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“Va ly Verganelakis

: PREé/;ESSED CONCRETE BRIDGES
ERECTED BY\| THE SEGMENTAL CANTILEVER METHOD

- Although the cuntilcvcr construction method

applied to prestressed concrete brldges has been used for
) more than two decades in Europe and elsewhere its applica-

tion in North Amerlca is very recent

" In fact only during the present decade, in Capada

as well as in the United States, a move in this direction

-

” started with some good results,

The purpose of this thesis is to ‘give'a general
- N - , : / ' .
idea of this type of structure. and.the related construction

and design problems.
After a brief histofical review of, the evolution
of concrete bridges, the description of the method and the

choice of the statlcal system are given. In the following
'

chapters, the different construction methods are examined and

-

the design problems are'dtscéised.
In cenclusion, some examples of such bridges are

given showing the different construction methqds used today

1

< ‘throughodt the worldl
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CHAPTER I

INTRODUCTION T g

Of all the structures that an engineer wiil.have
the oppertunity to conceive and desigﬂ5§robably buildings

»

and bridges will be scen , admired or criticized the

most.

Por
ra

But while buildings will be covered with a lot of
things hiding the structural forms:and dimensions, bridges
will stay '"naked" to show forever the revolutionary or;the
old-fashioned forms, the harmony &r the discordance in the
lines, the audacity or the conservatism of the engineqr.

In bridges;'he-wfli be called to create new gtructures; P
.QQ prove his genius:and go beyond the established limits’

and give new forms and solutions ;o‘be admired by the
generations to come as the bridges of Maillart.

But for the engineer.deéling with concrete
structures, this fascinating field of creation will be
satisfied only by the cantilever construction method, fof
he could exceed the accepted bounds of concrete bridges,

except perhaps.foraconcrete arches, and challenge those

- reserved not long ago to the 'steel bridges.

B |



-~

The object of these pages‘is.to give to ehgineers_
: a.gene;al\idea.of‘this marvellous technique of segmental
: : o - f ’
cantiiever constructlion. The material was collected at
first during the prestressed cencrcte studies of the writer
in Paris on a bursary from the French Government and later
'during hlS research for the conception and the analysis of
:Grand'Mére Bridge which is the bridbe with the longest span
(595 feet, 181 m) ever built with this system in North
“America (1977). .
- Anyone‘whe maylbe interested in knowing more on
this subject could find many articles and books treating'

thisIQUbject in theory and in practice, some of which are

glven in the references at the end. Especially, the

reference 1.1, publisﬁcd,by the Portland Cement Association,
gives a vast bibliography (117 references) with abstracts of

segment post-tensioned construction between the years 1962

and 1967.

—
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CHAPTER 2

" HISTORY 5

" From the first stepping stones put across the
shallow parts of a river (Fig. 2.1, Ref. 2.1) to the modern
bridges of todqy (Fig. 2 2, Ref, 2.1) the. evolution was
tremendous and their history a fasc1nating subJect.

The brief historical outline given hereafter will
be limited to the concrete bridgcs only. The reader who
will. like to know more about this evolution will find a lot
.of books dealing with this subject (Ref. 2.1).

The construetion of conc’é§e~bridge; started
during the latter half of the last century, but since the

use of relnforcement was unknown at that tlme, these

structures were a repllca of the-arches of the,past

. »
b ]

(Fig. 2.3, Ref. 2.1).

ol

At the turn of the century (Ref. 2.1) engineers
(as Hennebique and.others) iatroduced steel bars in the
concrete in order to resist the tensile stresses. The use

of this ncw matefialj the reinforced concrete, pemitted

Maillart to build his famous bridges (Fig; 2.4, Ref, 2.1).

PR
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Fig. 2.3 Early example. of concrete bridge,Glenfinnan Viaduct,
Scotland..
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-

Fig. 2.,2&,'Maillart"s Bridgé over the Salgina,Switzerland,(I929) .



The greatest progress in the fiéld st realized
during the twentieth century Wlth the coming of prestressed
concrete, dtvcloppcd chiefly by the great hugLnC;Pruyssinc'
which eliminates the tensile stresses and cracks by'apply;
Ing an initial compression to thelstructure. But it was-
only in'the early fifties with the development of the
cantilever erection‘method? that hew‘horizonslnereegiven to
the concrete bridges. o /

'To build a bridge 'in reinforced concrete,-as the

~

stone arches in the older days (Fig. 2, 5 Ref. 2. 1), a
.scaffoldiqg must-be erected which although a temporar;
structure, must have sufficient capacity to carry the %
construction loads and ‘so increase_ thettotal cost of.the
' bridge. ln addition; if the bridge crosses -a river with
large flood plains or a deep valley; the price_of'these”
temporary structures can'he excessive compared to the‘
total-cost oY the finished work. |
Alternatively, if it is possible to erect the
bridge {n small segments cantilevered from the piers or the

abutments and anchored each time on .the finished -and self-

supported ‘part of the deck then this problem is solved.

2

“



'Fig 2.6 Early exampl'es of cantilever_cons-
truction’'in Egypt (top),India and
-Chinfc'l. ' l
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The cantilevgring'construction method, a very
simple idea indeed, is not a new approach to bpilaing. In
the anclent times (Ref. 2.1) similar methodé were used In -
-Egypt, India and China (Fig. 5.6, Ref. 2.1). 1In Egypt, it
@;s the capital-lintel systcin, in India, a_piling of wood
beans, each plece qf different lengt:f}_;Jl was used to form the
deék,'and finally, in China, wood bgamslcorbelled from
masonry masses made the structﬁre.

The.first application, in tﬁe moderﬁ time;;-of
the cantilevering method Qas used for steel bridges
(Ref. 2.1). The fi%st 1oné spanlbridge.builﬁ’by t?is method
was the Forth Bridge, in 1890, with a main span éf 1700 feet
(518 m)., Although an-American engiﬁéer, Thomas Pope,
proposgd in 1811 t;e construction oﬁerlthe Hudéon River of
a bridge wité a main span of 18Q0 feet (549 m) erected with
prefabricated wood trusses corbelled out of the abutments
(Ref. 2.2). |

Later (Ref..Zml),’in:194§; Eugeéne Fieyssinet used
a similar méthod;for the five Bridges over th¢ Marne River
near Paris (Fig. 2.8). Each bridgc;‘with a main spaﬁ_of
240 feet (80 m), was composed of prefabrié;ted béaﬁs cut in

five segments. Once the two exterior pieces were.erected

.

[ -
E“*{?



Fig.

2.7‘Pr0posed Bridge accross the Hudson River

\\\ - by Thomas Pope in 1811.
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. Fig, Z.S_The'Esbly Bridge undergoing test loading.

Py



-12-

and anchored td the abutments, the three other segments
were placed uSing‘é;anes and guys (Fié; 2.9). When all five
segments were positioned %pd their joints filled with
concrete (fig. 2.10) a prestressinglforcefwas applied to
congolidate and complete the structure.

But the first real application of this hethod to
;oncrete structures, as we know it today, appeared only'in
the early fifties with the reconstruction of the Worm's
Bridge, called Niebelungen Brubkc, over the Rhine andfthe
other one over the Moselle near Coblentz by the Cerman
company ‘Dyckerhoff & Widmann. J

Here ié; in a free translation, how an engineer
described the impreséion maée by;these bridges .at that
time (Ref. 2.3).

"After the destruction of all the bri&ges over

“

the Rhine and on the ma jority of its affluents on the left
bank, many struétures were completed during the past few

years, some being the outcome of new techniques The most’

note-worthy are the prestressed concrete bridges at Worm

over the Rhine and at Cobleﬁtz over the Moéelle.
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The principal interest’ of these appealing

structures lies not only in their spans, wh}ch a;though
long,are not records, but mainly for the new construction
methods adopted. k

Beyond an ingenious new syshem of stressing‘the
bars, the construction method is in some way the application
to reinforced concrete the erection methods used for steel’
structures, and opens unsuspected horizons to prestressed
coneréte. ..., ) | |

And he cohcludes' - | R N
s "The brldges at Coblentz and Worm, the 1atter one
being the first in prestressed concrete, over the Rhlne are
of unpeccable aesthetlcs. They do’ honour_ to their
constructors, the Dyckerhoff & Widmenn company, and open .-
wide future'prospectsr65pecially because of the use of new .
methods of stressing the bars and the cantilever
erection ...U.. : .

Since then, the prophecy of this engineer was
proven rrue. With the cantilever method adopted throughout
the world, the prestressed concrete brldges have achieved

an .extraordinary success reachlng spans that nobody could

1mag1ne just twenty years ago.
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" CHAPTER 3

DESCRIPTION

3.1 Building with Blocks . .

The cantilever cqeetructﬁon method consists of
erecting tﬁe bridge deck, startiﬁg on top of aepier, by
small segmente forﬁing a system“(called hammerhead) of'two
. symmetrical cantilevers, one on each side of the pier.

(Fig. 3.1, Kef. 3.1). o

Each -segment is cast, not in a formwork on top of
a4 conventional scaffold, but in a épeciai ﬁiructure (called
fo:m—traveiler) anchored on the finished part of the deck
(Fig. 3.2, Ref. 3.2). . ¥

| Once the required concrete compressioﬁ strenéth'
is obtainee, the segments are consolidated one to the - other
by prestressing them and thus formlng two self—supported
cantilevers. This cycle is repedted until one half-span on
each side of the pier is completed (Fig. 3.3, Ref. 3.3)
fhis process is'repeated on each pier in order to
complete the whole brldge, including the exterior spans

whose length is normally equal to the flrst pier cantilever.

-~
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. Fig; 3.3 Pyle Bridgé,Erancé.CQnsttuction se- -

quences (top) ,casting of the extréF

mity of the end span-on scaffolding.

.
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LR
If the exterior span is of a different length,.the remaiﬁ-
ing part is cast in place on a scaffolding or built by
cantilevering ft from the abutment.

At the center of each span, a closure pour
connects the ad jacent  cantilevers to provide contlnuity.
A hinge or a suspended girder can also be used to close the
bridge. | |

—It‘is clear ‘that building a bridgé wiéﬂ émall
blocks eliminates the scaffolding and so facilitates'the
construction-over wide ri&ers or ones with big flood plains
or bridges with very high piers, and reduces to a minimum

the formwork, since the one used to cast the first segment

will be used to make all the others.

3.2 Advantages

/  To better appreciate the cantilever method one

has to look ubon the disadvantages of the traditional

N

cast-in-place method.



(a)

(b)

(c)

(d)
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Most bridge collapses occur during constructi;n
not because of an Incorrect deck design, for this
was the object of a serious and elaborate ana-
lysis, but due to the styuctural insufficiency of
the scaffolding. Because of the scaffolding's
tempo?ary use and of its sometimes high cbst, a
minor importance is given, many details may be .
omitted, smaller safety factors may be used or an

excessive soil capacitylloading under them is

considered.

The scaffolding, .as well as the formwork, 1is

always different from one structure to the other

depending on the ground'profile, the shape of the

deck and the weight of the cast-in-place concrete.

“In cities, the cast-in-place construction may be

an obstruction to the traffic and sometimes must

be completely excluded.

If the piers are very tall, the cost of these

temporary structures can be excessive compared to

i

the total cost.



~

(e),
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By using scaffoidings the work progress is more
: | R
dependent. on weather conditions, except if a

shelter, usually expensive, covers the whole

structure.

A larger number of men and more machinery are

required due to the requirement to install the
formwork, the steel,and the concrete over the

Qhole deck at the same time.

O0f ,course, many of these inconveniences can be

eliminated by using prefabricated beam decks (although the

tbp;concrete slab is to be cast in place) but their use is

limited to spans of between 129 and 150 feet (37 and 46 m)

because of vibration problems (AASHO girders), their

excessive weight (specially made beams} , and'trapsportation

problems.

On the contrary, the cantilever method, in

addition to eliminating all these-disadvantages, offers the

- . possibility of a better control-and a finished product of

superior quality. This can be achieved by concentrating o

the work of a small and highly trained crew, due to the

mechanization of work; on a small and completely sheltered
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'ibpaQt of the bridge ét any one time.
| In addition, it allows someone to start the deck
.construction before the substructure is completelx finished,

" by starting for examhle the deck at one pier, while at the
same time the other piers and the abutments are under
construction- (Fig. 3.4, Ref; 3.5). |

‘ It is also possible, ?vén before starting the site

work at all, ta brefabricafe‘the segments in a factory

during the Wintef. | L | : '
'Therefgré, with the caﬁtilever method the deck ‘

construction does not depend on the profile or the nature o¥f

the ground, the weather conditions or the manpower dvailable.

"

l. »‘

3.3 , Ficld of Application

- The application of the cantilever erection method
starts with spans greater than 165 feet (50 m) (Ref 3.10)
because under this limit the pré%ébrg:ated beams; the cast-
in-place deck or the pushing method can be more competitive

in tqtal cost (Ref. 3.10).
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 Fig. 3.4 Construction -.sEqaenées of . Tatarna Bridgé. in foeece.

' +

-(Di.niehsion's in meters).

