Hqikest
RCCHz v 7Y — FDEEEFRD 12472 HEOD
Mt & Uy HBMEATHE80mm 2 AW/ RCDHa ~
7 ) — bOBRAEEEITRV, 4 0mm YTy XY —
=V TOVCHE20BIIKT 2RLAEKRDI, T3
HEAER AR,
foasfBRicH O A Y M3, FLHELTREERDS
avy ) — NOREEFIHIO D IKFIBDFAE /D
BTHIELEZELT, —RRITHERERILVINS VRt
AV MITIA4T v ¥ a%20~30 %R L -hEET 5
ATy vatrA Y bBHOLNTHEZ DS, AR
WEBOTHEBEE L. 7547 v ¥ 2%30%RML7,
(2) (AR
FERMEIOE A ¥ M. BREOCENHBOB &, S
B&ESORI 2 2HEOBEHRAT £ X MDA, HEg
RIFOBEMWTHOATERA TS ATy vyakt A NeF
Ay NBEESUATEELE Uic, Zofb, MIEMI3HE
Wb, HBMIERE 4020 & 2005 DEATA. BFIIZ AE
Bok#%=ZENENH O,
(3) FLaEE
RCCHa v/ Y — bORAEEIZ. FRIMRFTTRD
HEMBEASTESOMMAORCDAZ v 7 1) — hORIEER—
2z, A0mm Py Ty R ) —=V S TORCDHa >/
J— bOREERBEMEa. 8L 40mm 7 L4 A
XTORCCHA VI Y — FDOREESFHEEE[E
CEIzLT. 26mm YTy hRI Y —=>

TOVCHEN 20 WIEE L2 BBLAEERD I,

VC1&E ERE | REEUSAE BETRE HAHER | KRENSEE

HEs91H H#ao1 A LR fiaHtEa. Blid. 227 Y — MhOHE
(sec) (%) (kgf /cnf) (kgf/cn) (kg/ m) °C) MH L OHEM DA LS 2R—Z b B
(28) 151 90 180 230051k 17U FOE VY LOEEATD L bDT. H—1t

@(F) *1:Gmax 40mm 7)VH¥ A XTODfE
* 2 : Gmax 40mm I 3 25mm Ly FTDRZ Y —= 7 Dfi

#-3 RCDAOIYVY YU — bk (HAEMZKTiE80mm) DELE
Tab.3 Mix proportion of Roller Compacted Dam-Concrete

(maximum size of coarse aggregate:80mm)

Ay — MaRVEBIZE > TORL A EOTERE
LBBHDTH B, —fkic, TEDOHEYH 2
7 ) — hDBAE, ald2.1~2.4, BiF2.0~
231 LRCDAH2 Y27 ) — bTlE, ald
1.1~1.4, BIX1.2~1.6FETH %,
RARBRORER. T2t 4 > b ORI

BIfRE < . BAKEIE 110kg, BAEA Vb

W/C | s/a By R (kg/m) (%) mamHE Phre s> b
o | 08 | c S s | Adm p §HI&Mg&ﬁok°§—4Lﬁ%h%%m
83.3 28 100 120 602 1593 0.3 1.176 1.247 ;R%iﬂﬂ Ak % ﬁﬁ‘:‘ f‘ﬁﬂ é’f‘i 'f&%ﬂﬁﬁ?j“

G 1. C:HE#ISATyvatkAyd (F:30%)
2. Adm : AE#KH
3. ECAHFENEIE 80mm 7 VY A XDIE
____avzy— oo~ AR
T avy ) - Mo iTRO 2B OERER

a

g= avy ) — Mo HOENS VAR
a7y — MoiTAVZHEEMOZERER
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Tab.4 Test results of mix proportion of filled concrete

A bOREEK B EhesaE (kegf/cm)
W/C | s/a VCIli | =&K& | BiraE WrEAREE L5
AV O (%) (kg/m’) H& M (8)
%) | (%) #) %) | keg/ o)
C S F w C 7 28 91 K a
{EFEEEL 15 36
CEy | o 85 (14) 33 2360 89 135 174 137 | 041
Sl 23 o8
ZES o) 50 27 (15) 24 2360 109 174 207 131 | 0.60
e - 84.6 32 110 130 o
J547wia | D 30 an 14 2390 56 115 192 160 | 052
e 53 31
HIFBHE ™) 47 (14) 2.6 2390 127 216 266 | 21.0 | 0.66
GE) 1. AV PORERT

C:evAVM S:BFRIVF:754Tyva  N: B@RANVES U FEAV M M: FERELV SV ReA VB

2.

