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Executive Summary 

It has been calculated that cement production is re-
sponsible for about six percent of total greenhouse 
gas (GHG) emissions and, while considerable effort 
has been undertaken by Australian industry to re-
duce emissions due to the energy input, which is 
considerable, process emissions represent about 
56 per cent of the total. To date, schemes such as 
carbon-capture-storage-utilisation have yet to make 
significant inroads into reducing the release of these 
process emissions with environmentally harmful 
gasses released to the atmosphere.  

This project represents the third and final stage of a 
seven-year program by the CRC for Low Carbon 
Living for the mainstreaming of non-traditional con-
crete and its delivery to practice; more specifically 
Geopolymer concrete (GPC). It was identified in the 
first stage of this project that although research in 
Australia on GPC began almost three decades ago, 
a lack of codes of practice and design and construc-
tion specifications have led to significant roadblocks 
in transference from university and industry re-
search laboratories to practice. This was addressed 
in stage two, which continues, with the development 
of “Handbook for Design of Geopolymer and Alkali 
Activated Binder Concrete Structures”, by the CRC 
and Standards Australia.  

This third, and final, stage of the CRC low carbon 
materials project is the transfer the work undertaken 
in earlier projects to reality and to deliver the CRCs 
goal of moving GPC from a specialised product to 
mainstream construction.  

GPC addresses two major issues of our time – cli-
mate change and the sustainable use of resources. 
GPC uses blended fly ash and GGBFS (slag) as the 
binder; all of which are by-products of industry. The 
development and use of “no-cement” concrete is 
one of several initiatives in the construction sector 
to a reduce its the carbon footprint.  

In Australia alone, more than 30 million cubic me-
ters of concrete is placed annually and is estimated 
to release between 8 and 12 million tonnes of CO2-e 
emissions. Whether 8 million or 12 million tonnes, 
the contribution to Australian environmental CO2 
emissions released to the atmosphere by concrete 
is considerable and cannot be ignored if the goal is 
to reduce such emissions. 

Pavements, slabs on ground and mass concrete el-
ements represent about 70 per cent of all concrete 
supplied to end users and, thus, are a large compo-
nent of the embedded carbon in concrete construc-
tion. A successful, monitored, demonstration of 

GPC pavement under high volume traffic loads pro-
vides councils, government, business enterprises, 
public utility companies, owners and architects, as 
well as suppliers and specifiers, confidence in prod-
uct delivery and placement, as well as its long-term 
performance. It is the aim of this study to provide the 
evidence needed for designers and specifiers to 
build pavements of non-traditional concrete and for 
stepped change in the concrete supply industry. 

The field trail in this study took place on Wyndham 
Street, near the junction of Bourke Road, Alexan-
dria, in the City of Sydney. City of Sydney constructs 
many thousands of square metres of pavement 
each year and, with a zero emissions goal, led the 
project in the planning and identifying the site, in 
providing the needed approvals to close the road-
way for a 45-hour period and in contracting of the 
construction crew. UNSW, the Ash Development 
Association of Australia (ADAA) and Australasian 
(iron & steel) Slag Association provided the tech-
nical expertise for the project and Wagners provided 
the Geopolymer concrete. Both the Geopolymer 
and OPC concrete roadways were constructed by 
contractors Sydney Civil, with the Geopolymer con-
crete pavement constructed first and the OPC con-
crete pavement one week later. 

Two sections of road were placed (each 3m x 15m), 
one of GPC and one of conventional concrete. The 
pavements are located one after the other and sub-
jected to the same, high-volume, traffic conditions. 
Due to the high-traffic volumes and importance of 
the road to the local traffic network, construction 
was undertaken on Saturday and the pavement 
opened 5:00 am Monday morning, just 37 hours af-
ter the completion of works. 

