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Figure 1 shows a cylindrical bar subjected to axial tensile 
load F. Setting the cylindrical bar length as L, the cross 
sectional area as A, and the elongation due to the load as u, we 
can express stress σ and strain ε in the following equation.

                                          (1)

Referring to the above equation, stress can be expressed 
as “the force exerting on unit area”, and strain as “the ratio 
of the deformation to the original length”. If we represent 
load F by N (Newton) and length by mm, the unit of stress 
becomes N/mm2. The magnitude of stress in the case of 
1N of force exerting on 1mm2 is 1MPa. Figure 2 shows a 
“stress-strain diagram” for carbon steel that is widely used for 
threaded fasteners. “Stress-strain diagram” can be derived by 
applying tensile load on a test specimen having a cylindrical 
bar shape until it ruptures. From this graph we can learn 
various mechanical behaviors of the materials. The maximum 
stress that appears in the graph is called “tensle strength σB”. 

In considering thread strength, the concepts of “stress” and “strain” — the basics of metal strength evaluation—are 
necessary. This article mainly utilizes stress to explain how to evaluate thread strength. In the cases where threads are 
fastened via Torque Method, the load exerting on the bolt is applied in more severe conditions than using bolt heaters and 
other methods that apply tension directly. I am going to clarify the reason by utilizing the so-called “Mises stress” that is 
widely used for strength evaluation. Failures of threaded fasteners mostly occur around thread portions. Accordingly, I 
will explain the reason, why thread rupture is likely to occur at the thread root near the nut bearing surface, by depicting 
Mises stress distributions around the engaged threads. Furthermore, I will show “the expansion of plastic zone during bolt 
fastening” obtained by Finite Element Analysis, which may be the criterion for determining the magnitude of axial bolt force.
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The turning point where the straight line in the graph turns 
into a curved one is called “yield stress σY”. The latter results 
from the occurrence of the so-called “plastic deformation” 
phenomenon where the deformations resulting from large loads 
won’t be recovered even if the load is removed.

The strength of threaded fasteners is commonly expressed 
by a single number, such as 10.9, 8.8, 4.6, which includes the 
information on tensile strength σB and yield stress sY. For 
example, a bolt labelled 10.9 has 1000MPa of tensile strength 
and 900MPa of yield stress. Namely, the value before the 
decimal point is to be multiplied by 100 to obtain tensile 
strength, and then the tensile strength multiplied by the number 
0.9 represents the yield stress. Accordingly, the strength 
classes of 10.9 and 8.8 correspond to alloy steel and medium 
carbon steel bolts with high strength, and those of 4.6 and 4.8 
correspond to low carbon steel bolts.

When using high strength bolts, we can apply the same level 
of axial force with smaller bolts. Accordingly, it is preferable 
to use thread materials having the strength as high as possible. 
However, “delayed fracture” becomes a problem when using 
the materials with tensile stress exceeding 1200MPa. Delayed 
fracture is a phenomenon where the materials turn brittle due 
to the effect of hydrogen, and after experiencing some service 
conditions, followed by the completion of fastening operation, 
the materials break abruptly in the brittle fracture mode. On 
the other hand, with the development of processing technology 
in recent years, threaded fasteners that have tensile strength 
beyond 1200MPa and are free from delayed fracture start to be 
manufactured lately.

Thread Fastening Strength 

Since a thread is processed along a spiral, its strength is 
relatively lower than a cylindrical bar with the diameter equal 
to the nominal diameter. When evaluating the thread strength, 
therefore, we adopt a value called stress area, and substitute 
threads with complex geometry for cylindrical bars. By using 
thread nominal diameter d and thread pitch P, the diameter ds 
of stress area As can be expressed as follows.
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                                  Fig. 3

Figure 3 shows the basic profile of triangular threads. 
The magnitude of ds is between the minor diameter d1 and 
pitch diameter d2 of the threads.

The strength of the engaged threads is evaluated by the 
stress σth obtained by dividing axial bolt force by stress 
area As.

                            (3)

The above equation is applicable to the cases of the 
tightening operation being conducted using bolt heaters 
or hydraulic tensioners, in which the axial bolt force is 
applied as a direct tension. On the other hand, if we use 
Torque Method for fastening, in addition to the tensile 
stress due to axial bolt force, shear stress τth generated by 
the torque T1 exerted on the threaded portion will occur 
as well. I have explained T1 in my third article on Fastener 
World Magazine.

