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ABSTRACT

While literature discussing the effect of prestressing on contin-
uous beams is available, the analysis of the influence of prestressing on

more complicated systems such as multi-bay and multi-storey frames remains

insufficiently developed.

The purpose of this work is to develop a simplified design procedure

for a one storey two-bay prestressed frame with Pinned supports subjected to

different cases of loading.

It appears that the analysis of the prestressing as well as the
external loading on a multi-bay frame could be made simple using the

matrices and the virtual work method,

Practical tables for the evaluations of the statically indeterminate

reactions and moments have been developed in this work using the computer.

The influence of prestressing by means of cable with different
profiles located in beams and columns has been analysed and recommendations
have been developed for tracing the cables in such a manner as to obtain
from the prestressing the most desirable stress condition for the given

external load,
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NOMENCLATURE

Cross-sectional area of beams or columns
Width of the cross-section

Depth of the cross-section

Modulus of elasticity

Eccentricity of the cable with respect to the centroidal axis of
the member

Normal stress on a section

Height of the frame

Moment of inertia

Radius of gyration

Ratio between external moment and pres;ressing moment coefficients
Span length

Bending moment

Prestressing moment

Exterﬁal moment

Bending moment computed with neglecting the effect of axial
deformatlons caused by the thrust

Moment component related to the axial deformations caused by the
thrust

Bending moment in the main system
Thrust

Thrust in the main system
Prestressing force

Change in the temperature
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Shearing force

Concentrated load

Distributed load

Indeterminate reaction - parasitic reaction

Reaction component computed with neglecting the effect of axial
deformations caused by the thrust

Reaction component related to the axial deformations caused by
the thrust

Ratio of the height h to the span L in the frame
Thermol coefficient

Deformation - displacement of the support
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CHAPTER I

GENERAL INTRODUCTION

A two-bay frame with pinned supports is a three times statically

indeterminate structure.

While the analysis of prestressing in statically determinate
structures is relatively simple due to the fact that the line of thrust
resulting from the prestressing alone is coinciding with the cable
profile, the analysis of statically indeterminate structures is more
complicated because it involves secondary moments that result from
prestressing, and the line of thrust for most cases is nét coinciding
with the cable profile. The value of these secondary moments is not

negligible and may be an important factor in the design.

The general design principle is the same in case of statically
determinate and indeterminate prestressed structures, i.e., the applied
prestressing must be of such type and magnitude that when stresses caused
by it are super-imposed upon those due to the loads, the resultant stress

will be written the specified limits.

strescing alone are generally combined siresses due to a direct load
eccentrically applied. These stresses are computed using the well known
y ap

relationship for combined stresses
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2
£f = P/A £+ My/l (1)
where M = P.e is the moment acting on the cross section,
The above relationship can be written:
£ = P/A (L & ey/i2) (1.a)

where i2 = I/A.

In statically indeterminate structures, the stresses due to

prestressing alone are:

£ = (P + N1)/A + (P.e & MY/I (2)

where Nj is the thrust at that section due to parasitic reactions,
i.e., reactions at the supports caused by prestressing alone, and where

M} is the secondary moment due to these parasitic reactions.

The secondary moments could be helpful or undesirable depending
on the loading case and the designer must choose a suitable cable
profile for each case of loading. 1In a coﬁtinuous frame this choice
is difficult due to the large number of unknown but the analysis can be
simplified by studying the effect of prestressing different cable profiles

as follows:

1. The values of the parasitic reactions and hence of the

secondary moments are computed for each cable profile when tentioned by

a force P. The factors on which depend those vélues are determined.



2. The secondary moment is added to the moment P.e and

the final moment due to prestressing only is obtained.

3. The bending moment due to dead and live load acting on
the frame is computed using the same traditional methods employed in

analysing indeterminate structures.

4, Comparing the results of the steps 2 and 3, the suitable

cable profile for the required case of Loading can be selected.

Design Factors:

Considering now the continuous frame with pined supports shown

in Fig. (1), the different elements involved in the design are:

1. The two spans Lj and L.

2. The height h of the frame.

3. The moment of inertia Io for the Girder and I for the
Column,

4., The cross sectional area Ao vfor the Girder and A for the
column.

5. The prestressing force P.

6. The eccentricity e with respect to the centroidal axis.

7. The modulus of elasticity E for the concrete.

8. The dead ioad D of the frame and the applied live locad L.

The effect of each of these elements on the design of the

structures will be discussed later.
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Assumptions:

In the analysis of the continuous frame the following assumptions

are made:

1; Plane sections remain plane in bending.

2. Within the range of stresses permitted in the design the
conc;ete acts as an elastic material.

3. The effect of friction on the prestressing force is small
anq can be neglected.’

4. The prestressing force P is assumed to have a constant
magnitude along the whole length of the member.

5. The eccentricity "e" is very small compared to the span L
and the cable profiles are so flat that the tangent at each
point along the cable may be considered as normal to the

cross section and hence the reaction of the cable on the

concrete due to its curvature can be neglected.

In the analysis, the effect of the axial deformation in the
members resulting from prestressing will not be neglected assuming that

it may be significant in the case of frames.

It is understood that the work "cable" denotes the resultant
cable, i.e., the imaginary cable which, in respect of the magnitude and
position of the force it exerts, is equivalent to all the cables in the

cross-section.
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CHAPTER II

ELASTIC ANALYSIS OF PRESTRESSING

In the two-bay frame a b ¢ d e £ with pinned supports, there are
six possible reaction components. As the conditions of equilibrium are

three, the frame is three times statically indeterminate.

Assuming that before the frame is prestressed, we have removed
the support £ and replaced the hinge at d by a rollar as shown on
Fig. (3). Under prestressing, this system will undergo a horizontal
displacement at d and a horizontal as well as a vertical displacement

at f.

~.

In order to return the frame to its original position, three
reactions X1, X2 and X3 have to be applied as shown in Fig. (3).
These reactions are called parasitic and are caused by the prestressing
only. Their number is three since the considered frame is three times

|

statically indeterminate. The value of these reactions can be computed

by using the method of virtual work as follows:

!
!
!

For the system shown in Fig. (3) a unit horizontal force applied
at d will cause a herizontal displacement 8 11 at that point and a
horizontal as well as a vertical displacement § 12 and S 13 respectively
at f. Similarly a unit horizontal force applied at £ will cause a

horizontal displacement S 21 at d equal to S 12 (Maxwell theorem)

/
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and a horizontal as well as a vertical displacement SIZZ and 8 23

respectively at £. Finally a unit vertical force applied at f will

cause a horizontal displacement 831 at d (equal to 513) and a

horizontal as well as a vertical displacement 323 (= 832) and S 33

respectively at f£.

To return the frame to its original position, the sum of the

displacements caused by the prestressing and by the reactions X;, Xj

and X3 at each support must equal zero.

each of d and f we have:

S10 + X1 S11 +tX%2 812 *X3
S20 + X1 821 +%X2 822 +X3

$30 + X1 §31 +X2 832 +X3

Applying this condition at

$13 =0 (3.2)
d23 =0 (3.b)
$33 0 (3.¢)

By computing the values of the previous displacements and solving

the three equations together we get the values of the parasitic reactions

X1, X2 and X3.

the three previous equations can also be written on the form of

a matrix equation.

S12
S22

0
G 32

3]
-
~
(P8}

on on'
'-l
’-d
N on
o
———
54
'-—l

e e+ e 7

Qn
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The values of the displacements "g"can be determined by using
the method of virtual work. This method is an application of the
general energy method in which the external work done is equal to the
internal work or strain energy. In this method it is assumed that when
the applied loads or moments are removed, the structure will return to
its original position, i.e., the structural material is not stressed
beyond the elastic limit. It is also assumed that the structural
material is linearly elastic and that the work done due to.any straining

action will be

1/2 Force x displacement

The internal work can be related to the stresses on a differential

element due to a normal force N, a moment M and a shear V.

Assume now that the frame on Fig. (4) was subjected to prestress-
ing as shown and that the straining actions related to this prestressing
are a thrust No and a moment Mo. The corresponding stresses in a

differential length dL will be fNo and fMo respectively.

Now assume that a unit horizontal force Xj is applied at d
and produces a thrust N1 and a moment Mj. The corresponding strain

in the differential length dL will be N} and Mj.

The change in the strain energy due to the application of

Xy =1 at d in the differential length dL 1is
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r .
dWs = 1/2 fy,.A xéNldL +1/2 x A)fMOdA xéuldL_

(note that the strain = deformation in dL)

length dL
but fNO = Eg
A
fMo = Mo.y
1
N1 = fN1/E = N1
AE
M = fw1/E =My

EI
substituting for these values in equation (5):

dWs = 1/2 No NjdL + 1/2 MjModL jdAyz
AE EI* A )

but J day’ =1
A

therefore dWs = 1/2 NjNodL + 1/2 MjModL
AE EI

The change in the strain energy through the whole length

L

L
Ws = 1/2 S NiNodL + 1/2 S M1ModL
0 AE 0 EI

11

(5)

(5.3a)

will be

(6)

The external work done by the force X1} =1 through a displacement

10 at support d 1is:
WE = 1/2 x 1 910

Equating (6) and (7) we have
(-.L (,L

10 = ‘) NiNodL + J MiModL

0 AE 0 EI

By using the same analysis as before we can prove that

L
20 = 5 N,NodL + J-LMzModL
0 AE . 0J7 EL

M

N
co
e’

(9
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b L
530 = j NaNodL + jnanodr. (10)
0 AE 0 EL
§ “ue it
1= fma+ M dL (11)
0° "AE 0 ET
L L
J12 - f N{NodL + )’ MiM2dL da (12)
oo -—a_ o’ TEL_
L L
S13 = j N1N3dL + jmmdL Sn (13)
0 AE 0” TEIL :
é L g L 2
22 = f N2 dL + | M2 dL (14)
Y 0" "EI
L L .
$23 = f NoN3dL + f MoM3dL (15)
0 AE 0 EL
5 L, LA ' :
3= (nfan+ fwydn : (16)
oY FE- 0”7 TE | |

The moment is considered positive when it produces tension at the bottom
fibre, while the thrust is positive when it produces a compression in

the member.

By substituting the different displacement values computed above
into equations (3%, (3? and (3% and solving these equations together we
obtain the value of the reactions X1, X9 and X3. The latest are the
parasiti; reactions caused by the deformation that occurs in the frame
due to prestressing only. -These parasitic reactions produce a secondary
moment that has to be added to the moment caused by the prestressing
force and the eccentricity. The result is the final moment in the

continuous frame due to prestressing only.
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CHAPTER III

PRESTRESSING VALUES FOR DIFFERENT CABLE PROFILES

In this chapter we will consider some different profiles of
the tensioned cable and compute the corresponding parasitic reactions
and secondary moments. The application of the principle of superposition
will be very useful since the superposition of two or more profiles will
develop a new cable profile for which the parasitic reactions and the

secondary moment are computed always by superposition.

Linear Cable in the Whole Girder Coinciding with the Centroidal Axis

As a preliminary case we consider prestressing when the cable
profile is coinciding with the centroidal axis of the member. This case

will show the effect of the thrust on the value of the secondary moment,

For simplicity consider the case when the frame has two equal
bays and when the areas and moment of inertias of the columns are the

same as those of the girder.

The values of the deformations caused by the prestressing and

by the unit loads applied at the supports are:

[
oClO = f N1NodL/AE = PL/AE (the value of Mo being zero) (8.a)
0
similarly,
t -
Jéo = v{ NyNodL/AE = oPL/AE (9.a)
o '
530 = ‘j'N3NodL/AE =0 . (10.a)
0 .
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FIG. 5 Linear Cable Coinciding with the

Centroidal Axis of the Girder
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L 2 L
S = S wtaume + [ wtaer
¢ 0

= L/AE + h"L/EI + 2h°/3EL (11.a)
L [
S12 = S NNpdL/AE + [ MjMpdL/ET
0 0
= L/AE + h L/EI + h /3EI = 21 (12.a)
L L -
§13 = J WNzdL/aE + [ wpMgdL/EX
0 0
-2
=0 - BL'/21 = 31 (13.a)
L 2 2
S22 = SNy ar/aE + [ My dL/EI
0 0
3
= 2L/A + 2h L/I + 2k /31 (14.2)
J L . fl.
23 = N2N3dL/AE + M2M3dL/EI
of , 0
=0 -hL /1 = é}z (15.a)
L L
$33= [Ny au/ae+ [ wgdu/er
0 0

6h/A + 2ﬁ3/31 | (16.a)
Substituting for these deflection values in equations (3?, (3? and (3f
and solving them together we get

X1 =0 ’ an€”

Xy = - PL/A _6h/A + 213/31 |
(L/A + W*L/T + ®¥/31)(6h/A + 2L3/31) - h*L*/21%

for h/L =y and i = I/A

X9 =-P [6y+2/3 (L/i)2
By + (L/1)? (6y® + 2y~ + 2/3) + (L/i)® (1/6yZ + 2/9y37]

as)
Assuming that the ratio between the depth d of the girder

and the span L varies between 1/10 to 1/40 and the ratio h/L =y

varies between 1/10 to 10. Accordingly the value of 1 =d/6 will
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vary between L/60 and L/240. Substituting in equation (18) for

L/i = 60 and for y = 0.1, 1 and 10 respectively we get

X9 = - 0.08962P for y = 0.1
Xp =-4.74%x10 P fory=1
¥g=-0.771 x10 P fory =10

for a fixed ratio d/L, the value of X decreases with the increase of

the ratio h/L.

