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Chemical and Manufactural Requirements for High — strength Bolts tightened to the Yield Strength
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Friction — grip connections with high — strength bolts held together by the method of tightening high —
strength bolts up to the yield point have been widely used by the Honshu — Shikoku Bridge Authority in the
construction of bridges including Naruto Bridge to Seto Ohashi Bridge. The method excels in construction
uniformity ; however the safety of high — strength bolts needs to be examined thoroughly. It is confirmed
that the safe and perfect bolts can be manufactured by specifying chemical components and the temperature
of tempering in conformity to the standards for high — strength bolt production such as JIS B 1186, and
managing the production by some hardness tests because there is no danger of delayed failure.
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Fig. — 1 Comparison between various methods of

tightening bolts.
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Tab.— 1 Standards for the chemical components of bolts by various

manufacturers
, 1Lk (%)
BYESAE RNk OB " fi§ &
C Si Mn P S Cr B
FI0T M22
M24 | BOLTEN | 413 | 010 | 0.70 | 0.030 | 0.030 | 0.60 | 0.001
A M30
F1IT M22 110N | ~0.23 |~0.20 | ~0.90 | KAF | AT |~0.80|~0.003
M24
F10T M22 | KHB 10 | 018 | 0.10 | 0.80 | 0.030 | 0.030 | 0.20 |0.0005
~0.23 | AT |~L10| BAF | AT | AT |~0.003
B F10T M24 | KHB 10 | 0,18 | 0.20 | 0.70 | 0.030 | 0.030 | 0.25 |0.0005
~023 | UF |~110| UF | UF |~0.90 [~0.003
F10T M30 | KHB 10 | 0,18 | 0.10 | 0.70 | 0.030 | 0.030 | 0.70 |0.0005
~0.27 | ~0.35 | ~1.30 | AT | KT |~0.95 |~0.003
FI0T M22 Lz
FIOT M24 | nHszo | 018 | 0.10 | 0.70 | 0.030 | 0.030 | 0.60 |0.0005 j%?# i;f
FIIT M22 | BCR [~022|~030|~090| EF | KT |~080 Bt |gme
FIIT M22 | HS25B | 023 | 0.10 | 0.90 |0.035 | 0.035 | 0.08 |0.0005 -
~0.28 |~0.35 |~1.20 | I'F | AT |~012| BAk -
c .
F10T hngi HS20BH | 018 | 0.10 | 0.70 | 0.030 | 0.030 | 0.60 [0.0005 | FigHt L&
~0.22 | ~0.30 | ~0.90 | LXF | LIF |~0.80| LIk |FAfE L&
FIOT M22
M24 | Hszor | 018 | 0.10 | 070 | 0.030 | 0.030 | 0.90 |0.0005
M30 ~0.22 | ~0.30 | ~0.90 | AT | AT |~L10| BAk
F10T M22 | KFI0T | 020 | 0.15 | 055 | 0.030 | 0.035 | 0.45 | 0.001 1
~0.25 | ~0.35 | ~0.90 | B\F | LIF |~0.85 [~0.003
D
F10T %g KF11T | 020 | 0.15 | 055 | 0.030 | 0.035 | 0.85 | 0.001 w1
~0.25 | ~0.35 | ~0.90 | AT | KT |~1.25 |~0.003
F10T I\l\gi SBR 22 | 0.19 | 0.35 | 0.80 |0.030 | 0.035 | 0.15 |0.0005
~0.24 | PAT |~L10| BT | BAF |~035| Kl
E
F10T M30 | SBR23M | 020 | 0.15 | 0.90 | 0.030 | 0.030 | 0.70 |0.0005
~0.25| YT |~1.20| WUF | BAF |~090| LIt
@1 :Ti 0.005~0.040 &L,
3
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Tab.— 2 Standards for the mechanical properties of high — strength bolts and tested data

