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Abstract: Previously, steel tanks were commonly used for potable water storage tanks in Australia and
worldwide. With the recent concrete technology advancement, precast concrete tanks have emerged
as more affordable option for larger potable water storage. Precast tanks consist of numerous joints on
wall panels and floors, all of which must remain waterproof throughout the tank's lifespan. Various
waterproofing systems have been utilized for these tanks. As more durable concrete technology has
emerged, Water Corporation (WC) has implemented minimum 100-year design life for concrete tanks.
The chosen waterproofing system must meet this requirement. The waterproofing system applied to
joints in concrete tanks has traditionally presented issues, necessitating ongoing attention during the
tank's service life. Ensuring watertightness across all joints for the tank's entire service life demands a
sturdy waterproofing system that can satisfy the 100-year design life requirement. WC has recently
constructed 3 concrete tanks (up to 42ML). WC developed concept water proofing system of all joints
which was later refined by contractor, SRG. At least two layers of continuous barriers are used at all
joints. Advanced concrete with highly effective integral waterproofing admixtures is applied to all delayed
pours. This approach has yielded exceptional results without any visible water leakage.
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Introduction

Steel tanks were a popular choice for large potable water storage tanks in Australia and worldwide. For
many years, concrete tanks have also been utilized as a viable option for potable water storage also.
Numerous older concrete tanks have demonstrated the durability of concrete, underscoring its longevity.
Building on years of concrete technology development and enhancement, Water Corporation has
recently mandated a minimum 100-year design life for concrete tanks. This decision reflects the superior
value and durability that concrete tanks offer over the long run, as evidenced by net present value
analysis.

Post-tensioned prestressed-precast concrete tanks have become a popular construction method in
recent years, adopted by many countries due to its superior quality control, assurance of high-durable
concrete, and faster construction. However, ensuring watertightness across all joints in a precast
concrete tank, particularly cold joints and construction joints, for its entire service life presents a
significant challenge. The chosen waterproofing system for the tank must satisfy the 100-year design
life requirement. Various waterproofing configurations have been developed in recent years, but
shortcomings and weaknesses in terms of durability, water leakage and constructability still exist.

In a precast concrete tank, the components that are most susceptible to water leak are the floor slab
mainly the penetrations, the tank wall to floor slab joint, and in-situ stitch joints between precast panels
and penetrations through wall. This paper presents the various water proofing systems used in precast
concrete tanks in the past, each shortcomings and development of the most robust water proofing
system and its construction for three recent water tanks.

Waterproofing system used in Precast concrete tank in the past
Water Corporation has record of having Prestressed Precast concrete water tanks over more than last

two decades. The waterproofing system applied to joints in concrete tanks has traditionally presented
issues, necessitating ongoing attention during the tank’s service life. In order to eliminate or minimize
these issues and develop a comprehensive water proofing system for precast concrete tanks, Water
Corporation has conducted extensive research on various waterproofing systems worldwide, examining
them from multiple perspectives. Eliminating any possible water path is a key consideration in
waterproofing design. Numerous types of waterproofing systems have been challenged and scrutinised
by other clients and consultants.



Type 1:

Figure 1 shows a typical example of Type 1 water proofing details at wall floor joint. In this detail a
hydrophilic strip is embedded in a rubber bearing pad, which potentially obviates the issue of shear
loading during post-tensioning. To fill the space between the wall and slab, polystyrene is employed.
However, to create an effective seal when activated, the hydrophilic strip typically requires confinement
within @ minimum 100mm concrete cover. The rubber bearing pad alone may not provide sufficient
confinement for the strip. The hydrophilic strip is placed on the rubber strip and can be easily damaged
during installation of precast panel. There is no water barrier or stop below the rubber pad and this could
be a potential water path for leakage too. The waterproofing membrane banding was used in this design.
However, research shows that the banding has very short life span under chlorinated water environment
and would require replacement every 10 to 20 years. Furthermore, leaks through the strip can be hard
to detect and very hard to fix. Hence there are two water barriers are used but these are not fully effective.

