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1. TITLE

Fitting of Nuts/Bolts Screws.

2. APPLICATION:

Electric Rolling stock.

3. OBJECT:

3.1 Railways have from time to time reported failures of bolts and screws on 
electric rolling stock. Many major failure of equipment  originate in failures 
of bolts and screws.

3.2 Investigations have shown that more often than not, these failures are due to 
premature fatigue cracks. These are due either to the screws or to nuts not 
being  tightened  fully  during  installation  or  to  stress  raisers  or  stress 
concentration.

3.3 Theoretical studies,  laboratory tests and also service experience show that 
preloading the bolts/screws correctly helps to minimise the level and also the 
fluctuation of internal stresses,  thereby preventing premature fatigue.

3.4 These Special Maintenance Instructions are intended to summarise the steps 
to be taken to investigate and eliminate failure of bolts and screws.

4. DETAILS OF SPECIAL INSTRUCTIONS:

4.1 Screws and nuts used on electric rolling stock,  being subject to fluctuating 
loads  and alternating  stresses,  should be  tightened  fully  at  a  torque  level 
which is about 80 per cent of that at which the bolt or screws would fail.

4.2 It is not necessary to use a torque-wrench (spanner) at all times and in every 
case. It should invariably be used where the tightening torque is specified in 
the Maintenance Manual.  It may also be used occasionally to get a “feel” of 
the optimum torque to be applied for ordinary nuts or screws.  In doing this, 
the length of the handle used should be the same as on an ordinary wrench.

4.3 In case of highly stressed bolts or screws, another important factor which can 
contribute  to  premature  fatigue  is  the  presence  of  stress  raisers  or  stress 



concentration.   Due to the restricted space available on rolling stock, It is 
often necessary to keep the dimensions of bolts and screws to the minimum 
and to adopt high working stresses. Poor surface finish,  tool marks and small 
radii of fillets all lead to stress concentration.  In case of premature failures 
of  screws  or  bolts  on  rolling  stock,   the  failed  items  should  be  checked 
against the original working drawing for the item with regard to such details 
as material specification,  surface finish,  fillet radii,  etc. in and around the 
zone of failures.

4.4 If  bolt  or  screw failures  occur  despite correct  tightening,  use of specified 
material and dimensions/ surface finish as in the original working drawing, 
the design of the item will have to be reexamined the reference should be 
made in such cases to RDSO.

4.5 Tightening  of  screws  or  nuts  by  hand  wrenches  or  spanners  is  time 
consuming and tiring specially when the sizes and numbers are large.  It is 
recommended  that  pneumatic  impact  wrenches  be  used  to  ensure  correct 
tightening under such conditions,  and at the same time to reduce the time 
taken for dismantling and assembly of heavy Equipments such as Traction 
Motors,  Transmission components,  etc.  during routine maintenance.

ENCLOSURE:

Extract from chapter 6 Joint Design of Machine Design 29.9.1960.

DISTRIBUTION:

As per Distribution Sheet enclosed.

Extract from chapter 6 “JOINT DESIGN” published in 

“MACHINE DESIGN” September 29.1960 issue-Section Two.

JOINT LOADING

Tension in a bolt is increased only when the externally applied load exceeds 
the bolt preload (clamping load).



Actually the preceding statement is not quite true,  but it is true enough so 
that  quite  adequate  designs can be made based on this  assumption.   According to 
Hooke’s law,  deflection is proportion to applied force.  If the previous statement were 
true it would be possible to build and infinitely rigid structure.  In most joints, the 
ratio  of  joint   rigidity  to  fastener  rigidity  is  high  enough  to  almost  discount  any 
addition to tension already in the bolt produced by any externally applied load.  For a 
more  detailed  analysis  of  this  problem  see  “The  Pre-stressed  Bolt”  by  james 
G.Meclure,  MACHINE DESIGN,  Sept.

However in a flexible joint eith a soft gasket between  bolted parts,  Fig.5, 
the  rigidities  of  the  joint  and  the  bolt  are  quite  different  here,  a  much  greater 
proportion of the externally applied tension load is added to the bolt preload.  The 
reason for this may become more obvious by studying the following equation:

P = P1 + CFA     
(1)

where P = final load on the bolt, lb;  P1= initial preload or clamping load developed 
through tightening,  lb;  Fa = external applied load,  lb;  and the constant

EbAb

       Lb                                         
(2)                                                                    

C = EbAb +   EgAg

  Lb         tg

where Eb = modules of elasticity of the bolt,  ps1; Eg = modules of elasticity of the 
gasket , ps1 Ab = effective cross- sectional area of bolt, sq.inch.,  Ag= loaded area of 
gasket,  sq.1n.;  L= effective length of bolt,  in.;  and Tg =gasket thickness,  in.

The value of the constant C falls between 0 and 1.  The term EgAg/Tg in 
equation will be large in comparison to EbAb/Lb 1f the gasket is hard, thin , and large 
in area.   Then the constant  C approaches  zero.   When no gasket is used between 
numbers in a rigid joint,  C= 0.  For very soft gaskets,  C approaches 1.  It is important 
to remember that Equation 2 is only valid as long as the gasket remains in contact 
with joint members.  If the bolt stretches to the point where the gasket is no longer on 
contact,  Equation 1 (and bolt load) is simply P=Fa.

