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Tension Control Bolts  
Explained
PROF. SAMAN FERNANDO 

Introduction
Tension controlled bolt or TC bolt was 
first introduced by a Japanese bolt 
company over four decades ago. It 
initially came as a proprietary niche 
product and there were no commonly 
used standards around the world to 
cover this product. The Japanese 
standard JSS II 09 (1) - 1981 
‘Torsional shear type high strength 
bolt for structural connection‘ is the 
first standard written for this product. 
This bolt has a reduced section (neck) 
at the end of the thread followed by 
a splined end that is sheared off at 
a pre-calibrated torque. The tension 
value related to the shearing-off 
torque will be the final pre-load 
achieved in the bolt. Therefore it 
was initially referred to as ‘Torsional 
Shear Type high strength bolt for  
structural applications’.

The Tension Controlled Bolt 

provided many benefits to the heavy 
construction industry. One-person 
installation, easy identification of 
tightened bolts, simple electric 
tightening tool (Shear Wrench) and 
assurance of minimum preload made 
this product widely accepted in the 
heavy construction industry around 
the world. During this process, the 
essentially torque-controlled bolt 
had its name changed to Tension 
Controlled Bolt (TCBOLT). However, 
despite the name change, the product 
still uses torque to control the tension, 
and it should be correctly identified 
as a Torque-Controlled Bolt rather 
than a Tension-Controlled Bolt. The 
torque-tension relationship is highly 
dependent on the friction coefficient 
of the nut and the bolt which in 
turn depends on the finish and  
lubrication level.

For correct operation of a TCBOLT, 
these factors should be controlled 

from calibration to installation. If the 
lubrication is lost during transport 
or storage, or the product becomes 
corroded, thread damaged or 
additional lubrication is applied, this 
Torque-controlled bolt cannot control 
the tension, as the torque-tension 
relationship is changed. If the product 
gets corroded or thread-damaged, 
the resulting tension would be less 
than the calibrated pre-tension of 
the bolt assembly whereas if the 
lubrication level is increased due to 
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Operating Principle
The reduced diameter of the neck 
section (Figure 1.) between the 
threaded portion and the splined end 
is controlled closely in manufacturing. 
Also the hardness or tensile/shear 
strength of the bolt is well controlled. 
The neck diameter and hardness 
(strength) fix the torque that is 
necessary to shear-off the splined 
end. Torque is the rotational effort 
applied on the splined end while the 
rest of the bolt is kept stationary. It is 
measured in Newton-meters (Nm). 
Depending on the geometry and 
the frictional characteristics of the 
assembly (which is kept constant), 
there is a particular tension related 
to the shear-off torque. Tension is the 
bolt load/force due to stretching of 

the bolt and is measured in Newtons 
(N) or more widely in kilo-Newtons 
(kN). When shear-off torque, 
geometry (tolerances) and frictional 
characteristics are kept constant, 
this shear-off torque is related to the 
calibrated pre-tension or pre-load in 
the bolt. Typically this is given as the 
minimum pre-load and hence the final 
pre-load shall be greater than this 
minimum value.

If a TCBOLT assembly fractures in the 
threaded portion during installation, 
additional lubrication applied on the 
product is indicated. If a TCBOLT 
fails to achieve the calibrated pre-
tension, thread damage, corrosion or 
reduction in lubrication is indicated. 
The nut should run freely along the 
threaded section of the bolt, and could 

be used as a simple test to check 
whether there is thread damage or 
any other reason that could alter the 
torque vs tension relationship. This 
discussion highlights the importance 
of maintaining the Torque vs Tension 
relationship by careful handling and 
storage of the TCBOLT assemblies 
from calibration to installation.

Installation of Torque/
Tension Controlled Bolt 
(TCBOLT)
Installation steps of a TCBOLT are 
described below.

1. Before commencement of 
tensioning, all components in the 
joint shall be fitted together and all 
bolt assemblies shall be brought to 
snug tight (Figure 2-1).

2. Shear wrench outer socket is 
engaged with the nut while the 

inner socket is engaged with the 
twelve point spline (Figure 2-2).
When the trigger is pressed, 
outer socket/nut turns clockwise, 
increasing the tension in the bolt. 
The inner socket provides the 
necessary reaction torque. As 
reaction torque is generated within, 
the tool operator does not feel 
any torque while grasping the tool 
(Figure 2-2). Since the nut torque 
is reacted by the spline torque, 
no torsional deformation occurs in 
the rest of the bolt, making it less 

prone to relaxation of pre-load  
after installation.

3. The tightening process continues 
until the final shear-off toque is 
reached. At this point, the outer 
socket stops and inner socket 
rotates counter clockwise, breaking 
the spline end. Now the tool can be 
removed (Figures 2-3 and 2-4).

