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Introduction
When two laboratories make a set of cylinders from the same 

wheelbarrow containing a concrete sample, should they get the same 
strength? Not exactly! As most people involved in strength testing 
know there are a wide variety of factors that will impact the measured 
strength of the concrete from sample preparation and curing in the 
fi eld to curing and testing in the laboratory.

NRMCA has recently off ered a 1-day course that goes into much 
detail on concrete specifi cations submittals and strength testing. 
Much of the portion on strength testing is covered by Luke Snell, 
Eminent Scholar at Arizona State University. Based on research by 
him and others, Snell quantifi ed the eff ects of various factors that 
aff ect the measured strength of concrete. He also provided guidance 
on methods to evaluate the testing profi ciency of testing laboratories 
and technicians.

Round Robin Strength Testing
In the Washington, DC, area, an annual round robin strength 

testing program is conducted. Th e Washington Area Council of 
Engineering Laboratories (WACEL), with the help of ready mixed 
concrete producers, organizes this program. WACEL accredits its 
member laboratories and uses this program – the participation in a 
profi ciency sample program – for its accreditation criteria. Th is is also 
a requirement for laboratories to conform to ASTM C1077, Practice 
for Laboratories Testing Concrete and Concrete Aggregates for Use 
in Construction and Criteria for Laboratory Evaluation.

Laboratories are solicited to participate in the program. Th ese 
include commercial testing, DOT and concrete producer laborato-
ries and about 60 facilities participate annually. Th e laboratory is 
provided an ID to maintain confi dentiality of the source of results. 
Concrete batches, representing a nominal 4000 psi and 7000 psi con-
crete strength levels are produced at a ready mixed concrete plant. 
Approximately 150 cylinders are cast from each load. Th e cylinders 
are covered with plastic and stored for the fi rst 24 hours in a lab envi-
ronment at about 70°F. Participants pick up the cylinders, transport 
them to their facilities and test them on the assigned date at 28 days 
age. Th e participating labs are required to strip, cure and test the 
cylinders according to ASTM standard procedures.

Th e data reported by laboratories are analyzed according to ASTM 
C 802. Outliers are eliminated using recommendations in ASTM 
E691. Outlier data are eliminated when the range between the cyl-
inders is large or when there was a statistically signifi cant diff erence 
of a laboratory’s strength test result from the overall average. Outlier 
results could be due laboratories receiving defective specimens or 
improper procedures and/or reporting.

Laboratories are provided ratings for each set of test results. 
Ratings are based on the diff erence between a laboratory’s result and 

tech talk

Proficiency of Strength Testing
By Colin Lobo, PhD, P.E., Senior Vice President, Engineering, NRMCA

the overall average expressed in terms of the number of standard 
deviations. Ratings are from 1 to 5, with a 5-rating being closer to the 
overall average. Th e sign of the rating is based on whether the labora-
tory’s result is greater than (+) or less than (-) the average. Ratings are 
determined after outliers are eliminated. A continuing tendency to 
get low ratings should give a laboratory reason to evaluate the cause 
and determine whether it is systematic or random error. Sequential 
low ratings with the same sign can indicate systematic error that will 
need corrective action on equipment or testing procedures.

While in most years 6x12 inch and 4x8 inch specimens were made, 
in 2009 the program only prepared 4x8-inch cylinders. A set tested by 
a lab comprised of 3 specimens for each strength level. Figure 1 illus-
trates the strength results for the 4000 psi concrete reported by the 
labs with the lab ID beside the data point. Th is illustrates the premise 
that all tests from the same wheelbarrow of concrete will not be the 
same. Th e main variable that impacts strength – initial curing during 
the fi rst 24 hours – is the same in this case and it can be assumed that 
the laboratories received “similar” specimens for strength testing, to 
the extent that similar specimens can be made.

Th e following precision estimates are based on the set of data in 
Figure 1, with CV being the coeffi  cient of variation. Th ese preci-
sion estimates are in-line with those stated in the precision of the 
test method for measuring compressive strength of concrete, ASTM 
C39. Note that diff erence between two labs with acceptable strength 
data (not outliers) is almost 1200 psi. Th is also illustrates that the 
laboratory procedures used for testing change the risk of rejecting 
acceptable product.

Average Strength, psi 5108
 Max 5707
 Min 4575
Number of labs (in analysis) 53
Within-test standard deviation, psi (CV) 164 (3.2%)
Multi-lab standard deviation, psi (CV) 280 (5.5%)

Th e within-lab precision is estimated from the range of multiple 
cylinders from the same set. Th e multi-lab precision is the expected 
variation of a test method when diff erent laboratories test the same 
material. Th e compilation of the precision estimates collected in the 
profi ciency sample testing program in the DC area is illustrated in 
Figure 2. Th is precision estimates are expressed as the coeffi  cient of 
variation which is reasonably constant over a wide range of strength 
levels used in the program. Th ese include 4x8 and 6x12 inch cylindri-
cal specimens.

Conclusion
Profi ciency sample testing programs provide a good opportunity 

for laboratories to evaluate their testing procedures and compare 
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their results to others. It provides the opportunity for participants 
to fi ne-tune and improve on their procedures if necessary. It also 
provides information on the precision of the test method which 
serves as guidance to those involved with interpreting test results, 
especially when these results are used for acceptance and payment 
decisions. ■

Figure 1 : Data for Low Strength Specimens
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Today, in an uncertain economy only the tough will survive. The fact is the best way to increase 
your FRC sales and improve your profi ts now is by adopting the Buckeye UltraFiber 500® System.

It’s a rather simple and proven equation. For starters, the UltraFiber 500® System includes the 
world’s #1 fi ber dispensing system. Add UltraFiber 500®, the world’s best micro-fi ber for secondary 
reinforcement, and eliminate the hidden costs of adding bags of fi ber – labor, handling, safety, truck 

time and call-backs. With the UltraFiber 500® System, a typical ready mix site can SAVE: $14.02 per 
truckload or $21,030 per year.* Of course every ready mix site is unique, so savings will vary. 

Contact us today at ultrafi ber500.com or 866.663.8999.
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