Consider now the case when h/d = 40. SuBEtituting in equation
(18) for L/i =240 and for y = 0.1 and 1 respectively we get

X2 =-60.95x10 P fory=0.1

X0 =-2983x10 P fory=1

to find out the percentage of error in the value of the parasitic
reactions when the effect of the axial deformation in the members
caused by the ;nit force at the supports is neglected, we delete the
terms in Nf',,N;', N;', NiNy, NyN3 and NyN3 in eqﬁations (11) to (16).

In this case the value of Xy will be

X2 = - P/(L/i 1 18.
2 /(L/1) Y TRERY.T (18.a)

Substituting for L/i

60 and for y = 0.1 and 1 respectively
in equation (18] we get

0.1

X2 =-0.098 P fory

The percentage of error = (%8 - 89.62) x 100 = 9.3%
89 - 62

Xp =-4,97x10 P fory=1
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- and the percentage of error-in X2 when y =1 and L/i = 60

497 - 474 x 100
474

4,85%

Substituting in equation (18} for L/i = 240 and for
y = 0.1 we get
X, = - 61.2P x 10

the percentage of error in X9 when L/i =240 and y = 0.1

=61.2 - 60.95 x iOO T~
60. 95
= 0.4%
Substituting in equation (183 for L/i =240 and y =1
we get .
X, = - 30.1P x 10
and the percentage of error in Xy when L/i =240 and y =1

30.1 - 29.83 x 100
29.83

0.9%

Conclusion:
1f the axial deformations in the members of the frame caused by
the thrust due to a horizontal unit force applied at the end support are

neglected,

>

the values of the reaction ¥s increase in the practical
cases of prestressing by an amount varying between 0.4 and 9.3 percent

depending on the values of L/i and h/L.
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Repeating the same previous analysis in the case of X3; the exact
value is
2 i
X3 = - P [y (L/4)
by + (L/1)% (6y> + 2y* + 2/3) + (L/1)% (1/6y? + 2/9Y57]

Q19)

" while the value of X3 when the effect of the thrust due to the unit

reactions is neglected is

¥3 = - P/(L/L) [ 1 ] (19.)
: /6y + 2/9y*
The percentage of error between the two values is
9.3% when L/i = 60 and y = 0.1
2.67% when L/i =60 andy =1
0.54% when L/i = 240 and y = 0.1
1.92 when L/i =240 and y =1

As it is discussed in Chapter IV, in practical cases of prestress-
ing when the eccentricity e is equal or bigger than i, the value of
the component XgN 1is generally in the range of 29 to 1.4% of the value
of the totai reaction X2, while the component X3y is in the range of
75 to 0.47 of the value of the reaction X3. This means that the
percentage of error in the value of the reaction X due to the fact of

neglecting the axial deformation caused by the unit force at the supports

D

is of 2 small azmount and can be neglected,

Substituting in the matrix equation (4) for the values of the

different deformations after neglecting the mentioned terms we get:
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(yl +.2/3y3) (1./3y3 + yqi 8 1/2y) Xy 1
’\1/3}'3 +y) (27392 + 2y)  (-y) X =- |2 P/(L/i)2 (20)
(-1/2y) (v) @n X3 0

where y = h/L and it =1/A
For each value of the ratio h/L there are corresponding values of
parasitic reactions Xj, X2 and X3 in terms of P/(L/if’. These values

are given in table (0.1)

The bending moment caused by the prestressing only is calculated

from the following equation:

M o= Mo 4 XMy + XgMp + XgM3 (21)
therefore: .
Mb = - x1h - xéh = -(){1 + X2)y L | (21.8)
Mcy = -(X1y + Xo¥ - X3)L (21.b)
Mep = - ¥yl . ’ (21.¢)
Mcg = (-Xgy + ¥3)L . . (21.4)
Me = - XoyL . . (21.e)

Table (0.2) gives the corresponding moment for cach value of the ratio

v =h/L at different sections.

1t is to be noted in this casé that the value of Mo = 0 and the

moment caused by prestressing is equal to the secondary moment.



Note 1

Comparing the two equations (18) and (18.a) giving the reaction

before and after the terms in N; , Ny , N3 , NNy, N;N3 and NjN3 being

neglected. we find

= -2 [Er220 w/if
6y T (L/DE (605 F Lyw 7 23) 7 (/D= (/&7 F 2/9y3)
(18)
and x=.P/(L/°5"[ 1 ] 18.
an 2 ' 174 y2 + 1/3y3 {8.2)

In equation (18) we notice that the value of (6y) is very small compared

to the term (L/i) and can be neglected and equation (18) becomes

Xg = - P 2/3
(6y3 + 2y4++ 2/3) + (L/i)2 (L/6y 2 + 2/9y?)
but 1:.n the denominator the first term is very swall compared to the

second and can also be neglected, therefore

Xp = - P [ 1
(L/i)% (1/4y2 + 1/3y3)
which is the same as equation (18.a2). The same comparison can be done for

X3  between the two equations (19) and (19.a),

Note 2

If the frame has two non-equal spans Lj and Ly as in Fig. 2),

the parasitic reactions and the secondary moments are calculated in the

‘same manner as for the two equal spans, and équations 17), (183, and

(193 become:



1.b

21

X, = i [(‘1;19‘.‘ T2y T T T (22)
3h 1/3h"L1+1/3h7—L2+1/6hL1‘+1/6th5_+5/6hL1L2+1/4L12L2+1/4L1Lz’*]
Xp = -Bi” [1.1"'1,'2'+‘L'1Lz'l+'hL1Lz+1'/'3't{1,1’l'+‘2'/3ht.zz ](23)
h% | 1/3hiL1+1/3h*L2+1/6hL1*+1/6hLo%5/6hLy Lo+l /4L Lo+l /4L L2
X3 _ i 2 A iapuee e e mecaccaanama-

. 2. T T
-PiQlé/2L1L2+3/2L1L2th1L2+hL1+hLiz

(28)
Fié'1/3h*L1+l/3h1L2+l/6hLI%l/6hL2%S/6hL1Lz+l/4L12L2+1/4L1L2*]

To calculate the bending moment we use equation (2!) with the previous

values of Xj, X and Xj.

Considering now the case when the cable profilé is not coinciding
with the centroidal axis but has an eccentricity e varying with the

shape of the cable.
The following profiles are analysed:

Linear Cable in the First Span with an Eccentricity ej at the Intermediate

Column

In fhis case the moment Mo due to the prestressing force and
the eccentricity of the cable will be as shown in Fig. (7). This moment
is not transmitted at the joint to the other members because it is an
internal.moment related only to the cable profile and the force P in

the prestressed member.

. . . L2 2 N
By neglecting the terms in N1 , N2 ; N37, N1N2, N1N3 and NgN3
in the deformation equations (8) to (16) we have
L L
S0 = [ Myto 4L/ET + f NjNo dL/AE = - (PeLh/EI) + PL/AE
.0 : 0 '

(8.6)
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s
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FIG. 7 Linear Cable in the First Span with an

Eccentricity e} at the Intermediate Column



Substituting these values in equations (3%, (3% and (3F we get:

X1

- (PejLh/2EI) + (PL/AE)

d30

L L
f M3ModL/EI + f N3NodL/AE
0 (]

Pe1L2/3EI +0

Ju
di2

J13

L
Jzz = fmzz dL/EI = (2b'L + 2/3%°) /81
0 -

L
3
S Mo dL/EL = (h'L + 2/38 )/EI
0

L
f MiM2dL/EI
0

L
J MyM3dL/ET = - n/2e1 = day
0 .

L
JZ3 = 0/M2M3dL/EI = - hL'l/EI =J32

L
Ja3 = f ustdL/ET = 212 /3E1
0

('L + 1/30°) /EI

the same equation can be written:

[ (N [ . 1 5
chlModL/EI +5fN1NOdL/AE aleMzdL/EI ojM1M3dL/EI
L % L L
SMoModL/ET +fNoNodL/AE  JM2"dL/ET SMoM3dL/EL
I L+ ° - ° L “ L
SM3ModL/ET +SN3NodL/AE 5" MAM3AL/EL Jm3tdL/ET
- | 9 . [N
fmtavn/er fuppdr/E Supmzdn/er
° [ € L [ 98
gty dL/ET JJuptan/er Supepanser
L ] ’.lf e st foe - 2
!ﬁ3M16L/EI OJM2H3GL/EL J My dL/EL

24 -

(9.b)

(10.b)

(11.b)
(12.b)
(13.b)
(14.b)
(15.b)

(16.b)



where X 1is the total parasitic reaction
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v v v ) (. . L
Jumgar_fuppan fiyadr JrgNoaL/a fupdi/r fapmpdr/t

(8 [8 8 L L L
JugMdL fiotdL fMgMadl | 1/ET - | NpNdL/A fiy dL/T fipMdL/T

[ L b s . v"

an .t
JMgtodL fMpMadL [MdL LJN3N°dL/A JughadL/1 fMJdL/1
X =- )

A (29

where A is the same denominator determinant in the previous equation.

We notice that the computed reaction is composed of two components:
one due to the effect of the moment and the second due to the effect of
the thrust. These components will be calculated separately then added

as in the following equation

.V the component of this reaction related to the moment

Xy

the component related to the thrust

and the secondary moment M caused by these reactions will have also

two components My and My. gupstituting for the value of the deformation

b .
in equations (3)? 3), (3)cthen solving these equations together we get

XM = + 1/2 Peil/k [2/3h + 1/2L .]

2/3h% + 7/6 hL + 1/2L* (26)
S n [1/3h + 1/4L 7 : 27)
2 1/2 Peit/ [2/3.&1 + 7/6hL + 1/2L% _‘ <
Xqy = - 1/2 P.ey/L (28)

Substituting in the matrix equation (4) for the values of the different

deformations we get
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bt +23y) Wiy® + vy gy [ xy ) - 1/2y
Wy +yY @iy +2y) (-5) Yo | == |-1/29 | Pee/L

| (1/2y) y) @) ] Xay | | 13

or A.Xy=B8 (29)

Matrix A is related to the deformations caused by the unit force acting

at the supports and is the same for all the cable profiles.

Table (1.1) gives the values of the parasitic reaction components

Xy for different ratios of y = h/L.

To calculate the values of the component Xy we proceed in the

same manner as for Xy and we get

Xy = - P& [2/3hL + 1/20" IR - (30)
h* {2/3h% + 7/6hL + 1/2L* |

Xpy = - Pit [2/3hL + 3/41 1 (3h
h? {2/3h% + 7/6hL + 1/2L1% :

Xqy = - Pi [3/2hL +3/21% 1 32)
Lh {2/3h* + 7/6hL + 1/2L%

The equations for Xy could also be written in the form of the matrix

equation
X 1
1 |
![. ! v | = 1 D/(L_ ".Q {213
l A i nzN = - y li.’ 2/
Xy 0

where IA! is the same matrix as in equation (29),
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Table (1.2) shows the values of the reaction components Xy

for different ratios y = h/L.

The final value of the parasitic reaction caused by prestress-

ing is X =Xy + Xy or table (1.1) + table (1.2).

Substituting in equation (21) for the moment caused by
prestressing only in the frame we have
Mb = -(X1 + X2)yL = -(X1M + X2w)yL -(X1y + X2n)yL (21.a.1)

Mcy = Mo -(Xyy + Xy - X3)L (21.b.1)

Mo -(ley + Xomy - X3M)L -(X1ny + Xony - X3N)I‘

‘Mep = - ¥pyL = - Xyl - Xpwyk ' (21.c.1)
Meg = (-Xpy + X3)L = (-Xpp7 + Xyl + (Koy ¥ X3N) L (21.d.1)
MC = - X2yL = - XZMyL - XZN)'L ' (2103-1)

Table (1.3) shows the moment Mo + My at different sections
for corresponding values of y =h/L and- table (1.4) shows the values

of MN.

The final moment due to prestressing only in the frame is

=
il

(MO + MM) + MN

n

table (1.3) + table (1.4)

Substituting in equations (26) and (30) for y = h/L we get

_ 1/3y + 1/& (34)
Xm = - Pep /yL { 2/3y2 + 1/6y + 1/2 ]
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e
1N 4 /3y F 7/6y ¥ 172 (
therefore .
. S . ‘
% = i 2/3y+1/2]
ii_N i /yle; [ﬁ——” oy (36)
M

Assuming that d varies between L/10 and L/40, therefore i = d/6 will
vary between L/60 and L/240. The eccentricity e} may vary in practice
between 0 and 0.45d, assuming that 0.05d is the minimum cover over

the cable. For i'= L/60 and e} = a very small value i

X1y = 1/60(i/e1) [2/9y + 1/6}= 1/60y (i/e1) Gy
iﬁz 173y ¥ 174

The form by is not a governing factor since its value can be

considered constant for different value of y.