3. WEBEEARRRE. T () =K (1-e*).

VCEi340 3 Y ZVH A XTOMETH S, HL () PIZ2BmmD Ty b7 Y -2V Stk BilTH B,

T(t) : Mt BTk 2HBEE LRE, K : BESDEE20°COMOKRRERE LFE (C). o : BELREH. t: #E (B)

CORBERI S, RCCAHa Y2 Y — MO REREESL
e ARAIE. SORDEREE L A > b EFER Y
FAT v vatrr VEROKELDTH 3,

(4) HETHDmRET

EFNRABOBRI B ONLRACESE, I
ZEUIZRCCHa Y7 — b NOSBEARNT 2720, F
THEBRAITIE - 7o BFTEBIR. £ 4 > bOTER- 1 BDIT
#ES (75cm, 125cm) - #ZFEEEL (68, 10[E]) & Ui,

M LEIE. 3ton 7 R =¥ ROREI o —5 — (BW
— 200 : #210,/132000kg. #zIE0.86mm, EH&E 7130kg.
EITEE 1km,/h) 2H 07, BBROER, BItizoun
TN D - 7203, BE 125cm Tl ERRE RO
NARER L b FESSD LB I UT/hE CiEES)
BEr+akiFEvEME N, F 72, EEREIZ6ELL
ETehrhd+oLEEIons, HHTZ LAY MIGE
IRIREDNIE W e, BRBNISHEBERA T S ATy vatk A
»hELK,

ULDwERERE AT, ERMLTTHEHRT 2MEIROE
W75 Y bEROEBY - FTORIEREITLOVG
ZHER U7,

2.3 BISHETRER

COEROMERIEA L LT, 227 ) — FOBA.
E. mERH. fTMEORELAE. ¥ o7 b5 v 7ET
WX BITHEINOEETH 5, FRAMEHI. €2 > b8
FE#T7SA Ty vatAt b (F/ (C+F) =0.3).
MBI O & B ORA. HEMHS PR 4020 &£ 2005
DiES. BN AEBUKFELEE & Lic, ®-51Cita
ZRTo

ML AR RABE6 MO 285G 0 3 F9%H0
T45mA BN, 1lton ¥ > 7 b v 7 T1EWE.
7.4ton 7)U K —#THH L. ko —5— (BW — 200)
Wk hEET22EE LT,

#&-5 EMHERAVICRCCES
Tab.5 Mix proportion of RCC used of actual materials
Gmax | VCi |2EX&|W,/C| s/a BrE (kg /nf)
“lam| @ 0|0 | wlcls | e am
A 20 80.8 105 681 | 1,492
? 40 30 | 15 | 769 | 32 | 100 | 130 | 685 |1,5020.325
T 40 73.1 95 689 |1,510

KEROEZAEHH Z SEL TR, 27 OEAIRE -

BAATRHER - fTRBOE AWHRETH 2,
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Fig.2 Relationship between VC-values of full size and wet screening
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Q¥pFEE$ & RS R CRABEESIZ, B- 31K
T & ICEERMEEILI ETEELIMETH %,
OITHER DB AR T > W T3, VA ¥ v L%
WHELIVEETITZZ LD, FTREBEHDS

VTETREEN O PRI NI,

Pk, ERRUCEHELVRLVTORBER) & ETIC
BT, 1E0Y 7 MEIZ3E (25cm X 3) LD
75cmAHEHA L Lic, F/BEVCEIZ 7Y A XTOE
HE U, ZOMEIZEOHBEN S 30 ERE L, b,
HEREIEE 168 Ui,

3. FEEIVIU— DKL

1T/, E

i o7 ) — bORETIR, MELE (4600 m) A&k
BT TR 2% L, BETXEZ2HY A 7L (1
H) TRHEIFTR U7, $T38Y 7 MEIL, 3B L D 750
~800mm T, 1 H¥7: h DFT&EIZ 1700~1800 M’ TH
%, MLFIHEXEE- 41z, BIXEHER-5ic, fET
RREBE- 1~4I2Z2nEFNRT,

-l MLE
OTRE

EHERE (kgf/cm)

oE 2@ 4FE 6B 8E
EEER

10 (@

HpZAEER (1)

2.50

2.45
2.40
2.35

2.30

32 REEHE
(1) RAREREHELE

FEgEa v ) — NORARAEROEHEELR - 6 RV
K-TIZENFNRT,

(2) REEEARER

R-BItmEEHARERE R T, N -6HEE
BRABEROEMAHATRT,

VCHl, ZRE L bZ OFHEIR., IIFEEAEOHR
ETH ol EREIR>WTIX. BiEE 4 2EATHE
180kgf, /¢ izt UM T 265kef,/c mf & 43 13 58RE
2H LTV 3, RIBEGEE IR, SEEARROEZEBEA S
& &EEEED 2300ke,/ ' ERZ LTHE D+
BDNITRONIZ EVHRI N, BEEOHERS &,
RICVCEDN TAHICR T - kR LT3, I3,
B LR O EM DB X 8RR 2B < 70Tk S
PODEMEE LI TH 5,

(3) =z THREGEEHSR ,

A7R=Y I BEINERE - 72, BRBRERE

mEE
OFE

o 2@ 4E 6@ 8E  10[

FRERERR

H-3 &mEOSEI7RE, EUSRER

Fig.3 Relationship between number of rolling compaction and
compressive strength of core specimen, and unit capacity weight
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EH-1

IR (2%)

Photo.1 Work scene (panorama) .

