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Abstract: Reliable testing and estimation for autogenous shrinkage in concrete is important for both
structural and mix designs. Despite its significance, there are remaining issues which require a serious
consideration. Firstly, the model developed for autogenous shrinkage in design standard AS 3600:2018
was based on very limited test data. Secondly, these data points were established from a research
laboratory and the mixes did not represent diverse, practical concretes around Australia. Thirdly, the
estimation formulas do not consider supplementary cementitious materials (SCM’s) and how they alter
the development of autogenous shrinkage over time. Equally importantly, the autogenous shrinkage test
method in use is relatively new and the proficiency level of testing and reporting results among Australian
laboratories has not yet been clarified.

An ongoing data collecting program, organized by Cement Concrete and Aggregates Australia (CCAA),
aims at overcoming all of the four important issues above. The program involves 16 material laboratories
across the country, 14 of which are professional, NATA-accredited laboratories from CCAA members,
and the remaining 2 are research laboratories from The University of Technology Sydney (UTS) and
The University of New South Wales (UNSW). This paper reports key outcomes of the program to date.
It includes a round robin program to evaluate the proficiency level among participants and initially
collected data. Important lessons from the testing protocols to ensure reliable results — initial moisture
proofing and curing, sealing tape, wrapping method, and temperature conditions prior to initial
measurements are also discussed in detail.
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1. INTRODUCTION

1.1. Why a Data Collection for Autogenous Shrinkage?

Autogenous shrinkage in concrete is an important structural design input, especially when high strength
concrete, or Special-Class concrete mixes are used. In an early design stage when mix information is
not yet known, a reliable estimation of autogenous shrinkage is critical.

The current design standard for concrete structure AS 3600:2018 [1] introduces a revised model for
estimation of autogenous shrinkage. The model, however, was calibrated based on very limited
historical data [2]. More importantly, currently available test data emerging from a CCAA-UNSW linkage
research program indicates that: The model does not accurately represent the real autogenous
shrinkage in concrete, especially those involving the use of supplementary cementitious materials
(SCMs) ([3]), as shown in Figure 1.

The situation demands a review of the current model and to potentially propose a more reliable model
for Australian concrete. This, however, cannot be appropriately done without a reliable, data-rich



collection of concrete autogenous shrinkage data contributed from different areas, using a diversity of
local materials, in the country.

The paper introduces an on-going data collecting program organized by CCAA for autogenous
shrinkage in concrete. The program involves most NATA-accredited material laboratories across
Australia specialized in cement and cementitious materials testing. By employing a consistent test
method with a proficiency level carefully verified and monitored, testing practical mixes, using local
materials, the most reliable data collection is being built up.
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Figure 1 Test results from the CCAA-UNSW
linkage research program, compared to
available standards [3]

1.2. Two stages of the program
The program is organized in two stages:

e Stage 1 Proficiency Assessment: To verify proficiency level of the test method across
participants, from that recommending changes in the testing protocols to improve accuracy and
consistency. This is a critical step to be done prior to the actual data collection. Stage 1 was
complete. Basic test setup is presented in Figure 2.

o Participants applied the same test procedures on the prisms cast from the same
materials at the same casting lab using the same equipment under the same
environmental conditions.

o Concrete was prepared by one appointed laboratory and cured in standard conditions
(AS 1012.8.4) for at least 18 hours, then delivered to other participants.

o Stage 2 Data Collection: To incorporate industry laboratories to gather concrete autogenous
shrinkage. Stage 2 is underway.

1.3. Purpose of the paper
Purpose of the paper can be summarized as follows:

Introduce the program and its structure.

Discuss lessons learned during Stage 1 of the program. From that, suggest improvements for
the current testing protocols, in order to have more consistent, accurate results.

Report proficiency level of participants in Stage 1.

Briefly present a summary of initial mix details and test data contributed to date (Stage 2).



1.4. Participants
Laboratories committed to the program: 16, including 2 university laboratories and 14 NATA-accredited
laboratories. Laboratories committed to data contribution in Stage 2: 14 NATA-accredited laboratories.