The project showcases the potential for green con-
struction materials through delivery by a major Aus-
tralian Council, and Industry Partner the City of Syd-
ney, in the adoption of Geopolymer concrete as “con-
ventional” practice. The project further demonstrates 
the capacity to deliver on the council’s stated objec-
tives for the use of “Sustainable Materials in Con-
crete”.  

This interim report details the installation of the 
pavements, the GPC materials properties, the in-
stallation of gauges and initial surface scanning un-
dertaken for monitoring of long-term performance. 
The project will be on-going over the next five and 
more years to evaluate performance under high vol-
ume and heavy vehicle traffic loading. 
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1 Introduction 

Building and construction materials contribute 
one third of the planet’s greenhouse gas (GHG) 
emissions, with cement production alone respon-
sible for approximately 5-7% of these (Chen et al, 
2010). According to the IEA (2007) report on 
tracking of industrial CO2 emissions, the country 
average CO2 intensity for cement manufacture is 
0.65~0.92 tonnes per tonne of cement produced, 
with an internationally weighted average of 0.83 
tonnes per tonne. In Australia various estimates 

are available for the CO2 emissions produced 

from OPC production; the industry’s peak body 
provides a figure less than the world average at 
about 0.73 tonnes per tonne of cement produced, 
or 0.7 tonnes per tonne for total cementitious 
sales (CIF, 2013), whereas the report by Life Cy-
cle Strategies Pty Ltd has the figure at 1.00 
tonnes per tonne of cement produced (Grant, 
2015). While the Australian cement industry con-
tinues to drive down its carbon footprint through 
more efficient and greener sources for energy 
production, approximately 50% of the total CO2 
emitted in cement manufacture derive from pro-
cess emissions that arise from the chemical 
transformation of the limestone. 

According to the Concrete Industry Federation 
(CIF, 2019), total CO2 emissions in Australia from 
cement in the year 2016-17 was about 5.2 million 
tonnes. One way to reduce emissions in concrete 
is by using less cement per unit volume; this can 
be done either through optimisation (i.e. increas-
ing performance with less cement) or by utilising 
high volume or full cement replacement using 
supplementary cementitious materials such as 
Fly Ash (FA) and Granulated Ground Blast Fur-
nace Slag (GGBFS). For concrete, the results of 
the recent study of Teh, et al. (2017) are worth 
examining; this study uses an input output-based 
hybrid analysis (hLCA), rather than the more sim-
plistic process-based life-cycle analysis (LCA), to 
determine economy wide cradle to gate carbon 
emissions. This study puts a 50 MPa ordinary 
Portland cement (OPC) concrete without supple-
mentary cementitious materials (SCMs) at about 
510 kg CO2-e per cubic metre of concrete, and a 
40 MPa concrete with 30% of fly ash at about 
430 kg CO2-e per cubic metre of concrete. 

The increasing attention on threats to the envi-
ronment imposed by CO2 emissions have 

promoted alternatives; one such alternative be-
ing the development and use of inorganic poly-
mer binders such as geopolymer and alkaline 
activated binders, which involve the reaction 
between solid aluminosilicate materials with al-
kaline solutions. Sources of aluminosilicates in-
clude fly ash, blast furnace slag and me-
takaolin. Geopolymer concrete (GPC) offers 
potential benefits in reducing the GHGE asso-
ciated with conventional concrete derived from 
OPC, aggregates, water, SCMs and various 
chemical admixtures.  

Duxson et al. (2007) reports that geopolymer 
binders are capable of achieving a 65 to 95 per 
cent carbon emission reduction over OPC bind-
ers, depending on the type and volume of acti-
vators used, with a typical value for the reduc-
tion at about 80 per cent. Noting that the binder 
represents the most intensive CO2-e compo-
nent of concrete. For a typical 40~50 MPa con-
crete, the research of Teh et al. (2017) gives 
the binder as representing 75 to 80 per cent of 
total emissions. Assuming all non-binder com-
ponents are approximately equal in their total 
emissions for GPC and OPC (aggregate, wa-
ter, transport, etc.), this equates to a 60~65 per 
cent reduction in CO2-e emissions for a GPC 
binder concrete in comparison to OPC binder 
concrete of similar performance. 