Type 2:

Figure 2 shows a typical example of Type 2 water proofing details at wall floor joint. This detail depends
on the non-shrink grout and the position of the hydrophilic strips. One of the shortfalls for this is the
positioning of the strip under the outer edge of the panel. That corner panel edge could potentially
experience cracking and outward movement by activation of the hydrophilic strip. The other two strips
may not provide full water seal as they could potentially be bypassed by any radial restrained shrinkage
cracking in the external ring beam delay pour.
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Figure 1: Typeﬂ1 - Tybical Water proofing details Figure 2: Type 2 - Typical Water proofing details
at wall floor joint at wall floor joint

Type 3:

Figure 3 shows a typical example of Type 3 water proofing details at wall floor joint. This detail is very
similar to the Type 1 with minor changes. In this case study, the hydrophilic strip is embedded in the
bottom of the precast panel. This would require the hydrophilic strips to be embedded during fabrication
of the pre-cast panel. This is very difficult as the strip is hard to attach to the concrete panel mould. It
will also possible damaged while demoulding, panel transportation to site and erection. Most importantly,
it may activate prematurely and expand — the effectiveness of waterproofing is highly dependent on the
time of activation which should be after construction when confined in concrete. But if it is done correctly
it would benefit to get the hydrophilic strip protected during installation of precast panel. The rubber
bearing pad is under panel and expansion joint filler to be covered on both sides of the bearing pad.
Placement of the expansion joint filler is very difficult when the concrete panel is loaded on it, and during
post-tensioning. The narrow filler must be laid around the circumference of the tank, where the curvature
of the tank makes trimming and precise placement of the sheet very difficult. This impacts the ability of
the structure to achieve 100% watertightness, especially since this material is not hydrophilic. There is
no water barrier or stop below the rubber pad and this could be also potential water path for leakage.
This type of configuration has many constructability issues that impact the likelihood of successfully
achieving the design intent on site. In this case there are two water barriers are used but these are not
fully effective too.

Type 4:

Figure 4 shows a typical example of Type 4 water proofing details at wall floor joint. This detail does not
use any hydrophilic strips. It is reliant on the waterproofing membrane banding and non-shrinkage grout.
A rebate is designed to accommodate the concrete panel and non-shrinkage grout. However, the rebate
creates a restriction for grout placement. During the circumferential post-tensioning, the hoop stress will
cause the walls to move towards the centre of the circular tank. The post-tensioning movements may
be restricted by these rebates, particularly for larger diameter tanks where construction tolerances and
accumulative post-tensioning movements are more pronounced. This detail was previously used in WA,
with varying levels of success, however due to the restrictions mentioned above and reduced ability to
undertake quality inspections in a sunken rebate has changed the Water Corporation’s preference for



wall to floor design detail. As such, the current practice prefers not to have a rebate for panel to sit in.
Again, the waterproofing banding at the wall/slab joint has the same issue mentioned in Type 1 above.
The non-shrink grout will be poured along the circumference of the rebate. Due to dimensional
restrictions in the shape of this pour there is a high probability of it experiencing radial cracking which
will create a water path should there be issues with the single waterproofing barrier provided by the
Hypalon strip. This type of configuration has more failure modes than others. The construction of this
rebate will take more time, effort and cost to do so. In recent years, the adopted design detail is for the
precast wall panels to be install on the flat floor slab, and waterproofing system to be designed around
it make the construction much simpler. In this system, water proofing at the wall/floor joint solely depend
on the membrane banding.

Figure 3: Type 3 - Typical Water proofing details at Figure 4: Type 4 - Typical Water proofing
wall floor joint details at wall floor joint

Concrete Requirement for tank

One of the key requirements of the concrete tank is to have a uniform water-tight concrete. During the
design and construction process, the criteria and requirements for the concrete mix have been
thoroughly examined and discussed in order to achieve a 100-year design life and optimal workability
during construction. To ensure the durability of the concrete, a consultant specializing in this field is
engaged to evaluate and recommend the most suitable concrete mixes.

