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New Generation Direct Tension Indicators
Roger Reed, Technical Manager of Thomas William Lench Ltd

Direct tension indicators (DTl's) are a device that can be used b corrcctly preload HiEh
Sftrengfh Fridion Grip 8olb.

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 l l l inois, 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 unti l 1947 and then in
1949 the first standard for High Strength Bolts to
ASTM 4325 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 Brit ish 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. Init ially two
tightening methods were specified "Torque

Control" and the "Part-Turn" method.
Torque Control
Tightening with torque-controlled devices is
deoendent 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
bol t  and nut ,  such as e lect roplat ing or  galvanis ing.
increase the variation in bolt oreload.
Part-Turn Method
In an attempt to overcome the variabil ity of torque
control the American Association of Railways

conducted a series of trials to
determine whether turn-of-nut
could be used to control bolt
preload. The procedure
consisted init ially 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
th read.

DEVELOPMENT OF THE DIRECT TENSION
INDICATOR
Within the United Kingdom the variation due to
torque control t ightening 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 (DTl) 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 DTI is
designed so that the required preload is achieved
at the specified gap. The system provides a
method of consistent t ightening that is
independent of any factors such as friction
coefficient, contamination, th read-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 t ightening High Strength
Friction Grip bolting. However, some of the
problems experienced were due to the hardness of

Fig. ,. A new genention
direct re nsion i nd ic ator
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the  washer  requ i red  to  ach ieve  the  bo l t  p re load

and the  method o f  fo rming  the  pro t rus ions .

The original DTI was heat-treated to a hardness

of, about 350 HV30 and higher; in some of the

early projects this led to fai lures from stress

cor ros ion  c rack ing .  Such prob lems l im i ted  the

surface coatings that could be applied to DTls,

namely  sherard iz ing  and mechan ica l
ga lvan iz ing .

The method o f  fo rming  the  pro t rus ions  cu t  the
steel at each side and pressed the protrusion

out. With the older style DTl, i t  worked by
push ing  the  pro t rus ion  back  in to

the original space. The effect of

lubr ica t ion  on  the  sheared s ides  o f

the protrusions has a dramatic

effect on the bolt oreload
achieved. Surface coatings, such

as  sherard iz ing  can a lso  a l te r  tha t

lubr ica t ion  and the  bo l t  p re load.

Other  coat ings ,  such as
ga lvan is ing ,  sea l  the  pro t rus ions

and prevent the DTI from working
( f ig .  2 ) .

FURTHER DEVELOPMENTS OF DIRECT TENSION
INDICATORS IN THE USA
DTls were introduced into the USA in the early
1970s.  Cooper & Turner  suppl ied them, and
Bethlehem Steel acted as agent. ln 1972, Cooper &
Turner  set-up a USA sales organisat ion that

eventua l l y  became an

independent  company f rom wh ich

TurnaSure LLC was formed.

Dur ing  th is  t ime the  f i rs t

standard for DTls was produced,

with the publication ASTM F
959:1985,  wh ich  was a  copy  o f  the
Inch Series product developed in

the  UK.  As  pub l ished the  s tandard
gave r ise to problems of rel iabi l i ty

and reproduc ib i l i t y  w i th  DTI 's

manufactured in the USA. These
problems gave the recently

deve loped Japanese

Tension Control Bolt
(TCB) an opportunity to
ga in  access  to  the  US

construction i  ndustry.To

overcome the  prob lems

revealed by the
introduction of the

ASTM standard and to

ha l t  the  marke t
penetrat ion of the TCB

assembl ies ,  a  ma jor

research  programme

was commenced by TurnaSure.

The research determined that the f irst 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

effect ively between good and bad batches of
product. The revised test method gave results that

were accurate and reproducible; improvements in

the  des ign  and process ing  o f  DT ls  cou ld  be

measured and fu l l y  eva lua ted .

Using the revised test method, the results

obtained showed that the percentage area of the

DTI protrusions covered by the bolt had a

signif icant effect on the bolt preload (table 1).

This led to the f irst major modif icat ion to the

or ig ina l  DTI  des ign ;  the  changes made were

intended to increase the area of the protrusions

covered by the bolt head. These were:

L imi t ing  the  to le rance and max imum d iameter

of the internal diameter of the DTl.

The introduction of a maximum diameter

inside which the protrusions of the DTI must

be located.

The combina t ion  o f  these changes ensured tha t

the bolt head covered the protrusions.

These changes were incorporated in the 1992

revision of the ASTM standard, with a signif icant

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; i t  was

also susceptible to the effects of weathering and

long term storage on the preload results. The

signif icant change was to produce the protrusion

by  ex t rud ing  i t .  Th is  meant  tha t  when the
protrusion was compressed the load developed

was dependent only on the deformation of metal.

w i th  no  var ia t ion  due to  f r i c t ion  or  lubr ica t ion .

