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Analysis of Maturity/Pullout Testing Data 

by R. Dilly, V. Beizai, and W. Vogt 

Synopsis: Pullout testing provides a measurement of 
inplace strength of concrete and maturity can be used 
to estimate strength development. Test statistics 
are useful tools for interpreting the significance of 
the data. Maturity may correlate to pullout strength 
by regression analysis, The simplest correlation 
would be linear using the logarithm of maturity. Lin
ear relationships may be compared using test statis
tics to determine if slopes and/or intercepts are 
significantly different, Statistical analysis tech
niques are used to evaluate pullout strength and 
maturity data. Some limitations associated with these 
techniques are discussed. A programmable calculator 
was utilized in developing the programs to illustrate 
the application of these analysis techniques. 

Keywords: age-strength relation; coefficient of variation; 
computer programs; concretes; evaluation; nondestructive tests; 
pullout tests; re3ression analysis; standard deviation; 
statistical analysis 
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INTRODUCTION 

The pullout test provides a method of determining 

inplace strength of concrete, The maturity method 

can be used to estimate concrete strength develop

ment. These methods may be combined and used when 

construction activities require monitoring of 

strength development. Statistical analysis can be 

used to interpret test data acquired with these 
methods and to determine if significant differences 

occur between test ages, test locations, or curing 

regime. 

BACKGROUND 

The maturity concept is reported to have been 

presented by Saul(l) in 1951 as an empirical approach 

for predicting concrete strength development based 
upon time-temprature histories(2). 

The time-temperature curing history of a concrete 
mixture can be used to calculate maturity by: 

M E(T-T )L'It ..... (1) 
0 

where M is the maturity of the concrete, T is the 
average concrete temperature where the change occurs 
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at an approximately constant rate for an increment of 

time, At; and T is the datum temperature at which 

or below concrete cHases to gain strength with time, 

This concept postulates that strengths will be ap

proximately equal at the same maturity. However, the 

results of an experimental investigation conducted by 

Carino, Lew, and Volz(3) confirmed that different 

early age temperatures can affect the strength

maturity relationship, as recognized earlier by 

Mclntosh(4) and Klieger(S). 

The maturity concept has been investigated by a 

number of other researchers. Strength prediction 

equations using the logarithm of maturity for acceler

ated curing methods were developed by Ramakrishnan 

and Dietz(6) using a lihear form of an equation orig

inally suggested by Plowman(7). Nonlinear regression 

analysis has been used by researchers to develop 

compressive strength relationships with maturity. An 

experimental investigation by Naik(8) has shown that 

a predetermined strength/maturity relationship for a 
concrete mixture can be used with about the same 

degree of accuracy as a core strength. ASTM C 918 is 

a standard method for estimating later-age strengths 

using early-age compression test values with maturity 

calculations(9). A datum temperature is not used in 

this method. ACI 306 has recognized the use of the 

maturity concept(10). 

Malhotra(11) and Richards(12) undertook many of 

the initial experimental investigations of pullout 

testing conducted in North America, The pullout test 

is a method of determining the inplace strength of 

concrete, A standard method is provided by ASTM C 

900(13). Bickley has reported on the use of pullout 

testing to evaluate inplace strength during construc

tion(14). Vogt, Beizai, and Dilly(15) reported the 

results of pullout testing conducted on a project in 

which ACI 214(16) statistical methods were used to 

report the data, although these methods were devel

oped exclusively for compressive strength evaluation. 

The pullout strength of concrete is determined by 
measuring the force required to extract an embedded 

insert from hardened concrete and dividing by the 

surface area generated from fracturing the concrete. 
Relationships have been developed between pullout 

strength and concrete maturity to evaluate inplace 

concrete strength. Maturity-pullout relationships 

have been reported by Parsons and Naik(17), and Dilly 
and Ledbetter(18). 
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APPLICATION OF STATISTICS 
FOR 

INTERPRETATION OF TEST RESULTS 

Single variable tests can be used to estimate if 
significant differences exist between different test 
locations or test ages. Multivariable methods, such 
as linear regression analysis, can be used to esti
mate if significant differences exist between differ
ent curing regimes. 

