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ABSTRACT: Orion’s participation in the Christchurch Engineering Lifelines 
Project resulted in the identification of the Dallington Bridge as potentially being 
a “weak link” in their network. The bridge, as well as being a footbridge, supports 
a pair of 66 kV oil filled cables supplying the Dallington Zone Substation. The 
substation supplies electricity to approximately 13,000 dwellings, commercial 
premises and other customers. The bridge was designed in 1967 and is a relatively 
slender cast insitu prestressed arch structure bearing on piles.  Such a design is 
very reliant on appropriate horizontal and vertical restraint at each abutment.  A 
detailed seismic and geotechnical analysis was undertaken in 1997/8 and indicated 
that the immediate area was potentially prone to liquefaction and lateral spreading 
and as a result the bridge was vulnerable to severe damage both transversely and 
longitudinally.  The author presented a paper to the 1999 NZSEE Conference on 
the vulnerability of the bridge and the proposed mitigation work.  The mitigation 
included additional heavy raking piles at each abutment, the encasement of the 
cables with heavily reinforced concrete and the creation of “cavities” to allow for 
lateral movement. Following the Darfield Earthquake on the 4th of September, the 
bridge was inspected and found to be relatively undamaged and supply to the Dal-
lington Substation was restored on the day of the earthquake. This was in spite of 
the south approach bulging as a result of the significant lateral spreading that had 
occurred in the area. Subsequent investigation has confirmed that the cables have 
sustained some degree of damage even though they have remained in service. 
Their replacement will take place in a timely fashion as a part of Orion’s overall 
programme of risk management. It is considered that had the bridge not been 
strengthened 11 years ago, the bridge almost certainly would have failed and the 
cables be damaged beyond repair.  It would also have resulted in electricity short-
ages and disruption for weeks following the earthquake 

1 INTRODUCTION 

1.1 Engineering Lifelines Study 

As a result of the findings from the 1994 - 1997 Christchurch Engineering Lifelines Study, 
Orion New Zealand Limited (formally Southpower Limited) found that certain areas of their 
electricity distribution network were vulnerable to failure as a result of a significant seismic 
event.  A system of ranking assets in order of seismic vulnerability (also taking into account 
importance / amount of redundancy available / consequences of failure) similar to that de-
scribed in a NZSEE conference paper “Lifelines for Mitigation, A Christchurch Experience 
(1995)” was employed. 
Subsequently Orion instigated a mitigation programme that has progressively reduced risk 
exposure to their overall network. This mitigation work included the strengthening of key 
buildings, cabling and equipment. 
The Dallington Cable and Footbridge, as a carrier of high voltage oil filled cabling, was con-
sidered a significant risk and was considered a high priority for seismic strengthening. 
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1.2 Network Description 

The electricity distribution network in Christchurch is supplied by Transpower via five Grid 
Exit Points (GXP’s) and distributed around the Christchurch area.   These in turn supply 15 
(66/11kV) Orion urban Zone substations of which 11 are supplied via 66kV cables.  (Refer to 
Figure 1). 

 
Figure 1:  The 66 kV Orion Network within metropolitan Christchurch with the location of 

the Dallington Bridge circled.  (66kV cables marked in blue).  [Orion] 

These cables typically run in the ground beneath roads or other service easements and are sur-
rounded with a “weak mix” concrete primarily to aid heat dissipation and provide some 
physical protection. 
The Dallington Bridge supports a pair of cables between Transpower’s Bromley GXP and 
Orion’s Dallington Substation.  The cables run along the south bank of the Avon River for 
approximately 750 metres before crossing the Dallington Footbridge.   

Dallington Bridge 

The Dallington Bridge is a relatively slender cast-insitu post-tensioned concrete arch struc-
ture.  The post-tensioning cables are anchored to the integral piled abutments.  
The bridge, designed in 1967 and constructed in 1969, preceded the 1976 Loadings Code and 
other related materials design codes of 1970’s.  These subsequent codes required a higher 
level of ductile detailing of reinforcement than was present in the bridge.  The reinforced con-
crete abutments were supported on slender steel soldier piles which have been driven into the 
riverbank at an angle of 30 degrees to the vertical. 
Horizontally the deck structure consisted of two rib arches with coupling beams essentially 
forming a vierendeel truss with removable concrete infill panels giving access to the oil filled 
cables below. The cables were supported on hardwood planks that span between the two ribs 
of the bridge arches. 
An initial seismic assessment raised concerns regarding the vulnerability of the structure in a 
450 year return seismic event. The reinforcement detailing was such that a reliable ductile ac-
tion could not be guaranteed. Concerns were also raised regarding the pile layout.  The piles 

2 



 
Figure 2:The Dallington Cable and Footbridge prior to the Darfield Earthquake  

[Google Maps] 

did not appear to align with the thrust generated by the arch action. This implied that the piles 
were being subjected to a combination of axial and flexural loads. 
In addition to the above, liquefaction studies in the area suggested that the adjacent banks of 
the Avon River could be susceptible to significant lateral spreading during a moderate to se-
vere earthquake (MM VII – MM IX).  Due to the slender nature of the bridge at midspan, the 
potential non ductile nature of the construction and potential differential movement of the 
abutments, liquefaction was considered to be a significant risk to the integrity of the bridge 
and the cables it carried. 