In the hLCA model of Teh el al. (2017), as 
noted above, a 50 MPa OPC concrete gives 
emissions of 510 kg CO2-e per cubic metre of 
concrete, whereas Mohammadi and South 
(2017) give a figure of 383 kg CO2-e per cubic 
metre for a similar performance concrete using 
LCA. This demonstrates the importance of us-
ing a single methodology when comparing the 
performance of each, and the danger of com-
paring numbers across different research stud-
ies. For a 90 per cent GGBFS, 50 MPa, GPC 
concrete, Teh et al. (2017) give 290 kg CO2-e 
per cubic metre of concrete for emissions; this 
represents a 40 per cent reduction in CO2-e 
emissions for a similar strength OPC concrete 
analysed in their study.  

It is concluded that with current mix designs, 
using a GGBFS GPC mix of 40~50 MPa 
strength approximately halves the CO2-e val-
ues of concrete and, thus, a clear potential is 
identified for Geopolymer and Alkaline Acti-
vated Binder technologies to considerably 
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lower construction industry GHG emissions 
from the use of concrete.  

With respect to the above discussion, conven-
tional concrete is a long-established material 
entrenched in the construction industry and the 
use of alternatives, such as GPC, face many 
obstacles to large scale implementation. One 
component of the CRC research is to identify 
pathways for commercialisation of low CO2 
emission concrete and contribute to reduction 
of emissions in the built environment. 

Berndt et al. (2013) conducted a detail study to 
identify the barriers to widespread adoption of 
GPC. An industry survey was also performed 
to better understand barriers particular to GPC 
in Australia and to identify potential pathways 
to overcoming these barriers. Highest priority 
activities were identified as: (i) development of 
a Handbook through Standards Australia spe-
cific to GPC that include performance require-
ments and provision for use of in state and local 
specifications and (ii) independent research on 
GPC engineering properties, durability and 
field performance.  

Ng et al. (2013) determined that the widespread 
utilisation of GPC in the industry is the most 
promising pathway to increase the rate of fly ash 
and GGBFS utilisation and reduce the embodied 
carbon of construction materials. To this end, 
Foster et al. (2018) conducted extensive re-
search to cover many gaps in understanding the 
mechanical and serviceability performance of 
GPC structures for designers to specify GPC with 
confidence of its properties and longevity. This 
project addresses one of the key remaining bar-
riers of supply chain, confidence of product deliv-
ery and specification, and large-scale demon-
stration projects that monitor performance over a 
reasonable time period. 

The final stage of the CRC low carbon materi-
als project is to transfer the work undertaken in 
earlier projects to reality and deliver the CRCs 
goal of moving GPC from a specialised product 
to mainstream construction, delivering on a 
lower-carbon future in building materials.  

2 Research Significance 

GPC addresses two major issues of our time – 
climate change and the sustainable use of re-
sources. GPC uses blended fly ash and GGBFS 

(slag) as the binder; all of which are by-products 
of respective industries. Use of no cement in the 
concrete combined with less material is an effort 
to a reduced carbon footprint associated with ce-
ment production. Australia generates 14 million 
tonnes of fly ash (from coal fired power genera-
tion) and three million tonnes of various metallur-
gical slags (from steel manufacture) as industrial 
by-products, which have considerable potential 
for full utilisation within a circular economy 
(Mahmood et al., 2018). 

