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Stability Design of the Suspnsion Bridge’s Tower based on the Design Standard of the
Tower for the Honshu-Shikoku Bridges
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In the design of suspension bridge’s towers of the Honshu-Shikoku Bridges, verification is required for stress and buckling
property of the tower structure under design loads and tower-top displacement

The Design Standard obliges to verify the buckling of the tower in solely transverse direction. Consequently, the Standard
allows two-dimensional analysis that separately calculates tower’s three dimensional deformation.into two components of

direction: transverse and longitudinal. This paper introduces the concept of the Design Standard, providing some results of

case studies.
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Tab.1 Effective buckling length
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Fig.1 Example of design procedure
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Fig.2 Three-dimensional model for buckling analysis
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Tab.2 Minimum buckling coefficient for plane model
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Tab.3 Results of the formula (5.1) in the Standard
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Tab.4 Comparison in plane and three -dimensional models
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Tab.5 Analysis on formula of stability

Voo B
[6)) 2) 1) + (2 -
) BfiRe
a. CASEl (BfT%) ICASE2 (IL#Z)| CASEl | CASE2 |lEgZE:
5. C.*0 O = " DHE
Ocax PR R S b .
i) Ol 1-0/0 ) Ohuo B o
2-6| 092 0.06 0.12 0.97 1.04 1.07
6-10| 079 0.01 0.01 0.80 0.80 1.00
10-12[ 081 0.01 0.02 0.82 0.83 1.01
12- 14| 076 0.02 0.05 0.78 0.81 1.04
Wy (+) B
1) @ 1+ () -
BiTRe
o CASE1 (BHT%) CASE2 (M#g2) CASE1 CASE2 | Hg&e
O Ce20u O P [2):7
Btz ° Ol 100 Ouao TR g
2-6| 056 0.18 0.42 0.75 0.98 131
6-10| 056 0.20 0.45 0.76 1.01 1.33
10-12| 064 0.18 0.42 0.81 1.06 1.31
12— 14| 066 0.19 0.47 0.86 1.13 1.31
Big L0 (53)
Oue (17 g )
i S
7 O On G
HepeR ocafomél (l_gc_):l'o
Teax
#-6 C,OEYFICLIHE
Tab.6 Influence of member length in C,
Ve-m
B BUTR g
) sCRERE M e ERE AR RERA IEME L ERE
o~® 1.02 1.04
~® 0.98 1.00
0.97 1.04
@~® 0.94 0.95
&~® 0.95 0.96
®~@ 0.80 0.80
~® 0.80 0.80
0.80 0.80
@~® 0.80 0.80
@~® 0.80 0.80
O~0 0.82 0.82
0.82 0.83
o~® 0.84 0.83
o~ 0.78 0.80
0.78 0.81
@~® 0.79 0.81
Wrr
- BUTR Ji7E
i ECRERE A e e A R ECRERE ErcRERE
o~® 0.91 0.98
~@ 0.71 0.80
0.75 0.98
@~® 0.66 0.75
&~® 0.84 0.91
&~® 0.94 1.01
O~® 0.72 0.81
0.76 1.01
@~®@ 0.67 0.76
O~® 0.91 0.99
O~ 0.76 0.90
0.81 1.06
o~® 0.93 1.06
@~® 0.77 0.93
0.86 113
B~® 0.98 1.18
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Tab.8 Comparison of results from stability analysis

CASE - 1 (Vc - Max)

SETESRE R 100 AV EFIR: AT BN
] B—Ef o & ES & & Ef
W1H | H2HE it W13 | H2HE &t ®1HE | H2H H
@~® | 0.897 | 0057 | 0954 | 0.867 | 0.057 | 0924 | 0881 | 0.057 | 0938
®~® | 0.790 | 0.005 | 0795 | 0.800 | 0.005 | 0.805 | 0792 | 0.005 | 0.797
©~® | 0814 | 0010 | 0824 | 0848 | 0.010 | 0.858 | 0.804 | 0.010 | 0814
@~® | 0781 | 0.021 | 0802 | 0.878 | 0.021 | 0.899 | 0.800 | 0.021 0.821
CASE - 2 (& — Max)
SETESAE R I S EFAIES SRETETE R
O B—Ef O & Ef O & Ef
¥1E | ¥2HE H1HE | $2H ®1E | #2H Ha
@~® | 0879 | 0.055 | 0952 | 0.850 | 0.055 | 0905 | 0.864 | 0.055 | 0.919
®~® | 0775 | 0.006 | 0781 | 0.784 | 0.006 | 0.790 | 0777 | 0.006 | 0.783
©~® | 0799 | 0010 | 0809 | 0832 | 0010 | 0.842 | 0789 | 0010 | 0.799
@~® | 0767 | 0.021 | 0788 | 0862 | 0021 | 0.883 | 0784 | 0021 | 0.805
CASE -8 (W, ETHD
BTBSAE R N0 Rl ARETRTEIERES
i B—Bf & & Ef M & Ef
WB1HE | ®2H B ®1E | H2E B S$1IH | %23
@~® | 0551 | 0.184 | 0735 | 0533 | 0.184 | 0717 | 0562 | 0.184 | 0.746
®~® | 0562 | 0.200 |. 0762 | 0569 | 0.200 | 0.769 | 0554 | 0.200 | 0.754
@~® | 0643 | 0175 | 0818 | 0669 | 0175 | 0.844 | 0603 | 0.175 | 0.778
@~® | 0.682 0.194 0.876 | 0.767 0.194 | 0.961 0625 | 0.194 0.819
*BEHENGE N,
-7 BYERE (1) OEBKR
Tab.7 Results of effective buckling length(/.)
% st IR0 4 1 ETHIE(EFE (34 C & ED —a
H—Ef R EEf | Ve max §-max | Wrr (BTF) | Wrr (B L)
@~® f; - ;ﬁég;‘: 56.2 49.7 52.7 52.8 59.9 70.3 §
(L =52m) v X = L572m (1.08) (0.96) (1.01) (1.02) (1.15) (1.35)
® 6U
®~0® f; - ézégg;‘: 59.7 61.9 60.1 60.1 56.9 92.8 oL
(L = 55.5m) 7 x = L576m (1.08) (1.12) (1.08) (1.08) (1.03) (1.67) 9|
B
oO~® ﬁ( C é:ggi :: 61.6 68.9 59.4 59.3 495 108.3 10U
(L = 29.5m) 7% = L578m (2.09) (2.33) (2.01) (2.01) (1.68) (3.67) ® 9
. 8
o~0 ﬁ( N éggé n’iﬂ, 65.1 845 69.3 69.0 49.1 149.2 | 12 °
(L = 32.0m) 7 % = 1.565m (2.03) (2.64) (217) (2.16) (1.53) (4.66) @ oL
e
() « WiHEER S Ef TR0 O ©, MR REAEC Lt AN LT B, &
« B—Efix (A=1.281nf, Ix=3008m", 7 x=1562m) ZPHfEE LTV5o @8- 14 L
+ B—Ef e LEEE R O TRk T 1 D0 0. 2 BFET 5 £ 61.6m L1 B,
< () NERESRME (L) 24 258257, (B : )
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Fatigue Strength of High Strength Steel in the Ultimate Life Period
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B — 7 % B @EUSHEERSAE i o
w>m o 8 mars-_@ X L R