3



However, }frthe local conditions or the site
i . N

requirements are suitable_or-a significant rmumber of similar

bridées are'gfven to*“the same genefal contractor the
cantilever method can successfully compete with the other
-systems even on bridges with smdller spans. Such-was the
case, in L971, when the Kleinpolderplein.overpass.near
Rotterdam in Holland was coupletcd (Ref. 3.6), Formed by
three viaducts of a-total length of almost 1.25 miles
,(2 000 m) and located in an urban area with very dense .
: traffic whlch could not be 1nterrupted these viaducta

_with spans between 85 and 115 feet (26 and 35 m), were

constructed by the cantilever method with prefabrlcated

-

segments brought to the site on trucks and put in place by
a special steel gantry without any noticeable traffic

‘ dlsturbance (Flg. 3.5, Ref. 3. 6)

Does an upper limit exist ? Every day new

¥ : . . ' )
record spans are established and very soon (Ref. 3.7), b

1
J

using the cantilever method combined with the cable~stay,:
the prefabrication (for the webs) as well as the cast-in-

place (for—the slabs), the record span 1,050 feet (320 m) ~



. e B . .
L -r . : -
. BN . N . .
. .
R '
s
1 .
.. .
I
. ) o rl
. ot 2
LI ™ . s
' T .
. R . i
A . - ‘-'.\ 4.
v T .
M ' N M . " v :
. . ‘ N .
.
- ' . s
' -
vy ' - - ' Lo
. _ . oy
i :
t
'
n B
: H
» !

d;:rl‘
L)
LAl
ERA T

R

BT

(i ]

Fig. 3.5 Kleinﬁolderplein Overpass,Rbtterdam;Holland.The ste

gantry used for the erection of the prefabricated

segments., : . ‘




t

LY

will be attained (Meules Bridge, France, Fig. 3.6)._h;f'is
difficult &o preduct what the limit will be especially with

the use of light-weight concrete.

In gbﬁélusion, in spite ;f the opinion of the
writer that a special fieid of app{ieagion does not really
exist, depending on iocal conditions, the contractor's
expe?ignce.and equipment or the engineer{s audacity, this
limit; according to many writers (Ref. 3.8 and 3.9), is
soﬁewhefe between 165 and 395 feet (50 and 120 m) witﬁ an’

bptimum value between 195 and 295 feet (60 and 90 m).
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CHAPTER 4

STATICAL SYSTEM AND PRESTRESSING STEEL LAYOUT .

ty

4.1 Lengthwise Statical System

Although the choice of the statical system depends
‘on local conditions or on the shape of the bridge itself,.
nevertheless there wé; a considerable evolution Sétﬁeen
t?e first étructures haﬁing a hinge at the center of each
span ?nd the continﬁoué ones in general use today. This
~change is mostly due to a better knowledge ‘of the materials
and more powerful design instruments (computers, etc.).:
Generally speaking, the statical systems used

today are:

(a) The system with one or two hinges in ‘almost
gVery span;

¢

(b) - The continuous one;

(c) The cable-stay system.
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*4.1,1 ‘ Bridges with One or Two Hinges in Each Span

4.1.1.1  Bridges with One Hinge (Fig. 4.1, Ref. 4.1)

-

" The firsf bridges built by the cantilever method
had a 'hinge at the center of eachAspan capable of trans- |
ferring from one céhti;ever}todkhe other expaﬁsion movements
and shear forces but no beﬁding moments,

The advantage of this system lies in‘the deéign
facility because the system is.statically detenninate‘ggt/é
the construgtion'dead loads and indeterminate only for.the
live loads or Lhckloads applicd after the bridge is
completed. Even in the latter case, the redundant force
is the vertical reaction in the hinge (one degree of
indetermingncy). o ' mal~,

In spite of this facility which, due to the
sophigticatcd computer programs of today, is no longer an
édvantagg, this syétem is less and Tess used beéaﬁse'of its
big drawback, the discontinuity in profile.

In fact, due to the creep of the concrete, the two

cantilevers undergo deformation with time which results in _

P

P

a’ progressive deflection of their extremities and the

formation of a break or an angular point in the lengthwise

{
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profile just over the hinge. Althoughdthe bridge capacity
is not affeéted, the overall appearance is disagfeeable and
the resulting sag is a diSconort tor the tfaf¥ic.

However, thistystem is the only one used for.
cantilevers anchored to bedrock (Rio Pelotas Bridge in
Brazil (Fig. 4.2, Ref. 4.2)) where the oﬁly possible

expansion movement must be accommodated by the hinge.

4.1.1.2  Bridges with Two Hinges (Fig. 4.3, Ref. 4.1)

(XN

A substantial improvement regarding the profile
break is téxput two hinges in the same span by suspending
‘a short portion of the deck from the two cantilever édges.

This.system,‘in addition to a simple design, ﬁas

the following advantages:

(a) If the cantilever. edges are not at the prbper
level due‘io an incorrect camber calculation or a
wrong control during construction, the suspended
span can easily aééommodate this small level

difference.



(b)

(c)

(d)

'(a).‘
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The longitudinal profile break appears less.

The moment over the pier is smaller than that
found for a similar span with only one hinge

for the following reasons:

(1) The bending moments are_not.negative-1
'throughéut the span because they are
zero at the end of the cantilever and are
positive in the sus?fnded span (Figt‘4;4).

=

-

(ii)  As the suspended span has only positive

, moments, it can be composed of T type

beams with a small bottom flange and a
lesser weight per linear foot, compared

to the box section.

t . N J
This is an ideal solution in cases where founda-
tion settlements are to be expected;

~

But the system presents some drawbacks such as:

.. An.unpleasant. appearance prodpced~bj the dis-

continuity of the deck profile between the
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variable moment of inertia of the cantilevers_and-
the constant moment of inertia of'the suspended .

span.

(b) The necessity to use two different types of
erection equipment, that is, a form-traveller for
the corbels and a launching girder for the sus-

pended beam (Fig. 4.5, Ref. 4.3).

Both these dfawbacks were overcome by DyW1dag
Canada Ltd. at the Knlght Street Brldge in British Columbla
-(see Chapter 7).

/

4.1.2 - Céntinudus Deck (Fig. 4.6, Ref. 4.1)

The first continuou; bridge§-built by the canti-
lever method were in France in the early sixties (Chbisy-
. le-Roi Bridge, 1963-1964, ﬁef.“4.7), and since then their _
use has been geﬁefalized thr&hghodt‘the worid.
- Generally speaking, these stguctures are erected
in the cla531cal cantllever way, but once the two corbels
are finished, the gdp between them is closed by a cast~in-

place concrete section. To achieve the continuity, post-
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e .
tensioning steel is placed in the region of the.gap. This
steel will resist the bending moments created by the dead
loads, appiied after the closing 0pcrut10n, tﬁe traffic live '
toad and those induézd by the créep of.thelconcrete discuss-
ed hefeafter. Since.éll these mdmcnés-are‘positivé, thé

prestressing steel is”placed either in the bottom slab and

anchored in special blocks"fFig. 4.7), or in the webs. of

' .

the box_ section using parabolical cables anchored in the
top slab. '

They are graceful structures, as the Chi%}on

Viaduct (Fig. 4.8, Ref. 4.4), without agy break in their

'lengthwise profile and able to follow in plan and elevation
the ground re]iéf. Their design'is more difficult but
computers have greatly simplifiéd this task. |

\kr‘ " A special cﬁaractegjstic_of thiskinduof structure
is the redistribution of the bending moments afFer the
closing obefation due to the creep of the cb?crete (Ref. 4.8
and 4.9). This particularity occurs in structureg erected
under a statical system and then modified to another type
once the bridge is completed.

-
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Fig. 4.8'Chiflon Vj.aducﬁ,Swit‘zer'_l_and.
' The total length of 6890. feet (2I00.m)/is dividi

. ' T /

in 23 spans (maximum' span, 341.feet ,104.m
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S0, the oast—in-place on a scaffolding structuress

will undérgo-'due to creep, & change of their.elastlic curve
: \

but Wlth no add1t10nal stresses or changes of the" section
forces. - Conversely, the structures w1th a statlcally
determinate system during erection (cantllevers) and an

indeterminate one after the construction is:finished will

under&o not only a change of the elastic curve but also
a modificatlon of the section onces. So the negative

v .
moments of the cantilevers due to the dead loads will remain

- unchanged if no modification'is made to the erection
statical system, but once the cantilevers are closed a

pOSltiVQ moment will occur in the middle of the span with

a corresponding reduction of the negative moment over the

pier (see Appendix A)'

4.1.3 CableLStayed Bridges

-y

~- i ‘ -

These bridges are bu11t 1n the classt/ﬁi manner of

t:’
cantllevorlng, but as the constructlon,progresses the corbels

are suspended with stéyq from concrete or steel pylons
-erected over the piers.’ ) . -

Ls
-
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The stays can be used either temporarily-during
T _ :

-

erection in order to reduce the section loads (Fig. 4;9,
Ref. 4.5), or permanently (Hbechst Bridge;in Germany,

Fig. 4.10). 1In the first case, the effect upon the stresses

of the structure of removing the stays has to ‘be investi-

gated, L o

~

4,2 Transverse Statical System (Fig. 4.11, Ref. 4.10)

-

The cantilever erection metﬂod, with negative
* ' I_’ '
moments Ehroughouguthg\iéngth of the deck during construct-

ion, requires the placement of the bostwtensioning steel

“ on the top of 'the section and at the same time requires a
- - - ']

thick bottom slab to resist the.compression stresses. The
s
most suitable section under these conditions is the box.

In fact, an open section with a thick bottom flange presents

some serious drawbacks such as:

b )

(a) Difficulties with formwork.

(b) * ° Reduced torsional rigidity. S
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Fig. 4.10 Hoechst Bridge over t

- (

Permanent use of stays.With a main span of 486.fe

miyt

re—

. it
T eE e
' N

s

he Main,West Germény;

it is the longest railway bridge in prestressed.

concrete.
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BRIDGE - CROSS-SECTION =42- SEGMENT LENGTH MAXIMUM )
~ {Dimensions in meters) , SEGMENT WEIGHT

s . . . {Tonnes)
CHOISY-LE-ROI . , )
. o 2.50 m 25
. 8.20 ft o
. SEUDRE .
3.30m o
10.80 ft 7%
) 4
. BLOIS
3.50m ; ‘
11,50 ft 75
CHILLON
320m "
10,50 f1 _ 80
SAINT-ANDRE-
DE-CUBZAC _ .
3.40m J
11204t 80
A )
El
B3 SQUTH .
250m- 3.40m 50
B.20ft- 11.20 ft
’
2.25m
. . 7.40 ft 130

Fig. 4.1I Evolution of segment cross-section and weights.

-
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(c) Contrary to the box section the ultimate moment
capacity of the open section depends more on the

-

concrete strength (see Appendix B).

For bridges ﬁp to 40 feet (12 m) width a simple

box with two webs and one overhang on each side is satis—

- ‘;aétofy. The length of each overhang can be equal to half

the section of the box.

For wider decks the section will comprise two or

more boxes with a common top slab and two corbels. Because

the double box (three webs with two 6verhangs) is more

" complicated for casting and formwork it is used less.

4.3 Prestressing Steel Layout

In the general case of; a continuous bridge there

are five groups of prestressiny steel which may be required.

(a) The first group (Fig. 4.12) resists the negative
moments of the deck during'the.constructioﬁ and

after the bridge is completed.

The steel is placed in the.top slab in different

patterns depending on the prestressing system used.

il

- '
» ) L] .. ¢
i i \
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So, if the strand (Fréyssinets étc.)_or’wire

(BBR, etc.) systeim is used, since the,éffective

-

. . - . > -
force of each unit is large, the required number

~of strands or wires ig:small and théy can be con-
centrated in the upper region of the webs. ' They
run’ parallel to the fop‘sléb and dre anchored iﬁ
the lower third of the webs by a doQﬁw;rd péra;

bolical deviation. In this case the vertical

component of the prestréssing force helps to

reduce the section shear forces.-

-4

Tf the bar system is ﬁéed (Dywidag system for

example) , the required number of bars is high due
-

Lo the lower effective force of each unit, and

they are spread all over the top slab width. They

run parallel to the webs and they are either

anchored at the end of the segments without‘any

deviation (Fig. 4.13), or in the webs by a para-

bolical deviation (fishbone pattern) (Fig. 4.14).
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Flg.4.13 Parallel

o

\

— e’ — — —— . p——

_Fig 414 "Fishbone" layout.
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The gecohd group-(Fig. 4.15).providES'the shear
strength of the deck during construction as well
as after and is comprised of prestressed stiyrups

placed Ygrtically.of inclined at 45°. .

This groub of prestressing steel i1s not obligatory

-because it depends on the prestressing system used.

Thué; in the. case where the prestressihg units are
anchbred in the. bottom part of sthe webs and with
a box section of variable Heigﬁf, the shea; force
éan be greatly reduced and the use of mild steel

stif%ups may be sufficienf.

The third group (Fig. 4.16) aséures the continuity

of the two cantilevers and takes the positive

moment praduced -in the middle of'the.spéﬁs. It

fs located in the bottom slab and the webs.

The fourth group (Fig. 4.17) provides the capacity
in positive moment oﬁ the exterior SPans near the
abutments -and the layout is sanla% to the third

group.
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. Thé last'groupn(Fig. 4.18) carries\the transverse.

(e)

moments created in the top slab and it may not "be

required if the mild steel reinfprcement is

3 )

adequate.
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CHAPTER 5 *
CONSTRUCTION P
5.1 General ~

Fl

The construction of a bridge by the cantilever

method can be divided in two phases: the:castipg of the

- - o

segments and the placing of them to form the deck.

.- These two phases can be é?tQFf combined in a

‘single one or éompletely—feparéted, depending on the

construction system.

The casting is done in:steel or wood forms with

-the mild steel and the ducts for the prestressing steel

“already in place. In the bar and wire post-tensioning

Systems, the prestressing elements are already.placed in
. : o ) P

the ducts before pouring the concrete.

The placing of the segments can be done:

(a) ' By suspending the casting forms from the alfeady
finished part of the.deck. The two phases then
dre combined to one, the casting and placing being

done at the same time,.
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\

(b), By erecting prefabricated Segments. The two phases
» :

are completely separated, the casting of the seg-

ments being done at the prefabrication area.