BER-3 BIKREELIIL)
Photo.3 Work scene (mortar layer)

BER-2 BEIRKR(ER)

Photo.2 Work scene (panorama)

BER4 BIXR(EHL &E)
Photo.4 Work scene (leveling and rolling)

&6 HEIVI Y- bOTHES
Tab.6 Specified mix proportion of filled concrete
B Kexv i HEMR B8 (kg/m)
&3] BRTHE w/C s/a

9 f K €AY b HEEH HEH AE
Gmax (mm) (%) (%) W c s G okl
L-4 40 76.9 32 100 130 687 1502 0.325

&7 hEIVIU- LOBEEREE
Tab.7 Quality standard of filled concrete

BAES VCi# ERE ELgp-S [ty BUARER

= #) (%) (kgf/cnf) (kgt/cm) (kg/m)

L-4 30+ 15 15+1 fek (91) =90 fck (91) =180 2,300 L0k

&8 RHEHEEHABRHES
Tab.8 Results of quality control tests
HH AR Tl BRAE B/IM# BHERE g 3
VC{E () 514 274 45.0 15.0 8.82 30=x15
ZERE (%) 514 15 2.3 0.6 0.30 15+1
i 9l BigE (kef/cof) 254 265 338 202 28.0 180
RIS WE 5 M 636 2407 2700 2340 415 230051 £
e/ | s A 696 2404 2628 2329 487

(#) RI (Radioisotope : AHERIRITEHR) BHBEEL k. /v BEEHC L O WE L DT, U v BOBBERIC L > TEEERETZ DO TH S,
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B EHEES N, TOTHIR, T
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Bl e T BT 23 DM T AT > 7c 2 &0 B bUFES N Bo 5
N ZEE R i . FEECFEOLHICH LEE L BUEHENTH B0
Lo PSP B ATHEOMTICK L, HELHEE. WHELH
L2 D LANNESREARBER <237 ) — bR
___________ 3 HS (BRE HEIEAYIYH ENEZRED O
88 oo f---ee : BEEAEE COBREOHRIE CERHOBERLET.
fomeeeee BE X
f ---------- BEL— 1) () ELBIRERZE > & —#8 : RCD Likic &
- 55 LKL, WHG6FTH
12 2) (#) ELBIREHAHIZiw > 5 —#f : & RCDT
A 180° HBfifEst (). PRILES A
i 3) M. EH  PHIEBKARE 1A T ¥ h LA YRR
B-7 J7EERALE AT - MEL. APUER. Vol.15, No.59, 1991.7
Fig.7 Position of core sampling 4) REA. FHE BB TR SR BEM TR 40mm

DEFEa YY) — M X ABAEROKL, 27
) — b T2EERERCIRESE. Vol.15, No.1, 1993

5) HE. KRB 1L, HiBH : iBRERHARCC (Roller
Compacted Concrete) DBFEHET., EiE T, Vol
21, No.5, 1993.56

6) APUAR: 7oAV DEBHNEa Y Y — MEL
HEEERIREE. POt 3 A

7) KPR : 7oA vA DEBRBa Y — MEE
W (20 2) #WEE. ¥k343H

BHR-5 J7#EK

Photo.5 Core specimen

®9 I7HBHRORBRER

Tab.9 Test results of core specimen

ay FERE (kgf,/oni) BEHRAR (/)
o 27 IR G BB
i Sk i T ROk Rt
1 BEV— U O#E 4 215 245 190 2.38 241 2.34
2 BEL—-OHR 4 217 242 186 2.37 241 2.33
3 BEV-OfR 2 232 243 220 2.383 241 2.35
E =] 8 226 245 185 2.39 241 2.35
1~3
T ] 2 188 180 186 2.34 2.4 2.39
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In-situ Horizontal Load Test for Soft Mudstone of Osaka Group in Northern Part of Awajishima Island

Eww E ® Kk m T

Gouhei Tokunaga

B E

R BAIRE AR R LUERR(C BT SBROZFFBO P T, ALKETHESHE = REERiE O ARREE T8 (RDE
RHEEE - RIKEBOER) IHRELZRMNHB S,

BROBRICH T, FEORKEESCER (EEER) £ F (8L, HROBERIENRNE L THENNE OIRER
FLOBDDARELRBL B> Too £ CTREREOYIEN - HPHFHEERSHC L. D ORKRE CITRIN-E#D
V7 U— POBREANHRERKT 5L L BC, FA—BHMICLITANEHREMESEZEICL Y, HERE
(CxfT 3ERMABE U TOFMET > oo TR AREEH T EREREOYHLTICERIERAH ORBRBERC OV TH
HTB3bDOTH3.

Some bridge foundations, which will consist a part of the approach highway to the Akashi Kaikyo Bridge in the north
portion of the Awajishima Island, will stand on the lower layers (alternation strata of soft sandstone, soft mudstone, and tuff)
of Osaka Group in the Pliocene.