                                    (4)

In the case where fastening is performed with Torque 
Method, the bolt strength is evaluated by an equivalent 
stress called Mises stress.

                                    (5)

Here, plastic deformation is supposed to begin once 
Mises stress reaches the yield stress σY of the materials. 
As a calculation example, in the case of a M16 bolt with 
target axial stress of 100MPa and COF at thread surface 
being 0.12, we f ind that Mises stress on the engaged 
threads is 154MPa using the above equations.

Stress & Load Distributions on 
Engaged Threads

The rupture of threaded fasteners mostly initiates from 
the engaged threads. The reason can be explained by 
the characteristic stress & load distributions on engaged 
threads. As shown in Figure 4(a), in fastening a bolt, 
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tension force exerts on the bolt and compression one on 
the nut. Then, thread pitch of bolt increases and that of nut 
decreases, and only one side of the thread surfaces is in 
contact. Thread surfaces in contact and out of contact each 
other are designated as pressure flank and clearance flank, 
respectively. Accordingly, Mises stress on the engaged 
threads present a characteristic distribution pattern as in 
Figure 4(b). The maximum stress occurs around the first 
bolt thread root that is nearest to the nut bearing surface, 
and the location is consistent with the place where fatigue 
fracture is likely to occur.

The reason that the large stress occurs at the bolt thread 
root near the nut bearing surface can be explained with a 
value called “ratio of flank loads”. Ratio of flank loads is 
the “proportion of the axial load sustained by each thread 
with respect to the total axial bolt force”, assuming that 
the threads geometry is axi-symmetric. Figure 5 shows 
an example of the results of analysis. The target is an M16 
thread, and the number of engaged threads is 6. Although 
the distribution pattern is affected by coeff icient of 
friction µ on the thread surface, the first thread is found to 
sustain nearly 25% of the axial bolt force. Consequently, 
large stresses occur at the bolt thread root near the nut 
bearing surface.

Fig. 4

Fig. 5

(tension)

increase of pitch

(a) forces exerting around
engaged threads

(b) Mises stress distribution and 
deformation pattern

contact
pressure

(compression)

decrease of
pitch

pressure
flank

clearance
flank

Maximum stress

constraint of
axial deformation

Bolt
Nut

Fastened Plate

363Technology



Plastic Deformation in Threaded 
Fasteners

When determining the magnitude of axial bolt force, it 
is common to employ the yield stress of thread materials. 
As shown in the previous section, fairly larger stresses 
exert on the engaged threads, comparing to those on the 
bolt shank. Here, as a criterion for determining axial bolt 
stress σb, a traditional standard proposes that σb is set to 
be 0.6 or 0.7 times yield stress σY. In this section, I will 
offer a hint for determining axial bolt force by showing 
the expansion pattern of plastic deformations during bolt 
fastening. Targeting M16 and M12 bolts, Figure 6 shows the 
progression of plastic zone as axial bolt stress is increased. 
The bolt is subjected to only pure axial force, and the 
coefficient of friction on the contact surface is 0.15. The 
magnitude of axial bolt stress σb is represented as the ratio 
to the yield stress σY of the materials. It is found from the 
Figure that plastic zone starts to expand drastically when 
axial bolt stress exceeds approximately 0.7σY. Furthermore, 
this tendency appears more apparently in M12 bolts with 
small nominal diameter. The reason can be explained with 
the fact that threaded fasteners are not geometrically similar 
as explained in my first article in Fastener World Magazine, 
and that the ratio of the cross sectional area of thread root to 
that of shank is relatively small on in a M12 bolts with small 
nominal diameter.

Figure 7 shows the progression of plastic zone of M12 
bolts fastened with Torque Method. Although coefficient 
of friction is a rather large value of 0.2, the extent of plastic 
zone expansion is larger, comparing to the case where 
only the axial force is applied. As another significant 
characteristic, plastic deformation initiates around the first 
bolt thread root, and then it expands around the thread roots 
of unengaged threads, and eventually the central portion 

of the unengaged threads is entirely in plastic zone. This is 
consistent with the actual on-site phenomena reported rather 
frequently that an excessively fastened bolt breaks around 
the central portion of unengaged threads.