5
r

(¢) _ " By casting the whole deck on shore and pushing it
gradually towards the river. This method is simi-
lar to the first one but the sequence of - the

construction is completely different:

It is clear that since there are many construction
R :

Loy .
possibilities, a close collaboratipg must exist between the
general contractor and the consulting engineer in order to
o :
examine step by step all the details and construction

methods and verify if there is any need of modification in

-
»

the various parts of the structure.

As a result:

(a) - " The length of the segments or the.prestressing
system may be completely different from those.

chosen in thé-original design.

"The length of the segments can change not only
from one construction system to the other but

between contractors, depending upon the equipment
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»

available. .

in the cast-in-place method, the length of the
segments is limited by tﬁgkform-t;aveller capacity;
in Grand'Mé;e Br}dge fﬁr example, the form-
traveller was able to accommodate segments of

16 feet in length and weighing up to almost

200 tons.

In the‘prefabricated method, the segment length is
dictated by conditions such as transportation

. —
through urban areas, over existimg structures, or

' the capacity of lifting and erection equipment on

" the site, etc.

. Ay
5
»

v The choice of the prestressiﬁg system may modify
the transverse dimensions of the deck, in order

to accommodate the prestressing steel, or the

shear design (post-tensioned stirrups, etc.).

(b) ‘Due to the construction system, an unbalanced
condition can result from the two cantilevers -
during the erection, and probably a new design

of the substructure must be done. ' : -
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v

(q) 1f the erection method chosen by the contractor
is different from the one shown on the drawings,
a new design will be necessary (see Chapter 7 -

Knight Street Bridge).” - -

5.2 Construction by Cast-in-Place Seyments

-

5.2.1 General , | : ) . ,,//

The segments are cast in a mould supported By a
steel form-traveller moving on rails on the finished éart of
Ehe deck as the construction progresses.

The form-traveller (Fig.-S.l, Ref. 5.1) is
comprised of a system of main lengthwise and secondary-
crosswisec beams from which the exterior and interior form-
work, as well as the bottom of the‘mould and the working
platform, are hung.

Each main longitudinal beam (trusé beam) has two
bearing points on the top slab of the .already [inished &eck,
the frént point being neér the edge of the slab and the
second one approximately 3d fegt back. As the form-
traveller is subjected to overturning moments, the back

*

bearing points must be held down either by concrete blocks

n
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acting as counter-weights (Fig. 5.2, Ref. 5.7) or by .
anchoring it to the deck by tie~rods (Fig. 5.1). The
formi-trgveller can. be completely enclosed for .cold weather

4

concreting or steam-cured concrete (Fig. 5.3).

I

5.2.2 | Construction Methods

4

5.2.2.1 Symmetricé} Cantilevering.
. ’

The main idea, as mentioned previously, is to have
a fofm—trayeller'on each side of the pier and progress
simultaneously, segment by segmeﬁt (Fig. 5.3). Starting at
the top of each pier (Fig. 5.4), the portion above it v,
and a small element of the déck vV, and Vi (startipg element)
are cast on & scaffolding which, at the same time, will
stabilize'fhe.hammerhead during the construction. The pier
table witﬁ the first elements Gill serve as a platform to
assemble the:foré travellers and provide the first anchor
points for them.

Iflthe length of this platform is too small to
accommodate the two.form—travellérs simulténeously, it is
necessary to erect one of them on the top of the pier

element and cast the first segment of one cantilever. Once
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Casting the segments near

4

Fig. 5

the pier.

]
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5.3 Pyle Bridge,France.

"Fig.
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this 1s finished, the form-traveller is moved forward to
P )

cast the next segment, at the same fime cleariﬁg the deck
v

over the pier.in order to assemble the §ec0nd form-

traveller and start the construction of the -opposite

cantileve; (Fig. 5.5, Ref. 5.3).

In such cases, the double'cantiléver system is
unbalanced by ;t least ‘one segment which can affect the
design of the pier and its foundation (sée deck stability
durihg.construction). , . o .

This points out once more that the engineer's
final design cannot-be completed before the erection method

is known.

5.2.2.2  Scaffolding and Cantilevering

It sometimes happens that the symmetrical
construction, as de5cribed previously, is AOt necessarily
the best. solution. Thus, for briages with decks close to
the ground (Fig.‘5.6) or with difficult site conditions
(Fig. 5.7, Ref. 5.7), if is probaﬁlfjbefter.to cast the
exterior spans partially (Fig. 5.8) or‘completely (Fig. 5.6)

on scaffolding and proceed for the other spans with only

one cantilever from each bank.
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Fig; 5.5 Bosques de Reforma Viaduct ,Mexico.
_Construction sequences of the first

segments.
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Fig. 5.7 1Iznajar Bridge,Spain.
~ The exterior span was cast on scaffolding.

g - ;

; Fig. 5.8 RingbrUcke over the Danube

. a -t
at Ulm,West Cermany.

'
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In thls case, the materials are moved over the
i

finisﬁbd part of the deck, avoiding the use of an

expensive cableway. o - | -

LY

5.2,2.3. - Cantilevering and Cable-Stay
w

This method, using the cable-stay scheme, consists

of erecting the deck with one or two form-travellers. Once

the span of the cantilevers becomes too long, the deck is

sﬁspénded with stays from concrete or steel pylons erected

on thé top.of the’biers (Fig. 5.9, éef. 5.4) .

' ) ' -
An example where all the above methods were used

-’

is the hlghway and rallway brldge built in Caceres, Spﬁ:n
by the German flrm‘Dyckerhoff & Widmann (Fig. 5.10, Ref. 5.2).
The exterior spans over the banks were built on scaffoldipg'
and by cantlleverlng, the second and {ouf%h spdns by

-

cantllevering with Lauporary cable- stay, and finally the

oo,

mlddle one by cantlleverlng. An lnterestlng example df the

clever use of the avallable methods.'
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5.2.2.4 Cantiievering with an Auxiliary Steel Beam

This methodlconsists in casting the deck in tﬂe
cantilever method but instead of using a form~traveller, ~
tbe concrete'weighg is supported by a steel.beém anchored
on the finished deck. |
| a The beam can bé either very long (almost one and a
hélf times the span length)‘supported by the piers ‘
(Fig. 5.11, Ref. 5.5), or ;mgll and light supported by the
cantileyér edge QitH én.overhang of only one segment length
‘(Fig. 5.12,.R¢f. 5.5.).

In the first case, the segment length can be
30 feet, and iptthe second it can vafy between 25:feet and

S

40 feet.

. ' . . ) ' . l

In general, the construction phases of a segment

5.2.3 Construction Phases of é Segment

(R

(Ref. 5.6);are£thg following: ;
) ;
L] . ( 7 '

T
A

; o i
(1)< Moving of the form—traveller;ffixing it in its new

—

position, and adjustmeht of the interior and

exterior formwork.

A



wnuudmlll !
- l.lnmnlndm. tn I Obntqlﬂ ’
i i i . Quesdhaln

o
=H8- ' ’
e —le ‘. ey o medbe - iy -:-i.l:—- ] JL
| W!dlul:;llul e M = = i
i i ! ‘
i "

(
A . ‘ u:. “}. E—LE l-—-—----— -}-—-n--—-!-—-—u—-!-—- !

Hotugth Ayger Cueenhnitl

§ ki I_____~ =1 om Haler
cl..mm““ lagw * f— — i
ﬁ k..,".._.,;_-..-._.",
Lan, - - e ————————
tinek un JHisiierhupt ﬂ |,.:." [ ] H TTTE "
. |
R

_,
4
i |Schalengibloppe Dadisnvngibihna

>

' »
Fig. -5.I1 Auxiliary steel

, —
.
, - . ! ‘
: e )
il l i 10 1 l l X
- ‘ q I [~ P RDaR!
. A * Pigl- T T Ty . J‘{i o f |
« i L] 1 b4 W ) [ I I .
T e “L"“imb; "F“ - ‘ gd’&- ' - ’!"'E JEE T (T PPYIS NOR R PR PRY | ,E E E : ! EE. : -
B ! L - 136
e g "-I;T;'l-_‘rm? U T PR ! P i, S ’
i . S RS B .
L L ‘ v :
L b
. 1

‘Fig. 5.I2 Light auxiliary bridge for cantilever sections

of 25 to Qo\feet. . ) g/d

N
L .
.
Y
"
[
.
N . ‘Q .
1



(it)

(iii)

(iv)

(v)

(vi)

(vii)

(viii)
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Placing of the mild steel and the prestressing

_Placing the interiof”¥0nmwgzg.

‘
ducts, if they exist, on the bottom slab and the

mild steel in the webs.

Concreting of the bottbm slab between the webs,

Placing the longitudinal prestressing steel
anchored in the seguent‘undef construction and

tﬁ% remaining mild steel in the webs.

Placing all- the ducts located in the webs and

passing through this segment.

Ty
s

S
o

Placing all the ducts of the longitudinal and

transverse prestressing steel located in the top

slab as well as the mild steel. w

-

t

Concreting of webs and of the top slab (at the

same time if the quantitiés are small).
s .

The placing of the concrete in the webs must be
started from the end of the mould and proceed

towards the finished pért-of the deck in order to



( iX)

(x)

’ (lxi)

(xii)

(xiii)

(xiv)

3
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avoid the cracks in the fresh concrete due to the
deflection of the form-traveller (ﬁig. 5.13).

Slacking of the interior formwork to allow the

I
V

free shrinkage of the concrete.

Injection of the longitudinal ducts anchored 'in
one or more segments. This operation can be

performed at any convenient time,

Tensioning of the transverse prestressing steel
(Fig. 5.14). This operation can be deld;ed 1f
the mild steel of the top slab is a&equate for
the bending moments due to dead and construction
loads.

SlacRing of the exterior formwork.
r

Tensioning of the prestressed stirrups and longi-
tudinal prestressing steel (Fig. 5.14) anchored in
. ‘ ' :

this segment.

[N

Preparation for the moving of the form-traveller

to the next segment.

. L

¥
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Fhe normal duration of construction permits a

complete cycle in five working days per'week.

" (a) :  One day for stressihg the previously concreted
segment, removing the form-traveller and placing -

it in its new position (Monday).

(b) Three days for the placing of thé:mild and pre-

stressing steel (Tuesday to Thursday).
(c) One day for pouring (Friday).

(d) Two days for ‘the coégrete hardening (Saturday

and Sunday).

This cycle corresponds to a progress of

15 feet x 2 = 6 feet per working day for two form-travellers.
5 . . :
Greater progress can be achieved with more form-

“travellérs (cbnstruction from more than one pier'ét a time),
or by reducing the described cycle by éccelerating,thé
-concrete hardening (steam‘éuring, etc.), or by using pre-
fabficated bulkheads in the anchor zones at_the end of the ¢

segments which permits an earlier post-tensioning of EBE '

cables, . ' T /
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In Grand'Mére Bridge, for example, the whole
segment was cast at the same time and a vapor curing was
used in order to obtain a high compression strength in the

concrete very quickly. A few hours later (when-the concrete

reached a 2200 psi compressive'stangth) ampérgial trans-
verse and longitudinal prestressing was applied and the
forﬁ~trave11er was moved‘t6 its new position; ‘Oncé it was
completely installed, the totallpost-tensioning of the
segment was performed since during that time the concfete

strength had reached the minimum required.

5.3 Construction by Erecting Prefabricated Segments

*5.3.1  General .

This method consists of erecﬁing the deck withg‘
.prefabricated segment; of 10 feet to 15 feet‘long, the
length beiné limited by the capacity of the lifting
equipment. v A
The elements?®are cast in a yard'or in the %agtory
and transpofted on the site for erection or stored until

ready for use.,

o
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The advantage of this method is the speed of

production which should be matched with an erection speed,

:
of the~same order.

4

But, accordiﬁg to the classical prefabrication

" methods, a gap exists between the different elements which

-~

must be filled or caulked with mortar during the erection.
If the same method was used for the bridges erected by
cantilevering, the whole adﬁantage of the prefabrication

would be lost due to the waiting time between the erection -

4
L

and the stfessing of an element to allow for the setfipg
of the mortar.
To overcome ;his'drawback "thickless" joints
called éonjugate or match-cast jéints are used which
ensure a proper fit during erection. ,
These jqints are o?tained by casting one segment
after Fhe other, using the‘veétical surface of the p}eviodsly
fihished segﬂent as the form for the opposite face of the .

I

next segment (match-cast segments).

a L]



-76-

5.3.2 -Prefabricatioﬁ Methods

The prefabrlcatlon methods can be divided In two

e - , N
main categories. :
(a) - Precasting on a "prefabrication bench" all the

elements of the bridge. These include the s

sections over-the pier and the segments of the

two cantilevers (long line method). -

-

(b) Casting in one or more moulds all the segments

of the deck (short line method).

In the first method, the formwork is moved as the

-

. prefabrication progresses, although in the second, one or

more moulds are stationary éng only the cast segments are

a -

moved.

5.3.2.1 Precasting on a Prefabrication
Bench (Long Line Method)

This method consists of precasting on a fqﬂsework,

ammerhead comprising the pier-table and the first
| N . . )
segments of..the cantilevers on each side of it.

a complete



. «

-77-

I1f, for economical reasons.or space limitations,

-

" the falsework has to be reduced to only a half hammerhead
(Fig.'5.15, Ref. 5.8), that is the pier-table and one
cantilever, before starting to caét the second ha#f, then
Fhe pier-table has to‘be turned around by 180° in érder to
obtain the second match-cast joint, o ‘

On the falsework erected in the prefabricatlon
yard, the formwork of the intrados of the bottom slab of
the hammerhead is fabricated. The formwork for the: webs
and top sldb is fabrlCdth for one segnent only and moves
as the production progresses. These movipg parts of the
formwork have to be’ carefully de515ned in order to permit
‘an easy p051t10n1ng, removing and advanCLng ayong rﬁe whole

line of production.’