For cast-insitu tank floor slab and roof topping slabs, S40 concrete with shrinkage reducing admixture
was used. Both structural elements were constructed in a single continuous pour respectively, without
any construction joints. In the past, tank floor slabs were constructed using multiple construction joints
requiring the increased use of waterproofing sealant to ensure watertightness of these joints. Based on
Water Corporation’s experience, the sealant will require monitoring every 1 to 5 years, as it can
deteriorate over the time and eventually require replacement — resulting in increased Operational and
Maintenance costs and asset downtime. With one single pour of concrete slab, this eliminates the risk
of any possible water leak through any joint (save for the smaller delay pours around pipework). The
thickest part of the floor slab is typically around 600mm to 980mm. When the cement is mixed with
water, an exothermic chemical reaction takes place and the concrete heats up gradually cooling back
down to the ambient temperature. The concrete is restrained by steel reinforcements and this heat
driven expansion/contraction invariably results in the concrete cracking. Drying shrinkage that starts
after effective curing ceases will further add to the likelihood of concrete cracking. The concrete early
age temperature will also determine the risk of delayed ettringite formation (DEF) and strength
development. Therefore, during the concrete mix design trial testing, thermal performance of the
aforementioned concrete was evaluated through casting a 1m3 block. The temperature in the middle of
the block was recorded and evaluated as recommended in Recommend Practice CIA Z7 Performance
Test.

For the concrete panel wall, S50 concrete is recommended for better durability for the tank based on
the assessment of the exposure classification U as per AS5100. Water Corporation experienced that
chloride induced reinforcement corrosion risk at and just above the waterline. This is due to capillary
rise /evaporative cycle mechanism even with relatively low chloride concentrations (<200mg/L). Similar
to the precast concrete wall panels, the in-situ stitch joint delayed pours (between precast concrete wall
panels) also used a smaller aggregate S50 concrete mix with integral waterproofing/crystal growth
admixture. This is to enhance the waterproofing of the cold joint interface between the precast walls and
the infill pours.



Potential Water Path analysis through cold joints

Waterproofing for a precast tank is very challenging as water flow through cold joints. To achieve the
most efficient waterproofing, several improved waterproofing design configurations were evaluated and
iteratively challenged to identify and eliminate any possible water paths through cold joints. Historically,
water paths were evaluated via flow path analysis on 2-dimensional drawings. In addition to this
traditional approach the Water Corporation modelled a 3-dimensional flow path over the tank cold joints
and carefully evaluated the effectiveness of each waterproofing configuration (Refer to Figure 5). This
facilitated a clearer evaluation and identification of potential shortfalls pertaining to particular design
aspects facilitating the correct positioning of the waterproofing system. The Design and Construct
Contractor further refined the design based on this analysis model.