In Australia alone, more than 30 million cubic 
meters of concrete was placed in 2017 (CCAA, 
2018), and, based on an average 400 kg of 
CO2-e per cubic metre of product (estimated 
from the Teh et al, 2019, hLCA modelling), 
gives about 12 million tonnes annually of 
CO2-e emissions. The estimated value of 
CO2-e emissions is slightly less at 8.3 million 
tonnes annually if the LCA model of Moham-
madi and South (2017) is used (based an av-
erage concrete strength of 32 MPa giving 
278 kg CO2-e per cubic metre of concrete). 
Whether 8 million or 12 million tonnes, the con-
tribution to Australian environmental CO2 emis-
sions released to the atmosphere by concrete 
is considerable, and cannot be ignored if the 
goal is to reduce such emissions. 

Pavements, slabs on ground and mass con-
crete elements represent about 70 per cent of 
all concrete supplied to end users and, hence, 
represent a large component of the embedded 
carbon in concrete construction. A successful 
demonstration of GPC pavement will provide 
councils, government, business enterprises, 
public utility companies, owners and architects, 
as well as suppliers and specifiers, confidence 
in product delivery and placement, as well as 
its long-term performance. 

3 Field Trial 

3.1 General 

The field trail took place on Wyndham Street, 
near the junction of Bourke Road, Alexandria, 
in the City of Sydney. City of Sydney constructs 
many thousands of square metres of pavement 
each year and, with a zero emissions goal, led 
the project in the planning and identifying the 
site, in providing the needed approvals to close 
the roadway for a 45-hour period and in 
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contracting of the construction crew. UNSW, 
the Ash Development Association of Australia 
(ADAA) and Australasian (iron & steel) Slag 
Association provided the technical expertise for 
the project and Wagners provided the Geopol-
ymer concrete. Both the Geopolymer and OPC 
concrete roadways were constructed by con-
tractors Sydney Civil, with the Geopolymer 
concrete pavement constructed first and the 
OPC concrete pavement one week later. 

Two sections of pavement (each 3m x 15m) lo-
cated one after the other and subjected to the 
same traffic conditions were selected i.e. one 
section for GPC and the other one for OPC 
concrete. This allows monitoring and direct per-
formance comparisons between GPC and 
OPC pavement under the similar traffic condi-
tion. The site location is shown in Figure 1. 

  

(a) (b) 

Figure 1. Site location - Wyndham St, Alexandria, Sydney (a) Google maps (b) site picture. 
 

3.2 Project plan 

Sydney roads experience high traffic volumes 
most of each day. To avoid traffic disruption 
usually the road construction and maintenance 
are undertaken over a short time period on 
weekends, noting that with residential consid-
erations construction noise is also an issue with 
work not being able to begin before 7:00 am. 
The construction of trial GPC and OPC con-
crete pavements was planned for Saturday, 
30 March and 6 April, respectively. Road and 
Maritime Service’s (RMS) strict requirement 
was the road must open to traffic on the follow-
ing Monday at 5 am. 

GPC develop compressive strengths depend-
ing on the heat curing regime, noting that it is 
important reasonable heat be maintained in the 
slab during the curing period. This was 
achieved by providing a GPC mix with 75 per 
cent slag and 25 per cent fly ash and controlling 
the water volume. The target was to achieve 
about 20 MPa of strength at the time of opening 

of the roadway, with a 28-day strength of 
40 MPa. 

To meet RMS’s strict timeline all concerned, 
that is City of Sydney, Sydney Civil, Wagners 
and UNSW researchers, developed the target 
time plan given in Table 1. However, with ad-
verse weather conditions the start of the project 
was delayed 3 hours and with each following 
stage similarly delayed. This gave additional 
challenges by reducing the radiant heat pro-
vided to the pavement before sunset and en-
suring good heat is maintained overnight. 

