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New Generation Direct Tension Indicators

Roger Reed, Technical Manager of Thomas William Lench Ltd

Direct tension indicators (DTI's) are a device that can be used to correctly preload High

Strength Friction Grip Bolts.

FRICTION GRIP BOLTING

BATHO and Bateman first proposed the
development of High Strength Bolts for use in
connections in steel structures in 1934. They
reported that bolts with a minimum yield strength
greater than 25 tsi could be tightened to give
enough preload to prevent slippage between the
connected parts.

In 1938 at the University of lllinois, Wilson and
Thomas reported that the fatigue strength of bolt
and nut assemblies with high preload was at least
as great as “well driven” rivets. No further work
was done on the concept until 1947 and then in
1949 the first standard for High Strength Bolts to
ASTM A325 was approved. In 1951 the first
standard for structural joints was approved, which
permitted the replacement of rivets by bolts on a
one for one basis.

In 1959 the first British Standard for preloaded
bolts (BS 3139) was published. This was followed
in 1960 by BS 3294, the Code of Practise for the
use of preloaded bolts. The next major
development within the UK was the production of
the two metric preloaded bolt standards, BS 4395
Parts 1 and 2. Followed by BS 4604 Parts 1 and 2,
Codes of Practice for the use and assembly of
fasteners in structural steelwork in 1970.

TIGHTENING OF HIGH STRENGTH FRICTION GRIP
BOLTING

The effective use of preloaded bolts in structural
joints is dependent on the generation of a
consistent preload, a minimum of 70% of the
minimum tensile strength of the bolt. Initially two
tightening methods were specified “Torque
Control” and the “Part-Turn” method.

Torque Control

Tightening with torque-controlled devices is
dependent on consistent thread dimensions of
both bolt and nut, and an effective lubricant that
gives a controlled friction coefficient. The variation
in bolt preload with this system, for the same
batch of bolts and nuts, can be as much as +/-
30%. The applications of surface coatings, to the
bolt and nut, such as electroplating or galvanising,
increase the variation in bolt preload.

Part-Turn Method

In an attempt to overcome the variability of torque
control the American Association of Railways
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conducted a series of trials to
determine whether turn-of-nut
could be used to control bolt
preload. The procedure
consisted initially of one turn of
the nut from the finger tight
condition, but this produced an
inconsistent bolt preload. To
overcome this problem a
modified system was
developed by Bethlehem Steel,
which involved tightening the
nut to a snug position and then
applying a further half turn of the nut.
Achieving of a consistent snug load is a
problem with this system.

An advantage with this system is that the
tightening is totally independent of the friction
and torque characteristics of the nut and bolt
assembly. The generation of bolt preload is
controlled by the application of strain by the
physical movement of the nut along the bolt
thread.

Vertical axis

Fig. 1. A new generation
direct tension indicator.

DEVELOPMENT OF THE DIRECT TENSION
INDICATOR
Within the United Kingdom the variation due to
torque control tightening was recognised as a
major constraint in the use of High Strength
Friction Grip bolting. Alternative systems were
developed to simplify and improve control of bolt
preload, the Direct Tension Indicator (DTI) or Load
Indicating Washer was one such successful
system, which was developed by Cooper & Turner.
The DTI consists of a hardened washer with raised
protrusions. As the nut is rotated along the bolt
thread the protrusions are crushed and the strain
developed produces the bolt preload. The DTl is
designed so that the required preload is achieved
at the specified gap. The system provides a
method of consistent tightening that is
independent of any factors such as friction
coefficient, contamination, thread-fit or coating.
Simple and easy inspection is a feature of DTls.
Although there were early problems with the
system, it became widely used in the UK as the
preferred method of tightening High Strength
Friction Grip bolting. However, some of the
problems experienced were due to the hardness of



the washer required to achieve the bolt preload

and the method of forming the protrusions.
The original DTl was heat-treated to a hardness
of, about 350 HV3; and higher; in some of the
early projects this led to failures from stress
corrosion cracking. Such problems limited the
surface coatings that could be applied to DTls,
namely sherardizing and mechanical

galvanizing.

The method of forming the protrusions cut the
steel at each side and pressed the protrusion
out. With the older style DT, it worked by

Fig. 2. Macrograph of a section through an original
DTI protrusion.

pushing the protrusion back into
the original space. The effect of
lubrication on the sheared sides of
the protrusions has a dramatic
effect on the bolt preload
achieved. Surface coatings, such
as sherardizing can also alter that
lubrication and the bolt preload.
Other coatings, such as
galvanising, seal the protrusions
and prevent the DTI from working
(fig. 2).

FURTHER DEVELOPMENTS OF DIRECT TENSION
INDICATORS IN THE USA

DTls were introduced into the USA in the early
1970s. Cooper & Turner supplied them, and
Bethlehem Steel acted as agent. In 1972, Cooper &
Turner set-up a USA sales organisation that

Fig. 3. Macrograph of a section through a new
generation DTl protrusion.

eventually became an
independent company from which
TurnaSure LLC was formed.
During this time the first
standard for DTls was produced,
with the publication ASTM F
959:1985, which was a copy of the
Inch Series product developed in
the UK. As published the standard
gave rise to problems of reliability
and reproducibility with DTI's
manufactured in the USA. These
problems gave the recently
developed Japanese
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Table 1. Variation in preload due to the area of the protrusions : :
covered by the bolt head with the original DTls assemblies, a major

research programme

was commenced by TurnaSure.