Conclusion 

This article explains the basic approach to evaluate the 
strength of threaded fasteners. Particularly, I explained the 
mechanism of bolt rupture occurring at the thread root near 
the nut bearing surface by means of the analytical results 
of stress and load distributions around engaged threads. In 
addition, by showing the progression of plastic zone in the 
fastening process, I offered a guideline for determining 
axial bolt force based on the ratio of yield stress to axial bolt 
stress.
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Last Word 
Al Ries the father of positioning concept, mentioned in 

his book “Positioning (The battle for your mind)” that:  

Positioning is not what a company or country does to 
a product. Positioning is what they do to the mind of the 
prospect. To be successful today, countries must touch 
base with reality and the reality that really counts is 
what’s already in the prospect’s mind. The basic approach 
of positioning is not to create something new and 
different. But to manipulate what’s already there in the 
mind. To retie the connections that already exist. In the 
communication jungle out there, the only hope to score 
big is to be selective, concentrate on narrow targets, to 
practice segmentation. 

In general, the mind accepts only that which matches 
prior knowledge or experience (Germany products should 
be expensive). German people cannot tolerate being 
told they are wrong (They do not buy cheap fasteners 
through Germany). Mind changing is the road to disaster 
(Check the above analys). The best approach in our over 
communicated society is the oversimplified message. 
LESS IS MORE – sharpen your message, jettison the 
ambiguities, simplify the message and simplify it some 
more. You look for the solution to your problem inside the 
prospect mind. You concentrate on the perceptions of the 
prospects, not the reality of the product. 

If a country or company wants to be successful in a 
competitive market, it should work on the perception of 
the potential customers. In a simple world, perception is 
the reality. 
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The Sales/ Price statistics prove the above claim again. In the following graph:

Red Line (2015 Q1 – 2015 Q2), the price decreased by 2.6% and the sales decreased by 1.3% ;

Gold Line (2015 Q2 – 2015 Q3), the price decreased by 11.1% and the sales decreased by 4.7% ;

Green Line (2015 Q3 – 2015 Q4), the price decreased by 1.8% and the sales decreased by 4.7% ;

Blue line (2015 Q4 – 2016 Q1) the price increased by 1.9% and the sales increased by 9.5% ;

Orange line (2016 Q1 – 2016 Q2) the price increased by 1.1% and the sales increased by 6.5%.
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as spheroidization of wire rods, forming, threading, heat 
treating, finishing, packaging, and delivery. Every process 
requires strict quality control in order to maintain good 
quality. So far, some of the processes still rely on much 
labor utilization and the “intelligent inspection” of Industry 
4.0 is one of the best solutions for this problem. An expert 
points out that fastener forming is the most critical point 
that influences the quality of finished products. If intelligent 
inspection can be used to measure the changes in force 
applied to materials and monitor the forging pressure curve 
during fastener forming, we can inspect every piece of 
fastener directly on the device and prevent defective products 
from entering the production lines, increasing the defect-free 
rate of finished products. 

As far as many wire drawing plants are concerned, they 
often spend much labor force and time on spheroidizing, 
annealing, acid pickling, etc. However, the good news 
is that a company has noticed this issue and adopted 
automatic pressure sensor to simplify the once time-
consuming manufacturing procedure, which seems to be 
a good manufacturing method properly integrated with IT 
technology, achieving higher efficiency and reducing costs.   

The Power of Big Data
Big Data is the combination of data analysis used in 

enterprises, commercial intelligence, and relevant statistics 
& applications. With the use of computers and storage 
devices, the data can be commonly shared. Big Data is not 
only a data processing tool, but also a corporate thinking 
and commercial method. With the fast increasing data, 
reduced costs for storage devices, improved software, and 
mature cloud computing technology, we can not only get to 
know the past but also make prediction, which helps create 
a new commercial method we have never seen before. So, 
to fastener companies, how can they get from the Big Data?

 Enterprise Resource Planning (ERP) is an accounting-
oriented data system. It uses a modularized system to 
accept, manufacture, deliver, and calculate required 
resources customers’ order will need from the enterprise, 
making the originally function-oriented enterprise 
become a process-oriented one. As a result, the data about 
corporate operation can be used to help decision makers 
make decisions quicker. 

