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S E I S M I C D E S I G N OF S O U T H B R I G H T O N B R I D G E -

A D E C I S I O N A G A I N S T M E C H A N I C A L E N E R G Y D I S S I P A T O R S 

M . J . N . P r ies t ley* and M.J . S t o c k w e l l * * 

SUMMARY 
The seismic design of a proposed Christchurch bridge is discussed. 

Initial design was based on supporting the superstructure on elastomeric 
bearing pads and steel-cantilever dampers. Dynamic analyses showed that 
the dampers were relatively ineffective, and that the seismic response 
was dictated by the characteristics of the bearing pads. Final design, 
based on a conventional ductile approach was found to be more economical 
without significant increase to seismic risk. It is shown that the 
decision to opt for a design incorporating mechanical energy dissipators 
as opposed to a monolithic pier/superstructure design will not necessarily 
result in a reduction in seismic response. 

1. INTRODUCTION 
1.1 Location 

The South Brighton Bridge has been 
designed to replace an existing old timber 
bridge buiIt in 1926, situated just upstream 
from the junction of the Avon river with the 
Christchurch Estuary. Replacement is 
necessary due to the narrow bridge width 
and unsuitable sighting with respect to 
adjacent road realignment. 
1.2 Structural System 

For a satisfactory balance between 
superstructure depth and substructure works 
a three span solution was chosen, incorpor
ating 22m MWD prestressed I beams and a 
cast-in-situ concrete deck. The superstructure 
will be continuous over the internal piers 
with separation achieved at abutments by deck 
joints. Elastomeric bearings support the 
superstructure at abutments and internal 
hammerheads, and were chosen for their 
maintenance-free characteristics in the 
aggressive salt water environment. Fig. 1 
shows general structural details. 

Seismic forces will be resisted in each 
direction by single-column octagonal piers 
acting as vertical cantilevers from rigid 
pilecaps. These are supported by raking 
piles founded in dense sand. Other salient 
features of the seismic design include 
knock-off tops and linkage bolts at abutments, 
with superstructure displacement limiters 
(earthquake stops) at pier hammerheads. 
Similar details have been fully described 
elsewhere(1) . 
1. 3 Seismic Design Philosophy 

Current New Zealand bridge design 
philosophy ) suggests equivalent static 
force analysis and design for ductility. 
This can be achieved either by plastic hing
ing of the piers or by the incorporation of 
energy dissipating devices between the 
* Reader in Civil Engineering, University 

of Canterbury, Christchurch. 
** Structural Design Engineer, Christchurch 

City Council. 

superstructure and supports. 
1.4 Energy Dissipators 

Mechanical energy dissipators have 
been successfully developed and tested by 
the Physics and Engineering Laboratory, 
N.Z. Department of Scientific and Industrial 
Research (P.E.L.)^- On the basis of a 
review by Blakeley^4^ into aspects of the 
incorporation of these devices in bridges, 
it was elected to examine the use of 
cylindrical 'vertical cantilever1 dissipators 
between the superstructure and pier hammer
head to reduce structural ductility require
ments under seismic attack. The omnidirectional 
characteristics of these devices made them 
appropriate for combination with the other 
omnidirection components in the seismic 
force-transfer system (elastomeric bearings 
and octagonal piers). It was anticipated 
that the dissipators would greatly reduce 
pier hinging, and hopefully eliminate the 
need for ductile pier design. Resulting 
benefits would be possible economics in 
pier reinforcement, and limitation of 
structural damage to the easily replaceable 
dissipators for all but major earthquakes. 
2. PRELIMINARY SEISMIC DESIGN 
2.1 Seismic Shear 

Initial design was based on eight 
dissipators (two at each support) with a 
total yield force equal to 5% of the 
superstructure weight, as suggested by 
Skinner and McVerryf3'. A preliminary 
design sketch of a typical dissipator is 
shown in Fig. 2a, and the force-deflection 
hysteresis loop, based on information 
supplied by the P.E.L.* is included in 
Fig. 2b. For preliminary design, the 
seismic shear at each pier was derived by 
setting the dissipator deflection at 76.2mm, 
corresponding to a maximum steel strain of 
3%, and summing the dissipator and elasto
meric bearing shear forces at this displace
ment. It should be noted that the 
dissipators are capable of sustaining 
larger deflections at the expense of a 
reduced number of cycles before fatigue 
# pers. comm. R. I. Skinner. 
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failure. 
2.2 Capacity Design 

The piers were designed using the 
following capacity design approach. Seismic 
shear derived in the previous section was 
adopted as a probable value. This shear 
was applied at the centre of gravity of the 
superstructure to generate a probable 
maximum base moment, and pier flexural rein
forcement was based on this moment using 
a probable steel yield stress of 316MPa 
(1.15x nominal f y ) , and a load factor of 
unity. The pier design shear force was 
derived from pier overstrength base moment, 
based on a steel stress of 344MPa (1.25x 
nominal fy), and a shear capacity reduction 
factor <j> = 0.85 adopted. Pilecap and piles 
were designed using pier overstrength drive 
moment and dependable strength (<f> = 0.9 for 
flexure, cj> = 0.85 for shear). 