Shinichi Ohe
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BAABIRAERER b S REMEETIVE LI HTSOM £ AW RS SHBRAEEEL . KEEFEREERL /. HREk0
DEBFR, V— ¥y o T REFBESLURARO T4 V- OREZFORGEEZCHOTEREL o, Eio, B
MICKERTO—R—IVENERFLEEETHY, JO-R-—ILOARES Ko -HEERF Uz, BRE, FmEER
RTOBERTEIEL oM OB FREL, AIESRHHRO DERBETHI I EMhD o1z, SHIC. FREBRIEC
B Ay b FA VIS L-HTRED FSAEMICBMYM CENFRENDIBLYOT I v FAY MERYDIFTEY.
EHRECRITHEEANTVLS,

A Fatigue test was conducted using a large-scale model of the lower chord of Akashi Kaikyo Bridge’s trusses made of HT-80
steel. The test was conducted for a variety of welding conditions including root gap, tuck weld , and cleanness of the groove.
Effect of the size of blow hole was also examined with intentionally-included blow holes in the welding bead.

As a rtesult, analyzed fatigue strength was classfied the class D of the Superstructural Design Standard of HSBA for a test
member manufactured so as to satisfy the class B in the Steel Bridge Fabrication Standard of HSBA. Also examined was the
effect on the fatigue strength due to attachments that would be adhered to the truss member, such as gusset plate diaphragm,

and doubling plate, etc.
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Tab.1 Physical properties of steel RHEDOBFEOWIOME T AR, - 2R d AT
; ¥ i B¢ ) ©2/ET o ZIRIE K
el R A PR & B Tk CI) p2EmCSE. WL
, e L. Ao v 2 BRLICR2EALBEE LT
HT780| 32 81 86 23 |281 (-4%0Q)|75vyvay . et ) e .
55100 | 32~16 | 29-30 | 4516 | 3135 W5, B COBHETITV., BB FEETH R,

- 2 #DLEPRsY

Tab.2 Chemical components of steel

- clsi Mn| P [s]cu|Ni[cr|Mo|Nb V] Al | ceg

X100 | X 1000 X 100 X 1000 | x 100
HT780]12| 27 |93| 11 |2 | 18 |o3] 44 [33] - |4 | - 48
ss400 (14| 13 98] 21 |5 - |- = [-] - |-] - -

x- 3 ERBEEMH
Tab.3 Bill of materials used
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x-4 Hev MEKOBEHE
Tab.4 Combination of gusset plate
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Fig.2 Configuration of gusset plate
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Fig.3 Welding procedure of intermediate diaphragm
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EE- 1 BERBROKR
Photo.1 View of fatigue test
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Photo.2 Face of fatigue crack at outside groove weld
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Photo.3 Face of fatigue crack at inside fillet weld
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Fig.7 Development of crack occurred from blow hole(Corner weld)
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Fig.9 Relationship between number of repetition and measured stress amplitude when crack occurred(corner weld)
Vol.17 No.66 '93.4 13



= 28.0m NI g A PIAHE : 2.8m x 44 =11.2m) DL —
MEEFHEIC L - TRIBE N/ 7 o —FR— VORI 2027
THD. ZTDOHIBHWHEUNPREE LTV DI 20 4T
déofio
H-7icE—F< =0 50AN-tc7a—Fh—h o
- OFEFHEROERRIERT