3.3 Site preparation and pavement con-
struction 

The weather on the day of GPC pavement 
casting (30 March) was unfavourable. It was 
raining heavily in the morning. The work at site 
was jeopardised and delayed by 3 hours from 
the schedule in Table 1. Civil Contractor Syd-
ney Civil started demolishing work from 10 am. 
They cleared the demolition waste, levelled the 
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Table 1. Original work plan for GPC pavement casting (30 March)  

Stage Scope of Work Responsibility 

Stage 1 (7am – 11 am) - Road closing to traffic at 7 am 
- Demolition and excavation of 

old pavement 
- Site levelling 
- Laying out of reinforcement 

Sydney Civil 

Stage 2 (11 am – 12 pm) - Installing strain gauges UNSW 

Stage 3 (12 pm – 1 pm) - Pouring of geopolymer concrete Sydney Civil and Wagner 

Saturday 1 pm to Monday 5 am - Traffic control during ambient 
curing period 

Sydney Civil 

base and laid reinforcement meshes. To moni-
tor the pavement performance under tempera-
ture change and long-term loading, UNSW re-
search team installed strain gauges on the re-
inforcing bars.  

The site was then ready for concrete pouring. 
The trucks from Wagners discharged the GPC 
into the prepared site and the fresh concrete 
was vibrated for consolidation. Two trucks with 

10 m3 of concrete were poured. The pavement 
was levelled immediately. After completion of 
pouring and levelling an alcohol based curing 
compound was sprayed on the surface to min-
imise moisture loss; the afternoon wind was 

relatively strong (gusting to approx. 25 knots) 
and the relative humidity had dropped to 40 per 
cent. Work was completed at about 4:00 pm, 
giving two further hours of shaded light on the 
pavement surface before sunset. The following 
two nights (Saturday and Sunday) were rela-
tively cool. The weather data for successive 
three days for the GPC pour is given in Table 2. 
The sequence of work is given in Figures 2 
and 3. 

The pavement surface was provided with a 
broom finish for enhanced tyre traction on the 
surface (Figure 4). 
 

Table 2. Sydney daily weather observation (Bureau of Metrology)

Date Day Temps 0C Rain 9am 3pm 

  Min Max mm Temp 0C RH% Temp 0C RH% 

30/3 Sa 18.1 26.5 30.8 18.7 88 25.1 40 

31/3 Su 12.5 22.5 0.2 15.2 42 21.4 26 

1/4 Mo 13.1 20.8 0 16.0 57 20.1 64 

 

4 Geopolymer Concrete 

4.1. Batching 

Wagners contractors drove two dry-batched 
trucks from Toowoomba, Queensland, to Syd-

ney each with 5 m3 of dry GPC mix. The acti-
vators were added at the Sydney Civil yards 
(about 5 km from the site) using a mobile mixer 
about 1 hour before placement. The Wagners 
team prepared the activator solution by adding 
the prescribed amount of water and dry chemi-
cals to the chemical mixer.  

A shear pump attached to the mixer was run for 
three minutes to fully mix the chemicals into ac-
tivator solution. The solution was made one 
load at a time. Then activator solution was 
pumped directly into agitator of the truck. The 
agitator was rotated at high speed for six to ten 
minutes before the truck was dispatched to the 
site for placement of the GPC (Figure 5).  

 



 

Report Template 10 

 

 

 

(a) (b) 

(c) (d) 

  

(e) (f) 

Figure 2. Sequence or work for GPC pavement preparation: (a) wet existing pavement; (b) pavement 
demolition; (c) levelling the base; (d) placement of mesh reinforcement; (e) vibration strain gauges; 
and (f) resistance strain gauges.  
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(a) 

 

(b) 

 

(c) 

 

(d) 

Figure 3. Sequence or work – GPC pavement placement: (a) pouring; (b) levelling; (c) completed surface at 
4 pm Saturday; (d) traffic over pavement on Monday. 

 

 

Figure 4. Broom finished surface of GPC 
pavement. 

 

Figure 5. Casting of Geopolymer concrete. 

