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Deflection Analysis,Of Prestressed

Concrete- Cable Stayed Bridges L

Ashok Narayan

!

Analytical stuﬁie; are carried :out en‘precast
prestressed concrete segmental cable staye%’brldges The
prototype bridge. is analysed for - both erection and
service stages. The method of predlctlng ;nitiél camber
during erection and calculation of the required pre-

’

tensioning forces in the cable stays to prodﬁee this camber

A numerical design example and a computer

, .
program are also presented. =

The results obtained for the cable stayed
brldge ‘are compared to a strucqpte without cable stays.

These results are presented in a table.
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CHAPTER-1 - - o

INTRODUCTION

In recent years, cable stayed bridges have
found wide application throughout the world, especially

i

in European countries.

+

The concept of supporting the stiffening girders
or beams by cables was known long ago but the type of
cables and the material with which they were made were very
crude. The cables were made out of bamboo sticks and chain51

Also the construction techniques were crude.

The renaissance of cable stayed bridges in
modefn bridge engineering can be traced back to the post
war years in Gefmany. Due to shortage in construction
materials, German and other European eﬁﬁineers started
investigating ways of obtaining optimum structural perfor-

.

mance. !

The modern renaissance of cable stayed bridges

is considered to have begun in 1955 with the construction

©
‘

of Stromsund bridge in Sweden. The development of cable
stayed structures was mainly due to progress in the methods
of structural analysis and use of Eleg}ronic Computers for

exact solutions.
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Although most of the cable stayed bridges have

been of steel construction with orthotropic decks, some with

7

~ . ) .
" pre-stressed and precast concrete box girders have also been

%
constructed. The precast, prestressed concrete structures
posses better dambing capacity and ability to resist

vibrations.

The first concrete cable stayed structure cons- \
tructed was the Tempul Aqueduct, crossing. Guadelete River
in Spain.‘ However, the first concreﬁg cable stayed pridge
oh American continent was Moraridi's Lake Maracaibo Bridge

constructed in 1962 in Venezuela. ' o

In general the development of cable stayed

bridges ¢an be attributed to the following factorsl.

1) Development of methods of structural analysis A

of statically indeterminate structures- and use

of electronic computers.
] .

y

2) Development of post-tensioned, segmental, .
double cantilever type of constryction in case.

of concrete bridges and orthotropic decks in

A

case of Bteel structures.

\

3) Experience from previously built bridges ,
4) Development of methods of analysing bridges
through model studies. .

.
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The significance of cable stayed bridges lies
in the utilisation of high strength cables which act as
supports for the bridge girdér, replacing the piers, thué
enabling the girder to span longer distances. A cable -

stayed bridge is Ltrdcturally very stiff with very little

-
"

deformation of its members. .

UntiI‘recently, ségmental cantiléver construc-
tion without cable stays‘was considered to be economical
in the range of 200-300 feet spans. But with'the applica-
tion of cable stays to prestressed, segmental cantilever
constuction, the span range has been increased to 500-

1600 feet.

So far most of the technical work described in the
literature deals with cable stayed bridges with orthotropic
steel decks. A method of linear analysis suitable for
bémpu?er use was proposed by~Smith2'3 in 1967. The
assumption of linear behaviour means that deflection is
proportional to the loads acting on the structure. These
articles describe the behaviour of single and double plane
cable stayed bridges under the action of loads. Troitsky
and Lazar 4 described an exéerimental procedure 'to deter-
mine the tension forces required in the cable stays in order
to reduce the bending moments and displacements of stiffen-
ing girders and towers in cable stayed bridges. A

detailed‘analysrs and application of reduction method

e o U RO e ket St N e m o b e et i
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(Transfer matrix method) to cable stayed bridges was
presented by Tang5 . Thé effect of axial forces due to
tension in cable stays have been included in ;the analysis.
Analysis of cable stayed bridges using stiffness methéd has
been described by Lazagj'. This article describes appli-
cation of stiffneé; method‘of'analyis.takfng into account
the non linear behaviour. The non linearity in cable stayed
bridges is due to large displacements, bending moment-axial
force interaction and catghary action of cables. The
stiffness matrix for ‘the system is assembled on basis of

the deformed geometry of the structﬁre. Each subsequent
step 'i' |uses data in the previous step i-1. The

iteration continues until the last displacement vector,

obtained is a fraction of the total displacement. 0

\ 4
This study is concerned with prestressed, posé—

tensioned concrete girders erected by segmental ¢antilever
method. Analytical studies are carried out in order to
develop methods of predicting initial camber required and
deflections in bridge structures erected by segmental
cantilever method. The camber can be provided at different
stages of.éonstruction by using auxiliary and permanent
cable stays. The camber can also Ee provideg by adjusting

the tension force in cable stays after the structure is

completed.
}

~“\ -

The initial camber needed at each stage of
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erection, prediction of final camber to compensate for dead

load deflection and tension forces required to produce

"the necessary camber are to be analysed.

»

o The analysis has to be carried out both in the

f
cantilever erection stage and during tHe final service

‘ stage when the system is continuous.

* For a preliminary study, of a giveg geometric
layout, a reasonable prepreliminary design may be obtained
"by considering that the deaé load aﬁounts to approximately
75% to 90% , of the total load in lpng span bridges and that

girders are cambered to compensate for dead load deflection:

The main advantage of using precast segmental
construction is that the segments can be cast in the cast-
ing yard and transported to site for erection, thus reducing

creep in the concrete and eliminating elastic shortening

and thus shrinkage in the concrete.

It is possible to extend the competitive span -
range of such structures to dimensions that had previously

i . s
' been considered impossible.
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2.1 PROTOTYPE STRUCTURE : h

P . . .

R Y - - - - e e e s e e

-6

" CHAPTER-2

DESCRIPTION OF STRUCTURAL SYSTEM

Theoretical investigations were carried out on

the post tensioned segmental bridge structure during the

erection and service stages.

carried out on systems with and without cable-stays, for

the same depth of the main girder. The deflections and

pre-tensioning forces in the.prototype structure are

apalysed.

A typical structure with cable stays on which the

study is to be carried out is shown in figure 2.1. The

system has a constant depth throughout its entiré span. A
typical cross sectionyof the concrete girder with prestress-

ing tendons is shown in figure 2.2.

2.2 ARRANGEMENT OF POST TENSIONING TENDONS:

. i
segments in position during erection, and to provide conti-

The prestressing tendons required to hold the

nuity between the two cantilevers to make the structure

continuous can be grouped as follows

Group

-

Group

1:

2;

6,7,

Cantilever post tensioning tendons in top slab.

Tail span continuity post-tensioning tendons in

the web. j )

Comparable investigation was

1
|




-

-7~

Group 3: a) Centre span continuity post-tensioning

"tendons in bottom slab and webs.
L}

b) Centre span continuity post-tensioning

tendons located in the top slab.

o e -

The different types of arrangement of prestress-

’

ing tendons in the main girder may be grouped into three

common types.

Arrangement I

Figure 2.3.

Parabolic tendon profile as shown in

Arrangement II

Figure 2.43 ' .

System with straight tendons as shown in ,

Arrangement III

Figufe 2.5. : g

2.3 METHOD OF CONSTRUCTION:

8

The widely used construction method7’ is to

!

assemble precast segments on falsework or the segmental . .

cantilever erection. The great advantage of the cantilever

‘method lies in the fact that the complete erection may be

accomplished without any falsework and hence without traffic \\ i

interruption. . :

Straight tendons bent down as shown in’ : o

\
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Pier segment

T T 1

'/////, ) Group l-Cantilever prestressing tendons
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}
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- e~~~
a) Cantilever tendon layout )
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Group -2 Post tensioning tendons )
) g /
b) Prestressing tendons in the flanking span

Croqp—Bb Continuity tendons

Pier segment .~

o

c)

H

[

Main-~span conﬁinuity tendon layout

ﬁFig. 2.5

Tendon Arran

System with'

gement IIT
stypright tendons

’

”»

IS S
Group-3a Continuity tendons 4J////’

Note: All tendons are located at the same level.

They are shown at different levels for

clarity.
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The assembly of precast segments is carried out
in sequential balanced cantilevering from piers towards
the sban centre lines. Initially the "Hammer Head" is
formed by erecting the first segment and attaching it to
the pier to provide unbalanced moment capacity. The
adjoining segments are then erected on both sides of the
pier and post tensioned successively through the pier
segment as shown in figure 2.6. Auxiliary and permanent
cables are employed to reduce the moments and deflec:;ons
in the girder. .
- r
The stage by stage erection and post tensioning
of segments is continued until the cantilever span réaches
the centre of main span. In this configuration the span is
ready for closuré. The steps involved in making the

structure continuous are as follows:

-

1) Ensure that the displacements of the two cantilever

ends are equal.

2) Cast a closure strip.

3) Post-tension through the closure strip to

"ensure continuity. ;

According to the usual prefabrication methods,
a gap exists between the different elements which must be
filled with mortar. If the same method was used for bridges

erected by cantilevering, the whole advantage of prefabri-

[
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cation would be lost due to waiting time between the

erection and stressing of an element to allow for setting

time of mortar.

To overcome this drawback " Thickless " Jjoints
i

Y

called "conjugatd" or "Match cast" joints are used
N
which ensure ahs;pper fit during erection. These joints

are coated with’bonding material such as the epoxy resins.

-

It is important that all the operations such as
. epoxy application, setting of segment in place and partial
tensioning are completed during the pot life of the bonding

agent.

The recommended practice governing the application
of bonding agents is specified by the Prestressed Concrete
institute@ The epoxy bonding materiai is supplied to the
erection site in sealed containers, preproportioned in the
proper reacting ratio. Surfaces to which epoXy material is
to be applied shou}d be free from oily materials.. All the
contaminants are removed by light sand blasting or high

pressure water blasting with a minimum pressure of 5000 psi.

The wet surface is dried before application of epoxy agent.

Instructions f%r-storagé, mixing and handling of the
epoxy bonding agent are:provided on the container. The
epoxy material is applied to all surfaces to be joined
L

within the first half of the gel time as shown on the

container. . .

LR PP
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The segments are joined within 45 minutes after application
. . ‘

of the first epoxy material placed and a minimum average

temporary prestress of 50 psi over the cross section is

applied within 70 percent of open time of epoxy material.

The joints are checked immediately after
erection to verify proper fit. Excess epoxy resin is

removed.

g
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CHAPTER-3 4

"THEORETICAL ANALYSIS

3

3.1 BASIC CONCEPTS:

Theoretical analysis was carried out on the

prototype bridge structure shown in figure 2ﬂi at different

sﬁages, namely : »
1) Erection or cantilever stage
2)  Service or continuous girder stage.

The analysis was also carried out seperately for

two structural systems namely:
. 4+
1) Structure without cable stays and
2) Structure with cable sféys.
Analysis during the cantilever stage is simple
and can be carried out using basic principles of statics
and mechanics of materials. During this stage the structure

is statically determinate and represents a fixed cantilever

beam.

After the structure is made continuous the

‘analysis becomes more complicated both for systems with and

’
without cableggtays. 1In this stage the structure is eight

times statica indeterminate.

.\\JV “-v-’
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The theoretical investigation is based on
the assumption that the behaviour of structure is linear
under the applied loads, the displacement under loads is
small, and propoftional to the applied loads. Linear
superposition is valiq for deflections caused by d;;ferent
load groups. The cabi? stays are hinged at connections to
towers and girders and‘hsﬁﬁé~$hey can takpe up only axial ‘
forces and not bending momentsT~NJthcable stays ‘are always
under tension. 1In'the first part, tﬁe bending moments,
axial forces, shear forces and deflections for a'system
without caple stays are determined.- In the second part,
tension forces in cable stays required to reduce these

displacements, the intial camber and final displacements

are calculated.

3.2 ERECTION STAGE:

In the erection stage the sysfiem is treated
as a double cantilever. The forces to be considered are

the dead load of the girder, the weight of moving equipment

‘and the prestressing forces in main girder. 1In cable

stayed bridges the tension forces in the cable stays also

have to be taken in to account.
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3.2.1. SYSTEM WITHOUT CABLE STRYS:

Deflection in a system without cable stays can be

calculatedg'lo

by superposition of dead load deflection,
deflection due to moving equipment and deflection due to
prestressing forces in the girder. These deflections may

be calculated separately using principles such as virtual

work or moment area method. ‘ -

3.2.1.1. ERECTION MOMENTS AND DEFLECTION DUE TO

OWN WEIGHT: ™

During erection, the bending moments over the
pier increase with the addition of each pair of segments6
as shown in figure 3.1. The increase of moment caused by
addition of the seventh segment at the cantilever end is
shown as an example by the shaded area in figure 3.1.
These moments are resisted by the post-tensioning tendons
provided in the top slab which may be anchored at the face

of the segments or in buildouts inside the box sections.