Summary of participants based on location is reported in Table 1.

Table 1 Geographical distribution of participants in the program

LOCATION NUMBER LOCATION NUMBER
New South Wales 5 Victoria 2
Queensland 4 Western Australia 1

South Australia 4

2. STAGE 1 PROFICIENCY ASSESSMENT AND RECOMMENDATIONS FOR
IMPROVEMENTS

2.1. Basic protocols

This test method covers the determination of autogenous shrinkage of concrete prisms made of Portland
and blended cement complying with AS 3972 [4] and aggregates complying with AS 2758.1 [5]. In
principle, this method employs prismatic test specimens of 75x75x280 mm in size. The concrete prisms
are prepared and moulded in accordance with AS 1012.8.4 [6]. The specimens, after cured in a moist
atmosphere for 24 * 2 hours, are then demoulded and fully covered by adhesive pre-cut aluminium
tapes, then are stored in standard drying conditions of 50+5% relative humidity and 23+2°C complying
with AS 1012.13 [7].

Measurement of the specimen length, from which the respective length changes (i.e., autogenous
shrinkages) are calculated, is carried out at demoulding (i.e., after the complete sealing) and at the age
of 1, 3, 6, 13, 20, 34 and 62 days after initial measurement. Autogenous shrinkage is calculated and
reported as positive values in this paper.

Weight loss monitor is conducted prior to each length measurement and the total weight loss must, at
all times, be lower than 0.1% the mass of the specimen from initial measurement.

In order to achieve the best representative values of autogenous shrinkage, the following factors must
be eliminated or minimized throughout the test:

e Moisture loss leading to drying shrinkage.
e Temperature change leading to thermal deformation.

The following suggestions were made from the observations in Stage 1 Proficiency Assessment of the
program, to address the two factors mentioned above.

2.2. Improvement suggestions for test method

2.2.1. Prism preparation

Moisture loss after casting, and subsequent drying in the first 24 hours should be avoided. This is
important because, even though benchmark readings are carried out hours later, fast, non-uniform
moisture losses among specimens may affect the hydration process inside and ultimately, autogenous
shrinkage. To ensure this, immediately after casting, the mould should be fully covered by at least 3
layers of moisture/damp-proof membrane, such as polyethylene sheet, to prevent moisture exchange
with surrounding environment (Figure 3). This requirement applies on standard moulds, with and
without lids.

2.2.2. Specimens cast onsite

Specimens cast onsite or those cast from a different laboratory normally require transport and delivery
to the main testing facility to commence the test. These specimens may be exposed to non-standard
conditions during the transport. This potentially leads to a disturbance of initial readings, particularly
because of the active thermal deformation in the specimens. To minimize this:

o Field specimens should be transported to testing laboratory after the period of 18 hours of
initial curing is elapsed. They should be fully covered by a closed, moist esky or similar, then
firmly placed in a closed-back truck.



e Specimens should arrive at testing facility at least 2-4 hours prior to demoulding. This is to
allow sufficient time for concrete to gradually get back to standard conditions prior to initial
readings.

e Temperature conditioning: This is a further step to make sure concrete temperature quickly
stabilizes at the standard level prior to initial readings. For this purpose, demoulding time is
recommended at 22 * 2 hours from the time of moulding, leaving 2 hours for temperature
conditioning. Refer to the following section for more details.

(c) Slump test

(d) Casting and vibration (e) Mould wrapping

Figure 3 Prism preparation at NSW casting laboratory

2.2.3. Temperature conditioning prior to initial measurements (benchmark readings)
As discussed in the previous section, to minimize potential disturbance of thermal deformation, this
step is important to quickly stabilize concrete temperature at the standard level prior to initial readings.