1.3 Liquefaction Hazard Report 

Previous investigations (Soils and Foundations, 1998 along the Avon River banks had identi-
fied a significant risk of liquefaction and associated lateral spreading.  This lateral movement 
of the river banks was considered likely to cause considerable disruption to buried services 
along the banks and bridges that cross the river. 
In order to quantify the risks in the area of the Orion 66kV cables, Cone Penetrometer Tests 
were carried out at both abutments of the Dallington Footbridge and along the south bank of 
the river, following the line of the cables.  These tests enabled potentially liquefiable material 
to be identified and provided soil strength values that enabled liquefaction susceptibility to be 
assessed using methods by Davis and Berrill, Zhou and Shibata and Teparaska. 
The tests indicated a significant liquefaction risk at the south bridge abutment and along the 
south bank.  Typically the majority of the liquefiable material was found in a band from 2 – 6 
m depth.  A lower risk of liquefaction was identified at the north abutment. 
Potential lateral spread distances were estimated along the south river bank using a method by 
Bartlett and Youd.  Movement in the order of one metre, during a 1000 yr return period event 
was predicted and it was noted that considerable movement would be possible for tens of me-
tres away from the bank. It was considered that this lateral spreading would likely cause con-
siderable damage to the bridge, most likely resulting in an upward “hogging” failure of the 
deck, which would obviously disrupt any cables that are supported by the deck. Damage was 
likely to occur at points where the cable was restrained from moving with the bank, such as at 
changes in direction. In addition, some natural variation in lateral spread distances would be 
expected which could lead to differential movement and further cable damage. It was there-
fore predicted that it would be highly likely that considerable cable damage would occur dur-
ing a major seismic event. 
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2 1999 MITIGATION WORK 

2.1 Bridge Superstructure 

As mentioned above, the bridge was found to be weak transversely.  There were also require-
ments for a system to divert any oil that could potentially leak from the cables away from the 
open waterway (Avon River), and additionally any mitigation work was to be aesthetically 
pleasing. 
A braced system was an option, as was infilling the removable concrete panels on the bridge 
deck to form a diaphragm, however due to the additional requirements it was decided to use 
continuous steel plates to form a diaphragm along the soffit of the arch. Spilt oil would be di-
verted to a catchment storage area at each abutment. 

2.2 Bridge Abutments 

The support of the bridge abutments was a significant concern. As described earlier the 
alignment of the piles did not align with the thrust of the bridge. Analysis suggested a reliance 
on passive pressure to maintain equilibrium. It was considered that the development of lique-
faction may either reduce the ability of the soil to provide passive resistance or increase the 
“passive pressure” due to lateral spreading.  Loss of lateral ground support could lead to col-
lapse of the bridge.   
It was therefore decided to add additional pil-
ing so as to retain the arch action independent 
of earth pressure for structural stability and to 
provide some resistance against excessive 
earth pressure as a result of the lateral move-
ment of the south bank in particular. 
By driving additional piles both raked towards 
the bank and away from the bank, and tying 
them to the existing foundation structure with 
pile caps, pile flexural forces would be re-
duced by them acting axially in compression 
and tension. 
It was considered that such a pile arrangement 
would also provide stability against any ten-
dency for the abutment to rotate.  Fewer but heavier piles would provide the least resistance to 
any liquefied material that may pass under the abutments. 

Figure 3: Driving the raking piles (1999) 
[Orion] 

2.3 Transmission Cabling 

The existing 66 kV oil filled cables along the river bank were encased with a substantial 
amount of “weak mix” concrete. Because of this it was considered necessary to encase them 
with a reinforced concrete cradle to provide some robustness at the bridge approaches. This 
cradle needed to provide longitudinal flexural strength, and resistance against shear, which 
would otherwise either stretch the cables or shear them in half.  To avoid a stress point where 
the reinforced cradle terminated, the cradle was gradually tapered down to the unreinforced 
section over a distance of approximately 2 metres. The cradle was anchored with additional 
raking piles to reduce the possibility of the bend in the cabling adjacent to the south abutment 
either “opening” or “closing”. 
In addition to the above, precast concrete caverns were created each side of the cables adja-
cent to the south abutment and extended around the outside of the 90 degree bend to allow for 
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some compression to take place and therefore absorb some of the stress on the cables from 
ground movement. 