A

The use of buildouts makes it possible to place
the seghments and stress the tendons in two separate opera-

tions, but tends to complicate the manufacturing of segments.
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‘ then the deflection at the free end of the cantilever due
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If a section of constant section is considered,

to its own weight is given by equation (3.1).
. U
] 4 .
= va_

£

If a=nb, the deflection at the free end of the

cantilever due to its own weight is given by"' equation (3.2).

L4

. . .
- w(nb)" ) :
by = gET . - 3.2)

When the erection of the cantilever reaches

.

full span length "a", the deflection at any intermediate-

lpoint can be calculated using equation (3.3).° h’
A - w (X4 - 4a3x - 3a4) - . (3 3)
X §3ET .
|
Where x = distance from free end of cantilever. i

. ' When the erection of the cantilever s;ln has

réached the point of cable stay attachment only, then the

°

deflection at that point is :

14 ' . , .
- wirb) :
bc = ®ET 3.4
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3.2.1.2: DEFLECTION OF CANTILEVER DUE TO MOVING

. EQUIPMENT: , _

*

r2

LN

Fig.- 3.3. Cantilever main span acted upon by load

of construction equipment.

i

°

-

The maximum deflection in the\cantileve{“occurs
. when the load is placed at the free end and can, be calcula-

ted-as follows:

A N Wa ‘ : .
conch. load 3EI . - (3.5)

At different stages of erection, the deflection

at the free e is given by equation (3.6). .

A _ _ W)l (3.6)
conc. load 3EI, ' 3

-

.

When the span'T;néth reaches the full cantilever

\

~8pan  "a", the deflection at any point distant ‘'x' from

the ffge end is given by equation (3.7).

2

5.3 3
(2a”-3a"x +.x ) (3.7)

‘é

EI

»x
(=4

\.‘ \\ N R .
I . o v e i e e e o - e - [
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The deflection at the point of cable attachment

. ) : ‘
'C' when the erection reaches full span 'a' is given by, .

/

A = ¥ [2a3-3a‘?c-(%a)3] .
o 6EI ‘
3
. W (2a3-a3+%7 ) o )
6ET
L]
_ wWad (28) _  lawad . (3.8)
162ET 81EI '

Deflection of the free end under a moving concentrated,

load, when the load is-at any intermediate location is

X W
e D
} ~ T .
‘ a 708,
Wx )
W
! \
Fig.3.4 Bending moment Diagram due to
' concentrated load of equipment.
defined by equation ° (3.9). )
vl ) A
: 1 W.x, . _1 e Wx® (3a - x) 9

: .

F O R e oy v v o
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where x distance from the fixed end.

'
v

If we substitute x=a } we obtain the deflection

+

at the free end when the load is placed at the point.

3.2.1.3. DEFLECTION DUE TO PRESTRESSING:

/ The arrangement of‘prest;eséing tendons considered

is shown in figures 2.3 to 24§jj/ﬁuring the cantilever

T

. construction stage only group-1 cantilever tendons are

provided. Each of the segments erected are post tensioned

successively, either partially or in full.

Prestressing the tendons with a force 'F' placed

with an eccentricity ‘'e' causes a moment 'M', where

M = Fe .

The prestressing moments act in a direction
opposite to the dead load moments. Hence the effect of
prestressing is to reduce tensile stresses in concrete,

to introduce negative deflection and thus to reduce the final

arn el e W e wens %o

bending moments in the structure.

1’ F2, F3 etc. are the successive prestress-

ing forces applied to each of the segments, then

If F

i

Prestressing force at the support after stressing

each of the segments is
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n -
= + +* 4+ ———————— = ’
Fo F, +F, F3 + n-1+Fn .E Fn
i=1
Where,
Fl = Prestressing force in first tendon
F2. = Prestressing force in second tendon
_ . . th
Fn = Prestressing force in the n tendon
Total prestressing force at the support when the
first segment is erected, Ft = F1

Total préstressing force at the support when the

second segment is erected,‘Ft = F1 + F2

Total prestressing force at the support when the

nth segment is erected is
n
F, = F, + Fy + —=--- +F = E Fn (3.10)
i=1
' 1
The moment at support when the first segment is
erected is M, =F, e . .

’ ’
Moment at the support ‘when second segment is erected is

R
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Moment at the support when n segment is erected
Mn = F, e; + F2 e, + ----- + Fn e, =ii¢"“ e (3.11)

In case when F, = F2 = Fn and all segments are
of equal length, then the moment diagram will be a straight

line as shown in fig.3.5.

The moment at any section distant 'x' from
the free end is given by
¥
= X ) !
= XFn e * 3 (3.12)

. To find the deflection at the free end we can

used the moment area method. . ™\
a a
M IF_ e X
= X = n n (=) x dx
AD = f BT (x)dx = J BT a p
0 0 :
3‘ a 2
_ ZFn e, : (§ ) : } ZFn € ..a
- EI. a ,

F U
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Fig.3.5 Bending Moment Diagram due to Tendon

arrangement I.
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The final deflection at the frq@ end of the

cantilever can be fownd as a sum of

e

- 4 i
Atotal AD.L + AConc * AC.P !
!

4 3 3F e (nb)?
\ = Wmb)® , w(nb)” _ "'n n (3.14) j
8EI 3EI1 : 3EI f

~

For large spans, it is desirablé to introduce
parabolic prestress to reduce the shear force in the
girder. 1In case of parabolic pre-stressing, the momeﬁt
over the supporting piers due to prestressing of successive

segments increases gradually as shown in fiqure 3.6.

- Moment at any section along the girder is assumed to vary

' parabolically by proper arrangement of tendon profile or

varying the strength of individual tendons.

Let the ordinate of moment diagram at any section

be given by equation (3.15).

y = kx° ‘ (3.15) (
5 o
at x = a, y= IF e, ! §
) Zﬁn e, ,/l ST
IF e = k a“, k = ———;7——- (3.16)
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due to prestressing can be found by using moment area method

=32~
- XFn en x2
2
a
IF .e 2 )
= LA , ‘ £3.17)
a ‘ NEL
\

The deflection at the free end of the cantilever

as Jfollows:

Bplc.p

(Aplc.p

stages of

plc.p

a

a
M “LF e -2
- E% (x dx)_ ‘%T’E'(iz) (x) ax (3.18)
0 a
_ ZFn en ( a4 .
= 2 7
a EI
aZZF e ’
_ n n . (3.19) .

The deflection due to pfestress'during,different

erection can be calculated using
S Y W (3.20)
4EI

For example, when the span length reaches the

point of cable attachment 'C', the deflection at that point

L]

can be calculated as follows:

Wele.p

_ TFr 8 (zp)? . (3.21)

4EI Al

—stnnn

o

R N
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(Ac)c P = peflection at 'C' due to cantilever
- prestress when erection has reached point 'C’'.
ZFr " = Total prestressing force at support for 'r'
Segements
e, = Eccentricity of prestressing tendons '
-
! f
Btotal = “p.nt Zcone * lc.p
<
' 2
_ w(nb)4 + W(nb)3 _ZFn ®n (nb) (3.22)
8EI 3EI 4EI ‘

For a system with straight tendon profile,

\ moment over the support is given by equation (3.11).

| The deflection at the free end is calculated

as follows:

[yp—

- e _b _
(AD)C.P = [ F1 e, - b(a 3 ) +‘F2 e, 2b(a 2b/2)
—— _ hb 1 (3.23)
n F e . nb (a- E% ) ‘
(AL) o T : (3.24)
p’c.p jo1 EI
beotal - = Pp.r*t Acowe tlc.p
) , ) w(nb)4 N ﬂi9_13 ) EFn‘en.nb(a—nb/Z) ' (3.25)
total 8EI EI “E1 :

4
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Fig. 3.7 Bending Moment Diagram due to Ten¥on
arrangment III

Note : It is assumed that in practice all tendons aree’
located at the same. level. Only for picture

clarity each tendon is represented by seperate

lines.
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3.2.2 DEFLECTION CONTROL USING TEMPORARY

CABLE STAYS: , .

,/ / A &

/ . . .
With increasing spans during segmental

construction by the cantilever method, deformations of the
v 7 H

. main girdér may reach considerable proportion?. Therefore

1
for large spans, auxiliary cable stays are uséd to reduce

these deformations within allowable limits.

f

Consider théﬁfirst temporéry cable installed at
a distance (nlb) from the supporting pier. The forces
acting on the system is shown in figure 3;8. The vertical
component of cable force 'Vl' ,should always be less than
the reaction at B. )

The total dead load deflection at the boint of

. \
cable stay attachment, when the cantilever span is complete

can be found by assuming a suitable shape function.

The shape function19

for a cantilever beam is
given by equation (3.26).

n b
¥(x) = l-cos _2"3_ ' (3.26)

The deflection at any section distant| 'x' from

the fixed end is given by equation (3.27).

A = Y(x) . A (3.27)

X total
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The deflection of the girder at a distance

1

'

(nlbh> from the fixed end is giveﬁ by equation (3.28).

. "
. ) 3
oA \= ¢(1_cos'n1“? ) w?kﬁ%i\+ W(nb) > _ A
Ve ! e ' 2a 8EI ' 3EI C.p
- I3 ? + .
R ’ (3.28)
v . : The required ‘initial camber can. be provided °

&

) using auxiliary cable stays at intermediate locations

during erection. The tension forces in these cable can be
) ,

adjusted at any time, if necessary.

The vertical component ‘of tension force in the

“. "
c

first auxiliary cable stay is o , »

»

v, = ¥ sinaq, 0 .03.29)

* The horizontal component of tension force in

+
©

the first cable stay is o

o

H, = Xl cos o, . ” o (3.30)

The horizontallcbmpénent of the cable stay
force causes'elastic~shortening of the girder. Due to
this shdrtening the cable stay and the girder move ébwn
to the new positidn as shown in figure 3.8. Since these
défqrmatibns ére small, the arcs along which they deform

~ are approximated as straight lines.:

*
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force Xl

AL

tapal

gl

the first temporary cable stay is

A
Xy

“38-
N\

N

The shortening of the girder due to tension

in the first cable stay is

“‘x A
_ Hl(nlb) _ XICOSmglfnlb)

= S5E— = ' ok i ' (3.31)

The deflection due to this elastic shortening

?.is calculatea‘from figure 3.8B.

N

AL, ) :
= —-XL— * (3-32)
gl ' . .

AL 1 Xl(nlb)!F?sal cotal
~ tan ay AE

V. (n,b)
171 L2
* —3ET cqt 8y | - (3.33)

The upward deflection due to tension force in

!

' 3 3
_ Vl(nlb) _ X, sinal(nlb) “ ’ 0 34£
3EI - 3EI v )

The cable stays strq;ch elastically due to the

tension force. The deflection due to elongation of cable

stays is calculated from figure 3.9.
) wl]

PO PR
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. Fig.3.9 ‘Deflection due to elongation of cable stay.
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point is

AL
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Extension of the cable stay due to 'X}' is

11 . (3.35)

Deflection of the girder at the cable stay

v T,
T, AN
= A EXlE%ha ' - (5?36’

17 1 .
[

Axial shortening of the tower is

2X. sina, (H.) . Ce
- . 1 1 T T (3.37)

Ap Eq . N

7
-

 Deflection of girdex aE/tﬁgicable point due

-

to shortening of the tower is’

T aw

2X., sin a. (H.)
= *1 1 T (3.38)
Ap Eg

fwl,

2
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B a=nb Aﬁ]

X 0

T

Fig.3.10 Bending moment diagram due .to cable

stay force.
L

Deflection at any section (n_b>n,b) due to

'v.' is given by equation(3.39).