Ty F AU ORI EROFRERNE R - 8ITRT,
FEIHABRPIcRI SN/ &I, Ay b2 6 13 #Fr.
FAX TS Lh 525 HiBL ST A/ N—=F L— b
510 R TH - 72,

Ay b DB E NS 2. EEOIRIE
ZERE%, Vo4 05—tk DBRELR,

2H. S — NERICEI 9 25 0#E b & Lnl% & 2
BeLThh, SHELRN-2bDEE->TVEN, &
#HLL2ERERWTN /DI N,

3.3 EHEE
(1) »EBHE

K- Qizkm T U7 i) 30z 0T, ZDFAN
BRI TRIE L72I671&. N5 DREROH IR Ll
BOBRE. Emi (E75 > D) &51RM (F75
YOAD hHF TR, RHEOET S RO, B
BolebDEWL->TW5B,

Kb ABCD B EUFA'B'C'D’ OEMIE. AN PUEE
HABD MG TR B 2T MR CTH 5,
FEM DE AR I35 RN O BET FaiiR % 1.3/ L7
bDTH 2, ABRKERIEEIRENE CHEROFEHHROULE.
ERERNZ C HRORHEOPPLTAIAE LT3, T
AU DERAS N DU BAEAE AR ERE L 72 7o — R — LD
& A dmm PUT O EFEREBO ARSI A B S 1zt
THOBDEOVBETH H. HEBEESDO7a—k— LD
STEDPAREL B e BEPEDLNTWBE HDEEL SN

AHRNGIIEERE (MPa)

%5

- 101k, E—F <=2tk 2EH2HOEBRID
BEERICESWT, BREBEOL— MIOBRITL O R
HBUIEHERED, TRTOFEHERITOVTER
SHEN10mm & 52 E X DFMERD. FDAMEBETD
AFRBIITTay FLbDTH B, EZ5THE10mm i,
FIEEEPRMITHIRT 2 HEIGE LTV S, AMNE
[ELEAERE D ERTFERIT 3 B EETRE B W TR, b—
NEEDN & FEAE U 729597 S RN RENTHERE U B R 2 1557
Fme LTHH, TITELELAEHTHE 10mm ANIEIE
ZDHEMOERZBIIXIIEL TS, REFHZHOATRISS
& EETH 10mm OFGORIFRIE. LWHHHHEHIIE S
DNTHWAEHY, DERETEZ DD 5, Lich>TAH
REECHEELCOLEED T —R— g hTn
0 EMFOHFBE 21T S BEITE. DERD 5 Wik
0% TR 287 R A RE U CEAT 2 582D
brbHEVWZS,

W AABOBINERAETIR, D EWFITH LT, BESE
BAEHA, ABLUBRAELTED, FFATHIESH
P ONEMTREENE T —KR— I HEEZIEW =
1.6mm. SEXH=4mmBPlF & LTHEH RIUEEDH
FIRE SR O BERICEMT 5, AEBETHES L
mBESEO B O EEEE. FERISFEEF RIS
F2N0.5 I T oMt I NG, FEITEESERBERD
2% 10°0 12.75kg,/ mm* T b . %D 0.5/36.4kg,/mm?
& DEHD 8kg,/mm’ kK DKL DERTIRIETLLNIT D
DEFR B,

T, BOEUEE 200 A4 2 2 72 0B LIRIET
b FEHERREEE X ERTE 10mm O DR L
(ol TR H M A TN L7238 A & bic, 2O
BEILUTOSERNCH B Z &80 05,

ARBHIC I L~ P ¥ v v 7 1.0mm % & R D 13

400 —

[BIERED O : SiE Vi
AN HEY SA

oo
[=3
<

T

100

D
xllllLJ

I | 1 ]
10° 10° 107
%ZUE X 10mm BFOEHER U B

50 | 1

B~ 10 % & 3TE 10mm BRO#BE L B & AMSHEEORE (hERHD)

Fig.10 Relationship between number of repetition and nominal stress range(corner weld)

4001~
i [EfER] @ : AL
2001
£
=
B
=
3
2
=
A 100b—
-
50 L Lo il o tov 1l
10° 10° 107
EHE & 10mmBEDOHHR LA
14

X M W

M

i

i



BEB LY =Y VRSN BRI N OERGTHET
L7 EREOR T TV B, 2 B0 2243,
ZFDOEFEAENTo—F—aEBESELTREL, 20
DAL S A YT 5 LEERERA £y MIBESOES
AT AESRE LTRELTED . ENEDEHRPIL— b
TEERD S DIRH EBDOREZ I 5 T2y TDID, —
My v TOERRIDNFBES KO Y-V VI BED
HER OB S FHBEDOEIZDWTIE. SRI0k
HBHOSRBESMTE B -7,

2) HEvy b

B- 11 IZRETHRIE Lc 2RI o0W T, ZOMNEBETO
STMCHE S Z2h & OFRERF O bR L oS fHR%
Rl (E7 5 > ) E51RM (F7 5 > 24D b
FTRT . 5ROy PTRBILETHI LA ®
vy NOFNWATHETHELI LU 2y bk D HEHEEN
<\ DR A TEZ ERAGIRAIT 8 » B 3 » BT
HUlce ATHDA €y T3, DEKAETES b DS
LD ey, RUEEDOH £y N DEHTBEISID
CHEHMAETEZ bDIE8 yAIH2 rFid 7 B-11T
REETBRWZ oy M3 AUCAEy PREBE DFEL
leEsHWTH 5,