Py = 0.66664 for y =0
= 0.66552 for y =1
= 0.66636 for y = 0.1
= 0.66648 for y = 10

and the fatio XIN is depending on (i/ei) and (l/y) when (e1l) is very
XM .

small or -close to zero, the value of XiN is very big. If i/el = 100,

(consider y = 0.66 for all values of y)

The smaller ig the value of y the bigger is the value of Xy compared
to Xjy when i/ej = 10

X1y = 0.105/y .
ST
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If y 1is less than 1, Xjy is less than 10.5% of Xjy when ife] =1

XN = 0.0105/y
X1y

If y is less than 1, Xiy is less than 1.05% of Xjy and can be

neglected,

Similarly from equations (27) and (31):

Xon =,12/yLe1[‘2'/9’y"+"1'/'4] = (1/1) (i/e1) (1fy) @y) (37)
ow ey +178
the value of gy = 1.921 for y = 0.1 .

=1,622 fory = 1

= 1,380 f?r y =10

the variation of $y with respect to y 1is small and we can use the

same previous analysis for Xj in the case of Xj.

Consider now the third reaction:

Xay = 1" /ley [1+_1_} = (i/1) (ife1) ©y) (38)
X3M y
$y =11 for y = 0.1
=2 fory=1
= l.i for y = 10
Conclusion:

For the three parasitic reactions Xj, Xy and Xj, the ratio
between the component related to thrust to the ome related tc moment:
- increase with the decrease of the ratio L/i

- increase with the increase' of the ratio ife



30

- increase with the decrease of the ratio y = h/L

Note:

If the frame has two non-equal spans L; and Ly as in Fig. (2),
the parasitic reactions and the secondary moment are calculated in the

same manner as for two equal spans, and equations (26), (27), (28), (30),

-,

(31) and (32) become:

2
X1M = + Pe1l] p (2/3hLy + 1/41L1L2 + 1/412 ) (39)
Zn
XZM = . PelLl ‘3 (1/4L1L2 + 1/3h¥42) v - (40)
2h
Xy = - Peyly P (2/3n° + 1/3hL; + S/6hLy + 1/211,) (41)
2L
and -
' 2
Xjy = - PLi(i) B (1/3hLy + 1/3hLy + 1/4L1Ly + 1/41) ) (42)
hl
2
Xoy = - PLi(i) B (1/3hLy + 1/3hLy + 3/4L11Ly) (43)
X ' '
) 2
X3y = - PL1(i) B (hlg + 1/2hLy + 3/2191,) (48
hLp
where [3 = 1
1/3h?%L] + 1/3h?Ly + 1/6hL1% + 1/6hL2%* + 5/6hL1lp + 1/4L1%2L2 + 1/4L1122
(45)

The total value of the parasitic reaction is
X=X+ %
The bending woment is calculated from equation (21) using the above

values of X1, X2 and X3.
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2.a Linear Cable of Triangular Shape in the First Span with an Eccentricity

e2 at the Edge Column

In this case the moment Mo 'will be as shown in Fig. (8 ) and

the deformations caused by this moment are

d1o

= - Pe2Lh/2EI + PL/AE (46)

Jzo = - Pe2Lh/2EI + PL/AE (47)
2. .

J30 =+ 1/6 PeyL (48)

The value of the other deformations caused by the unit reactions are the
same for all the cases. Substituting in equations (3a), (3b), (3¢) and

solving them we get

X1y = Pesl [ 2/3h + 1/2L ] (49)
7h Z/30h% 7/6hL ¥ 17212
7h ‘_ Z/30%F 7/6hL + 1/2L%
X3y = Pe2 [ 1/6hL - 1/31°+ 1/217 | (51)
2L 2/3nT + 7/6hL + 17217}

and the values of the components X1y, X2N and X3N are the same as in

equations (30), (31) and (32).

The matrix form of the components Xy and Xy is:

Xy | - 172y ]
|a] Xy | == |- U2y | ey (52)
| Xam | Lt /6 |
an ] -1
and  [a] Yo | =- |-1 P/(L/1) (53)
[ xan | Lo ] |
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FIG. 8 TIinear Cable in the First Span with an

Eccentricity ey at the Edge Column
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where A is the same matrix as in equation (29).

Tables (2.1) and (1.2 ) give the values of Xy and Xy respect-

ively for different ratios y = h/L.

The final value of the parasitic reaction X = XN + M

table (2.1)+ table (1.2)

The bending moment is given by equation (21);table (2.2) and
(1.4) give the values of (Mo + My) and M respectively and the final
moment = ™~

M

(Mo + My) + My
table (2.2) +-table. (1.4)

If the frame has two non-equal spans Ly and Ly, equations (49),

(50) and (51) become:

. Q_ ) -

XM = Pegly [3 (1/6hL1 + 1/2hLp + 1/4L1L2 + 1/4L ) (54)

R
Xom = Peply  (1/6hly + 1/4LLy) (33)

2h :
2

X3M = Pepl) B (1/3hL1 - 1/6hL - 1/3h + 1/2LjL3) (56)
- 2L2

where B is a factor given in equation (45).

The values of Xjy, Xy and X3y are the same as in equation (42), (43)

and (44).

The bending moment is calculated from equation (21) using the

values of Xj, Xy and X3 computed above.
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2.b Linear Cable of Triangular Shape in the First Span with an Eccentricity

e 5 at a Distance AL from the Edge Column (Fig. 9)

The deformations at the supports caused by the applied moment Mo

are:
810 = P.eyLh/2E1 + PL/AE | (57)
§20 = P.e,Lh/2ET + PL/AE (58)
d30 =Fer LT (1+0)/ EI (59)

The equations giving the parasitic reactions are:

......................

X1y = - Pe,L [2/3h +1/2L ] (60)
: 7h LZ/387 + 7/64L + 172L%,
Xgy = Pesl ['1{(1"/'2’7\'.' 1/6) + L(172\- '1/4)] | (61)
Zh LZ/30% ¥ 7/6nL + 1/2L%
X3y = Pea [1/3h" A+ D) + NA-1/2) +bL(4 A3 - 1/6)] (62)
7L |Z/30% + 7/6hL + 1/2L*% '

-

The matrix form of the component Xy 1is

| X1m 1/2y
|a | Y | =- | 2y . P.e/L (63)
X3y - 1/6(14)

and the one of Xy 1is given by equation (53). Tables (23) and (12) give

the values of XM and Xy respectiveiy for different ratios h/L.

The bending moment is calculated from equation 21 and tables (24)

and (14) give the values of (Mo + My) and My respectively,

1f the frame has twc non-equal spans 1I; and Ly, equations (60),

(61) and (62) become
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XiM = - Pell Pil/6hL1+1/2hL2+1/4L1L2+1/4L;;_l +1/61h(L2-_L1)} (64)
2h '
XZM = - PeL1 p‘.1/4L1L2+1/6hLl-1/3'l\h(1/2L1+L2)—1/2 Lle’j (65)
“Zh '
X3M = feﬁl ‘3{1/3hL1(2X-1)+hL9_(2/31+1/6)+1/3h4(1+1)+L]_L2a-llZ;} (66)
2L2 ‘

and the values of * XIN, X2N and X3N are the same as in equations (42),

(43) and (44).
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3. Parabolic Cable in the First Span with an Eccentricity e3 at the Middle

The bending moment Mo is shown in Fig. (10) and the deformations

caused by this moment are

L}

$10 = 2PesTh + PL/AE (67)
3E1

Jzo 2Pe3Lh + PL/AE (68)

3EI
d0

- P-e-3L9- +0 (69)
3EI

and the parasitic reactions X1, Xo and‘X3 are calcu}éted from equations

3% (3°and (3°

X1 = - 2Pe3L [ 2/3h + 1/21, ) (20)
3h L 2/3h? + 7/6hL + 1/2L7 |
XZM = 2Pe3L [ 1/12h ) by (71)
3h L 2/3hT + 7/6hL + 1/2L7
X3yM = 2Pe3h [ 1/2h + 1/2L 1 . (72)
3L .2/3h% + 7/6hL + 1/2L72 |

and the values of XiN, X2N and X3N are given in equations 30), (31)

and (32)

The matrix form of the components Xy is:

!AI . Xom = - + 2/3y P.e3/L (73)
I Koy | |- 173

and the one of Xy is given by equation (53).

Tables (3.1)and (1.2) give the values of Xy and Xy respectively

for different ratios y = h/L.
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The bending moment is given by equation (21) and tables (3.2)

and (1.4 ) give the values of (Mo + My) and My respectively.

Nofe:

If the frame has two non-equél spans L] and L2, equations (70),

(71) and (72) become
2
- 2Pe31¢[3 {1/12hL1 + 7/12hL2 + 1/4L1L2 + 1/4L2‘l (74)

Xy =
3h
Xy = - 2Pesly 3 (l 1/12h1, - 1/6hL2} (75)
- 3h .
2
X3M = 2Pe3L B {1/2h + 1/21ng} _ (76)
3L2 ’

where fi is a factor given in equation (45)

The values of XN, X2N and X3N are the same as in equations

(42), (43) and (44).

4. Linear Cable in the First Span Parallel to the Centroidal Axis

In this case the cable profile is equivalent to the superposition

of the two cable profiles shown in Fig. (11). Hence Xjy = the sum of

equations (26) and (49) with an eccentricity e,

X1y = PeyL 4/3h + L ] (77
Zh Z/3hZ + 7/6hL + 17217 .
Xoy = - PeyL 1/6h ki (78)
2h~ | 2/3h* + 7/6hl + 1/2L”'J '
X3y = - Pe, | h® + hL 1 (79

5L | 37302 + 7/6hL + 1/2L%]
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The values of Xjy, Xoy and X3y a -

(30), (31) and (32).
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the same as in equations

The matrix form of the componenté Xy 1is:

XM -y
XZM = - - y .
X3M 1/2

P. e[‘/t (80)

and the one for Xy 1is given in equation (53).

Tables (4.1) and (1.2) give the values of Xy and Xy respectively

for different

ratios y = h/L

The bending moment is calculated from equation (21) and tables

(4.2) and (1.4) give the values of (Mo + My) and (M ) respectively.

1f the frame has two non-

(78) and (79)

XM

XM

equal spans L] and L2 equations an,

become
Pe4ll tg {1/6hL1 + 7/6hLe + 1/2L\Lg + 1/21% (81)
2h -
f
PesyLl 1/6hLy - 1/3hL (82)
S B U ) ,
(83)

Xgy =_Pesli m.hq + hLz}

where |2 is &

2L2

facter given in equation (45).

The values of XiN, X2N and X3y are the same as in equations

(42), (43) and (44).
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5. Linear Cable in the Whole Girder with an Eccentricity es at the

Intermediate Column

The frame is symmetrical as shown and the cable profile is

equivalent to the superposition of the two profiles shown in Fig. (12).

The values of the parasitic reactions are:

Xy =0 (84)
X = 0 (85)
= Ky = twice the value calculated in equation (28) with an eccen-
tricity es - e
= - P.eg/L 4 | | (86)

The values of the components X1y, X2N and X3y are given in
the equations (17), (18.2a) and (19.2) respectively. The final value of

X=XN+XM.

Tables (5.1) and (0.1) give the values of Xy and Xy respectively

for different ratios y = h/L.

The matrix form for the components Xy is: \
‘ A ‘ Xm | = - -y Pes/L (87)
| %3m | | 25

and the one for Xy is given in equation {20}.

The bending moment at any section is calculated from equation
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M= (Mo + My) + My

The value of (Mo + My) is found to be zero for all the values

of the ratio y = h/L. The valué of My is given in table (0.2) and
the final moment M = My. This means that the last cable profile shown
in Fig. (12) produces the same bending moment as the first cable profile
shown in Fig. (5); and the eccentricity e; has no effect on the pre-

stressing,

1f the frame has two non-equal spans Lj; and Ly:

~

Xjy = zero - .. (88)
Xoy = zero (89)

2 2 2 2 . 2
X3y = Peg Blllﬁhm +1/2hLy +1/2hL1Lo+1/4L] Lo+1/4L1L2 + 1/3h 1}
I, +1/3h%Lp
(90)

where ES is a factor given in equation (45).

The values of X;ys Xoy and X3y are the same as in equations

(22), (23) and (24).

Linear Cable in the Whole Girder with an Eccentricity eg at the Two Edge

Columns

The frame is symmetrical and the cable profile is equivalent to

the superposition of the two profiles shown in Fig. (13).

The values of the parasitic reactions are:

Xy = © . (91)

"

] ]
Xom = XM t+ 2Xom
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equation (49) + twice equation (50) with an eccentricity eg

Pegl [ HFLY , (92)
2h 2/3n¢ + 7/6hL + 1/2L*

fl

XM = 2x§M = twice equation (51

=P.eg [ 1/6nL . 1/3n° +1/2L° (93)
L 2/3hZ + 7/6hL + 1/2L2%

The values of the components Xjn, XoN and X3y are given in

equations (17), (18.a) and (19.a) respectively.
The final value of X = Xy + Xy. -

Tables (6.1) and (0.1) give the values of Xy and Xy respectively

for different ratios y = h/L.

The matrix form of the components XM 1is:

Xn - M2y .
\ A \ XZM = - -y P.ep/L (94)
Xay 1/3

and the one for the component Xy is given in equation (20).

