~ NEW ZEALAND CONCRETE SOCIETY

21st Technical Conference
Rotorua

12-14 OCTOBER, 1985
TECHNICAL PAPERS




“h,



CONCRETE (OFFSHORE PLATFORMS

*

D Whittaker

NEW ZEALAND CONCRETE SOCIETY

21ST TECHNICAL CONFERENCE

12-14 OCTOBER 1985
TR 270N

TECHNICAL PAPERS
_—nmey VAPERS

Second PTogress. report on research preject on the seismic performance
of offshore concrete gravity platforms,

DURABILITY OF CONCRETE

*

*

D P Barnpard

Permeability - A durability factor

R W Irwin

The deterioration of concre

te by carbonation - a new technige for

analysis, interpretation, and decision on remedial measures

E P Sansom

The use of epoxy injection

and concrete techniques for the restoration

of the structural integrity of the reinforced concrete frame of a fifty

year old multi-storey apart
S M Bruce and L M Smith

Evaluation of crack repair

BRIDGING

C R Stuart

ment block

injection materials

Seismic retrofitting of state highway bridges in New Zealand

I J Billings
Current bridge design and ¢
A R Dickson and R C Fenwick

The response of reinforced

RECENT RESEARCH DEVELOPMENTS

*

I
T Pauley and W J Goodsir

The ductility of structural

onstruction practice in western U § A

concrets slabs to concentrated loading

+

walls

H Tanska, R Park, and B McNémee

Anchorage of transverse rei
columns in seismic design

L Gaerty

Silica fume conerete

nforcement in rectangular reinforced concrete

Page

Page

Page

Page

Page

Page

Page

Page

Page

Page

Page

16

22

33

37

45

49

68

88

114







SEISMIC RETROFITTING OF STATE HIGHWAY BRIDGES IN N.Z,

C.R. STUART: B.E, (Civil), M.I.P.E.N.z.*

1. INTRODUCTION

This paper summarises the scope for seismic
retrofitting of state highway bridges, outiines
current policy, and concludes with a description
of the only major programine of seismic retrofitt-
ing undertaken to date in New Zealand. Some
suggestions for Future research are also includ-
ed. This paper was originally presented at
the Applied Technology Council Joint U.5./N.2,
Workshop on the “Seismic Resistance of Highway
Bridges®, held in San Diego on May £-10, 1985,
and attended by a team of N.Z. bridge design
engineers and researchers.

2. SCOPE FOR SEISMIC RETROFITTING
N.Z. STATE HIGHWAY BRIDGES

New Zealand has experienced many major earth-
quakes since first European settlement in the
early 18007's, However, it was not until the
Napier Earthqguake in February 1931, which caused
265 fatalities, that any significant advance-
ments were made towards improving the earthquake
resistance of bridges.

Of the 2600 bridges on state highways, 15%
of the total were built prior to 1932 and pre-
date the earliest attempts to design and detail
bridges for earthquakes. Although many of these
bridges would sustain extensive damage even
in a modest earthquake; most are either reaching
the end of their economic life or are function-
ally obsclete and are therefere likely to be

replaced within the next 25 years. Seismic
retrofitting in most of these bridges ' would
not seem to be economically viable.

Designing for seismic resistance became

in the 1930's following the
Napier Earthguake. This period coincided with
a rapid development of the roading system in
N.Z. which saw many of the early timber bridges
replaced with modern Structures in reinfarced
concrete. Most of these replacement bridges
were based on a range of standard designs dev-
eloped by the Public Works Department (PWD),
later to become the Ministry of Works, (MOW).
The principal Ffeatures of these bridges are
simply supported tee-beam spans, integral abut-
ments, reinforced concrate hinge bearings at
intermediate slab piers, and vertical precast
concrete piles. These features provided strong
positive connections between components, with

accepted practice

* District Civil Engineer, Engineering Services
Diviszion, Ministry of Works & Development,
Napier.
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the parts most vulnerable to earthquake damage
being the relatively weak wvertical piles and
the siab piers which lack confining steel.