Two HP, Hewlett-Packard 41C/41CV programs were de
veloped for statistical analysis of test results. 
Each program utilizes the calculator's statistical 
functions. The first program designated "ST" pro
vides an analysis of two test sample means, while the 
second program, "LT" performs a least square regres
sion multiple variable analysis of slopes and inter
cepts of two linear relationships. "ST" includes a 
test statistics for significant differences between 
sample means, and "LT" includes test statistics for 
significant differences between the slopes and the 
intercepts of least square regression relationships. 
Reference 19 was used to develop program "ST", and 
references 20 and 21 were used to develop program 
"LT". Flowcharts, user's manuals, and program 
listings appear in the Appendix. 

Two examples are discussed, illustrating the use 
of these programs. Table 1 is a summary of test 
statistics used in "ST", and Table 2 is a summary of 
test statistics used in "LT". The data in the ex
amples was the result of an experimental investi
gation reported by references 18 and 22. Both of 
these refer to the same experimental investigation in 
which a hydraulic centerpull ram pullout testing 
apparatus was used to estimate the inplace strength 
of a 6.0 ft (1.8 m) tall concrete column. Sets of 
inserts were placed at the base and top of the column 
at a vertical spacing of 5,0 ft (1.5 m). When in
serts were extracted, the resulting approximate conic 
frustums had heights of 1.8 in (30 mm) and base dia
meters of 2,76 in (70 mm) and 1.8 in (30 mm). The 
apex angle for the assumed conic frustum is 
degrees 2resulting in a surface area of 8.79 in 
(56.6 em ) 

The pullout strengths which appear in the first 
example were obtained by dividing the force on the 
ram at failure by the assumed conic frustum area. 
The average pullout strengths which appear in the 
second example were obtained by averaging three 
pullout strengths determined in the same manner. 
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Example using program "ST" 

At an 
strengths 
column: 

age of 
resulted 

28 days, the 
from tests 

following pullout 
conducted on the 

fp-Individual pullout strength, psi 

Top of column 
376 
376 
400 

Note: 1 psi 6897 Pa 

Base of column 
681 
704 
634 

Program "ST" performs an analysis of this limited 
data, The input and output shown in Figure 1 indi
cate that for set 1 (top of column), the average is 
384 psi, the standard deviation is 13.9 psi, and the 
coefficient of variation is 3,6%. For set 2 (base of 
column), the average is 673 psi, the standard devia
tion is 36 psi, and the coefficient of variation is 
5,3%. "F" calculated is 6,63, and "F" tabulated is 
19.00 at the 5% significance level. "F" calculated 
is less than "F" tabulated, so the calculated "t" 
test statistics value of 13.08 applies, For this 
example, the two "t" test statistics values are the 
same due to the equal number of observations from 
each set. At a significance level of 5%, 11 t 11 tabu
lated is 2.13, thus a significant difference exists 
between top and bottom average pullout strength. 
Refer to reference 19 for details on these statis
tical testing concepts, 

Example using program "LT" 

At ages 3, 7, 14, and 28 days, the average pull
out strengths shown below resulted from tests 
conducted on a column. The values of logarithm of 
maturity shown on each of the following test ages was 
calculated using Equation (1), where 14°F (-10°C) 
was used as the datum temperature,T , 

0 

Log 
Test age of maturity 

fp-average of three 
pullout strength tests 

days °F-hrs 
3 3,8104 
7 4.1671 

14 4.4476 
28 4.7249 

Top of column 
224 
290 
361 
384 

Note: Lo§ of maturity( 
maturity( C-hrs) 

F-hrs) 

si 
Base of column 

0,2553 

490 
548 
575 
673 

+ Log of 
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Program "LT" 

limited data. 
corresponding to 
form: 

provides 

The linear 

the output 

an analysis for this 

regression expression 
would have the general 

fp =a+ b x Log of maturity •••••• (2) 

where "a" is the intercept and "b" is the slope. 