1l
1 2 2 o
Anx = 5 Vl(nlb) (5 nlb + nxb nlb)
2 l (3n_ - 1)
- V1 {nlb) . 7 X

3EI M

(3.39)

k.
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The tension force 'xl' is calculated by

equating the deflection due to total loads at the final

-~

stage to the total deflection due to the tension force in

cable stay. ‘ '
. 3 ' .
< [51na1(nlb) ) cosalcotal(glb) _ L, | ) 251nar(HT)]
/l . 3EI | | AE . A1E851nal A ET
n,Tb 4 3
—(1- w (nb) W(nb) ~_
=(l-cos —=—) (ggr ~* 3EI bep )} (3.40)
Let CTN
\ .' 3 - .
5 =[51nul(nlb) ) cosalpotal(nlb) ) Ly | ) 251nar(HT)]
-1 3EI ‘ AE AlEe51nal A, E;
: . (3%41)
4 3
_ w(nb) . W(nb)~ _ .
D= 8er  * T3ET be.p (3.42)
nlﬂb
X, By = D (l-cos —57 )
n.Tb .
D 4. 1 :
x, = .= 1798 o (3.43)
l .

Once the required tension force 'xl' has been

calculated, the initial camber to be provided can be

calculated using equation(3.45).

N




r
/
: w(n b)* Win_b) 3 ‘
= [l [ A - Tyt
Let Dy 57— * 381 Be.p WP to 'x' ]
~
x (3.44)
n, b’ 1 3nx
Ax = Dx (l-cos I )y - xl Bl -3 ( HI - 1) (3.45)
Similarly, the deflection at the kth
auxiliary cable due to tension force in all the cable stays
provided up to that point can be calculated as follows.
3.
\ - X (nkb) sina, ) cosakcotak(nkb) ) Lk )
X, % 3EI AE AkE¢51nak
2sina, (H,) Kk (n, .b)3 sina
A, Ep 0 Tyop Ti-l 3ET
\\2 ‘ _cosay g cota, _, (n,_,b) _ Li
N ) AE A lE sina,
I\ i~1"e i-1
a
; \\\ ) 2 sina, l(HT) | 1 ( 3nk -1
{ \ Ap Eq Pj-1
| | : B 1 (3. 46)
= X, B + (X, _ 1) (—= = 1) . .
‘\ . R \

oy g




. =44~

* The pretensioning force in thé kth
temporary cable is calculated as follows. ‘
/ k , 3n n, b
1 k k
X, B, + ¢ (X,_ 1) 5 (=— = 1) = D_(l-cos
k "k 4o i-1 7i-1" 2 ?1-1 n 2a
n, b k 3n
D (l-cos 2—) - & & _; B, _ )3 (L -1
i=2 i-1
xk = - (3.47)
Bk L}

4

The required initial camber at or after the

th cable stay point can be calculated using equation

k
(3.48)-
nxﬂb k 1 l3nx ‘
AX = DX( l"COS—T&— ) 'iil(x Bi) E ( ﬁ—i-— - 1)

(3.48)

el

N !

[ N
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Wﬁere
X_, - Required force in (i-1)P
L1 < equire orce in (i-1) temporary cable stay.
_ ' . .. th
n,_, = Number of segments up to (i-1) temporary
cable stay point.
A = Area of ion of (i-1)th
i=-1 = ea of cross section o (1-1) temporary
cable stay.
_ . . th .
e,y = Angle of inclination of (i-1) temporary

' cable stay with the horizontal.

The pretensioning forces in the cable stays
required to produce the necessary initial camber is calcula-
ted using equations 3.47 and 3.48. The erection is
continued further until the point of attachment of permanent
cable stay is reached. At this stage, permanent cable
stays have to provided and all the temporary cables removed,

so that the entire load is transfered to these cables.

In the equations derived above, the deflection
due to cantilever prestressing should be substituted with

equations (3.49) to (3.54).

I. Arrangment:straight tendons bent down

IF e L2
o nn (nb) ‘
A(SP = 3BT and (3.49)

i

. TG W ot ARG AV . P 1 v e e men e ks A A bk e S

£ o e e o e $4 L P i i et e > - . - J L -

7
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© fF e (nb)? ’
A = X X X
C.P 3EI1
up to . .
lxl

II Arrangment:parabolic tendon profile

IF e (nb)?
. Bep T EET + and
A _ Zer (nxb)2
c.e = TdEI
up to »
'X' N

III Arrangment:straight tendons

ZFnen

c.p = -ﬁ——-,.nb(a-'nb/Z) and

IF e

_ XX ' _n_b
bcp & TET - DRyP (@ —-——-’2‘ )
up to
lxl

/i

(3.50)

A k3.51)

-7 (3.52)

, (3.53)

(3.54)-
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3.2.3 DEFLECTION CONTROL USING PERMANENT

CABLE STAYS:

When the required span length has been erected,

permanent,cablés stays'are provided to transfer the loads
to the tower. After the permanent cables are attached,
all the temporary cables are removed and the entire load

is now transfered only by the permanent cable stays.

Initially when the erection has reached point
'c' and permanen£ stays are installed, there will not be
any‘negative moments in the girder. But as the erection
is continued further, the gigder is subjected to negative
moments at the cable stay connections. Hence it is

desirable to use a girder of constant section.

If the spans on either side of the tower are
different, the d;ad load and hence the prestressidg forces
will be different. A hinge is provided at the base of the
tower so that, the tower rotates ab%pt the hinge. But
when the cantilever erection reaches the permanent cable
pointst the end 'A' of the flanking span is pinneg down,
thu§ eliminating the rotation of the tower.

(Ac)rotation = ¢ _.BC = 0 ' (3.55)

of tower

e s B e R ¢ YRt e -
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Considering zero rotation, of towers the
expression for the required tension force in” cable stay is
given by equation (3.56).

- rb \
Dn(l cos 5— )

X, = ) - . (3.56)
. r

., Fig. 3.11 Forces acting in a system with

permanent cable stays.

. 3 ' . ‘
- [51nat£rb) ) cosarcoﬁr(rb) ) PE ; /.- Zsinar(HT)]
r — 3EI AE A_E_sina_ A E,
} , )
\
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rd

The subscript 'r' denotes the section and .
geometric properties for permanent cable stays. If a - 1
number of permanent cable stays are used then the pre-

tensioning force can be calculated using equation (3.47).

The required camber to be provided at the
cable point can be calculated using equation (3.56).

n Tb 3n

= - X - 1 7 x _
b, = D (l-cos—5—) - (X B) 5 (3 1) (3.58)

e
~

|
;
Where Dx and Bx are given b§\l; eguations

(3.44) and (3.57) respectively.

If a number of permanent cablesy are provided
then the required initial camber can be calculated using

equation (3.48). ~

3.3 EQUIVALENT MODULUS OF ELASTICITY:

The cable stays provided in bridge structures
which are pre-ﬁensi’oned, present a great problem because

1,17 and change in sag under

of their non linear behaviour
load. Displacement of ends of the free hanging cable under
an axial load depends not only on the cross sectional area,
but to a certain extent of sag of the cable. One of the

proposed methods for considering this non-linear behaviour

is to substitute for the modulus of elasticity of the

curved cable member, an equivalent modulus of elasticity

1




e

e
- : . =50~ '
which is camptible with that of the curved .member,

considering material as well as geometric elongatjion. '

17

The equivalent modulus of elasticity™ ' can be
takes as equal to
4
E = ————%——— 7 (3.59)
& (w_)° AE ’ *
14 [_—e—T_] . '
12T

Where, E_ ‘Equivalent cable modulus.

B: = Modulus 6f cable material.

W_ = Weight per unit length 65; the cable.
e . ) ‘

A = CQCross-sectional area of the cable.

. - , ‘

= Cable tension. : ®

As seen from the Equation (3.59) the equivalent
modulus of elasticity of the cable varies with change in

cable tension, due to change in geometry of the cable.’

N

-

- Equivalent modulus of elasi:i\c:ityl7 at the end
of any load increment is b
E, = - : (3.60)
e (w 2 ° (T.+T_.) AE :
e i°f N
1+( 7 ) ‘
24 T, T
A T

Initial cable tension.

3
n

Final .cable tension. o

L)
n

&
¥

-3
M —
Tk
P ¥

by
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"'51'. . . 5

. -.'Th the above formula the material modulus

of elasticity remains unaffected. Equation (3.60) can be
) .

used to determines an equivalent modulus of a particular

-

1dad iné;ement. It depends on evaluafion of the figal
. tensién force, which in turn is evaluated from the/pre-
~viously calculated value

Ee' Because of change in
3

..’;geometryfduring~ap§1ication of load, an iterative procedure

must be employed so that final tension converges to a

- value within allowable limits. - ’

W \

5 ‘ Applying the concept of equivalent ‘
.spiffnessl'lY B . - ‘
"AE
(AE)e = AE~ ——————— (3.61)
‘ laT . . -
: 1+ —=——s _
AE(wez)
4 ' AE
A 241'32_ Tif ~
’(AE)é = AE- - T 2 . (3.62)
to- 1+AE(we£) (Ti+Tf)
> 3 .
. U
‘c.:;‘;; ‘. | ) ‘
9 b
v h‘ . )
. » [
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3.4. ANALYSIS OF CONTINUOUS SYSTEM: .

~N

After completion of cantilever stage, continuity
tendons are introduced in the top and bottom slabs and tbe
closure segment is cast in place to make the system a
continuous one. The prestressing continuity strands are
now stressed to the required initial prestressing force

and anchored in the top slab, thus providing continuity.

The moment in the cantilever structure will 'be
modified by change in statical system due to coupling of
the two cantilevers from adjascent piers in to a continuous

structure. Subsequent to completion of stressing of

2

strands and closure of joint, the influence of concrete

a

creep modifies the continuity moments.
‘Q

The total deformation during this stage

includes: .
1. Elastic and creep deformations due to the
' - pe
superimposed dead load.
-2, Elastic and creep deformations due to prestressing

forces from the cantilever and continuity tendons
provided in #tiffening girder.

b

_— '

et A e e g

e
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3. Deforma%ioﬁ of stiffening girder due to losses

in the prestressing force in tendons.

The prototype bridge structure ahalysed consists
of 3 spans as shown in figure 2.1. All the cable connec-
tions to the girder and tower are hinged, so tha£ the cable
stays are subjected to axial loads only. The connection
between the tower and the girder are also hinged in order

to eliminate bending moment in the tower.

If we consider the same structure, figure 2.1,
without cable stays, the system will be twice staticaliy
indeterminate. Tbe two unknown redundants are the interior
éupport reactions. The d%flection of this type of gtructure
can be calculated using basid principleg of mechanics of
materialslo. The deflection due to prestressing forces
and dead load are superposed to obtain the resultané

deflection for the structure.

A cable stayed structure shgwn in figure 2.1,

! ,
is eight times statiqally indterminate. The elght unknown

redundants are :

1

Internally redundgnt cable stay forces\ .. 4
Externally redundant reactions at piers .. 2
Rotation of two towers L. 2

‘ Total N —;_

e
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For a symmetric structure, the number of

redundants is halved in number , i.e. 4 times statically

I

indeterminate. Mixed method of analysis developed by
2,3

' Stafford Smith] was used for the analysis of the structure.

SOLUTION OF THE SYSTEM:

' . )
1) Remove the redundant forces to obtain a

statically determinate system.

2) Write equilibrium equations for deflection at
‘ L

point of application of each redundant using

principle of consistent deformations. The number

of equations will be egual to the number .of

unknown redundants.

3.4.1.1. DEAD AND LIVE LOAD DEFLECTIONS FOﬁCTHE

’

PRIMARY SYSTEM: ,

Referring to figure 3.12.
i

Let w = Dead load of the structure
w = Uniform live load due to lane loading
= Total uniformly distributed load = w + W,

= Concentrated load to lane loqging.

Displacement of points 'B' and 'C' due to

uniformly distributed loading is : v

7t
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4

Q

3

__q(+2n') g8’

! q(a+28")°(")
G y.p. T ~1zET 24ET1 T 24ET \ (3.63)
? - ] 1 3 ' 4 ' 3
(80 y.p.T-afrt2 ')(28') " | ql2k') " q(e+22') " (2R')
o 12E1 24ET 24E1 ; -
Y.
2q+2e) (20 3 2q0r? quee2ey e .
- 3EI TS - (3.64)

12ET

N

The deflection due to concentrated live load at

« the cable point 'C'"

+ load L is

$

)Conc. =

live load

(85

. L =

(6') =
Cc conc.
live load.

at 'C' ,

Pb [ (2%-b%) x-x]]
6EIL ’

C(a+ 20"), b=t , a=2k

we(i)[{(z+2z')2- (2)2}

6EIL(2+22"')

W, (L) (224420 + 42"
GEI(L+28')

' we (1) (822'% + 8"
= BEI(R+287) ’

2,,2
N A

3EI(L+28")

occurs under the load. When the //r\\m

i

(3.65)

', Xx= 221

227y - (293 -

2 3]

-22) (20 -82"

3 3

- 82'7) .