Figure 5: lllustration of possible water path through wall and floor joints

Waterproofing solution

Water Corporation has worked closely with SRG and multiple waterproofing suppliers to incorporate
learnings from historical projects and develop a more effective waterproofing system. For the tank wall
to floor slab joint, multiple levels of waterproofing were introduced to build redundancy in the structure’s
waterproofing system (Refer to Figure 6). Water Corporation set up the specification that any horizontal
wall joints below the storage’s operating top water level shall have hydrophilic seal on both face of the
joints. In addition, liquid applied waterproof membrane shall be applied to the inside face of the joint.
The membrane is the first barrier of waterproofing system in place. Circular shaped hydrophilic seals
(S4) were carefully selected and positioned under the wall panels with consideration for movement of
the precast wall elements during construction. The positioning allows for minor rolling without damaging
the strip during construction wall movements due to post-tensioning, minor movements during pouring
of in-situ joints and under panel grout, and movements during pre-cast panel positioning for temporary
works. The circular hydrophilic seal will act as the secondary barrier of waterproofing following activated
should the first barrier be bypassed during the asset life. S4 is confined within non-shrink grout to
accommodate pressure developed during the swelling process and provide an effective water proofing
seal. Based on the possible water path mentioned above, additional hydrophilic sealants are carefully
positioned, especially S2 position. This acts as the 3rd layer of the waterproofing barrier, should the first
two fail to stop water egress. This position is important as the delayed pour concrete ring beam will be
expected to have shrinkage crack due to the dimensionally restrained doughnut shape, around the
perimeter of the tank. S2 sealant shall be carefully positioned in such it is just corner of the underside
panel. S1 and S3 hydrophilic further seal the horizontal and vertical water path should the water seep
past the S2. All the sealant installed are capable to expand more than 200% of the original size. Care
shall be taken with the fixing in place of waterstops to ensure that they remain in position square to the
joint, without folding, when concrete is placed and vibrated around them. Site jointing of waterstops shall
be limited to simple butt joints that must be made in accordance with the manufacturer specification. On
top of all these mechanical sealants, the delayed pour concrete mix is formulated with extra integral
waterproofing/crystal growth admixture, in which the concrete microcrack can be sealed with the
formation of crystal inside the concrete. The allowable shrinkage crack for the delayed pour mix shall
be less than 450um. It is anticipated that the delayed pour around ring beam will have radial cracks. So
the cracks will be able to be sealed up by the crystal formation. The non-metallic shim is very important
that it is durable enough to protect the sealant from damaged under the wall panel weight. Eventually
no visible water leakage found through the stich pour joints.
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Figure 6: Typical details of Wall floor joint (under tank wall) of Water Corporation’s recent tanks

For any pipe penetrations through the floor slab, delayed pour around the penetration is introduced to
prevent anchoring during floor slab post-tensioning and allow for careful positioning of the waterstop
sealant. A primary liquid membrane was installed inside the tank on the floor surface as the primary
barrier. A hydrophilic sealant is installed mid-height of the vertical face of the slab as a secondary barrier.
Finally, a tertiary barrier in the form of backstop waterstop is installed on the underside of the floor slab
and under the delayed pour, bridging between the previously casted floor slab and delayed pour.
Hydrophilic sealants are also installed around the pipe (pre and post flange) to prevent water seep
between steel pipe body and delayed pour. Figure 7 shows typical waterproofing detail at pipe
penetration at tank floor. Similar to delayed pour around ring beam, the delayed pour is formulated with
extra integral waterproofing/crystal growth admixture in the mix to seal up any microcracks in the
concrete. This is crucial to prevent any seepage of water through the tank base into underlying ground.
Leakages through the tank floor cannot be detected and presents a “known unknown” risk to the tank
foundation. Saturation of the foundation through leakages could result in weakening, damage or
dissolution. The foundation damage may be dissolution of the foundation rock (generally limestone in
WA coastal areas) or softening, weakening or swelling of weathered rock/clay foundation (mainly in
inland WA).

Figure 7: Details of pipe penetration at the tank floor

For the tank vertical joint, Water Corporation set up a specification benchmark that vertical joints
between precast wall panels and in-situ infill panels shall have a hydrophilic seal. This seal shall be
extended below the in-situ infill panels to form a continuous barrier around them. Furthermore, a liquid
applied waterproof membrane shall be applied to the inside water contact surface over the joint. Care
should be taken when positioning the vertical sealant so it can be joint or overlapped at the bottom with
the horizontal sealant, to address potential for waterproofing gaps based on the potential water path
analysis. Figure 8 demonstrates the waterproofing system adopted. To provide better water proofing
through superior bonding between elements, the wall panel sides were roughened and the delayed pour
concrete mix was designed with integral waterproofing/crystal growth admixture. The cumulative result
of these measures significantly limits or eliminates water penetration through cracks. There was no
visible water leakage found through the stich pour joints.
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Figure 8: Details of water proofing at stitch (wet joints between panels) joints

For any penetrations through the wall panels the design detailing employs similar techniques to evaluate,
identify and address potential water paths. For precast wall personnel access hatch design, the sealant
has been strategically installed around the access hatch before the precast wall panel is casted. The
waterproofing consists of wall hatch puddle flange to cut-off potential water paths and a circumferential
hydrophilic strip placed before the puddle flange on the inside face (Refer to Figure 9 for details).
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Figure 9: Details of water proofing at wall access hatch

Construction Methodology
Construction methodology also play a very important role of making sure the water-tightness of the tank.

