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What is a Maturity Curve?

Concrete develops strength when given time, temperature, and appropriate
moisture. If we consider properly cured concrete as having a consistent moisture,
the "maturity" of concrete can be expressed as a function of time and temperature.
A maturity curve is a method used to estimate the in-place concrete strength without
doing destructive testing. It can be very useful on large or repetitive pours and save
time and expense of cylinder or beam molding, transportation and breaking.

How do you develop a maturity curve and how do
they work?

Maturity curves are developed by developing a maturity relationship of a given mix
design and then applying strength data at known maturities to develop a maturity-
strength relationship. That's a lot to take in, so let's unpack the process. First, a trial
batch is performed of the desired mix design and sixteen cylinders or beams
(depending on if one is testing for compressive or flexural strength) are molded. The
internal temperature of one of the cylinders is monitored every 30 minutes for the
first 48 hours and then once an hour thereafter. This is done by placing a
thermocouple wire in the concrete and connecting it to a maturity meter which
records the temperature readings. This data can be shown in a graph, and the area
under the line and above a "datum" temperature when concrete theoretically will not



gain strength (often set at -10°C) is the amount of "maturity" the concrete has

gained.
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This area under the temperature line can then be shown as a function of maturity vs
time, also called a TTF (Time-temperature function).
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Figure 2: Time-Maturity Curve - Area Under a Curve Example

Finally, one can break the cylinders or beams at different ages and apply the
strength to the TTF curve to develop a maturity-strength relationship. It's important to
know that the curve is only relevant to that exact mix design, with those exact
materials, in similar weather conditions. Therefore, curves need to be validated or
sometimes re-created when there is a mix design change, material source change,
or periodically as the seasons change. The lowa DOT, for example, requires a curve
validation every 90 days.
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In the field..

Once a curve is established, it can be used in the field to theorize strength of in-
place concrete. This is done by inserting or placing a thermocouple wire in a couple
locations in a pour and taking a reading of the concrete temperature with a fluke
meter immediately after it is placed. Then, concrete temperature readings are taken
at different times and applied to the TTF curve. The maturity curve will inform what
level of maturity is needed to achieve theoretical opening strength.



VALIDATION OF MATURITY CURVE
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Sounds great, but when should maturity curves be
used?

Maturity curves are wonderful for large concrete placements where the same mix
design will be used repetitively and opening as soon as possible is desirable. The
maturity method also allieviates some of the risk of traditional strength testing such
as improper specimen casting, improper curing of specimens, or improper handling.
However, it is important to know that the maturity method is a theoretical
measurement. If there are large swings in concrete temperature in between when
measurements are made of the in-place concrete, that maturity or lack thereof will
not be factored in the calculation. If concrete structures, for example, need to have a
minimum strength before a load is applied, it's probably a good idea to take cylinders
in lieu of or in addition to a maturity curve. Additionally, small pours or jobs with a
variety of mix designs are probably not ideal for the use of the maturity method due
to the time and expense of creating curves and monitoring temperatures of many
pours. In those instances, it's probably just easier to make cylinders or beams in the
field.
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