(3.66) j
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0 O“Q
N /
‘ -56- |
. . ,
. ‘L = 2420' , b =%, a=22', x=8'
e e tesen? 4 an - wn)
14 - o
P o0 b cone. 6EI(L+28') : xdr
live. load. .
-
2 ’ h 2 . - 2 2 3
o wo(R) 187 + 4pe’ + 4 00% - 2%t -2
g 6EI (2+2%')
v (2) (4 per? o+ agr3 g3
. 6EI (L424') u
“ } 2 3 )
wil) (4027'° + 32'°) (3.67)"
! = _.-—,-————-c . R
* ‘ 6EI (2+22')
I
N . ) ‘
3‘(6')b‘§ ) uae ¥ (&) cone
("o (80) yap + (8g)conc (3: 68),
K
— W
L]
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3.4.1.2 DEFIECTION VE TO PRIMARY PRESTRESSING MOMENTS: ..

@

DEFLECTION DUE TO GROUP 1. CANTILEVER PRESTRESS: )

The deflection due to group~l cantilever prestress

. remains the same as t}}ét for cantilevevf stage and only the deflection

due to total load changes. The prestressing deflections are as -

follows: \
Arrangement I . S0
IF_ e (nb)?
AD = (¢3.6 9)
3EI
Arrangement II )
ZFn e (nb)2 o
4ET -
L J
Arrapgement IIT
R ) ):Fn e .nb. (a~-nb/2) . (3.71)
D EI

DEFLECTION DUE TO CONTINUITY POST TENSICNING TENDOSH (GROUP 3b):

COMMON FOR TYPES 1, 11, 111 TENDON ARRANGEMENTS:

The bending moment diagram for group- 3b post-tensioning

tendons is shown in figure 3.12. 4

The deflection at the centre of main span 'D' due this

prestressing is

P et inW‘
!
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Zan = Total prestressing farce in cmtmu:.ty tendons of
growp 3b. !
ey = *Eccentricity of group .3b. tendans.
_— — ——— ./"
¢ _ EF%. _e‘w - % ‘r:! » . % ' \\ ‘
- EI
L7
— p—" = ' -y
X = g‘\.,tr 4
F,., e '
- = - 3b "3, LRy
AD = ¢ .x = FT (2'+4)§
IF.,. e
_ b "3 ' .
= gy oL @+an - (3.72)
DEFLECTION DUE TO CONTINUITY POST TENSICNING TENDCNS IN

BOPTCM SLAB (GROUP- 3a):

Arrangement I:

The bending moment diagram is shown in figure 3.14.

let /
'ZF3 a = ., Total prestressing force in group-3a.
post tensioning tendons in the bottam slab.
LI ’ =  Eccentricity of group~3a tendons at 'D'.
€ %, Eccentricity of group~3a tendons at anchorages .
25, =  length of straight portion of tendons parallel to

harizontal.

\
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Horizontal -prcjection of the bent down portion

el of tendons, Figure 3.14.

Area of bending mcment diagram for group '3a'

prestressing for cne half of symmetric structure.

1 T s+ G2, Tl &)
2 EI E;
_IF3, e () sy ,
El .
% EF3a.e3a(sz) _ %_ZF3a.eo(sz) + EF3ae3a(sl)
EI EI JEI
IFy @3,(s,%2s,) ZFBa'?Q}Sz) (3.73
2FL 2ET y
! ; L_ S, -8, = l-( 64'+ 32-6s -.25 )
2 %17% T % 17 %%
3
s .
A B | i
! + 7T = 3 = 3 (22' +2 Sl)
L 5145 1
' —_— . e, = _— ' - -
2‘+2 3 2(2& + 2= 8 82)
X + x5 + x3
3
[} - ] - |} - -
%—3' (62 +3$?,-68l 382+62. +30 381'0'62 +3% 381 382).
1— ' - - ‘
18 (185" + N~ 1291 582) \ (3.74)
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b . . | (ADBa) = d) - X
~ . L _[IFge, (s,42s)) -IF, e .5,] (182'+90-125 +55,)
‘ | / = IEET 3a a2 "1 3a-0 , 1772
| \ ' ©(3.75)

i : 'I'hxs deflection is calculated by superp051t10n of the

bendJ.ng mament dlagrams shown in fig. 3.14.

DEFLECTION DUE TO CONTINUITY POST TENSICNING TENDONS IN BOTTCM

’ SLAB (GROUP-3a): .

Arrangement IT:

§ ' N ~

The bending mament diagram due to this group of tendons

is shown in figure 3.15.

‘ 2sl ’ = Length of Hori zontal projection between end points

of é_;rqup—Ba tendons for type II arrangement.

™M
tr
1]

3a . Total prestressing force at centre of main span 'D',
) ¥ ' due to group-3a continuity tendons. |
| ey, = Eccentricity of groué—3a tendons at 'D'.
t 2 - | = Ecoentricity of group-3a.tendons at the anchorage.;
¢ . = Area of bending moment d.iégram for symmetric

half of the structure.

LY
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3a

IF. . eo) (169.+89,—I7sl)

. | e .
2 IFg (e, +-eo) (s)) _ " L'Fy.. e4(sy)

3 = EL

235 ~ G (8)) TR, -6 (5)

3 EI . 3 EI.

S g
L o_ 34 2 Lo -
2+ 5 FS < 8(82. + 48 351)
s - *

g -2 = %—(zz'+z-lle

1,0 % 3 2 \& :

— ! — D — o - )

2(2 + 5~ 8 sl-HL' + 5 sl: 1€ (162 '+82 751)‘

- 2 LN

13.97)

(3.78)

‘s
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\ o
| DEFLECTION AT CENTRE CF MAIN SPAN "0" DUE TO
PRESTRESSING TENDONS (GROUP-3a) : ° '
Y TENDON _Arrangement III:
. The bending moment diagram for this type of tendon
arrangement is shown in figure 3.16.
EF&; = Total prestressing force at 'D' due to group-3a, ”
° prestressing tendons, type INII' arrangement.
. \ N
| ny, = Nuwber of segments in ane half of main span veo
t.r\‘:ou;h which groagp~ 3Ja prestressing tendons '
. o ,/. , - prestressing tendons passthrough
[ o ~ : s -
; (8 T NE by Xy ¥ ol Xnm M- X,
! \
A A T ) R R - BN
, R SUUFWERURS B8 RN UL g P
; ' 1]
, S 2 _ P3P €3
] —-— - et
. ) * )ty ) R 435 - )
- " , o.
- o / .
3a v o
= 1 (Fp) 35 gy B QT4 5 2 g By 399
1 EL o )
) L .
b . = Iength of each segement.
. R . . s .
‘ “ - - /] . " - 1 1 ! [ ' ' |‘
i . i - )
. * | . [
. E }‘ . b . a‘\ ‘
[ A \ \ ’ -.‘ ,,-1*' - R
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DEFLECTION AT 'D' DUE TO OONTINUITY. PRESTRESSING TENDONS IN

FLANKING SPAN (GROUP-2) :

¢

flanking span occurs at a distance

lﬂ'en\aﬁmunnmen;dmtoselfvieiglmtofgirderin

%2' fran the end ‘A'. as

shown in figure 3.17. So the prestressing cables should be arranged

symmetrically on either sides about this section.

TENDCON ARRANGEMENT I

253

" Ecoentricity of right end of group-2 tendons.

Straight portion of tendons in the’flanking span.
Horizontal projection of the bent down portion of
tendons as shown in figure 3.17. !

Total length of horizontal projection of ‘group-2
tendons.

Eccentricity of group-2 tendons at the end A'. and 'G'.

EF2 fl [253+s] _ £F2.eA(s)

" Z2EI - EIX

ZF2 (eo—eA) (s)

I

N

,ﬁ

»n

| v
IF fl(253 L‘szl(é) -ZFieA(S) ) % 2F2e0(5)+ 1 ZerA(g)

+ 2
2EI EI - EI

|

ZF .f 8 XF -é (f-e -e) . !
271% , T2 %% (3. 80}
EI 2EI '
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8p),

&

. =69~

(e eA'+ e, &~

= 2 + 5 )= QOrdinate at centre of group2 tendons

figure 3.17.

X, +Xx, +Xx .

- L 2 3. 1 (545429 = E% (3¢ 81)

3 -

o ZF2 fl S5 . ZFzs (fl -e, - eo) : Ff_ (3.82)

EI 2EI 9

By substituting eA'é 0 in the abowe expression, we

obtain the deflection at 'D' when eccentricity at 'A' is zero.

DEFLECTION AT 'D' DUE TO PRESTRESS (GROUP-2) TENDONS) :

TENDON ARRANGEMENT II:

The bending moment diagram is shown in figqure 3.18.

"o

length of horizontal projection of group-2 tendons.

. n
= Cable ordinate at %z' fram 'A' as shown in

fiqure 3.20.
“ f“\&{ﬂ ¥
e te
- e2 + A 0
2

‘ ‘\\’

* 5

. L
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. 2 ZF2f1(2s3) ) 2F2eA(233) _,Eig(e01A) (233) ' N |
. 3 mr EI 2EI , L.
¢ i
_a Zi‘gfls3 _ XFZeAsé Ziig_e()s3
3 EI EX EI >,
IF 8;l4f) - 3oy = 3eg] - (3.83)
3EI :
10s
- 1 3 +% +3) = % (s 4,.,__"3 |
.x o = 3Gtrx txy = F(syveytgs) =5 °_ o
| (3.84)
10ZF, 8 [ 4f) - Je, = e ) .
By, = — ' (3.85)
27E1 ’
We obtain the deflections at 'D' for by substituting
the values of prestressing force and the cable eccentricities.
: @r
' ,/‘/‘
,1,
! . . “ "M' "
o : - ‘s ¢
, . «‘
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DEFLECTION AT THE CENTRE OF MAIN SPAN 'D' DUE TO

PRESTRESSING STRANDS (GROUP-2) :

TENDON ARRANGEMENT III STPAIGHT TENDONS:

The bending moment diagram due to this grouyp of

prestressing tendons is shown fiqure 3.1

2s3 = Length of group~2 prestresssing tendons.
_ 3'2,' _ 3
= ‘2(3 ) = i
A, - IF, e, (25) 30
EI 8
Substituting
251 = %ER' , we get )
IF.e ' '
b, = 22zt 3
, EI
5
]
) 92F2e2£
32 EI
»
)
‘. . 'S ) .

(3.86)
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3.4.1.3 SECINDARY MOMENTS:

The primary prestressing foroes cause defarmation of
the structure. In statically determinate structures, the line of
thrust resulting from prestressing force is coinciding with the cable
profile and the dgfomations take place freely without inducing any
change in bearing reactigns. On the other had, in statically indeter-
minate structuresls, the line of thrust does not coincide with the.
c.g.s. line, because redundant éaﬁm are introduced at intermediate
supports by deformations due to primary prestressing, These redmdant
reactions are also called parasitic and they proauoe a secondary

mament.

Considering the continuwus beam with the geametric
layout of tendons discussed in Chapter2, secondary maments are A
produced at intermegiate supports by the reactions induced due to

primary prestressing.

Consider the basic system with sinpl:a supports at 'A’
& 'G' as shown in figure 3-22, with the support reactions at 'B'
and 'P;' to be the redundant forces. So now for the simply
supparted beam 'AG' let the total deflection at the centre of the

span due to primary prestressing force be represented by (AD)p.
X

For the primary system, the deflected shape of the

beam dve to primary prestress can be assumed to follow a sine curve,
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B

= " .s8in — ot - ' .
Y\ Zmax L -

where, x = Any section at a distance 'x' fram .U T
y = Ordinate of deflection at section 'x'. :
z =  Maximum deflection at centre of span.
”. )
Here ,
Zz = @w). ., L=2+14%', x= L'

-

max v'p ' .