The input and output shown in Figure 2 indicate 

that for set 1 (top of column), the intercept is -470 

psi, the slope is 183, the standard error of the esti

mate squared is 212, and the coefficient of determina

tion is 0.97. For set 2 (base of column), the inter
cept is -238 psi, the slope is 189, the standard 
error of the estimate squared is 573, and the coeffi
cient of determination is 0.93. "F" calculated is 
2.71 and "F" tabulated is 19.00 at the 5% signifi
cance level. "F" calculated is' less than "F" tabu

lated, so the test statistics for slope and intercept 
ap-ply. The "t" calculated values are 0.14 for the 

slope, and 1.30 for the intercept. At a significance 
level of 5%, which is generally used, "t" tabulated 

is 2.13 suggesting that there is no significant dif
ference between the slopes or the intercepts, and the 

data may be pooled. If this pooling was done, the 
accuracy of prediction would be expected to decrease. 
If the sample sizes had been larger, significant 
differences may have been more apparent for the 
intercepts. 

DISCUSSION AND CONCLUSIONS 

A requirement for the statistics incorporated in 
these programs is for the data to be acquired ran
domly. Pullout testing of inplace concrete using 

preplaced inserts may not represent a random sample 

due to factors such as installation constraints. 
Even though this requirement may not be satisfied for 
single variable analysis, two-sample tests of means 
may be used to distinguish whether significant differ
ences are apparent between concrete strength at dif

ferent locations. Correct interpretation of inplace 
strength differences can influence project safety and 
the construction schedule, These differences may be 
attributed to many factors, and to be properly evalu
ated, the influence of top-to-bottom effects may have 
to be considered. 

Linear regression analysis test statistics for 
comparing slopes and intercepts requires assumptions 
in addition to random sampling. These additional 
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assumptions are based upon conditional distributions 

of the dependent variable, Y, on the regression line. 
For pullout strength vs. logarithm of maturity re

lationship, these other assumptions as well as the 

assumption of randomly obtained observations, may not 

be satisfied. With an accurate temperature recorder 

for maturity data collection, an additional assump

tion that X values are known without error may be 

nearly satisfied. Even though all assumptions may not 

be met, the logarithm of maturity may still be used 

in reducing errors of predicting required pullout 

strength and in determining whether significant dif

ferences are apparent between slopes and/or inter

cepts due to variations in concrete mixture and 

curing conditions. 

The results of the logarithm of maturity relation

ships established in the second example were not sig

nificantly different, However, the resulting general 

trends established with limited observations indicate 

that top and bottom differences are apparent and per

haps the vertical locations of embedded inserts 

should be considered in order to reduce variations of 

f about the best fit line established with log
aFithm of maturity. 

Although not specifically stated in this paper, 

larger sample sizes improve estimates of the mean 

pullout strength and pullout strength vs. logarithm 

of maturity relationships. Significant differences 

may not be detected unless larger sample sizes are 
used. 
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TABLE 1--SINGLE VAlUABLE ANALYSES ( TE'STS CONCERNING MEANS) 

Function 

Average of X values 

St.1.ndard deviation of X 

values 

Coefficient of v.uLttion 

Sample size 

F test to detcrraine the 

equality of variances 

Tabulated F 

"* If f<FT 

Student: t Distribution 

Degrees of freedom 

*** if F > FT 

Student t Distribution 

Degrees of freedom 

(approximate) 

Standard 

symbol 

s 
X 

F ** ml,rn2, r. t, 

d. f. 

d.f.approx. 

* M reflects the 9et number 

Display 

symbol 

* 101 

* 

* VM 

FT 

D. F. 

D. F .APRX 

Express ion 

_g_ 

" 
hx'- (EX)' 

;..::.. n-ln 

s 
_x_x 100 

x 

largest 

Sfr.,1llest 

Obtnin from F Distribution tables 

liiT-X21 

1-n L- L )Sx' 1+(n2- L) sx'2 
- X ( ___!_ + ___!_) 

nl+n2-2 al n2 

nl+n2-2 

' s' 
2-L+ ___!l_ 

n L n2 

- 2 

** ml is the dcgrccH of freedom for the numerator, (n 11 -l) 

m2 is the degrees of freedom for the denominator, (nd-1) 

r.t. is the right t;til of the distribution 

***See text for tlct.:d Is 
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