The bending moment is calculated from equation (21) and Tables’
(6.2) and (0.2) give the values of (Mo + My) and My respectively. If
the frame is composed of two non-equal spans :

2 2 1
Xy = Uzreg B { (L - 122176 (95)
¢ ., ) 2 1
KoM = ?66 i‘a ‘i_ l/6hhl + 1/311L2 + 1/2hL-,_L2 + 1/2L1 Lo + 1/2L1L2

am——

2 (96)

\ss

o pmme
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2 ‘ 2 2 2
X3M = - Peg B { 1/3h I + 1/3h Ly - 1/3hL1 -1/2 L]?- Ly - 1/2L1L2}
2L, . 97

The values of Xjy, Xpy and X3y are the same as in equations

(22), (23) and (24).

..........................

The frame is symmetrical and the cable profile is equivalent to

the superposition of the two profiles shown in Fig. il&).

The values of the parasitic reactions are:

Xy = - 2Pe7L 1/2h + 1/2L (99)
3h 2/3hZ + 7/6hL + 1/2L72
X3M = 2Pe7h h+1L ' (100)
3L 2/3h% + 7/6hL + 1/2L*

The values of the cdmponents X1noXon and X3y are given respect-

ively in equations (17), (18.a) and (19.a).

Tables (7.1) and (0.1) give the valueé of XM and XN respectively

for different ratios h/L.

The matrix form of the component Xy 1is:

| x| ! - 2/3y |
! A ! i o i - | -uny ! Pe/L (101)
l X3y l + 2/3 ,

given in equation (20).

1=
N

and the one for X
N
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The bending moment is calculated from equation (21) and Tables

(7.2) and (0.2) give the values of (Mo +My) and My respectively.

If the frame has two non-equal spans L] and L2, equations (98),

(99) and (100)become

X1y = - 2/3Peq ;3‘(1.21‘ - 1.'22)' (102)
-1z '
s 2 2 2 2
Xom = - 2Pe; [ (L/12hL; + 1/6hLy + 1/4hLiLy + 1/4L1Ly + 1/4L;Ly)
3h (103)
X3y = 2Pe L [3 (1/2hL; + 1/2bLy + LjLy) (104)

whenﬁ is a factor given in equation (45)

The values of the components X1N»> Xy and X3y  are the same as

in equations (22), (23) and (24) respectively.

Eccentricity eg

The frame is symmetrical and the cable profile is equivalent to

the superposition of the two cable profiles shown in firgure (15).

The values of the parasitic reactions eg are:

Xy = 0 - R (105)

Rom =Pegl{ hayr =7 _(106)
2h 2/3h2 + 7/6hL + 1/2L% ’

Xsm =Peg { n*¥hL T 1 (107)
L l 2/3h% + 7/6hL + 1/2L%) :




50

Cable Profile

7
h
X X
v, L_on o
X3
L L
< = >
e
] / !/ /
Xl + X9 LW Xl- X9
g -~ -
I} /
X3 “ 12)(3 X3
{
+
[—/‘——._j
/ / / /
X2 X1 X1 + X2
—_—%Lﬂ- — 2 -G
/ / /
X3 2%3 1/ \ X3

FI1G.15 Cable in the Girder Paraliel to the

Centroidal Axis with an Eccentricity eg




L’i_h

The values of XiN, X2N and X3N are the same as in equation (17),

(18.a) and (19.3).

Tables (8.1) and (0.1) give the values of XM and XN respectively.

The matrix form for the components XM 1is:

XM -y
| A X2M = - -2 Peg/L (108)
X3u 1

and the one for Xy is given in equation (20).

The bending moment is calculated from equation (21) and table

(8.2) and (0.2) give the values of (Mo + My) and ¥y respectively.

If the frame is composed of two non-equal spans Ll and L2,

equations (105), (106) and (107) become

2.2 '
2h 6 . o
2 2 ' 2 2
XoM = Peg ﬁ,(l/6hL1 + 1/3hLy + 1/2hLiL2 + 1/2L1L2 + 1/2L1L2)
“Zh ‘ (110)
2’ 2.
X3y = - Peg B (1/2h L1 + 1/2h L2 + hL1L2) (111)
12

when B is a factor given in equation (45)

he values of the components Xjn. Xoy and Xqy are the same as

in equations (22), (23) and (24) respectively.
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Middle

In the case the moment Mo &ill be as shown in Fig. (16) and

. the deformations caused by the prestressing are

$10 = 2/3PegLh/EL + PL/AE (112)
' S20 = 4/3PegLh/ET + 2PL/AR - (113)
30 = 5/6PegL’ /ET . (114)

By substituting for these values in equations (3)3, (3}’ and (3)c

and solving them we get

Xy = 0 o (115)
Koy = - PegL | W+ T~ (116)
12h | 2/3h%+ 7/6hL + 1/2L7{ - .
X3y = Peg | Sh? ¥ 8hL + 3L% (117)
6L 2/3h% + 7/6hL + 1/2L%

The values of the components XN, X2N and X3N are the same as

in equations (17), (18.a) and (19.3),

The matrix form for the components Xy 1is:

X1M _ 2/3y
A XoM |=- 4/3y Peg/L (118)
| %o | | - | |

and the one for Xy 1is given in equation (20). Tables (9.1) and (0.1)

give the values of XM and Xy respectively.
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The bending moment is calculated from equation (21) and tables

(9.2) and (0.2) give the values of (Mo +M ) and My respectively.

If the frame is composed of two non-equal spans Lj and L,
equations (115) (116) and (117) become
. 2 2 2 2 .2
X].M = P, €g ﬁiL1L2(1+7h/3(L1+L2)-L1(1/2+h/L1+L2)(L1+L2)-1/6h(L1+L2-L1L2)
3h : (119)

Xay = -P. e9'(L‘1+I.'2)Q'|3%1/2L1+1/3h+hLl)/2(L1+'L2)-L1L2(3/2L1+h)/ (L1+L2)2-L§i.2
3 | (L,+l3/3h)/2(Ll+L2)3} (120)

1

X3M

2 ' ~. 2
P.egla&L1Lz(L1L2+l/3h)/(L1+L2)+hL1(1/3L1+L2)+1/3HZ(L1+L2)+4/3hL1L2
3L, (Ll-Lz)/(L1+L2)?} (121)

wherej%is a factor given in equation (45)

The values of the components X1N, X9N, X3N are the same as in

equations (22), (23) and (24) respectively,

iinear Cable of Triangular Shape in the Whole Girder with an Eccentricity

The bending moment Mo is shown in Fig. (17) and the deformations
caused by the prestressing are

- 3PejghL/4EI + PL/AE (122)

10 =

820 = - PejohL/EI + 2PL/AE ‘ (123)
Z

830 = PeroL /21 (124)

By substituting for these values in equations (32), (3b) and (3c)

and solving them we get

XiM = P.ejgL ) 4/3h + L (125)
4h 2/3h%2 + 7/6hL ¥ /212
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The bending moment is calculated from equation (21) and tables

(9.2) and (0.2) give the values of (Mo + M ) and My respectively.

If the frame is composed of two non-equal spans L} and L2,
equations (115) (116) and (117) become

e 2 2 2 2
le = .P, eg ﬁIL1L2(1+7h/3(L1+L2.)-L1(1/2+h/Ll+L2)(L1+L2)-1/6h(Ll+L22;L1L2)

3R . 4 (119)
XZM = P, eg(Ll‘FLz)Ql%%l/ZLrl‘l/Sh’*‘hLl) /2 (L1+L2) -Lle (3 /2L1+h) /(L1+L2)2;L,%L2
3h (Ly+13/30) /2(L+L,)> } (120)
2 ' ~ 7 2
X3M = P.e9,3&L1L2(L1L2+1/3h)/(L1+Lz)+hL1(1/3L1+L2)+i/3h (L1+L2)+4/3hL1L2

3L, (L]_-Lz)/(L1+L2)?'} (121)

where’5i3 a factor given in equation (45)

The values of the components X1y, X2N, X3N are the same as in

equations (22), (23) and (24) respectively.

Linear Cable of Triangular Shape in the Whole Girder with an Eccentricity

The bénding moment Mo is shown in Fig. (17) and the deformations

caused by the prestressing are

810 = - 3PeighL/4ET + PL/AE (122)
820 = - PejghL/EL + 2PL/AE . (123)

2 :
530 = PelgL /2E1 (124)

By substituting for these values in equations (3a), (3b).and (3c¢)

and solving them we get

XM = P.eigl } 4/3h + L 1 (125)
“Zh Z/30Z + T76hL +1/2Lz§
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Xgy = Poegol | 1/3h + 1/2L ] (126)
Zh 2/3h7 + 7/6hL + 1/2L7

Xam =Pelo | W% ¥ hL } (2n).
L 2/3hT + 7/6hL + 1/2L7 ‘

and the values of the components X1N, X2N and X3N are the same as in

equations (17), (18.a) and (19.a).

The matrix form for the components Xy 1is:

l A I M | =- -y Pe1o/L (128)
X3M : + 1/2

and the one for Xy is given in equation (20).- Tables (10.1) and {0.1)

give the values of Xy and Xy respectively.

The bending moment is calculated from eqﬁation (21) and tables

(10.2) and (0.2) give the values of (Mo + MM) and My respectively.

Note:

Comparing the two tables (10.2) and‘(2.2 ) giving the values of
(Mo + My) we notice that they are identical. Tﬁis means that the cable
of triangular-shape with an eccentricity at the edge column give the
same value of (Mo + My)whether this cable is in the first span only or

in the whole girder.

1f the frame has two non-equal spans L; and Ly equations (125),
126) and (127) become

. Q . q- q- .
XiM = Pelg B (1/3hL] + hLjlo 4+ 1/2L1 L2 + 1/2LjL2 ) (129)
4h
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2
Xom = Peqg B (1/3hLI + 1/21.’;. L?.)

(130)
4h

2 K
X3y = -Pe1p R \1/3h(L1+2L2)-1/3h(L1-L2-3L1L2)-1/2L1L2(L1-L2)]
ZLZ (1-h/L1+L2)
(131)
where |3 is a factor given in equation (45)

The values of the components X]N, X2N and X2N are the same as

in equations (22), (23) and (24) respectively.

....................................................

1la. Linear Cable of Triangular Shape in the Edge Column with an Eccentricity

........

The bending moment Mo and the thrust No are shown in Fig. (19).

The deformation caused by the prestressing are
éﬁo = - Pe11h2/3EI ' ' (132)
JZO
530

2
- PE11h /3EI (133)

1}

Ph/AE 134)

The values of the reaction components XM are:

le = 1/3?611 2/3h + 1/2L _ (135)
273h% + 7/6hL + 1/2L%
Xoy = 1/3Pey; | 2/3h + 3/4L ‘l (136)
2/3h% + 7/6hL + 1/2L2 |
X3 = Pejzh ( 3/2n +3/2L 1 @37
3L 2/3n% + 7/6hL + 1/2L% 3

and the values of the components Xy are
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Xoy = - 3Pi°| h+ L

2L | 273hZ ¥ 7/6hL + 1/2L%
Xqy = - Pi*h { h%+ 4hL + 312

L3 { 27307 + T/6HL ¥ 1/21.1]

The matrix form for XM is

XiM - 1/3y
A l XzM S - - 1/3}'0' P, eu/L

and the one for Xy

XiN 0
’ L
A XN = . 0 P/(L/i)
X3N : y

Tables (11.1) and (11-2) give the values of Xy and Xy

respectively.

58

(139)

(140)

(141)

" (142)

The bending moment is calculated from equation (21) and tables

(11.3) and (11.4) give the values of (Mo + My) and My respectively.

1f the frame has two non-equal spans Lj and Ly, equations (135),

(136) and (137) become

>4
’—l
=
i

= 1/3Pe;; [ (L/3hLy + 1/3hLy + 3/4111Lp)

>
)
=
I

4
(&)
=4

|

= Peyih ?) (hL, + 1/2hLog + 3/2Ls1Lp)
3L,

The values of the components Xy are

_ 2
= 1/3Pey; [® (1/3hLy + 1/3hly + 1/41Lp + 1/4Lp )

(143)

(144)

(145)
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2
XIn = - Pi h B (11 - L2) (146)
2Ly
Xon = - Pi* g (1/2hL1 + Bl + 3/211L2) (147)
iy
X3N = - Fih B (h? + 2hLy + 3L1L2 + 2hL2) (148)
L2

where[?) is a factor given in equation (45)

These values computed, the bending moment is then calculated

from equation (21).

Parabolic Cable in the Edge Column with an Eccentricity e at the Middle

The deformations at the supports caused by the applied momént Mo

are:
$10 = P. en /3E1 ' ' (149)
$20 = Peh’/3EI | (150)
§30 = Ph/AE | | C (151)

These deformations are identical to the deformations computed in case (11,a).
Therefore, the prestressing values are the same except that the value of Mo
in equation (21) giving the prestressing moment is different. Tables (11.5)

and (11.Zzive the values of Xy and Xy respectively while tables (11.6)

and (11.4) give the values of My and My.