The prefabrication phases are the following:

(a) - Using a special interier fomwork {due.to the
partlcular inside bhape) (Flg. 5.16, Ref 5 9)
and a “normal exterior formwork the pler elemenr

-15 cast
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(b)y The adjoining segments are cast dgainst the one
previouély finished, using them as a bulkhead

for their common joint. It should be noted that
before concreting this bulkhead has to be coated
with a bond-breaking agent in order Lo lacilitate

; >
the separation of the two elements.

(é) Transportation to the storage area of the
comple;edrsegments and not requiredlas bulkheads.
During storage, special attention has to.be given -
in otder to-ﬁinimize any Qeflecfion, twisting or
damage of the units. Stoékpi}ing should be limited
— to avoid excessive direct or eccentric forces .or

“

ground settlemenps.’ ’

\3-;)l -
A typical section is shown in Fig. 5.17 (Ref. 5.10).

As can be seen, the .inside as well as thé outside forms move
on rails. The exterior formwork'hés jacks for removing it,
while the';nterior one is teiescopié. The removal and
transportation %o the stoggge area is done either by special

movable cranes striding over the bench (Fig. 5;18, Ref, 5.9),

or ordinary ones (Fig. 5.19).
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\‘Sofﬂl

Cross saclion of formwork usingl long-line melhod.

Outside Formwork . -

Elnlldo Formwork .
ELEVATION
‘ b, -
< = = = = TR
( [ L. DA n. a_. .0 ——n._ n n n n
L =

PLAN

* .. Start of casting (long-line method).

I T i

= J
ELEVATION -, ' . )
=== M
S O O O O S S O >
={;—...'% ."',
PLAN

After casting saveral segments {long-line method).

Fig. 5.17 Construction sequences of the long-

1ine method.
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The concrete is usually steam eured, although
electrical wires can be -used, aed it is easy to prefab;icate
. tWo segments a déy; f |
The production can/be aceeler;ted to four segments

r.

a dey by using two.Fcts of formworks and two;work'crews,
especially if the deck has a constant depth.

It is an eéxpensive method becauSe it requires
fixed installations whose size increases with the hammer—
head length. But it guarantees a perfect line for the
intrados which is very important when the horizontal and
'vertical profiles of the deck are complicated (curved
bridgas of variable height). - |

Another drawback .lf the .hammerheads are not
idéntical, is the HECESSlty to adjust the scaffolding and
tﬂc formwork of the intrados each time before starting

. ’ ‘ ’
another cantilever.

5.3.2.2  Precasting in Stationary Moulds

(Short Line Method)

The segments are cast in one or more stationary
moulds called prefabrication cells. Each hardened segment

is moved to'a new position so that it acts as a bulkhead
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for the next one (Fig. 5.20, Ref. 5.1). The formwork is

-

| designed in a way that permita any possible adJustment
"whetlier vertical or hortzonral (Fig. 5.2], Ref. 5.10).
-Each cell is composed by one fixed part and two movable
parts. th {ixed part-is the OULbldL lateral lonnwork and
“the bu]khond at the end of the segment (blank end). The
movable parts are .the inFerior‘formwork and the Qertical
face of thHe previégs precast element which, placed against
the fixed formwofk, sérves as a-form for the new segﬁént,
‘thus completing the m;tch-cast joint,
Once the fixed part islin place, the éonstruction

phascs Are the follow?ng:

(a) Placing of the mild stcel and all the ducts for

the prestressing steel.

-4
(b) Placing of the interior formwork.
W .
(c) Ad justment of the previous cast scgment.
(d) Concreting after which the formwork is removed

once the concrete is set (around 10 hours).

TN

e e e L . - wo .
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Fig...5.20 Scheme of a precasting cell.
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Fig. 5.21 Formwork. for the short-line method
s . ) )
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]
(e) Transportation and storage of the previous
segment.,.
(£) - Moving of the new one in order to be used as a
form for the next segment. A B

A différen; method was used for the prefabricat;on
of the Parc de Prince Stadium in Paris and the Olympic
Stadium in Montreal. | |

This method consists in casting the segmonfé ip
prefabrication cells with vertical axés (instead of a
horizontal Sne)._/}his method facilitates the plécing of the
concrete (all thé ducts are vertical), Eut the rotation of
the segment to the horizontal positioﬁ requires a specigl
device more complicated than a simple crane (Fig. 5.22,
Ref. 5.1). ) |

Another method used at bhelcpichinsky Bridge in
Russia consists in using "assemglihg cells',. The different
elements‘of a segment (top and bottom slab, webs) are g

prefabricated and brought to these cells where they are

assembled by concreting the joints (Réf. 5.21).
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Fig. 5.23 Castejon Bridge over the Rio Erbo,Spain,I%.S.,
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5.3.3 Tfaﬁéportation and Erecting of the Segments |

& s '
The "transportation and erection methods vary

according to the characteristics of the site. Some of

these methods are: l

(a) Transportation of the segments on the ground or

on the water, and erection by a ground or flqating

5 . )
crane located outside the deck.

(b) Transportation as in (a) but erection by a 1ifti:2

device located on the deck:

(c) Transportation and erection.ﬁsiﬁg special gangways.

(d) Transportation on the ground, on the water or on
the deck itself, and placing the segment with a

special launching device.

(e) : Tranéﬁortation'and placing with a cableway

(Fig. 5.23, Ref. 5.1).

The first method éonsists in transporting the

+

segments on trucks or barges and using a fixed or movable

crane for the erection (Fig. 5.24, Ref. 5.1).



;B%idge,No

.

~ -

.Fig.5.25 Saint-André-de-Cubzac Bridge over the Dordogne
France,1974.
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The second method uses a launching beam anchored
on the finished'deck and a moving winch carrfing the
erection equipment (Fig. 5.25, Ref.-S.l). This method uses
a startlng element as the base, usually comprlsed of the
pier element which is either cast in place or prefabrlcated.
In the second case it can be pPlaced by a crane or by a
special structure anchored on the top cf the pier and removed
once the pier element is in place (Fig. 5.26, Ref. 5.11).

The third method used for the constructlon of
viaduct in.Tours sur .le Loire, France, consists of plac1ng
theoélements with a movablelcrane striqing over the viaduct’
itself and moving on setvice roads temporarily erectea on
eech_side of the structure (Fig. 5.27, Ref. 5.12).

‘ The fourth method, expensive at first sight, is
veryruseful for the construction of very long bridces |
(Fig. 5.28, Ref. 5.9). This method will be examined in more
"detail in the example of Oleron Viaduct.

. -
‘The placing of the segments can be separated in-
to the following operations. Once the pier segment is ins-
talled or cast in place, the two adjoining segments are erect= -

ed simultaneously or one after the other. first, the common

vertical surfaces of the already placed segments and the new

Y » ~

iy 3
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Fig. 5.27 Placing the scgments at the ‘Tours-sur-Loire Viadu
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b ’ b .
Fig. 5.28 Bridge between the Tsle of Oleron and the
* . Continent, France, 1965

» .
oo : -
4

one are coated with an epoxy bonding agent. Once the segment

is in place and  the camber checked and corrected, a temporary

——

post-tensioning is applied to hold the segments together and
squecze the joint until the final post-tensioning is-completed.

y,
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It is iméortant that all these operations
(epoxy application,‘erection assembling and temporary post-
tensioning)‘be ?Pmpleted during the pot iifg of the bonding
agent. ‘ 4 '

- To complete the cycle the fiﬁgl‘prestressing is
done and the temporary one is remdved.‘ .

The prestregsingnsteel layout is identicai to
those erected using. cast-in-place ségﬁ;nts. That is,_ali
the tendons are on the top slab except for those placed
in the positive- -moment regions which are in the bottom slab.
Once fﬁe‘two cantilevers of~¢pe same span are completed and
the bottom prestressing steel in place, the gap of
approximately 3 feet is cast in place.

Thi§ method, as bfiefiy explained, is the usual
method used almést evérywhere. However, a new method was
used Epf the viaducts of_tﬁe Rhone-Alpes hiqhway in France
as well as for the ereétion of the segments'of'the Olympic
Stadium in Montreal. | |

| It consists of placiné the first segments near the.
pier on a falsework and cantiléveriﬂg'the remaining oneé
(Fig. 5.29, Ref. 5.1) using an exterior téhporary pre-

-

stressing (tie bars):(Fig. 5.30, Ref. 5.1) along the deck
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Fig. 5.29 Cantilever support.
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Fig. 5.30 Temporary cantilever prestress.
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+ PLACING THE 1st and 2nd SEGMENTS

i.
. i 1
[‘ SPAN 181s 30m

4 I%OT JACKS -
)

}

TRANSFER TO 100 ton JACKS

TEMPORARY TIE BARS

FIRST HALF COMPLETED

LT

i

PLACING THE END SEGMENTS 6

T

THREADING AND STRESSING LAST CABLES

i

]

Fig. 5.31I Alpine Motorway Overbridges erection scheme ..
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surface. Once the complete bridge is erected, the final
prestressing is placed and the exterior one removed. Thé
difference between the two methods is that the prestressing .-
steel layout in the latter one is very similar to that of

a cast on falsework deck (Fig., 5.31, Ref, 5.1).
5.3.4 Joints and Epoxy

BAs already pointed out, match-cast joints for the
segments are a neceésity. Andther special feature of this
kind of structure is the.usé of the epoxy boﬁding agent
between the segments as previously.ﬁentioned.
This epoxy is applied using a trowel or brush to
obtain 1/16 tq 3/32'inch (1.6't0 2.4 mm) thick coating on
both surfaces to be jocined (Ref. 5.10).
During the first years of the cantiievering method
with prefabricated segments, the epoxy was used to take
tensile stresses due to bending moments as wéll as shear
fdrces. But as in segmental erected bridges, there is
compression throughout the sgction or very small tensile'
str?éses, the use of epoxy to take these stresses is
unnecessary, although it is essential_to have a high

resistance in shear stress. 4
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But since these agents cannot resist any stresé
until several hours after they have been applled 1n1t;ally
they are used only as a lubricant for the easy piacing of
the segments and to achieve a perfect joint.

‘ To insure the stability during erectioﬁ ;nd the
proper alignment of the segments, each one is provided with
shear keys at the faces of the webs and at the top slab
(Fig. 5.32, Ref. 5.9). The web keys preveﬁt the vertical
sliding of one seament relative to the other, while the slab
-keys.ggide.andFCenter;the segments.

In order to frege the lifting device and accelerate
the erection; an outside £em§orary post-tensioning force,

realized by tie-bars, is applied on the top and bottom slab.

.These two forces with the shear keys insure the complete

stability of the erectéd segment until the final prestressing
is applied. On Fig. 5.33 (Ref. 5. ll) it can be seen that the
location of the shear keys has to be chosen carefully in
order that the resultant of all the forces gives a compress—
ion‘force all over the section of the joint (Ref. 6.1 and
6.17) . According to Ref. 6.16 this compression has to be at

least 30 psi until the permanent tendons are stressed.
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Keys in the webs
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5.33 Forces acting upon a match-casted joint.
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Fig. 5.34 Precast segment with multiple keys and

internal stiffener. (I) Castelled web keys,

(2) slab key for aligmment,(3) web stiffener
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After its hardening, the bonding agent will
insure a water-proof joint which is ve§ important in
countries where salt is used to melt the snow and the ice
during winter. -
- More recently, multiple keys (Fig. 5.34, Ref. 5.11)
were developed which péimit‘us to neglect the shear caé%}f

. Ea
city of the epoxy which is now used only to: -

(a) .lubricate the adjoining surfaces of the segments;
(b} realize a perfect joint;
() /7 . waterproof the joint.

In Ref. 6.15 there are some interesting results
‘of tests made with the glued joints for the Rio Niteroi

Bridge. S -

5.4 Comparison of the Two Discussed Methods

It is difficult to make any definitive comparison
betweeﬂ the two methods, since'eaéh one has its advantéges’
and disadvantages. Every particular case has to be the |
object‘of a detail%d study taking into account the various

factors such as spans, total deck surfaces, use and amor-
r

tization of the equipment, possibility to cast in place,

r
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availability and capacity of the lifting devices, encumbrance

in urban areas, etc. .

As a generai rule, the cast-in-place requires £:Ls
investment, the greaﬁest bgin% for’the form—travelier which !/
in some cases'can even be rented from a specialized company

R i “
{Grand'M&re Bridge). But on the other hand, the construct-

ribn speed is slower. It is a ggpd method for relatively

shorper bridges and for bridges with long spans where the
weigﬁt of the segments is too heavy to be handled by the
cranes, |

In the prefabricated method, the work progresses
quicker, we get better concrete quality and finished product,
and finally we get a better controllof the deflection since
almost all the concrete shrinkage_has taken place brior to
erection.

On the negative side, the inveéﬁments are higher
because a prefabrication plant is fequixéa'and the handling
and érection equipment is more costly.

- It seems to be the method used mostly for long
bridges, but it has been used successfully in urban areas
and for small strucﬁures‘with congiderable repetition where

the cost amortization is possible on many units.

ot
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.5.5 " Deck Stability During Construction

L

As was mentioned in 5.2.2.1; unbalanced conditions
can occur if for some - reason the segment of one cantilever
has to be poured prior to its symmetical partner. But
even in a symmetrical progression of the work, the deck must f&;
be securely anchoréd to prevent an overturning due to a
sudden chgnge of the loads between the two cantilevers. This

anchorage can be either temporary or permanent.
5.5.1 Perwanent- Anchorages ' .o/
This can be realized

(a) ' . With a balanced abutment ( a heavy concrete box
serving as counterweight) anchored to the rock or
to a foundation with post-tensioning steel

"(Fig. 5.35, Ref. 5.2).

(b} With box section piers having two of their walls

extending into the deck webs. These piers must

be flexible in order to aVoid high stresses

caused by the deck deformation.

