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Abstract: The Queensland Department of Transport and Main Roads (TMR) has a number of
bridges on the network constructed from precast prestressed concrete components which are
affected by ASR (Alkali Silica Reaction) related deterioration and cracking.

Given the age and condition of these bridges an effective management strategy for these bridges
was required. A research program involving primarily a literature review, destructive investigation,
material testing, and structural modelling was undertaken to determine effective and appropriate
management strategies for these bridges in the medium to long term. This paper will outline the
some of the details and findings of this research program, in particular the destructive examination
of some bridge components with ASR deterioration.
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1. Introduction

The Queensland Department of Transport and Main Roads (TMR) owns a number of prestressed
precast concrete bridges which have typical Alkali Silica Reactivity related cracking in both the
prestressed precast concrete deck units and piles. The majority of these bridges were built between
the late 1970’s and early 1990’s. A suitable strategy for the management of these bridges is
becoming increasingly relevant as some of these bridges are starting to get towards the end of their
original intended service life, and/or their original design heavy vehicle load capacity is starting to limit
the networks’ ability to carry heavy vehicles operating at current mass limits.

This paper details some parts of a research project conducted as part of the NACOE Research
Program aimed at determining how best to manage these structures with a focus on determining the
remaining structural capacity of the structures. In particular this paper reports on some destructive
examination of bridge components (prestressed precast concrete octagonal piles and prestressed
precast concrete deck units) with ASR deterioration and the concrete strength properties of these
components.

2. Alkali Silica Reactivity History in TMR

Akali Silica Reactivity between aggregates with reactive silica and alkali in the cement is typically an
issue with bridges constructed with precast prestressed pretensioned concrete deck units and precast
prestressed pretensioned concrete driven octagonal piles, typically constructed from the late 1970’s
up until around 1995. It is estimated that TMR has around 300 bridges currently affected with ASR to
varying extents on the network.

The problem became evident in the late 1970’s and early 1980’'s with increasing concrete strengths,
higher cement contents associated with gaining high early strength in precasting operations, and the
increasing popularity of precast prestressed pretensioned concrete and accelerated steam curing.
During this time the move to the almost exclusive use of hard rock quarries for coarse aggregate, as
river gravel deposits became no longer viable or environmentally acceptable, was also a significant
factor.

Figure 2 indicates examples of cracking associated with ASR in precast prestressed concrete deck
units and piles.



From the 1993 MRTS70 (1) Concrete specification onwards, the use of a minimum 20 to 25% flyash
became mandatory in all precast and cast insitu concrete produced for TMR. Since this time there
has been no recorded evidence of ASR Deterioration in concrete with structures cast with concrete
using flyash to this specification.

It should also be noted that typical petrographic examination of precast prestressed concrete
elements that were cast without flyash in the concrete, and were typically accelerated cured with
steam, also often show signs of both Alkali Silica Reaction (ASR) and Delayed Ettringite Formation
(DEF). This lack of flyash in the concrete lead to both the ASR reaction, and due to the steam curing
that increased the temperature of the concrete beyond the threshold temperature for DEF in GP
cement only concrete, the presence of DEF.

It should be noted that in Queensland, TMR does not specify or require testing of aggregates for ASR
using either the mortar bar, or concrete prism tests. TMR do however require a petrographic
examination and report for all aggregate sources. TMR has simply assumed that all aggregates are
potentially reactive and mandated a minimum 25% flyash in all concrete. TMR also maintains a
Quarry Registration System for supply of aggregates to TMR projects for both concrete aggregate
and other pavement applications. Table 1 presents an overview of the number Quarries by TMR
District or Regional Office Location and the percentage of these quarries that have ASR susceptible
aggregates.

Figure 1 Typical ASR induced cracking in a precast prestressed concrete pile (left) and deck
units (right)

Table 1 Summary of Quarries by TMR District or Regional Office
(Data from Vanderstaay(2020) (2)

District / Regional Office Location Number of Quarries | Percentage that are ASR Susceptible
Barcaldine 4 75%
Brisbane 11 73%
Bundaberg 31 55%
Cairns 35 60%
Cloncurry 10 70%
Mackay 50 44%
Maroochydore 23 48%
Nerang 23 78%
Rockhampton 37 49%
Roma 8 50%
Toowoomba 28 64%
Townsville 38 68%
Total 298 58%




This indicates the prevalence of reactive aggregates in Queensland and provides support to the
requirement to assume that all aggregates are reactive and to mandate the use of a minimum 25%
flyash in all concrete. It should also be noted that in more recent times due to both durability and
sustainability reasons, many concrete mixes in use in South East Queensland are now using a 50%
GP cement, 25% Slag, 25% flyash blend.