C T N ) i g - ~
Anchorage at a Distance A h from the support (Fig. 19}

The deformations at the supports caused by the applied moment are:

510=(1_?o(1/3+1/élapeh27E1 ' (152)
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S20 = (1)) (1/3+1/6\) Peh /e (153)
530 = Ph(1-A)/AE - - (154)
The values of the components Xy are
Xqy =~(1-1/2A-1/2X) Pe | 2/3n + 1/2L (155)
3 | 2Z/3RZ + 7/6hL + 1/2L%*
. 3 | 2/3h% + 7/6nL + 1/2L2
Xgy =-(1-1/2 1/2)) Peh | 1/2h + 1/9L (157)
3L | 2/3n%+ 7/6nL + 1/2L%
and the values of the components Xy are
X]_N =0 . : . (158)
A ST :
Xon = -3Pi (1-1)/2L { h+1L a }
7/3RZ + 7/6hL + 1/2L% (159)
X3y = -Pih(1-D /1 { b+ 4hL + 317 ] (160)
- 2/3n% + 7/6nL + 1/2L7% .

The matrix form of the component Xy is
2
X1 13Q1 - 12 - 1/2X)
? .
l A ‘ o _ U asa - 12h- 12N P.e/L  (161)
X3 \ '
and the one of Xy is

0

Xy 0
X!
iA | Koy | = - 0 p/(L/4) (162)
X3N y(1-Q

Tables (11.7) and (11.9) give the values of Xy and Xy respectively.
The bending moment is calculated from equation (21) and tables (11,.8) and
(11.10)give the values of Mo + My and My respectively.

 1f the frame has two non-equal spans L1 and L, cquations (155),

(156)and (157)become .

- 1 2
%y =-(1-1/2A1/2X)pe B (1/3hLq+1 /301y HL /6L Ly+1 /6Tg ) (163)



XM =—(1-1/?l.1/2.)3 )Pe r& (1/3hL1+1/3hL2+3/4L1L2)
3

Xy =-(1-1/2\-1/2 1)Peh () (hL1+1/2hL243/21112)
3L2

and the values of the components Xy are

L2 .
X1y = - Pi W(1-X) P (L1-12)
2tz
%oy = - Pit(LA) @ (L/26L1+1/2012+3/21112)
LZ
X3y = - plh(l ) ﬁ5 (b 4+2hL)+2hL2+3L1 L2)

L2

...........................................
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(164)

(165)

(166)

(167)

(168)

12. Linear Cable of Trlangular Shape in the Intermediate Column with an

The moment Mo and the thrust No are shown in Fig. ( 20)

The deformations caused by the prestressing are
510 = Pepoh /3EI

S20 =0

330 =-2Ph/AE

The values of the reaction components Xy are

XM = - 1/3Pe12 1 4/3h+L R
Z/3n% + 7/6hL + 1/2L7
{
Xoy = 1/3Pe‘2} 2/3h + 1/2L ’}
| 27307 + 7/6hL + 1/2L%
A3y = O

and the values of the components Xy are

X1y = 0

(169)
(170)

(171)

(172)

(173)

(174)

" (175)
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. .1
Xy =3Pi | h+ 1L 1 (176)
L 2/302 + T/60L + 1/2L7 |
Xgy = 27ith | h2+ 4nL + 312 (177)
L3 | 2/307 + 7/6hL + 1/2L7

The matrix form for Xy is

X /3yt
A Xoq |=- 0 P.e12/L (178)
X3y 0

and the one for Xy

- XIN 0
\ A \ X228 |= - 0 P/(L/ii2 (179)
13N 0

Tables (12.1) and (12.2). give the values of Xy and Xy -respect-

ively.

The bending moment is calculated from equation (21) and tables

(12.3) and (12.4) give the values of (Mo + MM) and (My) respectively.

If the frame has two non-equal spans L] and L2 equations

(172), (173) and (174) become

2 2
XiM = -1/3P.e12 & (2/3hL1+2/3hLo+1/4L1+1/4L2+1/2L1L2) (180)
2
XoM = 1/3Pe12 B (1/3hL1+1/3hLo+1/4L1+1/4L1L2) (181)
L 2
X3M = -P.el2h ﬁs (1/6hL1l2- 1/6hL2) - (182)

3L2%

The values of the components Xy are
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“ -
Pi h P (L1- L2) (183)
Ly

'P'i" [5 (hLi + 2hL2 + 3L1L2) T (184)
2

XIN

[}

XON

X3N

... 1. 2
2Pi h P (h + 2hLi + 2hL2 + 3L1L2) (185)
L2

where is a factor given in equation {45}

..............................................

Other Shapes Developed from the Superp051t10n of leferent Cable Profiles

(a) The profile shown in Fig. (21a) is derived from the super-
position of the two latter cases (8) and (10). The values of the

components Xy are:

Xyy = Pegol/éh {'4/311' ¥L ’i (186)
2/30hZ + 7/6hL + 1/2L%
XoM = PL/2h &h(eg + 1/6e10) + L(eg + 1/4e10) (187)
2/3h¢ + 7/6hL + 1/2L2
X3M =-P.h/L  (h + L)(eg + 1/2e10) (188)

2/3h2 + 7/6hL + 1/21%)
and the values of Xjy, Xpy and X3y are the same as in equations (17),
(18.a) and (19.a) for the use of the tables, the component Xy 1is
computed by adding the values in table (8;15 to the one in table (10.1).

The values of Xy are always computed from table 0.l.

The moment (Mo + My) is computed by adding the value in table
(8.2) to the ones inm table (10.2). The values for My are given in

table (0.2Z).
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(b) The case presented in Fig. (21) is equivalent to the super-
position of the two previous cases (8) and (10) but with a negative sign

for the Prestressing values in case (10).

(c) The cable profile shown in Fig. (21) is developed from the

superposition of the previous cases (8), (9) and (10).

The values of the components Xy are:

XIM = PejoL/4h i4/3h +1L ? (189)
2/3n% + 776nL + 1/2L%
Xom = PL/2h h(eg + 1/6e;, - 1/6eq)+L(eg + 1/4eyq - 1/6e9)?
L 2/302 + 7]6hL ¥ 17202 J
(190)
..... 2.
X3y =

2/3h% + 7/6hL ¥ 1/2LZ
. (191)

- P/L {.hQ(eg + 1/2e19 - 5/6e9)+ﬁL(e3 + 1/2e19 - 4/3e9)-1/2Le }

To get the prestressing values for the cable profile shown in
d
Fig. (21) we put ejQ9 = 0 1in the previous equations. Fig. (21e) present

the profile developed when the eccentriciﬁy el0 1is of negative value,

The values of X1N,.X2N and X3§ are the same as in equations
(17), (18.a) and (19.a). For the use of the tables, apply the super-
position for the prestressing values corresponding to each case as

explained before,

(d) The profile shown in Fig. (21) is developed from the super-

position of the profiles in cases (7 ) and (8).
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The values of Xy are
Xy =0 _ : (192)
Xoy = - PL/h { h(1/3e7 - 1/2eg)¢L(1/3e7 - 1/2eg) } (193)
Z/30T + 7/6hL + I72LT
X3M = P/L ‘ h%(2/3e7 - eg)+hL(2/3e7 - eg) (194)
| 27357 F 7/68L + 17217

(e) The cable profile shown in Fig. (21)gis developed from the

superposition of the profiles in cases (3) and (5).

The analysis of the profile in case (5) showed that the momené
caused by prestressing was equal to My 'since the value of (Mo + My) = 0.
This means that the eccentricity e5 is of no value and the superposition .
is equivalent to a curved cable in the first span (case 3) and a straight-

cable coinciding with the centroidal axis (effect of ‘thrust).

-
-

FIG. 21.g Superposition of Different Cable Profiles
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CHAPTER 1IV
CONCLUSIONS
The influence of prestressing by means of cables with different

profiles located in beams and columns has been analysed in the previous

chapters. The main conclusiohs developed by this analysis are:

1. Effect of Axial Deformations Caused by the Thrust on Prestressing

Values.

The effect of the axial deformations related to the thrust caused
by the prestressing cannot be neglected in frames having a small height h
compared to the span L. £n practical cases it is advisable to conéider
the effect of the thrust when analysing the influence of prestressing on

a two-bay frame having a ratio h/L equal or less than 1/2., 1t is

meant by practical cases when the ratio L/i varies between 60 and 240 -

_and when the eccentricity of the cable e is equal or bigger than the

radius of gyration i of the member. If for any reason the eccentricity
is chosen such as the ratio e/i 1is very small or close to zero, the
secondary moment in the frame resulting from prestressing will be caused

mainly by the axial Jdeformations related to the thrust,

2. Relation Between the'Linevbf Thrust and a Linear Cable in the Girtdex.

Two -cable profiles having the same end anchorage points and
differing from each other only with regard to the positions of their

respective points of intersection with the verticals through the
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intermediate column will broduce the same bending momeﬁt in the frame,
This means that the eccentricity of the line of thrust at the intermediate
column is independent of the eccentricity e of the cable at that gection
and depends only on the eccentricity of the cable ovér the end columns.
This is similar to the property of a linear cable in a continuous beam,
however, it is to note that fhe line of thrust in the girder of &
continuous frame is nof coinciding with the centroidal axis as it is the
case in a continuous beam because of.the secondary moment caused by the

axial deformations related to the thust.

...............

3. Improvement of Stress Conditions for External Loads by Means of

?rééfressingf
a. Distributed load on the girder:
The most desirable stress condition for an external distributed
load on the girder is obtained by prestressing with a continuous parabolic
cable in both spans having an eccentricity e at the middlé of each span

Fig. 14,

The bending moment is calculated by the same method of virtual

work used previously in analysing the prestressing influence on the frame.

The value of the prestressing moment at different cross sections

ic composed of the two components Mo + MyM and My. These values are:

........

Mp = - 2 PejoC (1/2y + 1/2) + P o L(2y + 2) (195)
3 y(L/1)?
Mgy = - 2 Pejec (g4 32 +1/2) -2 oLy +1)  (196)
3 y(L/1)2 :
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Moo =0 (197)

Me3 = Mg = (198)

Mo =My ' | (199)
e ,

23yZ + 7/6y + 12 (200)

The ratio My/(Mo + My) = (i/L)(i/e)Py : (201)

In practical cases when h/L varies between 0.1 and 3.0, $y varies
consequently between 60 and 0,14, Assuming an average vaiue L/i = 100

The ratio My/(Mo + My) varies between:

6.0 and 0.014. when e = 1/10
0.6 and 0.0014 when e = 1
0.222 and 0.00052 when e = 0,45d = 2,741

for h/L = 0.5, L/i = 100 and i = e

My/ (Mo + My)

~.

0.12 at sections b and e

0.03 at sections c¢1 and c3
therefore My/M varies between 0.10 and 0.026.

where M = Mo + My + My

From the previous analysis we find that the value of the component
MN cannot be neglected in practical conditions for short frames having a

ratio h/L equal or less than 0.5,

If the moment caused by the prestressing is equal to (1y) fe
and the moment caused by the external load is equal to (@2y) wLQ/S the
ideal prestressing wiil happen when P.e = k wL /8 where k 1is the ratio
Gﬁby}é#ﬁy). The value of P.e has to-change from a section to another

according to the corresponding change in the value of k. These values

of k are given in table (19) while Fig. 22a shows an example of
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a. Distributed load on the girder .
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b. Distributed load on the first span
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c. Lateral concentrated load at the top of the edge column

FIG. 22 Change in the Prestressing Force P

for Different Case of Loading
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the vaéiation in the value of. P through the prestressed member for the
ideal condition of prestressing resuit, i.e. for the case when thg moment
caused by the prestressing is identical to the moment caused by the
external force but of opposite sign. In most cases the variation in

ﬁhe value of k for different cross-sections is small and the technical
complications resuiting from varying the value of P through the member
can be avoided by using an average value of k for all the sections.
Fig. (23.2a) shows the discrepancies between the moment caused by pre-
stressing (dotted line) and the moment caused by an exﬁernal distributed
load on the girder (full line) for a short frame having the ratios

h/L = 0.1, L/i = 100 and by a;suming that e = i, while Fig. (23.b)

shows these discrepancies for a frame with h/L = 3.0, L/i = 100 and by
assuming that e = i, The adjustment between the prestressing moment and
the external moment can also be done by changing the value of the eccentri-
city e at the middle. It is to note that the value of the eccentricity
cannot be changed from a secction ﬁo another since the whole analysis was

done for a specified cable profile, parabolic in this case,

b, Distributed load on one span,
The value of the external moment in this case is given in table
(13). The wmost desirable stress condition is obtained by prestressing
with a parabolic cable‘in the loaded span Fig. (10).  The ideal case of
prestregsing can be obtained when the valuc of Pe is equal to k wL2/8.

Table (20) give these values of k for different section and Fig. (22.b)

\
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shows the variation in the value of P corresponding to the change in
the value of k whilg Fig. 24.a and 24.b show the discrepancies
between the prestressing moment (dotted line) and the external moment
(full line) for a frame haviﬁg a ratio h/L = 0.1 and 0.3 respectively,

Assuming an average value for k and taking L/i = 100 and i = e.

c. Lateral distributed load acting on the edge column,

The bending moment caused by this loading case is computed in
table (15). To select the cable profile that gives the most desirable
stress condition, we draw the moment diagram for the main system (i.e.
the statically determinate systém) caused by the external load,

A cable having the same profile as this moment diagram will produce a

final moment due to prestressing similar in shape t§ the moment caused

by the external load, this profile is shown in Fig. (25) and the prestress-
ing reactions and moments can be calculated‘by using the principle of
superposition. Table (15) gives the values of this prestressing moment

for different values h/L. The ideal results of prestressing are obtained

2 :
when Pe = k wL /8 where k is defined in case (a).