N\

LS

Therefore, the deflection at points 'B' and 'F' , the .

intermediate support points is given by Sy
By @) _ (B) sin iy ~ 3.88)
B'F p = D p IJ'"Z . ©
. "
The reactions " Rl'3 P " induced at these intermediate
’
support points can be given by the relation

-

() = (By) ( Ry ' (3.89)

*
Deflection at '(ﬁ‘?“ or 'F' due to unit loads.
lied at 'B' and 'F',

i ' : R

Where, -A11=

RRp = Secondary reactions at 'B' or '"F' .
. ) .

The deflections at intermediate support points 'B' °

L

and 'F' dwe to mit; loads placed at 'B' and 'F' is given by

. pa2
A W p = B%T

’ (3.90)

;. )
T e . *

(3L - 4a)

. .
o : T . . . s

! . ) v s
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Here, L =.L+2', pl, at' ‘, "
Mfm‘e, 2 . N . -
~ ' -
" _ "L 3@+ 22) -] -
By 6EL . ™~ o .
. v ' N ‘ ' ‘ \
= 2.2 (32 + 22') C ) ' ' (3.92_[)'
" -BEI o . -~
Where,
All = Deflections at 'B' or 'F' due to wnit loads
acting. at 'B' and 'F'. - ‘-
Now , , .
- 1 1 ‘ B ‘
( AB)p All - Ry ! : . {3.92)
. s ! ~ -
T ’-' .
(AF)p = All PF . . (3.93)
N . /" . ?
Where ;. ‘ \
: ~ . | .
(AB) = Deflection at 'B' ‘due to total primary prestress.

/ _ | ‘
(AF)p = Deflection at 'F' dua to total primary prestress.
2 ‘ (3.94)
A11
R (10 I ' Co ' '
R, T R © (3.95)
A1 : :

The secondary reactions and moments developed at the

inteimediate support pdints will be such that the -total deflections

at these points will be zero. - -

-
.
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‘ ) Hence, the resultant deflection. at the centre of main - o
Tt 3 e . co. - NS . ‘ ’
~ 1 span 'D' is given by Lo . . . )
B . _ _ sin 12! N 3,96 \ :
Bea = G (1750 ) (3,96) - o
’ { ' . * ’ vt
. . The resultant reactions’ at intermediate supports can be \\ ~

¢

\\

. determined using pri;ciple of ccx'xéistent deformation. Considering the: o . \\;
‘ intermediate support reactions as redundants, we_get, .

- S Bply = R hpt X G - (3.97)

. .

) . ~ ¢ .

Since Xe o= X by synﬁﬁet;;y .
@ —‘ \\\‘\ ‘ . toe » —
8 (AB) .

“ | .
e . = W S (3.98) |

. . Where 61'3 T o= Deflection at 'B' for primary system dwe to

4 s ' e Cot X
CT . . } dead and live loads, . .

' b = Deflection at 'B' due to wnit load placed at 'B'. 4 .
’ h \}\ ta ' - . .
% - - f_‘;f = lﬁefle_ction' at 'B' duwue to wnit load placed at e, R
’% ‘n T ~ . b4 ' '

T, ’ ) \ Afteri:he'supportrea.c\t.i,ohsaredetemirxedthe v

A deflection at any, point can be easily calculated, ' -

H -~
{ - )
t ’ . . . .
! . . ) . / . Y-
: . . >
N ‘t *
.
) :
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3.4.2 STRUCTURE WITH CABLE" STAYS 1 .

‘3. 4.2, l\METHOD—l DETERMINATION OF REQUIRED “TENSION

A Y

®

FORCES 1IN CABLE STAYS BY MIXED METHOD OF
.- - .t

A

"ANALYSISk

1 - \ N N

. T A cable stayed structure is many times

statically indeterminate The degree of redundancy is
o N

ot ., equal. to the number of unknowns. hs seen in Art.3.4.1.3

the chble stayed Structure shown in figure 2.1 is eight
times statically indeterminate. By considering the symme-
‘ tric nature of the structure. the degree ofmredunaancy is

0 ? . N

reduced to 4.

Let X_ = Tension force in the cables . . .-

-

X_,X = The vertical comBonent'of cable force )

at 'A' and 'C'.

[ . 3 I
Xa = (xr)a' sin a. - (}.99).

'

. X = (XrSC.‘sgn a. ‘ ._(3.190)

~

The basic equation for the continuous system

* can be-formulate&ousing principle of consistent deformations.

5'-faaxa- abxb-facxc—faexe- f fo fagxg = Aa (3.101)

'Gg-fbaxa-fbbxb -f Xc fbexe fbfxf fngg = Ab. (3.102)

6'—fcaxa—f Xb-fccxc-fcexe -f fo f X = Ac (3.103)
Y .

g



[ , . 4 -

- -g2-

-~ . )
‘ ‘Since the structure ig symmetrical, the
eguations for the othér half will be exactly sim%}ar. o "
\ .

o , <.
Similarly, the equations for the other half are:

-
o

, : _ . A . 'ﬂ . . _ h .
Gg fggxg ,fgfxf fgexe ‘fgcxc, fgbxb fgaxa Ag (3.104)

} ! . . ¢ .
[} -— - - - - -— »
88 = feg¥y feeXem fre¥e™ fTrcXem Tep¥p fra¥a

A (3.10Q5).

b

1
~
¢

X '-

. _ _ R e
Se.” Teg®y™ fat¥s™ feeXe™ feet _feb b~ fea¥a = c (3.106)

eq g f

. These equations account only for total loads on'
the strucsture and they can be modified to inglude the

effect of ptéstressing

Voo _ - - = 3.1
[Sa (AA)Q (faa+fag) X, (fac+fae)xc (fab+faf)xb Aa‘( 07)

[y, ’(éB)H'*fba+fbg)xa'(fbc+fbe)xc‘(fbb+fbf)xb =A, (3.108)

[ -(AC£]_(fca+fcg)xa-(fcc+fce)xc_(fcb+fcf)xb =4, (3.109)

Where
\ W
6; = Deflection at 'A!' due to toal load on the
, ! P
girder. . ‘ ¥
Gé ,Gé = Deflections at-}'B', 'C'\ ————— 'G', due to N

totél 164ds on the girder.

. .
SRR el Gt e an

%4

)
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-

Deflections at ‘A', 'B', ~==== 'G',
. ‘respectively due to total prestressing

forces in girder.

a

f@a' fbb = Flex1b}11tles of beam dge to unit loads
i piaced at these points. » 0
fab'f = Flexibilities of the beam , where the

ac .
‘ first subscript denotes the point at which
flexibilities are required and the second
subscript represents the point of appli-

>

cation of unit load.

L]

Xa, Xc = Vertical components of cable forces.

Increase in deflection due to rotation of

L LA 3 ,
tower at §§ is

' = | ' = '
A ¢;-BA, Al 9, BC (3.110)

Similarly, deflection due to elastic stretch

of cables is 'given by

n = "
AY Xy Al C % (3.111)
Lr ' '
Where, C_. = C = —— (3.112)
a € A E sin“gy ' :
c e r

'y
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Elastic shortening of tower = (X +X) £, (3.113)
-~ ‘ ! . ’
. Defléction due to axial shortening of the .,

girder is given by equation (3.114).

X (?C) T
Agr —xF~ Cot'a, X~ fbc (3.114)
/ o .
Where fgc = Flexibility of girder due to axial loads.

A stability equation must be formulated; due'tq

rotatién of the tower about its hinge.

]

1
-Xa.Bé +<Xc . BC = 0 . (3.115)
= 0 . (3.116)

-X .FG + X_FE
g e .

-

3

For a structure with cable{anchored at the +«=

supports,

faa = fag = fac = fae = fab = faf =0

fab = fbg fca = fcg:= 0 (3.117)

N
~

Subsgituting equations (3.110) s to (3.117) in
equations (3.107) to (3.109), we .obtain

(Ca+fT)Xa + (0) X

b.+ (fT)xc - ¢n.BA =0 (3.148)

()%, + (£ +g) X + (Bothpo) X, = [Gg—(AB)p]r, (3.119¥
g
(fT)Xa+(fcb+fcf)Xb+(fcc+fce+fT+fbc+Cc)ch¢n.BC
=18, -] - (34120)
-X .BA+ X .BC = 0 ' (3.121)
a c ‘

These equations are represented in a matrix

-

Sipor
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e form as shown in equation (3.122).
N ‘ ! * i - a
- ‘ . n r B
(€, +£) 0 £p * Al [ ] 0
' ! N a v
; - ‘ . . “{
0 Epptipe) (Fpetfpe) o B S 5thp) )
. ! » - !
g9 + - T
. fT (fcb+fcf) (fcc+fce+fbc+fT CC) BC c Gc(AC)p
-BA 0 . BC O_J‘_q’nj L 0 1.
o : (3.122)
EXPRESSION FOR FLEXIBILITIES OF BEAM :
- K -Thée expression 10 for flexibility of béam
! ' due to different load positions can be calculated as follows:
S ‘
b , .
= = = = = = = (3-123)
faa fba fca fda fea fra fga 0
P i
The deflectipn at 'B' due to unit load
placed at 'B' is
by ' ’ , ‘7 \ . »
“ A _ pb (x>-2bHx) 0 < x <a (3.124)
AB ~  6EIL roT—
b} \~‘\
Here , p =1, b= 2+ L', é= L', Le=g+ 20', x=L'
. . | PP (Y C IS TR LSV ANE, SRR AR
- ' T By T EEI(RFILN)
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) b . \
786~ i
\ g = L2t RO [ a2+ann 4422 o2pn -t 2ogr?y
‘ bb 6EI(L+28"')
' a Ef\.
. : . )
fon Rla') (20'2+ 2287) .
bb GEL (L+22 1)
\
Unit load placed at'B':
L4
. ‘ .,
” i -
, T B C D E F__ — ’TG '
1 » \ — —
; N - . e a— - - — - ]
{ ¢
i ..‘ R 4
4 . '-
: Fig. 3.2 1.lLoad pogition for beam flexibility.
‘ }
‘ 21200 420) (a+8") | '
b ‘ fp = (3.125)
;" A 6EI (R+2L')
{ ) ot
i .
i . .
" A = Pa (x3-3x2L + (2L2+a2) X - aZL) (3.126)
: BG 6EIL ‘ o
; = =0 = ' T.= ' =
i fbc = fcb Here, a=L', x=2%', L=l+28', p=1
| P
i ' Y
. . _ .
:' o /¢/ ’ A' .
' "”/2’;:’ e : ' ‘
| ° ' ~
t
) ¥
T

R e e e R e e T PP

¥
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g ['8&'3-122'2(2+22-‘)+{2(£+25L')2+z'2;'(2£,')
fpe = o™ FETF ) '
. P (ee2))
g2 s de1aenre24e feanPelentien 2o dant-200%)
= BET(T2LT) |
a3 43 | a1
= T6EI (2+2L") ‘ : :
\ . T -~
rfbe = feb' Here a=g', x=g', L=§,+21-, .
0 (3P ae2nr) 4l 2(242e") 24 2021 (A)

fpe=feb™ EET(LFILY.
2 '
—2'4(+ 22"))

.