Designing for seismic resistance became a
mandatory requirement in 1944 when the P.HW.D,
issued a preliminary code of practice for highway
bridging. This was followed in 1956 by the pub-
lication of the M.0,W. Bridge Design Manual.
Both Decuments, largely based on the AASHO Spec-
ifications, included a requirement that bridges
be =&ble to resist an earthguake design load,
equivalent to 108 of the superstructure welght
applied as a horizontal static force. This load
was to be resisted without exceeding 133% of
normal allowable working stressas. This design
approach was simple tao apply and ensured bridges
could withstand moderate @arthquakes with minimal
damage, as observed following the Inangahua earth-
quake (magnitude 7) of May 1968, However, 71%
of all present state highway bridges puils
between 1932 apnd 1972 using this design approach
usually have limited ductility. They are there-
fore iikely to sustain extensive damage, partic-
ularly ¢o piers and foundation piles, during
a major earthquake. Strengthening of foundation
piles would in most cases be very costly pecause

of difficult access. Nevertheless, there is
obviously considerable scope of carry out cost
effective seismic retrofitting on a selective

number of the most important bridges built during
this period.

The Highway Bridge Design Brief, first pub-
lished by the . MOW in 1971, with subsequent
revisions issued in 1972, 1973 and 1978, adopted
4 design approach which required bridges to he
designed and detaiied to ensure predictable post
elastic behaviour, with energy dissipated either
in piers capable of ductile yielding or in spec-
ially developed mechanical energy dissipating
devices. The 14% of state highway bridges design-
ed since 1971 should therefore remain servicable
after a major earthquake, with damage Ilimited
to areas which are readily accessible and relat-
ively easily repaired, It would be desirable

for all strategically important bridges in the
state highway system to be upgraded to this
standard.
3. CURRENT NRB POLICY

The National Roads Board (N.R.B.) provides
funds for all state nighway bridging, and also




contributes a substantial subsidy towards the

cost of all local authority bridging.

It is eurrently NRB policy to give priocrity
to the upgrading or replacement of bridges to
provide full legal (Class I} load carrying capac-
ity, with the proposals being assessed on an
economic basis. Consequently the seismic retro-
fitting of bridges has tended not to be given
a high pricrity by the NRB and there is no nat-
ignal programme +to bring edther state highway
or local authority bridges up to current seismic

code standards. Proposals for retrofitting
are considered by the NRB on a case by case
hasis. The only significant seismic retrofitt-

ing undertaken by the HRB to date involves eight
bridges on State Highway 35 in the East Cape
regien of the North Island. The work is being
carried out as part of & comprehensive structural
upgrading invelving concrete deck replacement
and girder strengthening. A description pf
this seismic retrofitting work follows.

BACKGROUND TO RECENT SEISMIC
RETROFITTING OF EIGHT BRIDGESQN 5H35

4.

All eight bridges, which were built hetween
1956 and 1962, consist of a conventicnal arrange-

ment of | steel plate girders composite with a
reinforced concrete deck slab and supported
on reinforced concrete piers and abutments.

The bridges were designed te the seismic design
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TABLE 1

SUMMARY OF SPAN ARRANGEMENTS

Bridge Span Arrangement
Hikuwai 1 & 2 100.5,301.0,100.5 (ft)
Hikuwai 3 60.5, 91.0, 90.5
Hikuwai 4 90.5, 91.0, 90.5
Makatote 70,5,71.0,71.0,70.5
Makarika 2 50.5,51.0,51.5

45,5,45.5
45.5,46.0,46.0,45.5

Kopuarca 1
Kopuarca 4

Figure 1 below shows the general arrangement
of Hikuwai 2, which has tall slender open frame
type plers typical of all four Hikuwai Bridges.
Seismic loads in the longitudinal direction
are designed tc be resisted at both abutments
by an arrangement of eleven 16 inch octagonal
reinforced concrete piles rakes at 1:3. Trans-
verse seismic design loads are designed to be
raesisted at all supperts.-

Figure 2 below shows the general arrangement
of Makarika 2 which has low slab type piers
typical of the remaining four bridges. The
distribution of seismi¢ design ‘loads is the

same as that in Hikuwai 2 bridge.