RO 2 v b Tld5 ERAIOBIT RSB % 1.345%
U CRRE U7 R DR TR B D DK% T Al % b
DOPATETE » A 3 7 BricFAE LS, BTETIRD
HRAE T2 O FAEE S, CELAE T2 b0 4
A L2 Th o, BIHIZE 34y s DFHIES
BENSOVEVIERIZE 5/, INSFL3ELIENE
AR TR & X 2 LB ERAIOHBRKSR & EF R DAL
BiZ7oy bEN 3,

WHERNPFEA LAty MzonT, BIRAIESE
WL 72N T RE DB -T2y bDE L iE. FiE
OIRDP LRTNTOBH B N F/NED & 9 EIREA L
WHBERET 4+ Uy MNBOERIEN 2, HEY PO
Bl 3B E AR ICERT 2 7 4 Ly MRTOFI
BIEROEANDHELRECRI 2D EEBbN S,

BB, EfEAITRE LI ATERR-7IRTOD X5
i3 51 AEITHRLE LT D IR IBWEI EE AR Lz
B IN@ET4Vy MRHED T S A V5 —iz &k BED
SRAELTED, BWEHD V' S5 1 5 — 18I BE %
ERE¥3,

T/, WHERRPTOBEN EROBRER S5 V5 —
TRWT, RAIRPEESBORELHR L B0 5E
L7, ZDIE & A E DR SHURELBD & WM
Ta—R—RRI N, EROREIKH LT, IESH
R EAET 2 70— K- UKELFELTVE D
DEEZOLND,

B F14¥735.4

RETHRIH L2 & 2z o0 T AFRISHHEIER & 2 5u5%
REDO# 0B LRI OBIRER - 12108d, APUELET
3 T4 Y75 LOBEHFERINI. 2A—=5 v THED,
BLUIOOWTREILHEEE LTE Y DERAEEAIC,

Vol.17 No.66 '93.4

AT | BLiE
400+ R R/D A
150mm | 1/5.1 [@)
300mm | 1/25 [&3
SEERE S
g
5 200
[}
0o
§
& 100
)
50105 107
AT#: | BIE
A PR [ il | dem
400 100mm | [ []
B 200mm A A
o Iod 400mm \ 4
<
o
& 200F
&
5
@ 100
: ' B e 1 NI B W
50105 1 %
Number of cycles (EHEHED
E-11 Aty bOREL L EROBEHRE
(BFRISHEE CER)
Fig.11 Fatigue strength for crack from gusset
plate(analyzed by nominal stress range)
AT 472
4oor ﬁ]?’ A¥7 3L O O
A (ZH5 9 THD)
WA YT S L
B
(AH#5 TR L) d *
= C
Ay -
& 200
& D
)
&
5 100
& ——
50 . M B MR i R
10° 10° 107

Number of cycles

B-12 ¥4V IS LNORE LS EDOEFRE
(AWRICHEE TER)
Fig.12 Fatigue strength for crack from diaphragm
(analyzed by nominal stress range)

RCIEWEREZ2EE UGB >0 TE CHERIZLT
B0bDE LT3, SEOEENS, BFA VY75 A
(AA =5y L) IOV TR EHESRESET, EWIH
EXENI NN otc, Floy PRIZAY 754 (R
A=y THD) IOV THREEWABET 2L, DEH
EELTOS, ILEEREEHLZCI0S S, RN

15



wRE | &5
12mm O
24mm i
A5 A5 & 180mmy

500 —

TR

T

Stress range (MPa)
— o
< (=3
=) =]
T
ZQ mmyg QRX
8

50

v by el s Lo sl
10° 10° - 107
Number of cycles

- 13 HTROEFRE (AVFEHEETEE)

Fig.13 Fatigue strength for doubling plate
(analyzed by nominal stress range)

RELUIEDNTA Y TS LDRAN—F v TE LIBEERIIH

MG A - THh ., B OBAEIEICK 3 ERT
F7E < BNFEAT IS & D RAE LEA AR K B
bDOEEDLN. S— NETHFFMTE THILL,

4) HTH. A X=TL—}

B— 13, 14I12/AFMGIHBH & & R REO# 0K LA
BOBIRERT . AUEETEARTIZOWT, EHF
BIEIEEAHE L TRV OT, JSSCEH RS ()
DT TR & s U7,

JSSCHEF % itgst () T, BiAFFHE X5 180mm
DFEDFEFTERIE. HTRICEIALFFREFTELT
WABD, WHABREREIEZEIREELL2rFID55 1 1
Frid FEHAE TE> THWd, ERELEFZVTNHIRE
24mm O HTHRIZ DWW THELE L, IE 12mm Tld 283
FELDh -,

A TAE X A 360mm iz DWW Tk A/ N—F L — MMM
UHSR EHE LT 50, BEHRBRERE ChERRE
TE5HDTH 7, BB RE 12mm DA T EFik
ZHMET S DTH -7,

THRBBEOREICIE & A EEZDPTVIEATIE. B
BRI TIREOREIIEE Th > o WHEHROK
HBEZEORE. P ERHENL—- FERDPBONT,

F 720 B 0E LRI 200 AE1% 2 A7 0B LB T
b, XRBEOENEBIIET L THCERICS E
EBDD B,

34 JO—FR—ILHhbDEF ERREE L ERSHE

B- 15z EEESA2 B2 L CRR LT o—F& =)L
DOWTHE, HNEZHOTHE LAREBEROD . 5
FHEBOFAE Ll 70—k — ILOHEOBEBERD ST,
P X WUFRAEREIRT, SRFEARIIHME — NAET2
MTHEU T o —R— VORI T 5, SRMFEL
te7a—F—VEOWETHZ, HEEHREZ 7o —K—