3. Pile Investigation

In 2022, three intact precast prestressed concrete octagonal pile segments were removed from a
bridge in service that was located in tidal salt water. The bridge was opened to traffic in 1981 and at
the time of the investigation was 41 years old. The piles are 500mm in diameter, and the drawings
indicate a 30 MPa transfer strength and a 40 MPa 28 day characteristic strength requirement. These
pile segments were examined, sectioned and cores taken for a range of tests. Figure 2 shows the
magnitude of the typical longitudinal cracks evident on the surface of the pile segments, with the
cracks having a surface width of up to 10mm. However as evidenced by Figure 2(b) and Figure 3,
these cracks rapidly narrow to the point where 30 to 40mm below the surface the cracks are quite
small.

Figure 2 ASR induced cracking in pile segments.
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As evidenced by Figure 3(a) there was also no evidence of corrosion of the prestressing strand or the
spiral reinforcing wire that confines the strands despite the chloride content of the concrete in the
cover zone being well above the typical threshold for corrosion of steel in concrete.

Figure 3 also shows that the concrete cross section of the pile, particular that within the spiral
reinforcement is still very much intact. However, there are some indications that the cover concrete
(Figure 3(b)) is showing signs of losing integrity and may at some point will start to spall off, leading to
further degradation of the concrete past the cover zone and corrosion of the reinforcement.

Structural analysis of the pile section found that maintaining the cover zone concrete was critical to
the structural capacity of the pile due to the loss of section capacity, both cross sectional area, and
second moment of area or moment of Inertia (1), that would eventuate if the concrete cover was lost.
In some cases, this loss of section capacity would be even more critical than corrosion of the strands.

Core Testing

A series of concrete cores were extracted from the pile sections and tested. Tests included
petrographic analysis, density, strength, and modulus of elasticity (E).

Petrographic Analysis

The petrographic analysis found:

1. The coarse aggregate was "indurated sandstone / siltstone” and was interpreted to have the
potential for mild or slow deleterious alkali silica reactivity in concrete. (Note the word
“indurated” is a process where a rock material has become hard due either to the presence
of heat, or though cementation or compaction).

2. The fine aggregate component appears to be a natural river sand composed of sub rounded
quartz and minor feldspar grains with a few acidic, basic and intermediate volcanics as well
as quartzite and some crusher fines similar to the coarse aggregate component.
Components of this sand are regarded as potentially reactive with respect to ASR.

3. No evidence of flyash spheres blended in the cement were observed indicating that the
concrete was a straight GP cement only concrete.

4. Direct evidence of actual deleterious alkali silica reactivity was observed.
5. Direct evidence of late (or delayed) ettringite formation was observed.

These findings are typical of a straight GP Cement Concrete with ASR reactive coarse aggregates
that has been steam cured without the necessary controls to prevent excessive temperature in the
concrete and is typical of prestressed precast concrete of the era of this bridge in QLD.

Compressive Strength and Density

A total of 14 cores were tested for compressive strength and density from the pile segments. All of
these core sections were taken from the internal section of the pile within the spiral reinforcement.

The density of the concrete varied from 2440 kg/m? to 2500 kg/ms3.

The concrete core strengths varied from 56.5 MPa to 93.5 MPa with an average of 75.5 MPa and a
lower characteristic value of 58.0 MPa.

It is also worth noting that the typical concrete strength from the Schmidt Hammer Testing of the
concrete pile segments indicates an average value of 70.6 MPa and a lower characteristic value of
61.7 MPa which are similar values to the core test results.

Modulus of Elasticity

The modulus of elasticity (E) of 8 core samples was also determined. The cores were a nominal 200mm
diameter and 200mm long. These cores were taken perpendicular to the long axis of the pile.