Fig. (22? shows an example of the variation of P through the
prestressed member corresponding to the change in the value of k from
a section to another while Fig. (28f and (28)bshows the discrepancies
between the prestressed moment (dotted line) and the external moment
(full line) when h/L = 0.1 and 3.0 respectively, assuming L/i = 100,

i = e and using an average value of k,
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>.d. Concentrated load acting on the first span at a distance AL
from tﬂe edge column.

The bending moment caused-l_)y the loading case is computed 1n
tables (17) .and (17)a for 1= 0.2 and 0.6 respectively. Using the same
method described in case (c¢) for tracing the prestressed cable, we find
that the cable profile shown in Fig. (26) gives the most desirable stress
condition for this'case of loading. Tables (24? and (24)b give the values
of the prestressing moment for5{==0.2 and 0.6 respectively. The ideal
case of prestressing is obtained when P = k wL/4 where W is the
concentrated external load. Fig. 9) and (29 show the discrepancies
between the prestressing moment (dotted line) and the externél moment
(full line) when h/L = 0.1 and 0.3 respectively, assuming L/i = 100,

i = e and using an average value of k.

e. Lateral concentrated load acting on the edge column at a
distance Ah from the support.
The bending moment related to this case of loading is computed in
tables (16) and (16? for A=0.4 and 1.0 respectively. The cable profile

giving the most desirable stress condition is shown in Fig. 2n.

The prestressing reactions and moments are calculated using the
- method of superposition and tables (23) and (23f give the values of the
. . e Y 1 ivel i ( a b
prestressing moment for = 04 and 1.0 respectively. Fig. (30)7and (30)
show the discrepaincies between the prestressing woment (dotted line) and
1)

the external moment (full line) when H/L = 0.1 and 0.3 respectively

assuming L/i = 100, e = i and using an average value of k.
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f. Variation of temperature

The deformations occurring in the frame due to a rise in the
temperature produce a bending moment which values are given in table (18).
The most desirable stress condition is obtained by prestressing with a
cable coinciding with the centroidal axis of the girder. The values °
of the prestressing moment are given in table (02). The ideal case of
prestressing is obtained when Pe = katL where k 1is a factor defined

in case (a).

In the previous cases of loading the value of the factor k was
varying through the prestressed member. However, in the temperature case,

this value of k is constant and equal to 1.

The change in the value of k for the previous cases of loading
was related to the fact that the component M is considered in the case
of the'prestressing moment while this component is negiected in the case
of the external moment. Fig. (1) shows the prestressing moment diagram

coinciding with the external moment diagram when the value of k =1.

4, .Simplified Design Procedure for a Two-Bay Prestressed Frame with Pined

a. The bending moment diagram caused by the external loading case
is drawn for the main system i.e. for the statically determined system

developed by changing the supports conditions,

b. The cable profile is traced in a manner to have the same shape

as the external moment diagram in the main system.
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¢. The ratio between the height and the span of the frame is

calculated and the slenderness ratio L/i is assumed.

d. The bending moment caused by the external load is calculated
by using the practical tables developed in this work or by using the
vertical work or any suitable method, this moment will be the form q;wazls

Wisf“Te o 0o va —aac

A T I
$3 T /1. ar ([BZ‘I,.M,

e. The prestressing moment.is computed either directly from the
iables or by super-imposing the values in one table on the values in other
tables, If the frame has a ratio h/L' not given in the tables, the
analytical equations of the moment calculated in Chapter III will be used.
1f the frame has two non-equai’sPans L] and Ly, the analytical equations
giving the parasitic reactions for a frame with two non-equal spans and
developed in Chapter III will be used, then the prestressing moment is

calculated from equation 21 in the same chapter.

f. The prestressing value P.e is selected to equal kML where
k is defined in case 3.a of Chapter III. This adjustment in the value of

P.e 1is done by changing either the value of P or the value of e.

In practical cases of prestressing with a cable having a maximum
eccentricity e, the value of e has to be equal or bigger than the value
of i 1in order to keep the value of the thrust component My as low as

possible.
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The prestressing force and the maximum eccentricity of the

gl

cable being determined, the frame is then designed in the same manner

as in the case of statically determined prestressed structures, i.e. to

be designed for the most critical stress conditions.
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TABLE 0-1

PARASITIC
A

REACTIONS CAUSED BY THE PRESTRESSING OF
LINEAR CABLE COINCIDING WITH THE
CENTROIDAL AXIS OF TAE GIRDER.

Y XN X 2N X3N
0.10 =05 00031 =352:94140 -52.94125
0.15 0.00000 -148.14810 -33,33334
0.20 0.00001 -78.94740 -23.68422
0.25 -0.00007 -48.,00000 -18.00002
0.30 -0.00001 -31.74608 -14.28574
0.40 -0.00002 -16.30434 -9,78261
0.50 00000 " =9.600007 T T T=7.200000
1 0400 ~0. 00000 -6.17284 5455555
0.70 0.00000 -4.,22238 -4.43350
} 0.80 0.00000 -3.02420 -3.62904
i 0.90 -0.00000 -2.24467 -3.03031
| 1.00 -0.00000 -1.71428 ~2.57143
i .25 =0.00000° - 0096000 -1.80000
! 1.50 -0.00000 -0.59259 -1.33333
{ 1.75 -0.00000 -0.3918% -1.02857
¢ 2.00 -0.00000 -0.27273 -0.81818
: 2.25 -0.00000 -0.19753 ~9.66667
{ 2.50 -0.00000 -0.14769 -0.55385
; 3200 =0% 60000 ~0.08889 —— 20540000
3 3,50 -0. 00000 -0.05762 ~0.30252
i 4,00 -0.00000 -0.03947 -0.23684
i 5.00 -0.00000 -0.02087 -0.15652
2
MULTIPLICATOR = P/(L/1)
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TABLE

1-1

PARASITIC REACTIONS CAUSED BY THE PRESTRESSING OF A LINEAR

CABLE TN TiHE FIRST SPAN WITA AN ECCENTRICITY ey AT
THE INTuIMEDIAT= COLUMN,

THE EFFECT OF AXIAL

DEFOKMATIONS BEING NEGLECTED.
Y X1M YoM X3m
- 0.10 4,54545 -2.27272 -0.50000
0.20 2.08333 -1.04167 -3.50000
0.25 1.60000 -0.80000 -0.50000
0.30 1.28205 -0.64102 -0.50000
0.40 0.83286 =0.44643 7 T-0.50000
0.50 0.66667 -0.33333 -0.50000
0.60 0.52083 -0.26042 -3.50000
0.70 0.42017 -0.21008 ~0.50000
0.80 0.34722 -0.17361 -0.50000
0.90 0.29240 -0.14620 -0.50000
1.00 ~0.25000 =D 125007 7 =0.50000
1.25 0.17778 -0.08889 -0.50000
1.50 0.13333 -0.06667 -0.50000
1.75 0.10390 -0.05195 -3.50000
2.00 0.03333 -0.04167 -0.50000
2.25 0.06838 -0.03419 -0.50000
2.50 0.0571% =0.02857 T ~-0.50000
3.00 0.04167 -0.02083 -J.50000
3.50 0.03175 -0.01587 -0.50000
4.00 0.02500 -0.01250 -0.50000
5.00 0.01667 ~-0.00833 -0.50000

MULTIPLICATOR

S
rl

= Pejy




TABLE 1-¢

i = e

PARASITIC REACTIONS CAUSED BY THE PRESTRESSING of
A LINEAR casLE IN THE FIRST SPAN cOINCIDING
wITH THE CENTROIDAL AXISe

o

Y X1N XoN X3N .

e

0.10 —90?@6626“"“"=YJTTUI6xc“‘”“‘”’“iz57£7U63

0.15 -38.64T48 -54.75037 -16.66667

0420 -70.83336 -29.05702 -11.84211

0.25 -12.80003 -17.60002 -9.00001

0.30 _8.54702 -11.59953 -7.14287

0.40 -4.46430 -5.92003 -4.89131
”“”‘”’““"“‘*6736“‘—"—““":2763667““"“‘““23746667—”“""‘”“““:3:60000

0.560 ~1.73611 -2.21836 -2.77718

0.70 ~1.20048 -1.51095 -2.21675

0.40 -0.86806 -1.07807 -1.81452

0.90 -0.64977 -0.79745 -1.51515

1.00 -0.50000 -0.60714 ~1.285T1
“"”““““""”“'TTZ§“"““‘”fﬁ?ééﬁiﬁ"“"’”'*20233778‘“’“‘““””"10:90006*“‘“"

1.50 -0.17778 -0.20741 -0.66667

1.75 ~0.11874 -0.13655 -0.51429

2.00 -0.08333 -0.09470 -0.40909

2.25 ~0.06078 -0.06838 -0.33333

2.50 -0.045T71 -0.05099 . -0.27692
“’*“‘f“‘“""3766"“’—““‘:6762778""“—*“*‘;0.03056""“""-0.20000"”"

3.50 ~0.01814 -0.01974 -0.15126

4.00 -0.01250 ~0.01349 -0.11842

5.00 ~0.0066T -0.00710 -0.07826

MULTIPLICATOR = p/uJif'

//,/,///

P}
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TABLE 2-1

PARASITIC REACIIOJNS CAUSED BY THE PRESTRESSINS OF A LINEAR
CABLE IN TiiE FIRST SPAN WIT4 AN ECCENTRICITY ey AT
THE EDGE COLUMN, THE EFFECT CF AXIAL

DEFORMATIONS BEIN3 NESLECTED. .
Y XM XM XM
0.10 4.54546 2.13905 0.41177
0.15 2.89855 '1.32851 0.37500
0.20 2.08333 0.93202 0.34211
0425 1.60000 0.70000 0.31250
0.30 1.28205 0.54945 0.28572
0.40 0.89286 00368797 T T0.23913 -
0.50 0.66667 0.26667 0.20000
0.60 0.52083 0.20255 0.16667
0.70 0.42017 0.15937 0.13793
0.30 0.34722 0.12831 0.11290
0.90 0.24%240 0.10633 0.09091
1.00 0.25000 0408929 7T T T 0007143 T T
1.25 , 0.17778 0.06111 0.03125
1.50 , 0.13333 0.04444 0.00000
1.75 0.10390 0.03377 -0.02500
2.00 0.08333 0.02652 . -0.04545
2.25 0.06838 0.02137 -0.06250
2.50 0.05714% T 00175877 T T T U=0L07692 T T T —
3.00 0.04167 0.01250 -0.10000
3.50 0.03175 0.00934% -2.11765
4,00 0.02500 0.0072% -0.13158
5.00 0.01667 0.00471 -0.15217

MULTIPLICATOR = Pey/L
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TABLE 2-3

PARASITIC REACTIONS CAUSED BY THE PRESTRESSING OF A LINEAR

CABLE IN THE FIRST SPAN WITH AN ECCENTRICITYe, AT
A DISTANCE ALL FROM THE EDGE COLUMN, THE EFFECT
UF AXIAL DEFGCRMATIONS BEING NEGLECTED.

Y X1M X 2M X3M
0.10 -4,54545 -1.25669 -0.22941
0.15 -2.89855 -0.77295 -0.20000
0.20 -2.08333 -0.53728 -0.17369
0.25 -1.6C000 . -0.40000 -0.15000
0.30 -1.28205 -0.31136 -0.12857

"0.40 ~0.89286 -0,20575 -0.09131
0.50 -0.66667 ~0.14667 -0.06000
0.60 -0.52083 -0.10995 -0.03333 .
0.70 -0.42017 -0.08548 -0.01035
0.90 -0.29240 -0.05582 0.02727
1.00 -0.25000 -0.04643 0.04286
l.25 -0.17778 -0.03111 0.07500
1.75 -0.10390 -0.01662 0.12000
2.00 -0.08333 -0.01288 0.13636
225 -0.06838 -0.01026 0.15000
2.50 ~0.057T14 =0.00835 0.1615%
3.00 -0.04167 ~-0.00583 0.18000
3.50 ~0.03175 -0.00430 0.19412
4.00 -0.02500- -0.00329 0.20526
5.00 -0.01667 -0.00210 0.22174

MULTIPLICATOR = Pe,/L

(A =0.20)
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TABLE 2-3.a

PARASITIC REACTIONS CAUSED BY THE PRESTRESSING OF A LINEAR
CABLE IN THE FIRST SPAN WITH AN ECCENTRICITY ea AT
A DISTANCE AL FROM THE EDGE COLUMN, THE EFFECT
UF AXIAL DEFCRMATIONS BEING NEGLECTED.

