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Studying the use of DTI’s in conjunction with Tension Control Bolts and the ramifications associated 
with this practice. 

The use of Direct Tension Indicator Washers with Tension Control Bolts has been a topic of discussion 
for many years.  Some believe that by adding the DTI Washer to the TC Bolt assembly the result will be a 
connection that has some greater assurance of being installed correctly over the TC bolt alone.  If TC 
bolts are good then adding a DTI washer will be great! Right?  Not so fast. 

First let’s start with some bolting basics.  When considering structural bolt installation, the industry has 
4 methods that are allowed by the governing body, the Research Council on Structural Connections.  
These four methods are: 

 Turn-of-the-Nut 
 Calibrated Wrench 
 Tension Control Bolts (Twist-Off Type Bolts) 
 Direct Tension Indicator Washers 

 
The industry has collectively concluded that any one of these methods, if performed properly, will 
provide a reasonable assurance that most bolted connections meet the minimum applicable standards 
as set forth by ASTM.  It is also understood that each of these methods have inherent benefits and flaws 
that must be considered when selecting an installation method.  As of this date, the RCSC, nor any other 
governing body, has studied at length the potential benefit of combining any of these installation 
methods.  
 
LeJeune Bolt Company is a leading international supplier of structural bolts and related fasteners to the 
structural steel market.  Our reputation is that of an innovative company with knowledgeable staff and a 
committed interest in the well being of our industry.  The purpose of this study is not to champion any 
single method but rather to provide useful information concerning this topic for future reference by the 
industry. 
 
For the purposes of this study, we are going to focus on two approved installation methods; Tension 
Control Bolts and Direct Tension Indicator Washers, their functionality as a singular method, and the 
inherent problems of their use in combination. 
 
Tension Control Bolts 
The Tension Control Bolt was first developed in Japan and was introduced in the United States by the 
mid 1970’s.  These bolts were first accepted by ASTM as an alternate design fastener in A325 and A490 
specifications.  The widespread acceptance of this installation method as the default fastener of choice 
for commercial steel construction by the 1990’s required that ASTM develop new standards.  In 1998, 
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ASTM F1852 specification was approved as the new standard for A325 Tension Control Bolts.  In 2006, 
ASTM F2280 specification was approved for A490 bolts. In 2015, ASTM F3125 was published combining 
all of the structural bolt standards, A325/A325M, A490/A490M, F1852 and F2280, into a single 
document.  Structural bolts are now called out as ASTM F3125 Grade i.e. A325.  In 2017 the stand alone 
bolt standards were removed from circulation by ASTM. 
 
The bolt is designed with a round, finished head and a 12-point spline at the threaded end (Fig. 1).   
 
 
 
 

 

 

 

 

 

 

 

 

Fig. 1 

 

 

 
Direct Tension Indicator Washers 
The Direct Tension Indicator Washer was approved by ASTM in 1990.  This installation method has 
found favor in the bridge and industrial construction segments (Fig. 2).  With the development of DTI’s, 
project engineers now had a reliable alternative to Turn-of-the-Nut installation method.  This opened 
another door to improved efficiency and quality through the introduction of this new technology. 
 
 
 
 
 

The tension control bolt is installed using the following 
procedure: 
There are three friction areas (fa) in the tension control 
bolt assembly: 

 Bolt head the material 
 Material to washer 
 Washer to nut 

During installation the shear wrench applies rotation to 
the nut and bolt: 

 Clockwise at the nut 
 Counterclockwise at the bolt spline 

The bolt head and washer face are equal in area causing 
high friction and rotational resistance.  The nut bearing 
surface is 50% or less in area, and is lubricated, therefore 
has the lowest friction and rotation occurs.  During nut 
rotation, the bolt is held in place through friction at (fa) 
and counterforce at the spline.  Counterforce at the spline 
increases as bolt is tightened.  The spline is removed at the 
shear groove (sg) when bolt reaches proper tension. 
 
The shear wrench is not calibrated and has no control or 
affect on final installed bolt tension.  The calibration is set 
in the bolt assembly at the time of production. 

sg 

fa 

fa 
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Fig. 2 
 
 
 
 
Using DTI’s with Tension Control Bolts 
As was stated previously in this article, each of the four installation methods approved by RCSC will 
provide reasonable assurance of installation success, given proper procedures are followed.  But where 
do we get real information about using these technologies together?  The short answer is nowhere.  
There has been no extensive study conducted or any industry wide acceptance of this practice as a 
viable method of installation.  The purpose of this exercise is to understand what real liabilities are 
presented on the jobsite when considering this practice. 
 
The Study 
LeJeune Bolt Company was interested in developing data that would shed some light on what might 
occur in the field when DTI’s and TC Bolts were used in combination.  This research was conducted in 
good faith by experience personnel and supervised by our Chief of Quality Assurance.  While we do not 
claim this experiment to be the definitive study on the topic, we do put forth the following information 
as a measurable demonstration of the potential liabilities associated with this practice. 
 
Hypothesis 
Using DTI washers with Tension Control Bolts will provide a greater possibility of achieving tension 
values that meet or exceed the minimum requirements of ASTM F1852 specification. 
 