3 EARTHQUAKE DAMAGE 

3.1 Darfield Earthquake 

At 4.36 am on Saturday 4th September 2010, an unknown fault ruptured approximately 40 km 
away from the Christchurch CBD releasing an M7.1 earthquake.  The precise details of the 
earthquake have been well covered elsewhere. Almost immediately electricity supply was cut 
to the city as a result of the transformers at Transpower’s substations tripping due to excessive 
movement within monitoring equipment. The transformers at Islington were returned to ser-
vice approximately 1.5 hours following the earthquake and the others followed progressively. 
Once Orion had also checked and reset their major substation equipment, the supply of elec-
tricity was able to be progressively restored. Over 90% of Orion’s customers were recon-
nected to their distribution network by sunset on the day of the earthquake. 
The cables crossing the Dallington Footbridge were re-livened as part of the reinstatement 
process successfully, even though there were signs that the bridge had resisted a considerable 
amount of stress as a result of the significant liquefaction and lateral spreading that had taken 
place during the main earthquake event. (ref. Figures 4 & 5). Most noticeable was some hog-
ging that had occurred to the main span resulting in cracking and some hinging at midspan. 
Once the initial impact of the earthquake had been substantially mitigated as far as electricity 
is concerned, it was decided to investigate the precise level of damage inflicted on the bridge. 
Five weeks after the Darfield earthquake, the process of excavating around the 66 kV oil 
filled cables commenced. The first stage was to place high strength Macalloy ties each side of 
the superstructure to ensure that the bridge would not spread as a result of the removal of 
ground around the south abutment.  The condition of the pile caps connecting the “1999” 
racking piles to the original abutment was unknown. Not using the ties risked the bridge los-
ing its springing and therefore allowing it to spread and possibly collapse. 

  

Figure 4: The Dallington Bridge six days af-
ter the Darfield Earthquake. Note the pump-
ing station centre left has risen and moved 

laterally. 

Figure 5: Photograph showing the substantial 
heaving that has taken place at the south 

abutment above the 90 degree cable bend. 

Once the ties were installed, the excavations commenced around the cables and the surround-
ing cradle and compression ducts. It was found that the piles caps, cable support and compres-
sion ducts had moved transversely and settled as a result of the very high lateral spreading 
forces. It has been estimated that the force on the south abutment was in excess of 100 tonnes 
and the lateral movement very close to the 900mm to 1000mm previously predicted (Le Heux 
et al., 2011). 
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It was observed that the west pile cap of the south abutment had moved more than the east 
pile cap resulting in a small rotation of the abutment.  This may have been a result of the pre-
cise alignment of the lateral spreading forces or an influence from the additional raking piles 
driven to transversely support the cradle supporting the 90 degree bend in the cables. 

3.2 Bridge Superstructure 

As a result of the bridge abutments moving closer together by approximately 200 mm, the 
centre of the bridge had risen approximately 100 mm upwards forming a hinge at midspan.  
Structurally this had reasonably little impact on the overall strength of the bridge as the main 
ribs tapered substantially from 330 mm depth at the apex to 1215 mm at the abutments.  
Therefore the formation of a hinge changed the structure from a two pinned arch to a three 
pinned arch with very little change of stiffness. 

3.3 Bridge Abutments 

Once excavated, it was apparent that rotation had taken place between the newer 1999 pile 
cap over the raking piles and the original pile cap and abutment structure on the south abut-
ment.  The north abutment appeared to be relatively undamaged, with only minor cracking.  
The upstream pile cap appeared to have moved more than the downstream pile cap (south 
end) effectively twisting the bridge slightly.  This was supported by the cracking at the crest 
of the arch. 

  

Figure 6: Hinging at midspan, upstream side 
of bridge. Note bar bucking 

 

Figure 7: Damage to the upstream 1999 pile 
cap showing cracking and rotation  

(repair reinforcement in place) 
 
It should also be noted that the cracking at various places on the bridge became worse at a re-
sult of some of the larger aftershocks. 
The above would suggest that the 1999 raking piles resisted the soil pressure acting on the 
abutment concrete and the older shallower soldier piles and have either deflected elastically or 
possibly yielded plastically at depth.  