» .'..\



3%




G '
;’Q' - -
-~ 4 -
{ - v ] ’ - f ot ' . i
_ Uy T —1 ) et
. N
Temporary prestres- L ‘prl'."m"m"--_ o R - v
sing with @326 mm barf i || provizeire per . : Lo
. [* |- darres ¢ 26 dang I
in steel tybes. S || toses aacter i
— l 'ﬁ‘\-\ . -
[ : MR
Neoprene )
bearings | T —
Temporary o "Cati provisdlrs i
concrete wedges ﬂ: ' € béten™
s . . . . Appuis an N - ) T
. - O D ceadtehauc fretté -
- C h‘.‘ X .. = ;r -“ ' . "‘ -
PESR § I - "__"_[;' : : by
~=—""7" Fig. 5.38 Lacroix-Falgarde Bridge France 'I‘emporary ,
. anchoring of the deck to’ the pier. |
, S b - ; -
L E * 2 ‘ -'A‘ F"' ~
.‘ s N G .
‘ :
: ot



~105-

" One way to achieve that is_to use ﬁery i@h-piers
. / N l

=

'(Moulin d Poudre Bridge in France, Fig.lSlBG,
‘ 5

Ref.- 5.7).

~7

r

(c) With piers formed by two parallel flexible walls
éxtending into the deck diaphragms (Chillon,
" Viaduct, Switzerland (Fig. 4.8, Ref. 4.4), Tatarna

Bridge, Greece (Fig. 5.37, Ref. 5.2)).

5.5.2. ‘. Temporarf Anchorages (General Case)
>
Since the deck in the final staée‘is usually
simply supported on the piers .(on teflon’ or neopfené bearings
or with Freyssinet concrete hinges), the temporary anchorage
éan be ach%eved as follows:
(a2) Anchoring thg deck to the pier by vertical

prestressing (Fig.. 5.17).

-Qﬂ Supporting the deck on the scaffolding used to
. 5

cast the first elements on each side of the pier

e or on specially erected piers (Medway Briage,

England, Fig. 7.5).
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5.6 trtiction by the‘PusHing Method
5.6.1 General

The pushing method censists of refabrlcatlng, on
the fill behind the abutment and on the long}tudinal axis
of the b;ldge, the decklby long segments an consolldatlng
them bf prestressing.eqe against. the otter. As the construct=-
ion progresses, the EOﬁpleted-seqments are pushed on sliding

N._bearings towards its final 9031t10n (towards the first
suppbrt)

It is clear that this method is cdmpletely
dlfferent from those prev1ously described. .The oﬁly common
thlng and reason why 1t is 1nc1uded here is that the deck
is cast in a series.of segments and it is eantllevered out
to the piers;

This method, although new'in_the concrete
.eonstruction fieid, has been used for a long time in steel
struétures. | -

y The deck of these steel brldges is erected in
prefabrlcated segments on- the ground and it is progressively
pushed to ltS ‘final p051tlon by sliding on rollers, using .

'the bottom member as a rall
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Since ‘the steel works as well in tension as in
coméression, and since the friction on the rollers is
negligible due to the small weight of the deck, this kind of
construction is possible for the steel bri&ges. But since
concrete lacks both those properties, the application of
the pushing method 6n éoncrete'bridges was impossible unﬁil,
.first, the use bf prestressing methods permtttgd the
structure to withstand revers;bie loading.conditions, aﬁd
second, the development of bearings with a very low
friction factof permitted the displacement and precise
positioning of these heavy structures (Ref. 5.14).

‘ The first ﬁpplication seems to be in 1959 for the

Ager Bridge in Austria and the idea was suggested by Willie

Baur of Professor Fritz .Leonhardt's office;

5.6.2 Description
5.6.2.1 Casting énd Advancement of the Deck

A flat surface 1s built behind the abutment having
‘ ) . . -
a length of about two segments (Fig. 5.39, Ref. 5.13).
The segments are .cast in a stationary mould as for

the short line descfibed¢in*6.3.2.2.
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Fig.5.39. Prefabrication of the segments and pouring phases of
the Val Restel Viaduct,Italy. T

Fig.5.40. The steel nose of the bridge over
the Caroni in Venezuela. ' '
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First, the bottom slab is poured on a steel forﬁ,
in order to have an almost polished bottom surface, and then
the webs and the top slab. .

Once the first segment is finiéheé,a steel extension’
nose is fixed to the front (Fig. 5.40, Ref. 5.14) and it is
pushed towards the river for a distance equal to one segment
length. The second one now is cast directly against the
first and after the hardening of the'c0ncretg both segments
are pushed towards the river. The mould isrnow ready-to
cast the third segment (Filg. 5.41). This cycle is repeated
until the whole deck is cast. f

The pushing is achieved using jacks.which are
supported on the abutment and wh;ch pull the deck through
tension bars. The jac?'s capacity has éo_be calculated
using a friction factor of the bearings of at least S%L

It is clear that a particular feature of this
kind of structufe is the continucus va;iation of sec£ion
forces at any point along the deck and at any time during

the construction. s
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Phase 0

Fig.

5.41 Coﬁstruction'sequences of a bridge builf by the
pushing method.
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Thus, in Fig. 5.41 at phase one, the deck is a
cantilever with negative moments throughout its length.
At phase two, when the steel nose rests on the first pier,
the statical system becomes é simply supporied beam with

positive moments throughout.. Subsequent steps (phase three,

etc.) are simple or continuous beams with or.without an .

overhang.

5.6,2.2 Reinforcement

The segments are reinforced longitudinally with
mild steel and sometiﬁes with an axial prestressing force
creﬁted by cables placed in the top and bottom siabs ,
(Fig. 5.42, Ref. 5,14). This présﬁressimg can be avoided
during construction either by using'sections with a high
depth to’span ratio (12 to 15) or by reducing the portion
of the deck in cantilever. In both cases the bending
' moments can be taken by mild steel only even if that causes
some small tensile stresses or hairline cracks. These will
disappear once the final prestressing will be applied.

The reduction of the cantilever length can be

realized by using temporary piers, or by using a longer
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_____

gee
'steei ndsé, say, #bout 60% of the spén. v §

At Luc Viaduct in France, a steel mast with |
temporary stays (Flg. 5.43, Ref. 5;16) was used behind the
nose to reduce the section forces in . he céﬁtilesar.

These masts rested on the wébs of the deck. Using
hydraulic jacks, the tensile force in the stays caﬁ be
adjusted for each stage. For each step, the stresses in
the deck are calculated and the neéessary force is applied
to the jacks in order to 'keep these.stresses in the .
permissible range.

Once the deck is in its final position, the

longitudinal prestressing is placed. This can be of two

kinds (Fig. 5.42):

(a) Cbncentrated cables inside the box ad jacent to
the webs, ) g

e
(b) Cables placed in the ducts provided during the

casting in the webs.

The choice depends on the gequired'magnitude of the

prestressing force.
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Straight cables for the axial prestressing.
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Fig. 5.42 Two methods of placing the longitudinal pres, steel
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Placing of the steel .
nose.Pouring and pushing
of the first span.

Pouring of the second

segment.Placing of the
steel mast and pushing
of the first two seg -
ments, :

Pouring of the third
segment.Pushing of
the first three seg\
ments.

Poufing of the fourth .,
segment .Pushing of the
first four segments.

L

)

End of the pushing.Re-
moval of the steel nose
and mast.Placing of the
final bearings. Final =
prestressing.

Viaduct,Fféncé._
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If during the pushing stage the longitudinal
post-tensioning was not used, then the f;nal'post-tensioning
will be high and it will be more'convenient to place it

outside the webs., |

On the congrary; if there was some post-tensioning,
additional requirementsnwill be small and it can'Be placed

in the webs.

5.6.2.3 Sliding Apparatus

-

A sliding device is piaced over each pier and)
under each web to allow the movement of the deck.

The first devices weré‘made with neoprene and
teflon fixed by friction to tﬁe bottom face of the déck’ana
sliding on a stainless steel plate fiﬁed to the top of the.
pler. After the deck was moved ébout 3 feet (1 m) the whole
structure was lifted on jacks (Fig. 5.44, Ref. 5.17) and
the sliding devices returned to their original position.

The cycle was repeated after the deck was lowered. The

drawbacks of this system are evident.
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Fig. 5.45 New slidiﬁé apparatus.
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1

Toddy, the device consists of sliding plates
12x12 or 16x16 inches (30x30em or 40x40cm) made of neoprene,-
teflon and steél sheets placed befween the deck' (under each
weB) and a polished steel plate placed on tsp of the pier.
These sliding plates, carried by the deck movement, are
recovered at the end of the course and replaced immediately
at the front of ih_(Fig;«S{AS, Ref. 5.14), Ihg_movement
speed can be 67 to 100 feet (20 to 30 m) a day. In additioh,-
a location must bélprovided over each pie; in order té '
install the jacks which will servé to 1ift the deck once the,
construction is finished so that the sliding bearings can be

replaced with the final bearings.

5.6.3 Applications

The use of the pﬁshing method 1is govefned by the

following conditions.

(a) Deck with constant height.

(b) Constant curve for the horizontal and vertical

profiles (Fig. 5.46, Ref. 5.13).



Has a horizontal curve of 493 feet(IS50 m) and a

- vertical one of 8867 feet (2700 m).
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Almost poliéhed surfaces of the bottom face of

the webs.,

According to'Ref. 5.14, this method can be used

for total lengths of 490 feet (150 m) and spans greater than

Ty

100 feet (30 m) but many constructed bridges have;spans of

over 330 feet (100.m).

3.6.4

(a)

(b)

§

Advantages of the System

)

It combines the advantages of the prefabrication
method because the whole deck is cast in a
completely covered stationary mould with those
of thg cast- in—place method, because of a joint~
less structure with all the mild steel running

throughout the deck.

1

It eliminates the need for scaffolding which is

i
important when their usé is difficult or

-impossiﬁle (urban areas,.bridges over railways,

etc.) and it reduces the reqﬁired working area

to a small one behind the abutments and around . the
piers. .. /////gn - )
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(c) The constr@éfion is done at ground level, thus
eliminating ény danger %f accident, and the'crew
is working in‘secﬁr;ty and comfort (Fig. 5.47,

Ref. 5.13).

T(d).. The initial investments are very low. The ‘only

+Trequired materials are those neededufor the .
pushing;‘ that is, pulling jaéks,~beéring plateé
and, 1if necessary, a mast, tempérafyfpiers and

. a steel nose.

(e) . Easy access on the entire deck and so a better

control of the structure.

I3

(£) _ Rzpidity of execution.
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,Italy.

47.Val Resgel Viaduct

Fig. 5

Casting the segments in a completely

A

sheltered cell-

T
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CHAPTER. 6

DIMENSIONING AND DESIGN

As pPreviously discussed, it is clear that just
..as interesting and ;ﬂnple as this method can be for the
.’contractor, it is equally as difficult in concept and
design for the project enginéer. ‘
';. In fact, although & cast-on scaffolding bridge :
has to be designed for the final condition only, a bridge
erected by the cantilever method has to be designed for
all the construction Stages as well as the final one,
| Hereafter will be briefly examined the criteria
for the dimensioning of a bridge; and the design and checks

required for its realization. " i

~ -

6.1 . Dimensioning *

[

For the dimensioning of a bridge constructed by
the cantilevering method one must keep in mind that during
the whole conctruction period, and sometimes after, as for

the bridges Ziffﬂﬁinges in each span, the.statical system

is a series o cantilevers. This necessitates the placing
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‘of the steel in the top slab and Hhaving: a thick bottom

slab to resist the High negative moments created during

a1
the erection. i

¥~ Furthermore, if the two cantilevers of the same
hammerhead are not self-~balanced, bending moments will be

A

transferred to the pier and foundation.

Al

Although this choice very often is imposed by the

site cohditions; one must not forget that the cantilevers
S .

have to be balanced and that the end span has to be at least

equal to 70% of the next one (Fig. 6.1, Ref. 6.17) in order

to avoid any uplift at the exterior bearing.

If the end span is too short an uplift is produced

and the deck has to be anchored to the abutments (Fig. 6.2,

Ref. 6.17) or the end span filled with the necessary ballast

as in Grand'™Mere Bridge (Fig. 6.3).

6.1.2 Substructure

" The substructure of a bridge erected by the canti-

levering method, contrary to the one cast on scaffolding,
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~1is loaded immediately after the-foim-travelle; is on the
top of the piler or after the erecti¥n of. the first segment,

Thus,in addition to the vertical reaction of the
deck, the piers and cdnsequently the foundaéions have to
resist bending moments created}by the non-simultaneous
erection or the lack of'symMetsy between theﬂpantilevers
(Fig. 6.4, Ref. 6.2), without neglecting the torsional

‘moments due to wind loads on-the superstrucfpre (Ref. 6.16) .

One method used to stabilize ths cantilevers during
erection is to anchor them to the pier permanently Or tempo-
rsfily. In the first case, the piers must be very high and
flexible or the spans sm;il enough to minimize the effects
of the longitudinal movement of the deck. The best section
for flexible high plers is the box or the double T (I), '
although the latter section presents the drawback of having
poor torsional rigidity.

Long bridges are usually placed on teflon Or neo-
prene bearings-due to the longitudinal movement. But since
these bearings do not provide system stability during erect-
ion, an anchorage of the deck to the piers: or the foundation
of even thé erection of temporary scaffolding on each side of

—

the pler may be necessary,

SN
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An improveneﬁt is the use of shell-piers composed'
of two parallel thin walls (perpendicular to the longitudinal
axis‘of.the bridge) anchored or hinged top and b;ttom in
thé deck ahd-the foun&ap%ng(Fig. 6.5, Ref; 6.3).

