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What is Maturity?



What is Maturity?

A non-destructive method to estimate the real-time strength development of in-place
concrete, specifically at early ages less than 14 days.

It uses the temperature history of concrete during curing to estimate strength
development. Maturity method requires a calibration prior to use in order to correlate the
maturity to strength. Maturity calibration is specific for a mix design.
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What is Maturity?

ASTM C1074 - Maturity method : “a technique for estimating concrete strength that is based
on the assumption that samples of a given concrete mixture attain equal strengths if they
attain equal value of maturity.”

Temperature
Temperature

ifM, =M, > f,=f,

C) GIATEC



What is Maturity?

A unique relationship between the Maturity Index (a function of concrete temperature) and
Concrete Strength for each concrete mixture
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North American Standards™

« ASTM C1074, ASTM C918

ACl 318-6.2, ACI 228.1R, ACI 306R
AASHTO T325

Accepted by majority of DOTs

« CSA A23.1,2
QGHIM/) (aci®
i/ >

INTERNATIONAL American Concrete Institute

Standards Worldwide Always advancing
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Maturity Function



Maturity Functions:
Maturity Index Calculation

Maturity index can be calculated using one of the following equations:

* Nurse-Saul (Temperature-Time Factor, TTF)
 Arrhenius (Equivalent Age)
» Weighted Maturity (NEN 5970)

The maturity index is primarily dependent on the temperature history of the concrete.
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Maturity Function:
Temperature Time Factor (Nurse-Saul)

Linear relationship between temperature and strength gain

v Most common in the North America

v’ Conservative

t
v Less complicated M(t) = Z(Ta = Fo )AL
0

M(t) = Maturity index
T, = Average temperature during time interval At (degree)
Ty, = Datum temperature (degree)
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Maturity Function:
Equivalent Age (Arrhenius)

Exponential relationship between temperature and strength gain
v'Less common in the US

v"More complicated

v"Can be more accurate (if right assumptions)

t.= Equivalent age at specified temperature t; (days)

Q= Activation energy divided by the gas constant (K)

t,= Average temperature of concrete during time interval (k)

t,= Specified temperature (k) (taken as 23° Cin the North America)

At= Time interval (days)
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Temperature Time Factor (Nurse-Saul)

Temperature

Datum temperature

.

Time t

M(t) = Z(Ta —Ty). At
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Temperature Time Factor (Nurse-Saul)

M(t) = ) (T, —T,). At
/ Z \Time interval

Temperature-time factor
at time t (degree/hours)

Average concrete
temperature during

time interval At Datum temperature
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Datum Temperature

ASTM C1074." For type | cement without admixtures and a curing temperature range from 0 to
40°C, the recommended datum temperature is 0°C. For other conditions and when maximum
accuracy of strength is desired, the appropriate datum temperature can be determined
experimentally according to the procedures in Appendix X1."

Temperature at which concrete stops gaining strength

0°C is typically used
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M(t) = 3 (%222 - 0) + 1hr = 10°C-hrs
=X (20210 - 0) * 1hr =15°C-hrs M(t) = 10 + 15 = 25 °C-hrs
Exa m p I e =3 (%57~ 0) « 1hr =20°Crs M(t) = 25 + 20 = 45 °C-hrs
20+20 .
ZZ( 2 —0)*1hr=20 C-hrs M(t) = 45 + 29 = 65 °C-hrs
M(t) = Z(Ta —Ty).At
545 a
= Z( P 0) * 1Thr <0 =0°C-hrs M(t) = 72.5+ 0 = 72.5 °C-hrs
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Maturity-Strength Relationship

ASTM C1074 definition: “an empirical relationship between concrete strength and maturity
index that is obtained by testing specimens whose temperature history up to the time of the
test has been recorded”

Maturity-Strength Relationship
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Calibration requirements

A calibration is specific to one mix
Follow ASTM C1074
Minimum of 5 data points

Needs to be cured under lab condition

* The calibration specimens will hereon be referred to as standard 4x8 cylinders, but 6x12
cylinders and 4-inch cubes can also be used. Small beams can also be used to calibrate for
tensile strength.
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Maturity Calibration
5 easy steps!



