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THE INFLUENCE OF NON-GEOMETRIC FACTORS
ON THE SEISMIC BEHAVIOUR OF BRIDGES
ON ISOLATING BEARINGS

by N. Cooke**, A. J. Carr**, P. J. Moss™*
and Tan Fun Kwai*.

SUMMARY .

A study of the sensitivity of bridge response to changes in non-
geometric parameters was carried out using mainly the El Centro 1940 N-S

earthquake component. The response

of bridge decks supported on

elastomeric or a combination of elastomeric and lead-rubber bearings is
computed. The effects of variations in the following parameters on

response were studied;
a) a range of bearing properties,

b) a range of abutment stiffnesses and abutment weights,

c) different earthquake records and
propagating at various velocities and

d) the effect of seismic waves

angles of attack with respect to the bridge centreline.

INTRODUCTION.

The authors have described the
influence that geometric factors such as
pier heights (uniform or non-uniform) and
the number of spans [l] have on the seismic
response of bridges mounted on elastomeric
bearings or a combination of elastomeric
and lead-rubber bearings. Bridge bearings
can be used to provide a measure of
protection to the substructure by
increasing the natural period of the bridge
and in the case of lead-rubber bearings,
the equivalent viscous damping. The
consequence of using isolating bearings is
that the response of the bridge to the
earthquake is generally reduced.

BRIDGE MODEL.

The bridge modelled in this study
consisted of four 20 m spans supported on
rigid abutments and 1.676 m diameter piers,
10 m in height and fixed at the base. The
deck comprised four standard prestressed
concrete I-beams and a cast-in-situ
reinforced concrete slab, 180 mm thick,
continuous over the entire bridge.
Expansion joints were provided at the
abutments; the latter were represented
either as rigid or as flexible. The bridge
was modelled in plan with a view to
studying the transverse response to seismic
excitation. The computer model used, is
shown in Figure 1.

The first computer model represented

the deck resting on four elastomeric
bearings at each abutment (k. = 3.68 kN/mm)
and eight elastomeric bearings
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(k, = 7.36 kN/mm) at each pier
(Bridge #10). In the second model, the
deck rested on four lead-rubber bearings at
each abutment (k = 5.4 KN/mm) and a
combination of four lead-rubber bearings
and four elastomeric bearings
(k b = 9.1 kN/mm) at each pier (Bridge #1l).
Tyglcal hysteresis loops for lead-rubber
bearings and elastomeric bearings are shown
in [1].

VARIATIONS IN BEARING PROPERTIES.

The actual properties of the bearings
and dissipators will vary from the assumed
design values because of random variations
that arise during manufacture, and because
they are sensitive to the magnitude of the
vertical load and shear strain, both of
which will vary along the bridge. Hence,
bearings in any bridge will have different
stiffnesses and in order to study the
sensitivity of bridge response to
variations in bearing properties a number
of analyses were carried out with different
bearing stiffnesses, strengths and post-
yield dissipator stiffnesses for the deck
supported on a combination of elastomeric
and lead-rubber bearings and rigid
abutments (Bridge #1). All the properties
were varied by +/- 20% and the results of
the different analyses are shown in Table
1.

It shows that the natural period of
the bridge could lie between 0.77 and 0.85
seconds, a range within which the spectral
accelerations and displacements are
generally changing rapidly. However, the
variation in deck displacement at the piers
is generally small, with maximum variations
of +4% and -5% from the normal case, the
exception being when both abutment bearing
stiffnesses are 20% greater than the design
value. In this case the maximum deck
displacement is smaller by 11%, and the
abutment forces are greater by 14%. Deck
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Figure 1. Bridge modelled in plan.
Both Both Both Abutment 14
Variation of Bearing Nil Both Aputment 14 Lorst : Abutmentst | Abutmentst|abutnentst | Pier 1 & 21
Stiffnesses Variation | Abutmentst | Abutment 2+ | AL Pierst | All Pierst All All ALl Pier 3 |
Piers +*t Piers || Piers * |Abutment 2+
Bridge Number 1 2 3 4 5 6 7 8 9
Natural Period (sec) 0.81 0.77 0.82 0.81 0.81 0.85 0.77 0.77 0.82
Maximum Zpbutment 56.5 48.9 73.5 55.9 57.5 59.4 53.1 52.1 74.4
Deck
Displacement
(rm) Pier 66.7 59.7 68.5 66.0 67.9 67.3 64.6 63.1 69.5
Maximum
Bearing R :
Displacement | PieT 12.2 12.0 10.0 12.3 12.6 10.7 11.7 12.2 7.5
(rom)
Maximum BMoutment | 440.0 501.0 474.8 436.8 445.9 364.7 506.1 499.4 473.0
Bearing
Force
(k) Pier 250.8 246.5 227.7 249.7 254.8 234.6 243.8 246.0 244.1
Maximum Pier Shear (kN) | 314.2 308.1 326.8 318.0 317.6 324.8 310.0 308.8 312.9

TABLE 1 Results of ‘analyses for bearing stiffnesses Variation + - Bearing stiffness increases by 20%

¥ - Bearing stiffness decreases by 20%




displacements at the abutments vary much
more than the deck displacements at the
piers. When both abutment bearings are
over-stiff the maximum deck displacement
there is reduced by 14% but when one is
over-stiff and the other under-stiff the
maximum deck displacement increases to 30%
above the design value.

