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ABSTRACT
The replacement of the Sandy Creek Bridge on the Isis Highway near Childers, in SE Qld should have
been a standard bridge construction project. A four span bridge with a prestressed concrete deck
was designed to replace a 53 year old timber bridge severely damaged after a bushfire in October
2005. However unforseen and adverse foundation conditions caused major problems during
construction. A typical foundation investigation was conducted, with one hole at each new
foundation position. In brief the foundation conditions were sandy alluvium over granite bedrock.
Cast in situ liners of 1500mm diameter were selected as the foundation type at all abutment and
pier positions. However a combination of relatively shallow depth to rock; a very high strength rock;
a very uneven rock surface; high water tables and other contributing factors resulted in redesigns or
the use of innovative construction methods at all pier locations.

1

INTRODUCTION

The Sandy Creek Bridge was to be replaced as part of the Southern Queensland Accelerated Road
Rehabilitation Project (SQ ARRP). However a bushfire on the 11th October 2005 "accelerated" even
more the hasty replacement of this bridge. The bridge was immediately condemned for all traffic
after its substructure had been severely damaged. A sidetrack was constructed to take heavy
vehicles around this site. At the time this section of the Isis Highway was experiencing heavier
traffic loads than normal due to the construction of the Paradise Dam over the Burnett River, some
20km further inland from the bridge.
1.1 Site Location
The Sandy Creek Bridge is located approximately 17kms west of Childers on the Isis Highway. This
state highway links the South Burnett region with towns such as Goomeri, Murgon and Biggenden
with the Coastal Burnett Region, the primary city of which is Bundaberg. Figure 1 shows the location
of the bridge site.

Figure 1 Locality Map
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1.2 Existing Bridge
The fire damaged bridge had been originally constructed in 1963. It consisted of 8 by 30 foot spans
and was 24 foot wide between the kerbs. At this crossing Sandy Creek has an upstream water
catchment area of 158km2 before ultimately flowing into the Gregory River.
The 'as designed' foundations for this bridge consisted of driven timber piles at Abutment A and B
and for Piers 1 to 5 inclusive – 4 piles at each foundation position. The piles were expected to be
founded on the bedrock surface with the third pile at each of these foundation positions to be
driven an extra 3 foot into the bedrock surface. As well a holding down bolt driven 8 foot into the
bedrock was designed for the most upstream pile at these foundation locations.
At Piers 6 and 7 mass concrete footings were designed. These were to be excavated some 300mm
into the bedrock with anchor bars drilled into the bedrock for a further 1800mm.
The original plans for this 1963 designed bridge were found on file in the Main Roads Bridge Services
records section. However, unlike most other bridges on State Controlled Roads in Queensland there
were no "as constructed" records attached. During the 1980's the bridge deck had been upgraded to
a concrete running surface.
1.3 New Bridge
Initial design work had already been started for the replacement of this bridge as part of SQ ARRP
and a preliminary design was able to be supplied within 2 weeks of the fire. The new bridge was to
be a Prestressed Concrete Bridge with 4 by 20m spans and a width of 8.6m. It was to be constructed
on the same vertical and horizontal alignment as the old bridge. A design flood velocity of 4m/s was
adopted with the bridge expected to be overtopped by floods.
2

FOUNDATION INVESTIGATION

Geotechnical drillers were available at short notice for a limited time period. As a result two weeks
after the fire drilling commenced. Under emergency provisions of Queensland State environmental
legislation the usual delays in obtaining Cultural Heritage and Native Title clearances as well as
vegetation and earthworks permits can be waived.
2.1 Field Investigation
One hole was drilled from the approach road just beyond each of the existing abutment positions
and holes were drilled at each of the proposed pier positions from the stream bed, on the
downstream side. The upstream side was inaccessible due to the very close proximity of the
property boundary. In addition the drill rig could not fit under the existing bridge nor could it drill
from the existing bridge deck due to the nil load limit restrictions.
All five holes predominately showed layers of a loose sandy alluvium over slightly weathered granite
bedrock. Boreholes 1 and 2 (Abutment A and Pier 1) also intersected an aplite dyke intruding the
granite bedrock, although orientation of the dyke/s could not be determined. The granite was
generally of very high intact strength, approximating a UCS of 150MPa and with a wide defect
spacing.
Groundwater was not noticed at the time of drilling. Standing water was evident in the low flow
channel of the creek between the existing Piers 6 and 7.
2.2 Foundation Report
The foundation report considered that prestressed concrete piles were a viable option at Abutment
A with all other foundation positions consisting of cast-in-situ piles with liners socketed into the
granite bedrock. For ease of construction it was ultimately designed that all foundations would be
cast-in-situ liners.
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3

