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Alexandrovskaya Ferma Viaduct in Saint-Petersburg, Russia

- Curved structure crossing a railway station;
- 182-meter-long central span;

- Concrete pylon, steel and composite deck;
- Only one cable surface.




The Golden Horn Bay Crossing in Vladivostok, Russia

ol

" A - 740-meter-long central span;

- Concrete pylon and side spans;
- Central span deck made of steel.




The Eastern Bosporus Strait Crossing near Vladivostok, Russia

1100-meter-long central span (the World's longest)



Steps of Cable-Stayed Bridge Analysis

Preliminary Static Analysis

Determination of global structural
parameters

Assembling Analysis

Composing detailed stressing
Instructions

—

Dynamic Analysis

Assessment of wind and/or seismic
loadings

!

Non-linear Analysis

Confirmation of global structural
parameters




Criteria for Analysis

The pylons remain vertical and the
deck retains its position, i.e. both
horizontal displacements of pylon
joints and vertical transitions of the
central span are equal to zero.

Besides, we have to watch for
member forces and cable stress
distribution.

Otherwise, the solution may
become unacceptable.




Example of Analysis Procedure

An iteration of preliminary analysis includes the following steps:

1. Composing influence matrix;

2. Finding and applying cable distortions;

3. Calculating influence lines and applying temporary loads;
4. Finding the number of strands/wires in each cable.



Composing Influence Matrix

#FOR VAR I = 1 TO N_CABLE
LOADING 'V%I%'
MEMBER DISTORTIONS

We apply unitary distortions to each pair of

'"VL%I%' 'VR%I%' CONC FR L 0.0 DISP X 1.0
cables.
LOADING 'N%I%'
MEMBER DISTORTIONS
"NL%I%' 'NR%I%' CONC FR L 0.0 DISP X 1.0
#NEXT
LOAD LIST 'SW' 'V1' TO 'V%EN CABLE%' -
'N1' TO 'N%N—CABLE%'
STIFFNESS ANALYSIS B
Vi ] V2 V3] Va] Vel NI | N2 N3 | N2 N5
8]-0.182| -0.118]-0.028| -0.029] -0.105] 0.022] 0.003]-0.029]-0.089]-0.173
: 9]-0.114]-0.289]-0.177| -0.119]-0.197|-0.031 |-0.025 |-0.069 | -0.189 |-0.372
Each matrix f:olumn 10] 0.016]-0.217] -0.353] -0.306] -0.323| -0.038| -0.013| -0.087| -0.295] -0.609
represents joint 11] 0.082]-0.085]-0.329]-0.513]-0.535|-0.003| 0.034|-0.079|-0.387|-0.854
- 12] 0.101]-0.003 -0.250] -0.569] -0.783| 0.035| 0.080] -0.060| -0.449] -1.041
d?splac.ements caused by 72]-0.461] -0.334] -0.146] 0.079] 0.407] 0.380] 0.204] 0.124] 0.237] 0.456
distortions. 73]-0.304] -0.276| -0.154] 0.049] 0.342] 0.222] 0.150] 0.143] 0.287| 0.544
74]-0.169] -0.172] -0.137] 0.011] 0.241] 0.088] 0.053] 0.141] 0.342] 0.652
75]-0.072| -0.065| -0.058| -0.015] 0.088-0.007| -0.043| 0.080] 0.383| 0.796
76] 0.005] 0.031] 0.044] 0.006]-0.115|-0.080]-0.125]-0.002] 0.375] 0.981




Finding and Applying Cable Distortions

The distortion values can be found solving an equation system:

MD+P=0

where
M is the influence matrix,
D is the vector of distortions to be found,
P is the vector displacements caused by the self weight.

DEAD LOAD 'SW' DIRECTION -Y FACTOR 1.5 -
ALL ACTIVE MEMBERS

When the distortions are applied to the

LOADING 'DIST'

i analytical model, we can make sure that the
#FOR VAR I = 1 TO N_CABLE . e .

