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INTRODUCTION AND GENERAL OVERVIEW 

Measuring strains on reinforced concrete structures has traditionally been relatively 
difficult. Often, the concrete cover is removed and foil gages are attached directly to the 
steel reinforcement. This is a tedious and time-consuming process, and the results are 
suspect since the act of removing concrete in the gaged area can introduce unknowns. 

As an alternative to measuring strains directly on the reinforcement, BDI uses strain 
transducers for measuring strains on the surface of the concrete beam or slab element. 
This is vastly easier to perform in the field, and reasonable results are obtained.  

One aspect of measuring surface strains is the recognition that the concrete in the 
tension zone may be cracked. It was recognized that the standard 3-inch gage length of 
the BDI transducers was not sufficient since if it is mounted next to a crack, it will likely 
measure little strain, but if it is mounted directly over a crack, it will measure an overly-
large strain. To address this, the strains are averaged over a relatively long gage length 
through the addition of a rigid extension on the end of the transducers. The effect of this 
is to “ force”  all of the strain over this longer gage length into the transducer. The 
extensions have been fabricated so that gage lengths are in multiples of the standard 3-
inch length transducer, up to a maximum length of 24 inches (see Figure 1). A close up of 
the gage-extension connection can be seen in Figure 2.  The idea is to take the strain 
measured with the extension attached and simply divide it by the multiple of gage lengths 
used.  

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 

Figure 1. Gage with Attached Extension 



 
Figure 2. Gage-Extension Connection 

 
In order to confirm that the use of an extension on a transducer is valid, 

transducer/extension assemblies with varying gage lengths were mounted to a steel beam 
in the laboratory alongside standard transducers. Since the properties of steel are much 
better known than reinforced concrete, relatively accurate known strains could be applied 
to the beam in order to provide a good basis for comparison. 

This report will discuss the procedures and results from these comparison tests, along 
with the development of a correction factor to be applied to the output whenever the 
extensions are used. 

LABORATORY PROCEDURE 

A W14 x 43 steel section 12’ -6”  long was used for the laboratory testing and set up in 
a four point loading system as shown in Figure 3.  The gages were located at the mid-
span of the beam in three groups as shown in Figure 4.  The beam was slowly loaded 
until the extended gages reached between 500 and 700 micro-strain at which point the 
loading machine was shut down briefly and then slowly unloaded.  Tests were repeated to 
ensure reproducibility and gage extensions were randomly changed to verify results. 

 
Figure 3.  Loading Setup 

Tests were conducted for 12 inch, 18 inch, and 24 inch gage lengths as these are the 
most commonly used configurations. The gage installation was as follows: one extended 



gage placed in the center of each flange with two standard 3”  gages placed on either side, 
approximately one inch away from the extended gage as shown in Figure 4. 

 

.  The standard gages were used to find the average strain over the flange. This 
average strain could then be compared to the extended strains.  An additional extended 
gage was placed on the web in the compression zone with a standard 3”  gage directly on 
the opposite side. 

  

 
Figure 4. Attachment of Gages on the Beam 

 

RESULTS AND ANALYSIS 

The results from the tests are broken down into three sub-categories: compression 
flange, tension flange, and web.  Each section contains a comparison of the strains 
recorded as a function of load.  For each gage length a series of four tests were performed 
and named Test A through Test D. Note that Figure 5 has all four tests plotted, where 
subsequent graphs only have the first test plotted to keep them less cluttered. 

 

COMPRESSION (TOP) FLANGE DATA 

 The compression flange data was consistent for the three gage lengths tested.  
Although the slopes of the extended gages decreased slightly with gage length, it was 
minimal.  This can be seen in Figure 5 and Figure 6 below. 
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Figure 5. Compression Gages with 12 inch Extensions 

Figure 6.  Compression Gages with 24 inch Extensions 



TENSION (BOTTOM) FLANGE DATA 

As expected, the tension flange data followed the same trend as the compression 
flange data with only a few exceptions. The differences between respective slopes 
remained constant for the different gage lengths tested as seen in Figure 7 and Figure 8 
below.  
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Figure 7. Tension Gage with 12 inch Extensions 

Figure 8. Tension Gages with 24 inch Extensions 



The web data could not be used for the calculation of the correction factor due to 
inconstancies in the system used to apply strain. Upon close inspection, it was noticed 
that the loading beam had a slight twist due to the uneven end conditions.  This twist 
caused uneven loading in the beginning of each test until the load was large enough to 
straighten the loading beam.  The uneven loading could be accounted for in the top 
and bottom gages by averaging the three-inch gages, but since only one three-inch 
gage could be mounted on the opposite side of the web from the extended gage, the 
data could not be corrected.  

 
CORRECTION FACTOR   

  Using the data collected from the compression and tension flanges, a correction 
factor was calculated. A multiplier is applied the extended gages to make them consistent 
with the standard gages. Therefore, the output from the extended gages will have two 
factors applied, one is the integer divider of the number of gage lengths that was used, 
and then the correction factor due to the use of the extension itself. 

Correction factors were found for each of the individual gage lengths that were tested.  
They were basically the same for all gage lengths in both tension and compression; thus, 
they were averaged to find a general correction factor.  This general correction factor was 
found to be 1.11. Note that the correction factor was found by using the averaged 
measured strains from the three-inch gages instead of the theoretical strains due to the 
beam not having perfectly simple supports. Since these units have all been calibrated to 
NIST standards, it was judged that they were more accurate than calculating the strain 
from the output of the load cell and the cross-sectional properties of the beam. 

The correction factor was found using two different methods.  First, by graphing the 
difference in strain between the standard gage and extended gage as a function of the 
strain magnitude of the extended gage.  The slope of this line is the correction factor.  
The second method is to graph strain as a function of load for both the extended gage and 
the standard gage.  By taking the difference in the two gage slopes and dividing it by the 
slope of the extended gage also yields the correction factor.   

As seen on the next page in Figure 9 and Figure 10, by applying the correction factor 
to the different gage lengths the error nearly disappears.  When this error was calculated 
it was found to drop below two percent of the standard gage length for both tension and 
compression gages. 

 

 
FINDINGS AND CONCLUSIONS 

A steel beam was instrumented in the laboratory and transducers with various 
gage lengths used to verify the concept of using stiff extensions to measure an averaged 
strain over a long gage length. While a slight discrepancy was induced through the use of 
the extensions, it was determined that it could be quantified and was the same for all of 
the gage lengths that were tested. Furthermore, through the calculation of a correction 
factor, the output from the extended gages could be made to be within approximately two 
percent of the strain measured with the standard 3-inch gage length units.  
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Compression Gages with Correction Factor
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Figure 9. Tension gages with Correction Factor  Applied 

Figure 10. Compression Gages with Correction Factor  Applied 


