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Federal Highway Administration P24

This was quite an achievement in itself because you have effectively a cork
bobbing in the water and you’re trying to hit a perfect spot and through the use of
GPS and positioning systems and ballast and weight they slowly could sink that
caisson down to the prepared seabed.
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We started the submerging process the next day at low tide. The submerging work
was done by pumping sea water into the core and lowering it straight down. There
was a monitor on the caisson and we measured the positioning of the caisson and

maneuvered the cables. Then about 1 meter from the seabed we sank it with about
a 2 centimeter error.
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The huge caisson now rested on the sea floor. Soon the other one on the south

end of the channel would follow. Now final preparations had to be performed on
the silty mud that they covered.
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Honshu-Shikoku Bridge Authority P26
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There were some more residues that grab-excavators cannot pickup. After
submerging the caisson, we used an underwater robot called air lift to suck up
some rocks and rubble.
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But once firmly on the bottom, the huge can had to be filled with something

2154 other than sea water to make it heavy.
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~Once that caisson was in place, all of the water was pumped out and it was
replaced by special underwater concrete (Figure 2-21).
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This was a new way of doing business for bridge builders. Traditionally caissons
2212 have been sunk, pumped out and then men sent inside to work. Danger was a
constant companion and many perished but this caisson had been sunk onto a
prepared sea floor and the only thing entering it would be this special concrete.
But because the entire structure would be submerged the Japanese needed a
concrete that settle and cure under water. Enormous concrete plants were floated
to the caisson on barges (Figure 2-22).
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Ingredients were mixed and then pumped in to displace the water.
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Each layer poured used up most of the raw materials on the barge. As this
mixture hardened under water, the construction crews would wait for the next
favorable tide. The average wait was 2 weeks.
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Federal Highway Administration P29

Ultimately that whole 80 meter diameter caisson which is about 70 meters high
was filled completely with concrete and then a special table or top was placed on
that caisson with ten more meters of concrete into which was anchored the tower
bases themselves (Figure 2-23). Once the steel tower bases were cast into that
table top then the erection of the towers began.
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" The height of this tower is about 300 meters or 1000 feet. One of the most
important issues for design of this tower is wind resistant design because the
tower is very high. So it is relatively flexible and easy to vibrate due to the wind.
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Many tower designs were considered. The design chosen was a so called

cruciform where X-braces would support the openings between the vertical
supports (Figure 2-24).
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Federal Highway Administration P31

The purpose of that is really for aerodynamic stability. It was the most forgiving

shape to accommodate the strong forces of the very strong winds that occurred.
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The tower design also had to incorporate one more major design component.
The two towers had to be able to withstand Japan’s frequent and often mighty
earthquakes.
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Frieder Seible, Ph.D. ) _F
Dean, Jacobs High School of Eng., % Q QL
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From a seismic point of view it’s primarily the towers that is the next most critical
element because the tower support the cables. If they are failed we could see that
towers getting overloaded, the local buckling of the steel towers at the base, these
are the kind of critical conditions we are designing the structures for.
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Each of the 930 foot high towers was prefabricated at one of twelve factories
across Japan. They had to match each other perfectly. Cooperation was critical.
Tolerances needed to be very precise to assure a truly vertical structure.
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Tower one shaft consists of 30 blocks vertically. Both sides of the blocks are
polished because one of the most important things for the tower is vertical
accuracy.
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%> Each tower component was hauled to the worksite by a huge barge mounted

2540 crane.
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We used large tower cranes with the capacity of 160 tons and with that crane we
put each block, block by block (Figure 2-25).
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The slightest deviation would be magnified as the towers reached skyward.
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The tower must be perfectly vertical so you do not induce extraneous forces into
the tower as the cables pull one way or another on towers themselves. What that
translates to is about an inch out of plumb over 900 feet high. So in order to
achieve that accuracy tremendous tolerances had to be met. They were perfectly
matched so that when you put one on top of the other, that mating surface is
absolutely perfect.
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As the construction progressed, the engineers were required to check the fit on

2649 each side of each block of the tower.
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Federal Highway Administration P36

Feeler gauges (Figure 2-26) little shims were used and the acceptance was that
you could not put that shim or feeler gauge between the mating surfaces of one
block when stacked on top of another.
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In essence the clearance between the tower blocks had to be thinner than a plain
card to pass inspection. If not, the block would have to be returned to the factory
to be further refined but none were. The workmanship was that precise. The
weather however was not so accommodating.
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There was a thunderstorm in December 1992, the northern tower was almost
completed and the southern tower was about 200 meters high or something and
that time there was a very large thunderstorm. It broke the measuring equipment
on the crane on the northern tower and we had to stop construction work about
three weeks.

599> 95> &y 9 O o Jol Lo il Jlouis g 018 &y auid ligh (1YY ,31) 134T Lolws o
Ol (3] A )0 oo Dgme SSaodew SBogb loj ol ;o Gsb ! .cails gl )l o Yoo
G 1) e g cole Oldos ol joeamo Lo g ol sl Jlod 70 50 Sl 32 59y 25 o5l

S Ao AUAD dw Dgds