The piers were initially sized by 
preliminary design as 2.0m octagons, but 
following the computer dynamic analyses 
described in subsequent sections, were 
reduced in size to 1.8m octagons. Final 
pier reinforcing is at the minimal 1% 
limit. Further reduction in pier size with 
a corresponding increase in reinforcing content 
was considered inappropriate on aesthetic 
grounds. 
3. COMPUTER ANALYSES 
3.1 Computer Model 

Although both transverse and longitudinal 
analyses were performed, only the former 
will be discussed here in detail, as these 
were found to dominate design. Diaphragm 
action of the slab was assumed to be largely 
ineffective due to existing normal trans
verse flexural cracking, and additional 
torsional cracking induced by seismic 
response. Thus the internal piers were 
conservatively designed for the full 
contributory mass corresponding to one 
complete span. For a comparatively light 
heavily trafficked bridge such as the South 
Brighton Bridge it might be considered 
reasonable to incorporate some seismic 
live-load in the superstructure mass. In 
view of the conservative nature of the 
assumption about deck diaphragm action, this 
was not felt to be necessary. 

Fig. 3 represents the analytical model 
used to investigate transverse response. 
The superstructure and pier hammerhead 
masses have been distributed to nodes 3.75m 
each side of the centreline to correctly 
simulate torsional mass inertia of the 
superstructure. Node numbering is included, 
and member numbers given in parenthesis 
adjacent to the appropriate member. 

Member 1, representing the pier stem 
included a rigid-end block to represent the 
stiffening effect of the pier hammerhead 
and was given a moment of inertia appropriate 
to a cracked section just prior to yield. 
Node 1, at the base of the pier was fully 
fixed, as initial calculations showed the 
extent of foundation flexibility to be 
insignificant. The plastic hinge length was 
set at 0.70m on the basis of equations in 
the Highway Bridge Design Brief(2). 
Because an estimate of probable response 

rather than worst feasible response was 
required, the yield moment of 10.4 MNm 
was based on the specified concrete strength 
and a probable steel yield stress 15% 
higher than the specified minimum. Effects 
of moment enhancement due to concrete con
finement were ignored, but hysteretic post-
yield behaviour was represented by a 
bi-linear moment-curvature loop with post-
yield stiffness set to 1% of the elastic 
stiffness to represent strain-hardening. 

Properties for members 2 and 4, and 6, 
representing the pier hammerhead and deck/ 
diaphragm system respectively were based on 
uncracked response. 

Nodes 3 and 5 were located at the centre 
of gravity of the pier hammerhead, while 
nodes 4 and 6 were located at the super
structure centre of gravity. As can be seen 
from Fig. 3 this resulted in members 3 and 
5, representing the seismic isolation 
system, having an effective length of 2.12m. 
Two main variations in the properties of 
these members were investigated. In the 
first, each member (3 and 5) was given an 
axial stiffness equal to that of 6 Advanx 
Mll-115-4 elastomeric bearings. The moment 
of inertia was adjusted so that transverse 
flexural deformations under a given shear 
loading would duplicate shear deformations 
of the actual bearings. These members were 
assumed to remain elastic. For the second 
system the axial stiffness was left 
unaltered, but the flexural stiffness of one 
cantilever dissipator was added to the 
transverse stiffness of each of members 3 
and 5. The properties of the dissipator 
were based on the data presented in Fig. 
2b. 

Fig. 4 describes the bilinear hysteresis 
loop representing the combined behaviour of 
the damper plus 6 elastomeric bearings, 
drawn for a maximum displacement of 110mm. 
This is a typical level of peak response 
under a major earthquake. It will be noted 
that the stiffness of the post-yield portion 
of the loop exceeds 52% of the elastic 
stiffness, and that the loop appears to be 
rather thin. This contrasts with the 
typically fat hysteresis loops published 
for energy dissipation devices, including the 
steel cantilever, and results from the 
inclusion in Fig. 4 of the elastomeric 
bearings to give total response, rather 
than isolating the dissipator characteristics. 
In fact for this typical bridge, dissipator 
stiffness was almost identical to total 
bearing stiffness. Since the latter do not 
yield, they tend to dominate the response, 
as will be shown later. 