& B Hv b Fo b S
% H [:72} SliRHES o ®o & BI5 [FRiTE B B
T - ik oot ket/mm® | kef,/mn? % % H:C ket H:C HC
E ¥ OfE 102.9 100.0 17.7 66.4 324 32.790 25.7 39.4
F10T M22 229
BHEREZE 1.68 1.74 0.98 1.97 0.53 630 1.39 0.93
o OfE 103.4 109.7 17.8 66.0 325 38.140 25.5 39.6
F10T M24 434 -
BHERE 2.00 1.63 1.08 2.01 0.61 630 1.57 0.97
¥ fE 102.7 108.6 17.9 66.3 32.2 61.090 26.4 39.6
F10T M30 144
BHERZE 1.34 1.07 1.05 2.40 0.62 720 1.06 0.84
¥ fE 1117 118.4 18.1 60.4 355 35.220 25.0 39.5
F11T M22 23 -
BHERE 0.76 1.47 0.80 273 0.71 530 0.80 0.88
¥ OfE 1133 118.0 16.5 60.9 36.3 40.760 25.0 39.0
F11T M24 12 —
RERE 0.94 0.91 0.50 0.95 0.47 190 0.0 0.0
%
0281 (C) %[ (si) %[ (Mn) %[ @
0.27} 3 L L
0.26f 1.20 F L
0.25} 0.40} 110} 0.040 }
0.24 1 r 7 LlLoof r
0.23 0.30f 0.90 0.030F -+
022t 0.80 I } f L
0.21f 0.20¢ 0.70 | 0.020}
0.20f F l 0.60} +
0.19+ o0.10} 0.50 |- 0.010+
0.18 r [ -
0 L - 1 A 0
A B C D E A B C D E A B C D E A B D F
%l ©® %[ o e %[ (Ti)
- 1.20f 0.003 r 3
0.040F 3 0.04f
L T L
0.030F T 0.80F 0.002 0.03F ,
[ i I ) SRt
L ABCDE
0.020 0.02
L 0.40f 0.001 -
0.010} - I - J 0.01F
. A L . n \ ; Ly L )
0= C D I = C D E 08 C D E D
-2 RV bEERS GUHESHOREEER/ORL) (M24)

Fig. — 2 Chemical components of a bolt.
(A comparison of the measured value of a bolt to the specified value according to manufacture’s specifications) (M24)
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Tab.— 3 Chemical components of bolt — manufacturing
steel
hLoFy ¢ S M, P s C B
M20 0.18 0.05 070 0025 0025 015  0.0005
M24 ~0.23 ~0.35 ~1.00 UTF T ~0.80 ~0.0025
M27 0.18 0.05 070 0025 0025 060  0.0005

M30 ~0.23 ~0.35 ~1.00 T T ~1.25 ~0.0025
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Fig. —3 An example of the manufacturing process
of highstrength bolts.
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Tab.— 4 The temperature of quenching / tempering
adopted by various bolt — manufacturers

Ao bEESHE | F K 224523 B A ¥ R
M22 880°Cx 704> 435°Cx 1204}
F10T M24 880°CX 9043 435°C X 1404}
A M30 880°C x 12043} 435°C % 1604}
FIIT M22 880°Cx 704} 415°Cx 1204
M24 880°Cx 9043 415°C % 1404}
M22 880°CX 6043 420°Cx 9043}
B F10T M24 880°Cx 604> 440°Cx 904}
M30 880°Cx 704} 470°Cx 9043}
M22 880°C x 5543} 470°C % 904}
c F10T M24 880°C % 6053 470°C x 10043}
M30 900°Cx 704} 470°Cx 1204}
F11T M22 900°C x 8043 435°Cx 1204}
M22 860°Cx 6043 445°Cx 904}
D F10T M24 880°Cx 605> 480°Cx 9043
M30 880°CX 6043 480°Cx 9043}
M22 900°Cx 604} 420°C X 604}
E F10T M24 900°C X 6043} 420°Cx 604>
M30 900°C X 6043 460°Cx 6043
—Stmm

a
'dl

L

2,

b £2,=d di/2
d
®) ®)

B- 4 R)L OB AEER
Fig. — 4 Measuring points of bolt hardness.
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Development of highly — flowing concrete with binary low — heat generating cement for mass concrete of bridge foundations. 2
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This paper results of large scale experiment to verify applicability of the high — flowing concrete , which
is made of binary low — heat generating cement , which experiment was conducted for one of the anchorage
foundations of Akashi Kaikyo 4A Bridge.