IS . l‘ -

| o ' -
S g o -nderefiandranerennr Zganr Zeog 2200 3)
O I 43 A § VT .
\/_‘ [
o (2002482020 20t
/ =
; FFACETIRD)
f . g 2 2 ' :
2 (244000 -2 %) )
u . (3.128)

3EI (R+28")

¢
/

b f .= f

bE £b a=4L', x= L+2', L=2'+22.,'

] v,
. 1

A ey



BA M pmrenaam s A 4s e 4 remeeete e

0O ) . . ’ ‘. N v
""38- * . \

g I(%+zw3 -3 0+ dae2e )+ {2 (+2e ) 420 2Y
bf “g, ~  6EI (R+21')

| ' : (242') = 2£'2 (04 207)]

3432 2_g3 2pr-3e00? _en?y

2 (27432014202 “-0 "
“6EI (L+22') '

-323-62

~122272-62 3420348020 v40pn 2202 v 48081 2 wog 3]

~ 292 (2024024000 © o (3.129)

6EI (2+20')

~

FLEXIBILITIES DUE TO UNIT LOAD AT 'C':

a= 28', x=28',. p=1, L=g+28",

(82'3-3 (20 ) R +20 ) +2(2+221) 2 (20 2 (22 )

£ o 22
cc 6EI (R +2% " .
—(20') (R420')] .
\
L (82 3-120072 248 34 (2024800 482" %) (20 )
= 3ET (i+ 22" ,
S +883-40012-gg '3
2,2

4%

Ar e (3.130)
, 3EI(R+22") .

a= f', x=, p=l, L=2+28°',

At

- Foenimn Nt o e . . .
N B R N T L T L (U P

L.
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S Rl e 2ae2en B2 @ - A(wah)
focfee™ wIFEY

| v el eaner Ziane 2oanarae
S IR ‘ '
J
f 2t gBame-ad , (3.131)

3EI (2+22"')

a= 2", x=g+ &', =1, I=g+22°,
'

\

2% [‘(2+z')3-3(z+z')2(z+29,')+ {2(1z,+2sz')‘°'+(2su)2 }(a4Y)

£ =f =
ct fc ET (122"
L 2 ] Y
-(22')° (2+20Y) 1
o ea%eanrdan3o3ie % - 3ept?
COmET(FR') | S
—et2et - 120002 enr3e2e3rme ey 1200 0 22020 remn 2e1 200 3

2 2 2

8! 2% 4 40 - g

= —2 ) (3.132)
IET (1+20') .
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'(Ac)p = (AD) .»s,j.n

—
o
s

. . -90=

DEFLECTION AT CABLE POINT 'C' AND INTERMEDIATE

SUPPORTS DUE TO PRESTRESS ING: :

s

(AD)p = - Deflection at centre of main span 'D' due to
primary prestressing forces,
A B
The deflection at the cable stay point due to

primary prestressing force is

) o2 W

(3.133)
L+22° -

S

“~
The deflection at the in?ermediate supports

'B' and 'F' can be determined in a similar way using

N
v

. 18" .
(8y), =0 (3.135)

'
LR 4

¥
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} M 3.4.2.2.METﬁOD-II: PRE-TENSIONING FORCES REQUIRED TO

PRODUCE MAXIMUM MOMENT ‘AT INTERMEDIATE SUPPORTS: ®

~
£

The maximum bending. moment due to dead load

a

occurs at intermediate supports. Since these intermediate
supports4 are .considered as redundants’ in the primary

system, the bending moment at these points is given by the
equation,
, s
. 1 2
=~ w20t W'D -yz' ( 2+2') ' (3.136)
2 . 2 2 . ‘ |

M) g

’

! . . The procedure to evaluate the pre-tensioning

force in cables conslists of reducing the bending moment
»”

'Mr' due.to dead load in the stiffending girder to COMr.

C0 = A reduction factor less than unity. . .

Lhe basic equation for the bridge sys®em is

w

[

. ' 2 , : .
M.+ Mr x, *+ Mr Xy t m==mem + Mr X, = COM (3.137)

t

1* Xy === X = pre- tensioning forces in the

cables. Since the pre- ténsioning forced in all the

Where X

cables are equal, &
. 4
. “ .
X] = X, = X3 =X, = %i : , (3.138)
' a _ ' .
Therefore , M_+ M_x, = CyM, _ ' (3.139)

-t




7 . .
,’ .‘I - v . * , .' -92- '.‘ ) . -
s » o o ' ) N
Or . ' ' ] o ") )
i _ o1y - - (3.140)
Mr'xin Mr(C0 1) ‘ (3,
o ‘ . : - : ® :(l
o. ? -.‘ ‘t . A Al . I /‘,
‘ } L M_(CoD L = S
x, = =G » - (3.141)
" i : a . .
. « M . e -
L Y - S
wh ‘ol mie o et = @ : W
g ere, - p T M EM = M - (3.142)
'l , ) N . A. . ¢ ) ,
. Mf = Bending moment at. location 'r! ﬂdugfpa “
' unit -load placed at 'i', & 0
Xy = Required cable stay force to reduce ' ‘
PO b >
-, .M to, C M_.
r oOr" .-
. The moment at ifitermediate support point, 'B',
" for the simple beam - 'AG" . is given by ! ' .' -
PR - . - - ’ = [] : P
. e = 2 51nar(2') 1 51nar(£')‘ 2 51har (3.143)
) r . « Mr,.(co-l) we '( ﬁ,+£,!")ﬁ (co-l) .
X, = ST — = P
' . i % "Slnha, 2 2sin o
PR wi'(242') (Cy-1) 1 (3.144)
K { e 22'\Siﬂ‘ar . TN :

1% IF e . = Momént due to’' prestressing at 'B' then the
B N - \ . o

expression is modified -as follows: . 3 .
« 4'| l' , N .
Lo ' (] - - , LR
. - fwat (248 }(2 EFnenl (C0 32@ ' T
- i' B ° 2 N
R |
: IwR' (e+R')-2IF e )(Co-1)1 g
X = nn 0 - (3.145)
o T o
. . .22 gin a. .
- Y - '
Y‘ o
N - L D
!/ ' ‘3 i ‘
f ; . .

\

1)
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EFFECT OF\QB{EP IN PRECAST SEGMENTAL BRIDGES

-

4.1 CANTILEVER STAGE:

» . a

Creep deformation of conc;:ete6 is that part

—

of the iﬁelastic deformation occuring with time under

'“\ constrained'¥oad. The moment in the' existing cdntilever
of precast segmental bridges will be modifigd by the creep.
9 . ,
Creep deformations occur as a result of inelastic response

" of concrete ﬁb long term loadings, such as Aead load,

prestresssing forces and the pre- tensioning forces in the
cables stays. Restraint of creep deformatiéns causes *

-

rédistribution of moments. .
The relation between creep.and elastic deforma-

tions is linear. Their ratio is called the creep factor

o

.¢t, N | .
€er T € et ' (4.1)
Where, . \ [
€or = Creep strain ‘ T )
€a = Elastic strain
E = Modulus elasticity of conreter at 28 da%s

»

Creep factor,

©
t
]
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The modulus of elasticity of concrete can be
- .

calculated using the ACI &quation:

3. 4 k
- E = 33 w? /fé (4.2)
/I
. £, = Cylindrical strength of copcrete in’ \
psi at time of errection, ¢ \
|
Unit weight of concrete in lbé/cu.ft.

=
]

The modulus off elasticity may be assumed
constant for precast segments after the concrete age

reaches 28 days.

The creep factor, ¢t, can be considered to be

the sum of recoverable creep, ‘¢d, and irrecoverable

creep, ¢f.
b, = 05 * g ' - (4.3)

Recoverable creep and irrecoverable creep are
referred to as “Delayéd.pldsticity“ and flow" respective-
ly. 'Both ¢d and ¢f are time dependent, but according.

to different relations.

!
Creep factor ¢t is given by,

O (trtg)= dqBg (E=tg)+ e [Be () ‘Bf(to)] (4.4)



ap

Where
¢(t,td = Creep factor a: time 't' for a concrete
specimen: loaded at time 'to'. 1
/ . 7
' 93 = Delayed elasticity at infinity. . |
[--] \ .

Bd(t-to) =‘ Factor variable from zero to unity indicating

‘the variation of ¢, with time.

= "Flow" at infinity.

B

f(t)_Bf(to)= Factor variable from zero to unity indicating

the variation of ¢, with time.

t0 = Age of concrete at loading (days).
t = Time after casting (days).
¢dm = 0.4

The recoverable creep factor will have effect
only for témporary loads acting on structure, such as

those applied during construction.
The creep factor due to flow is given by

bfo = Bol XBoo ( 4.5)

'

Factor for accounpting relative humidity of

1]

f

anbient medium and composition of concrete.
l

e e e e e
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0 . L] \
Bcz =4y Factor depending on the theoretieal
thickness of the structural element.
, The deflection due to creep of concrete
- .
= (4.6)
Gelf¢t
" L]
5e1 = Elastic-deflection of concrete.
Total deflection = §4,( 1+¢ ) . (4.7)

L4

The required tension force in the permanent

cable stays will have to be modified accordingly as follows:
- \ ‘
xr( 1 +¢t) (4.8)

XI'¢

The temporary or auxiliary cablés contribute to

the recoverable creep, where as the dead load, prestressing
forces, tension forces in cable stays contribute to

irrecoverable’ creep deformations.

4.2 CONTINUOUS STAGE:

In the continuous stage the fAincrease in angle

of rotation is restrained. Hence the moment at the centre
~ ‘

of the span has to modified® by the fdctor ( l-e_¢f).

Accordingly, the deformations ahd the post tensioning

forces required in the cable stays have to modified by

. A

¢ .1—ei¢f:). - /
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“ o .,
= X (1-e~%%) / : (4.9)

~ “

In this analysis the effect of cable forces

.o , b , - .
on the girder and corresponding creep of concrete has been

considered.
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CHAPTER-5
DESJIGN CONSIDERATIONS AND NUMERICAL EXAMPLE

\5.1. ” APPROXIMATE ' STRUCTURAL DESIGN PROCEDURE:

\ 3

\ 1) A preliminary set of sectional properties is
assumed for all component members of the cable

stayed bridge.

‘ 2) For these assumed sectional properties, stresses
and, displacements under the given load are
determined, which should be within the limits

specified ( by The Task Committee On Cable . -

17

Suspended Structures—').

'gﬁ 3) A new set of sectional properties is chosen to
satisfy the requirements of specifications.

Some of the sectional properties can be assumed

-as fellows:

1) Height of tower in a cable stayed bridge=

1 1 .
(E to §) (main span).

2. The ratio of the depth of girder to main span
length is a function o% the maximum allowable
ratio of live load deflection to main span. The

economic depth-to-span ratio is in the range of

1/60 to 1/90.

o<
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3) Length bf.maiq span is 0.6 to 0.7 times -

the total length..

4) Allowable static deflection under loads

3

- 1 r :
. ( 700, tO» 500 ) span.

¥

. , R ' (-] -]
5) Optimum inclination of cable stays = 25 to 65 .

b For preliminary design of cable system, the
approximate maximum moments can be calculated using the

following formulas.

/

For a system with 5 e%ual panels

= 2 E
Mmax: 0:007g£ o, (5. 1a
For 'a system with 7 equal panels
2 k M.
. Moax™ 0.006gk (5.2)‘

Where g =dead load + live load.
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'5.2. DESIGN AND GHECK FOR THE CABLE

SHOWN -IN FIGURE 2.1:

|
L

8" ’l‘l | e’ 1A 8

w=321

1

e e o
- brig

I | ‘ )
\ : B=10" ’
| ' s Figure 5.1

Refering to Figure 2.1 .

A &
, Length of main span 'f' = 510'. "

Assume the dimensions of section as shown in figure 5.1.

Depth of girder = (—%6 to —%5 (span) = —%g (span).

1 —
75—(510) = 7 feet.

. (384 % 8.5) 4.25 + (2X5.2X96)(8.5}555)

(2x5.5x48) (8.5+5.5) _ (2x14k78) (49)+(120x8) (80)
2z . 3

<!

(384x8.5)+(éx5.5x96)+(2x5.5x48)+(2xl4x78)+(120x8)
C 2 . 2
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- 13872 + 5456 + 2728 + 107016 + 69120

Y. 3264 + 528 +7264 + 2184 + 964
- = 28" . , — = 5g" , ) '
yt L Yb P *
Dead weight = 192 (150) ’7750 1bs/ft, S
w = 7.4 kips/ft.

Let. the concentrated load due to equipment

rw ® 25 kips, | : .

. _ 384x8.5% | (384 x 8.5) (28-4.25)°
XX 12 W
3 : ) . ’ !
1.x 96 x 5.5° 1 " 2
+ 2 (=== ¥ )+ ( %x96x5.5) (28-8,5)7]
W) ¥ .
- ] \
1 x 485.5.° 1 ‘ 2
+ ZI‘IE" T o+ | 7-x48x5.5)(28-8.5) ]
+ 2 [1—¥1§3x 2 4 (14x78) cég-35)2f
1 73 \
108x8° | 3 -
+ '——12—— + (IOBXB) (80"28) ' ’ . !

]

Ix* = 19652 4+ 1841100 + 202103 + 101052 + 2258218 .
- + 4608 + 2336256
L) ‘ .
.4 : 4
I = 67630000 in = 327 ft .,
XX ' - )
< »
a ’ 'w

L T R A N R . o W ahe G EEN e s ket Ml [ K Betaghn T I A L T




SECTION MODULU§:

2, = §1f =
, b.
‘
€ = _E— -
d %t Y,

1. CANTILIEVER STAGE:

-103~

%

6763000

56

" 6763000

28

120768 in3= 70 £t3.