4.2 Control specimen preparation, curing 
and testing 

To determine the mechanical properties of 
GPC 100 x 200 mm concrete cylinders and 
dog-bones for direct tension measurements 
were cast on site according to AS 1012.8.1. 
The specimens were left on site overnight and 
transported to laboratory the following day for 
later testing. The specimens were demoulded, 
sealed and stored in a temperature and humid-
ity controlled environmental room at a temper-
ature of 23 0C and relative humidity of 50% until 
the day of testing (Figure 6). The specimens 
were tested for compressive strength, com-
pressive stress-strain, split tensile strength and 
direct tensile strength. 
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(a) (b) 

Figure 6. Control specimens (a) on site (b) sealed for ambient curing. 

 

5 Results and Discussion 

5.1 Assessment of 24-hour compressive 
strength and at roadway opening 

It was found that the cylinders left overnight at 
the site and tested the next day had not 
achieved any significant strength gain; this was 
attributed the cold overnight on-site conditions 
together with the small size of the cylinders not 
allowing for any heat to be captured from the 
chemical reactions – contrary to that of the, 
larger, pavement cast on ground, which is able 
to maintain the heat provided by on-going 
chemical reactions. Rebound hammer testing 
undertaken on the pavement (Figure 7) con-
firmed the strength gain of the slab with an ini-
tial estimated strength 16 MPa at 27 hours and 
19 MPa immediately prior to the road opening 
(36 hours). These estimates were later cor-
rected to 19 MPa and 22 MPa, respectively, 
when the 30-day data became available (with 
the rebound hammer data being calibrated to 
the results obtained from the compression test-
ing machine). 

It is concluded that cylinder strength is not a re-
liable predictor of in-situ strength at early ages 
due to the significantly different curing environ-
ments.  

5.2 Compressive strength 

For the 30-day strength, the control cured 
100 mm diameter by 200 mm high cylinders 

were unsealed prior to testing and both ends 
were ground flat. The compressive strength 
was measured in accordance with Australian 
Standards AS 1012.9–1999. The average 
compressive strengths measured from three 
cylinders at 30 days was 40.7 MPa and from 
two cylinders tested at 115 days was 49.7 MPa. 

The in situ compressive strength of the GPC 
pavement was measured by Schmidt rebound 
hammer at 27 and 36 hours and 7 and 30 days 
after casting. The estimated compressive 
strengths were then calibrated with the 30 days 
cylinder strength measured in the laboratory. 
The data is given in Table 3 and Figure 8.  

 

Figure 7. Rebound hammer testing at 27 hours. 
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Table 3. Compressive strength gain of Geopolymer concrete. 

Test 27 Hours 36 Hours 7 Days 30 days 115 days 

Average of rebound Hammer measure-
ments (reading) 

23 25 31.8 36.7 – 

Estimated concrete strength (MPa) 16 19 27 – – 

Corrected estimated based on 30 Days 
cylinder strength (MPa) 

19 22 32 40.7* 49.7* 

*GPC compressive strength measured from cylinder tests at 30 and 115 days. 

 

Figure 8. Correlation curve for rebound hammer reading – initial estimate based on curve “A”. Green 
markers indicate corrected rebound hammer results based on 30-day test calibrated curve. Red 
marker correlated measured 30-day compression strength with rebound hammer reading. 

 

5.3 Compressive stress- strain 

The stress-strain curve for the concrete was 
obtained by testing two of the cylinders accord-
ing to AS 1012.17; the results are shown in Fig-
ure 9 (both tests gave similar results). The be-
haviour of the GPC in compression is compa-
rable to that of OPC concrete.  

The secant elastic modulus determined at the 
point corresponding to 40% of the maximum 
stress 33.0 GPa (average of two tests). The 
elastic modulus is consistent with that pre-
dicted by models of AS3600–2018 for the 
strength achieved. 

 

Figure 9. Compressive stress – strain. 
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5.4 Tensile strength 

The indirect tensile strength (fsp) was deter-
mined from by undertaking Brazil tests on two 
specimens at age 51 days. The average 
strength was determined as fsp = 3.9 MPa. 