"VL$I%' 'VR%I%' CONC FR L 0.0 DISP X $DIST[I]% jomnt dlsplacements are zZero.

'NL$I$' 'NR$I%' CONC FR L 0.0 DISP X $DIST[I+N CABLE]S%

4NEXT

N~/




Creating Influence Lines

We apply unitary distortions to every single cable. The deformed configuration
of the deck shows the cable force influence line. So we can specify the live load
according to the design code.




where

Finding Cable Parameters

The number of strands/wires in a cable can be calculated as:

_NSW +ND[ST +NTEMP

il =

kNUTS

Ny

is cable force from dead loads,

N pist is cable force caused by stressing,

Nrgyp 1s maximal cable force from live loads,
kN rs 1s ultimate force in a strand/wire.

CABLE

number of strands

2

VL1

20

VL2

20

VL3

20

VL4

20

~ | G| |~

D |0 | W |~

VLS

20

NL1

20

NL2

20

NL3

20

NL4

20

NL5

20

The procedure is repeated until the
numbers match their values at two
consequent iterations.
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Are Criteria Universal?

The first example gives a 'good’ distribution of cable forces and bending moments

|_ CABLE N

VL1 63.13

VL2 11.96

VL3 38.13

VL4 22.40| .

VL5 66.09)| -

INL1 63.13 I!]l ‘ !l.
NL2 11.96 Maodhi. ,_Aﬁ\, L.“%,J il
INLS 38.13 l - g w 1'

INL4 22.40]

[N 66.09)| M=322.8

But a slight modification of model results in an unacceptable solution

CABLE N

VL1 371.81

VL2 -80.36 N

VL3 65.80| . 7/ /I\
VL4 14.47

VL5 67.71 ! \\\
[NC 715.19] : - _ \
INL2 -143.20 . / il

[NC3 108.71 l]l“

[NC4 22.43 M = 3662

[NC5 99.77 308




Ways to Improve Solution

After increasing the side span stiffness, either revising the cross section or adding
supports, we can get a proper solution again.

CABLE | FINAL

VL 66.73

VL2 10.23

VL3 38.64

VL4 22.25

VL5 66.12

INLCA 128.35 |I (
INL2 18.24 dhn e N ath, i LSl
[NC3 63.64 ””[IFF g ﬁlluu
e

Another method is solving the problem using a new set of criteria, for example

- allowing non-zero deck displacements;

- finding cable forces which balance deck self weight;
- specifying bending moment diagram;

- some combined approaches.
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Criteria of Non-zero Deck Displacements

The deck displacements are distributed along a parabolic curve and the pylons remain vertical

In this case we operate with a badly conditioned equation system. We can get proper results in
respect to the cable forces, but the dispacements could be out of acceptable range.

CABLE 0.1 0.2 0.3 0.4 0.5]
VLA 299.92] 228.03] 156.14 84.25 12.36
VL2 -58.90]  -37.44] -15.98 5.48 26.94
VL3 59.37 52.94 46.50 40.07 33.64
VL4 16.31 18.16 20.00 21.84 23.68
VL5 67.34 66.96 66.58 66.20 65.82

INL1 576.90] 438.62] 300.34] 162.06 23.77
INL2 -104.94] -66.70] -28.47 9.77 48.01
INL3 98.05 87.43 76.81 66.19 55.57
INL4 25.31 28.17 31.02 33.87 36.72
INL5 99.20 98.64 98.09 97.53 96.98
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Finding Solution via Cable Forces

o Central span: the force in each cable
/ in respect to the vertical axis is equal
| AV =kG to the block weight times the ratio to
N,=V/cosa ; 3
I control displacements.

G

Side spans: the cable forces H 2 = H 1 H = N Sin &

e -
calculation is based on equality of _
central and side span cable forces in N,=H,/sinf N,
"\_}_

respect to the horizontal axis.

ﬂ a

We work out the influence matrix of distortions to cable forces, then we can find a suitable
solution by altering the ratio.
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