16

, WE | in
00—~ A 12mm | A
L B 24mm | A
o {5 [l% & 360mm
.
200 E
g F
kS .
2 G
& ,
10l H
2 [
e L
7]
50 |~
I L N R BT

] l o | l .
10° 10° 10
Number of cycles

H- 14 QN~TL— b OEFBRE (AFEHEE TEE)

Fig.14 Fatigue strength for cover plate
(analyzed by nominal stress range)

VA EMIS AR EOREH EREABUIBOEZET IR
kh5XAo6h 3,

WEEZED =094 x W xH* /2 L. W, Hiz7a—
F—LORBLUIHS

SRBUER
LR KfE(MPay m)10 20 30 40  50(%)

600 500 400 300 200 100 0 0 2 4 6 8 10

7 sk — S ERMEY
WS & KEMPaym) 10 20 30 2 q00 T 50(%)
Folss
50
ERTER
600 500 400 800 200 100 © 0 2 4 6 8 10
7 u—k— VAR =ML

H- 15 NEMFRDTO—R—ILDOSFH, ENHDDEHE
REEHRRUORER (SHHRREERT)

Fig.15 Distribution of blow holes in corner weld, and
number/percentage of cracks occurred from blow holes

x M & 8



&/ AN /(mm/ cycle)

107*

B— 15 THEEROEIEARRH KME) »R&ELE
BITHEOES B OFERIE | 1 B ERELNED Sh. 4
~B5MPay m» SFEAERITZABITEL B3, T2, ZOD
ISR RELEERE 2S 2MPa v~ m DU R TS 2 R FHE
LTV, 2D 2MPay m AN PUEE & D%
HEHEB LT o - R — VOREREATEOBHICHY
Fei ST & SUERE T IRIEAME AKw iI2—H LT 5,°

K- 168 @R BEHFHEHICERINTW cE—=F =025
DT HER BB AFTE U, T2 2 ORI & 557 2 2
BH#E da,/dNERDTToy bLALDTH S, Kho
ERRHFBTSNER 7 0 — R — VOMBERATEERD

é - T T T T m1TTT | T T T T LR =
6 3
- da/dN = 547 X 10° (K — 2.0°) i
al \ ]
2+ _
[ O, Q.00
10° ° X 4
8| fu % 3
- 'S -
°F wp 3% ]
4 F ‘./“ I
3r o n
oL /1 _
L 2NN
100 %% ]
8 F M. 3
6 F o A .
b Ve ]
2| _
1077 1 1 1 RN | | ) NN O Y I |
1 2 3 4 586 8 1 2 3 456 8 1
llo° I 10! J 107

Stress intensily factor K (MPa+ m)
H-16 E-FY—IDSROIESZREREE LISHIEK
eSS e el

Fig.16 Development speed of fatigue crack and range of stress
enlargement coefficient analyized with beach mark

2.5
g (O :R=150mm
A:RzlSOmm
[ : R=300mm
i
20~ ! QAN  :um
-E‘ L
E
&
N
151
B
12
]
=4
1.0
RIH
05t b i b nns Lot
0 10 20 30 40

g o (B

- 17 v f RBOEHDH

Fig.17 Stress distribution around R-corner of gusset plate

Vol.17 No.66 '93.4

SRR U7c BARE SRR TH D, 2 TOE—
Fo—h5RHda dN - AKBREBRS—H LT
5o

35 75 v F AV MEEDEHDTHE

(1) ey b

K- 174 €y b REOBEEHO AT ICHE 2
HeARd, REERIC 2 I5NRERIICIEETEE RS
NEd o, M- 18124t v b RESTHEHIE DA
LAMIEIO (5/ERER) &2 0MHRiEE 7oy b
L bDERT, BIEERITRELD b BOREIS
oy bahi, RIEMSHBT U dRANNFEAE %1
ATOBNWIEBELOLND,

/o, Ay McZE ok bS5 ARMD EIBEESBDIET)

7
IR IR S . D— e
O mzie @i
@ e i)
% 5 ‘. ................. ................
H :
® :
2 :
=] :
S :
= :
3 :
~ :
N : :
: ; ®
o ; .
. _ : : :
0 0.1 0.2 0.3 0.4 0.5
R/D

B-18 At v FOINHEHEDERE & RIE@O LB

Fig.18 Comparison between measured and calculated values of
stress concentration ratio of gusset plate

1.5

1.0

RIEIS]/ AHRIETT

ol

i L Ly 1 PR | L L
05 0 100 200
He v b RSO (mm)

300

B- 18 Ay MIZ > e EREMDICHFREIRST

Fig.19 Stress occurred in corner weld along gusset plate

17



2.2

5471 | 5472
2 FTA 75 L
(R#597HD) O O

HyAv7 54
187 (R#5 9770 ® *

.....................................................................