Single continuous concrete pour is one of the common practices to eliminate any possible construction
joint (hence potential leakage). This type of construction commonly applied to the tank slab and tank
roof top slab. So does the stitch joint. A typical setup is shown in Figure 10. To ensure no construction
joint along the stitch joint, the concrete pour need to be continuous. One of the construction methods is
concrete placement via tremie and shutter window. Concrete is pumped and poured through the shutter
window up to the window level. Needle vibrator is then push through the window to compact the concrete.
The concrete placement is done from the bottom window upward. Once the concrete is compacted, the
first bottom window is shut, and concrete will be poured from the second window above. The concrete
placement and compaction cycle is repeated before moving to the next window. This method is called
top-down concrete placement. The concrete used in this joint have higher slump (here adopted 150+30)



to ensure the concrete can flow through congested stitch joint that is full of reinforcement and post-
tension duct. This type of construction methodology required high precision of coordination between the
concrete placer and the vibrator team.
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Figure 10: Construction of stitch joints using traditional multi flight concrete pouring

However, there is some associated with this top-down placement. There is risk of concrete segregate
and entrap air. Once this occurs, it is hard to properly re-homogenise the concrete and expel the
entrapped air. Even with the use of the needle valve, it may not be able to properly compact the concrete
in the heavy congested stitch joint which is typically 350-400mm x and 300-325mm thick. Also, this type
of construction takes longer time to do so as multiple precision of coordination required. Construction
worker would need to work at height to handle concrete pumping and concrete compaction. Furthermore,
concrete sits in the concrete truck longer than expected, awaiting to be discharged, and this can affect
the concrete workability as well.

Therefore, a new type of construction method is used on in one of the tank stitch joint constructions by
using super workable concrete. The super workable concrete proposed has the property of design slump
flow of 650mm that allow the concrete to be flow through the highly congested stitch joint. The concrete
is pumped into the joint at the bottom via a quick coupling fitting and gate valve shown in the figure
below. The super workable concrete slowly filled up from bottom to top the joint, as shown in Figure 11.
This is called bottom-up concrete placement. This requires less time in construction and present an
excellent finish surface. The use of the super workable concrete pumped from the bottom of the
formwork, under the weight of a suitable head of concrete can eliminate the need of internal compaction
through the height of the stitch joint. Not to forget this eliminate the risk for worker to work in height like
the top-down placement.



Figure 11: Construction of stitch joints single concrete pouring using super workable concrete

Conclusion

The design and construction of precast post-tensioned concrete water storage tanks have been a
complex process that required close collaboration between Water Corporation, SRG, and other
consultants and suppliers. The tank has been designed to have a 100-year design life and optimal
workability during construction. The concrete mix criteria and requirements have been reviewed and
discussed throughout the design and construction process to achieve the best durability outcomes.
Multiple waterproofing measures were introduced for the tank wall-to-floor slab joint to eliminate water
seepage, including hydrophilic seals and liquid applied waterproof membranes. The design was
evaluated through 3D flow path analysis to identify any potential water paths through construction joints.
Careful positioning of waterproofing elements ensured effective redundancy was allowed for in the
structure’s waterproofing system. There was no visible water leakage found through the any joints.
Overall, the design and construction of the concrete tank have built upon findings from historical asset
performance issues and incorporate lessons learnt to provide a robust benchmark for future assets
ensuring durable and water-tight structures for many years to come.
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