Nt
N

‘ .3 .3
24153§ in“= 140 ft

{

Maximum moment due to (dead load of girder ..

and concentrated load of equipment ) is

)

7400 (250) 2

. — ‘7.
M= . + 25000 (250) |
- 23125x107 + 625 x 10%
= 23750 x 104 1b-ft.

237500 kips-ft.

Assuming a concrete strength of fé='6000 psi.

Maximum allowable stresses in concrete are:

fopg = 0-45 x 6000 = 2700 psi
fcbt.; 0.6 x 6000 = 3600 psi
£, ;= 6 x/E, = 464 psi.

foee = 3 x/fé = 232 psi. ‘

-

!
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‘ as ‘ : . -
Providing the prestressing tendons as shown in

~figu;e§ 5.1, e= 20"

L) .
Limiting the tensile stress in top fibres

= -464 psi.
, P M .
. t t
pil 20 o wmsoxietxiz .,
7104 241536 )7 . 341536
11799.50 - 464
Prestressing force P =
1.41 x 1074 + 8.28 x 1074
11335.50 x 102 .
= -2 = 11698000 lbs.
9.69
’ P .= 1170 kips.

Using 50 cables made of 7-0.6" d;Z%eter

\ A 4
strands of 270 ksi'.
Maximum stresssing forces of each strand = 58.1 kips.
Effective presEressing force = 34.86 kips.

. | o
Total Prestressing force provided = 50x7x34.86=12201 kips. -

Each segment is stressed to 488 kips. \\
Therefore F1=F2=F3= ————————— Fn= 488 kips.,
-ZFn = 12201 kips. , .
r o
P lias i ™

A,
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RESULTS TABLE-1. :
Values \E‘deflection at free end of girder during different
stages of erection.
‘ Withbut cable stays. With Cables Xn
irder & ' y iR
,|Girder 3
depth. L/75 L/25 L/73 kips.
- Span inft Def%sct%g? efl%gFlon in Deflecgé?n in
-~ 0 0.0000 " 0.0000 0.0000
20 0.0023 -0.0004 -0.0000
7 30 0.0020 ~0.0014 0.0010
40 0.0072 -0.0029 0.0052
50 0.0173 -0.0049 0.0154 .
' L
60 0.0424 -0.0070 0.0357
s . ‘ '
N 70 0.0816 .-0.0087 0.0711
, 80 0.1433 -0.0094 0.1276
: 90 0.2346 -0.0083 0.2121 3000
i ‘ ‘ -2.3140
100 043350 -0.0045 -2.5450
110 0.5395 0.0031 -2.7550
120 0.7727 0.0160 -2.9350
130 1.0742 0.0356 -3.0690
140 1.4563 0.0635 -3.1470
150 1.0322 0.1015 ~3.1460
~ ) .
160 2.5163 0.1516 -3.0630
170 3.2235 ) 0.2159 -2.8690 1670
-5.9900 '
180 4.0703 0.2967 -5.7000
| 190 5.0734 0.3964 -5.2700
‘ 200 6.2520 0.5178 ~4.6800
210 7.6246 0.6635 -3.7600
- ?
220 9.2216 ~0.8366 -2.5000
]
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TABLE-1 Continued .

11.0342-
"13.1148

5

1.0400

1.2777
Q

-0.8400

1.2700
: -2.3600

. Ve ' ) -
. . . -
-250 14.4764 - 1,4423 0.0000
R . .
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2. *CONTINUOUS STAGE:

Main span length = & =. 510' '

For a system with 5 equal panels, the

approximate maximufm bending moment is biven by :

"

=  0.007 q&2 (Inf "lines? e
'Mmak = . gl” (In luegce'llnes )
Dead load + Live load = 7.4+0.640 = 8.04 kips/ft.
' M __ = 0,007 x 8.04 x (510)°2
max '
= 14639 kips - ft. v
. .
z, = 140 ft> i
t
i;é = 70 g3
- o1 = 327 gt S

’ :
Ecékﬁtricity of prestressing tendons' e = 20" = 1.67'

Maximum allowable tensile stress = 6 /£' = 464 psi

< (o]
e o2, reo _ Ymax
. cbt A ) zy 2y
‘2. = 120768 in3 :
2 ' | ,
cags = P 4 (L6ITP 14639 x 103x 12
464 = 7753 120768 . 120768 .
- . Py 484+ 1AL - 6155340 1bs.
. ' 1.407x10" %+0.138x10 ‘
“ ‘ ' = 6156 kips., .,
- ' ¥
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Using 22 cables each ‘made of

0.7 £ A
P

u Ao fqr each strand: =

Prestressing force provided =

"

“7-~0.6"% 'strands

40.7 kips.

Y

6268 kips = 6268 kips.

The results are provided by the computer program.

¢
V3
%
I
. ¢
] &
s
¢ "
v
.t
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6 . CONCLUSIONS

The cable stayed bridge has numerous advantages

over a structure without cable stays. A comparison can be

made between the two types of structures by referring to the

results presented for displacements and camber to be provi-

ded during erection, in Table 1.

1)

2)

3)

e

-

For the same depth of the girder a cable stayed
structure is structurally more rigid than the

one without cables. As we can see from results
presented in Table 1, deflection is almost nil,.
whereas in a structure without cables the deflect-

ions become very large with increasing spans.

A structure without cable stays requires 3 to 4
times the depth,of‘g{rder in order to provide the
same rigidity as that of a cable stayed bridge.

This means, for a main span length of 510' a cable
stayed‘bridge requires 5-7', where as the one

without cables requires 20-25' depth of girder.

The smaller sections and design moments reduce the
prestressing forces requined in the case of cable
stayed structures thus eliminating the_need for’

special anchorages.



4)

5)

6)

~-110-
In case of cable stayed bridges it possible

. to produce the desired initial camber in the

girder by adjusting the pre-tensioning forces
in the cable stays, so that the deflections are

within allowable limits.

Upto a certain span length, the desired
initial camber can also be obtained in a
structure without c;ble stays by adju§Fing the
p?estressing forces in the girder, But for
very large spans these prestressing forces
become so large that it may be impossible to
accommodate the strands in the girder. sections

even by providing buildouts.

For large spans we observe that any increase in
prestressing forces in the girder has negligible
effects in reducing the deflections in the

stiffening girder. But in cable stayed bridges
even a small increase in pre—tensioning‘forces
in cable sthlys results in considerable improﬁe—

ment in reducing deflections.
Concrete .cable stayed bridges become more

. 1
economical over 3

other structural types
(suspension, arch-cantilever, cantilever) of
structures with respect to the concrete volume

required. .

i e

‘\\
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A strhcture without cable stays erected by .
double cantilever method required temporary
supports, which can be eliminated in case of

cable stayed bridges by using auxiliary

.cables. ' ~

Prestressed concrete girders with cable st;ys

perform better than those without cable stays,

since the horizontal coﬁponents from the cable

stays have the same effect as the prestressing
]

in the girder. This in turn, adds to the

rigidity of the structure.

Erection and handling of precast prestressed
segments is easier than reinforced concrete

segments, since in the latter case couplers.
have to be used to join the reinforcements

from adjascent segments.
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PROGRAM ONE (INPUT,OUTPUT)

THIS PROGRAM CALCULATES DEFLECTION IN POST-

TENSIONED SEGMENTAL CANTILEVER BRIDGES
DURING ERECTION AT DIFFERENT STAGES
DEPTH OF THE STIFFENING GIRDER USED=L/75
EG=MODULUS OF ELASTICITY OF GIRDER’
IG=MOMENT OF INERTIA OF GIRDER
W1=SELF WEIGHT OF GIRDER
W2=WEIGHT OF MOVING EQUIPMENT
B=SEGMENT LENTH
N=NUMBER OF SEGMENT
F1(1)= PRESTRESSING FORCE WHEN FIRST

. SEGMENT IS ERECTED.
El= ECCENTRICITY OF TENDON,
SIGMMAF=TOTAL PRESTRESSING FORCE
D(1)= DEFLECTION AT DIFFERENT POINT
'DIMENSION SIGMAF (25),D(25),F1(2)
REAL IG
INTEGER B
READ*,EG,IG,Wl,W2,B,N,F1(1),El
SIGMAF (1)=F1(1)
DO 5 I=2,N
SIGMAF(I) =SIGMAF (I~ 1)+F1(1)
D(I)=(((I*B)**2)/(EG*IG))* (W1l*((I*B)
$**2) /8+ (W2*I*B) /3~ (SIGMAF (I)*El) /4)
5 CONTINUE
PRINT 10,EG,IG,W1,W2,B,F1(1),El
10 FORMAT("1",25X,'EG=',Fl2.1, 2x,'IG= ,F6.1,
$2X,'Wl=',F5.2,2X,'W2=",F6. 2 2x, B="'
$13,//,25X, 'F(1)=',F8 2,2X, El= F4, 2)
PRINT 30
30 FORMAT( 1',25X,"'NO OF SEGMENTS',4X,
$'TOTALTPRESTRESS ', 4X, ' TOTAL DEFLECTION')
DO 25 1=1,N
PRINT 40, 1 ,SIGMAF (I),D(I)
40 FORMAT(28x,13,le,FlO.l,lOX,FIZ.B,//)

(25 CONTINUE

STOP
END * ) ' ?

Yo

WM RO b A e e ey 0 0
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EG= 676800.0 IG=4000.0 W1=15.00 W2= 25,00 B='10

F(l)= 1332.00 El=6.25
NO OF SEGMENTS TOTALTPRESTRESS TOTAL DEFLECTION

1 1332.0 0.00000000
2 Ce 2664.0 ‘ -.00047959
B

3 3996.0 . -.00143160

a N 5328.0 :  -.00295016

5 6660.0 -.00489628

6 _f’\ 7992.0 -.00696476

7 . 9324.0 ) -.00868417

8 10656.0 -.00941686

9 11988.0 -.00835896
10 . 13320.0 -,00454036
11 14652.0 .00317525
12 15984.0 - 01609043
13 ' 17316.0 . .03567393
/14 18648.0 .06356075
15 ‘ 19980.0 10155211
16 | 21312.0 .15161545

‘17 22644.0 .21588442

&
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‘13
20
21
22
23
24

25
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2397§;0

25308.0
26640.0
279;2.0
29304.9
30636ﬂ0

131968.0

33300.0

29665891
.39640503
.51775512
\\. rd
66350773
83662763
1.04024584

1.27765957

1.55233228
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EG=  676800.0 IG= 327.0 Wl= 7.40 W2= 25,00 B= 10

F{l)= 488.00 El=1.67 ,
NO OF SEGMENTS TOTALTPRESTRESS ~ TOTAL DEFLECTION

1 488.0 0.00000000
2 . 976.0 .00023349

3 1464.0 .00191652

4 1952.0 ‘ .60721780

5 "\ 2;40.0 .01932175

6 : 2928.0 | .04241590

7 " 34%6.0 08169087

8 | 3904.0 .14334039

9 D 4392.0 .2345612§

ko > 4880.0 .36355350

11 " 5368.0 | .53952004 .

‘ 12 | . 5856.0 77266706
13 6344.0 1.07420378

14 F 6832.0 | 1.45634254

15 : . 7320.0 . 1.93229878

16 .~ 7808.0 | 2.51629104

17 i | e 8296. 0 .3.22354096

Al
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19

21

22

23

24

25-

~
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'8784.0

9272.0

9760.0

10248.0
10736.0
11224.0
11712.0

112200.0

,‘,!E' :

" 4.07027328

5.07371584
6.25209958
762465857
Qtéll62993

111.03425392

i3.11477390

15.47643630

2

et Ao
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PROGRAM INVERT (INPUT,OUTPUT,TAPE 3=OUTPUT)
DOUBLE PRECISION A (20,20),B(20,20),F (20,20),
X(9),D(9)

THIS PROGRAM CALCULATES THE POST TENSIONING
FORCES IN CABLP STAYS,REACTIONS AT ~
INTERMEDIATE SUPPORTS AND ROTATION OF TOWERS.

L=LENGTH OF MAIN SPAN

L1=LENGTH OF FLANKING SPANS

SIGFN=TOTAL PRESTRESSING FORCE AT

INTERMEDIATE SUPPORTS DUE TO GROUP 1
CANTILEVER TENDONS IN MAIN SPAN.