Maturity Steps-Overview

Step 1: Prepare Samples Same process as making lab-
Step 2: Curing _cured cylinders, additionally ——  Simple!
_ H measure temperature in two
Step 3: Strengt cylinders
Step 4: Maturity Index More complex
Step 5: Maturity Strength Curve [ Stepsifdone
manually
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Step 1: Prepare Samples

* Prepare a minimum of 17 samples (cubes
and cylinders)

15 of the samples will be used for strength

« 2 will be used for temperature monitoring
by placing a temperature sensor in the
middle of the specimen
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Step 2: Curing

 Provide the same curing condition for
all samples

« Section 8.3 of the standard requires
that the specimens be cured O
according to ASTM C511, in a water

bath or in a moist room O
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Step 3: Strength

e Select a minimum of 5 measurement
times (example: 1, 3, 7, 14, and 28 days)

» Break 2 cylinders for every age and use
the average for your strength value

 Test the third cylinder if the difference in
strength exceeds 10% of the average

+ Take note of the time the cylinders were
broken
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Step 4: Maturity Index

+ Calculate average maturity at specified age Temperature Monitoring [~~~ "1

* Depending on the system used, maturity
can be calculated automatically, or a
manual calculation might be required

Temperature

Giatec 360 as a tool to automatically calculate this Step and Step 5- Will be shown later
In the next couple slides we will cover how to calculate “ manually” for when Giatec 360 is not available.
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Step 5: Maturity-Strength Curve

Step 3: Equation of the fitted line:
Strength < Strength = a + b log10 (Maturity)
/ Maturity-Strength Relationship
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Manual Calculation of the Maturity Value



Step 1: Assigh Demo Mix Calibration

On the SmartRock application:

* Assign a pouring time and a mix to the 2 sensors
installed in the cylinders for temperature monitoring in

the calibration process.

Temperature Monitoring

 The mix must have the same datum temperature you
are going to use on this calibration.

*You can use the Demo Mix 1 provided in the application
if you are using OC for° datum temperature.
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Step 2: Export CSV files

On the SmartRock Application:

 Download the CSV file for both sensors.

Tes

t

Send Report

* Ignore the Strength column in the CSV file (it is
irrelevant in this case as we assigned a random mix
to the sensor).

B
/ Edit
lag

Share Project
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Step 4 : Compile Strength Data

Collect the strength of the concrete with it's associated time of break (or age). Data obtained
from Step 3 in maturity calibration.

Ex: Time of Date/Time of break Average Strength
break ( MPa)

12hr June 10, 2020 8:05PM

24hr June 11,2020 9:15 AM
3 days June 13, 2020 10:00 AM
7 days June 17, 2020 9:00 AM
28 days July 8, 2020 8:30 AM
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Step 5: Combine maturity and Strength data

Find corresponding dates and associate maturity value with strength. Take average of
maturity from both sensors.

Ex: Time of break Date/Time of break Strength ( MPa)

12hr June 10, 2020 8:05PM 10
Sensor 2
Sensor 1
Temperatur Maturity Temperature Maturity (Degree
Sample No. Date Time e (Degree C) (Degree C-hrs) Status Sample No. Date Time (Degree C) C-hrs) Status
1 2020-06-10 8:05 23.87 0 Before Pouring 1 2020-06-10 8:00 23.87 0 Before Pouring |
44 2020-06-10 19:05 35.54 287.00 After Pouring 44 2020-06-10 19:00 35.14 280.00 After Pouring
45 2020-06-1019:20  36.78 296.04 After Pouring 45 2020-06-10 19:15 36.89 289.00 After Pouring
46 2020-06-1019:35 37.01 305.26 After Pouring 46 2020-06-10 19:30 36.49 298.18 After Pouring
47  2020-06-1019:50  38.28 314.68 After Pouring 47 2020-06-10 19:45 38.28 307.52 After Pouring
48 3839 1113242601 After Pouring 48 2020-06-10 20:00 38.34 317.10 After Pouring
49 2020-06-1020:20  40.62 334.14 After Pouring 49 4073 32608 After Pouring
50 2020-06-1020:35 38.99 344.09 After Pouring 50 2020-06-10 20:30 38.6 336.90 After Pouring
51 2020-06-10 20:50 40.43 354.01 After Pouring 51 2020-06-10 20:45 37.71 346.44 After Pouring
52 2020-06-1021:05 41.09 364.20 After Pouring 52 2020-06-10 21:00 41.05 356.28 After Pouring
53 2020-06-10 21:20 38.07 374.10 After Pouring 53 2020-06-10 21:15 38.81 366.27 After Pouring
Repeat for each strength
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Step 6: Implement in the app