Design of the bridge foundations (spread footings) to be supported on the main layer of the soft mudstone in such strata
was subject to an issue that how much adhesion force could be expected as a component of friction resistance of the bedrock.
An evaluation study was then under way on the soft mudstone to clarify physical properties of the bedrock; the study also
included an in-situ friction resistance test using a cast-in-site concrete block to compare its results with those from a
laboratory test using a sample from the same bedrock. This paper reports the physical properties of the soft mudstone of
Osaka Group as well as the results of the study on friction resistance.
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Fig.1 Route map of Honshu-Shikoku expressway in Awajishima
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-1 HNREEOYRESN
Tab.1 Physical characteristics of deposited soft rock

A EBEEE | IRFO | EREE | ki | BB | RERL | BERR | BN | Etel | BRISH | lEER
B B'hi% vt | ®EGY 7d ® e X Wp I Ce Pc WL Por|
(g/cnt) | (g/cod) | (g/cm) | (%) (%) (%) (kgf /cn’) | (%)
IR AR B o _ _ _ _ _
LTS i 2.00 1.65 21.1 0.62 45 394 CH
NIESREHX 1.97 2.606 1.55 22.8 0.60 25~59 27.6 28.0 0.07 104 57.1
Bler - E¥E S 11 ~2.07 | ~2.703 | ~1.68 ~35.9 ~0.71 ~36.0 ~A47.5 ~0.15 ~25.6 ~787 | CH
CF51E) 0.24) | (2.664) (25.7) (31.0) | (34.7) | (0.108) Uk (65.7)

£-2 F-REERTOI7HRERSHETHB L

Tab.2 Comparison between in-situ load test and laboratory core sample test for Tertiary Deposit

an ERENAR
B{ —m| _ / BB
i | BK ) S &*“f” (FE. ERAEMIAWRETE 3 b0)
s, || EERE X
REE EEE e | | w | o | cal 4 - B ﬁﬁiﬂ% F}Ek R
boiiihe .| B | ®# e
7 @ (ket/ | (ket/ (ket/ ’Lg’:f)’f Witk P, | Pmax
¥\ No\ (m) cn’) | (%) | cm) |en) | ) | cnf) e (kgf/cm') | (kgf/cm’) | (kgf/cnt’)
o ~ 2300 3
& @10 e 1% | 190 | 300 | 50 | 20 | 22 o |oxa0 | 52l | 78 | P 2
; = E = 300 =110 | gx
m ‘
& _ B 2100 Bk
4 % @ |33 MRH g sgm | 195 | %00 | 70 | 22 | 20 o] 40 x40 A T T
= E=170
# wim=gl . — Eyh |, 400 PxS
Q|71 g WE| WH | 192260 | 10 | 15 | 60 | ' | 40x40 R g/:}ao’o 105 =15?8

(CEOTFHIWE L& - BI~OBH. TETZAR)
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55,
BRIESIEE
¢ =27.8°
C' =3.0kgf/cnf
e Va4
¢cu=26.7°
Ccu = 3.0kgf cnf

-3 MEMOHKTERC ¢ DFl

Tab.3 Example of design constants, cand ¢ for different geography
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R g 250 - - 0.21 (¥350.11) EIEFIT/NIWREEIZH
©5~10 | 0 il o 3o & BIBHRIET Peld. £ < 2%25.6kgf
15) 42 ESIS 5| 4 /emUETH D, FEHICAZ NI &M DB
‘ @0 | 30 OHBIE M EFIREIZH B &b 5B, H— 4123
e 0| 4 (BN & 3) _ N .
FR—bFPA4 5y FERMTEUS N
it STEBOW T TS 5.
g ZOEMiz L NiEPc < 12.0kgf /c i DEBDOI T %
e ¥ FTHDT, BILTROK 40 %1 BB T LD LhTH
= o
" B
i N Tt 7 Q. P. C
% (g/cm’) | (%) |(kg/cm’)|(kg/cm’) i
3 mutE  |s~10 | Bl - | - | - ) -
145~ | 70~ | 0.0~ | 0.2~ | 06~
WHREEE | - |55 | 100 | 10 | 10 | 08
- X 185~ 10~ | 40~ | 02~
25 — SR | - 790 |20 30 | 80 | 06
. 165~ 15~ | 55~ | 06~
- BRHR LA ~ 185 |45 55 | 80 | 09
BiEH o (kgt o) TR | - | 0~ a0~ | B0~ | 805 ) 02~
-2 EAZHERSR D MBI THO D TH 5.,
Fig.2 Triaxial compression test EZ) J:%B M ?gﬁﬁtﬁﬁgliﬂ‘ﬁillﬂﬁﬂ‘é %)@_(‘-‘5)50
) p ERRUTHOU T
oor Y ﬂpiﬁ*&l:‘: EI C.D.L|+ 8.5 +13.0 No.13
o (m) " 8T To5 ______ ] No2 -1 _
o kKt % 52] 53 [ 54 ] 55
a0l 4 bkt () st lp sz ol 2 o1 No.13
4 % \\. :0.2—1 - -
® g . N l +5.0 | 130
o ° 8 ge o R S N EIF s
or o °© o8 ofeo & \\ R F |2 138 ihekit
& 6 %0 o 9o ’ N T800° LEMEER
o ° (m) T B
o LA~ N T
20 . | | | | No.2 - 1/No.18 \
20 30 40 50 60 70 |° 2 a
R L | |