SIGFR=TOTAL PRESTRESSING FORCE IN THE TAIL SPAN
PROVIDED OVER THE INTERMEDIATE SUPPORTS DUE

"T0 GROUP.l. CANTILEVER TENDONS.,

SIG3B=PRESTRESSING FORCE DUE TO GROUP 3B
CONTINUITY TENDONS.

SIG3A=PRESTRESSING FORCE DUE TO GROUP_3A
.CONTINUITY TENDONS.

SIGF2=PRESTRESSING FORCE DUE TO GROUP 2 TENDONS
EN=ECCENTRICITY OF GROUP 1 CANTILEVER TENDONS
IN MAIN SPAN.

ER=ECCENTRICITY OF GROUP 1 CANTILEVER TENDONS
INWTAIL SPAN.

E3B=ECCENTRICITY OF GROUP 3B TENDONS
E3A=ECCENTRICITY OF GROUP 3A TENDONS
E2=ECCENTRICITY OF GROUP 2 TENDONS

2*S1=TOTAL HORIZONTAL PROJECTION OF

GROUP 3A TENDONS.

EG=MODULUS OF ELASTICITY. OF GIRDER

IG=MOMENT OF INERTIA OF GIRDER

Q=DEAD LOAD+LIVE LOAD ON THE GIRDER

LR=LENGTH OF PERMENENT CABLES PROVIDED
ALR=INCLINATION OF CABLE STAYS TO THE HORIZONTAL
AE = CABLE CROSS SECTIONAL AREA ‘
EE=EQUIVALENT MODULUS OF ELASTICITY OF

CABLE STAYS,

BA,BC=LENGTH OF GIRDER UP TO POINT OF

CABLE CONNECTION.

HT=HEIGHT OF TOWER :

AT=CROSS SECTIONAL AREA OF TOWER

ET=MODULUS OF ELASTICITY OF TOWER MATERIAL
FCC,FBB,FBC--—-——~ =FLEXIBILITIES OF THE

GIRDER FOR THE PRIMARY SYSTEM.FIRST

LETTER F REPRESENTS THE FLEXIBILITY ,

SECOND LETTER REPRESENTS THE POINT WHERE

THE FLEXIBILITY IS REQUIRED,LAST LETTER
REPRESENTS THE PO!INT WHERE THE

UNIT LOAD IS APPLIED.

CC=ELASTIC STRETCH OF CABLE AT C

CA=E&ASTIC STRETCH OF CABLE AT A P
FT=FLEXIBILITY OF TOWER

DPD=DEFLECTION DUE TO PRIMARY PRESTRESS AT CENTRE
OFMAIN SPAN D,
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OFMAIN SPAN D,

DPC=DEFLECTION DUE TO PRIMARY PRESTRESS AT C
DPB=DEFLECTION DUE TO PRIMARY PRESTREEE AT B
DIB,DIC=DEAD LOAD +LIVE LOAD DEFLECTION AT B C
RESPECTIVELY (UNIFORM LOAD) ‘

DIBC, DICC=DEFLETION DUE TO CONCENTRATED LIVE LOAD
AT B,C RESPECTIVELY,

REAL L,L1,IG,LR
COMMON SIGFN ,SIGFR,SIG3B,SIG3A,SIGF2 ,EN,ER,E3B
COMMON E3A, E2 ,8%,0Q,wWC,E0 EA,S3
READ*,SIGFN SIGFR sxcas SIG3A SIGF2,EN,ER,E3B
READ* ,E3A,E2 ,L,L1,S1,EG,IG,Q, LR ALR,AE,EE
READ*,BA,BC,HT,AT,ET,WC,EO,EA,S3
TO CALCULATE THE FLEXIBILITY MATRIX
FOR THE CABLE STAYED STRUCTURE
CC=LR/ (AE*EE* (SIN (ALR) **2))
CA-LR/(AE*EE*(SIN(ALR)**Z)) N
T=HT/ (AT*ET)
FBB=(L]!*2)*(L1+2*L)*(L+L1)/(6*EG*IG*(L#Z*Ll))
FBC= (L1**3) * (4*L1+3*L)/ (6*EG*IG* (L+2*L1)) _
FCB= (L 1**3) * (4*L1+3*L)/ (6*EG*IG* (L+2*L]))
FCC=4%* (L**2) * (L1**2) /(3*EG*IG* (L+2*L1))
FCE=2% (L1**2)* ((L*%2)+4*L*L1~4% (L1**2))
/ (3*EG* IG* (L+2*L1) )
FCF= (L 1**2) * ((L**2) +4*L*L1~(L1**2))/
(3*EG* IG* (L+2*L1))
FEC=2* (L1**2) * ((L**2) +4*L*L1~4% (L1**2)) "
/ (3*EG*IG*(L+2*Ll))
FEB—(Ll**Z)*((L**2)+4*L*L1—(Ll**2))/(3*EG*IG*
(L+2*L1))
FFB’(Ll**Z)*(2*(L1**2)+(L**2)+4*L*L1)/
(6*EG*IG* (L+2*L1))
FBE= (L1**2) * ((L**2)+4*L*L1-(L1**2))/ (3*EG*IG*
(L+2*L1))
FBF= (Ll**2)*(2*(L1**2)+(L**2)+4*L*L1)/(6*EG*IG*
(L+2*L1))
F(l,1) =CA+FT
F(1,2)=0
F(1'4) ==BA
F(2,1)=0 -
F(2,2) =FBB+FBF
F(2,3) =FBC+FBE
F(2,4) =() ' 3
F(3,1) =FT - ¢
F(3,2) =FCB+FCF .o
F(3,3) =FCC+FCE+CC+FT
F(3,4)=BC
F(4,1)=-BA |
F(4,2)=0
F (4'3) =BC
F(4,4)=0
F(1,5) =1
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F(1,5)=1
F(1,6)=0
F(1,7)=0
F(1,8)=0

- F(2,5)=0
F(2,6)=1
F(2,7)=0
F(2,8)=0
F(3,5)=0
F(3,6)=0

F(3,7)=1
F(3,8)=0
F(4,5)=0
F(4,6)=0
F(4,7)=0
F(4,8)=1
DO 2 I=1,4
DO 1 J=1,8
A(1,J)=F(I,J)
CONTINUE
CONTINUE
WRITE (3, 4)

4

FORMAT (1H1,6X,'FLEXIBILITY MATRIX A',//)

WRITE(3,5) ((A(I,Jd),0=1,4),I=1,4)

FORMAT (10X ,4F12.6 ///)

TO FORMULATE THE INVERSE OF THE

FLEXIBILITY MATRIX
+» DO 9 K=1'4
DO 6 J=1,8
A(K+4,J)=A(K,J)/A(K,K)
Kl=K+1
K3=K+3
DO 8 I=K1l,K3
~ B(I,K)=A(I,K)
DO 7 J=1,8

‘A(I J)=A(I J)-A (K+4,J) *B(I,K)

CONTINUE
CONTINUE
WRITE (3,21)
FORMAT (//, 4X,"

WRITE(3,5) ((A(1,Jd),J=5,8),I=
TO CALCULATE THE POST TENSIONANG FORCES
. IN CABLES,INTERMEDIATE REACTIONS AND

ROTATION OF TOWERS

INVERSE OF MA;?

&

IX A ',//)
¢ 8)

CALL PSTRESS (L, Ll IG,EG, DB »DC)

D(5)=0
D(6)=DB

D (7)=DC
D(8)=0

DO 40 K=1,4
X (K) =0 .
DO 3 J=5,8

K(K)iX(K)+A(K+4,J)*D(J) n

CONTINUE

‘¢

+
e - e e

-~
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.3 -, CONTINUE . ;
40 ., CONTINUE A
WRITE (3,42)
42 ' 7.  EORMAT('l',6X,'VERT COMPONENT OF TENSION',1X,
$ " 'YREACTION,',1X, 'ROTATION OF TOWERS',//)
Do WRITE(3,43) (X(K),K=1,4)
43" ® FORMAT (5X, 4 (F14.7) ,//7)
XR=X (1)/SIN(3.142*45/180) ' ,
: WRITE(3, 44) e ‘
44 c Ty FORMAT('l',ZOX,'POST TENSION FORCE' ) -
; WRITE(3, 45) XR s
45 FORMAT (25X, F123 4 ‘
g . ~ STOP . o,
END
K SUBROUTINE PSTRES (L,L1,1G,EG,DB,DC) .
C 'THIS PROGRAM 1S 7O CALCULATE THE DEFLECTION
c - ‘ _DUE TO PRESTRESSING FORCES DUE TO TOTAL
C .

5

"

'LOADS ACTING ON THE STIFFENING GIRDER
- COMMON SIGFN,SIGFR,SIG3B, SIG3A,SIGF2 EN,ER Eaa
COMMON;EBA .E2,S81,Q,WC,E0,EA,S3 -
) REAL L;L1 .
/ —€1=SIGFN*E *((N*B)**Z)/(3*EG*IG) N
L (SIG3B*E3B) *L* (L+4*L1)/ (8*EG*IG) .
) c3=51*(2*81G3A*E3A-SIG3A*E0)*(16*L1+8*L—7*s1)
$ . . ' /(48¥EG*IG) - .
. : C4=10*SlGF2*(93**2)*(4*F-3*EA-3*EO)/(27*EG*IG)
o DPD=-C14+C2-C3
L ’ DPC=DPD*SIN((E*3 142*L1)/ (L%2*L1))
ST  DPB=DPD*SIN (3. 142*L!/(L+2*L1)) . .
. PRINT 5C,DPD,DPB,DPC ..
50 Y FORMAT (' 1' 12x 'DPD=',F10 4,5X,'DPB=',F10.4 -
B - "+ ,5X,'DPC=" ,FlO 4) -
s C6=Q¥ (L+2*L]) * (L1%*3) /(12*EG*IG) -
: 'C7=Q* (L1**4)/(24*EG*IG)
b CB=Q*((L+2*Ll)*“3)*L1/(24*EG*IG)

' ’ ' T CO9m2RQR (L1**3) (L+2*Ll)/(3*EG*IG)

7, . ClO=2%Q* (L1**4)/(3*EG*I ~— .
: . Cll=mQ¥L1* ({L+2*L1)**3) /{ 2*EG*IG)
¢ . DIB=-C6+C7+C8 .
: DIC--c9+c1o+c11 ;0 A
. DICB-4*WC*(L**2)*(Ll**2)/(6*EG*IG*(L+2*L1))
DICC=HC*L* (4*L* (L1**2)+3* (L1**3)) / (3*EG*IG*
. $ (L+2*L1) ) ,
L e, DB=DIB+DPB+DICB '
. - , DC=DIC+DPC+DICC
L . PRINT 51,DIB,DIC,DICB, DICC
51 - FORMAT('l'“Bx,'DIB- ,F10.4,2X, 'Dxc-',Flo,A 2x,
. - '*DICB=',F6.4,2X, 'DICCa ,F6 4)
. " PRINT 52,DB, DC
- 82 ' FORMAm('l' 20x 'DB=',F14.4,5X,'DC=",F14.4)
B : 4 'RETURN

®

-

. © +  END : . , B
*53 L;NES. . ' . >
. , ? ' ‘ ' ”. " o .

Upe s 8 erarn r shgy e am saemey §aeee w0 P . i~ g
. v (43 . )
] N - .« T o

»

7’




-121-

1 -  FLEXIBILIFY MATRIX A
. ©.000431 0.000000 *2600025 -170.000000
s . N
0.000000 .037739 -+ 039219 .  0:000000
s ~.000025 .039219 .104028 170.000000
-170.000000- 0.000000 170.000000 . ~ 0.000000
) ’ ) .
INVERSE OF MATRIX A -
) ) \ :
15.685722 -16.300848 15.685722 -.005840 .
-16.300848  43.438056 -16.300848 -.000044 o
15.685722 -16.300848 15.685722 .000042
' |
-.005840 -.000044 .000Q42 -.000000 - '
. . X
1. ‘DPD=' -3.1514 DPB= -1.8526 DPC= =-2.9973
1 DIB= 146.6528 DIC= 235.1502 DICB= .2398 DICC= ,.5994
1  DB= 145.0400 DC= 232.7522
'y VERT COMPONENT OF TENSION REACTION, ROTATION OF TOWERS
—
1286.6119132 2506.1965473 1286.6119132 .0034525
‘ ‘ E ]
1~ [  POST TENSION FORCE . | ’
e 1819.3587 ~
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