 
 

A bolt using a DTI washer is installed 
using the following procedure: 
The DTI is designed with a number of 
“bumps” formed into the washer at 
manufacturing.  These bumps are 
calibrated through manufacturing 
techniques that allow the bumps to 
crush, nearly complete, as the proper 
tension is achieved in the fastener.  
The operator would then check the 
“gap” between the bumps to ensure 
that the bumps have been crushed to 
within a determined tolerance.  When 
this tolerance is reached, the bolt has 
reached its proper tension. 
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Equipment Used 
 Skidmore-Wilhelm Tension Calibrator, 1” plate and correct bushings for each type of bolt, fixed 

to a solid test apparatus. 
 Hydraulic nut driver fixed to solid test apparatus. 
 S-60EZA Shear Wrench 

Test 
The operator selected samples at random from LeJeune Bolt Company inventory.  Two lot numbers of 
7/8” A325 Heavy Hex Bolts were selected and were paired with one lot of F436 Flat Washers, A563 DH 
Heavy Hex Nuts with factory lubricant, and F959 Direct Indicator Washers.  Two lots numbers of 7/8” 
F1852 Tension Control Bolt Assemblies were selected.  All samples were plain finish.  A total of 20 
samples were selected for each bolt type. 
 
Each hex bolt assembly was installed in the tension calibrator according to the manufacturers 
recommended procedure.  When the DTI reached its optimal compression, the tension value was 
recorded.  Then each tension control bolt assembly was installed in the tension calibrator through tip 
shear and the resulting tension values were recorded. 
 
Table 1 shows the resulting tension values as recorded for each installation method. 
Table 1 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
DTI 48 45 47 47 45 42 46 51 42 50 52 46 48 48 50 48 52 48 47 49 
TC 47 47 49 41 45 48 47 46 47 44 42 42 46 47 45 45 47 50 46 44 
Values stated in kips (1,000 lbs.) 
 

Chart 1 shows the values for each installation method sorted from lowest value to highest value. 
Chart 1 
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From this chart we can conclude that all test samples meet or exceed the minimum required tension 
value of 41,000 lbs.  When the individual values are represented from low to high, the DTI washers 
require slightly more tension to compress the bumps to the manufacturers’ recommendation than is 
required to install the tension control bolt through tip shear. 

 

Chart 2 shows the values for each installation method sorted DTI highest value to lowest value and 
tension control bolts lowest value to highest value. 

Chart 2 

 
 

From this chart we can conclude that all test samples meet or exceed the minimum tension requirement 
of 41,000 lbs.  When we look at this graphical representation what we see is that only a small number of 
samples for each installation method achieve the identical tension value of 47,000 lbs.  The majority of 
test samples are in juxtaposition to one another and achieve very different final tension values.  So if the 
DTI were used in conjunction with the tension control bolt what would result is the possibility of a 
significant number of fasteners in which the tension control bolt will be installed through tip shear, at or  
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above the minimum, while the bumps on the DTI would not be compressed adequately, falsely 
indicating the bolt needs additional tensioning.  The converse is also true that a significant number of 
installed TC bolts would meet or exceed the minimum and the bumps on the DTI would be fully 
compressed, a situation that is generally considered by inspectors as a failure and requiring the bolt to 
be replaced. 
 
 
Chart 3 shows the average value of the sample set for each installation method. 
 
Chart 3 

 
 

From this chart we can conclude that all test samples meet or exceed the minimum tension requirement 
of 41,000 lbs.  From this graphical representation we see that, on average, the DTI’s in our sample set 
required approximately 3 ½% more tension to meet the manufacturers’ installation requirement. 
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Conclusion 
When each installation method is used as intended and proper procedures are followed, both will 
provide consistent installed tension values that meet or exceed the minimum requirements as 
prescribed by ASTM.  However, when these two methods are combined, there is no discernable 
evidence to support the hypothesis that greater surety will be achieved.  The test results support the 
antithesis.  That is, by using these methods together, this practice increases the potential of causing 
greater un-surety.  Chart 2 clearly shows that, while all the bolts meet the specification requirements for 
minimum tension, when combining the methods the potential for false failures outweigh the potential 
for exactness significantly. 
 
Industry experts agree that there is no inherent value in combining these installation methods.  Charlie 
Carter, Vice President and Chief Structural Engineer at AISC, in an open engineering forum made the 
following statement regarding the use of DTI’s with Tension Control Bolts, “There are manufacturing 
requirements in ASTM F1852 and usage requirements in the RCSC Specification that address this such 
that, when properly used, the TC bolt method is as reliable as the other three methods. There is a list of 
pitfalls and advantages for each of the four methods, as well as requirements for proper usage for each. 
All anyone can really say for sure is that, when properly used, each of the methods in the RCSC 
Specification is acceptable.  Why would you assume that a DTI can be manufactured and used with any 
more certainty than a TC bolt? I get as many questions about failing DTIs as I get about failing TC bolts.   
A DTI is a useful device. But it is not a calibrated load cell with exacting accuracy. And they do not 
function correctly unless used properly.  I do not mean that statement to criticize DTIs. As I've said, I think 
each of the four methods is acceptable and neither one is, on the whole, better than another. There are 
pitfalls with each and there are advantages with each. In the end, you have to know what you are doing 
and do it right, following the procedures given in the RCSC Specification. If you do that, I am of the 
opinion that the problems you have with bolting will be very few and far between. 
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