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4x4™ Concrete System

A Maturity-Based Method for Estimating In-Place Concrete Pavement Strength

What is the Maturity Method?

The maturity method is a nondestructive technique that is used to estimate the in-place strength of concrete by accounting
for the effects of temperature and time on strength development. It is based on the principle that the extent of hydration of a
concrete mixture and, therefore, the strength at any age is based on the thermal history of the concrete. Using the thermal
history of a concrete mixture and a maturity function, a maturity index that quantifies the combined effects of time and
temperature can be calculated and plotted against the strength of the concrete by means of a strength-maturity relationship.

Measuring Concrete Maturity

Concrete maturity can be measured in the laboratory or field
using strength test specimens. The maturity method involves

the measurement of three key parameters: time, concrete
temperature and concrete strength. Using one of two widely-used
expressions, a temperature-time factor with units of degree-hour
is calculated by multiplying concrete temperature, with respect

to a datum, by the elapsed time (in hours) after the concrete

was batched. In ASTM C1074, “Standard Practice for Estimating
Concrete Strength by the Maturity Method,” 32 °F (0 °C) is
recommended as the datum temperature for concrete containing
Type | cement. A relationship between degree-hours and actual
concrete strength, for a given mixture, can be determined by
graphing each actual strength data and the corresponding
degree-hours. The advantage of the maturity method is that once
a strength-maturity relationship is established for a particular
concrete, temperature histories can be used to predict the
strengths of samples of the same concrete subjected to different
temperature conditions.

Table 1 contains temperature and actual flexural strength data for
test specimens cured in different environments for a pavement
repair project on Interstate-5 in California using the patented

4x4 Concrete system. The flexural strengths and calculated
temperature-time data, in degree-hours, are presented graphically
in Figure 1.

When evaluating concrete maturity using small test specimens,
it is extremely important to insulate them from heat loss to
minimize the time needed to develop the strength-maturity
relationship. If small test specimens are not insulated during
curing, strength development will be slowed because the volume
of concrete is small.

Practical Application of Concrete Maturity

In practice, the maturity-based test method can be used to
estimate the strength of in-place concrete at a given point in time.
One application for using maturity to estimate concrete strength
is in full-depth pavement repairs. After developing the correlation
between degree-hours and actual strength, a contractor or
transportation agency can use the maturity method to open a
newly-repaired concrete pavement to traffic without testing a
specimen for strength. Maturity-based testing can reduce project
costs by eliminating the need to cast and test compressive or
flexural strength specimens.
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4) Insulate the specimens during testing using coolers or

Concrete Elapsed Degree Flexural . . L .
Specimen Time Temp. Hours Strength rT?oIdabIellnsuIatlon to mlnlmlze heat loss and effectively
Environment (h) (°F) (h) (psi) simulate in-place congrete field performange. As the 4x4 .
Concrete system begins to generate heat, it will progressively
Tarp 4 n o 280 105 develop greater strength.
Tarp 5 mno 385 170 5) Evaluate test specimens for strength at 3, 4, 5, 6, 7, & 24 hours
Tarp 6 79 474 305 after the water comes in contact with the cement during batching.
Box 4. 78 312 15 6) Graph the degree-hour and strength data as shown in Figure 1.
Box 5 85 425 270 The strength and degree-hour relationship will vary by different
Box 6 88 508 355 mix proportion§ and materigl selection. Therefore, this relati.cfnship
""""""""""" must be established for a given concrete mix before a specific
Cooler 4 & 340 175 project begins. This will allow the project engineer to estimate
Cooler 5 % 480 300 the degree-hours needed to obtain the required strength.
Cooler 6 100 600 440 Maturity testing can provide an alternative to strength testing in
determining when a concrete pavement can be opened to traffic.
Table 1 Without this relationship, an unnecessary delay in returning
500 concrete to service might occur based on the concern that the
specified strength has not been obtained.
/ There are, however, limitations to using either test specimens or
_ 400 the maturity method to determine the in-place concrete strength.
2 / With the maturity method, a change in cement performance
< - / during a project (due to different loads or lots of material) could
@ 300 produce variability in results. Test specimens on the other
o hand may contain flaws or lose heat during curing and not be
§ representative of in-place concrete performance. Until sufficient
& 200 experience has been obtained with a given mix, the most reliable
=] ] . .
3 way to determine concrete strength is to use both strength and
i 100 maturity measurements to determine concrete strength.
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Figure 1: 4x4 Concrete: I-5 in Los Angeles

Using Concrete Maturity to Estimate

4x4 Concrete Strength

1) Develop a 4x4 Concrete mixture to achieve the desired level of
compressive or flexural strength at a specified time period.

2) Perform a field trial placement and measure the degree-hours
and corresponding strength of test specimens at different time
intervals (usually through a 24-hour time period).

3) Insert temperature probes directly into the strength specimens
and in-place concrete and record the temperature manually or
through a data logger system. Alternatively, a temperature gun
can be used to determine the concrete temperature.

and renovation of structures. Master Builders Solutions is built
on the experience gained from more than a century in the
construction industry.

The know-how and experience of a global community of
construction experts form the core of Master Builders Solutions.
We combine the right elements from our portfolio to solve your
specific construction challenges. We collaborate across areas
of expertise and regions and draw on the experience gained
from countless construction projects worldwide. We leverage
global technologies, as well as our in-depth knowledge of local
building needs, to develop innovations that help make you more
successful and drive sustainable construction.

The comprehensive portfolio under the Master Builders
Solutions brand encompasses concrete admixtures, cement
additives, chemical solutions for underground construction,
fiber reinforcement solutions, waterproofing solutions, sealants,
concrete repair & protection solutions, performance grouts,
and performance flooring solutions.

Master Builders Solutions
Admixtures US, LLC
23700 Chagrin Boulevard
Cleveland, Ohio 44122-5544
800-628-9990

Master Builders Solutions Canada, Inc.
1800 Clark Boulevard

Brampton, Ontario L6T 4M7
800-387-5862

Visit us at:
www.master-builders-solutions.com/en-us
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LIMITED WARRANTY NOTICE: We warrant our products to be of good quality and will replace or, at our discretion, refund the purchase
price of any products proved defective. Satisfactory results depend not only upon quality products, but also upon many factors beyond our
control. Therefore, except for such replacement or refund, MASTER BUILDERS SOLUTIONS MAKES NO WARRANTY OR GUARANTEE,
EXPRESS OR IMPLIED, INCLUDING WARRANTIES OF FITNESS FOR A PARTICULAR PURPOSE OR MERCHANTABILITY, RESPECTING
ITS PRODUCTS, and Master Builders Solutions shall have no other liability with respect thereto. Any claims regarding product defect must
be received in writing within one (1) year from the date of shipment. User shall determine the suitability of the products for the intended use
and assume all risks and liability in connection therewith. Any authorized change in the printed recommendations concerning the use of our
products must bear the signature of the Master Builders Solutions Technical Manager.

This information and all further technical advice are based on Master Builders Solutions’ present knowledge and experience. However, Master
Builders Solutions assumes no liability for providing such information and advice including the extent to which such information and advice
may relate to existing third party intellectual property rights, especially patent rights. MASTER BUILDERS SOLUTIONS SHALL NOT BE
RESPONSIBLE FOR CONSEQUENTIAL, INDIRECT OR INCIDENTAL DAMAGES (INCLUDING LOSS OF PROFITS) OF ANY KIND. Master
Builders Solutions reserves the right to make any changes according to technological progress or further developments.

® registered trademark of a MBCC Group member in many countries of the world
© 2021 MBCC Group rev 04/21 OTH-CTF-0133, LIT #: AD3000175