Fatigue Effects:  The fatigue strength of a bolted joint must be evaluated 
two ways:  Fatigue of the bolt and fatigue the bolted material .  The properly tightened 
bolt will not fail in fatigue in a rigid joint.  Initial bolt tension  will stay relatively 
constant until  the external   tension load on the joint exceed the bolt  load. Do not 
permit the calculated service load to be greater than the high bolt  perload. The bolt 
will experience no appreciable stress variation, and without stress variation, there can 
be no failure by fatigue.  Regardless of the number of load cycles on the joint, the bolt 
itself is immune to fatigue.

This is not the case where considerable flexibility is present. Variable stress 
in screw or bolt fastenings increases with the flexibility of the connected parts.  If 



flexibility  is  too  great,  the  variable  stress  present  may  be  high  enough  to  cause 
eventual fatigue failure of the fastener regardless of the initial bolt load.

Selecting joint members which are as rigid as possible and picking fasteners 
as  flexible  as  possible  are  important  steps  to  successful  bolted  joint  design  using 
threaded fasteners.  Soft  materials  in joint  members  may spell  trouble  unless extra 
design precautions are taken. Gaskets should be avoided if at all possible. If used, 
they should be as rigid and as thin as practical.

The most  critical  points  for fastener failure  due to fatigue are at  the first 
thread inside the nut, of the junction of the head and shank, and at the thread runout. 
The place of failure is dependent upon the characteristics of the structural elements 
joined by the bolt and nut.

The greatest single factor, which can eliminate cyclic stress variation due to 
cyclic  loading,  is  proper  pretensioning  or  preloading  of  the  fastener.  Test  results 
indicate that rigid members bolted together by relatively elastic bolts offer the best 
results to prevent fatigue failure.

Clamping Load : In the design of rigid bolted joint,  the most  important 
consideration form functional stand-point is the initial clamping force developed by 
the bolt. When two relatively rigid plates are clamped together by a bolt pretensioned 
to 10,000 lb, the plates are held together just as if a 5-ton weight were shifting on 
them, and any force less than 10,000 lb will not be able to pull them apart.

Obviously,  the reason for developing a high preload in the bolt  and joint 
assembly is to make a stronger joint. As preload goes up, the fasteners in the joint can 
withstand higher static or cyclic loads which may be trying to pull , bend, or shear the 
joint apart.

Safety Factor : If a bolt is selected with a yield strength that is 4 times the 
working load, it does not necessarily follow that the design will have a safety factor to 
4. In a rigid joint, only when the bolt is tightened to develop a clamping force 4 times 
the working load is a factor of 4 achieved.

Flexible joints are quite different. A flexible joint can only be tightened to 
the working load. In the case of a flexible joint, a bolt must be selected to meet the 
requirements  of the working load plus any added stress, all multiplied by the required 
factor of safety.

If a bolt does not fail in being wrenched up tight, it will not fail in service, 
assuming bolts and joint have been designed adequately for the loads. When the bolt 
is tightened ,there is combined stress compounded of axial tension due to clamping 
and  torsion  due  to  frictional  drag  on  the  threads.  The   bolt  may  break  during 
tightening due to this combined stress, but at the time of failure the tensile of the bolt. 
If the bolt 80 per cent of the ultimate strength of the bolt.  If the bolt is tightened just 
to the point of failure and the wrench is removed, the torsional component quickly 
disappears, leaving only the axial tensile stress. Thus, when the service loads come on 
the joint, some 20 per cent of the bolt strength is still available.



Bolt  Tension  by  Elongation  : One  method  of  determining  initial  bolt 
tension or preload is to measure the actual change in length of the bolt. Often this is 
simply impossible because one end may not be accessible or the bolt might be used to 
join a large  flat section.

If elongation is known, fastener stress can be calculated. Stress is directly 
proportional  to  the  modulus  of  elasticity  and  the  elongation,  and  inversely 
proportional to the length.  Only the section of the bolt between the nut and head 
stretches, but how far into the nut and how for into the head is the question.  There is 
no pat answer for this: each application must be separately evaluated.

BOLT  TORQUE

Joint  strength  is  affected  more  by  clamping  force  than  by  rated  tensile 
strength  of  the  bolt,  and  clamping  force  is  proportional  to  tightening  torque.  The 
following four methods are commonly used to tighten a bolt to specific torque:

1. Manual torque wrenching. This is one oldest means of tightening bolts.  The 
torque   wrench  is  designed  with  a  torque  indicating  dial  as  part  of  the 
wrench.

2. Pneumatic  impact  wrenching.  In  this  torquing  technique  air  pressure  is 
carefully controlled,  so that  the wrench stalls  when the desired tension is 
reached.

3. Pneumatic  impact  wrenching,  using automatic  cutoff.  This type  of tool  is 
designed with  a  built-in  device,  which  automatically  shuts  off  air  supply 
when proper torque is obtained.