4. The broken off splined end is retained 
in the tool and can be ejected into a 
waste bin. Tightening process is now 
complete (Figure 2-4).

Engineering

additional lubrication the resulting 
tension would be higher than the 
calibrated pre-tension. Therefore if 
the product is changed from its ‘as 
supplied’ condition due to any reason, 
such bolts should be discarded or 
re-calibrated. It is paramount that 

TCBOLTs should be used in the ‘as 
supplied’ condition.

Generally this product is supplied as 
an assembly (with specific washers 
and nuts) in sealed containers and 
the product must remain in these 
containers until installation. Nuts 

and washers other than the ones 
dedicated for the bolt (comes as an 
assembly or in the same package) 
shall not be used with this product. 
TCBOLT is an engineered product 
and should be used and stored  
with care.

Figure 1. TCBOLT Break neck
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The Shear Wrench is shown in  
Figure 3.

The electric shear wrench, unlike 
rattle guns, produces low noise and 
vibration. The electric motor applies 
the torque on the nut gradually. 
Since the spline end is held by the 
shear wrench no reaction torque is 
felt by the operator. The tool weighs 
approximately 6kg (10kg for M36) 
and one model can be used to install 
M12, M20, M22 and M24 Assemblies. 
The electric shear wrench does not 
cause any occupational hazards 
associated with rattle guns such 
as Hand Arm Vibration Syndrome 
(HAVS). There are cordless versions 
of the shear wrenches now available 
on the market.

International Standards for 
TCBOLTs

Due to increased demand from other 
countries and the need to control 
the requirements governing the 
torque-tension relationship, other 
international standards were later 
developed to control the production 
and installation of the TCBOLT.

• EN14399-10 ‘High-strength 

structural bolting assemblies for 
preloading - Part 10: System HRC 
- Bolt and nut assemblies with 
calibrated preload‘,

• ASTM F1852 ‘“Twist Off” Type 
Tension Controlled Structural 
Bolt/Nut/Washer Assemblies, 
Steel Heat Treated to 120/105 ksi 
Minimum Tensile Strength‘,

• ASTM F2280 ‘“Twist Off” Type 
Tension Controlled Structural Bolt/
Nut/Washer Assemblies, Steel 
Heat Treated to 150 ksi Minimum 
Tensile Strength‘, and

• GB /T 32076.8 - 2017, ‘High-
Strength Structural Bolting 
Assemblies For Preloading - 
Torshear Type Bolt With Cup Head‘

As shown, some of these standards 
use the term “Twist Off” or “Torshear” 
type bolt/assembly highlighting the 
importance of torque in this product.

The Australian standard AS/NZS 
1252.1: 2016 nominates EN14399-
3 PC8.8 and PC10.9 HR bolts as 
alternative and additional assembly 
types respectively. EN14399-10 
PC10.9 HRC bolt assemblies will be 
compatible with AS/NZS 1252.1: 2016 

and AS4100 as they use the same 
bolt thread lengths as EN14399-3.

EN14399-10 HRC product comes 
with two versions of nuts, namely 
Style 1 HR nuts and Style 2 HRD 
(thickness = 1d) nuts. For Australian 
industry practices, HRD nuts are more 
suitable due to their larger thickness 
and higher proof load.

As a properly calibrated 
EN14399-10 HRC bolt assembly 
provides a mean value of bolt 
tension greater than the required 
minimum bolt tension, it can 
be used under the definition of 
a calibrated tension indicator 
device as per AS 4100. These 
bolts are capable of providing the 
minimum preload on the bolts as 
required by the design of the TF/
TB joints. The sheared end acts 
as an indicator that installed bolts 
have been tensioned correctly.

As full tension (TF/TB) is always 
achieved with EN14399-10 HRC 
bolts, they do not self-loosen and no 
lock nuts are required. Also, these 
bolts will perform better due to their 

Figure 2. TCBOLT installation procedure.

Figure 3. TCBOLT Shear Wrenches.

PART: XT-GH-242EZ 
M16, M20, M22, M24 

PART: XT-GX-362EZ
M36

PART: XT-GV-302EZ
M27, M30
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full tension when the joints are subject 
to dynamic loading. Furthermore, 
as discussed earlier, HRC bolts 
(TCBOLT) have less relaxation 
of the preload due to absence of 
torsional deformation on the bolt  
while tightening.

Once the splined end is sheared off, 
the end of the bolt will be exposed 
to corrosion. The zinc (HDG) coating 
will provide some Cathodic protection 
of the exposed end. However for 
larger diameters (≥M24) or bolts 
used in corrosive environments or 
aesthetically important locations, it 
may be necessary to apply ‘Cold Gal’ 
or other anticorrosive paint on the 
exposed end after installation. In less 
corrosive environments (further away 
from the ocean, enclosed and not 
exposed to elements) the exposed end 
may not need any further protection.