CONSTRUCTION OF FOUNDATIONS

Possession of the site occurred on the 3rd April 2006 and the contract was awarded to the RoadTek
Bundaberg Concrete Bridge Gang. One of the first tasks done was to create a working platform of
decomposed granite over the loose alluvial sand to make the site more trafficable.
Ultimately a revised design was issued by Bridge Branch for the foundations of Piers 1 & 2 compared
to the original design using liners. The original design was used at Pier 3 however these 3 liners were
installed using a non-standard method.
3.1 Demolition of existing Bridge
Demolition of the burnt out bridge was required as it was on the same alignment as the new bridge.
It was considered too dangerous to use standard demolition techniques using excavators. Therefore
blasting was used to drop the old bridge with excavators and trucks used to remove the material
from the site. Only some of the old timber piles and the concrete pile caps at Pier 6 and 7 remained
in the ground.
3.2 The cast–in-situ piles with liners construction process
The construction sequence for this project was to drive and seat all 1500mm steel liners to their
nominal toe levels and muck them out. Then the process of socketing into the bedrock would occur.
Thus at all foundation positions the liners were driven into the ground to or about the design toe
levels at an early stage.
3.3 Abutment A
At this location construction of the foundations went as per design. The only problem was that large
cobbles and boulders had been used in the original embankment fill. These had to be removed prior
to the installation of the new cast-in-situ piles. Further subsequent problems at the adjacent Pier 1
caused concerns that the abutment embankment could collapse.
3.4 Abutment B
Preparation at the Abutment B location hit an obstacle when a concrete pile cap similar to those
constructed at Pier 6 and 7 was found to exist. (Driven timber piles had been the proposed
foundation type at this location). Destruction of this pile cap by blasting was the option chosen. The
design of driven liners to the granite bedrock surface, followed by excavation of the rock sockets
was then able to proceed.
3.5 Pier 3
At Pier 3 the three 1500mm diameter liners were driven to the top of the bedrock. When the
bedrock surface was reached the liners tended to move off line. The cutting edge of each liner
would not "bite" into the slightly weathered granite and the loose sand did not provide any lateral
support to hold the liners in position within the normal tolerances. Also, it was found to be
impossible to get a seal at the base of the liners due to the sandy material and uneven rock surface.
The high water table resulted in inflows estimated at greater than 5000 litres per hour.
The liners were removed and the sand excavated to reveal the bedrock surface. Upon exposure it
became evident that the granite surface was undulating by up to 500mm across the 1500mm liner
diameter, causing the liners to be greatly deflected.
An excavator with a rock hammer attached was brought in to "even up" the bedrock surface at the
liner locations. After many hours of effort only a minimal amount of the very high strength granite
had been excavated.
A decision was made to fill the excavation with approximately 1.5m depth of mass concrete. Once
the concrete was partially set the liners were then placed into the mass concrete in their correct
positions. The liners were then drilled out and the sockets into the bedrock were able to be drilled
successfully. However the sand could not be fully removed from the rock surface with sand
eventually entering the casings. In the third liner at this pier, grout had to be injected down the
outside of the liner to stop the sand infiltration.
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The old pile cap from Pier 6 came in handy as it was able to be used to support the formwork used
for the mass concrete and for keeping the creek water out of the excavation.
3.6 Pier 1
Similar to Pier 3, the liners were driven to the top of the bedrock – however the liner toes were at
very different levels. The central liner toe level was some 1000mm higher than the other two at this
pier. The bedrock level rose and fell by up to 2000mm across the 8m width of the foundation. The
dykes may have had some influence on this irregular rock surface. The alluvial sand at this pier was
thicker than at Pier 3. Again the loose sand gave little lateral support and began to well up inside
the liners as they were mucked out. The main reason was that an aquifer had been "tapped" during
the construction process. The sand began to be undercut and collapsing into the void with the liners
way out of alignment (see Figure 2).

