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Evaluation of Residual Stress in Compressive Steel Member
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Allowable longitudinal compressive stress for tye compressive steel member is determined based on the strength curve
considering initial strain and residual stress, etc. in the case without counting local buckling. This strength curve varies
according to cross-sectional configuration and values of initial strain and residual stress. Nevertheless, in the most cases, one
common curve has been used to simplify calculation for each case. However, it has been pointed out that the strength curve
for conventional compressive members might understimate strength of such members as the tower of suspension bridge
because such a member would be composed of thick plate and its residual stress must be smaller. Measurement of residual
stress was then careeid out by non-destructive method for the tower member of the Rainbow Bridge and the Akashi kaikyo
Bridge, and by cutting method for the deck plate after fatigue tests. As a result, residual stress in the tower member was found

to be quite small.
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Tab.l Physical properties of tested steel (Rainbow Bridge tower)
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Fig.1 Location of measurement(Rainbow Bridge tower)
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Fig.2 Summery of redidual stress measurement (19th block)
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Tab.3 Physical properties of tested steel
(Akashi Kaikyo Bridge Tower)
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Fig.3 Summery of residual stress measurement
(flange of 23rd block)
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Fig.4 Summery of residual stress measurement
(web plate of diagonal member)
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Tab.5 Physical properties of tested steel (Deck plate)
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Tab.6 Plate thickness, groove and welding method(Deck Plate)
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Full Model Wind Tunnel Tests of the Akashi — Kaikyo Bridge in Turbulent Flow
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Wind tunnel tests were conducted in the boundary layer wind tunnel laboratory of HSBA with a 1/100-scaled full model to
investigate aerodynamic stability of the Akashi Kaikyo Bridge in high precision. The tests were carried out in boundary-layer
turbulent flow to simulate natural wind characteristics and examine the influence of turbulent flow on the aerodynamic
stability. As a result, the prototype of the Akashi Kaikyo Bridge showed an equal or superior performance for unti-fluttering
motion in the turbulent flow compared with that in a smooth flow. In addition, the measured magnitude of gust response in
horizontal direction was smaller than numerical solution, however, that in vertical and torsional direction was well agreed to
numerical solutions. This paper reports and discusses the results of flutter and gust response from the boundary-layer
turbulent flow tests.
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Tab.l Summery of dimensions for aerodynamic design of
Akashi Kaikyo Bridge
H H i 7T
ST (m) 960+1990+960
FHEEXES (m) 35,5 x 14.0
e BT 29.54( hARRE])
(t/m) 7N 14.25( hEER)
A (tPm?/m) 9826( chgefRR)
59.8
&1‘(}%‘%}&@ 66.7
66.2
735 v 5 —FREEE (m/s) = 78(—#kifd)
* SRR TRT
%*-2 PARBRAFSBEISE
Tab.2 Physical properties of full model of Akashi Kaikyo
Bridge
#E R 1/100
SR (r—7VXE) 39.1m
B IR HE
REE— N IREIE (Hz) IR
i dPRLR 0.647 S= 0.032
TR 1RO 0.757 0.031
SYLAFR L IR® 0.855 0.035
R 21K 1.245 0.036
PR3 IR 1.636 0.055
hth WL 1.560 0.031
HXFRLIR 2,075 0.030
KT WERLIR 0.391 0.016
xR R 0.781 0.032
iR 2 0 1.270 0.041
5100
_ R fEE
1 |3
(SN £ % =
= | N
N
10100)
24600

(B4 mm)

Jba ]
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Fig.2 Generator of turbulent flow
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Tab.3 Dimensions of turbulent flow
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Fig.4 Cross section of deck of Akashi Kaikyo Bridge
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Tab.4 Summery of test cases
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Vibration Control of the Towers of the Akashi Kaikyo Bridge
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The main towers of the Akashi Kaikyo Bridge are about 300m high and have very flexible features. So the towers are easy
to vibrate under the wind not only during construction but also after completion of the bridge, and control of the wind
induced vibration of the towers thus becomes the most important issues for the safety of the bridge. The cruciform shape of
cross section was selected to suppress divergent torsional vibration at high wind velocity, and Tuned Mass Dampers(TMDs)
are installed to reduce the amplitude of the vortex induced oscillation caused by wind slower than the design wind speed both

during construction and after completion of thoe bridge.