This system, beyond securing the anchorage of the

deck and the staBility'of the hammerhead during the erection, -

- allows, due to its high longitudinal. flexibility, the free

movement of the bridge without creating high stresses in the

substructure.In addition,in the case of walls hinged at the top

and bottom, the bending moments created by horizontal loads

’

in the deck can be completely-eliminatea by inclining the

‘two walls of the.pier. The reader can find a detailed study

on these kinds of plers adapted to the cantilever method in -

F

Ref. 6.5.

6.1.3 Depth and Morent of Inertia of‘thé Girder

The moment of inertia is also dictated by the fact
that the structure being a cantilever, large moments are
created ‘at each end. of the span and’ become zerQ at: ;he centre. °*
So. these bridges need a high moment of inertia over the pier

and theoreticallf.a zero moment of inertia at the ends of
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Fig..6.5 Viaduct over thq‘Leroné stream,Genove-Savona Motor-

‘way,Iltaly . —
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" the hammerheada for the spans with a hinge at'the centre.

The deck height can be constant or variable. 1In
the first case, the moment of inertia can be variable, if
necessary, by changing the thiekness of the bottom slab.

| The deek with constant height enhances the general
appearance of the structure, simplifies and facilitates the
forﬁwork and the placing of the steel, especially fer the
prefabricated segments., However, it requires more negative
and positive post—tensioning steel more stirrups and'is eere-a
mely difficult if not impossible to use over certain spans.In

such cases the bse'of seetioaa of Vatiable depth is necessary.

- In Europe (Ref 6.6) this {imit seems to be 200
feet; In the United States the bridge over the Pine Valley
Creek has a span of 450 feet (Fig. 6.6, Ref. 6 4) and a
constant height of 19 feet 10 inches (6.04 m) but with a
variable moment of inertia, its bottom-slab‘vary;ng between
10 and 78linches‘(25.4 and 198 cm) thicbbeas with‘a derth

to span ratioc near 1.24.

The advantages of a haunched girder are many.

(a) The‘parabolic girder helps to reduce dead load

moments,
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S
‘(b)_. . The parabolic girder is deeper in the ‘regions
*where the maximum moments occur during construct-

ion and in the final structure; /

(c) The shear unit Stresses in a haunched girder are
. approximately. constant over the entire span,
Therefore, the web reinforcement requirements will

be constant over the whole bridge.'

‘

For .haunched bridges, the depth overtthe pier is
. usually 1/18 to 1/24 of the clear span with71/20.the most
common. value, .

In the middle of the span,’where the bending
m;ments are very small, the‘heignt can be'smalll According
to; Ref. 6.7, this height can ‘be 1/40 to 1/60 of the span.

- Grand'Mére Bridge, with a span of 595 feet
(181.3 m) center to certer of bearings, has 1:62.6 at the
center and 1:18.5 over the pier.

The table in Fig. 6.7 taken from Ref._6.7 gives
the dimensions of bridges erected by the'cantilever method

in various places in the world.

t

S %
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- i + ‘ 1 )
(I (@) (3) (4) (5) (6). () (8)
Poat Portécs e h, :!_4_' L Entruxes | Lpulseur
. 1. LN h Anury fnes
(m) ~ () {m) tnn - tm} (i}
‘ Holchst . vuuvuunnya.,| 130 3,25 | 7,251 202 | 17,0 3,25 0,30 .
‘Worms.,... vesennes 134,2 | 2,47 [ 6,50 | 252 | 17,8 |1,65/4,05] 0,45 -
. Pont Dlsclllnger... N 1,42 | 3,65 | 311 | 26,5 (4,40/4,65 0,60 -
1 Pout l'lul:rdumm sene|  FLE | 1,28 ] 3,20 | 207 | 2908 2,80 J U0
-Coblence. ..., .ioo.| 1005 | 250 7 215 | 16,2 4,15 11 .
'I:jbru ...... feraene M +1,6 (] 183 | 16,8 6,70 SR
. I\ullbwml Cosennaans| 107 1,6 76 1 14,5 Helh L1 1 A
Savines ..o 0. 77 I,16 1 4,20 | 172-| 18 560 (040
Beaucuire ......,..| 81,20 1,24 | 4,11 {200 {21 { 245 0,30
- . Vllle.mur A— 13% 1’,00 2 90 119 lg,ﬁ 4,30 " 0,40
T e 2 8 a5 11
o . aeleeesdn] TOH 12,10 | 520 230 | 18,8 |
Libourne ....,.....} 55 . 1,25 | 4,41 | 110,5] 16,2 2,92 0,25
Goneelin ........,. 57,101 1,30 | 3,17 [ 128 -{ 17,2 4,00 0,25
. Medway ....ov00. .| L2150 2,24 10 80| 260 | 13,8 3,76 0,23 *
ke | Cholsy ..., ..u4.,, 556 2,30 '.!,.i() 14 | 24 3,40 28
" Bendor! . ... evveay| 208 4,40 110,40 | b2 | 20,8 6,481 (l,.i(l!ll.d?
o Lo M:ulduine. rraas 74 1,50 | 3001175 |19 |. 4,65 (),.i.':
. - [ Yurberle ..oy, 805 | 1,60 1 4,30 [100 |02 | 4080 u ,35
N - Rlv Tocanthw. ., ., S0 3,40 ?,7() 317 18,2 4,16 5/() 55 °
. v | "Crolx-lalgardoe ;... GO5 | 1,35 | 4,20 [ 143 1 18,0 4,70 () 25
Culaba ..... ceeures 05 1Lou | 3,001 175 ..!'.!,5 3,05 0.25
- 4 Moulln 4 poadge.... BLE | 2,00 | 4,60 [ 181 | 17,8 2,76 0,24
' L Ulua, .00 L.L | 220 1,80 | 590 |05 20 2,60 0,18/0,24
1 Paruna ............ 108,5 | 2,00 4 5,60 1267 (14,5 2,05 0,40
“e .- Port-de-Boug ......| 43 1,28 | 258 |y | 167 | 500 0,26
' N 1,80 | 4,40 (191 | 18,7 [ 3,95 0,35
: . :luviuu ..... eeens 55,7 ’.’.,40 2,40 160 | 23,2 3,15 0,45
.t hogz .. ovaevnunn.l) - 50 1,81 | 3,00 | 145 | 19,7 3,75 L 025
Khartoum .......;.[" 88,5 | 1,60 | 500196 .17, 8 4,65 [+ O}
Pjerre Bénite . ... .. 84 | 3,60 | 3,60 | 245 23 4,50 |.7,0,25 -
~ -Bordeaux ........,.,| 77 3,20 | 4,000 185 | 19 4,50 °1 0,25
> : Oléron ........ ean 749 2,50 | 4,50 173 | 17,5 ' 5,20 - 0,40

‘Fig. 6.7 Prestressed Concrete Bridges erected by the Cantilever
Method . .

Column éI) Name of the Bridge.

Column (2) Span (L) in metefs;-
iColumn (3)® Height” of the Deck over the supports (h )
Column (4). Height of the Deck in the middle (h; )
Column (5) Ratio L /8h in meters,
Column. (6) Ratio L/h

Column,(?) Distance betﬁeen the Webs in meters.
Column (8) Thickness of the Webs in meters.
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"6.1. 4 . Transverse Deck Section

’1 C

As already discussed, as the bottom Sl%b is
" stressed by compression forcee, except around the center of.
" the span where positive moments occur, the thicknesslmust be
;sufficient in order to keep the stresses withiprthe permis-

sible limits.

’

- It can be either constant for bridges with small

spans and parallel girders, or variable‘especially'fo:

-~

haunched girders. . In the latter case, the variation of
thickness follows a parabolic law, as does the depth of the
section and the dead‘load,bending moments.

In addition to these longitudinal compression .

stresses the bottom slab has to resist transverse bending
4

. moments due to its own weight and the 1nf1uence of the

1oad1ngs on the top slab. Moreover, for haunched girders an
additional Pendihg moment is created by an upward loading
due to the camber and the compression forces of the bottom

slab (Fig. 6.8, Ref. 6.7).
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"6.1.4,2 Top Slab = G

The top slab is stregsed loﬁgitudinally by small.
compression forces, except around the center where f;r
continuous bridges positive moments occur and the compression
forées are pighe;.

| Trapsversely, the tOp.siab‘is a beam over two or

more supports, the supports being the webs bf'fﬁgﬂbax; with
ahe co?bel on each side. It is‘clear‘thaf for ecohoﬁical
reasons a study has to be made to find the best web'spaciné
and thickne;s of the various parts of the slab» Mbre often,,
' the two corbels have a variable thickness with baunches at
the Supports while the Slab’béEWeen the webs has either-a
constant thicknegg or a variable one with a pa}ébolical
intrados. |

3 . .

Since the 10?gitudinal prestressing steel is‘
placed in the top slab, this has to be éonsideréd in‘Fhe'
éﬁgice of the thickness. In Ggaﬁd'Mére Bridge, due to the
large number of bars, the slab had a thieckness of 15 inches
(38.1 cm) near the piers; which was reduced to 12 ihches
(30.5 cm)‘ahd finally to 11 inches (27.3 cm) at the center

where the number of bars was small.
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6.1.4.3  Webs

The webs must be dimensioned for the shear .
stresses. éince these 'stresses are higher near the piers
the thickness:ﬁhere can be increased. This is not necessary
for héunched girders because the unit shear stresses are
almost constant along the. length of the deck. -

In‘addition to the shear stress the webs are .
stresged by transverse bending moments créated by the top
slab loadiﬁgs, the‘temperature differenfial or the transverse
post-tensioning. Sometimes the thickness of the web can be
dictated by-the fact that the longitudinal prestressing

steel 'is anchored in their lower ‘part and so thicker web§'

are necessary to facilitate concrete pouring.

L
Ly

-.6.1.4.4  Haunches

The héunches; in addiqion to reducing the.spg%s
of the top slab for the transverse deéign (Fig. 6.9a),
increasing the thickness of the upper part of fhe webs where
higher transverse moments exist; and making ;igid connections
between thé webs and the slabs, serve also for the plaging of

-

the stressing steel and facilitating the pouring. In

-
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'additipn, the exterior haunches must comply with architect-

ural demands (Fig. 6.9b).

n
N ey

6.1.4,5° Shear Keys J///’Hd
N [

As Qas mentioned in paragraph 5.3;4';he‘préfabri—
cated segments have a series of shear keys on the webs and
‘the tap slab, the first serving to resist the ;hear forces
between the erection time-gna the hardening 6f the epoxy
used in the joinﬁs and the second series éerving to facili-
tate the positioning. of one segment relative to the other.
While the top slab keys do not require a spécial éesiéﬁ,
those of the webs have to be dimensioned to take the shear
and to allow the forces acting on the joint to compress the
whole section (Ref. 6.1). | h |

. -

6.1.4,6 Segment Length

-

T

The choice of the segment length depends on the
.erection system and the available eduipment. As all the
design checks are made at each joint, this length must be

known to the engineer before starting the final design.
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Spran 1o be adopted,

Spun to be adopted

Fig. 6.9a.

Span length eof the top slab‘accprding
to the_French Code.

: L 40 . -
s “« - .
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Fig.6.9b. Grand'M2re Bridge
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6.2 A Design

The difference between the construction methods
for the caﬂtilever erection of a deck a&& the'éﬁst-in-pléce‘
erection on a scaffolding requires a completely different
design approach which- tJ&es into account all the inter-
mediate steps of construction from the start of excavation
to the finished bridge. | "’ ' S

| This design is longer and more difficult than that
required for a sbnpie c;st-in-place deck and these difficult-
les are increased ifw the final statical system is different
from that occurring during erecgion ;uch as for continuous
bridges.
| For decks cast on séaffolding‘gli the construction

f
loads, fresh concrete, machinery, workmen, etc., are

supported by the temporary structure and transmitted éirectly
to Fhe ground, The structure starts to support these loads
~only after theAremoval of the form&ork and this occurs
without any change of its statical system.

On the contrary, for the cantilever erected decks

there are two distinct phases
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‘Phase one: This eccurs during the construction and is sub-
divided into many secondary phases due to the modifications

to the stresses throughout the erected.structure.

,jﬁgggilggl; Thig take plaée after the construction of the

deck, that 1is Ance the.deck has been made continuousy -

The splitting of the first phase into many
secondary phases can be better understood 1f we examine'the
construction cycle of one segment. Let us take for example

the segment 201 of Grand'M2re Bridge (Fig. 6.10).

-

(a) _ Phase 20la. The form-traveller is at its final
‘position for the Eoncreting of the segment 1Qﬁ,
all thefﬁecessary ad justments for the camber are

»

done and the mild and prestressing steel placed.

(b) .~ Phase 201lb. Toncreting of the ‘segment. The load
of the fresh concrete is supported by the form-
traveller and transmitted to the finished part

of the deck.

(c) Phase 20lc., A few hours later some préstressing

stéel 1S stressed to half its capacity because the

I

%
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concrete strength is still-low. This stressing

»

allows the transfer of the ﬁeight of the cast
segment dirgctly tb the old déqk and so frees the

from-travéiler.

(d) . -Phase 201d.. Moving forward of the form-traveller

. . -
in order to cast the next segment.

(e) Phase 20le. -Stressing of all the prestressing

steel of segment 201 to its full capacity.

Thus, just féf the casting of one segment, the
stresses throughout the éompleted portion of the structure
were modified four times (phases'b, ¢, d, e). B

On F?gl 6.11 and 6.12 is a copy of the computer
output with all the section forges and deformations for the

.

phases 201 b and 201d.
'For these reasons, the design phases of a canti-

lever bridge can be divided in thyree main groups:

\ ”

(a) Design and checking for the construction stages

and the closure operation.

-~
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Fig. 6. II Computer output for Constructiqn Stage IOIb (or 20Ib)
of Grand'M2re Bridge.
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7. 6. IT Computer output for Construction Stage IOIb (or 201b)
of Grand'Mére Bridge. '
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'(b) Design for the period after the cohstruction.‘,

(c) .  Design of those parts of the deck which are not

" influenced by the construction method.