H-3 BHEHE ¢’ DR

(F-Hfth. RBARMNrEAR O A MR [+ & Ei ] 3.1985)

Fig.3 Relationship between Plastic Indexand ¢’

30

B-4 #WFER— M7 5V FERMITLTE
(GRS EXAELIR 55N\ KTy D)
Fig.4 Characteristics of subsidence of Kobe Port Island
(manmade island)

& m & ®



~~
N\
: ®
| i i —
| i ii | I ol {- ol \\\ /J)\])/Q?’
i ! EE g BEA— Y v B\ AGET Qxﬁb}\fc’
I == K=Y v SN S o
] {‘:N 5 H ‘.\ \: i i \:\ AN %"?"ng)go §
i (O — O -
| R W PRl
— - ~ - Ry
H 1|
:. 3 \)‘ \ o B} Tt
! H - L T v - N
ool g Y Jay 4y IYvy I~ Oc
1 h A o
b B8 \ T~ _12000
‘ i =51 2 Il Os
ol L ! il
gt = 1
/ 2 B | o
// ~ .
- Os
BER—-Y WHHARMETOFR—Y 7
No. 64 |
WAL AEBRERAE
WEMX  SARREEALHAT
®RRHEL K #» 8 ﬁig ANRARMITRY [T
!'x Ii”f?l“"" X M= R LI NERE | RN
a5 w4y | L s | my . . <l x| é : & N B : £
T e e K‘ | I l Blavs)—MIB =|a|a|s| % 2 m Jo o = © 30 o ol 2
% f\‘& ! J ) ™ L
% H6 £ |+ °>:|°°|~~\ R g R JF
C r
AL EANRRRNENNNDHU ] 1t
] : hz\\ o] K :_
® A F
] 2l 5 W L
) s o] (T3 L
1 m 4 . F
7 -
. < o] r
whi o] L
i Q’ 0= L-_
® s
]| i %
T 0
o] ! | 2
vl | I "
#7 ; B 2
. T 13
: Ps
i -
H 2 .
"

-5 SERMhSOERER
Fig.5 Bridge foundation on test site

T, o, HEEOTBHNZD80%%2 5D TSI &
2R HYNEIFEEE TRATHSEELTVS, L
DU S, BHSOEYT. £ ORNEFHEIRS
NTOT, D EPEICE S I O>NTARENT & &
AHE DO KRBT OHERRFERPE=4Ed L L
Mo TE LD Pe > 25.6kgf /el EBOTRELEE S
32D HUHEDEN ERHHBOULTIEEREL HD
BRIV EHEIN S,

3. RTBEIKFRFTEAER

WHiEE B 25O v MEIE. IRMEEE

Vol.18 No.72 '94.10

BAMOEHET =2 TILEBEL LTN240L LTY
50, I OHETOBEEEI 2R 2 D IcBAnEK
SEERTTARER 2 S U 7o BU—5 B A M L 2o S., B
KUOKR—) VT F—5 %R, BBRT 0y 73RBS R
DTSR AHRT 272012, EXH10cmoyLar s
J— bO—A%EIE2.2m X 2.2m Y UTPERR L7co B
- BICIEHABREBED AR Ui, SRBEMERENEREE
2.2%x22=484n& L. &EF LOERME 30tf, /g
BAME, ZhiEhiic 25t /of (L& 121t), 35tf,/
m (169t) OIEME U, BT o v 7264 BKEHH
FEIGKFEIEH S &, BB CIIBEEIIREICE
>7c T ERMER U CHREBREKT Uice B— T IR %

31



BH-1 #W70v 7 (BEHEZEHN> THR)
Photo.1 Loading block (loading direction is right-hand side)

EH-2 RAEANBATHEHROSR

Photo.2 View of in-situ load test

3000 ,

-+

ABHRF H300

2360

(2) WrmER

TEHRH300 X 300  ABRZEFHH400 x 400

1] l [
FEPRBRERHEAY B
|1 GE— @

{
4
2

L

3000

R ¢k\\/

| le00 O~@: BHEIHELEES
e i
(1) FHEE

-6 HREE
Fig.6 Testing apparatus

32

HFIRF—y  HERF—Y
- S SHE R
HIAF—Y  |H2z5—Y | F4RF—Y 1 EORF—Y
4 SHEE F AW I &AM B AME
- 35kefent
— 3.0kgfcnf
G B e s
X |-.25ketlent
B
SRS
i
g
1
& 1r
09 20 240 860 460 600 720 840
SHIE IR R O AW (min)
H-7 MEHFRUKTEARRETRE
Fig.7 Procedure of vertical loading and horizontal shearing
4 : r T
é i |
#iiEo v = 3.5kgf et |
(HeRF—v i ;
:\ BT - osmcennnap por e e e o
=] .
{ o v =3.0kgf ¢ :
g HaRF—Y
2 o v =25ket cnt ;
2 mear—v ;
&) \ §
! i
0 = ; a
0 4 8 12

