





Step 3

Tension the bolts until the average
gap on each DTI is as specified.
Again, work from the most rigid part
of the connection toward the edges.
Leave the drift pins in during this
operation. Premature removal of the
drift pins may cause trapping of the
bolts by joint slippage.

Step 4

Knock out the remaining drift pins,
replacing them with bolts. Tighten
these bolts.

Notes

On Part 2 HSFG bolts, try not close all the gaps to nil. There is
no need to tension these bolts (which have less ductility than Part 1
bolts) that much. However a nil gap should not be cause for rejection.
If there is a concern about “over tensioning,” remove a sample num-
ber of bolts from the work and inspect them for deformation by run-
ning the nut down to the thread run out. If the nut runs down there is
no excessive elongation. Note however if the removed bolt is Part 2
(10.9) or galvanized Part 1 bolt it cannot be reused. When using
impact wrenches, final tightening should be accomplished in 10 sec-
onds or less. Large HSFG bolts may take as long as 20 seconds. If
these limits are exceeded check to see that the correct tools are
being used or that one of the problems listed on pages 14 and 15 is
not being encountered.
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PROBLEMS COMMONLY ENCOUNTERED WHEN
TENSIONING BOLTS

Dry or Rusty Threads or Nut Faces—-Usually caused by poor storage
conditions, dry or rusty bolts, nuts or washers should not be permitted.
Ideally nuts, bolts, washers and DTls should be kept in dry storage and
their containers not opened until immediately before use. Rust signifi-
cantly increases the amount of torque required to tension a bolt. Ideally
nuts should be wax dipped before use, particularly on large Part 2
(10.9) bolts. Lubricant on the face of the nut is very desirable. If it is nec-
essary to lubricate bolts at the site at the time of installation. A tallow
type lubricant or high pressure grease is recommended. It is available
from many sources. The necessity of adequate lubricant to achieve
the desired level of bolt pretension cannot be over-emphasized.

Galvanized Nuts and Bolts—Hot dipped or mechanically galvanized
nuts should have threads tapped oversize. Mechanically galvanized
nuts are tapped before galvanizing. This prevents the galling and
“lock up” of the threads resulting in failure by tortional shear.

Damaged Threads—Usually caused by forcing the bolt through mis-
aligned holes, this will cause the nut to “freeze” or “lock up”.

Trapped Bolts—Usually caused by slippage in the joint as a result of
removal of drift pins before enough bolts have been tensioned to prevent
slippage. Trapped bolts cannot develop tension along their entire length.

Oversized Holes—Hardened washers are required to cover oversized
and slotted holes, which are necessary to prevent the dishing of DTls
as well as the washer. (For a long slotted hole, an external cover plate
of sufficient size to completely cover the slot should be provided at a
minimum of 8mm thick).

REUSE OF DIRECT TENSION INDICATORS ON
HIGH STRENGTH FRICTION GRIP BOLTS

The question has been raised as to whether it is permissible to
reuse Direct Tension Indicators (DTIs). This notice is intended to clar-
ify that the reuse of DTls is not recognized by this manufacturer as a
viable and accurate means to assure that required clamp force has
been generated in friction-grip connections. DTls, like other fasteners,
plastically deform during use. Thus, reuse of such fasteners cannot be
assumed to be sound engineering practice. Note: BS 4604 Part One
states that HSFG Bolts, Nuts and Washers are not to be re-used.

14
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AIR-TOOL SELECTION AND PERFORMANCE

Air driven impact wrenches are the prevalent tool for installing
HSFG bolts. These wrenches require between 25 and 120 cu. ft./min.
of air at a pressure of 100psi, at the tool, while running, to deliver a
particular torque. The torque required to install an HSFG bolt to the
correct tension varies with the size and grade of the bolt, and with the
bolt and nut thread condition. There are no specific relationships
between torque and tension.

Assuming the wrench is of adequate size, if problems are
encountered in compressing DTls within the time span noted, check
the equipment for:

¢ Insufficient air pressure at the compressor.

* Too many tools running at one time.

* Too long an air line, or leaks in the air line.

* Blockage of the inlet or outlet filter on the tool.

* Broken tool.

If the tool is merely sluggish, blow it out with solvent to clean it
and relubricate it with a light oil, SAE 5 or 10.

The chart below gives a rough guide to the suitable tool, based
on our field experience.

Bolt Size Chicago Ingersoll Norbar CLECO
Part1 Part2 Pneumatic Rand
M16 - 610 2934 - WS2110
M20 M16 610 2934/40 - WS2110
M22 M20 611 2940 - WS2110
M24 M22 6120 2950 - WS2120
M27  M24 6120 2950 - WS2120
M30 M27 6210%/614 2950*/5980 PT6 -
- M30 614 5980 PT7 -
M36 M36 614" 5980 PT7 -
*Only if the bolt and nut are well lubricated.

When tensioning large HSFG bolts, hydraulic wrenches should be
considered as an alternative to air driven impact wrenches. Also ask
your TurnaSure distributor about a new series of easy to use constant
velocity electric wrenches with reaction arms for easier tightening of
bolts from one end. 15
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CHECKING FOR CONFORMANCE TO SPECIFICATIONS

Identification and Certification

Inspectors should check that all fastener components conform to
applicable Standards before use. Manufacturers’ marks should be
clearly identifiable on all fasteners. Where required, test certificates
should accompany product to the job site. Bolt certificates should
state tensile strength and hardness. Nut certificates should state
hardness and proof-load. Hardened washer certificates should iden-
tify that they are at the correct hardness range of 38 to 45 Rockwell
C. The DTls are marked to identify the lot number, manufacturer and
Grade (M8.8 for Part 1 or 10.9 for Part 2).

