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Abstract

This paper presents the investigation, design, and construction process for the seismic
strengthening of an existing bridge abutment in the Wellington region, New Zealand. A
geotechnical investigation, including boreholes, cone penetration tests, and downhole seismic
testing, was conducted to inform the seismic strengthening design. To improve the bridge's
seismic performance, a strengthening solution for the abutment wall using ground anchors was
proposed. The design was informed by sacrificial ground anchor trials tested to failure, which
established a site-specific ultimate grout-to-ground bond strength. The primary challenges
arose during construction, which required working within a highly constrained corridor under a
short, fixed shutdown period. This necessitated close collaboration with multiple stakeholders,
leading to on-site design modifications to anchor inclination and details. This paper discusses
geotechnical design, ground anchors’ construction challenges, and the key learnings.
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1 Introduction

The overbridge, constructed in the early 1900s is one of the main arterial routes in the
Wellington region. The age of the overbridge remains a critical factor in its seismic
performance, as it predates the development and implementation of modern seismic design
codes. The principles of ductile design and capacity engineering, which began to inform bridge
engineering only after catastrophic failures were observed in events like the 1971 San
Fernando earthquake, would not have been part of the original design (Gurley, 2012).

It was decided to progress with a Detailed Seismic Assessment (DSA) of the bridge to gauge
whether strengthening works are required. As part of this DSA, strengthening the existing
abutment walls was prioritised to improve the seismic performance of the bridge.

The subsequent sections will detail the geotechnical investigation, geotechnical design of the
seismic strengthening system for the abutment wall, construction considerations, and the
difficulties faced during the stages of work. The broader geotechnical assessment of the full
bridge is not part of this paper.
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Wellington Region

Figure 1. Site Location

Imagery from Eagle Technology, Land Information New Zealand (LINZ), GEBCO and Community maps contributors. Sourced from the
LINZ Data Service and licensed for reuse under the CC BY 4.0 licence.

2 Desktop Study

2.1 Regional and Local Geology

According to published regional geological maps, the area is underlain by ocean beach
deposits described as ‘Holocene marine gravel with sand; mud; and beach ridges’.
Underlaying this is late Quaternary beach deposits described as ‘beach sand, gravel, and shell
of the modern coastal plain; young marine terrace cover beds comprising gravel, sand, peat
and mud’. These units are likely underlain at depth by Rakaia Terrance Triassic sandstone
and mudstone, more commonly known as Greywacke rock.

Previous geotechnical investigations in the area revealed a surficial layer of natural alluvium
typically comprising of gravels, underlain by Marine Deposits, typically described as sand and
silt mixtures with shell fragments.

2.2  Bridge Structure

According to historic construction drawings, the bridge structure consists of multiple piers
connecting the bridge spans with embankments on each side. The abutments are constructed
from unreinforced concrete blocks and have a variable thickness from the top to the base. The
abutments ‘extend’ out from each end as wing walls with tapering height to retain the
embankment. Based on the construction drawings, it appears that the abutments and wing
walls are founded on shallow strip footing foundations.

In general, the bridge appears to be in good condition given its age, with no indications of
flexural failure or overturning of the bridge structures.
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3 Geotechnical Investigation

3.1  Site Investigation

To establish the preliminary soil properties of the embankment fill, a hand-operated auger
borehole was carried out with associating Dynamic Cone Penetrometer (DCP) tests.

Based on the preliminary hand auger boreholes, the embankment fill material consists of
variable silt, sand and gravels which is common for historical fills. The hand auger and DCP
tests refused on a layer of inferred dense gravels which is likely where the foundations are
founded in.

To further develop the preliminary assumed ground model, a detailed intrusive investigation
was completed, consisting of machine boreholes, Cone Penetrometer Tests (CPT) and a
downhole seismic shear wave test.

The boreholes were advanced to a depth of 30 metres below ground to provide deeper ground
information for potential future deep foundation design, with Standard Penetrometer Testing
(SPT) at 1.5-meter vertical intervals to assess the soil density properties. Cohesive soll
samples at a depth between 13 m to 15 m were obtained and sent to a geotechnical laboratory
for Atterberg Limit tests and liquefaction susceptibility testing.

CPTs were advanced using a tracked Pagani TG63 — 150 rig to a depth of 24 meters below
ground level before reaching practical refusal due to hard material. Raw CPT data, including
cone tip resistance, friction sleeve resistance and pore water pressures were recorded at 1 cm
intervals. As the CPT probe is pushed through the dense gravel layer, the rig was anchored
into the ground to provide additional restraint. In some cases, the anchored material failed
while pushing through the gravel layer and the test had to be restarted.

Upon completion of the boreholes, a PVC pipe was left grouted in one of the boreholes for a
down-the-hole seismic shear wave (DHVs) test. The DHVs was carried out using a dual 3-
component geophone and recording the surface-generated shear wave signal at 0.5 m
increments up to a depth of 29.9 m.

3.2 Investigation Findings

In general, the encountered material is consistent across the boreholes. The boreholes
encountered a layer of existing fill comprising of loose to medium dense gravels to a depth of
up to 3.5 m below ground level. This validates our initial assumption that the shallow footings
are founded in dense gravel fill.