Table 1 shows the calibration of 
EN14399-10 PC10.9 HRC bolts. The 

Nominal
Size

Nominal stress 
area of standard 

test mandrel

Minimum 
Individual Bolt 

Tension

Minimum Mean 
Bolt Tension

As 

[mm2]

Fr min
0,7 fub As

[kN]

Fr mean min
0,77 fub As

[kN]
M12 84.3 59.10 64.91
M16 157 109.90 120.89
M20 245 171.50 188.65
M22 303 212.10 233.31
M24 353 247.10 271.81
M27 459 321.30 353.43
M30 561 392.70 431.97
M36 817 571.90 629.09

Table 1:  Calibrated tension values at the shearing off of the splined end. 
fub is the nominal tensile strength of the bolt (Rm, nom). 
= 1000MPa for PC10.9

surface condition of the product shall 
be ‘as supplied’ conditions for this 
calibration to be valid. This assures a 
minimum pre-tension of 0.7fub AS (70% 

of nominal ultimate tensile load) and 
a minimum mean value of pretension 
of 0.77fub As suitable for TF/TB fully 
preloaded bolted joints. 

On Location

Bella Vista Lake
BELLA VISTA, NSW

Hobson Bolts feature prominently along the board 
walk at Bella Vista Lake. 



www.hobson.com.au

HOBSONNEWS

NYLOC® DRiLLX® TDX® Conxtruct® XBolt® ClawBolt® TygaBolt® SampsonRod® 5

Schematic Zinc Flake Layer

Al Flakes Zn FlakesInorganic Matrix

Base Metal

Al Flakes Zn FlakesInorganic Matrix

Base Metal

Engineering

Zinc Flake Coating 
Alexander Sharp B.Eng (Mechanical) UTS 
Kaung Hlaing B.Eng (Mechanical) UTS

Zinc Flake Coating was developed 
in the United States in the 1970’s as 
a response to problems associated 
with traditionally used coating 
systems such as electroplating and 
galvanising. Electroplating only 
provides relatively low corrosion 
protection. Both electroplating and 
galvanising generate hydrogen during 
the application process, creating 
the risk of hydrogen embrittlement 
particularly in high strength 
products. There is no acid washing 
in the cleaning process of zinc flake 
coating, reducing industrial waste and 
potential risk to the environment.

Zinc Flake Coating consists of a 
mixture of zinc and aluminium flakes 
which are bonded together by an 

inorganic matrix. These coatings are 
non-electrolytically applied, which 
provide increased protection against 
corrosion. The coating thickness is 
usually between 5 μm and 20 μm, 
but can be increased for specific 
demands. The thickness of zinc flake 
coatings should not be compared to 
that of electroplated zinc (around 5 
μm) or hot dipped galvanising (around 
45 μm). The zinc flake coatings acts 
as both a sacrificial coating combined 
with a protective barrier whereas 
the electroplated zinc and hot 
dipped galvanising act as sacrificial  
layers only. 

The zinc flake coating thickness 
can also be specified to allow for 
thread tolerance requirements 

providing more flexibility in fastener 
engagement requirements.

Cathodic Protection
Galvanic corrosion occurs when 
two dissimilar metals that are in 
electrical contact are immersed in 
an electrolyte. The more active (less 
noble or less passive) metal of the two 
becomes an anode and corrodes at a 
faster rate than the less active (more 
noble or more passive) metal which 
is the cathode. The cathode is thus 
protected by the sacrificial anode, in 
this case the zinc and aluminium layer. 
 
 
 

Additional top coats (Organic or 
Inorganic) can be applied to:

• Increase corrosion resistance. 

• Change the finish colour. (Without 
the addition of a colour top, coat 
the appearance is silver-grey).

• Modify the Torque/Tension 
relationship of fasteners (by 
adding a lubricant to the matrix).

• Lower electrical conductivity by 
using an Organic top coat.

Continued …
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The Coating Process
Before coating, pre-treatment 
processes including cleaning with an 
alkaline aqueous solution and shot 
blasting may be employed. The use of 
pickling with sulphuric or hydrochloric 
acids are avoided to prevent hydrogen 
embrittlement. Because the coating is 
cured at relatively low temperatures 
(180-200°C) there is little effect on the 
metallurgy of the substrate.

Zinc Flake Coating can be 
applied using the following application 
techniques:

Manual or automated spray gun 
particularly used for larger or 
cumbersome parts.

Dip-spinning in a basket. Parts are 
coated by dipping the basket into 
a container filled with the prepared 
coating material and then the basket 
is spun to remove the excess residue 

of the coating material. This process 
is suitable for smaller high-volume/
bulk parts.

Rack-mounted dip-spinning. Parts 
are positioned and fixed in baskets 
and then dipped, spun and passed 
through the furnace with the rack.