4. Turn-of nut method. This is one of the simplest methods used.  The nut is 
turned to an initial tightness.  Often referred to as finger tight. Then the nut, 
or the head of the bolt, is given a specified amount of turn with the wrench. 
The  amount  of  turn  varies  widely,  depending  on  bolt  length,  diameter, 
material, threads pitch, and joint characteristics.

There  can  be  large  variations  in  the  tension  produced in  a  bolt  by these 
torquing techniques.  Many manufacturers swear by torque wrenches, whereas others 
feel an experienced mechanic is better than the best torque wrench made.

To secret of successful use of a torque wrench lies in uniformity of bolted 
surface and the bolts themselves, plus a carefully calibrated torque wrench.  In the use 
of  torque  wrenches,  the  proper  torque-tension  relationships  should  be  determined 
through torque-to-yield or torque-to-failure tests.

Approximately 90 per cent of the torque applied in tightening a bolt is used 
in overcoming friction.  Since the friction factor varies with the amount of scale on 
the nut, plating, lubrication etc., the exact amount of torque needed to produce a given 
tension is very difficult to predict.  However, bolt tension or clamping load can be 
calculated with the following formula:

T = KDP



Where  T=torque,  lb-in  K=torque  coefficient;  D=nominal  bolt  diameter,  in.;  and 
P=bolt tension or clamping load, lb. Torque calculation for given clamning Load P 
can be made very accurately by hand or by machine.  Slide-rule accuracy of T values 
can be obtained from the nomograph.  Suggested tightening torque values for ferrous 
and non-ferrous materials are given in Table-3

The coefficient K with normally dry surfaces and normal unlubricated bolts 
and nuts is usually 0.2. There can be considerable variation, and value be used only as 
a preliminary estimate. Lubrication will reduce this value.

The  more  exact  value  of  K,  assuming  no  thread  interference  such  as 
produced by a locknut or an interference-fit thread, is expressed by :

K = mBRB  +

    D

RT                m  T sec B tan C  

D 1 - mT sec B tan C

where mB=coefficient of friction at bearing face of nut or bolt ;

mT= coefficient of friction at thread contract surfaces ;

RB= effective radius of action of frictional forces on bearing face, in .;R=effectove 
radius of action of frictional force on thread 

T=surfaces. in.; B=thread half-angle (30 deg.for 60 deg. thread; sec B=1.15); 
and C=helix angle of thread.

For threads normally used for fasteners, the denominator of the bracketed 
term is one with 1/2 per cent, so that the equation simplifies to:

K  =  mB  RB      +      mT    RT    sec  B    +    RT    tan C
    D D      D

or 

K  =  K1  +  K2  +  K3

The relative values of K1,  K2 and K3 can be studied by using the following 
average values: RB/D = 0.65; mG = mT= 0.15; Rt/D = 0.45; sec B = 0.15; B tan C = 
0.04.

K = 0.098 + 0.078 + 0.018 = 0.194

100K    = 50.5%  +   40.2%   +   9.3%   =   100%.

0.194



Therefore K1 contributes roughly 50 per cent to the torque coefficient K; 
whereas K2 contributes 40 per cent; and K3,  10 per cent.

Coefficient K1 represents the unit torque wasted by friction on the bearing 
face of the nut or bolt.  The value of K1 varies with the coefficient of bearing face 
friction  (0.12-0.20) and also with the effection radius of the bearing face Rb.  Radius 
Rb is approximately the average radius of the bearing face if the contact pressure is 
uniform.  If the bearing face is not true and flat and the pressure uniform,  Rb may 
vary from the inner radius of the bearing face to the outer radius.

Coefficient K2 takes care of the unit torque wasted by friction on the contact 
flanks of the threads,  about 40 per cent of the total torque.  K2 also varies with the 
coefficientent of thread friction and with the radius of effective action of friction on 
the thread faces,  RT.  Radius RT os approximately the pitch radius of the screw 
thread of thread contact pressure is uniform.  If contact pressure is not uniform,  RT 
may  vary  from  the  inner  to  the  outer  radius  of  the  contact  of  thread.   
Radius RT will also differ between coarse threads and fine threads,  resulting in a 
higher  torque.   K2 varies  slightly with the amount  of bolt  tension because of the 
increased angle B due to thread bending under load.  The increased in angle B may be 
considerable at loads near thread failure by stripping.

Coefficient K3 represents the useful,  torque producing bolt tension, 
about 10 per cent of the total torque.  K3 varies with RT and with the helix angle of 
the thread, which varies with bolt size and is somewhat larger for smaller bolts.  K3 
also varies between coarse and fine threads,  being slightly larger coarse threads.

One sure way to check tightening torque is in a pilot assembly with accurate 
torque  tension  test  equipment.   Another  technique  is  to  pilot-test  rigid  joints  by 
tightening a few bolts with a torque wrench until they fail.  The specified tightening 
torque  value  can  then  be  set  at  75  or  80  per  cent  the  yield  point  of  that  load. 
Sometimes  a  torque  value  is  set  at  the  yield  point  of  a  bolt,  since  the  torsion 
component vanishes after the bolt is  tightened.