Many clients’ data, product files, and market analyses the 
old brands in the industry collected over the past decades were 
documented in printed version, which is not easy to be kept for 
a very long time. As a result, many fastener companies have 
adopted the ERP system, in which data can be looked up at 
any time.   

Fastener plants import data they collect to their system 
and provide the analyzed data to the R&D divisions in 
order to enhance their manufacturing capabilities, increase 
the defect-free rate of the QC division, shorten the time to 
answer customers’ questions in the marketing division, and 

strengthen the effective control over manufacturing costs 
in the finance division. These applications of Big Data are 
undoubtedly the fulfillment of Industry 4.0 in the fastener 
industry. 

Industrial Transformation is 
Necessary

Gangshan, Kaohsiung of Taiwan is a well-known 
fastener manufacturing hub with the most complete 
fastener manufacturing and supply chain in the world. 
However, many Taiwanese fastener companies have 
been facing the price cutting challenge from suppliers in 
emerging countries in recent years and are gradually losing 
their competitive edge. As a result, if fastener companies 
want to survive and achieve better operating results, they 
have to, as TIFI Chairman T. H. Anchor Chang said, 
accelerate upgrade and transformation and focus more on 
the development of automotive, railway, and aerospace 
fasteners with high added value.  

Taiwanese companies has a long way to go in the 
fulfillment of Industry 4.0. However, if the government, 
the academia, and companies can work together, they can 
definitely keep pace with the progress of Industry 4.0 in 
the end. 

Chamfered Point: This is a feature found on all fas-
teners manufactured in North America and on a few 
imports. This is an extra operation performed with a 
sharp tool forming the chamfer on the pitch diameter 
blank before it has its threads rolled on. 

Why this matters: A fastener with a blunt end or 
sheared end may be prone to cross threading and is 
difficult to start threading a nut onto it. The chamfered 
point facilitates easier assembly, especially where speed 
and accuracy are important.

USS: Many years ago this stood for United States 
Standard. The current terminology uses ‘Unified’. There-
fore, when we specify UNC threads, it means Unified 
National Coarse. UNF would indicate Unified National 
Fine.

Why this matters: The larger diameter series of flat 
washers are still named USS. This does not reflect on 
the type of fastener it needs to be mated with, such as 
a USS washer and a UNC (USS) bolt. The better choice 
is the SAE (narrow) flat washer to be used with all SAE 
Grade 5 and 8 inch fasteners and/or 8.8 and 10.9 Prop-
erty Class metric fasteners, because the inside diame-
ter is smaller than the USS washer and will support the 
entire load under the fastener’s head whereas the USS 
inside diameter is too large.

UNRC, UNRF: Many salespeople have mistakenly 
represented the ‘R’ as meaning rolled threads. Every 
fastener made today on an automatic bolt making ma-
chine has rolled threads. The R designates a mandatory 
root radius. The UNR thread root is defined as having a 
continuous rounded contour with a radius not less than 
0.10825p.

Why this matters: Any time we have a radius, there is 
less stress build up. Any sharp angle, notch or scratch will 
develop stress risers that can and will develop into micro-
cracks and metal fatigue failure. This dimensional speci-
fication for the radiused root is also carried out to the last 
thread run out before the extruded angle to be sure there 
are no sharp angles during this transition. Besides the fillet, 
this is the second most critical part of the fastener. Smooth, 
radiused parts increase the fatigue life of the fastener.

Tensile Strength: This is the point of ultimate axial 
loading that causes complete fracture: the maximum 
amount of load stress the fastener can withstand.

Why this matters: Some users still reference the 
strength of the fastener but may not take into consid-
eration that this is not usable strength. The fastener 
will fail before it fractures. It fails when it reaches its 
yield strength.

Yield Strength: This is the point where the fastener 
becomes permanently elongated. When this occurs, 
the fastener is not as strong as it was before any load 
was applied and will continue to stretch and fail until 
it reaches its tensile strength for complete fracture.

Proof Load: This value is approximately 9% of the 
yield strength. Mathematically and experimentally, 
proof load is the maximum load that can be applied to 
a fastener and sustained without incurring any per-
manent elongation of only 0.0005” (0.013 mm).

Why this matters: Proof load is the value from 
which torque values are calculated. Design engineers 
can rely on this value to build in certain safety factors 
from 25 to 50%. This is the maximum usable strength 
of a fastener and will indicate the amount of expected 
clamping force it can safely generate.
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