3.4 Transmission Cabling 

The existing 66 kV oil filled cables were exposed and inspected. It was found that they had 
been slightly flattened where they transitioned from the reinforced cradle onto the bridge. A 
gap of approximately 50 mm had occurred due to the cradle separating from the abutment, 
with the starter bars having yielded and failed under tension and shear. Further back around 
the bend, one of the power cables had also stretched and partially necked. Although the cables 
were taken out of service for the investigation work (over two weekends) as a planned outage, 
for safety reasons, they have remained fully serviceable since the main earthquake.   
Orion decided not to repair the cables, but rather to manage a reduced loading on them to in-
crease the probability of them remaining in service long enough for a new 11kV back up sup-
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ply to be laid between Belfast and Dallington Zone Substation. These back up cables will be 
laid prior to peak winter loadings. Future 66 kV projects have also been brought forward and 

consist of new 66 kV cables from MacFaddens Zone Substation to Dallington Zone Substa-
tion to increase security of supply. The limited availability of new 66kV oil filled cabling, the 
very high cost of forming new joints and the real possibility of further and perhaps worse 
damage to the cables where they run parallel with the Avon River, was also factors that were 
considered.  

 

 

Figure 8: Distorted compression ducts being 
removed to inspect the cables. 

Figure 9: Concrete removed to enable cables 
to be inspected.  Cables have been slightly 

distorted. 

4 2010 EARTHQUAKE DAMAGE MITIGATION 

4.1 Bridge Superstructure 

As mentioned above the bridge superstructure had been damaged at midspan by hinging and 
some of the main reinforcing bars had buckled under compression on the underside of the 
main ribs.  In view of this area remaining under relatively high compression, it was decided to 
not disturb this area too extensively. Therefore small hook ties were epoxied into the core 
concrete to provide some confinement to the buckled bars and then the whole area was re-
paired with a high strength non shrink mortar. The cracks on the top side of the deck where 
epoxy injected. The above was considered adequate to restore the apex area to as close as pos-
sible to its pre earthquake strength. 

4.2 Bridge Abutments 

As the priority was to return the bridge to as much as possible to its pre-earthquake strength, it 
was decided to dowel new starter bars into the damaged pile caps, in a similar arrangement to 
that of the 1999 strengthening, place a new layer of heavy reinforcement and cast a new pile 
caps over top of the existing.  This was carried out on both sides of the south abutment. The 
1999 north abutment pile caps were inspected and found to only have relatively minor crack-
ing and therefore essentially undamaged. Several cracks were epoxy injected to keep moisture 
from degrading reinforcing.  
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4.3 Transmission Cabling 

The concrete compression ducting that had been removed to allow an inspection of the cables 
and supporting cradle was replaced once the cables had been once again encased with a weak 
mix concrete.  The weak mix concrete mix design was modified to better ensure that it was a 
weak mix (5 MPa) concrete and not substantially stronger, as the original mix was found to 
be. 
 

5 CONCLUSION 

The initiation of the Christchurch Engineering Lifelines Project in 1994 culminating with the 
publication of Risk and Realities in 1997 was a process that assisted Southpower (now Orion) 
to start a programme of risk assessment and reduction for their Christchurch electricity distri-
bution network.  As a part of that exercise, the Dallington Bridge was identified as a weak 
link in the network. 
As a result of the 1999 strengthening work on the Dallington Cable and Footbridge, the bridge 
substantially remained intact after the September 4th Darfield earthquake and the many size-
able aftershocks.  The bridge has been repaired for a fraction of the cost of building a re-
placement structure and avoided substantial outages as a result of cable failure. 
The bridge abutments were likely to have moved significantly more had the 1999 raking piles 
not been placed to greatly enhance the abutments ability to resist the high passive soil loads 
resulting from the lateral spreading that occurred. The resulting closing of the abutments to-
wards one another would have broken the back of the bridge, damaged the cables severely 
and likely resulted on a loss of service. 
The precast concrete caverns created around the cables appear to have worked as anticipated, 
as a means to absorb significant ground movement and the raking piles at the outside of the 
90 degree bend appeared to have substantially prevented the bend from closing up and 
thereby excessively stretching the cables. 
The area that could have been improved, in hindsight, is the area between the cradle and the 
bridge abutment.  It would have been more beneficial to have exposed the cables in 1999, 
lifted them slightly, surrounded them with some expanding foam or similar then encased them 
with weak mix concrete. 
Overall Orion has invested to date a sum of approximately $6 million to seismically 
strengthen their network. They have estimated that the investment has saved them in the order 
of $30 to $40 million of direct damage to their network that could have resulted from the 
2010 Darfield M7.1 Earthquake. 

Figure 10: Repaired bridge looking northwest Figure 11: Repaired bridge looking south 
east 
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