In addition to indirect tension, a direct tension 
test was undertaken at age 51 days on a dog-
bone shaped specimen (the shape of the spec-
imen is as for that for steel fibre reinforced con-
crete testing in Appendix C of AS3600–2018). 
The specimen was gauged on each of its four 
sides for displacement, with a gauge length of 

230 mm. At the critical section the width of the 
specimen was measured as 132.2 mm and the 
thickness was 124.7 mm. 

At the failure load of the direct tensile test the 
average tensile strength across the section 
was 2.7 MPa. A closer examination of the indi-
vidual gauge results allows for correction 
against the accidental bending that is induced 
by the loading set-up; the corrected direct ten-
sile strength was determined as fct = 4.3 MPa. 
The applied load versus displacement gauge 
readings are given in Figure 10.  

 

 

 
(a) (b) 

Figure 10. Direct tensile test: (a) dog-bone specimen; (b) tensile stress versus gauge displacements. 

 

5.5 Other observations 

The workability of GPC is somewhat different 
to that of OPC concrete. GPC can be “sticky” in 
nature. It was observed that workers on ground 
found it difficult in terms of handling and level-
ling and further work is needed in the develop-
ment of superplasticiser technology for manual 
handling. GPC appears on the surface to 
harden quickly but with renewed vibration the 
concrete, even after considerable time has 
elapsed, again becomes liquefied (not unlike 
that observe in liquefaction of soils). 

Training of the workforce on the nuances of 
GPC, and differences with conventional con-
crete in placement and compaction is needed. 

As noted above, further work on the develop-
ment of superplasticizers is needed for ease of 
placement, compaction and workability for 
GPC and the industry would benefit greatly 
from such research. 

 

6 Surface Scans and Monitoring 

Two surface scanning techniques have been 
implemented in this project to capture the con-
ditions of concrete pavement in fine detail: (1) 
2D photogrammetry; and (2) 3D laser scan-
ning, as shown in Figure 11. The initial imaging 
was conducted on 7 April 2019 for both Geo-
polymer and OPC concrete pavements; the 
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day after the OPC concrete placement and 
eight days after the GPC concrete. The scan-
ning results were recorded as the initial status 
of the concrete surface. Scans are to be re-
peated at regular intervals to monitor changes 
of the concrete surfaces over the time, to de-
termine wear (abrasion), cracking and other 
performance indicators.  

 

(a) 

 

(b) 

Figure 11. Experimental setup for concrete surface 
scanning: (a) 2D photogrammetry, and 
(b) 3D laser scanning. 

A single high-resolution imagery of each pave-
ment was produced through 2D photogramme-
try (Figure 12). A Sony Alpha 5100 (24.3 meg-
apixel APS-C CMOS sensor (with 16 mm wide-
angle lens) was used to capture individual im-
ages along the concrete pavement; the image 
resolution is 6,000 x 4,000 pixels). Thirty-one 
images where taken for the GPC pavement, 
and 32 for the OPC pavement, which were then 
stitched together into one single image for 

each. During the field trial, surveying measure-
ment tapes and photogrammetry targets were 
placed along the concrete pavement as spatial 
references (Figure 13). 

 

  

Figure 12. High resolution photogrammetry of (a) 
GPC and (b) OPC concrete pavement 
slabs. 
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Figure 13. Surveying measurement tapes and 
photogrammetry targets. 

 

 

Figure 14. Solar powered data logger installation. 

A Leica BLK360 imaging laser scanner was 
also employed to capture 3D colourised point 
clouds of the entire site (Figure 11b). Highly ac-
curate spatial information (around 5 mm accu-
racy) have been registered, including road sur-
face, trees, buildings and traffic signs. The data 
will be further processed to generate a 3D 
model and digital twins of the project in the fu-
ture. 