The results from this testing gave an average value of E of 47250 MPa, the standard deviation being 1390
MPa, and the lower characteristic value of 44560 MPa. It also should be noted that the results from the
testing are reasonably consistent across all the cores and that these values represent an upper bound
based on calculating the E value from the actual concrete strength and density of the cores.

Summary of Pile Investigation

This investigation showed that despite the apparent cracking on the surface of these piles, that the
piles are still in relatively good condition with the main concerns being the beginning of the loss of
integrity of the cover concrete which leads to a loss of cross sectional area and structural capacity of
the piles. The actual concrete strength in the zones of the pile that are currently uncracked is still high
and well above the original design values which is typical of prestressed precast concrete where
higher than specified concrete is used to achieve early strength and maintain a one day production
cycle time.

This investigation supports a management strategy of encasement with concrete, or wrapping precast
prestressed concrete piles with relatively mild to moderate ASR Deterioration, and where the
deterioration has not progressed past the cover concrete. The encasement / wrapping performing
two main functions, the prevention of further water, chloride, and oxygen ingress into the piles to
prevent any further deterioration of the concrete due to ASR, or corrosion of reinforcement or strand,
and maintaining the integrity of the cover concrete by providing some confinement of the cover
concrete. Immediate full replacement of piles with this level of distress does not appear warranted at
this stage.

In some cases wrapping of piles may also be used to restore or increase the structural capacity of the
piles.

4, Deck Unit Investigation

A similar investigation, as for the piles, was also undertaken in 2022 on some prestressed precast
concrete deck units that were removed from the deconstructed Chinaman Creek Bridge near Cairns.
This bridge was constructed around 1989 and the design drawings indicated a 35 MPa transfer
strength, and a 28 day characteristic strength of 45 MPa for the deck units. Two sizes of deck units
were investigated, 480mm deep units spanning 14m and 650mm deep units spanning 20m. The
bridge is located over a tidal salt water creek, with the deck units typically not inundated or
submerged in the salt water, but subjected to a tropical climate with a high annual rainfall.

Unlike the piles, these deck units only exhibited very fine surface cracks (typically 0.1 to 0.2mm) in the
visible soffit of the deck units when the bridge was still in service. Both the 14m span units and the
20m span units where internal deck units with only some nominal shear ligatures in each end of the
units, which was typical of deck units of this era.

The end 2m of four deck units were cut off the full length deck units for further examination. The end
sections were chosen as there are typically the sections of the deck units that are most affected by
ASR deterioration due to water leaking through the joints at the ends of the spans.

Cross sections Figure 4(a) were cut out of the deck units similar to the pile sections. These cross
sections indicated that there was no corrosion present in the bonded strands, however there was
some corrosion in the debonded strands (left side of Figure 4(b)). ASR related cracking in the
concrete cover zone is also evident as shown in Figure 4(b) and 5(a) and there were also cracks
through the actual aggregate.

Petrographic Analysis

The petrographic analysis of the concrete from the deck units found:
1. The coarse aggregate is consistent with a crushed hard rock source and includes meta-
greywacke with lesser amounts of related carbonaceous meta-siltstone.

2. The metagreywacke is predicted to have potential for mild or slow deleterious ASR in
concrete.



3. The fine aggregate is consistent with natural sand blended with fragments/grains from the
metagreywacke coarse aggregate fraction. The mineral composition includes mainly quartz
and subordinate feldspar grains, a variety of lithic clasts as well as minor other mineral grains.

4. Some components of the sand are also expected to have potential for mild or slow deleterious
ASR.

5. The hardened cement paste was created from Portland cement which was not blended with
fly ash or any other pozzolan.

6. There is evidence of mild to moderate deleterious ASR reaction, shown by macroscopic
cracks passing through coarse and fine aggregate grains.

7. There is evidence of late (delayed) ettringite formation, shown by white powder in air bubbles,
around aggregate and sand clasts, and in veins in the cement matrix.

Figure 4 (a) Cross section of deck unit, (b) close up of concrete in the cover zone.

(a) (b)

Figure 5 (a) Crack in cover zone at top of deck unit, (b) close up of concrete including cracks
in the aggregate.
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In summary the petrographic report identifies concrete with a coarse and fine aggregate that has the
potential for mild or slow deleterious ASR reaction, with no inclusion of fly ash or other pozzolans that
could arrest the development of ASR. The presence of both deleterious alkali silica reactivity and
delayed ettringite formation is noted.