The research determined that the first area to be
investigated was the load measurement and
testing of the DTls. The original test methods, in
the ASTM standard, were not able to discriminate
effectively between good and bad batches of
product. The revised test method gave results that
were accurate and reproducible; improvements in
the design and processing of DTls could be
measured and fully evaluated.

Using the revised test method, the results
obtained showed that the percentage area of the
DTI protrusions covered by the bolt had a
significant effect on the bolt preload (table 1).

This led to the first major modification to the
original DTI design; the changes made were
intended to increase the area of the protrusions
covered by the bolt head. These were:

Limiting the tolerance and maximum diameter
of the internal diameter of the DTI.
The introduction of a maximum diameter
inside which the protrusions of the DTl must
be located.
The combination of these changes ensured that
the bolt head covered the protrusions.

These changes were incorporated in the 1992
revision of the ASTM standard, with a significant
reduction in the problems experienced with the
original standard and greater acceptance by the
construction industry in the USA.

The next stage of development of DTls involved
the method of forming the protrusions. The
original style of protrusion was dependent on
lubrication for consistent preload results; it was
also susceptible to the effects of weathering and
long term storage on the preload results. The
significant change was to produce the protrusion
by extruding it. This meant that when the
protrusion was compressed the load developed
was dependent only on the deformation of metal,
with no variation due to friction or lubrication.

The initial designs had problems with the height
of the protrusion and the way in which it spread
during compression; these factors limited the
minimum gap that could be obtained during
tightening. Further design changes reduced the
protrusion height and increased the size of the
cavity under the protrusion, thus enabling the
protrusion to be fully flattened; a requirement of
the US Federal Highway standards (fig. 3).

The fastener users in the heavy goods vehicle
sector of the US automotive industry became
interested in the advantages of the modified DTI.
However, in mechanical engineering the fasteners
used have a normal series hexagon head, smaller
than those used in the construction industry. This
required the further development of the DTI with
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protrusions that would be covered by the smaller
head size.

The solution was to form curved protrusions that
effectively formed a segmented cylinder. In
compression the cylinder is one of the strongest
forms in terms of volume of metal to strength. The
strength of a DTl is dependent on the form and
dimensions of the protrusion and the mechanical
properties developed by the steel and heat
treatment. The increased strength of the curved
protrusions enables the DTls to be manufactured
from cold rolled strip with very precise control of
its mechanical properties. Batches of DTls
produced by this method have a lower material
hardness and much less variation in the bolt
preloads achieved (fig. 4).

The developments required to produce the
Automotive DTI, conforming to the standard SAE
J2486: 1999, have had a marked influence on the
DTI’s used by the construction industry:

The lower hardness of the new generation of
DTls reduces the risk of hydrogen
embrittlement during surface coating for all
grades of DTI. Similarly the risk of stress
corrosion cracking is less with the reduced
work hardening effects of the lower hardness
materials.

Alternative coatings can be applied, such as
hot dip galvanizing, that could not be used
with the original DTls. Trials with new
generation TurnaSure DTls have shown the hot
dip galvanized coating has little affect on the
mean and spread of preload results.

The new generation of DTIs has eliminated the
need for a Bolt or Nut Face Washer, when the
DTl is used under the turned element of the
bolt assembly. This has become current
practise in the USA, although the additional
washer is still required by BS 7644: Part 1.
DTls can now be manufactured from more
complex materials such as weathering steel
and stainless steel.

Time line statistically showing dramatic improvements to variations,
made by TurnaSure LLC since the original DTI dsign in the 1980s

(Lots tested with both dry and oiled finishes)

Tests by SPS L. ies, Blandin ing, L Testing, Inc.
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Fig. 4. Chart showing the reduction in variation of preload with changes to DTls.
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3/4” Twist-0ff Bolt P Stored Indoors Two Weeks
University of Alberta Study for RCSC by G. Kulak
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Fig. 5. Chart shows the effect of storage on TCB preload values

TurnaSure DTls produced for and sold in the UK,
by Thomas William Lench Ltd., are designed to
conform with the requirements of BS 7644: Part 1.

In the US construction industry the wheel has
gone full circle, a report by G. Kulak (University of
Alberta study) has shown the variability and the
effect of storage on TCB assemblies supplied and
used in the USA. In certain US construction
standards TCB assemblies must be fitted with DTls
to demonstrate they have achieved bolt preload
when tightened (fig. 5).

In comparison the consistency of the new
generation DTls is shown with the test results for a
batch of M30 BS 7644 General Grade DTls. These
will not change with time, weather condition or
any other factor (fig. 6). m

Lot No. 308BSA1
BS 7644 Part 8.8, Compression Load, 27 Samples at 0.4mm test gap in laboratory

Minimum Bolt Tension 286 kN

240 260 280 300 320 340 360 380 400
Bolt Tension, kN

Fig. 6. Results of TurnaSure M30 BS 7644: Part 1 General grade DTls