7 Embedded Sensors 

Both the GPC and OPC concrete pavements 
were instrumented with vibrating wire (VW) and 
embedded resistance foil (RF) strain gauges to 
monitor the performances due to temperature 
changes and real time traffic (shown in Figures 
2(e) and (f), respectively). The wiring was 
passed through the pavement and connected 
to solar powered data loggers placed in a 
weatherproof housing located adjacent to the 
roadside (Figure 14). A GSV-8DS SubD15HD 
logger manufactured by GSV for the RF strain 

gauges and DT85GM logger, manufactured by 
DataTaker, for VW stain gauges). The data log-
gers for the GPC slab were installed on the site 
on 17 July 2019. 

Initial readings obtained from the embedded re-
sistance (RF) strain gauges placed in the GPC 
pavement, are shown in Figure 15 for change 

of strain () versus time. The measurements 

were taken at a sample rate of 500 Hz for a pe-
riod of 60 seconds. The results are processed 
to remove measurement noise that occurs 
around zero (typically ± 30 microstrain), while 
maintaining strain spikes that result from vehi-
cle axle loading. Spikes separated by more 
than approximately 1 second represent individ-
ual vehicles travelling at speed across the 
pavement. 

 

 

 

 

Figure 15. Strain measurements from RF strain 
gauge in the GPC pavement. 

8 Conclusions 

Adoption of new or different materials for con-
struction has been examined by several au-
thors who highlight technical, regulatory, eco-
nomic and supply chain barriers specific to 
widespread commercialisation of geopolymer 
concrete. This last barrier is addressed in this 
study through example of a large-scale 
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demonstration project in a highly visible loca-
tion. The literature indicated that geopolymer 
concrete can provide about a 50 per cent re-
duction in carbon emissions compared to cur-
rent conventional OPC concrete mix designs 
and thus, if proven to be durable, may be an 
important construction materials technology for 
lowing the GHG emission footprint of the con-
struction industry. 

In this study, a Geopolymer concrete road 
pavement was constructed at Wyndham 
Street, Alexandria, Sydney within the Council 
boundary area of City of Sydney; the objective 
being to move Geopolymer concrete from a 
specialised product to that of a mainstream 
construction material for road pavements and 
other slab on-ground applications. 

Despite unfavourable weather at the day of 
casting of the GPC road pavement, a three me-
tre wide by 15 metre long concrete road pave-
ment has been replaced by Geopolymer con-
crete in construction time of 5 hours; this in-
cluded the time for installing the embedded 
gauges used for monitoring of concrete strains. 

In addition of other mainstreaming projects in 
Australia that have used geopolymer concrete 
such as the Global Change Institute building 
and other applications (Aldred and Day, 2012), 
it was demonstrated that Geopolymer concrete 
can be manufactured and be delivered to a 
busy city site with reasonable workability and 

the Sydney Civil workforce demonstrated that 
Geopolymer concrete can be handled effec-
tively. This said, further research is needed in 
the development of the next generation of 
chemical admixtures to further improve the 
flowability of GPC for improved handling. The 
City of Sydney slab is the first of its kind to be 
constructed in a high traffic volume location. 

The Geopolymer concrete pavement gained 
good strength with time, with an estimated 
strength of 22 MPa at the time of road re-open-
ing, just 36 hours after finishing of the last con-
crete.  

This project showcases the potential for green 
construction materials through delivery by a ma-
jor Australian Council, and Industry Partner the 
City of Sydney, in the adoption of Geopolymer 
concrete as “conventional” practice is a viable 
option for cement-based pavements. The pro-
ject further demonstrates the capacity to deliver 
on the council’s stated objectives for the use of 
“Sustainable Materials in Concrete”.  

In addition to the installation of a GPC slab and 
conventional OPC concrete slab was cast the 
following week immediately following the GPC 
slab. This allows for the performance of the GPC 
and OPC concrete slabs to be monitored over 
time and directly compared in their perfor-
mance. The data collected will be used to inform 
design engineers and Australian standards. 
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