As a demonstration, assuming an average thermal deformation coefficient of 10 ue/°C, and concrete
temperature is disturbed by an increase of 10°C during the transport, it can result in the following:

¢ Ifinitial measurement is conducted without temperature conditioning, the benchmark readings
already include an active thermal expansion.

o When concrete temperature gradually converges back to the standard level after benchmark
reading, such a temperature drop results in a thermal contraction, which can be as large as
10 x 10 = 100 pe. The measured shrinkage is therefore 100 ue larger, which involves both
autogenous shrinkage and thermal contraction.

If specimens are cast on site:

e Once arrived at testing laboratory, the whole mould with concrete specimens inside should be
stored in a standard drying chamber (AS 1012.13) without delay.

e The mould should remain in the drying chamber until demoulding time (22 + 2 hours). At
demoulding time, it is removed from the drying chamber for demoulding and sealing. These
specimens are then placed back into the drying chamber and remain in the chamber for at
least 2 hours prior to initial measurements at 24 + 2 hours.

If specimens are cast in laboratory: Specimens are cured in mould in standard laboratory conditions
until demoulding time (22 £ 2 hours). At demoulding time, the specimens are demoulded, sealed, and
transferred to a standard drying chamber (AS 1012.13). The specimens will remain in the chamber for
at least 2 hours prior to initial measurements at 24 + 2 hours.

Figure 4 illustrates the effectiveness of temperature conditioning in the test method. In the chart,
specimens of Lab. A were cured in continuous standard conditions until testing, while those of Lab. B
required transport and delivery with approximately 2-3 hours on the road (dry, sunny day, ambient
temperature 25-27 deg C). Without a careful temperature conditioning in Batch 1, Lab. A and B showed
significantly different readings. With a careful temperature conditioning in Batch 2, both laboratories
showed great agreement in autogenous shrinkage measurement.
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2.2.4. Wrapping techniques and mass loss

Minimizing moisture loss and consequently, disturbance due to active drying shrinkage is important in
the test method. To do that, sealing tapes made of aluminium reinforced butyl, supplied in rolls, are
used as the main sealing material for concrete specimens. Each specimen, in a prism shape, is
covered firstly on all four sides. Two heads then are covered, making it fully sealed. Overlapping areas
between tapes and the small gap around two metal studs will be sealed using a secondary protective
layer, which is office-use sticky tapes (Figure 2).

The effectiveness of the sealing material and wrapping method is demonstrated in Figure 5.
Approximately 80% of all specimens tested by all participants had less than 0.05% mass loss at the
end of the testing period, only half the maximum allowable mass loss 0.1%.

2.3. Proficiency assessment

2.3.1. How Stage 1 was organized

e Each participant was designated by a unique ID to respect the confidentiality principle of a
proficiency testing program. Numeric values ranging from 1 to 9 were used as IDs in Stage 1.

e Due to the strict time restraints of the test method, Stage 1 was organized on a state-by-state
basis. Two groups of laboratories in Queensland and NSW were assessed separately using
two different mix designs. Participants from other states, with limited number, were not
involved in the testing of Stage 1.

e Concrete specimens were cast in standard laboratory conditions from a casting facility for
each respective group (Figure 3). They were cured then delivered to all other participants.
The testing protocol in 2.1 and recommendations in 2.2 applied for both groups.

2.3.2. Testresults

Test results used for proficiency assessment are presented in Figure 6. It should be noted that in
Stage 1, temperature conditioning was not introduced to participants at first. Thermal disturbance was
therefore observed. It was then addressed by “zero-ing” results of each laboratory at 1 day then
offsetting them to the average reading at 1 day of the casting laboratory.