KFZELL (mm)

8 EEENNHR. VARG - KFEMBEER

Fig.8 Friction resistance test, and relationship between
shearing stress and horizontal displacement

M W




-
EN
12
= (1) WS
)
//X\(;)
X—
/ BB T
x
(™) X ()
EEns &AM~ € ARG DL
GETF)
FELAL 8 0 & AMTEENL 6«

-9 BESOHIH
Fig.9 Conceptual illustration of significant point

— BITIIIKEEN ~H ARG DORARER Lic, Zhd
SR B LS, BERITELTVEDI, FEXT—Y (B
B 35t /mf) DA EIE-TVB, B2RF—U, B
4R T =IOV TE AR DO S EHERR U 7R
TIRDODRAT =B ->TWVW5B, £oT BFEERXRT—VDE
NLEHAR 2 — RIS & AWTABR DN AR & LRI Ly %
DRIz >V TN B,

AW D —RRY IS AR 2B - 9 IT/R T, REHIR
DEWRIILLTOEBDTH B,

OB#EE (1) : TABIS/IA Z LI EHA U0 &,
Fid. BAMNISIIO E— 7 200,
Z ORDEEEZ ISR & LTV 55
BRZ,

@ZFhm () : HANINT & B AKZEAIZERRIfRIC
H BN IBFEHMLTOL &EAN
BN DOWEMRNRE L EENH D
AL E VS, ZiliOYEE
HEERNE - & D LIV, BREA
WBBROBIG ICBIRY S 5 & bubh
TW3,

@F LD RO  HANTIZERFEICK - I5E. &
AN DI EIRHCEE SO
WMINEBW®RT %, LA >T. A
Wi 12 mE % L EE A
THET 2, X 5RIEHZEEMEE
L. T OELDICERT 2580
b5, H LD ROYIERIISEHRIT LA
FTLLHETRLD, BREDtA
BcHONBEFA VLY vy — &
BicE AL oh. HBOWEEED0—
2EBbh3,

@EBREERTH (=)

CBIEAEBE S L EAMENETR
U~ BAMZERLOEINT 312 bbb
53, HAMIIEINIZIEF—EITL B,
INZEERFAREEZRTREVL, £20
LEDOHMEARESE L VS,
AHIA TR, HAMIES 20tE/ miAhE F TiRIIFER
KIS L% R Uy S OFRIE D S FEMIc & A Wik A

Vol.18 No.72 '94.10

ClECHTOEHDEHEEINS, ZOROENEIZ2.2
mmiEETH 3, X5, AW 27.9tf /o FiED
SERBIZBIZIEMUIE U, 29.9tf,/ M ic#iim 4 2 1%
MTHEMAMETER N>k, INSDETOENE
i, FhFN4.5mm, 11.2mmTH 3, F 7% D0 St
WERD SN BEHAMA TR, BIESME TR
INTVW3, Zhid, SEOE ARSI, HEEWETIE
BKEMEE LTHERS LI & &, $E»EHET
W—BRIER LcZ itk 3 EEBZ o b, BRERER
BETORMMTEIER D & BUSBF LB 2 VAV E, &K
IR LNV T BT8O b D ERGE U CEEREE
BOREET 2 &, RARMAESE (BRAEE Tk
tan ¢ = 28tf/nf /35tf/m’ =0.80, HAIKFHRFTER
Ttan ¢ = 28.9tf/n’ /35tf/m' =0.82 L7135, DT &
W DBERETH > CHHBEE I W0 & S ZiEHIL
Blarvry— b THeHhCEBERSHETNE. N2
40 DFIPHIC » 2 WHIES OBEEEI . M ESOED
BONBABEHDH 5 T ENEMNIT SNz, BRAIT, A
X T bR b B L WRERG L2/ NIEZUEALKE
BOHIRFFIZB VT, ENEEEL, tand=08& L
THBEOBBIHT 2 RHELEELERELTHB L.