The fill was underlain by alluvium comprising of medium dense to dense gravels up to 5.5 m
depth, followed by marine deposits consisting of alternating medium dense sands and firm to
stiff silts with shell fragments. At a depth of 23.4 m, the marine deposits turn into very dense
gravel mixtures where the boreholes were terminated.

A cone tip resistance, qc for each encountered material were obtained from the CPT probe
readings matched to the corresponding soil depths in the boreholes. They are included in the
adopted ground model in Table 1.
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Table 1. Adopted Geological Model

Unit Soil Description Depth Range (m SPT N Reading (blows Cone Tip Resistance, qc

bgl) per 300 mm) (MPa)
FILL Sandy GRAVEL, Loose to Medium Dense 0-35 4-26 2.00-20.00
. Sandy GRAVEL with trace cobbles, Medium
Alluvium Dense to Dense 35-55 43 - 46 20.00 - 30.00
SAND with silt and shell fragments, Medium
Dense to Dense 6.0-12.0 10-40 5.00 -20.00
SILT with sand, shgll fragments and trace 12.0-16.0 4-12 0.20-0.25
) ) organics, Firm
Marine Deposits SAND with silt, shell fi ts and i
with silt, shell fragments and organics,
Medium Dense to Dense 16.0-235 16 -40 5.00 -20.00
Sandy silty GRAVEL with trace cobbles, Very 23530+ 50+ Not tested

Dense

4  Strengthening Design

The geotechnical assessment was carried out using the investigation findings and provided
through a series of iterations with the structural engineer. Liquefaction and stability analysis
were undertaken, however were not identified as critical to the structure’s abutments. The
abutment walls were prioritised in the strengthening works and accordingly this paper focuses
on this aspect of the design / project.

To improve the stability of the wingwalls and abutments during seismic shaking, a row of
ground anchors was proposed near the top of the wingwalls and abutments to reduce the
overturning effects. The horizontal acceleration considered in the wall stability analysis is
around 0.4g. We have involved the ground anchors contractor early in the design stage to
select Ischebeck® TITAN 30/11 self-drilling anchors with a sacrificial drill bit as a starting point
for the anchor design.

The relatively small size of the self-drilling anchors enables smaller drilling rigs to be used
which is crucial considering the access limitations. The self-drilling nature of anchors will also
cut down on the drilling and grouting time, as grouting could be carried out simultaneously
while the anchor is drilled.
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Figure 2. Conceptual Schematic of the bridge showing the anchor strengthening.
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4.1  Sacrificial Anchor Testing

To determine the grout to ground bond capacity, verification testing was carried out on four
sacrificial anchors drilled into the sloping embankment sides as variable fill material is
expected. The sacrificial anchor locations were selected with considerations of safe access,
minimal disturbance to traffic and to the existing bridge structure.

The sacrificial anchors were drilled to a bonded length of 5.0 m and 7.0 m (with free length of
2.0 m). This is to enable higher bond strengths to be achieved during the pullout test. All
sacrificial anchors were tested to failure, with an engineer present during the test to adjust the
load schedule according to the pullout performance.

The verification pullout test results (Figure 4) showed a consistent load-deflection behaviour
across all tested anchors, except for SA2 which showed a stiffer response.

Figure 3. Photo of sacrificial anchor testing set up.
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Figure 4. Sacrificial anchor pullout test plots

4.2  Production Anchor Design

Based on the verification testing plots, there are signs of excessive creep at a bond stress of
about 115 kPa and the anchors started pulling out at a bond stress of 150 kPa. Thus, we have
adopted an ultimate bond strength of 115 kPa for the production anchors.

We have specified an anchor with bonded length of 11.0 m to achieve the designated anchor
demand of 280 kN per anchor. An unbonded length of 3.0 m is provided to account for the
active wedge behind the abutment wall. As an added benefit, this unbonded length provides
ductility in the form of elastic deformation while the anchor is loaded.

5 Construction

The anchor drilling was executed in two stages: the first at the Northern Abutment and the
second at the Southern Abutment.

For each stage, the anchors were drilled within a week. Then anchors were production tested
at least 1 week after drilling to allow sufficient time for grout curing. The production test results
showed acceptable load-deflection performance.

The anchor inclination was reduced from 25 to 10 degrees to ensure sufficient clearance from
the rig to overhead cables, and the anchor head detail was revised to be sunken and flush with
the embankment wall to suit the projects requirements.

6 Conclusions and Learnings

This paper has presented the investigation, geotechnical design, and construction process for
the seismic strengthening of a nearly 100-year-old bridge abutment wall. The project integrated
geotechnical investigation, collaborative engineering design between geotechnical and
structural disciplines, early involvement of the drilling contractor, and adaptive construction
methods to improve the seismic performance of the structure. The implemented solution of
grouted steel anchors was designed to mitigate the identified wall instability concerns and
provide ductility.

This project also demonstrated the value of in-situ verification testing. Sacrificial anchor trials
provided site-specific data on the grout-to-ground bond strength, which informed an optimized
production anchor design. The need to work within restrictive construction windows and
address unforeseen site issues highlighted that practical decision-making during the
construction phase is a key component of project delivery.
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