In the following, each group will be examined. .

-

6.2.1 Design’ for the Construction Period

6.2,1.1 HSubstfucture
. . . . < ‘ -
The substructure has to be designed and checked
: & t " :
for all the construction stages and the stability of the

-deck~substructure system insured. ; _ . b

v .
6.2.1.2 Stresses in the Deck . P

% . o : -
All the stresses have to be checked at each joint
;’r - : ) i

for the various construction phases. :

6.2.1.3 Ultimate Capacity.-of the Bridge , o

v
-

Z-’f’he ultimate capacity of each section must be
" checked at each Joint and for themost unfavourable load

- combination.
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At the Grand'Mére Bridge, the ultimate capacity -
was calculated with a campression prism different from that
given by the AASHO code. The’ prism was formed by aJstraight

tine and a parabola (Fig. 6.13a) as prescribed by the F.I.P.

-~ tode (Ref. 6.9). To facilitate the design, a special graph

was drawn_(Fig; 6.13b) ﬁE{gh irmediately gives, for each -

coﬁcrete strain, the prism volume (magnitude of the com-~ .

pression force in the compressed zone) as well as the exact
. o .

position of this compression force.

~-

6.2.1.4 Computation and Checking of the Deflections
- of the Cantilevers

-
.

It is eﬁident that the elastic line of the canti-

'leﬁers changes each time there is a change of the Loadiﬁg

(Fig. 6.14). So, during the construction "of segment 116

Athe cantilever end at the phase 116a had a deflection of |

0.776 foot upwards while at phase llﬁb the deflection was:

. £
0.615 foot , alsoupwards, almost 2 inches lower than in

phase a.
In order that the final profile correspond. to the
one desired, all the intermediate elastic lines have to be

calculated before the construction. This computation is
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-

done from the final profile of the comﬁleted bridge and by
working backwards through all the construction stages.

Due to the different age of each segméntv the
chodce of the modulus of elasticity for the deflection
computation is more difficult for the cast—in—plaqe‘cantEQ\
lever method than for the prefabricated segments method.

This_degigh can be performed either Pyltaking in%é
account the real modulus of eiaéticity of each segment
.according to its age.or to simplify the taék, by éséuhing a
meah'value for it as it was doné in Grand'Mére Bridge.

(The value used was 550,000 ksf compared to 620,000 kéf
of the final stage.) ‘

The effect of creep uhon the elastic curve of the
bridge has to be taken into account for this plastic deform-
ation can be as much as twh times the elastic one. The
creép factor ¢ has to be evalhated using the formulas of the
codef In Grand'Mére, the formula ¢_= ¢OC1020304 of the

German code was used and the value ¢ was found equal to 2.

s
v

"In this formula the variables are:

¢O: the basic creep factor

Cl: factor refletting the influence of the age of
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concrete when the load is applied
4 .

factor reflecting the influence of the composition

of concrete (water/cement)

. factor reflecting the influence of the dimensions

-

of the structural member
factor reflecting thé influence of time depending
I

advance of the creep.

As erection progresses, the deflections are .

verified and compared with the theoretical ones. If some

modifications have to be done this is possible either by

ad justing the forh—;xaveller before the next pour for the

cast-in-place method, or by inserting, during erection,

stainless steel wire shims of a maximum thickness of 1/16

inch (1.6 mm) in the epoxy joints for the prefabricated

method.

6.2,1.5

Eﬁaluation_of Stresses Due to the Closure
Operation (Ref. 6.12, 6.13, 6.7)

This includes all the final procedures performed

in order to coﬁplete the bridge and their effect on the

section forces of the deck. These procedures include the.
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~
-

-

‘removal of temporary supporés'or temporarﬁ.préstressing
forces used to stabilize the hammerhead, thelrémoval of the
auxiliAry‘piers and stays'ﬁsed to reduce the stresses in{
_the ;antilevé;s or the removal of the form;traveller.

| Another operation performed in this last stage is ’
the closing operation used sometimes to artificially induce
section forces in the deck.-

In fgct, the bending moments created during the
construction w{;& undergo a'r;distriput£0n with time'ail
over-the span due éo the creep effect. This has as a
result_dfldecrgasing the negative moment ovér the pier and
the cau;ing‘of:a positive moment ié the center of the span.
But, it is more economical to reduce these moments before
the structure is made continuous in order to save the
aaditiqnal s.teel which Qust be placed over the piers to take
the negative moments due to the dead loads placed after the
closure Qf'the bridge (Fig. 6.15) (asphalt, parapet, elc.).

The reduction of the negative moments can be
achieved by introducing ﬁpSiti;e momenfs in the éeck. These
moments can be creafed by lifting, for example, some bearings

(Fig. 6.16a).or by tensioning some prestressing steel in the

open system as in Grand'Mare Bridge.
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For this, in the 3 foot gap 1eft between the two
cantilevers the top slab only was cast hinged'to the top
slab of the finished deck. Once ;he concrete strength was --
obtained, some bars of thg bottom slab were.tensioned S0

creating a positive moment equal to P.e. (Flg., 6.16b).

6.2,2 Design for the After the Construction Period

6.2.2,1 Computation of the Creep Effect
on the Section Forces ’

i

As al?eady menfioned, the cfeep will cause a
redistribution of.the negative moments created during the
construction in the final continuous structure.

This is a particularity of structures cast accord-

ing to a statical system (cantilever). that is completely

different from the final one (continuous girderj. -This was

already explained in:Chapter 5.

6.2.2.2 Computation of the Setondary Moments
Induced by the Post-Tensioning
These moments are created both by the steel

stressed during the construction due to the creep effect

B L U
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and also by that stressed after the deck is continuous.

-
-

6.2.3 Design not Influenced by the Construction Method

6.2.3.1 Design of the Deck in the Transverse Direction
| -~

The deck iS'desiqned transversely as a closed
frame using any of the known.methods of strength of materials.
The various loads are the dead load of the section, the
additional aead load due to asphalt, parapet, etc., tﬁe
live load on the top slab, the temperature differential
between the inside and outside of the section, the effect of
the post—tensioning’of:the top slab énd sometimes the wind.

For sections having more than one box, the design
is compliéated-because the rigigity of the common slab and
the influéhce'of”on9~Box~on~the”otherﬁba§,tq be accounted ~
for. ) j

The design for the live load must be done. by the
'elas£ic methods ‘and not with thé empirical formulas given
by the code. These methods make use of charts of influence
surfaces (analogous to the influence line but for two :

i
dimensions).
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. !
The design procedure consists of placing theﬁwheel
"‘ootprint" on the most unfavourable position on the chart
and evaluating the volume of the prism between the ordinates
of the influence surface and the wheel "footprint! (Fig 6 17).
This method permits the designer to take {nto account the
slab rigidity and the support conditions. Thus,.for_the
slab between the webs, the edges can be assumed fixed and..
the fixed end moments are calculated with: the influence
surfaces. Then the designer can do the moment distribution
In the frame according to the Cross method or any other one.;'
The ;riter found two books treating the influence -

surface method adequately. The first one (Ref. 6.10) deals

_with slabs of constant depth while the other (Ref. 6.11)

deals both with constant and variable depth “the variation
done according to specific laws. ' .-

| Most of the time the top slab is transversally
post-tensioned and in this case, bending moments are induced
in the webs of the‘box due to the elastic shortening of the
top slab.. The creep and‘shrinkage of the concrete will

reduce these moments with tuggﬁh&¢a1host 30% (Ref. §.6).
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6.2.3.2 Diaphfagms

Due to the great transverse rigidity of the box,

-

aiaphragms are pot oecessar§ except’ over the piers where
they serve to keep the section undeformed and help to trans-

mit the reaction from the webs to the bearings.

1 -

The truss theory is one method used to design

theée‘oiaohragmﬁ.

A fictitious -truss is‘chosen.in;the plane of the

diaphragm of the member'through‘which'the loads will be
. o [
transferred. The‘tensile members are represented by the

'steel to .be placed while the compression members are repre-

' sented by the concrete. In_Fig¢‘6.18,-an example of this

o

‘ ;method is giveh.

. .

In addition to the forces coming through the webs;

-

one must also take fhto account the tensile stresses result—

ing from the 1ongitudinal comprcssion forces of the bottom

-slab in the case of haunched decks (Fig. 6. 19)

"f s

a2

6.2.3.3 (:;heaf Forces and Torsion - . ;" '

1
+

The sheam deslgn has to pe¢done for the wOrk1ng
R, -

conditions as well ‘as for the ultimate 1oads.

A
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a

The stresses credted by the shear force must be

~added to those created by the torsion for the most unfavour-

able condition; that is, "maximum' shear force with the

resulting torsion"” or "mﬁy%mum torsion with the resulting

shear force'.

¢

The shear stresses due to torsion for a simple box
with small crosswise dimensions compargd to the span can be
found by the classical formula of Bredt. The 1ongitudinal
distribution of torsional moment for a haunched- girder is
somewhat longer to find (Ref. 6. 20). '

~

6.3.3.4 Effect of Haunched Girders and of
Prestressing Steel on the'Shear\Force

For a variable inertia deck, the shear force can
elther be reduced as rn the case where the center line of the
bottom deck forms a positive angle with che horizontal
(Fig. 6.20) or increased if this angle is negative (Fig. 6.21).
The shear force can also Be reduced bySthe vertical component

of the prestressing force when the longitudinal steel is

anchored down in the webs (Fig. 6.22).
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CHAPTER 7

EXAMPLES OF BRIDGES ERECTED .
BY THE CANTILEVER METHOD

’

In the folloﬁing discussion, a brief description

of bridges erected by the cantilever method wili be‘given.
| .The choice of the examples 1s very arbitrary

because thefe-ére s0 many bridges of this type'that‘ﬁhere ’
are too many to choose fro&. |

An attempt was made to have an examble of each
statical system already described, as well as bridges ha&ihg
a speclal feature during thg Frection. /

‘ Further details on these gtructgres can be found

in the articles given in the references from which these

notes were taken.

»

7.1 Bendorf Bridge Over the Rhine (Federal
: : Republic of Germany) (Fig. 7.1, Ref. 7.1)

¢

With a main span of 208 m. (682.4 feet) this bridge
} ) -
was, at that time, the longest.tg be built “in prestressed
concrete using the cantilevering method and even tqday'it is

among the longest in-this category.

rd
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The total 1enéth‘of 1,029.5 m t3,3f8 feét) from
one abutment to the other was divided in twd’pé}tétfor the
bids. The West part of 524.5 m (1,721 feet) /long was )
designed and built by the companies Dyckerﬁoff & Widmann A¢
of Munich and Grun & Dilfinger qf Mannhein, and the East
part of 505 m (1,657 feet) long was designed and built by
the company Wayss & Freitag of Francfurt.ﬂ

" The first part is composed of & .central span of
208 m (682.4 feet), with a hinge in the middle, frameé By
three spans én each side. Several methods were used for the
constrﬁction; the conventional cantilevering method,’ the

cantilevering with cable-stay and the cast-in-place on

scaffolding. The deck i's prestressed longitudinally, trans-

. versely and vertically (with prestressed stirrups inclined

at 45°) by the Dywidag system of prestressed bars.

' The second paf£ consists of a viaduct of‘five
spans between 41 m (134.5 feet) and 60 m (196.8 ¢feet) built
on s;affolding-and a bridge of four spéns.between 47.85 m
(157 feet) apd 58 m (130.3 feet) built by cgntilevering with
Eaple-st;y. The structu;e ié prestressed with various pre-
stressing systems: yorspaﬁﬁ-Technik, FreyssineL—Wé;ss &
Freitag aﬁd finally Dywidag for the cantilevefed-part;

. - . . ’ ’
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The cross section of the structure is comprised
of a single box for each traffic direction. Tnp total width
is 30.86 m (101.2 feet) for four traffic lanes of 6.60 m
'(21.6 feet) each separated'Py a security rail of 3 m
(9.8 feet) and a lane for cyclists and pedestrians plus a
service footfbridge.

The tender call was made at the beginning of 1960
anﬁ the structure was Inaugurated in the summer of 1966,

’

~ Y

7.2 _ Medway Bridge (Great Britain) (Ref. 7.2)

L
This bridge, almost 1,000 m (3,281 feet) long

l .
(Fig. 7.2), completed in the early sixties, consists of a !

three-sban bridge (a main span of 152.5 m (506 3 feet) and
‘two lateral spans of 95. 25 m (302.7 feet) each) flanked by
the East viaduct of 243.08 m (797.5 feet) long (30 48 4
x 33.53, 39.28, 39.20 m)\and the Westf viaduct of 411.48 m
}1 350 feet) (30.48, 4 x 33,53 and 6 x 41.15 m). The main
span is of thp cantilever.type with a suspended span of

30 4 m (99.7 feet) long. The-brldge was the result of a

f

competition between various.solutions,the final design was

¢

adopted because of.the appealing aesthetics of the bridge.The

K/
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‘bridgejhas two roadways of 7.3 m (23.9 feet) with lateral
strips of 0.30 m (1 foot), and‘éhoulders of 2.4 m (7.9 feet)
eaqﬁ plus cyclists ianes and sidewalks. o , 'i
: Thefviaducts consist 6f‘prefabrieated fype I beams
for the,ipteéior4girders'and box type for the exterior
girdérs‘simplf support;d‘for the dead load but éontinuous
for the live load.l fhey were erécted by a steel launching
gifder.. The'bridge over the riQer,was.built by the canti-
"leveriné'method but as the corbeis of the hammérhead.were

non-symmetrical (61.0 m (200 1 feet) the one towards the

river and 92.25 m (302.7 feet) the other) _tempotary piers o

were‘used to stabilize the structure (Fig. 7.3). The cross
section is'a-thfeefcell box gifﬁer'(four webs with two 6verf
hangs) of a variable height (10.%3 m (35.2 féet) over the
: pier and 2.74 m (9.0 feet) at the ends of the Qprbéls).

