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1. DESIGN

1.1. Concept of Design of Cantilever Erection Method

In the cantilever-method bridge, segments (pre-cast segment or cast in situ)
are connected so that the structure as the whole girder would be completed
and during the erection stage, statically-indeterminate force from the creep
and dry-shrinkage will occur inside the structure. Therefore, accumulative
section forces during the each construction stage and statically-
indeterminate should be the design section force.

The necessity of the analysis in accordance with the construction step and
the necessity of the analysis of affection by the change of structural system in
the design are the difference from the other erection methods.
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1.2. Design Flow
Cantilever erection method is that 2-5m blocks would be connected at the
both sides of a pier to the completion of the girder. In the design stage, it is
necessary to trace the work sequence accurately, therefore, the type of the
structure, case of examination and sections of examination would be more
than the design of the other erection methods and be more complicated and
need great deal of work.
Fig. 1.2. Shows the design flow of cantilever-erection method.
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1.3 Span

The span of Suramadu Approach Bridge is shown in the following drawings
for Surabaya and Madura side.
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1.4 Design of Segment

The design of segments is shown in the drawing SD-A-008 for the first span
in Surabaya side (P36-P37) and SD-A-009 is for the second span and
consecutive span (P37~).

Dimension of segment would be decided by the capacity of traveller,
location of PC tendons, and span length.
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Comparison is made in the arrangement of PC tendons between Cantilever

Bridge and T-shape girder.
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2. EXECUTION

Work sequence in the model of the cantilever-method bridge is shown in the
following drawing figure 2.1. The work sequence is based on the concept
design of cantilever-method.

Cast-in situ method and Pre-cast segment method are used in the cantilever
bridge. Cast-in situ method has the advantage that the accuracy of the girder
could be kept since during the construction, the deflection and/or the pre-

camber control could be easily done.

Fig. 2.1. Cantilever-method concept
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2.1 Schedule

Practical schedule for Suramadu Approach Bridge is shown in the next page:
(Example)

SUEARAYA SIRE WEST SE
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2.2 Pier Table

Photo of scaffolding is shown here.

2.3 Cycle Time for Cantilever Section

Standart cycle time for the cantilever section is shown in the following table
and the flowchart of one cycle is also shown in the next.

OAY

WORK [TEM

LONGITUDINAL TENDON TENSIONING

MOVEMENT OF TRAVELLER
[NSTALLATION OF FORMWORK

BULK HEAD FORMWORK ]

REINFORCEMENT OF BOTTON SLAB [

REINFORCEMENT
SHEATH INSTALLATION AT WES

[NNER FORMWORK

REINFORCEMENT AT UPPER SLAB
SHEATH, TRANSVERSE CABLE

POURING CONCRETE

CLRING
ROUGHENING THE SURFACE OF THE SECTION

INSERTING TENDCN ]
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l

| CONCRETEPOURING | 1
| MEASUREMENT OF ELEVATION | REINFORCEMENT OF BOTTOM
| SLAB AND WEB
REMOVAL OF BULK HEAD FORMWORK] [ INSTALLATION OF SHEATH |
ROUBHEN IN THE SURFACE OF SECTION CURING
| REMOVAL OF INNER FORM WORK|

| INSERT OF TENDON |

| INNER FORNWORK |

SUFFICIENT
CONCRETE
STRENGTH

NO

[REINFORCEMENT OF UPPER SLAB |

[NSTALLATION OF SHEATH AT UPPER SLAB|
TENSIONING | J
[ INSTALLATION OF TRANSVERSE CABLE|

REMOVAL OF FORM WORK |

MEASUREMENT OF ELEVATION |

[

MOVEMENT OF TRAVELER | Ll

CORRECTION { REVISE )
OF PRE CAMBER FOR THE
FOLLOWING SEGMENT

YES

INSTALLATION OF FORM WORK |

Flow chart of one cycle for one segment

2.5 Traveller

In this Suramadu Bridge Project, CCC is the main Contractor and CIC is the
nominated sub-Contractor to CCC. CCC uses his own traveller. CIC also has his
own traveller system which was introduced in the previous seminar.

Because the length of the pier table is only 7 m, CCC" two travellers were not
be able to be assembled simultaneously. Therefore, erection girder is utilized for
the first two segments for both sides of a pier. CIC's traveller was designed so as
to that the two sets of the traveller could be assembled simultaneously within 7
m for the both sides of a pier.

