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Is the Maturity
Concept Valid?

By L. K. Grouch and T. Adam Borden

Introduction
The recent TDOTTCA/ACPA Evaluation o New POC

Whaturily Technology Project penerated o large quanomy of
data, The data generated can be analyeed to provide valuahle
lessons abaut PCC behavior, Tlas paper is the thivd inowoseries
ol lechnology trunsfer articles. The anthars appreciate the
financial support of TDOT and 'TCA, We hope vou find the
information preseoted belpful in bewer understanding PCC
behaviar,  In the third article. the vabdity of the marrity
comeept 15 discussed,

Matnrity Rackeronnd

Portland cementconcrete { FOC) gains strength and durabilicy
fremn rezclions belween Portland coment,  suppleneniary
cementing materialz and warar. 'Lhe cantinuation of the chemical
reactions is commoenly termed curing. Curing progoess 15 mosl
cowmmaonly measured with compressive strength development.
Curing progress iz a function of tme, temperature and moisture
conditions, Provided that adequate moistore 1s available, curing
progress s w lunction of tme and wmperature, The maturity
index is a function ol tme and temperatare, Muese and Saul | 1]
performed seme of the early research on the malurity coneepl
amid sprrested the following eqoation.

1
M=3T -TyAl
[

Where: M = marurity index
1" = average concrete temperature during thne At
T, = datum lemperature {usaally - 1070 (147F) (2}
T =clapsed time hours
Al = time interval (houes)

Just as depressing the acceleratar on a vehicle makes the
vehicle speed up; Increasing the coring temperature makes e
chemical reactions in POC spoeed . o conlinue the analogy,
rhe marurity index measures the progress of curing like mile
makers onoan interstate measwre the distance the vehicle
has raveled, The maturily index s simply analternatve to
comprassive strength development lor measuring the progress
of PCC curing,
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Materials and Procedure

The walidity of the maturicy conespr wag evaluated by casting
1M 6212 exlinders | 3] rom 125 cubic vaeds of TDOT Class A
PCC and curing them at dilTerent lemperalures cocanypssing Hhe
TROT specilicution limits [4. 3. 68]. Mastic properties of the PCC
are shown i Lable 1. Donmediately after casting, the cvlinders
were placed Into respective storage tanks and e losaers wen
achivaled (see Figure 1) The limewarer level in the tanks was
elevated o the wps ol the cvlinder modds to ensure acclimation
W the desired curing wemperalure as gquickly a< possible. Al
upprositnalely 800°CH s, the molds were  remosved  and
the limewater level was elevated to completely inumerse all
specimens willun cach Lank,




- Direatory to locate a contractor
in Tennessee.

The three curing remperatires used were 90, Y34 and 45°F (32, 23, and 773,
Thirly ol the 120 cylinders were sured al cach lemperaiire, The remaining thivey
cylinders bagan in the 90710 hath and changed curing temperatures approximately
every & hours as shown o Figure 20 The rotaton of cylinders in different curing
lemperalure tinks was intended to simulate o daily evele of remperarure changes,

Tesung protwcol and approximate test ages n days, estimated using the Nurse-
Saul equation with a datum teroperatuce of 14°F (<107 are shesyn in Tuble 20 The
predelermined maturily dmdices Tor compressive strengrh tesiing were based an
standard cormg [5] Vor 1, 2, 240 5, 7, 14 and 28 davs,  Two 0x12 cvlinders in
each group contained maturity loggers and bwo of cacl group contained temperatom
lvrerers, Actual maturity indices for campressive sirength resting were determined
by averaging the values from the two maturity loggers. During the experiment, ane
matarity logger failed o perfonm and those logeer values were no nger recorded
For experimaental use.

a0 = 300 - S 45 + 3°F

Figwre 2. Schemaiie of Curing Tank Setup and Rotation of Yoriahle Cviinders

Table 2. Testing Schednle for Labiovatory Eyperimend
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The laborarory starage tanks [depicted in Figure 3) were insulated onoall surfices
to retain the desired temperature and equipped with rao circolation pumps in either
end. Fach tink s alse couipped with aostee] grate placed upen masonry bricks (see
Figure 4) to keep the cylinders exposed to the Innewarer condinons on all surtaces.
A single tank beater provided the bear for the 90°F and 73.4°F tanks, while the
installation of a eireulation chiller {see Fisure 53 was reguited Forthe 43°F k. The
chiller circulated a mixture of antifreese and waler through copper piping divectly
beneall the steel grating (see Figuees 6 & T,

Results

A wumrary ol the resells of the laboralory evaluaton of the new maturity
technology are shown in 'Table % and Figure 2. Temperatore prafiles for the constant
temperatre and variable temperature cvlinders are shown in Figures 9 and 10,
respectively.

Teeble 3. Averaye Conpressive Sivenpthy for Eacl Appeocinade Moiwrity Tnde
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figiere 20 Temiperature Logger Progiles for Vardalle Temperatire Cvlinders

Analysis of Hesults

The agreement between average compressive sirengths oblained al varios murily
idices oo dilferent curing resimes i3 shoam in Tahle 4 The differcnce between
compressive strengrhs of i 2 eylinders lab-cured at temperatures between 45 and 90FF
15 in the range of 3.8 1o 12.5% for maturities greater than or cgual e 2400 -hoors. Ar
[ oaturily indices the dilermes is moch greater, Table % shows combinations of
time and degrees Fahrenheit that are equivalent to 2400°C-hours,
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Tibile 4. Camparisonr of Average Stremths of Bach Approodniare Matariiy Leve!
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Lesson Summary

Cdime and Pafendiedt Temperatiras Fgunivedent fo 28007C-fenrs

Eased on the available data, the following conclusion can be drawn, The maturily
congcepl i= valid for lemperatores between 33 and 90°F (within TDOYT curing
temperature specifications) al malurities greater tan or cgual o 2400°C-hours, W
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