The experiment covered a wide area of problems necessary to be solved or to be made sure for
establishment of the construction plan of the foundation.

Test items are thus determined as confirmation of the mix proportion of concrete wiht the experimental
plant , method of concreting , performance of a concrete pump , placement method of the concrete , method
of treatment of construction joints , influence of the height of free fall on the quality of concrete and so on.

As a result , all the problems concerned with drafting up of the construction plan have been elucidated

in a practical manner.
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Tab.— 14 Outline of site testing
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Tab.— 20 The results of tensile strength testing
(laboratory test)
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Design of Cable Anchor Frame of Akashi Kaikyo Bridge
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The cable anchor frame has a function to transmit cable tension of a suspension bridge to the anchorage.

The

cable anchor frame of Akashi Kaikyo Bridge consists of tension members, anchor girders, and

supporting frame. Each tension member anchoring the cable strands at the end is arranged radiately. The large
block erection method using floating crane is adopted to shorten the construction period and to secure

accuracy easily.

Considering the experience of the exsisting suspension bridges, the errors of the structure has been
reexamined, and the ultimate strength of the details has been studied to refine the design.
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Photo.— 1 Installation of 4A anchor frame (model)
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Fig. —2 Arrangement of the cable strands on the splay saddle.
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Tab.— 1 Total weight of the cable anchor frame.
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Fig. —3 Arrangement of the cable strands on the anchor face
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Tab.— 2 Additional tension of the cable strand.
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Tab.— 3 Design eccentricity errors at the end of

tension members.
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Fig. —6 Anchor system of the tension member.
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Tab.— 5 Design load for the supporting frame
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Tab.— 6 Combination of loads for the supporting frame
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Superstructural Design and Fabrication of lkuchi Bridge
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Ikuchi Bridge is the long cable — stayed bridge in which a hybrid system has been adopted for the first
time in Japan , i.e. steel structure for the central span and prestressed concrete for both the side spans.

This paper report the design and fabrication of the superstructure of Ikuchi Bridge. One of the characteristic

point in design is the design considerations on changes in the section force and plastics deformations due

to a creep and drying shurinkage in the prestressed concrete girders.
In designing the steel deck two —box girder , special attention was paid for the consept of effective width ,
design method of a web — plate subject to a predominant axial force , design method of stringers and cable

anchorages.

A series of welding tests were made to select a welding method for joints in the main towrs. Preventive

measures were taken for control of deformation inducede by welding during the fabrication of the towers.

Serious attention must be paid to the welding in the cable anchorage area of steel girder where significant

stress concentration occurs.
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Fig.— 2 Flowchart to explain the whole analysis.
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Design of Luminous for lkuchi Bridge
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Seamen complained that the glare of strong lights on the surface of the sea from a bridge across the
Narrows is a big obstacle to steering their ship. A committee has been set up to examine the development
of non — dazzling lighting fittings since Oomishima Bridge. Consequently lighting fittings designed to central
light distribution have beeen widely used so far. Later, some improvemets were successively made on lighting
fittings, light distribution control and preventive measures against Karman vortex street overexcitation  of
Stricter control is taken of the light
distribution because lighting fittings have been arranged in the middle of Ikuchi Bridge for the first time.

lighting poles on Innoshima, Naruto, Seto and Hakata Bridges.

The bridge is a very elegant structure with the tower form of a slender for which lighting poles are designed

to conjure images of a ripple.
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On the Industrial Property Lights of Honshu — Shikoku Bridge Authority

An outline of the industrial property system, the present situation of industrial property owned by the
‘Honshu — Shikoku Bridge Authority, and the one gained in fiscal 1991 are introduced.
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