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SUMMARY

The detailed dynamic investigation of long span cable stayed bridges
subjected to strong ground motion requires a study of the following combie-
nations of earthquake motions, (i) Horizontal component in the direction of
traffic combined with vertical component, and (ii) Horizontal component
transverse to the direction of traffic combined with vertical component.

This paper presents the results of the above analysis wherein the
bridge is modelled as a lumped mass system in two and three dimensional
space with appropriate modelling of the foundation soil.

The results obtained indicate that the soil properties do not signifi-
cantly affect the response of the system and that the dynamic forces in cab-
les being small, the possibility of cable slackening during vibrations is
prevented.

INTRODUCTION

The cable stayed bridge investigated has a "radiating" cable arrange-—
ment and consists of five spans as demarcated by the six piers, two of which
support the steel towers. A general view of the bridge structure and compo-
nents is shown in Fig, le Some of the salient dimensions are as follows:

Central span between the towers 457.20 m
End spans, each 9.44 m
Height of steel towers 104,00 m
Total width of bridge including footpaths 24,50 m
Centre to centre distance of main box girders 27450 m
Spacing of cross girders Te50 m
Size of box girders 340 mx2,0 m

In order to conduct a detailed study into the seismic response of the bridge
system it was considered desirable to phase the analysis by considering the
following combinations of earthquake motions.

i) Horizontal component of ground motion along the flow of traffic com=—
bined with vertical component, and

ii) Horizontal component of ground motion transverse to the traffic combined
with vertical component.

The mathematical models adopted for the above studies were lumped mass
systems with the foundation soil modelled as springs in two and three dimen-
sional spaces respectively and subjected to assumptions amenable to the
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analysis. The free vibration characteristics were determined along with
the spectral respomse parameters in the form of absolute dynamic displace~
ments and member forces such as axial foree, shears and momenis. A para-
metric study with respect to variation in the modulus of subgrade reaction
was also conducted to assess the nature of interaction and its extent bet-
ween the long span cable stayed bridge and the soile.

MATHFMATICAL MODEL
Structure

The mein assumptions involved in the formulation of the mathematical
models are, .

i} The well, pier and fower segments are represented by beam members,
cables by truss mémbers effective in tension as well as compressionm,
and deck by a combination of both.

ii) The number of cebles being large they are represented by ficticious
cables whose equivalent area is obtained by lumping areas of actual
cabless

iii) Links provided at the supports are idealised as truss members.

iv) The foundation scil was idealised by rotational springs at the base.
The method of ealculating spring constants is discussed subsequently.

Soil

The superstructure of the bridge is supported on piers and subsequently -
well foundations. The dimensions of the wells are large and loads are heavy
80 as to justify the assumption that the well behaves as a rigid body hinged
at the bases The above is further substantiated by the fact that rotation
of well is restrained by subgrade reaction activated at the sides and the
base. The above condition is mathematically idealised by restraining the
well base against horizontal and vertical translation and introducing a rot-—
etional spring at the base.

Based on the reactive moment transmitted from the soil to the founda-
tion as given by Polshin (4), Barkan and Terenin (4) and the relationship
between the coefficient of elastic non-uniform compression of soil (C) and
the coefficient of uniform elastic compression (03 as given by Ba:rkag (4),
the stiffness in pure rotation is,

KOl = 2,0 n. 1.1

the equivalent rotational spring due to horizontal reaction as indicated by
Terzaghi (6) is,

Ky, = 0.0833n HB

and the total stiffness of the rotational spring is,
Ky = Kg +Kg, = moH.(2T + 0,08333 BE)
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where np is modulus of subgrade reaction, I is the moment of inertia of
contact surface between well and soil about the axis of bending during
vibrations and H and B are the height and weidth of the well.

RESULTS AND CONCLUSIONS

For the mathematical models as shown in Figs. 2a and 2b the free vib=-
ration characteristics axre as shown in Table I and the mode shapes are as
shown in Figs 3 and 4. The results of the parametric study involving
variation of the modulus of subgrade reaction are as shown in Fig. 5. The
obtained results indicate that

i) In the practical range of ny, values the soil does not significantly
influence the seismic response of the cable stayed bridge. This con-
clusion corroborates earlier studies on two span systems (1) and (5).

ii) In long span systems it is the predominant behaviour of individual
spans which determines the dynamic behaviour of the system and these
should be appropriately designed.

iii) The dynamic forces in cables being small as compared to dead load ten-
?ion, 'tho)are is no possibility of cable slackening during vibrations
2 and 3).
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TARLE I - SUMMARY OF DYNAMIC ANALYSIS

2D ANALYSTS 3D ANALYSIS

MODE T CRL CRV T CRL CRV CRT
1 3.433 10225 0,299 2,408 -0,078 00497 1,152
2 3,151 1.372 -1,039 1,913 ~0.068  1.024  =0.775
3 2357 00303 -00012 1.311 00,101 00049 1,210
4 1.622 ~C+238 0,525 1,000 =0,120 0,505 0,053
5 1.261 ~06140 00623 0,736 0,061 1,069 00250
6 1237 0,128 0,386 06675 1.058 06371 00024

T = Time period in secs.

CRL = HMHode varticipation factor in traffic direction.
CRVY = DMode participation factor in vertical direction.
CRT = Hode participation factor in direction transverse to the

traffic direction.
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FIG. 3_FREE VIBRATION MODES ( LONGITUDINAL )
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FIG.4 _TORSIONAL FLEXURAL MODES I TO VI
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