Thé suspended span is composed of the same pre-
fabricated beams used for the viaducts and were blaced with

Ehp same launching girder. o C .
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'7;3 "Knight Street Bridge in Vancouver B.C.
(Ref. 7 3, 7.4)

The main Span of this bridge (Fig. 7. 4) was opened
to traffic in January 1974. 1t is of the classical type
(for the South branch).with two cantilevers and a 5uapended

span'WHich in the original drawings consisted of AASHO type

v

gir&ers.
) Thé particular feature of this bridge is the

method used ln erecting this sqspended’span as propoaed as an
alternative after'the bid;i;y the company Dywidag Canada Ltd.,
the sub-contractor for the prestressing.

| This method consisted of continuing the erection
of‘the deck in the cantilever methodAeven for the suspended
portion aﬁd replacing the AASHO girders by the same section
as for the cantllevers ( ansimple‘box) and thus,ayeiding the
use of a special launching girder and a discontinuitx in the
profile of the cantilevers and the drop-in sgan. |

After the cantilever extremities are finished,

the seating ‘for the drop-in span is realized and the bearings.
| placed, then the'cantllever method process continues (Fig. 7.4)

to complete the construction of the bridge. This was made

possible by temporarily placing prestressed steel (here type
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Dywidag:bafs) in the top slab and continuiﬁg across the

joint between the cantilever'and the suspended sban. The

a

temporary top steel was cut once the structure was completed.

7.4 ~ QOleron Viaduct (Ref. 7.5 to 7.7)

This viaduct, started in Maﬁ 1964 and opened to
traffic in June 1966, is-among the first Eridgés'built byl
the cantilevefing ﬁethod with ségmenté erected usi@g.a
1aunghiné gantry. . . |

With a total length of 2,862 m (9,389.7 feet) .
(Fig. 7.5), it has 46 spans (28.75, 7 x 39.50, 59.25, 26
x 79.0, 59.25, 9 x 39.5, 28.75 m) and it is divided in niﬁe
sections (394.05, 230.4, 5 x 316, 342.5, 315.05) by expansion
jdints located approximately at the quarter poin£ of the
spans. |

The section is a simple box (Fig. 7.6), préstressed

longitudinally and'transversely by-the Freyssinet system.
The top slab has a width df 10.6 m (34.8 feet) and a minimum
thickness of 20 cm (7.87 inches). The deck is formed by 860

segments prefabricated on the site and transported to the

erection point on trolleys travelling on rails along the

-
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‘already finished deck, thus avaiding the use of any flqating
equipnént which would have been difficult.due to the high
tides.

The lau;ching gantry is a steel beam (Fig. 7.7)
of about 100 m (328 feet) long,éﬁéried.on two legs, one
located at the'réar and the.other in the middle. A hinged
prop is attéched at the frdﬁt end. These two legs are
designed to allow the free longitudinal passage of.fhe
sepments transported by a suspended crab hung from tﬁe
bottom flange of the beam. ﬁ
| This crab.allows the segments to be shifted side--

\\\ﬂ;/gays, raised vertically or turned 90° (Fig. 7.8).
The successive phases 6f the erection oberations'

as described in the article of Muller and Dufoix (Ref. 7.6)

‘fare the follbwing:

(i) Once.a span has been completed, the positioning
‘boom is moved forward on buggies provided under
the rear énd middle legs, until the latter reach

the end of a finished hammerhead (Fig. 7.8).

(ii) The geometry is such that the front support is then

located slightly forward of the next pier and can
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Fig. 7.7 Oleron Viaduct,GenefalVLcw of the Lauﬁching Gantry.
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" be propped on a temporary light frame sSecured to
the pier lining leaving the upper- face of the’
header beam clear. The Jacks may be adJusted to
ensure optimum weight distribution of the portal

crane over the three-p01nt suspension, the system

. then functionlng as a continuous beam.

(111) °  The first concrete segment is then fed_over thé
alreadx,completed part of the‘structure, is

manoeuvred by the Positioning crane and brought
5

forward to the pier header beam.
(iv) A secqndaty frame, known as a "gin pole", is next
positioned over the initial or start segment,’and'
the ad;uetahle'jecks are manipulated to transfer
the reaction fron the front legs to this.suppott.
Next, the middle legs are lifted off the first

hammerhead, and the launching beam is supported

. at two ends only. o

. (v 'The'positioning frame is now rolled forward until-
the middle iegs‘are'plumb with the pier centerline.

The jacks are manipulated in a reverse direction
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until the weight of the' portal crane is transfer-

red from the gin pole to the middle legs.

4.
o

(vi) . The suspension crab is used to move back the gin
pole, during which time the temporary frame which

carried the front legs is dismounted.' Cantileverf

construction proper may néw’begih.

{(vii) . The standard deck segments-which ére fedlover the”
alneady'éompleted portion of the bridge, a;e
~ installed symmetrically on-either side of the pier.
Consbliqiting{tendons are put under’ tension at
eéch phase of-installation to provide flexurai
strength of thé hammerhead. Thé opératioh is

repeated until the new hammerhead reaches the end

1

of the preceding one.

(viii) " A keying segment - acéually identical with a
standard segment - is positioned between the Ewo
ends of the hammerheads. Now thé final‘post—
ténsioning is carried.out to consolidatelthe

étructure, after which' the positioning frame may

be rolled forward to the next'phase and the cycle
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of operations begun anew.

7.5 " Grand'Mere Bridﬁe Province of Quebec’
Lgnder Construction) (Flg..7 9) -

This prestressed concrete bridge analysed and

‘designed by the author, is erected by the cantilever method

L]

and it will have the’ longest spag’ln .North America for this

b

category of bridges (1977)

The central span of 595 feet (181.3 m) is framed
on each side by spans 0f¢130 feet (39 6 m) and a triangular
nose of 40 feet (12.2 m) 1ong of solid congrete for a total

Yy

‘length of 935 feet (285 m). _ |

The side spans are 80%.filled with ballast which
together with the noses serve to stabiiize the cantilevers
during construction and'érevent any uplift on the exterior
supporte after the bridge is finished.

The cross section is a‘simple box with two webs
(14 inches (3515 cm) thick for 'the centralispan and
- 24 inches (61 cm) for the side spans) and a d;pth varying
from 28 feet (8.5 m) to’ 32 feet £9.7 m) for the side spans,
and a variable .deptn of 32 feet (9.7 m) tc 8.5 feet (2.9 m)

for the main span (ng. 7.10). B T
/ ,



\ Fig. 7.9 Grand'Mére Bridge.
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The top slab of 42 feet (12.8 m) width has two
cantilevers varying in thickness from 14 inches (35.5 cm)
to 10 inches (25.4 em). The portion between the webs is »
thiEReriat'the pier (15 inches, 38.1 cm) and thinner at the
center of the main span (11 inches, 28 cm) -as the number ofﬁ
prestressing steel bars.required is redueed.‘ The bottom
slab thickness varies from 9.5 inches (24.1 cm) at the
‘center of the main span to 54 inches (1. 37 m) over the piers
and remains constant for thg side spans at 36 inches (0 91 m).
The deck is prestressed longitudinally, transverse—
ly and vertically (far shear) with Dywidag bdrs of 1% inches
diameter. The side spans and a small portion {9 feet, 2.74 m)
of the main span were cast_on formwork or on a sandfill of
4 feet (1L.22 m) to 5 -feet (1.52 m) thick. The main span wee"
erected in the cantilever method with cast-in-place segments
of 10 to 15 feet (3.05 to 4.57 m) ioné using two form-
travellers (Fig. 7,11) supplied by the prestressing sub-

contractor, Dywidag Canada Ltd.

Consulting Engineer: Francis éoulva & Partners Ltd.

Site Supervision: Lalonde, Girouerd, Letendre
C ' ' & Associates, Consulting Engineers

General Contractor: Alta Construction
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Post-Tensioning

Sub-Contractor: ! Dywidag Canada ‘Ltd,
7.6 | Elevated Highway '"Mancunian Way' in Manchester,

Great Britain (Fig. 7.12, Ref. 7.8)

)
~

This highway; inaugurated in March 1967, is not
a typical example of ‘cantilever construction but it was
included for the originality of the erection method_usedffor

LAY

the segments,
! With a total length of about 970 m (3,182.4 feet)
it has 28 spans of 32 m (105 feet) two sphns cf 18 m
{59 feet) and two end spans of 24 m (78 7 feet) The cross¢
. section for each directlon of trafflc is a simple box with
‘corbels on each side. The two boxes forming the total width
are independent during constructlon but continuous, trans—l
versely, after a central mall serving as a 10ngitudina1 beam

»

is poured.
ﬁil the eegments were prefabricated and dimensioned

50 as to use only mobile cranes for the handling and erection.
The originality of the.,erection is that the eegments

were.placed one after the other on an auxiliarf beam suspend-

ed by the finished part of the deck (Fig. 7.13). Instead of .



Fig. 7.12 Mancunian Way.
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using cast match joints, the segments were placed with a

75 mm (2.95 inches) gnp which was filled with grout once all
the segments were placed.

The prestressing‘steel, placed in the box webs,
was comprised of Freyssinet cables, 12 strends of 15 mm, and
their layout was similer to the one qsed for a structure

cast on scaffolding. Each cable covered two spans and was

. anchored at one end to theé top ?139 aﬁd.at the other end to

the exterior face of the bottom sleb.

Once all the segments of one span were placee
and their joints grouted, half of the necessary cables were
stressed thus insuring the structural capacity of the new
span for its own weight, while for th® previous span these
cables provided its final capacity since these cables were-
the second series to be stressed (final prestresstng).

N
N
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CHAPTER 8

CONCLUSIONS
\

As already mentioned there has been a growing
interest in North.Americalin reéent years on this type of
structure. |

This interest.has already given some good results
such dé Knight.étreet Bridge in Vancouver and Pine Valley
Creek Bridge in California amongst others. A lot mo?e are on
the drafting tables or uﬁder'construction throughout‘thié
continent and even the pushing metﬁoq (seelparagraph 5.6) is
being used in Indiana (Fig. 5.48) .
An indication of the importance given by the United

States and Canada to this type of structure 1is the number of

PCI-PTI committees which were formed to gather and review

tion gertgiﬁing to segmental construct-
ion of sfructures. Some recommendations ﬁave aireaQy been
published (Ref. 5.10, 6.16). Even tests on 1 to 10‘scale
models have been made by the Portland Cement Associatidon for

the Three Sisters BridgériRef. 8.1).
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ZP The interest manifeé$ed in this.method.is'undér-
standable. The simplicity of erection,the moderate investments,
the adaptability of ;he method to any kind of shape of bridge
and.thé control of the finished prodﬁct aré amongst .the
benefits of the method.

Qlthough it is now close to thirty ye;rs sincé the
segmental erection of concrete bridges was first used, the

. ' method remains new and under continuzzﬁ,impgifement and
modification. ‘ . .

Some examples are the use of multible keys for the
prefabriégted segments (Fig. 5.34) or the reduction og the
dead loéd by using ribbed thin webs (Meules Bridge, Fig. 3.6)

More research has to Ee made in the use of light
Qeight concrete which would allow longer'spéns and conserva-
tion of materiéls. \ | _

Improvement can also be madé in the erection
techniques to speed up the placing of éégments and reducing
the construction time, minimize working hOufs-and lower the
construction costs. But all these improvements can only be
poseible by the close collaboration of all the interestea

parties, that is, the owner, the consulting engineer and the

general contractor.
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Special seminars also have to be held by organi-
zations such as the frestressed Concrete.Instituge“or igé
Portland Cement Assoclation to familiqfiée engineers with
this kind of structure because as already.mentioﬁed'the
mefhod is still very new in our country and our.peighbours

to the South.

‘A bigger participation of the Engineering Faculties

of the Universities is also desirable. In fact. a lot of

problems can be solved for the Engineer by the use of tests
on scale models with a great benefit,in the. same time,for
the sﬁUdents.';

In ending, the author hopes that he has contri-
buted a little to the reductiéﬁ_of the mystique of these

bridges. -
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-APPENDIX A

A simple approach to understand the effect of-

. creep upon the modified structure is represented on Fig. Al.

L '

Open System

At time equal zero that is immediately after the
two cantilevers are finished their end cross sections s', ‘s"‘
are parallel and negative bending moment exists throughout ]
the structure.

At time approaching 'infinity due to the plastic
deformation of the concrete these two cross sections will
form an engle of ¢ between them.

This deformation is due to;tne‘creep of the con-

crete and it is realized without any change of.the section

loads. -

Closed (Continuous) System

’

The cross sectlons parallel at the end of the
construction have to remain parallel even at time approachlng
infinity die to the closing pouring of the gap between the

cantilevers.
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In order to realize this a positive moment has to

be applied on the open system to turn’the two sections through

an anglé'¢ / 2 each.
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APPENDIX B

- ULTIMATE CAPACITY OF A BOX GIRDER

VERSUS AN OPEN SECTION

During the failure of the section the resultant of

the compression étresses C in the solid concrete under the

cracks 1s eqpal to the yield fofce T of‘the'steel (Fig.ABi).

From this expression it 3s evident that as'T is
N

a given value if the width b of the cross section is very
large as in a box section, a reductipn of the concrete
strength £} w?ll affect very iittle he weight of the
compression prism. |

On the contrary, if b is small as in_ an open
section'anyfreduction of the value of a fé. will incréase

the value of y which will result in decreasing the value of °

the lever arm Z between the forces C and T.

.But as the ultimate moment is equal to ZT it is

evident that as Zliereduqed the ultimate moment Mﬁlt-will"

o

be reduced.

:
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