in all bridge
The cause of
concrete decks

Extensive cracking was observed
decks so0con after construction.
the premature failure of these

reguirements of the 1956 Bridge Design Manual. has been attributed to a number of factors In-
Design live loading was H2.G—S‘—16.1 1A summary cluding poor mix design and the use of smooth
of span arrangements is given in table 1. polished course aggregate.
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SEISMIC RETROFITTING

The decks continued to deteriorate with use,
with a substantial reduction in stiffness and
progressive spalling of cover concrete from

the underside of the decks being observed over
the vears. After a wahicle punched a hole th-
rough the deck on Hikuwai 1 in 1980 it was decid-
ed too replace the decks on ail eight bridges.
The girders required strengthening to carry
the thicker replacement deck and current design
live loads.

5. METHOD OF SEISMIC RETROFITTING

Analysis of the criginal raked piled abut-
ments confirmed that they had considerahle cap—
acity to resist a nigh level aof lateral loading
without distress. On the other hand the piers,
particularly the open frame type, were found
to be lightly reinforced with little or no con-
fining reinforcement in areas of potential plast-
ie hinges. Studies showed that these bridges
could be retrofitted for a small incremental

cost, by iselating the superstructure with flex-
ible elastomeric bearings and incorporating
energy dissipators at the abutments, providing
the work was carried ocut at the same time as
redecking and girder strengthening.

The +typical structural arrangement adopted
for retrofitting on all eight bridges is shown
in Figure 3 below. The typical original and
retrofitted details at the abutments and piers
are shewn figures 4 and 5 respectively. Note
deck slab elements are linked together over
the piers to enable the deck to act as a hor-
izontal diaphragm spanning between abutments.

retrofitting design loads for the
four Hikuwai bridges were determined using the
design charts developed by Blakeley in refer-
ence 1. Lead/rubber energy dissipators were
found to be suitable and were designed in accord-
ance with referance 2.

Seismic
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FIGURE 3 - TYPICAL STRUCTURAL ARRANGEMENT OF RETROFITTED BRDGES
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Rowever. for the remaining bridges with slab
piers which have & substructure maszs of the same
order as the superstructure a specific dynamic
analysis was carried out as recommended by Blake-
ley. 'The FEPLANE programme, which was developed
at Berkeley, was used for the computer modelling
and to establish design leads for retrofitting.
Lead/rubber bearing energy dissipators were not
considered suitable fer Makarika, or feor Kopuarca
1 ané 4, as their dead load is not sufficient
to confine the lead core. Cantilever tapered
steel pin energy dissipators, designed using
referesnce 3, were therefore used instead.

The retrofitted structures were analysed
for both the corrected El Centro 1940 Accelero-

gram (magnitude 6.3}, and also the Artificial
Bl shaking (magnitude 7.90). Maximum horizontal
shear deflection of tha elastomeric bearings

for all bridges were about 2.5 to 3 inches for
El Centroc shaking and 4 to 4.5 inches for Bl
shaking. A1l substructures have sufficient "de-
pendable strength" to resist El Centro and suff-
icient “probable strength” to resist Bl shaking.
Phe retrofitted structures can therefore be ex-
pected to sustain only minimal damage in a severe
(MM8-9) earthquake, whereas before retrofitting
they were likely to have sustained extensive
damage in a modest (MM7-7.5) sarthguake.

6. SUGGESTIONS FOR FURTHER RESEARCH

{a} Study of the technical feasibility and econ-
omic evaluation of seismic retrofitting typ-
ical standard designed R.C. tee beam bridges
built throughout the country in the 1%30's
and 40's.

STUART
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{b) Further development of compact energy absorb-—
ing devices and technigues for imstallation
into existing structures.

{c) Purther development of Jlead/rubber bearing

energy dissipators to increase efficiency

at low levels of axial load.

{d) Development of simplified metheds for initial

evaluation of the earthquake resistance of

existing bridges and the economic benefits
of retrofitting.

The permiszion of the Commissioner of works to
present this paper is acknowledged with thanks.
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