F = Hu/H = 184.38t,/102.37t = 1.80 > 1.20
F : BEReER
H : BAEY ) HRKKES)
Hu : B84 » B
N BAIEY O IR RSAE )
Z 2T : Hu = Ntan ¢ = 230.47 X 0.8 = 184.38t
H=102.37t

D, THBEBIITH L TReETHRTE 2 RA LY
Wil &,

3 .
5\(@-?/0“\
'vﬁ/’x
L
-
- :
5 | a
N - Sy
o I
g g ! %ﬂé
: I
2 !
s |
ij 1 .- ..‘;.. ..I.......
| 6
H |
: |
i |
| |
:/ é :
y : |
0 i e
0 2 4 5
AFEARL (mm)
H-10 MEHFENILIN-T
Fig.10 Stress diagram for respective vertical loads
33



Al —He 5 D ABRIREE

¢ C)
23.3
26.1
23.8

C(kgf/cnt)
0.60
0.80

=]
Q
N
i)
S
[
iy
3 .
P 3
,x&~
O S o
24
) R
7 L < v2

T1

D ©® 6 o °
HOREHEN

0 N 1

15

EitHo (kgt/cni)

B-11 REMEHBREENFHREDLE

Fig.11 Comparison between in-situ and laboratory tests

4. HARDFRETE ARTIEIND

AAIFEHE U 7oK PSRRI TR EoSMars1 7oy
I DHDREBRIZE EE 572D T, BBEPEERTDIKFEERL
~t WIS TTERAR D & AF I & B BRI D HEE %
Tolce COBBKER L. BMERBRM AT THRIL
rTeAREELREENC & 2 =R (cu . SRR
50mm) #ER & AE U, ERIERBRD O BEEA &
EEFHET 2BOEREE

X - 101, BHABERERIZ & > TH S N/ BN EHR 5
DA VRA—T %, BIRFEEE TE 2 hZ B EhR
TEPLU. B- 11 I2RT & 5%, F—FAETE BKE
WELro~tHEHLEIC 7oy U, INEERIY L,
Krhizid. F—HEORRIC X 3 ZhERRBRERL S
OETRLE, 170y 7 TOABLBHETHBDT
HEERIRER TRV, JORRBICL 2 & =TS
BROFDEER ¢ NPPREL . HAMEEIEIKRE I
LIEMENCH B,

AERXEN T BEIC/ER T 28MEAMORHE
1% 256~36t,/ M OHEIFICH 5, ZDHPITOENHERIC
519 2 BNEREB O ¥ ABBEOERER (ai) 2&->TH
&, ROEHBEIG LS,

o DU & 5 AT ¢,
IR & =~ BRI & 5 AL ©
. 2.7kef /em’ . 1
" 7.5kegf /e’ 3

34

a=ﬁﬁﬁﬁﬁﬁ&%ﬁﬁ%ﬁ§ﬁ%ﬁ)
: FRRARRIZ & 2 AMEE Ceu
. Loket fcnt | 1
" 58kegf,cnt 4

T ENHABRIC X BRI Atan  cu

. tan238°

" tan28.0°

IO ENS, BABEICB T 2BEEER 1L LTk, E
M (CURM) itk 2 AMBED1,/3~1,/4
BELLTATELBENDA S, &> T BEEEH
ELTHER ZEeERTRO LS ICEE L, THbbL,

&7 C = %Ccu
EEHEA tan ¢ = 0.8tan ¢ cu- (¢ = ¢ cu)

=0.85

5. RFTORE

BHBE — 21 & NIE, KREBERA O/ S ZRAE X T
LB RED=MEMBROER (&F7. BN
FoR) . b oK EEARB RO KIC X B
SABRER L MRS L, BEAREREE L LS, ¥
AMTBREEDS R L. 121X C=3kef /e’y ¢ =28° &1L
>TW5,

ZDEH>RESH>EDEUZERIZIG, Ty S
& NESEABT OGS, 20— IHEEOE
HHROMESE OKELDHEKL5°) BIETEELTVWSE b
DEEZOND,

ATXHNTI, 7Y 7 HIEOBERADL. 13I1F
BAMEEIDTHEMT %, - T. BoN/EANEEIL.

M R



BIER/IMEIZEWY T NITh B EEL N5,
ZOMEREZFIHOERICH TIID LB A.

& S/C = % x 3kgf,/c nf
= 0.76kgf ¢ nf = 7.5tf /i
BEE¥A tan ¢ = 0.8 X tan28° = 0.425

EW B, BIHDABETDTF—72HWT, Zetkico
L\Taﬂﬁﬁ%1?t; 2 7‘:0 }gﬁjﬁﬁj} Hu Li\

Hu = AC + Ntan ¢
=6.324 X 7.5 + 230.47 x 0.425
A BATIRZY h BR)HE = 6.324 nf
N : B2 h HERHE ) = 230.47

Hu 14538 .
T " longy - 142>120 7D, ZORH

ZEOTHTRREEMIERI NI,

-7T F=

6. HEHE

MERE D TRPEEOEE I 5B O BEEEH
FOFHImEZ I TV B0 Z ORI HEREER S 12
TEHAFMENINETTHFRINTOVRVEDREHB IS, &
Bl THRALE T OKF#EMAREZER L. TELULD
TAMEI 0D 5 L AHRT L EE bz, ENN%E
A S EE 2T 5 L TO BRI 21T > 72,