Density and Concrete Strength

Cores were extracted for testing, typically out of the top of the deck units in the solid end sections for
testing.

For the 480mm deep deck units, nine cores were tested with an average concrete density of
2370 kg/m3, an average compressive strength of 80 MPa, and a lower characteristic compressive
strength of 70 MPa.

For the 650mm deep deck units, nine cores were also tested with a density of 2370kg/m3, an average
compressive strength of 64 MPa and a lower characteristic strength of 56 MPa.

Schmidt hammer readings on the exposed surfaces were also taken for one 480 mm deep deck units
section (average 63 MPa and lower characteristic of 50 MPa), and for the 650mm deep deck unit
(average 63 MPa and lower characteristic of 47 MPa).

Modulus of Elasticity

The modulus of elasticity was determined for 17 samples, with 9 samples from the 480 mm deep deck
unit sections and 8 samples from the 650 mm deep deck unit sections. All cores were nominally 200
mm in length by 100 mm in diameter.

For the 480mm deep deck units the average modulus was 31 560 MPa with a lower characteristic
value of 24,140 MPa and for the 650mm deep deck units the average modulus was 29,130 MPa with
a lower characteristic value of 23,280 MPa. These values of modulus of elasticity are typically
towards the lower bound of values calculated using the actual concrete density and concrete strength
from the core testing.

Tensile Strength

Split tensile strength tests were undertaken on a total of 6 specimens, with 3 specimens from each
deck unit size. A characteristic value of 5.1 MPa was obtained for the 480mm deep units and

4.8 MPa for the 650mm deep units. These values generally correspond to the upper bound of
expectations for tensile strength and it should be noted that these tests were all performed on cores
that were still fully intact after removal from the deck units.

Transverse Stressing Bars

A separate investigation was also conducted into the condition of the transverse stressing bar in the
deck units. To remove the deck units from the bridges the transverse stressing bars were cut
between all units and in all cases there was no corrosion or evidence of poor grouting evident on the
side faces of the units. When some transverse cuts were made through the deck units at the location
of the transverse stressing bar most cuts again showed that the bar had been fully grouted with no
corrosion as per Figure 6(a).

However one cut (Figure 6(b)) showed evidence of very poor grouting, but with only some minor
surface corrosion of the transverse stressing bar. The fact that there is only minor corrosion would be
due to the fact that the transverse stressing bar was still fully sealed from the surrounding
environment. This separate investigation supports the need for some further refinement of the
grouting procedures for these stressing bars in transversely stressed deck unit bridges.



Summary of Deck Unit Investigation

The investigation of the Chinaman Creek deck units found that while there was some relatively minor
cracking on the surface of the deck units, the ASR related deterioration had progressed well into the
cover concrete. However, these deck units where still functioning in a bridge structure with an
acceptable level of service. The concrete strengths beyond the cover zone were still equal to or
higher than the design values, and there was no corrosion in the bonded prestressing strands.

Figure 6 Sections through deck units showing transverse stressing bars.

@ (b)

It should be noted that for deck unit bridges where the deck unit is typically exposed to positive
bending moments and shear forces, the cover concrete on the soffit of the units may be less critical,
but the cover concrete in the top of the units is more critical for the structural capacity. In the ends of
the deck units the shear capacity is more critical and therefore both the shear capacity of the concrete
and bond of the prestressing strands to the concrete are more critical and these properties need to be
further investigated.

Management strategies to date for the super structure of deck unit bridges affected by ASR in
Queensland to date have typically focussed on waterproofing the deck to limit any further moisture
ingress into the deck units thus slowing of minimising any further ASR deterioration or replacement if
possible or practical. While waterproofing is a sound strategy, further analysis of the results of this
investigation will be required to determine the effects of ASR deterioration on the structural capacity of
deck units bridges with ASR deterioration.

5. Conclusions

This paper has summarised some of the findings from a research project on management strategies
for bridges affected by ASR deterioration in prestressed precast bridge components in Queensland.
The results presented in this paper are generally indicate these bridges can be managed with some
works to limit further deterioration and / or ensure that the deterioration that has occurred does not
further reduce the structural capacity of the bridge.

A NACOE Research Report will be published in the near future detailing further findings from this
research project.
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