2.3.3. Proficiency assessment using z-score

Proficiency assessment complied with ISO 13528 [8], ISO 5725-2 [9] and ISO 5725-1 [10] method. As
shown in Table 2, all participants in the program achieved a satisfactory level of testing proficiency for
autogenous shrinkage. This reinforces confidence on the reliability of data collected in Stage 2.
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Figure 6 Test results from Stage 1 Proficiency Assessment.
Table 2 Proficiency assessment of participants in the program
Lab ID €.(3D) €4(6D) €a(13D) €a(20D) €4(34D) €4(62D)
NSW 1  -0.46 0.20 0.93 1.07 1.13 1.51
2 065 0.94 1.14 1.07 0.92 0.35
3 -148 -1.21 -1.11 -1.06 -0.96 -0.72
4 0.23 -0.88 -0.77 -0.65 -0.98 -1.02
5 1.06 0.92 -0.19 -0.42 -0.11 -0.12
QLD 6 0.52 -0.78 -0.99 -1.02 -0.02 -0.24
7  -0.92 -0.95 1.37 1.86 1.40 1.84
8 1.15 0.78 0.00 -0.13 -0.90 -1.16
9 -0.75 0.95 -0.39 -0.71 -0.47 -0.45
NOTES:

o Aresultthat gives |z | < 2.0 indicates “satisfactory” performance
e Aresult that gives 2.0 <| z | < 3.0 indicates “questionable” performance
o Aresult that gives |z | 2 3.0 indicates “unsatisfactory” performance

3. INITIAL DATA COLLECTION IN STAGE 2

3.1. Initial concrete mixes
Table 3 Summary of initial concrete mixes

Grade Number of SCM (%) Cement Aggregate
(AS 1379) mixes Fly ash Slag type source
N20 1 10 40 GP VIC

N25 2 0, 32 0, 30 GP VIC, QLD
N32 5 0,25 0,10, 20 GP,SL QLD, SA
N40 5 0 0, 20 GP QLD, SA
N50 1 0 0 GP VIC

S$32 5 0,25 0,10,20,50 GP SA, VIC
S40 14 0,10,25 0,20,25,50 GP VIC, QLD, SA
S50 5 0,20,25 O GP SA, VIC
S80 1 30 0 GP SA

3.2. Initial results

Initial test results are reported in Figure 7. It is worth noting that temperature conditioning was
recommended to all participants in Stage 2. Compared to the current model in AS 3600:2018 [1], the
following initial observations can be reported:
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Figure 7 Initial results of concrete autogenous shrinkage in Stage 2
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e Of the same strength grade, concretes without and with a diversity of SCM proportion can result
in considerably different autogenous shrinkage. The current model, however, does not reflect
this important characteristic.

e Autogenous shrinkage of concrete, particularly those with high percentage of SCMs,
continuously develops long after 28 days of age. As shown in Figure 7 and Figure 8, the
analytical form of the current model cannot keep up with later development. At 62 days, for
example, the estimated value is 110 ue for 40 MPa concrete, giving a 30% upper bound of
around 150 ue. Nearly half of the available test results, however, are higher than that upper
bound value.

These observations, as described in 1.1, confirm once more the critical need to review the current
standard model.

3.3. Upcoming data contributions
As stated previously, Stage 2 of the program is underway with results being continuously contributed.
The following are expected in the coming months:

¢ High strength concrete mixes, especially those from 80 MPa.
o Testresults from other states, in particular concrete made and tested in NSW.

4. CONCLUSIONS

The paper reports an ongoing data collecting program, organized by Cement Concrete and Aggregates
Australia (CCAA), aiming at collecting reliable data of autogenous shrinkage in concrete. The program
is organized in two stages. Stage 1 is a round robin program to evaluate and ensure a consistent,
satisfactory proficiency level among participants. Stage 2 is the official data collection where concrete
is made and tested from practical mixes using diverse material sources around Australia. This paper
reports key outcomes of the program to date, including the following points:

e Stage 1 confirms the satisfactory proficiency level among participants. It reinforces the
confidence on the collected data in Stage 2. Lessons learned from Stage 1 were put together
into a list of recommendations to improve the consistency and accuracy of the test method. This
includes steps to be done from prism preparation, transport, wrapping, and temperature
conditioning.

e Initial data contributed to Stage 2 were reported. The data, from an initial observation,
demonstrate a gap which the current model must overcome to effectively estimate realistic
autogenous shrinkage in concrete, especially those of high strength, those with SCMs, and at
later ages.
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