From the side menu -> Maturity Calibrations-> + New Maturity calibration

- \ / w \ { 0 =
[} ® e \ [ ® e [} |
I | I 1
New Maturity CalibrationCancel

! New Maturity CalibrationCancel | New Maturity CalibrationCancel 1

) - | | ‘ ‘ 325.62 10 B
ﬂux D \ ‘ Maturity Calculation Method ‘ u
Mix Name 123 | Enter maturity and strength points N | 60112 15 [ ]
. Maturity (°C - hrs) Strength (MPa) —-—
Maturity Method I 1610.2 20 [ ]

1 —
Temperature Time Factor v ( 25.62 ! n 3721.35 25 i
Datum temperature (°C) 6011 1 i 13801 30 i

ko / el = u ADD

Maturity Calculation Method i
Enter maturity and strength points /|
= = 19.4.. 12.1740
Maturity (°C - hrs) Strength (MPa) .

OPTIONAL SETTINGS v

Input general information Input values from Step 4-5  Automated calculation of aand b
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Validation and Limitations



Validation

Before performing critical operations, ensure that the strength measurement obtained from
your strength-maturity calibration has the same potential strength as your concrete pour.

Section 9.5 of ASTM C1074-17 provides multiple options:

1. Use other techniques to determine the strength of the cast in-place (ASTM C873),
penetration resistance test (ASTM C803), or pullout test (ASTM C900).

2. Standard-cured compressive strength test following ASTM C918.
3. Accelerated curing compressive strength test following ASTM C1768.

4. Additional cylinders to compare actual strength and strength obtained from
maturity calibration.
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How to do a Validation?

Compare strength data from

—~ breaks and the strength obtained
Cast your regular from maturity in the extra cylinder
field cured cylinders
6000 Validation +10%
n 5000
: = 4000
+ Keep in the 8
> same curing —> £ 3000
» i b
Cast an additional conditions g
: & 2000
cylinder for
temperature 1000 r
monitoring . | | | . .
0 5000 10000 15000 20000 25000 30000
Maturity(°F-hrs)
—
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Limitation

Thlebin—place concrete mixture is assumed to be exactly the same as the one used for the
calibration.

The maturity method takes into consideration that the in-place concrete has enough
moisture to allow cement hydration. Proper on-site curing is required.

High temperatures at early ages can affect the long-term strength of concrete. Additional
tests, such as ASTM C918, can be performed for better predictions of later-age strength.

If they are not experimentally calculated, a good estimate for datum temperature and
activation energy must be made to obtain acceptable accuracy.

If there is a char;lge of material in the mix, the maturity calibration must be verified or the
mix re-calibrated.

The goal of this method is to replace field-cured specimens at early ages (less than 14
days). The standard lab-cured specimen approval for 28-day strength is still required for
quality control of concrete.

For critical operations, additional tests must be performed. ( validation)
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Implementation



At What Frequency Should Maturity be
Monitored in Concrete?

The ultimate goal is to replace field-cured cylinders. Giatec’s recommendation based on the
industry adoption is:

- Minimum of 2 measurements per pour (< 80- 100m3)
- 1 measurement for each additional 80-100m3
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Where to Measure Maturity?

ASTM C1074 only provides the following note: “In building constructions, exposed portions
of slabs and slab-column connections are typically critical locations. The advice of the

Engineer should be sought for critical locations in the particular structure under
construction.”

Main criteria:

1. What are the coldest (most exposed) areas on the structural element?
2.  What is the pour size (start and end time)?

3.  What are the critical locations on the structural element?
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Thank You!
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