In this report, the outline of vibration control of the towers of the Akashi Kaikyo Bridge is reported.
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Tab.3 Vibration Control Condition after Completion of Bridge
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Tab.4 Vibration Control Conrition during Construction
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Tab.5 Effect of Vibration Control after Completion of Bridge
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Aseismic design method was developed and adopted to Akashi Kaikyo Bridge and Kurushima Bridge, which incorporated
up—to—date analytical technics regarding seismic wave input and kinetic interaction of bedrock, etc. Aseismic design is made
on various assumptions and technical judgements. On-site loading test was conducted to supplement numerical solution for
heavily-weathered granite. The test included v1bratory loading, rec1pr0cal loading and sheering test for the class C to D rocks
to the Rock classification table in order to examine some controversial issues such as kinetic spring of bedrock, damping
characteristic, bedrock behavior due to the most eccentric, skew loading, and residual displacemnet. This paper outlines the
test procedure and its findings.
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Arrangement of test device in site and test point (T1 to T4)
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Tab.2(a) Physical properties of bedrock at test point
(loading_surface)(On-site)

T1 Co 700 2.3~2.55 1,920~5,550
T2 Dy 370 20~22 620~2,000
T3 Dy 400 2.0~2.2 580~1,500
T4 Dy 300 *2.1~24 370~1,240
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Tab.7 Damping coefficient by reciprocal loading test
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00 T L 05 ﬁo T4 fRLE Y 40 0.34 15.6
2,529 EE (o) RARE 80 0.18 15.8
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Fig.12 Resonance curve (Test T3)
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Tab.6 Loading pattern for reciprocal loading test

WER | AR ETRlY | Te R UTE (1)

No. X5y | g—v | 7B n=1 | n=2 : n=3 | n=4 | n=5 | n=6 | n=7 | n=8 | n=9 | n=10 | n=11 | n=12 | n=13 | n=14 i
- c A s 30 60 ! 90 120 135 150 165 180 190 Ty sHRER
- ©042) | 0.35) ! 027) | 020) | (0.16) | (0.12) | (0.09) | (0.05) | (0.02) W=285.5tf

o

15 30 45 60 | 70 80 90 95 100 _
T2 Du A 8 (0.46) | (0.42) | (0.39) | (0.35) § (0.32) | (0.30) | (0.27) | (0.26) | (0.25) W=285tf

t
15 30 45 60 | 70 75 80

L Dx B 8 (0.46) | (0.42) | (0.39) | (0.35) 1 (0.32) | (0.31) | (0.30)

W=285.5tf

10 20 30 35 4 4 45 50 55 60 65 70 75 80 85 _
T4 Du A 5 (0.46) | (0.42) | (0.38) | (0.36) | (0.34) | (0.32) | (0.30) | (0.28) | (0.26) | (0.24) | (0.22) | (0.20) | (0.18) | (0.16) W=1778.2f

STEOEM /5 — v LR LEOMIR (TRIBH) @7y sNDTHRBRT @ » 7 %FF,
QEHRXNPIRHIFEIL & 50
@Y v v ¥EHS h=2.15m, #HERF XS B’ H=4m,
8 A3 He=6.25m
i =i OFTAHEE 1L 30tem/min
®FFD () EEFROEd

n-z 3 (s eI, g-BEe
n=1
“JiA
B
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Fig.14 Load and displacement of foundation model (Reciprocal loading test T2-8)
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Tab.8 Sheering strength by sheering test
HEx | A%k | BUWHMER! | SAERE | RAMTOKE)| SAEILT | €ARUETIK
e NE | X% (B) ovif) | METH) |o (ketent)| t (keficnf)
T1 G 8 2855 476.8 476 795
\0&9 . T2 | D 8 2857 2514 476 419
o °/ T3 | D 5 178.4 209.4 297 349
6 ? ’ )z T4 | Dy 5 177.5 173.9 296 2.90
o a® LSRR (BB, 2 X 3m) DFEIGAIL Lo

BAMUGA T (kgfcm?)