The in i t ia l  des igns  had prob lems w i th  the  he igh t

of the protrusion and the way in which i t  spread

during compression; these factors l imited the

min imum gap tha t  cou ld  be  ob ta ined dur ing

t igh ten ing .  Fur ther  des ign  changes reduced the
pro t rus ion  he igh t  and increased the  s ize  o f  the

cav i ty  under  the  pro t rus ion ,  thus  enab l ing  the
protrusion to be ful ly f lattened; a requirement of

the  US Federa l  H ighway s tandards  ( f ig .  3 ) .

The fastener users in the heavy goods vehicle

sector of the US automotive industry became

interested in the advantages of the modif ied DTl.

However ,  in  mechan ica l  eng ineer ing  the  fas teners

used have a  normal  ser ies  hexagon head,  smal le r

than those used in  the  cons t ruc t ion  indus t ry .  Th is

required the further development of the DTI with
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3/4" Twist-Off Bolt Pretensions, Stored lndoorc Two Weeks
UniveEity ol Albeda Study ht 4CSC by c. Kulek

pro t rus ions  tha t  wou ld  be  covered by  the  smal le r

head s ize .

The so lu t ion  was to  fo rm curved pro t rus ions  tha t

effect ively formed a segmented cyl inder. In

compress ion  the  cy l inder  i s  one o f  the  s t ronges t

fo rms in  te rms o f  vo lume o f  meta l  to  s t rength .  The

s t rength  o f  a  DTI  i s  dependent  on  the  fo rm and

d imens ions  o f  the  pro t rus ion  and the  mechan ica l
p roper t ies  deve loped by  the  s tee l  and heat

t rea tment .  The increased s t rength  o f  the  curved
pro t rus ions  enab les  the  DTls  to  be  manufac tured

f rom co ld  ro l led  s t r ip  w i th  very  p rec ise  cont ro l  o f

i t s  mechan ica l  p roper t ies .  Batches  o f  DT ls

produced by  th is  method have a  lower  mater ia l

hardness  and much less  var ia t ion  in  the  bo l t
p re loads  ach ieved f f ig .  4 , .

The deve lopments  requ i red  to  p roduce the
Automot ive  DTl ,  con forming to  the  s tandard  SAE

J2486:  1999,  have had a  marked in f luence on  the

DTI's used by the construction industry:

The lower  hardness  o f  the  new genera t ion  o f

DTls  reduces  the  r i sk  o f  hydrogen

embr i t t lement  dur ing  sur face  coat ing  fo r  a l l
g rades  o f  DTI^  S imi la r ly  the  r i sk  o f  s t ress

cor ros ion  c rack ing  is  less  w i th  the  reduced

work hardening effects of the lower hardness

mater ia ls .

A l te rna t ive  coat ings  can be  app l ied ,  such as

hot  d ip  ga lvan iz ing ,  tha t  cou ld  no t  be  used

wi th  the  or ig ina l  DT ls .  T r ia ls  w i th  new
genera t ion  TurnaSure  DTls  have shown the  ho t

d ip  ga lvan ized coat ing  has  l i t t le  a f fec t  on  the

mean and spread o f  p re load resu l ts .

The new genera t ion  o f  DT ls  has  e l im ina ted  the

need fo r  a  Bo l t  o r  Nut  Face Washer ,  when the

DTI  i s  used under  the  tu rned e lement  o f  the

bo l t  assembly .  Th is  has  become cur ren t
prac t ise  in  the  USA,  a l though the  add i t iona l
washer  i s  s t i l l  requ i red  by  BS 7644:  Par t  1 .

DT ls  can now be manufac tured  f rom more

complex  mater ia ls  such as  weather ing  s tee l

and s ta in less  s tee l .

fime Iine stalistically showing dnmatic improvements to varialions,
made by lurnaSure LLC since the original DTI dsign in the 1980s

lLots tested with hoth dry and oiled finishes)
lests by SPS Labontoies. Blandin Engineetiry, Lahontory Testing, lnc.

Minamuh required

bolt bnsion 28 kiF

TurnaSure  DTls  p roduced fo r  and so ld  in  the  UK,

by  Thomas Wi l l iam Lench L td . ,  a re  des igned to

conform wi th  the  requ i rements  o f  BS 7644:  Par t  1 .

In  the  US cons t ruc t ion  indus t rv  the  whee l  has
gone fu l l  c i rc le ,  a  repor t  by  G.  Ku lak  (Un ivers i ty  o f
A lber ta  s tudy)  has  shown the  var iab i l i t y  and the

ef fec t  o f  s to rage on  TCB assembl ies  supp l ied  and

used in  the  USA.  In  cer ta in  US cons t ruc t ion

s tandards  TCB assembl ies  must  be  f i t ted  w i th  DT ls

to  demonst ra te  they  have ach ieved bo l t  p re load

when t igh tened ( f ig .  5 ) .
In  compar ison the  cons is tency  o f  the  new

genera t ion  DTls  i s  shown w i th  the  tes t  resu l ts  fo r  a

batch  o f  M30 BS 7644 Genera l  Grade DTls .  These

wi l l  no t  change w i th  t ime,  weather  cond i t ion  or

any  o ther  fac to r  ( f ig .  6 ) .  r

Lot No.1MBSA|
RS /644 Pan8.8, Comprcssion load.27 Sanples at 0.4m test gap in labontury
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