Construction Of Balance Cantilever Approach Suramadu Bridge
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CCC'’s Traveller

CCC'’s erection girder for segment A1

Japanese traveller length is usually from the main jack to anchor jack is £ 5m,
therefore, the design of unsymmetrical cable (tendon) arrangement could be
utilized when the pier table has insufficient length for two travellers.

Construction Of Balance Cantilever Approach Suramadu Bridge
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Fig. 2.5.1 shows the unsymmetrical arrangement of tendon.
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UNEYMMTRICAL CASLE

LUNSYMMETRICAL ARRANGEMENT OF THE CABLE

2.6 Pre-camber

Precamber is one of the most important elements in cantilever-method
bridge. During cantilever stage, the vertical movement of the girder can be
observed. Therefore, during the construction, pre-camber shall be considered at
the installation of the slab formwork in order that the actual elevation could
meet the designed elevation at the completion of the girder and/or the end of
creep. For this reason, the deflection at each construction stage shall be
calculated in the design stage.

The considerable types of deflection are as follows:

By the concrete dead load (|
By the weight of traveller (])
By the pre-stress (1)

By the traveler’'s own deflection () Japan
By creep and shrinkage ()

By the superimposed load ()

By removal of traveller (parapet, pavement) (1)

NouwuhsWN =

And as additional deflection are calculated in China as follows:

1. %2 @ live load ()
2. Elongation of Anchor bar of traveller ()
(If the tensioning is not given to the Anchor bar)

The photos show the measurement point for checking the elevation of the
girder. At the moment in Suramadu Bridge + 20 mm of the tolerance is
specified for the elevation during the construction. Therefore, some
correction or revisions shall be needed of the value of pre-camber for the
following segment according to the result of survey of the elevation. This
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difference between the actual elevation and designed is because of the
assumption of E, | of the concrete girder itself at the design stage.

In Suramadu Bridge, at least 4 times of elevation checking for one segment is
executed.

1. At the installation of slab formwork.

2. After the pouring concrete.

3. After the tensioning.

4. After the forward movement of the traveller.

2.7 . Scaffolding for The Side Span (Tail Girder)

Following drawing shows the hanger-type scaffolding used in the Suramadu
Bridge by CCC. The corbel at P57 supports the one end of the scaffolding.
The other end is supported by the hanger from the cantilever segment.

@50 scafoldding ' \\
. / \ i _ flange of box girder
- N
15mm teflon plate—L .
suspension rod
r' (932 PC bar)
1 :
back support beam corbel ' | 2H30 front support beam
N/ 128a longitudinal distribution beam

Construction Of Balance Cantilever Approach Suramadu Bridge
Masakazu Matsubara 16/18



one day seminar

construction and maintenance ofmain span Suramadu Bridge
10 december 2008 | Garden Palace Ho!

Secretariat : Jl Tﬁmbak Wedi no 1, Surabaya, telpfax; +62.31. 37292&3 ornﬁll D seminarcesuramadu. net

\

top plate of boy girder

sion rod

bottom of box girder

18
50 mllerh_HgL i I
5 . miy
| . o112 réllet

/\/corbel : /

2.8 . Scaffolding for The Center Closure

2H30 front support beam

The following drawing shows the scaffolding for the center closure. This is also
hanger-type scaffolding which is used by CCC. In the other projects, traveller is
also utilized as the scaffolding for the center closure.

top plate suspender

s

370 g0 400 20 370

db b

A8 A || A8

@\ﬁom cross beam of bottom cradle

longitudinal baam of bottom cradle

back cross beam of bottom cradle
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3. CONCLUSION (ADVANTAGES OF CANTILEVER METHOD)

1. This type of bridge could be erected without any scaffoldings from the
ground.

2. Accordingly erection need not to be affected by the land condition
(River, Sea, Valley, and Ravine) and/or road, railway surrounding the
erection spot.

3. Could be erected SAFELY and be erected by a small number of workers,
because of the repetition works.

4. Arrangement of the PC tendons and the bending moment distribution
are similar. Therefore, the rational design could be done.

5. Reference of this type of bridge in Japan is more than 2,200.
6. Can be applied for the span length of 40 m-300 m.

Can be applied for the certain curve alignment.
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