REIST],/ ARG
N

I
o
s

0.8

E— Fifh S O RERE

- 20 ¥4 VTS LEBOKTISH
Fig.20 Stress distribution around diaphragm

2.2

RS
RE 180mm 360mm

0.8 A
32 28 24 20 16 12 8 4

v — Fifid & OFERE

mm

PIES 5B YT UF
AHS 9T T
FA¥T T4 T,2
T./8
= W o
T
B 2mm ¥ — L.F !
l \ Bifi5mm 4 —
Bl 5mm 4 — Y
T: 32mm
T,2:16mm
T8 : 4mm
T
| I T/2
ezl |

p— g T W

Sz \\\

GRS \ \ B#h5mm o -V
Bh5mm ¥ —

B#homm 5 —
T : 32mm

T./2:16mm

T,/8: 4mm

- 21 hn—TL— MEFEDIEHSH
Fig.21 Stress distribution around doubling/cover plates

BAERRAR - 1912Rd, Ay MZZ- 80T, 2
NUADEZHARTL2MSICHEB T 3ENIPRELTE
D, OEH D EMTIT LN TEITBEE N &2
FrHIN S,

2) F1¥ 7354

FTAY 75 LEBEORERHEER L AVEIDLER
- 20127 T . BIERSI EARISH DA HTEKIZIL S D
21.2TH- 7,

(3) T A/ N=F L —}

BT A/3—=F U — MEFETOIRNDHEE - 2112
R HTHE — KD & 4mm OALE TORIEB DA
RS B Hid, K& 0 b O T2 SRR ORI & 12 -
TW3, EXDVEL. REPBEWLDEFEZDOHNKE

18

(> TVB, ZORBRIBEITHBROFERE —HLT
W5,

4. HELEZE

ARBRIE. (W) WAEHESCRE S h/c 8 L
BRESET S (FE HRIERE =ATHHK
%) OEBOTREMINICODTHD, EEZIILD
RASNICERTHEREE E L, JIEIHEE
xKLET,

BH. ARBRX DB ONACEBFERILUTOLED T
H%5

(1) AMSYWEEEBERIHET 270 —FK—IV%E

X M W



OO EHEEOWITRE IS DEL . BHEBICHE
DERIEETH %,

(2) Zo—k—d oD EHOREE S L EREM
Rz, 57502 (F75vy) LEE7S VY (b
75 rY) TEREDLNL Y, B EHOREREIIE
M7 DDORBENMERIZD 5,

(8) 7o—FR— OB EZITT 2 I AR
REL BB ->TTa—R =L SDEFXHORAE
R3S 85, Z OISR FREA 2MPav m LI Tl
B EBIRAE LIS,

(4) EEHOEBEETWONI A2y M. ZDORY
DR EA DRI K D 8573 CHEl%E TEI254
bd b, Ele. I 0¥ — It X BEFHEHDOBRERIC
FEAEDEREID Tu—F— ORI NTED, &
WELEZTo—-kc—BFELT0Eb0EEbh 5,
(B) FAVISLOEIHEEIX. A ATy THD, &
LeEblz, CHEREMELTL S,

(6) HTHROFEIREL ISSC 0FEFKiIEs (B) @
FEHE, h3—7 V— b OEFHREIRERS () OH
L FIEmE L. FEiEd () oBlEE—H L,
(7) T » #X—=TV— bDTHRBZDOIRENE
IR EAEENTVIGE . B EECRIETIREDRE
BAREWL,

Vol.17 No.66 '93.4

(8) M EMTBLUH =T L hzonT. B DE
LIl 200 FERRE 1. RS B3I 03T 5 4] b [1
AT - I,

SE

D) SBERIERAE AN U EEEE A

2) Miki,C., Mori,T., Sakamoto,K. and Sasaki,T. :
An Analysis of Fatigue Crack Growth from
Blow — holes in Longitudinal Welded Joints,
Structural Eng. Earthquake Eng., Vol.4, No.
2, Oct.1987, 289s — 297s

3) Miki,C., Mori,T., and Tajima,T.J.: Effect of
Stress Ratio and Tensile Residual Stress
on near Threshold Fatigue Crack Grouwth,
Structural Eng./Earthquake Eng., Vol.3 No.
1, April 1986, 155s — 182s

4) PEiEREtEet (2) Yoo 117 BAHEER
o

5) # LSRR EAWmES PHR2F3H AMNUE
HASTE AN - (M) MERGHES

6) W LI ERBSmESE WRSHE3H FMNUE
HISHE AN - (W) BREGEHES

19



KR DRV JTEREHEICBIY 5 /ESR

Investigation on Design Method of Lateral Beam for Steel Orthotropic Deck

E: &t 0 OEHBE-REAE B K 5%
Tsuyoshi Matsumoto
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Kazuo Endo
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Steel Orthotropic deck for roadway is required to check the condition induced by the fatigue because of both reasons:the
percentage of live load to total load is generally high in the deck, and so is the frequency of loading. Fatigue damages have
recently been reported around such detail structures as the scallop for field joint and the slit to pass the longitudinal stiffener
(such as U-shape rib and bulb plate)through the lateral beam. Ftigue test was therefore conducted to list up points to be taken

into account in the design of the deck.

This paper examines fundamental data obtained through the test to grasp relationship between the mean shear stress and
the fatigue life for both the structures:HSBA type of slit with the U-shaped rib, and the slit with the bulb plate for one-sided

groove weld.
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% — 3 Series HA, Casel OEHRBRER
Tab.3 Results of fatigue test for Case 1, Series HA
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Fig.11 Stress range at the nose of slit weld(on the high-strength bolt side of slit 4)
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# -5 SeriseHB DEFHHBRIER
Tab.5 Results of fatigue test for Series HB
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Tab.6 Summery of the fatigue test
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The Construction of Akashi Kaikyo Bridge Tower Foundations -Concrete work for the top slab-'
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The Akashi Kaikyo Bridge tower foundations were constructed without any failure, by overcoming many technical

problems under harsh natural conditions.