The overall response of the bridge
depends on the effective stiffness of the
whole structure and the relative
distribution of stiffnesses along the
bridge. BaAlthough in general, an increase
in bearing stiffness at a particular pier
or abutment should be accompanied by a
local reduction in deck displacement and
increase in substructure force, this is not
the case here. The reason for this is that
the response of this bridge is sensitive to
variations in abutment bearing stiffness
and comparatively insensitive to variations
in pier bearing stiffness. Deck
displacements and Dbearing forces at the
abutments directly relate to changes in
local bearing stiffness variations, but
this direct relationship does not hold at
the piers.

The maximum deck displacement at the
pier (69.5 mm) and at the abutment
(74.4 mm) occurred in Bridge #9, where the
variation in bearing stiffnesses is
antisymmetrical about the centre of the
bridge; in this case, the deck both rotates
and translates at maximum response. The
maximum bearing shear strain at the piers
was 13.5% for Bridge #5, where the
stiffness of all pier bearings were reduced
by 20%; this was also associated with the
largest pier bearing force of 255kN. The
largest abutment bearing force was 506 kN,
for Bridge #7, where the abutment bearings
were over-stiff and the pier Dbearings
under-stiff. The largest pier shear force
occurred in Bridge #3, where the bearing
stiffness was decreased at one abutment and
increased at the other, resulting in a
combination of rotational and translational
response.

VARIATIONS IN
WEIGHT.

ABUTMENT STIFFNESS AND

The effects of changes in abutment
stiffness on the response of Bridge #1 with
flexible, instead of rigid, abutments were
studied. The vratio of abutment stiffness
to pier stiffness ranged from a value of 2
to infinity, all other parameters being
held constant. A combined abutment and
surrounding soil weight of 1500 kN was
assumed, this being about 1.5 times the
pier weight. A second series of analyses
was also carried out to determine the
sensitivity of the bridge response to the
value of the assumed contributory abutment
and soil weights; a fixed value of abutment
to pier stiffness ratio equal to 2 was
assumed for this series of studies.

Figure 2 shows the effect of varying
the stiffness ratio on bridge response.
The natural period of the bridge changed
from 0.81 seconds for the ratio equal to
infinity i.e. rigid abutments, to 1.26
seconds for the ratic equal to 2. The El
Centro 1940 N-S spectral acceleration
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(Figure 4) reduces considerably over this
period range, and this is clearly indicated
by the reduction in the total abutment and
pier shear force, although the reduction is
almost entirely at the abutments.

It can be seen from Figure 2 that when
the ratio of abutment stiffness to pier
stiffness is 10, the response is similar to
the case of rigiad abutments. The
displacement responses generally all
decrease with increasing abutment stiffness
resulting from the increased lateral load
resistance provided by the abutment. The

pier shear force is not greatly affected by

variations in the ratio of abutment to pier
stiffness, but abutment shear forces
increase rapidly as the stiffness ratio
increases from 2 to 5, but then only
increases marginally as the stiffness ratio
is increased further.

Figure 3 shows the effect of
increasing the abutment and soil weight,
for an abutment to pier stiffness ratio
equal to 2. The displacements and forces

increase as the abutment weight 1is
increased. The abutment weight
particularly affects the abutment

substructure displacements and forces, but
does not affect the abutment bearing
displacements. Doubling the weight of the
abutments from either 1000 +to 2000 kN or
1500 to 3000 kN, increases the deck
displacement by approximately 13%, has
little effect on the abutment bearing
displacements and increases the bearing
displacements at the pier by 40%. However,
these bearing displacements correspond to
maximum strains of only 28%, less than the
allowable maximum design value of 50%.

DIFFERENT EARTHQUAKE RECORDS.

Some of the analyses using El Centro
1940 N-S earthquake record and reported in
[1], were re-run using three other
earthquake records, namely E1 Centro 1979,
Parkfield and the Artificial Bl. Each has
a different intensity and the results are
compared to determine whether similar
trends hold for different earthquakes.

Table 2 shows that for all the four
earthguake records the displacements are
reduced when lead-rubber bearings are used
instead of elastomeric bearings. The
amount of reduction is approximately the
same for all four records indicating that
the lead-rubber bearings probably change
response largely by increasing the viscous
damping. Deck displacements are reduced to
between 50-63%, bearing displacements at
the pier to between 30-45%, and pier shear
forces to between 65-75% of the responses
for the bridge deck supported on
elastomeric bearings, Bridge #10.

It is clear from Table 2 that the
magnitude of the response of the structure
depends on the particular earthquake record
used. The strongest structural response is
caused by the Parkfield earthquake,
El Centro 1979 and Artificial Bl induce
smaller responses and El-Centro 1940 N-S
induces the smallest response. This
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Figure 2. Bridge response to changes in

ratio of abutment to pier stiffness -- with
lead-rubber; El1 Centro 1940 N-S.

T T TT T T 1 T Ty TrrTTT

1-50 Illg\l/‘l.‘\lll

—— Parkfield
—— — Zone A(Bridge) }—
—— Fl Centro, 1940
....... B1(Artificiall] |
\ \ —-—El Centro, 1979

0.90 v-/ ,\“}\
060 Hif = ALk
Va

1.20 - \\
\ -

\
!

SPECTRAL ACCELERATION (G]

4 / N\ \
AT RO
0.30 A\ \ NN
0 B SO T Y I T | I O AN I N A | [ O T T I
0 1.0 2.0 3.0

PERIOD (secs)

Figure 4. Spectral accelerations.
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Figure 5. Spectral displacements.