For comparative purposes, analyses 
were also run with members 3 and 5 given 
effectively rigid properties to model 
monolithic pier/superstructure construction. 
3.2 Earthquake Records 

Two earthquake records exhibiting rather 
different characteristics were chosen. The 
first was the initial 15 sec. of the familiar 
El Centro 1940 N-S record which is character
ised, by peak acceleration responses from 
elastic systems with periods in the 0.3-0.5 
sec. range. The second record was a 
preliminary digitization of the Bucharest 
19 77 N-S record which excites unusually 



112 

high response from elastic structures with 
natural periods in the 1.2-1.7 sec. range. 
The peaks of the 2% damping acceleration 
response spectra of El Centro and Bucharest 
are similar, but occur at different periods. 

A course digitization of the Bucharest 
earthquake was used, resulting in a Nyquist 
period of about 0.4 sec. Since hand analyses 
indicated that all models investigated in 
this study would have much higher periods 
than this, inaccuracies due to the coarse 
digitization should not be significant. 
3.3 Computer Program 

Dynamic inelastic time-history analyses 
were carried out using a program 'TWODEE1 

developed by Sharped), A time-step o-f 
0.005 sec. was adopted for all analyses, 
and damping was set at 5% critical for the 
first two modes. 
4. RESULTS 

The initial purpose of the dynamic 
analyses was to check the seismic response 
of the intended dissipator system, and to 
compare results with the bearing-only case. 
As it soon became apparent that the dissipators 
were not being particularly effective, a 
further set of analyses representing a 
monolithic pier/superstructure design were 
performed. These were only run for compara
tive purposes; the monolithic approach was 
not feasible because of the short pier 
stems. 
4.1 Pier Base Moments 

Comparisons of Pier base-moment time 
histories for El Centro and Bucharest 
responses are given in Figs. 5 and 6. Under 
El Centro (Fig. 5) the monolithic design 
reaches yield on seven occasions, while the 
design incorporating dissipators and bearings 
has a peak response well below yield. However, 
the response of the design incorporating 
elastomeric bearings but excluding dissipators 
is also well below yield, and is in fact 
very similar to the response of the design 
including dissipators. 

The Bucharest 77 response is rather 
different. In this case all three models 
are subjected to two yield excursions. Peak 
response occurs between 3 and 3.5 sec. with 
sufficient inelastic deformation to result 
in substantial strain-hardening for the two 
models incorporating bearings. Again there 
appears to be little to choose between the 
results for the designs with and without 
dissipators, but response of the monolithic 
design appears better, as the strain-hardening 
sustained by this model is clearly insignificant. 
4.2 Pier-Top Displacements 

Figs 7 and 8 compare time-histories 
with displacements at the centre of the 
pier hammerhead, that is, at a level below 
the bearings and dissipators. El Centro 
response (Fig. 7), as expected for 
elastically responding systems is qualitatively 
similar to the pier base-moment response, 
with the results of the two designs incorpor
ating bearings being similar, and the improve
ment resulting from incorporation of the 
dissipators being relatively insignificant. 
It will be noted that the monolithic design 

is subjected to a modest plastic set of 
about 10 mm. 

Displacements under Bucharest 19 77 
(Fig. 8) show that the two designs incor
porating bearings are both subjected to a 
massive displacement pulse at the time 
corresponding to peak moment response in 
Fig. 7 (i.e. at about 3.3 sec.) resulting 
in very substantial plastic set in the 
vicinity of 75-100 mm. The dissipators have 
had a moderate effect in reducing maximum 
displacement. By contrast, however, the 
monolithic construction has been comparatively 
unaffected by the earthquake, with displace
ments and plastic sets only a fraction of 
the values for the other two analyses. 

4.3 Final Design 
On the basis of the results presented 

in Figs 5 to 8 it was felt that the 
beneficial effects of the dissipators in 
reducing response were at best marginal, 
and rather uncertain. It is significant to 
note that, based on the El Centro response 
alone, possible savings in reinforcement 
costs of less than $500 are only a fraction 
of the estimated installed cost of the 
dissipators of $10,000. If response under 
the Bucharest record is considered, no 
savings in reinforcement are possible. 

