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he recent TDOT/TCA/ACPA

Evaluation of New PCC Matu-

rity Technology Project gener-

ated a large quantity of data.
The generated data can be analyzed to pro-
vide valuable lessons about PCC behavior.
This paper is the first in a series of tech-
nology transfer articles. The authors appre-
ciate the financial support of TDOT and
TCA. We hope you find the information
presented helpful in better understanding
PCC behavior. In the first article, data from
the recent project are analyzed using con-
cepts presented by Dr. Ken Hover at the
Second Annual TCA Concrete Conference
on November 17, 2003.

Factors Influencing PCC
Strength Development

Portland cement concrete (PCC) gains
strength and durability from reactions
between Portland cement, supplementary
cementing materials and water. The contin-
uation of these chemical reactions is com-
monly termed curing. Curing progress
(compressive strength development) is a
function of time, temperature and moisture
conditions. Therefore, if adequate moisture
is available and curing time is the same for
core and cylinder specimens, temperature
becomes the critical factor.

Testing Background

The compressive strength of PCC is
tested using a variety of different samples



for different purposes. Lab-cured cylin-
ders [1, 2] are used to evaluate mixture
proportions and the quality of mixture
ingredients. Standard curing procedures
are used to remove the influence of tem-
perature from the evaluation. Therefore,
lab-cured cylinders indicate the potential
compressive strength of the PCC mixture
using standard curing procedures, not the
compressive strength of the PCC placed
in a structure. PCC in the pavement
structure has experienced a curing tem-
perature history that is often very differ-
ent from standard lab curing conditions.
Thus, the compressive strength of core
samples [3] cut from the pavement is the
best measure of the strength of the pave-
ment structure. Field-cured cylinders,
maturity and the rebound hammer will be
discussed in Lesson 2.

Tennessee Experience

Figures 1, 2, 3 and 4 show core and
lab-cured cylinder compressive strengths
from the recent TDOT/TCA/ACPA Pro-
ject. Each column represents the mean
compressive strength of a pair of 4x8
cores or the corresponding mean compres-
sive strength of a pair of 6x12 lab-cured
cylinders of the same age from the same
batch of PCC.

Analysis

Figures 5 and 6 show core strength
expressed as a percentage of lab-cured
cylinder strength for I-65 Nashville and I-
75 Chattanooga, respectively.

Table 1 shows a comparison of core and
lab-cured compressive strengths at 4 and 28
days for I-65 Nashville and 1-75 Chat-
tanooga. Data taken from each location
indicate substantially different relationships
between core and lab-cured cylinder com-
pressive strengths. Table 2 contains critical
information (mean pavement temperatures)
for interpreting Table 1. The pavement
structure develops compressive strength at
a rate dependent on curing temperature in
the field. The relationship between core and
lab-cured cylinder compressive strengths is
dependent on the difference in their curing
temperature histories.

Figure 1. 4-Day Core and Lab-cured Cylinder Strengths for I-65 Nashville
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Figure 2. 4-Day Core and Lab-cured Cylinder Strengths for |-75 Chattanooga
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Figure 3. 28-Day Core and Lab-cured Cylinder Strengths for I-65 Nashville

8000

7000

6000

5000

4000

3000

2000

Compressive Strength (psi)

1000

0

Verification Number

@ Cores H Lab-cured

Summer 2004 / TENNESSEE CONCRETE - ©




Figure 4. 28-Day Core and Lab-cured Cylinder Strengths for I-75 Chattanooga
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Table 1. Comparison of Core and Lab-cured Cylinder Strengths

Location Age

Percentage Core

(days)
Cylinder Strength

Mean
Strength > Lab-cured Core Strength/
Cylinder Strength(%)

Range of Core
Strength /
Cylinder Strength (%)

1-65 B 88.7 67.5-108.0
28 b 817 72.8-93.1
75 4 67 1066 90.7 - 143.0
28 16.7 925 74.1-1248

Table 2. Mean Pavement Temperatures
Placement Date

 October 2002

Location

24 Hour

* August 2003

tures should have a lower percentage of
its 28-day strength at 4-days. Figure 9
shows that the concepts presented by Dr.
Hover are supported by Tennessee evi-
dence. The PCC for 1I-65 Nashville,
exposed to mean curing temperatures in
the 60 to 70°F range, developed a much
lower percentage of its 28-day compres-
sive strength at 4-days (mean of 55.9 per-
cent, all values between 50 and 60
percent). However, the PCC for 1-75
Chattanooga, exposed to mean curing

Figure 7. Effect of Concrete Temperature on Cement

Hydration Rate (After Dr. Ken Hover)

temperatures in the 90 to 100°F range,
developed a much higher percentage of its
28-day compressive strength at 4-days
(mean of 78.1 percent, all values between
70 and 90 percent).

Lesson Summary

Based on the data available, the follow-
ing conclusions may be drawn:
1. Core strength is the actual strength of
the pavement structure.
2. The pavement structure develops com-

pressive strength at a rate dependent on
curing temperature in the field.

. Lab-cured cylinder strength is the
potential compressive strength of the
mixture for standard curing conditions.

. High early mean curing temperatures

(> 73 and < 100° F) result in rapid early
compressive strength development and
lower 28-day compressive strengths.
5. Low early mean curing temperatures
(> 60 and < 73° F) result in slower early
compressive strength development and
higher 28-day compressive strengths.

Recommendations

The following common questions can
only be answered accurately by consider-
ing the effects of curing temperature histo-
ry.

1. Are core compressive strengths higher
or lower than lab-cured cylinder com-
pressive strengths?

. Is the 3-day compressive strength about
50 percent of the 28-day compressive
strength?

. Is the 7-day compressive strength about
70 percent of the 28-day compressive
strength?

Figure 8. Effect of Concrete Curing Temperature on

Compressive Strength Development (After Dr. Ken Hover)
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Figure 9. 4-Day Core Compressive Strengths as a Percentage of 28 Day Core

Compressive Strengths
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