Figure 2 – Liner at Pier 1 in an ever increasing void. Note the undercutting in the sand.
A similar construction process to Pier 3 was attempted, that is, excavate with a rock hammer to
level out the rock surface; expose the bedrock and pour a mass concrete layer. However as the
liners were removed and the overlying sand excavated, welling sand kept increasing the excavation
size. Normal pumps were unable to keep up with the amount of water flowing into the excavation
at this pier.
The seeping water was at a head level several metres above the creek water level – so it was not
water flowing through the unconfined alluvial sands from normal creek channel flow. The water had
to be originating from localised permanent springs out of the granite bedrock. It is postulated that
the construction activity (which had included blasting) may have opened up or enlarged some joints
in the granite or along the contacts between the dykes and the granite, resulting in greater flow
rates.
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As the excavation was becoming larger and larger and the embankment at Abutment A was coming
under threat, it was decided to backfill the hole until a redesign of the foundations at this pier were
drawn up.
The redesign included the installation of dewatering well system to dewater the site around Pier 1.
Slotted PVC pipes at spacings of about 3m were installed into the ground and were connected up
with a piping system and pumps. The intention of this method was to lower the water table around
the excavation area thus increasing the stability of the sand and allowing for the surface of the rock
to be cleaned. However the flow rate of the water was too great for the system to extract.
The next option trialled was to use shoring boxes combined with sheet piles to temporarily support
the excavation, allowing a mass concrete footing to be poured. This option proved successful and
was later used at Pier 2 as well.
The shoring boxes were 6m long by 3m wide and were braced at either end at the top. Initially, the
bulk of material was removed with an excavator. The boxes were then assembled and placed in
position with a crane. Due to the uneven nature of the rock, sheet piles were placed around the
outside of the shoring boxes to prevent sand from entering the excavation area through voids under
the boxes (see Figure 3). The excavator was then used to remove the bulk of the material. A
vacuum excavation truck was used to remove the remainder of the material while sand bags were
placed around the extremities of the shoring to completely seal the area from sand ingress. Pumps
were used to keep the area relatively water free prior to concrete being poured, using a concrete
pump. High slump concrete was used and was poured in such a way as to push any water into a low
spot where it could be pumped out prior to filling with concrete. Shoring boxes and sheet piles were
subsequently removed once the concrete had partially set.

Figure 3 – The shoring, sand bagging, dewatering pump and initial concrete pour at Pier 1
Once the mass footing had cured, anchor bars were drilled through it to securely anchor it to the
bedrock below. A footing was then cast with three 1000mm diameter columns up to a headstock.
This kept with the original design where the 1500mm cast-in-situ piles reverted to 1000mm columns
at about ground surface level.
An interesting sidelight emerged whilst this shoring was installed. The original timber piles at Pier 1
had been left in the ground, although cut off near the ground surface. They had to be removed for
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fouNdAtioNs ANd pAvemeNts

the shoring to be placed. When they were removed it was discovered that the piles had been
shattered at the bedrock level. It became obvious that these piles had been "driven" to their design
toe levels by annihilation of the piles.
3.7 Pier 2
The construction of the foundation at the Pier 2 position was very similar to that ultimately used
successfully at Pier 1 although the dewatering system was not attempted. The unevenness of the
bedrock at Pier 2 was not as pronounced as that at Pier 1.
The practical completion date of the bridge was the 16th November 2007. Overall there was a 7
week delay due to the foundation design changes.

4

CONCLUSIONS

So what were the contributing features that led to such a problem in the foundation's construction?
x
x
x
x
x
x
x
x

A relatively shallow depth to the top of rock;
A very high strength rock;
A very uneven rock surface;
No mantle of more weathered rock for liners to seat into;
A very permeable sand layer
A high water table above the rock level;
No as constructed records of the existing bridge;
A somewhat hastened job due to the "emergency situation".

If one or two of the above factors were not present then it is likely that problems that arose would
not have occurred. These may include the following:
x
x
x
x
x
x
x
x

Better site access for the drilling rigs and possibly more holes could have been drilled;
A deeper depth to rock then PSC piles would have been used;
A lesser strength of rock and the liners would have seated into the top of the bedrock;
A more even bedrock surface and the liners would not have moved from alignment;
A mantle of weathered rock would also have allowed the liners to be seated better;
A lack of an aquifer and the sand would have been more stable;
'As constructed' records may have highlighted past problems with the site;
More time for analysis may have allowed predictions of some of the now known problems at
the site.

A co-operative approach to solving the foundation problems as they arose between the designers,
contractors and subcontractors led to a successfully completed project under difficult
circumstances.
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