Smith has indicated ̂  6 ̂  that Christchurch 
is likely to be subjected to ground motion 
intensity equal to that of the El Centro 
1940 record with a return period of between 
100 and 250 years. Since the expected life 
of a bridge structure is within this time 
scale, it was decided to adopt El Centro 
as the 1 design' earthquake, and utilise 
the results for El Centro analyses previously 
run as data for redesign of the piers. This 
enabled the pier diameter to be reduced to 
1.8m, with a yield moment based on probable 
material strengths of 7.32MNm, 30% less 
than the value adopted for the initial 
design incorporating dissipators. It was 
considered prudent, as previously stated, 
to provide earthquake stops at each pier, 
and linkage bolts at the abutments as a 
second line of defence against superstructure 
displacements substantially larger than 
anticipated. The cost in providing this 
additional protection is significantly less 
than that of the dissipators. 

It is pertinent to note that the design 
seismic shear adopted is equal to 9.3% of 
the superstructure weight (conservatively 
ignoring shear resisted by abutment bearing 
deformation). This is more than 50% higher 
than the value specified for Zone B, T = 
1.42 sec, by the Highway Bridge Design 
Brief(2). in fact, in the final analysis, 
Dead+Live Load governed pier design. 

Dynamic analyses were run for the 
revised pier with the superstructure 
supported on elastomeric bearings without 
dissipators. Final design was carried out 
on the basis of the resuLts of these 
analyses using capacity design as outlined 
in section 2.2. Detailing for ductility 
was in accordance with the provisions of 
the Highway Bridge Design Brief( 2). 

Salient results for the dynamic analyses 
are presented in Table 1 which includes 
corresponding values from the previous three 
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cases for comparison with each other and with 
the final design. It will be noted that under 
El Centro attack response of the final design 
is elastic and very similar to the 2.Om dia. 
case. Under Bucharest attack behaviour is 
better than for the 2.Om dia. case. Base 
moments and shears (and hence forces to the 
pile group) are reduced without a correspond
ing increase to curvature ductility. Although 
a high curvature ductility, corresponding to 
a structure ductility of about 9 is sustained, 
cummulative structure ductility (total over 
all yield excursions) is less than 14. This 
compares with a value of about 48 implied 
by four yield cycles to a ductility of 6 
required by the Highway Bridge Design Brief. 
Consequently failure is not expected. Maximum 
bearing displacement at 145 mm is large, 
but less than for the 2.Om pier, with or 
without dampers, and final plastic set at 
79 mm compares closely with the 2.Om pier 
with dissipators. 

5. DISCUSSION OF RESULTS 
The authors were somewhat surprised 

to find how little effect the design 
dissipators had on response. They conclude 
that the reason lies in the fact that 
previous relevant papers have compared 
response of monolithic systems with the 
corresponding systems incorporating bearings 
and dissipators. It will have been noted 
on the basis of results presented in this 
paper that the difference between such cases 
can be large, though not in all cases 
beneficial. As far as the authors are aware, 
the separate influence of the elastomeric 
bearings and dissipators has not previously 
been isolated in analyses. 

It is clear from these results that the 
elastomeric bearings have a greater influence 
on response than the dissipators. This would 
be expected after examination of the bilinear 
load-deflection hysteresis loop presented 
in Fig. 4. The loop is comparatively slender 
and clearly dominated by the stiffness of the 
bearings, as noted earlier. Behaviour is 
similar to an elastic hysteresis loop with 
equivalent viscous damping of about 5-7%. 

The fundamental action of the bearings 
is to increase the natural period to some
where in the range 1.3-2.0 sec. for other 
than long bridges. The actual value will 
depend mainly on the ratio. 
superstructure dead load 
Lateral bearing stiffness 
However lateral bearing stiffness is roughly 
proportional to vertical stiffness, with 
the range of the ratio being comparatively 
small for commercially available bearings. 
Vertical stiffness is related to vertical 
load carrying capacity which will be chosen 
on the basis of maximum Dead Load plus Live 
Load reaction. It can thus be shown that 
the natural period T wil1 be roughly pro
portional to 

m /P.L. reaction 
/ D.L. + L.L. reaction ' 

since Live Load is commonly ignored in 
seismic analysis. The ratio DL/(DL+LL) will 
vary in the range 0.4 to 1.0, depending on 
the span length, resulting in a comparative 
uniformity in the natural period. 