Y XM X2 . X3
0.10 -4.54545 ' 0.50301 0.13529
0.15 -2.89855 0.33816 0.15000
0.20 -2.08333 0.25219 0.16316
0.25 ~1.60000 0.20000 0.17500
0.30 ~1.28205 0.16483 0.18571
0.40 -0.89286 0.12034% 0.20435
0.50 ~0.66667 0.09333 0.22000
0.60 -0.52083 0.07523 0.23333
0.70 ' -0.42017 0.06230 0.24483
0.80 -0.34722 0.05264 0.25484
0.90 -0.29240 0.04519 0.26364
1.00 -0.25C00 T 70.03929 0.27143
1.25 -0.17778 0.02889 0.28750
1.75 -0.10390 . 0.01766 0.31000
2.00 ) -0.08333 0.01439 : 0.31818
2.25 -0.06838 0.01197 0.32500
"2.50 -0.05714 " T o.01011 0.33077
3.00 -0.04167 0.00750 0.34000
3.50 -0.03175. 0.00579 0.34706
4,00 -0.02500 0.00461 0.35263
5.00 -0.01667 0.00312 0.36087

MULTIPLICATOR = Pe,/L
(A =0.60)
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TABLE 3-1
| PARASITIC REACTIONS CAUSED BY THE PRESTRESSING OF A
: PARABOLIC CABLE IN THE FIRST SPAN WITH AN
; ECCENTRICITY e3 AT THE MIDDLE,THE EFFECT
| OF AAIAL DEFURMATIONS BEING NEGLECTED. .
Y X1M XM X3M
0.10 ~-6.06060 0.08912 0.05882
0.15 -3.86474 - 0.08051 0.08333
0.20 -2.77778 0.07310 0.10526
0.25 -2.13334 0.06667 0.12500
0.30 -1.70940 0.06105 0.14286
0.40 -1.T90%8 0.05176 0.17391T
0.50 -0.88889 0. 04444 0.20000
0.60 ~-0.69444 0.03858 0.22222
0.70 -0.56022 0.03381 0.24138
0.30 ~0.46296 0.02987 0.25806
0.90 -0.38986 0.02658 0.27273
1.00 =0.33333 7 T TTTT0V02381 T 770428571 —
1.25 -0.23704 0.01852 0.31250
1.50 -0.17778 '0.01481 0.33333
1.75 -0.13853 0.01212 0.35000
2.00 -0.11111 0.01010 025364
2.25 -0.09117 0.00855 0.37500
2250 -0.07619 0.00733" 7 TTTTTT0.38462 T
3.00 -0.05556 0.00556 0.40000
3.50 -0.04233 0.00436 0.41176
4.00 -0.03333 0.00351 0.42105
-0.02222 0.00242 0.43478

5.00

MULTIPLICATOR = Pe3/L
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TABLE

4-1

PARASITIC REACTIDNS CAUSED BY THE PRESTRESSING OF A LINEAR

CABLE IN THE

WITH AN ECCENTRICITY e4 »
DEFORMATIONS BET

FIRST SPAN PARALLEL TO THE CENTROIDAL AXIS

THE EFFECT OF AXIAL
NG MEGLECTED.

Xom X3m

0.10 9.09091 -0.13368 -0.08823
0.15 5.79710 -0.12077 =J.12500
0.20 4.16667 -0.10965 -0.15789
0.25 3.20000 -0.10000 -0.18750
0.30 256410 -0.09157 -0.21428
0.40 1.78571 -0.07764 T =23.286087T
0.50 1.33333 -0.06667 -0.30000
0.60 1.04167 -0.05787 -0.33333
0.70 0.84034 -0.05071 -0.36207
0.80 0.69444 -0.04480 -0.38710
0.90 0.58480 -0.03987 -0.40909
1.00 0.50000 T =0.03571 T T T -0.4285T o
l.25 0.35556 -0.G2778 -0.46875
1.50 0.26667 -0.02222 -3.50000
1.75 0.20779 ~0.01318 ~J.52500
2.00 0.16667 -0.01515 -0494545
2425 0.13675 -0.01282 -0.56250
2450 0.11429 TT=0.01099 T T T =0L,57892
3.00 0.08333 -0.003833 -0.60000
3.50 0.06349 -0.00654 ~-0.61765
4.00 0.05000 -0.00526 -0.63158
5.00 0.03333 -0.00362 -0.65217
MULTIPLICATOR = Pey/y,
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TABLE 5-1 )

PARASITIC KEACTIONS CAUSED BY THE PRESTRESSING OF A LINEAR
CABLE IN THE WHOLE GIRDER WITu AN ECCENTRICITY eg AT
THE INTERMLDIATE CULUMN, THE EFFECT OF AXIAL
DEFORMATIONS. BEING NEGLECTED.

Y X1M X 2M X3M
0.10 0.00000 0.00000 -1.00000
0.15 0. 00000 - 0.00000 -1.00000
0.20 0.00000 0.00000 -1.00000
0.25 0.00000 0.00000 -1.00000
0.30 0.00000 0.00000 -1.00000
0.40 0. 00000 TTTTTOU000007 T =1500000
0.50 0. 00000 0.00000 -1.00000
0.60 0.00000 0.00000 -1.00000 -
0.70 0.00000 0.00000 -1.00000
0.80 0.00000 0.00000 ~1.00000
0.90 0.00000 0.00000 -+1.00000
I.00 0. 06000 "~ 77T 0.000007 T 7T=1.00000
1.25 0.00000 0.00000 -1.20000
1.50 0.00000 0.00000 ~1.00000
1.75 0.00000 0.00000 -1.00000
2.00 0.00000 0.00000 -1.00000 -
2.25 0.00000 0.00000 -1.00000
2.50 0200000 7070000077 E17000000
3.00 0.00000 0.00000 -1.00000
3.50 0.00000 0.00000 -1.00000
4.00 0.00000 0.00000 -1.00000
5.00 0.00000 0.00000 ~1.00000

MULTIPLICATOR = Pes/L




108

00000°0~
00000°0~-
00000°0-

00000°0~
00000°0~
00000°0-
00000°G~-
00000°0-

00000°0—__

00000°0~-
00000°0-
0000G°0~-
00000°0-

. 00000°0~-

.000N0°0-.

00000°0-
00000°0~-
0000070~
00000° 0~
00000°0~

00000°0-

00000°0-

N

AvIXvY 40 123443 3JHL

00000°0
00000°0

.C0000°0 .

00000°0
©C000°0
00000°0
noooo*o
00000°0

.(C000°0

¢0000°0
60000°0
00000°0
¢0000°0
¢0000°0
coooc*o
00000°0
€0000°0
€c0006°0
Go000°0
60000°0

. 00000°0

CC000°0
WEDy

Sag = WOLYIIN4I1INW

00000 *0~- 00000 °0 00000°0- 00°s
00000 *0- 00000°0 00000°0- 00°%
00000 °0- 00009 °0 00000°0- 0S°€
00000 *0- 00000 *0 n0000°0- 00°¢
00000 *0- 00000 °0 00000°0- 062
00000 *0- 00000°0 00000°0- 22
00000 *0- 00000 °0 00000 °0- 00°2
00000 *0- 10000 *0 00000°0- GL 1
00000 *0-____00000°0 00000°0- 0s°1
00000 *0- 00000 *0 00000°0- 62Z°*1
00000 *0- 00000 *0 00000°0- 00°1
00000 *0- (000N *0 N00000°0- 06°0
00000 *0- 00000°0 00000°0- 08°0
00000 *0- 00000 °0 00000°0- 0L°0
o _CoCn0t0- 00000 °0. 00000 "0 = 090
00000 *0- £20000°0 60000 °0- 0G6°0
00000 °0- 00000°0 00000°0- 0%°0
0000 *0- ©0000°0 00000°0- ng=0
00000 *0- 10000 *0 00000 °*0- GZ°*0
00000 *0- 00000 °0 00000°0~ 072°0
00000°0-_____00000°0 00000°0-____ G1°0
QU000 *0-— 00000 000000~ 01°0
WZo iy RT3y, nay A
SNO11vWHOd43a

*d3133793N ON13®

CNWNTIDD 3LVIAIWYIINT FHL

1V Se ALIJIWINTDI3 NV HIIM ¥3IOWI9 ITOHM _2HL NI_3734v)

CYVANIT V 40 9NISSIWLSIvd

2=

R A ]

IHL AQ

3iavil

INIWOW

a3snv?s

INIONITY




109

TABLE 6-1

PARASITIC REACTIONS CAUSED BY THE
CABLE IN THE WHOLE GIRDER WITH
THE TW) EDGE C.iILUMNS, THE

PRESTRESSING OF A LINEAR
AN ECCETRICITY eg AT
EFFECT OF AXIAL

DEFORMATIONS BEING NEGLECTED.
Y X1M X M X3y
0.10 0.00001 8.82354 0.82353
0.15 0.00001 5.55556 0.75000
0.20 0.00000 3.94737 0.68421
0.25 0.00000 3.00000 2.562500
0.30 0.00000 2.38096 0.57143
0.40 0. 00000 1.63044 7~ 7 TTTDL.47826
0.50 0.00000 1.20000 0.40000
0.60 0.00000 0.92593 0.33333
0.70 -0.00000 0.73892 2.27586
0.80 -0. 00000 0.6048% 0.22581
0.90 -0.00000 0.50505 0.18182
T.00 000000 042857777 T 0.142856
1.25 0.00000 0.30000 0.06250
1.50 0.00000 0.22222 0.00000
1.75 0.00000 0.17143 -0.05000
2.00 0.00000 0.13636 -0.09091
2.25 0.00000 0.11111 -0.12500
: 250 0.00000 TTT0.09231 T T =0.15385 T T
P 3.00 0. 00000 0.06667 -3.20000
‘ 3.50 0.00000 0.05042 -0.23529
’ 4.00 0.00000 0.03947 -0.25316
5.00 0.00000 0.02609 -0.30435

MULTIPLICATOR = Peg/L
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TABLE 7-1

Y THE PRESTRESS

PARASITIC R_ACTIONS CAUSED B ING OF A
PARABOL IC CABLE [N BOTH SPANS WITH AN ECCENTRICITY
eq AT THE MIDULE OF EACH ONE, THE EFFECT

UF AXIAL DEFCRMATIONS BEING NEGLECTED.

-

Y Xy Xom X 3n
////—/_/ﬂ_/

0.10 -0.00000 -5.88235 0.11765
0.20 -0.00000 -2.63157 0.21053
0.25 -0.00000 : -2.00000 0.25000

: 0.30 -0.00000 -1.581730 0.28571
0.40 =7. 00000 ——;T708696"¢-"#_#"—0}3478?—~—_——_—
0.50 -0.00000 -0.80000 0.40000
0.60 -0.00000 -0.61728 044445
0.70 0.00000 -0.49261 0.48276
0.80 -0.00000 -0.40322 0.51613
0.90 -0.00000 -0.33670 0.54546
[.UU——‘—ﬂ—__'—:DTUUOUG_—- ~_:072857I"'"~_-”"w"0.57143
1.25 -0.G0000 -0.2000C 0.62500
1.50 -0.00000 -0.14815 0.66667
1.75 -0.00000 -0.11429 0.70000
2.00 -0.00000 -0.09091 0e.72721
2.25 0.00000 -0.07407 0.75000

‘~ . UTODOUU—'~—-_——~10206154”“'_ﬂ—'“‘—0}7592 -
3,00 0.00000 ~0.04444 0.80000
3.50 -0.00000 -0.03361 0.82353
4,00 0.00000 -0.02632 G.84211
5.00 -0.00000 -0.01739 0.86957

////—/__/

MULTIPLICATOR = Pep/L

- ——
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TABLE 8-1

PARASITIC REACIIONS CAUSED BY THE PRESTRESSING OF A LINEAR
CAGLE IN - THE wHOLt GIRDER PARALLEL TO THE CENTROIDAL AXIS

WITH AN ECCUNTRICITY ego
UEFORMATIONS BEING NEGLECTED.

TAE EFFECT OF AXIAL

Y X1M X o X3M
0.10 0.00000 8.82353 -2.17647
0.15 0.00000 5.55556 -3.25000
0.20 0.00000 3.94737 -0.31579
0.25 0.00000 3. 00000 -0.37500
0.30 0.00000 2.38095 -D.42857
0.40 5.00000 1763043 7 =0.521174
0.50 0.00000 1.20000 -0.60000
0.60 0.00000 0.92592 -0.66667
0.70 0.00000 0.73892 -0.72414

. 0430 0.00000 0.60484 -0.77419 -
0.90 0. 00000 0.50505 -3.81818
1.00 0.00000 TTT0.42857 77T T =0.85T14
1.25 0.00000 0.30000 -0.93750
1.50 0.00000 0.22222 -1.00000
1.75 0, 00000 0.17143 -1.05000
2.00 0.00000 0.13636 -1.09091
2425 0.00000 0.111l1l1 -1.12500
2.50 -0.00000 T0.0923I 7T 7T 1015384
3.00 0.00000 0.06667 -1.20000
3.50 0.00000 0.05042 -1.23529
4,00 0.00000 0.03947 -1.26316

MULTIPLICATOR = Peg/L
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TABLE 9-1

PARASITIC RCACTIONS CAUSED BY THE PRESTRESSING OF A
PARABOLIC CABLE IN THE WHOLE GIRDER WITH AN
ECCENTRICITY eg AT THE MIDDLE,THE EFFECT
GF AXIAL DEFCRMATIONS BEING NEGLECTED.