Dip-drain coating. Parts are dipped 
into the coating material. This is 
suitable for pipes being coated in a 
single process. Sufficient openings 
must be provided to allow the liquid 
material to drain away and prevent 
accumulation or air bubbles forming.

After coating, parts are cured inside 
an oven at a controlled temperature 
for a set time. 

Zinc Flake Coating consists of 
organic or inorganic top coats that:

• Can be coloured, most commonly 
black, silver, green, blue, red  
and gold.

• Have low or high electrical 
conductivity (due to the influence 
of the organic or inorganic layer).

• Can provide chemical resistance.

• Can be manufactured to have 
predetermined friction properties 
by integrating lubricants improving 
threaded assembly characteristics.

There are limits to which thread sizes 
and tolerance classes that fasteners 
can be zinc flake coated. Screw sizes 
lower than M6 and nuts with thread 
tolerance class lower then 6H are 
not suitable but patented systems 
are being developed to improve  
coating properties.

Engineering

There are four basic ZINC FLAKE coating systems

1 2 3 4

Base coat Base coat

Lubricant

Lubricant

Top Coat Top Coat

Base coat Base coat

Basis metal Basis metal Basis metal Basis metal

Key
1. Only base coat
2. Base coat + lubricant
3. Base coat + top coat
4. Base coat + top coat + lubricant

The Standard used is ISO 10683 Fasteners — Non-electrolytically 
applied zinc flake coating.

Contact us to discuss applying Zinc Flake Coating to our products.
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Advantages of Zinc Flake Coating
It is often asked if zinc flake coating is better or worse than electroplated zinc and hot dipped galvanising. The answer is 
any type of coating should be examined to determine if it’s fit for purpose. Below is a table detailing the main advantages 
incorporated in zinc flake coating.

Hobson has several products that 
utilise zinc flake coating for corrosion 
protection including;

• Class 10.9 and 12.9 nuts, hex 
bolts, flange bolts and screws

• Disc springs, washers and  
grub screws

• Concrete screws

Hobson utilises zinc flake coating 
manufactured by the NOF Metal 
Coatings Group (including Geomet® 
500) and Delta Seal (including  
Delta Protekt®).

Aspect Zinc Flake Coating Advantages

1 Corrosion Resistance Zinc flake coating has excellent corrosion protection starting from 450hrs to 1200hrs. Provides 
Cathodic protection as well as being a physical barrier.

2 Risk of Hydrogen 
embrittlement

Zinc flake coatings have no involvement of acid. Therefore, there is no risk of hydrogen 
embrittlement. 

3 Coating thickness Zinc flake coating has better process controls and controlled coating variation. Suitable for 
threaded fasteners.

4 Environmentally 
friendly

Less environmental impact as the application of zinc flake is a cold process which is free 
from acid and zinc fumes. The coating is also free from harmful heavy metals including Lead, 
Cadmium and Mercury. ELV (End of Life) Compliant  
(EU Directive 200/53/EC) RoHS (Restriction of Hazardous Substances) Compliant (EU 
Directive 2002/95/EC).

5 Finish
Zinc flake coating has a smooth finish, which can be coloured to improve appearance. 
Common colours include black, silver, green, blue, red and gold. The finished product can 
also be made paintable.  

6 Temperature Resistant to extreme temperatures up to 300°C.

7 Chemical resistance Zinc flake coating has resistance to both acidic and alkaline chemicals.

8 Friction characteristics The coefficient of friction characteristics of zinc flake coating can be modified and made more 
consistent to suit different fastener applications by adding lubricant to the matrix. 

9 Electric conductivity Base coat is rated as conductive. Topcoats can be applied to reduce or increase conductivity 
to suit requirements.

10 Adhesion/Mechanical 
Damage resistance

Excellent adhesion and good mechanical damage resistance.  
Ref: ASTM B571-97 - Standard Practice for Qualitative Adhesion Testing of Metallic Coatings.

Hobson Products that use Zinc Flake Coating

Engineering
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QUALITY FASTENERS SINCE 1935

TCBolts Class 10.9
Tension Controlled Bolted Connection

HOT DIP GALVANISED / EN 14399 - 10:2018
Sizes

M16 - M36

The Spline
TCBOLTS are installed with TONE™ TCBOLT Shear Wrenches. 
When the correct pre-load is reached the outer socket stops 
rotating. The inner socket counter rotates and shears the spline 
off. The wrench then ejects the spline safely. The bolt is now 
properly installed with the correct tension.
One person installation.

TM

» For use with TONE™   
TCBOLT Shear Wrenches

Installation

SAFE,
EASY AND
ACCURATE

Bolting made

» Reliable and consistent tension 
» Visual inspection via break-off spline
» Dome head - No rotation of head when installing
» Class 10.9 for higher loads facilitates the use of   
 smaller diameter bolts
» Single person installation