For the massive concrete structure (top slab) on top of the foundation (caisson), which is to bear an enormous force of
superstructure, low-heat cement was adopted to prevent thermal cracking, Polymar Impregnated Concrete panel was also
adopted to protect the concrete from neutralization, chloride damage, and aging.

This paper outlines the overall work of concreting.
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Tab.4 Specified mix of concrete

. [kt f b B (kg m) ]
we | s WS K | esns wEt -~ HEH (@) Bt |z
o0 (%) w © 1R Ry 4020 2013 1305 | ARBVKAL | dEEER]
2p L-7 41.0 53.56 139 260 359 359 50 569 284 292 1.4% TA
L-8 46.4 43.0 150 323 351 351 62 - 522 520 1.2% 5.5A
L-7 40.0 515 134 260 719 75 586 293 293 1.5% 4A
& L-8 43.0 46.9 150 320 681 92 - 527 528 1.6 % BA
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Fig.2 Casting division for concrete work
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Tab.5 Construction record

I E] 2P 3p
FTEkEER (ED 108 122
HEAITEE (o /H) 1,440 1,390
B 7o D TR R (o /hr) 120 100
F¥TaRE (m) 89,100 84,400
FTERBRIAE E2FE12 A 24 B PR3 E2H22H
T TH PR32 H4H Frk4E3H9H
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Photo.2 Concrete work at 3P foundation
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Tab.7 Variation of slump, air, and temperature between just-
produced concrete and at-the-side concrete(L-7 concrete)

H H 2P 3p
25 v7azi (F) 3.6cm 2.3cm
ZEZBuRE () 1.3% 0.6 %
avoy—4p P 2.8°C 27°C
EEERE BA 7.0°C 65°C
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Tab.6 Result of the quality control tests

ww | o | s | TREORIR fﬁmﬁs’gm “ﬁo 1 e | o i | Svr—yvy
H.2.12 308 308 204 268 343 7.3 3.8 13.0 10.0
H.3.1 1,540 1,848 187 281 340 8.8 3.7 12.4 9.0
H3.2 4,925 6,773 168 259 318 9.0 3.9 111 8.7
H.3.3 5,665 12,438 181 271 323 8.0 3.7 124 14.4
H.3.4 4,297 16,735 186 270 321 85 35 15.6 22.3 7K
H3.5 12,099 28,834 186 264 311 8.3 3.9 16.1 20.8 77K+ K (20~30 %)
H.3.6 10,201 39,035 187 261 320 8.3 4.1 18.0 23.9 #IK+K (30~45%)
L H.3.7 10,465 49,500 179 256 309 8.0 3.6 18.6 27.1 #i7k+IK (40~55 %)
2p H.3.8 10,100 59,600 172 256 306 85 8.7 18.5 29.0 7K +K (45~55 %)
H39 10,400 | 70,000 169 255 | 310 | 80 | 86 | 181 28.2 17k + K (55~60%)
H.3.10 9,940 79,940 177 264 312 74 3.6 14.4 23.3 157K +7K (40~55 %)
H3.11 5251 | 85,191 178 260 309 8.1 35 10.4 19.3 17K +K (40~50 %)
H3.12 1,310 86,501 172 262 308 8.8 39 7.7 17.2 #%7K+IK (45 %)
T 6,654 181.3 261.5 313.8 8.2 37 14.3 19.5
L8 H.3.12 2,581 2,581 222.4 309.7 380.1 10.5 4.1 7.4 15.3 77k +9K (40~50 %)
H.3.2 572 572 233 329 383 8.0 3.9 12.2 12.5
H.3.3 2,576 3,148 222 319 372 8.1 3.6 139 12.4
H.3.4 6,585 9,733 219 314 358 8.7 3.9 16.2 18.7 7K+ et
H.3.5 2,538 12,271 211 291 337 8.6 3.7 175 22.2 BTk + st
H.3.6 3.681 15,952 195 271 334 9.5 3.7 17.2 25.7 1K+ A+ 10
H.3.7 7,773 23,725 185 257 328 94 4.4 185 314 Bk + T+ 15 E
H.3.8 4,722 28,447 204 271 335 8.7 4.2 18.7 29.9 Bk + 18T+ 15 E
L7 H.3.9 5,987 34,384 204 286 348 8.2 3.9 17.9 29.0 7K+ IR i E
ap H.3.10 7,303 41,687 180 273 343 8.1 3.3 155 222 HRIK+ 51D+ 1E
H.3.11 9,521 51,208 207 309 374 8.8 3.9 13.7 17.5 7K+ 1T+ 1B
H3.12 12,676 63,884 201 294 357 9.0 3.8 12,6 15.3 BRI+ 15 E
H4.1 10,346 74,230 189 279 334 9.2 3.7 11.5 10.8 K+ B+ 1B
H.4.2 4,967 79,197 185 291 356 8.7 37 11.2 15.8 K+ R+ 18
H.4.3 2,659 81,856 197 306 365 8.5 3.9 115 13.8 K+ D+ g
o 5,847 198.3 287.7 349.3 8.7 38 14.9 19.8
L8 H4.3 2,473 2,473 203.1 330.5 391.9 12.2 3.9 115 13.8 WK+ I8+ B
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Fig.3 Concrete temperature at 2P foundation
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Flg.4 Reinforcement in the diagonal direction
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Tab.10 Capability of PIC board