Y - Xy Xom X3n
0.10 -0.00000 -1.47058 1.02941
0.15 0.00000 -0.92593 1.04167
0.20 -0.00000 -0.65739 1.05263
0.25 0.00000 -0.50000 1.06250
0.30 -0.00000 -0.39682 1.07143
0.40 -0.00000 =0.27174 7 T 1.08696
0.50 -0.C0000 -0.20000 1.10000
0.70 -0.00000 -0.12315 1.12069
0.30 -0.00000 -0.10080 1.12903
0.90 -0,00000 -0.08417 1.13636
1.00 ' -0.00000 TT=0.07143 TTT1.14286
1.25 -0.00000 -0.05000 1.15625
1.50 -0.00000 -0.03704 1.16667
1.75 0.C00G0 -0.02857 1.17500
2.00 0.00000 -0.02273 1.18182
2.25 0.00000 ~0.01852 1.18750
Z2.50 0.0G000 ~0.01538 — " T W« 19231
3.00 0.00000 -0.01111 1.20000
3.50 -0.00000 -0.00840 . 1.20588
4,00 0.00000 -0.00658 1.21053
5.00 -0.00000 ~-0.00435 1.21739

MULTIPLICATOR = Peg/L
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TABLE 10-1

PARASITIC REACTIONS CAUSED BY THE PRESTRESSING OF A LINEAR
CABLE IN THE WHOLE GIRDER WITH AN ECCE.TRICITY ejgAT

THE EDGE COLUMN, TAE EFFECT OF AXIAL
DEFJRMATIONS BEING NEGLECTED.

0.10 4,54546 2.13904 -0.08823
0.15 2.89855 1.32850 -2.12500
0.20 2.08333 0.93202 -0.15789
0.25 1.60000 0.70000 -0.18750
0.30 1.23205 0.54945 -0.21428
0.40 0.89286 0036879 7 T =2.26087
0.50 0.66667 0.26667 -0.30000
0.60 0.52083 0.20255 -0.33333
0.70 0.42017 0.15937 -0.36207
0.80 0.34722 0.12881 -0.38710
0.90 0.29240 0.10533 -0.40909
1.00 0.25000 TT0J,08929T - -0.42357
1.25 0.17778 0.06111 -0.46875
1.50 0.13333 0.04444 -0.50000
1.75 0.10390 0.03377 -0.52500
2.00 0.08333 0.02652 -0.54545
2.25 0.06838 0.02137 -3.556250
2.%0 0.05714 TTUOL01758 T T TEDLBTe92T -
3.00 0.04167 0.01250 -0.60000
3.50 0.03175 0.00934 -0.61765
4.00 0.02500 0.0017124 -3.63158
5.00 0.01667 0.00471 -0.65217

MULTIPLICATOR = Pejq/L
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TABLE 11-1

PARASITIC REACTIJINS CAUSED BY THE PRESTRESSINS OF A LINEAR
CABLE IN TH: EDGE CCLUMN  WITH AN ECCENTRICITY eqq AT
THL TOP OF THE COLUMN, THE EFFECT OF AXIAL
DEFORIMATIOUNS BEING NEGLECTED.

Y - Xy X o ' X3M
0.10 0.30303 0.43672 0.08824
0.15 0.28986 0.41063 0.12500
0.20 0.27778 0.38743 0.15789
0.25 0.2666T 0.36667 0.18750
0.30 0.25641 - 0.34799 0.21429
0.40 0.23610 0.31573 D.26087
0.50 0.22222 0.28889 0.30000
0.60 - 0.20833 0.26620 0.33333
0.70 0.19608 0.24679 0.36207
0.80 0.13518 0.22999 0.381710
0.90 0.17544 0.21531 0.40909
.00 0.16667 0.20238 0e4285T

1.25 0.14815 0.17593 0.46875
1.50 0.13333 0.15556 0.50000
1.75 0.12121 0.13939 052500
2.00 0.11111 0.12626 . 0.54545
2.25 © 0.10256 0.11538 0.556250
2.50 0.0952% 010623~ T0.57692
3.00 0.08333 0.09157 0.50000
3.50 0.07407 - 0.08061 0.61765
4.00 0.06667 0.07193 D.63158
5.00 0.05556 0.05918 0.65217

MULTIPLICATOR = Pej:/L

1
s




TABLE 11-2

PARASITIC REACTIONS
A LINEAXR CABLE IN

WITH

CAUSED BY THE PRESTRESSING OF
THE EDGE COLUMN COINCIDINS
THE CENTROIDAL AXIS OF THE COLUMN.

Y X1 Xon XN

0.10 -0.00000 -2. 64706 =0.54706

0.15 -0.00001 ~2.50000 -0.78750

0.20 ~0. 06000 -2.36842 ~1.01053

0.25 -0.00000 ~2.25000 -1.21875

0.30 -0.00000 -2.14286 ~1.41429

0.40 ~0.00000 ~1.95652 ~1,77391

0.50 =0.00000 =1.80000 7 720100007 T
0.60 ~0.00000 ~1.66667 ~2.40000

0.70 0.00000 ~1.55173 -2.67931

0.80 0.00000 ~1.45162 ~2.94194

0.90 -0.00000 ~1.36364 -3.19091

1.00 -0.00000 -1.28571 ~3.42857

.25 000000 =I0125007 T TT=3098437 —
1.50 ~0.00000 -1.00000 ~4.50000

1.75 -0.00000 ~0.90000 -4.98750

2.00 ~0.00000 -0.81818 ~5.45454

2425 0.00000 ~0.75000 ~5.90625

2.50 0.00000 -0.69231 -6.34615

3.00 =02 00000 =0.%60000 " TTTTET,200000 T
3.50 -0.00000 ~0.52941 ~8.,02941

4.00 -0.00000 - ~0.47368 -8.84211

5.00 ~0.00000 0.39130 -10.43478

2
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TABLE 11-5

PARASITIC REACTIONS CAUSED BY THE PRESTRESSING OF A
PARABOLIC CABLE IN THE EDGE COLUWN WITH AN
ECCENTRICITY e AT THE MIDDLE, THE EFFECT
OF AXIAL DEFORMATIONS BEING NEGLECTED.

Y X1M X X3y
0.10 -0.30303 -0.43672 -0.08824
0.15 -0.28986 -0.41063 -0.12500
0.290 -0.27778 -0.38743 -0.15789
0.25 -0.26667 -0.36667 -0.18750
0.30 -0.25641 -0.34799 -0.21429
0.40 -0.23810 -0.31573 -0.2608T
0.50 -0.22222 -0.28889 -0.30000
0.60 -0.20833 -0.26620 -0.33333
0.70 -0.19608 ~0.24679 -0.36207
0.80 -0.18518 -0.22999 -0.38710
0.90 -0.17544 -0.21531 -0.409N9
1.00 -0.16667 =0.20238 T =0.42857
1.25 -0.14815 -0.17593 -0.46875
1.50 -0.13333 -0.15556 -0.50000
1.75 -0.12121 -0.13939 -0.52500
2.00 -0.11111 -0.12626 -0.54545
2.25 -0.10256 -0.11538 -0.56250
2.50 -0.09524 ~0.10623 ~0.57692
3.00 -0.08333 -0.09167 ~-0.60000 )
3.50 -0.07407 -0.08061 -0.61765
4,00 -0.066617 -0.07193 ~0.63158
5.00 ~0.05556 -0.05918 -0.65217

MULTIPLICATOR = Ee/L
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TABLE 11-7

PARASITIC REACTIONS CAUSED BY THE PRESTRESSING OF A LINEAR
CABLE WITH AN ECCENTRICITY AT THE TOP OF THE COLUMN

AND ANCHORED AT A DISTANCE Ah FROM THE SUPPORT, THE
EFFECT OF AXIAL DEFORMATIONS BEING NEGLECTED.

Y XM Xam XM
0.10 -0021818 "0.314‘0" ‘0006353
0.15 -0.20870 -0.29565 -0.09000
0.25 -0.1%200 -0.26400 -0.13500
0.30 -0.18462 -0.25055 -0.15429
0.40 -0.17143 -0.22733 -0.18783
0.50 -0.16000 -0.20800 -0.21600
0.60 -0.15000 ~ =0.19167 -0.24000
0.70 -0.14118 -0.17769 -0.26069
0.80 -0.13333 -0.16559 -0.27871

_0.90 -0.12632 -0.15502 _=0.29455
1.00 -0.12000 -0.14571 -0.30857
1.25 -0.106617 -0.12667 -0.33750
1.50 ~-0.09600 -0.11200 -0.36000
1.75 ~-0.08727 -0.10036 -0.37800
2.00 -0.08000 -0.09091 -0.39273
2.25  -0.07385 -0.08308 -0.40500
2450 -0.06857 -0.07648 -0.41538
3.00 -0.06000 -0.06600 -0.43200
3.50 -0.05333 ~0.05804 -0.44471
4.00 -0.04800 -0.05179 -0.45474
9.00 -0.04C00 -0.04261 ~-0.46957

MULTIPLICATOR = p&/L

(A= 0.4)
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TABLE 11-9

PARASITIC REACTIONS CAUSED BY THE PRESTRESSING OF A LINEAR
CABLE COINCIDING WITH THE CENTROIDAL AXIS OF THE EDGE
COLUMN AND ANCHORED AT A DISTANCE FROM THE SUPPORT.

Y X 1N Xan X 3N
0.10 -0.0GC000 -1.58824 -0.3282%
0.15 -0.00001 -1.50000 ~0.47250
0.20 - —=0.0G000 ~-1.42105 -0.60632 °
0.25 -0.000GC0 -1.35000 -0.73125
0.30 0.C0000 -1.28572 - -~ =0.84857
0.40 -0.CCCCO -1.17391 ~1.06435
0.50 -0.00000 =-1.08000 7 T T =1.26000
0.60 -0.00000 -1.00000 -1.44000
0.70 0.00000 -0.93104 -1.60759
0.80 0.C0000 ~0.87097 -1.76516
1.00 -0.C00000 -0.77143 -2.05714
1.25 -0.60000 -0.67500 T =2.39062
1.50 -0.00000 -0. 60000 -2.70000
l.75 -0.00000 -0.54000 ~2.99250
2.00 -0.00000 -0.49091 ~3,27272
2.25 0.€0000 -0.45000 -3.54375
2.50 0.GC000 -0.41538 , -3.80769
3.00 -0. 00000 -0.36000° =4.32000
3.50 -0.00000 -0.31765 ~4,81765
4.00 , -0.00000 -0.28421 -5.30526
5.00 -0.€0000 -0.23478 -6.26087

MULTIPLICATGOR = P/(L/i;
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TABLE 12-1

PARASITIC REACTIONS CAUgED BY THE PRESTRESSING OF A LINEAR
CABLE IN THE INTERMEGIATE COLUMN WITH AN ECCENTRICITY

DEFORMATIONS BEING NEGLECTED.

e12 AT THE TGP OF THE COLUMN, THE EFFECT OF AXIAL

0.10 -0.60606 0.30303 -0.00000
0.15 -0.57971 0.28985 ~-0.00000
0.20 =0.55556 0.27778 0.00000
0.25 -0.53333 0.26667 0.00000
0.30 -0.51282 0.25641 -0.00000
0.40 -0.47619 0.23810 7 " T=0.00000
0.50 -0.44444 0.22222 -0.00000
0.60 -0.41667 0.20833 -0.00000
0.70 -0.39216 0.19608 0.00000
0.80 -0.37037 0.18519 0.00000
I1.00 -0.33333 0.16667 = T =0.00000
1.25 -0.29630 0.14815 -0.00000
1.50 ~0.26667 0.13333 -0.00000
1.75 -0.24242 0.12121 -0.00000
2.00 -0.22222 0.11111 -0.00000
2425 ~0.20513 0.10256 0.00000
2.50 -0.19048 0.09524 7770.00000
3.00 ~0.16667 0.08333 -0.00000
3.50 -0.14815 0.07407 -0.00000
4.00 -0.13333 | 0.06667 0.00000
5.00 -0.11111 0.05556 -0.00000

MULTIPLICATOR = Pejy/L




TABLE 12-2

PARASITIC REACTIONS CAUSED BY THE PRESTRESSING OF A LINEAR
CABLE IN THE INTERMEDIATE COLUMN WITH A CABLE COINCIDING
WITH TAE CENTROIDAL AXIS OF THE COLUMN.

Y XN XoN XN

.10 0. 00002 5729412 1200412
0.15 -0. 00000 4299999 1.57500

0.20 ~0.00001 4.73684 2.02105

0.25 0.00000 4.50001 2.43750

0.30 0.00000 4,28572 2.82858

0.40 0.00000 3.913064 3.54783

0.50 0. 00001 360000 T 74320000~
0460 0. 00000 3.33333 4.80000

0.70 -0.00000 3.10345 5.35862

0.80 -0.00000 2.90323 5.88387

0.90 0.00000 2.72727 6.38182

1.00 0.00000 2.57143 6.85714

.25 0. 06000 2.25000 7.96875
1.50 0.00000 2.00000 9.00000

1.75 0.00000 1.80000 9.97499

2.00 0. 00000 1.63636 10.90909

2.25 ~0.00000 1.50000 11.81250

2.50 0.00000 1.38461 12.69231

3200 0260000 12200007 T TTU4L4000
3.50 0.00000 1.05882 16.05882

4.00 0.00000 0.94737 17.68420

5.00 0.00000 -

0.78261 2086957

MULTIPLICATOR

2
P/(L/1)
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Prestressing Moment for pifferent Cable Profiles
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Mo + My Diagram (= zero)

My Diagram (1" = 10 Pi2/L)
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Mo + My Diagram (1" = Pe)

My Diagram (1" = 10 Pi2/L)
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Mo + My Diagram (1" = Pe)
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y = h/L
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