Alald, BAERBRA 1 7oy 7 Th - fefobiz, Td

Vol.18 No.72 '94.10

WEICE2E THHIL7ZDIEE6 25— ¥ (0 v =3.5kef
Semt) FEFTH o e AR EIF 11mm P EicsE

Lo KEREBORMEDO D EDVEBIZIAmMmBEETH 3,
HERRIHLa V7)) - ERDOBRE, CANEEEHE
Lico MLav s ) — b EDBERMEBELEINTOAN
WHEATICHESE ABRIIRD Shish - 7o, BA
P HERE sem I F TIRBRNZ . ZOHMIBILL
TWEH. ZNLBIZ > W TREBLE» B 5.,
ABHZPE S B OBELI RATIEICE & > T BT
VRS R AVAY oY g 138

PETHEEKRLZHN, S5IHELVFEIic> VTR
SHRORFFEE Licn,

RIS, AREEERT 2IH ), EEETEV AL
FBIREAL. HBRAEFEE L/ =3 - HiEAX - BEBKRT
HE MG HEECHE. ARELERFRE. FEH
Kelph &, () BRRTEWHRT )IImEBmEEfmos
PLICBRS BB L EiF 4,

BE R

1) NlEB&KUC- ¢ : ¥ 4F1H, THEI ¥4

2) KIRERMNEBEE O AN —HHith-
+ & H#E3. 1985

3) EDTEHIMRE L &t - BT ~OIGH : TET¥4
i

4) sORBELHR  THET¥2

5) EXEEHIBE N KT v

6) tHF. =B & 2 B HAR O SRR E
BCBIS 25T « BEARZEFEAGRY] . 1991

7) BHE<T = 27V RAEEER A

35



RERBEEEOMWRE - HEHE

Wind - and Earthquake-Proof Design on the Towers of Kurushima Bridge
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The towers of Kurushima Bridge have complex dynamic properties of vibration because the bridge is extremely asymmetric
with proportions in spans, tower heights, and deck type of the side spans, due to aesthetic and topographical considerations at
the site. In addition, the towers are more flexible than that for similar size of the Honshu-Shikoku bridges because of
employment of a streamlined box deck and its usage for only highway transportation. For the above-mentioned structural
conditions, a previous experiment has shown a possibility of occurrence of the vortex-induced oscillations of the towers in
completed state, This paper introduces some characteristic features in the wind - and earthquake-proof designs of the towes.
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Tab.5 Oscillatory wind speed of vortex-induced motion and design constant
REHE—AIE REE KB KEBEZAE
2P Ei% 3PEE 5P 6P % 8P FiE 9P EiZ
B H(m)| 112.25 144.75 165.95 14345 179.45 176.45
KB £ T B(m) 40 40 48 48 48 48
BHNmEzET | RS EIE ((R&KIE) D(m) 44 48 6.0 5.75 6.0 6.0
Yo LYAN:Y B/D 0.91 0.83 0.80 0.83 0.80 0.80
S DES h/D 0.10 0.10 0.12 0.12 0.12 0.12
PR 1.65 1.70 1.70
TEHhIE A
Us 1.50 145 1.35 1.35 1.40 1.40
R EAHIE R
J 1.35 1.30 1.30
&5
s 1.60 1.55 1.55 1.55 1.55 1.55
JEHERE U, (m/s) 54 56 57 58 57 57
REHEGE ; ]
%fnjﬁfﬁ) U, (m/’s) 40 40 40
BB N (Hz) 1.156 0.779 0.785 1.046 0.663 0.697
SETE v — 7 EE V. 30 22 34 32" 43 29 30
(/) gopr 10m Bl V| 22 16 24 23 29 20 21
R BAISEEEE 27 (@m) 0.124 0.154 0.736 0.538 0.814 0.792
ST TR | kFiRsy 8 25° 25° 20° 20° 20° 20°
FEHhiELA ) 1.50: 1.50 1.40 1.40 1.40 1.40
HEE Co
FEH 0.65 0.65 048 0.44 0.48 0.48
FESTEOEM LR 1.35 1.35 1.55 1.35 1.55 1.35 1.35
RE N (Hz) 1.695 1418 1431 | 1625 1.625 1.305 | 1440 | 1.305° | 1.440°
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RUNIK | kR B 15° 15° 15° 15° 15° 15°
BaEA SR 140 1.40 1.30 1.30 1.30 1.30
AR Co
Bl 1 0.40 0.40 0.35 0.31 0.35 0.35
FEIS DB LR 1.65 1.60 165 | 165 1.65 1.60 1.65 1.60 1.65
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i 0) 6P 3t 3),4) 8P &K
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Tab.6 Spring constant for anti-seismic analysis
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Tab.7 Major sectional forces by earthquake
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2=y vEh 28 tf 63 tf
#7 937 tf 786 tf

o |EREEM | EAENSE—XVE 11,462 tfem 12,775  tfem
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Tab.8 Horizontal reaction force to earthquake according ro

different support conditions (tf)
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The Bridge in New York, Rehabilitation Inspection Report
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