H H

W BE . i3 B

1300kgfcnf

80kgf cnt

200kgf,cnf

3.5~4.0 X 10°%kgfcnf

2.4

1.1x10°° 1./C

S%LLE (FARERLL)

5 45 R BB

0% (R, #&E30E)

moE ® Kk &

0.1% (K 15kegfcmi, 28 H)

2l (V-

Omm (40°C, CO.=10%, 91 H)

HHEABRETX

2% (1400 [OlFHEARZR)

W B W

14mm (R/¥4 75 R +5JE])

ft % & i #%

o GEREBRER)

A8 (8 @)

PREDOENaV Y-+

BHE- 4 PICER (2P)
Photo.4 PIC board at 2P foundation
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Tab.9 Concrete content of PIC board
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Tab.11 Torrelance for the placement of main tower anchor frame
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Tab.12 Content of polymer mortar
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Deformation of seabed layers bearing the Akashi Kaikyo Briedge tower foundation
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Seabed layers bearing the tower foundations of the Akashi Kaikyo Bridge are composed of soft rocks of Akashi formation
and Kobe group. Therefore, the field measurement was carried out to forecast deformation of the layers due to construction
of foundations, and to work out appropriate treatments by analyzing the measured data.

This report outlines the result of field measurement and its analysis. The deformation of the layers are still under

observation.
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Paintingwork of Onomichi Bridge(Part 2)

i 5 5 BHB—EERE =

) neEREET BramRE O X M OE
Kazuhiko Furuya

# % 4 ERBHEED ‘

G meregsy m e mw e 2 W B %

Takeshi Sugiyama

wmE

A, BRI 4343 5 C BAERARIC & U BRI L TLEE, SESC2ELTRBINTONID, BRI S3EL
BETHNTHES T, BM63E2 A ICEMARNSIESHOGERICE, ZROSGESDEYEATHL

C OB, FEER2.1CHECBOT, FRITEENS IEELCHIz» TiIT- -2 TR 2EEEC ST 5. X,
B8 Ly, B TEECOVWT BEEZ(RYANKDSHRAT 3L EBIC, HRHOIRCOWTRNT 5, /o,
HOBBOMIBARTZEDOLHIC, R2em LI Y2 ENTHL CHMRLI/NEBRBOBEBIEEE R -(FERICD
WC BREFRUKRAEDEDBEERXBHDOTH B,

The Onomichi Bridge had been totally repainted twice with an interval five years since its opening to the traffic in March
1968, by the Japan Highway Public Corporation. However, coating film of the bridge was badly damaged when HSBA
succeeded its ownership in 1988, because repainting work had been put off since 1978,

This paper, the second report succeeding the first one on Vol.’92.1 of the Honshi Technical Report, introduces the total
repainting work carried out during 1989-1991, including such works as ventilation, scaffolding, blasting , coating, and quality
control, with many photographs. In addition, the paper outlines the light weight and movable work platform, which was newly
developed to ensure safer work condition for both procedures of mount/dismount of provisional scaffolding and painting.
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Photo.3 Sand blasting work inside the tower
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Photo.4 Scaffolding outside
the tower
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Photo. 7 Setting of scaffolding to lateral member of the
tower 3P
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Photo.5 Scaffolding for lateral member
of the tower 2P
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Photo. 8 Attachment metal to scaffolding for lateral
member of the tower 3P
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Photo. 6 Scaffolding for lareral member of the tower 3P
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Fig.2 Scaffolding for cable coating
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Photo. 9 Carriage block
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Winch and weight

BR-11 ¥—JI2#E

Photo.11 Scaffolding for

i B . cable

OEVHERKROE BT NS 2 EHEI 2% %
T, ARAE B ERSE 5T,
mOEBRCT Y FSoMmDEEIR. BEICEEI -
1z OBE-8ITRT LI, B3, ST TIHEEABWET
& EBITENITE -2 2B LR,

2 vy

L riEs 2PKEM L - F - EEERCERER R 2
B, ehPAE3d@eE L, SBTEREFTEAFHL,
(3) &%

Uk, BEROBERZEPC,IZITV. BIEIZTE

Vol.17 No.66 '93.4

ER-12 BREAR
Photo. 12 Open-type
metal
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Photo.13 Blasting tool for small-space work at cable
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Photo.14 Painting tool for small-space work at cable
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Fig.3 Concept of the movable work platform
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Photo.15 Ventilation inside the girder(around 4A)
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Photo.16 Movable work platform
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Photo.18 Hoisting of the work
platform(2P side)
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Photo.17 Full-face scaffolding at the end of girder
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Photo.19 Installation of the work platform(chain block)
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Photo.22 Washing inside the girder by water
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‘ Photo.20 Yard assembly of the work
platform(1A side)
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Photo.21 Installation of the work
platform(chain block)
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Photo.23 Blasting tool for the girder
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Photo.24 Painting work divided in three parts for the
center span
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BRH-25 NESERESHAE

Photo.25 Stress measurement for a small specimen
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Phota.26 Wheel of the work platform(polyurethane)
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Photo.27 Carrier system of the work platform
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Photo.28 Rubber to pass over the joint
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