TurnaSure DTls are carefully tested throughout the manufactur-
ing process utilizing statistical process control procedures. The
finished product is tested by an independent accredited laboratory on a
Digital Compression Load Analyzer with a dial gage (per ASTM F606).

Certification of testing, equals and exceeds BS 7644 require-
ments. The certificate shows 29 pieces per lot, without failure, in the
self colour condition. (DTls coated by TurnaSure LLC will still achieve
the reported compression loads on the original test certificates). This
is as per ASTM F959M-05 protocol and laboratory duplication of this
product performance test by the user should not be required. There
should be no attempt to reproduce the product performance test in
the field. Instead, the following test of the DTI and bolt/nut/washer
assembly in a bolt load meter is suggested. This will assist the user
in qualifying all of the components, and verifying their compatibility.
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Field Verification Test for Bolt Assembly Performance

Assemble the bolt, nut, washer and DTl in a bolt load meter as
shown in Figure 5.

Verify that the bolt load meter has been certified and calibrated
within the last year. The calibration certificate shall be supplied by an
organization approved by UKAS (NAMAS) with the results traceable
to National Standards.

Face plate Bolt bushing

Head movement must be

restricted during tightening Filler Sleeve

(harden to R.40-45)

.
Direct Tension Indicator -/ X

Hydraulic Bolt Load Meter.

Hardened flat washer

Figure 5

Tension the bolt to the minimum required bolt tension and check
that the applicable feeler gauge enters as least the proper number of
spaces (tension and spaces given in Table II). A 0.40mm feeler gauge is
used when a self colour DTl is installed under the bolt head and the nut
is turned per Method #1 for Part 1 bolts and a 0.50mm feeler gauge is
used for Part 2 (10.9) bolts. A 0.25mm feeler gage is used with Methods
#2 and #3 for Part 1 bolts and a .35mm for Part 2 bolts. 0.25 mm gauge
is used for Part 1 coated DTls in any arrangement, and again, a .35mm
is used on Part 2 (10.9) bolts. The load should be increased on the bolt
load meter as smoothly as possible so as to avoid “fallback” where the
load cell “bleeds off” and the meter starts to show a lower load than the
actual bolt load. At this point the assembly has demonstrated the ability
to reach the desired tension prior to compression of the number of

bumps which are required to be compressed in the work.
17
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Next tension the bolt until the point where the feeler gage refus-
es to enter the number spaces in Table Il. The tension in the bolt as
measured by the meter must be less than the minimum ultimate load
of the bolt for Part 1 bolts. In the case of Part 2 (10.9) bolts it must be
less than the maximum tension in Table 11. At this point the assem-
bly has demonstrated the ability to compress the bumps to the gap
required in the work without exceeding the minimum tensile strength
of the bolt or the maximum for Part 2 (10.9) bolts.

If an impact wrench is used to tension the bolts in the meter, the
impact wrench should not be used to exceed 2/3 of the required tension.
A spanner should be used to bring the load up to the value specified.

Table I
Grade 1 (8.8)
Min. Ultimate
Minimum Bolt

Bolt Bolt Load Load-Min DTl  Feeler-Gage Feeler-Gage
Size (kN) (kN) Spaces Entries Refusals
M12 49.4 69.6 4 2 3
M16 92.1 130 4 2 3
M20 144 203 5 3 3
M22 177 250 5 3 3
M24 207 292 6 3 4
M27 234 333 6 3 4
M30 286 406 7 4 4
M36 418 591 8 4 5

Grade 2 (10.9)

Bolt Bolt Load Bolt Load DTI Feeler-Gage Feeler-Gage
Size Min. (kN) Max. (kN) Spaces Entries Refusals

M16 103.9 140.5 4 2 3
M20 161.8 219.0 6 3 4
M22 200.2 270.8 6 3 4
M24 233.4 316 7 4 4
M27 303 409 7 4 4
M30 370 500 8 4 5
M33 459 621 9 5 5

Note: For Grade 2 (10.9) DTls, if the engineer is concerned
about exceeding the “bolt load maximum” then simply make sure at
“polt load maximum” figures a feeler gauge per the sizes detailed in
the bolt tensioning section (i.e. the same gauge sized used for grade
1 DTls) also refuses at least the number of spaces in the “minimum
gauge refusals” column above.

18
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DTI IDENTIFICATION MARKINGS

TRADEMARK

The trademark of TurnaSure LLC is shown on the cover of this
booklet. DTIs marked with it have been manufactured by TurnaSure
LLC of the U.S.A.

GRADE AND SIZE

Each DTI is marked with a series of numbers. M-8.8” signifies
the DTl is for use with BS 4395 Part 1 HSFG bolts. “10.9” is for BS
4395 Part 2 HSFG bolts. DTls for use with weathering steel will be
marked “M-8.8-3".

LOT NUMBER

For purposes of absolute traceability TurnaSure LLC’s DTI
requires each DTI be marked with a lot number. The lot number will
take the form of a letter followed by either one or more numbers.
Figure 11 illustrates the new and improved 8.8 DTI design.

CIRCUMFERENTIAL NOTCHES

The redesigned DTls have circumferential indentations spaced
equally around the outside circumference, corresponding to and in
alignment with each feeler gauge entry space.

Figure 12 Figure 13

Older designs look like Figures 12 &13
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