4 Y &
’ A A
/ oL A& "X
2 & 20 1 T
s (C—rif)  GREMD
Al O
a,ﬁ s T1 | ] O Cu
e T2 A A Dy
\ TSV v Dy
[~ TR/ T4 [ O Du
o . . . .
0 1 2 3 4 5

$AEI 10 (ke cm?)
H-15 BAMERET -5 EE4BRBOEAMEL

Fig.15 Data on sheering test and sheering coefficient of
Tatara Bridge
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Tab.9 sheering coefficient by sheering test and plastic deformation test

R =i SAETE |8 AMT (KT E FATEAY] ® AMTIEST K& 2IRABRONHEEA  TevsE
Jiviis X453 o v(tf) T(th) o (kgf/c ) T (kgffc nf) Cr(kgf/c nf) ¢ r(deg) (&)
T1 C. 285.5 2789 4.76 4.65 - - 8
T2 Dx 285.7 247.3 4.76 4.12 8
178.4 191.8 297 3.20 0.55 41.7 5
T3 Dy
105.9 127.7 1.77 213 3
177.5 149.0 296 248 5
T4 Du 0.31 36.2
105.9 96.3 1.77 1.61 3
RIS RYRE (ISR, 2 x 3m) OIS L L
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Fig.16 Difference of S-wave speed before/after the test for
lower part of foundation model (Surface T4)
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Estimation of Television Interference and Its Countermeasure
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BAGBIRABRIR(CHS, TLEY 3 VHEREAOREEHECLYFRAETV. TLEZEREORE LHEEE
E L. WERBRIE, BFEEE AREUABRURNEREC OV TREETV. HBERTEENTFAENZTL
ERERE, HRBRADMEE Y —ERT Y7 ELTWBILKREKE MEBRUARBE L. Z0MY—EITU 75+
TlEHBINARUBEEILUFOBREESRE Lic, HRRIOSBKMXTE, EWERCRENREZT I EMHRALC &
EEEFAISOBENRL, REKR EEXORBERHFEFEZER L. ARRETRCLIHREEFE LI

Magnitude and extent of Television Interfernce (TVI) were forecasted by numerical analysis due to construction of the
Akashi Kaikyo Bridge. Evaluation was made for the radio wave from TV stations, Hokudan-tarumi, Kobe, and Osaka, whose
service areas are vicinity of the Maiko and Matsuho Viaduct, and Akashi Kaikyo Bridge. Other stations such as Osaka U
station and Okayama U station were also included in the evaluation. The analysis showed TVI might widely happen on
Tarumi area of Kobe side. For the countermeasure of TV, such area shall mainly be facilitated with party-line antenna
system considering radio condition and existing antenna system of the area.
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Fig.1 Occurrence of reflect interference
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&85,
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Ee : =8 Bic & 2 ZIEBA®E (V. /m)
BWEAVEKIE, ENVYLIBRINZUFGIOZEL AN
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Kt :3.99 (7 LR LED DEANORERECEPR TR
b HBADTER3.55~4 THENWVRBIZ L DES)
1.0 (B¥otifila ok 2 BRE L UL
BARAEwWZ, BYPhROBEREwo THOITEH
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Fig.2 Occurrence of masking interference
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RINBHBGEE. ETEHNREETROLEBD & U,
VHF 1~3ch: 100MHz XK V.5 (NHK - G)
4~12ch : 200MHz KBk Vi )5 (MBS, ABC,KTV,YTV,
NHK - E)

UHF 13~25ch : 500MHz KR UJ5 (TVO). L
U (TSC)

26~42ch : 600MHz #FJ5 (NHK - G,SUN)
47~62ch : TO0MHz Jti#%#E/KE (NHK - G - E,MBS,
ABC,KTV,YTV,SUN)
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Ik hRkD 5B,
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S’ ERhi
S : EHk
-1 HEEFILORSHER
Tab.l Reflect loss in numerical model
5 . SFIBRSHE Ne(dB) &
z | 100 200 500 600 700 I\’ngjg) HH
1B 7.1 10.5 11.3 114 115 0 IR
RET I 0 0 0 0 o | R
EIEE | 81 8.1 8.1 8.1 8.1 0 el
i r—7n 0 0 0 0 0 0 $%
Trhv4d 13 30 59 6.5 7.1 Ne &[@ | 779-}
2 FrigeE 0 0 0 0 0 0 %
% 187 2.8 45 74 8.0 86 | Nek[ | 177-}
= 13 30 59 6.5 7.1 ”
ﬁ KT 30 4.7 7.6 8.2 8.8
| 1.3 3.0 59 6.5 7.1
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Tab.3 Radio conditon in Iwaya area
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Tab.4 Forecasted quantity of reflect interference in Tarumi area

) B, RY$iDF Rl
%R HX @B V) E. PDUR 5%
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Tab.5 Forecasted quantity of masking interference in Tarumi area
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Tab.4 Forecasted quantity of masking interference in Iwaya area
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