Incorporation of dissipators increases 
the structural damping somewhat, but has 
little additional effect. Clearly the effect 
of elastomeric bearings (and dissipators if 
incorporated) will be beneficial only if the 
increase in natural period is accompanied 
by a reduction in the acceleration response 
spectra. This depends on the characteristics 
of the particular earthquake, as illustrated 
by the difference in results obtained in this 
investigation for El Centro and Bucharest. 
The reason is plain on examination of Fig. 
9, which shows the shift in natural period 
of the system on incorporation of bearings, 
in relation to simplified response spectra 
(2% damping) of El Centro and Bucharest. 
For El Centro, the shift in period results 
in a substantial drop in response, while 
for Bucharest, it moves the structure into 
the region of maximum response. 

6. CONCLUSIONS 
Limited time-history analyses on an 

actual bridge design revealed the following 
characteristics. 
1. Design to avoid pier yield by use of 
steel-cantilever dissipators resulted in 
higher pier base moment requirement than 
would be obtained from design to the Highway 
Bridge Design Brief. Adoption of this design 
would result in a more costly substructure, 
particularly from a requirement for extra 
piles. 

2. Insufficient reduction in response 
was obtained from incorporation of the 
dissipators to warrant their inclusion. 
3. For seismic isolation of this bridge 
using elastomeric bearings and dissipators, 
behaviour is dictated by the bearings. 
The dissipators are comparatively ineffective, 
providing a small additional equivalent 
viscous damping, and result in a reduction 
in peak responses of between 0-30%. 

General conclusions that can be made 
on the basis of this study are :-
4. Superstructures supported by commercially 
available elastomeric bearings will have 
natural periods greater than 1.3 sees. 
5. Whether or not inclusion of bearings 
(and dissipators) will tend to 'isolate1 

the bridge against seismic attack will 
depend on the response spectra of the 
specific earthquake. Under earthquakes with 
similar characteristics to El Centro 1940, 
this will invariably be the case. However, 
there are many more recent earthquakes 
(Bucharest, Parkfield) where response will 
not be improved, and may in fact be affected 
detrimentally. Clearly information on 
characteristics of earthquakes for New 
Zealand sites is urgently needed. 
6. Although there will undoubtedly be 
special cases where the use of steel or 
lead dissipators is warranted, for the 
typical, standard bridge it appears that 
benefits will not warrant the extra costs 
involved in manufacture, installation and 
maintenance. 
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TABLE 1 

RESULTS OF T I M E _ H I S T O R Y ANALYSES OF TRANSVERSE S E I S M I C RESPONSE 

Natural period 
(sees.) 

EL CENTRO 1940 N-S (15 sec.) BUCHAREST 1977 N-S (12 sec.) 

Natural period 
(sees.) 

2.0m dia. 
monolithic 

2.0m dia. 
bear.only 

2.0m dia. 
bear.+ 
dissipators 

1.8m dia.* 
bear, only 

2.0m dia. 
monolithic 

2.0m dia. 
bear.only 

2.0m dia. 
bear.+ 
dissipators 

1.8m dia.* 
bear.only 

Natural period 
(sees.) 0.68 1. 39 1. 06 1.42 0.68 1. 39 1.06 1.42 

Maximum Deck 
Displacement (mm) 38. 1 106.4 74.2 108.4 32.2 287 .9 229.7 238. 8 

Max. Bearing 
Displacement (mm) N.A. 96.2 64.8 96.1 N.A. 220. 0 175.0 145.0 

Max. Pier 
Displacement (4.73m) 24. 1 10. 2 9.4 12.3 20.0 138. 6 99,4 119.3 

Pier Yield 
Moment (MNm) 10.4 10. 4 10.4 7.32 10.4 10.4 10.4 7.32 

Max. Pier 
Moment (MNm) 10. 6 7. 32- 6.45 7.09 10.5 12.6 11.9 8. 82 

Max. Pier 
Shear (KN) 1775 1015 781 989 1627 2046 2069 1451 

Max. Pier Duct 
(Curvature) 2.8 Nil Nil Nil 2.0 22.0 15.3 21.5 

No. damper 
yields N.A. N.A. 22 N.A. N.A. N.A. 13 N.A. 

No. pier 
yields 7 Nil Nil " Nil 2 2 2 5 

Final Plastic 
set (mm) 10. 7 Nil Nil Nil 7.7 105 76 79 

Final design choice 
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FIGURE 5: PIER B A S E - M O M E N T S , EL CENTRO 1 9 4 0 N-S 
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FIGURE 6: PIER B A S E - M O M E N T S , BUCHAREST 1977 



1 2 0 

w i t h 
m o n o l i t h i c bear ings 

Period [sees] 

FIGURE 9 : R E L A T I O N S H I P B E T W E E N P E R I O D S H I F T A N D 

R E S P O N S E S P E C T R A 


